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A B S T R A C T: 
      Preeclampsia is a multisystem pregnancy-specific syndrome that affects some of pregnancies, which remains a leading cause 

of maternal and perinatal morbidity and mortality worldwide. Preeclampsia primarily provokes life-threatening, especially to the 

fetus. The aim of this study was to estimate some physiological and biochemical markers of preeclampsia and investigate the 

association between IL-10 -819 polymorphism and preeclampsia. 

A total of 52 pregnant women with preeclampsia and 35 women with normal pregnancy attended the high-risk unit of Erbil 

Maternity and Pediatric Governmental Hospital, KRG, Iraq, were considered in the present study. During the regular pregnancy 

check-ups, blood pressure, occurrence of gestational hypertension (early or late onset), preeclampsia, were also documented. 

Remarkably, serum Urea, Creatinine, Alkaline Phosphatase (ALP) and Mean Platelet Volume (MPV) were significantly increased 

in preeclampsia patients. In contrast, Direct Bilirubin, Glucose, GPT, GOT and Platelet count were not significant between 

preeclampsia and control women. Additionally, Mean Arterial Pressure (MAP) and Systolic Blood Pressure (SBP) were 

significantly elevated. Furthermore, genotyping of IL-10 T-819 C promoter polymorphism was carried out for all participants 

using a standard Amplification Refractory Mutation System (ARMS) PCR. Genotypic distribution of the control and patient 

groups were compared with values predicted by Hardy-Weinberg equilibrium using χ
2
 test. Interestingly, there were significant 

differences in (IL)-10 (-819) T/C genotype distribution frequency between preeclampsia and control groups. Conclusion The 

present study suggests that the IL-10 T-819 C gene promoter polymorphism might be a major genetic regulator in the etiology of 

increased risk of preeclampsia. 
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INTRODUCTION: 

  

Preeclampsia is the most commonly confronted 

medical complication of pregnancy, which has an 

adverse impact on 3% to 5% of all pregnancies 

(Wang et al., 2002). It is characterized by a 

complex hypertensive disorder (≥140/≥90 mmHg) 

along with proteinuria (≥0.3 g/24 h), which leads 

to  maternal and fetal mortality/ morbidity. 

Preeclampsia takes place after 20 weeks of 

gestation as far as 6 weeks postpartum, also leads 

to perinatal death, preterm birth, intrauterine 

growth restriction (IUGR) and in a number of 

cases, intrauterine death (IUD) of the fetus (Salimi 

et al., 2014, Tannetta et al., 2013). 
 

 

 

Preeclampsia is a multisystem disorder 

that may trigger eclampsia, renal failure, 

pulmonary edema, stroke and death. The first 

preclinical phase comprises deficient remodeling 

of the uteroplacental circulation during the 8
th

–

18
th

 week of gestation, results in dysfunctional 

perfusion and placental oxidative stress. The 

second clinical phase, which initiates after the 20
th

 

week, includes systemic vascular inflammation. 

This has been shown to be an extension of a 

broader maternal systemic inflammatory response 

intrinsic to normal pregnancies, but more severe in 

preeclampsia, including endothelial dysfunction, 

clotting, and complement disturbances (Tannetta 

et al., 2013). Despite the thorough studies, the 

underlying pathophysiology of preeclampsia is 

still indistinct (Wang et al., 2002).  
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Previous studies have shown the role of 

various cytokines in defective placental invasion 

and endothelial damage in preeclampsia (Udenze 

et al., 2015). Wegmann et al. have reported that T-

helper type 2 (Th2) cell is responsible for a 

successful pregnancy, nevertheless the survival 

rate of the fetus is secured by the inhibition of T-

helper type 1 (Th1) cell responses. Therefore, a 

Th1/Th2 ratio is required for a decent 

placentation. Th1 cells produce proinflammatory 

cytokines such as interleukin (IL)-2, interferon 

(IFN)-γ and tumour necrosis factor (TNF)-α that 

are engaged in cell-mediated responses and 

delayed type hypersensitivity reactions. 

Conversely, the anti-inflammatory cytokines such 

as IL-4, IL-5, IL-10 and IL-13 are generated by 

Th2 cells that elicitate humoral immunity 

(Mosmann and Sad, 1996). Th1 and Th2 

coordinate their functions in a regular way to 

generate a balance in the immune system   

(Liberman et al., 2003, Matsuzaki et al., 2005). 

Interleukin-10 (IL-10) is a potent pleiotropic 

cytokine, plays a crucial role in Th2 immunity, 

which is located on human chromosome 1 (1q31–

1q32) (Eskdale et al., 1997, Kim et al., 1992). IL-

10 plays a vital role in maintaining equilibrium of 

anti-inflammatory and proinflammatory setting at 

the fetal-maternal interface (Kalkunte et al., 

2011). Numerous single nucleotide 

polymorphisms (SNPs) positioned in the IL-10 

both of proximal (-1082A/G, -819T/C, and -

592A/C) and distal regions of promoter  control 

the transcriptional rate of propagating IL-10 

(Eskdale et al., 1998, D'Alfonso et al., 2000, 

Mörmann et al., 2004). 

Genotypic modifications in the human IL-

10 promoter justify remarkable inter-individual 

differences in IL-10 production and may conduct 

individual susceptibility to autoimmune diseases. 

Sowmya et al. have suggested that IL-10 T-819 C 

gene promoter polymorphism can be a major 

genetic regulator in the etiology of preeclampsia 

(Sowmya et al., 2014a). The T/C polymorphism at 

position -819 has been related to high/low IL-10 

production rank. With this in mind, the current 

study is designed to assess the role of IL-10 (-819 

T/C) gene promoter polymorphism in the etiology 

of preeclampsia. 

Materials and methods 

Selection of cases and controls 

A total of 52 pregnant women with early-

onset preeclampsia and 35 of age-matched women 

with normal pregnancy attended the high-risk unit 

of Erbil Maternity and Pediatric Governmental 

Hospital were considered in the present study 

during the year 2019. Women with no 

complications throughout their gestational period, 

such as infections, fetal anomalies, hypertension 

and diabetes were considered as the control 

subjects. Information regarding the demographic 

features such as age, parity, systolic blood 

pressure, diastolic blood pressure, smoking status, 

gestational age, family history and consanguinity, 

etc. were obtained from all the subjects with the 

help of a standard structured questionnaire. The 

study was approved by the general director of 

Health. 

Criteria for patients 

Inclusion criteria A case was defined as 

follows: preeclampsia was diagnosed with 

minimum criteria of blood pressure >130/90 mm 

Hg on two occasions, 6 h apart, and onset of 

proteinuria >2 + by dipstick test in urine samples, 

and those who showed blood pressure >150/100 

mm Hg and proteinuria >3 + by dipstick test in 

urine samples were considered to be patients with 

severe pre-eclampsia. 

 Exclusion criteria. . Patients with a previous 

history of intrauterine fetal deaths and other 

complications were not considered for the study. 

Criteria for controls 

Inclusion criteria The inclusion criteria 

were pregnant women with a gestational age of 

more than 20 weeks, normal blood pressure, 

normal fetal growth and with no other 

physiological abnormalities. Controls were 

selected randomly at the same time as the case 

selection. The controls were administered the 

same questionnaire. 

Exclusion criteria. Pregnant women with 

heart problems, with previous history of eclampsia 

or blood pressure were not included, as per the 

normal standard, in the study. 

Sample collection  
Five milliliters of the venous blood was 

collected from all the subjects for biochemical and 

molecular analysis and aliquoted in plain and 

EDTA vacutainers. Serum and plasma was 

separated after centrifugation at 1,500 rpm for 10 

min. All the samples were stored at -20 °C for 

further analysis. 

Determination of IL-10 Polymorphism (DNA 

extraction and genotyping) 
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The genomic DNA was extracted from 

blood according to the protocol of Primeprep 

Genomic DNA extraction Kit/Korea. Twenty 

microliter of proteinase K was added to 1.5ml 

tube then 200μL of whole blood sample mixed 

with it. Two hundred microliter of GB buffer was 

added and mixed well by vortex. The samples 

were incubated at 56C° around 10 minutes. After 

incubation 200μL of Absolute ethanol was added 

with well pulse vortexing. Then transfer the lysate 

to the spin column. The samples were centrifuged 

at 10,000 rpm for 1 minute. Five hundred 

microliter of GW1 buffer was added then 

centrifuged at 10,000 rpm for 1 minute. The flow 

through  was discarded and transfer the spin 

column to new collection tube. The excess ethanol 

was removes by more centrifugation at 12,000 

rpm for 1 to 2 minutes. Two hundred microliter of 

GE buffer  was added and incubate at room 

temperature for 1 minute.Eventually DNA was 

eluted by centrifugation 10,000 rpm for 1 minute. 

The extracted DNA samples were stored at -20C° 

(Sowmya et al., 2014). The isolated DNA was 

subjected to a standard amplification refractory 

mutation system polymerase chain reaction 

(ARMS-PCR) (Perrey et al., 1999). Briefly, two 

complementary reactions were established for 

each allele consisting of target DNA: allele-

specific ARMS primers and a common 

primer(CR). A 223-bp region in the IL-10 gene 

promoter was targeted for amplification. The 

primers used are as follows: common reverse 

AGG ATG TGT TCC AGG CTC CT; C forward 

CCC TTG TACAGG TGA TGT AAC; and T 

forward ACC CTT GTA CAG GTG ATG TAA T. 

The optimized reaction conditions for the 

amplification was performed in 10 μl with 25–50 

ng of DNA sample, 20 mM Tris–HCl (pH 8.4), 50 

mM KCl, 2 mM MgCl2, 0.2 mM of each dNTP, 2 

μM of each specific/common primers, and 0.25 

units of Taq DNA polymerase. The cycling 

conditions were as follows: an initial denaturation 

at 95 °C for 5 min, followed by 35 cycles at 95 °C 

for 30 s, 64.2 °C for 50 s, and 72 °C for 1 min 30 

s. The final extension step was at 72 °C for 5 min. 

The PCR products were separated by 

electrophoresis on an agarose gel (2 %) stained 

with ethidium bromide. The gel was visualized 

under ultraviolet light with a 100-bp ladder. 

Results were crosschecked with internal positive 

(410 bp of β globin gene) and negative controls 

(Millipore water). Ten percent of the samples 

were randomly taken, and the assay was repeated, 

and no bias in the genotyping was found. The 

findings were similar on a replicative study with 

the results being 100 % concordant. 

Statistical analysis 

Genotype distribution in the control and case 

groups were compared with values predicted by 

Hardy-Weinberg equilibrium using χ2 test. 

Discrete variables were expressed as counts (%) 

and were compared by the χ2 test. Odd ratios 

(OR) and their 95% confidence intervals were 

used to measure the strength of association 

between IL-10 gene polymorphism and 

preeclampsia. Data of the physiological and 

biochemical were described as percentages and 

mean± SD (standard deviation) for parametric. 

Level of significance between preeclampsia and 

normal women was analyzed using independent t-

test  

 

Results 

Demographics between preeclampsia and 

control groups 

In total 87 patients’ data was analyzed. 

The mean age was approximately similar between 

the two groups, being 26.6±6.93 for control group 

and 30.14±7.48 for Preeclampsia group. There 

were no significant differences in age between 

preeclampsia patient and control groups. 

The mean of diastolic blood pressure in the 

preeclamptic women was (104.4±13.0 mmHg); 

while in the control group was (79.17±12.01 

mmHg); with P.value (<0.0001). The mean of 

systolic blood pressure in the preeclamptic women 

was (166.3±20.08 mmHg); while in the control 

group was (116.7±28.75 mmHg); with P.value 

(<0.0001). The mean of arterial pressure in the 

women with pre-eclampsia was (123.3±18.49 

mmHg) versus (91.67±17.35 mmHg) in the 

women with normal pregnancy with very high 

significant difference P. Value (0.0004) (P < 

0.001; Table 1. 

 

The mean of serum urea in the women 

with pre-eclampsia was (32.52±7.883 mg/dl) 

versus (19±11.11 mg/dl) in the women with 

normal pregnancy with very high significant 

difference. Serum creatinine in the women with 

pre-eclampsia was (0.676±0.199 mg/dl) versus 
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(0.524±0.134 mg/dl) in the women with normal 

pregnancy with P.value (0.0405) Table 1.  

The mean of serum ALP in the women with pre-

eclampsia was (331.6±67.75 mg/dl) versus 

(249.1±19.95mg/dl) in the women with normal 

pregnancy with P.value (0.047) Table 1. 

 The mean of S. Glucose in the women with pre-

eclampsia was (0.247±0.190 g/dl) versus 

(84.16±19.58 g/dl) in the women with normal 

pregnancy with no significant difference. The 

mean of S. Direct Bilirubin in the women with 

pre-eclampsia was (0.247±0.190) versus 

(0.170±0.112) in the women with normal 

pregnancy with no significant difference. Table 1.  

The mean of S. GOT and GPT in the women with 

pre-eclampsia were (14.78±9.266) and 

(21.05±7.829) versus (10.96±1.686 and 

20.02±3.345) in the women with normal 

pregnancy with no significant difference 

respectively as shown in Table 1. 

The mean of PLTs in the women with pre-

eclampsia was (233.9±53.33 X 10
9
/l) versus 

(210.7±78.76 X 10
9
/l) in the women with normal 

pregnancy; with no significant difference. The 

mean of MPV in the women with pre-eclampsia 

was (8.981± 0.9537) versus (8.981± 0.9537) in the 

women with normal pregnancy; with P. value 

(0.0365), as seen in Table 1. 

Furthermore, the allele and genotype 

frequencies of the IL-10 promoter polymorphisms 

at positions −819 T/C were detected by T-ARMS-

PCR method and were compared between 

preeclampsia cases and healthy control women. 

The data reported in Table 3 illustrate allele and 

genotype distributions of different promoter 

polymorphisms of IL-10.  

The frequencies of the genotypes in Co-

dominant CC, CT, and TT were 41.18, 37.25, and 

21.57 % in women with preeclampsia and 22.86, 

28.57 and 48.57 % in control subjects, 

respectively. The frequencies of the genotypes in 

dominant were 41.18 and 58.82 % in women with 

preeclampsia and 22.86 and 77.14 % in control 

subjects, respectively. The IL-10 −819 T/C 

recessive genotype distribution frequencies were 

62.07 and 37.93% in women with preeclampsia 

and 70.18 and 29.82 % in control groups, 

respectively. The IL-10 −819 T/C over-dominant 

genotype distribution frequencies were 62.75 and 

37.25 % in women with preeclampsia and 71.43 

and 28.57 % in control groups, respectively while 

the distribution frequencies of interleukin (IL)-10 

(-819) T/C alleles were 57.75 and 42.25 % in 

women with preeclampsia patients and 48.72 and 

51.28 % in control groups. 

There were significant differences in (IL)-

10 (-819) T/C genotype distribution frequency 

between preeclampsia and control groups. There 

were statistical differences in the distribution of 

genotypic frequencies between the patient and 

control groups when compared with different 

models: over-dominant model: CT vs. CC+TT 

(OR=1.484, 95 % CI= 0.5646-3.712, P= 0.4027) 

and recessive model: TT vs. CT+CC (OR= 1.438, 

95 % CI= 0.5426-3.577, P= 0.4482). In contrast, 

there were no significant differences in the 

distribution of genotypic frequencies between the 

preeclampsia and control groups when compared 

with different models: codominant model: CC vs. 

TT (OR=0.2465, 95 % CI=0.087-0.71) and CC vs. 

CT (OR=0.724, 95 % CI=0.2582-2.262); and 

dominant model: CC vs. CT+TT (OR=0.4233, 95 

% CI=0.1589-1.158). 

Regarding to allele frequency of the IL-10-

1082 T/C allele between preeclampsia and healthy 

control groups (X
2
= 0.8276, P= 0.3630) there was 

no statistical difference in allele frequency of IL-

10-819 C/T and it was not associated with 

preeclampsia patients. 

Genotypes expressed as CC (C) and TT 

(T) in the homozygote alleles while TC in the 

heterozygous allele. Using the two pairs primers 

to the homozygous CC and TT the genotypes and 

the heterozygote genotype, a single band of 233 

bp was produced. 
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Parameters Control 

n(35) 

 

Preeclampsia 

n(52)   

P-Value 

Mean age(years) 26.6±6.93 30.14±7.48 NS 

SBP (mmHg) 116.7±28.75 166.3±20.08 <0.0001 *** 

DBP (mmHg) 79.17±12.01 104.4±13.0 <0.0001 *** 

MAP (mmHg 91.67±17.35 123.3±18.49 0.0004 *** 

Parameters Control 

n(35) 

Preeclampsia 

n(52) 

t-test P-Value 

 

 

S. Urea 19±11.11 32.52±7.883 t=3.703 0.0007 *** 

S. Creatinine 0.524±0.134 0.676±0.199 t=2.125 0.0405 * 

S. ALP 249.1±19.95 331.6±67.75 t=2.072 0.047 * 

S. Direct Bilirubin 0.170±0.112 0.247±0.190 t=0.5748 0.570 

S. Glucose 84.16±19.58 93.88±22.54 t=1.177 0.2463 

S. GPT 10.96±1.686 14.78±9.266 t=0.9048, 0.3746 

S. GOT 20.02±3.345 21.05±7.829 t=0.2863 0.7765 

 

Platelet count 210.7±78.76 233.9±53.33 t=1.281 0.2057 

MPV 8.981± 0.9537 9.605± 0.9839 t=2.147 0.0365*  

Table 1. Demographic features in women with preeclampsia during pregnancy and women with normal 

pregnancy 

Table 2. Biochemical and hematological characteristics in controls and patients 
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Discussion 

Preeclampsia is the most widespread 

pregnancy specific complication that yet situates 

as one of the considerable obstetric disorders. 

Preeclampsia is a placenta- dependent pregnancy 

disorder. Preeclampsia disease is characterized as 

exaggerated response to maternal inflammation, 

maybe destine against foreign fetal antigens that 

induce a series proceedings including: defection in 

the spiral artery remodeling, placental infarction 

and release of pro-inflammatory cytokines, 

invasion of surface trophoblast, and placental 

fragments in the systemic circulation (Gupte and 

Wagh, 2014, Neiger, 2017, Sabnavis et al., 2013). 

Present research was assumed to estimate 

some physiological and biochemical parameters in 

pre-eclampsia. 

Our observations are in agreement with the 

work of (Macdonald-Wallis et al., 2012) they 

present that increased SBP, DBP and MAP in 

patients with pre-eclampsia. Preeclampsia causes 

an increment in peripheral vascular resistance and 

vasoconstriction (Roberts et al., 1991, Schobel et 

al., 1996a). An increase in the activity of 

sympathetic vasoconstrictor has been 

demonstrated with measurements of muscle 

sympathetic nerve tone, which may lead to 

endothelial dysfunction (Greenwood et al., 2003, 

Savvidou et al., 2003, Schobel et al., 1996b). 

Endothelial dysfunction that is known to occur in 

preeclampsia as this is an important step in the 

development of atherosclerosis in patients with 

chronic hypertension (Cipolla, 2007).  

Creatinine, urea and uric acid are non-protein 

nitrogenous metabolites that are cleared from the 

body by the kidney following glomerular 

filtration. Measurements of plasma or serum 

concentration of these metabolites are commonly 

used as indicators of kidney function and other 

conditions (Gowda et al., 2010). Therefore, their 

determination in serum during pregnancy is of a 

major importance to diagnose kidney function 

especially in women with preeclampsia signs 

(Müller-Deile and Schiffer, 2014, Tangren et al., 

2018). This would be used to evaluate kidney 

function as well as the possibility of a secondary 

source of urea or of the nitrogen part of urea 

Genotypes and 

alleles 

 

Control group n 

(%) 

Patient group n 

(%) 

OR (95% CI) 
X

2
-test

 

P-value 

 

Co-dominant 

C/C 

C/T 

T/T 

 

8 (22.86%) 

10 (28.57%) 

17(48.57%) 

 

21 (41.18%) 

19 (37.25%) 

11 (21.57%) 

 

 

0.724 (0.2582-2.262) 

0.2465 (0.087-0.71) 

 

 

X
2
=7.178 

P=0.0276* 

Dominant 

C/C 

C/T + T/T 

 

8 (22.86%) 

27 (77.14%) 

 

21 (41.18%) 

30 (58.82%) 

 

 

0.4233 (0.1589-1.158) 

 

X
2
=3.117 

P=0.0775 

Recessive 

C/C+ C/T 

T/T 

 

40 (70.18%) 

17 (29.82%) 

 

18 (62.07%) 

11 (37.93%) 

 

 

1.438 (0.5426-3.577) 

 

X
2
= 0.5752 

P= 0.4482 

Over-dominant 

C/C+ T/T 

C/T 

 

25 (71.43%) 

10 (28.57%) 

 

32 (62.75%) 

19 (37.25%) 

 

 

1.484 (0.5646-3.712) 

 

X
2
= 0.7002 

P= 0.4027 

Alleles 
C 

T 

 

19 (48.72%) 

20 (51.28%) 

 

41 (57.75%) 

30 (42.25%) 

 

0.6951 (0.3061-1.554) 

 

X
2
= 0.8276 

P= 0.3630 

Table 3. Distribution Frequencies of interleukin (IL)-10 (-819) Genotypes and Alleles in control and patients 

 

*P value < 0·05. OR = odds ratio; CI = confidence interval. 
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increase (Blood urea nitrogen) in plasma (Weiner 

et al., 2015). 

In the present study, the serum urea and creatinine 

levels were higher in pre-eclamptic when 

compared to the normotensives. Our observation 

was similar to the previous study by Hassan et al 

and Vyakaranm et al as they describe raised blood 

urea  and creatinine during pregnancy as a known 

feature of pre-eclampsia (Hassan et al., 1991, 

Vyakaranam et al., 2015).  

One of the most commonly accepted explanations 

of elevated Serum Urea and Creatinine has been 

thought to be due to increase reabsorption and 

decrease excretion in proximal tubules, similar to 

the physiologic response to hypovolemia. 

In the present study, the serum ALP was 

significantly higher in preeclampsia, which was 

similar to those seen in other studies (Dabare et 

al., 1999, Okesina et al., 1995, Rajagambeeram et 

al., 2014). 

Alkaline phosphatase is an important enzyme 

involved in the transport of sugar and phosphate 

across the trophoblast cell membranes (She et al., 

2000). The elevated levels of serum ALP in 

preeclampsia may be attributed to placental 

dysfunction, which results in increased serum 

levels of this enzyme. Shedding of 

syncytiotrophoblast into the maternal circulation 

is a normal part of pregnancy, but is increased 

during pre-eclampsia. In pre-eclampsia, this 

process of syncytio-trophoblast renewal is 

overactive and complicated by necrosis and apo 

necrosis of the syncytio-trophoblast particles 

(Hutchinson et al., 2009) 

Bilirubin comes from haemoglobin (Hgb) as red 

blood cells (RBCs) breakdown either through 

physiological regeneration at the end of normal 

lifespan or as a consequence of pathologic 

hemolysis. Hgb releases heme and is converted 

inside macrophages to biliverdin, which is then 

converted into unconjugated bilirubin (indirect 

bilirubin) that travels through the liver, where, it 

combines with glucuronic acid to form conjugated 

bilirubin (also known as bilirubin diglucuronide or 

direct bilirubin (Odhiambo et al., 2015). In 

relation to direct bilirubin level, the result was 

confirmed that direct bilirubin level in 

preeclamptic pregnant women had not obvious 

difference compared to normotensive pregnant 

women our results are compatible with results of 

(Hassanpour and Karami, 2018, Kasraeian et al., 

2018) 

In this study, there were a non-significant increase 

in serum AST and ALT concentration in 

preeclampsia compared to normal pregnant 

women. There is no agreement on the effect of 

preeclampsia on serum AST and ALT. In a few 

studies, AST and/ or ALT levels slightly increase 

in the third trimester (Mutua et al., 2018). 

However, in most studies, AST and ALT levels 

remain within the normal range for non-pregnant 

state (Westbrook et al., 2016).  

Mean platelet volume is a routinely measured 

marker of platelet size, with established predictive 

value in a variety of cardiovascular disorders 

(Choi et al., 2016). The present research 

demonstrated that preeclampsia is associated with 

a significant increase of MPV. Our results are in 

consistent with study of  (Monteith et al., 2018) 

they detailed that there is a significant increase in 

MPV at time of diagnosis preeclampsia therefore 

the mean platelet volume can represents a 

promising biomarker for the detection and follow-

up of patients that develop preeclampsia (Bellos et 

al., 2018). 

The results of the data analysis showed platelet 

count non significantly changed in preeclampsia 

comparing with control. Our data are compatible 

with work of (Bellos et al., 2018) and 

incompatible with experiment of (Neiger et al., 

1992) their findings suggest the existence of 

subclinical thrombocytopenia in preeclamptic 

women whose platelet values are within normal 

range. 

 The mean of S. Glucose in the women with pre-

eclampsia was not significant compared to women 

with normal pregnancy. The current results are 

compatible with previous study that has shown no 

significant alteration in fasting blood glucose 

between preeclampsia and control (Babu et al., 

2014).  

The IL-10 gene promoter is highly 

polymorphic with multiple single nucleotide 

polymorphic sites. The three most important ones 

are -819 (C/T), -1082 (A/G), and -592 (C/A) 

(Jiang et al., 2015). In the present study (our case 

– control study), established that the genotype 

distribution of the IL-10 gene promoter -819 (C/T) 

to pregnant women with preeclampsia in of Erbil 

Maternity and Pediatric Governmental Hospital is 

reliable with the results of a previous study  
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(Perrey et al., 1999) Therefore, this gene might 

conceivably be a candidate susceptibility gene in 

pre-eclampsia (Sowmya et al., 2014b). 

According to the result of our study, as 

shown in figure 1. promoter gene -819 (C/T) 

polymorphism represented a statistically 

significant positive association with pre-

eclampsia. The polymorphic CT-genotype and TT 

frequencies as an over-dominant and recessive 

model were significantly greater while 

polymorphic CC-genotype frequency was not 

significant in pregnant women with preeclampsia 

compared to control women. These positive 

associations of over-dominant and recessive 

models indicate that this C>T polymorphisms 

might increase the predisposition possibility of 

preeclampsia women. Our results agree with 

previous reports which correlate women with CT 

genotype are at high risk to develop preeclampsia 

in pregnant women. The conflicting results from 

different populations were reported. Our 

observation is in concordance with the study by 

Sowmya et al (Sowmya et al., 2014a) in an Indian 

population, which revealed high association with 

the promoter gene -819 (C/T) polymorphism of 

preeclampsia in pregnant women to high 

production of IL-10.  

Additionally, our data showed that the 

promoter -819 locus CC genotype frequency and 

the polymorphic CT genotype and TT frequencies 

were statistically not significant association with 

pre-eclampsia under condition of co-dominant, 

dominant and alleles C and T models. On the 

other hand, Kamali-Sarvestani et al. have 

demonstrated that the genotype of IL-10 promoter 

genotype and allele frequency in an Iranian 

population has no significant difference of the 

polymorphism between the patient and the control 

group (Kamali et al., 2007). Likewise, some 

studies have investigated the correlation of 

promoter polymorphisms with the circulating 

levels and placental levels of IL-10. Moreover, 

have shown that the genotype of IL-10 promoter 

may not play a significant role in the circulating of 

IL-10 levels, but has an effect on the placental 

levels of IL-10, suggesting that IL-10 plays an 

important role in proper placentation (Makris et 

al., 2006, Sowmya et al., 2014b). 

Conclusion 
The present research suggests that the IL-10 T-

819 C gene promoter polymorphism can be a 

major genetic regulator in the etiology of 

increased risk of preeclampsia. 
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Figure 1: Genotyping of interleukin 10 promoter region -819 locus. L:DNA Ladder of  1kb, Lane: 1,3,4, 

homozygous C/C; Lane:2 Patient sample not amplified with allele C primer; Lane :5,6, homozygous T/T, 

Lane:7-8 Preclampsia samples not amplified with allele T primer; Lane:9,heterozygous C/T. 
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Isolation, Antimicrobial activities, Antioxidant Scavenging activities and 

Trace Element Investigation of Isolated Actinomycetes spp. in Kalar, Iraqi 
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A B S T R A C T: 
      The poor prognosis of the most microbial pathogenic diseases, due to acquiring resistance against the most convenient 

antimicrobial medication, encourages researchers to find out a new approach to obtain a novel medication. The current study was 

aimed to obtain new actinomycetes strains or their novel bioactive metabolites. Eleven isolates were found from 45 distinct non-

farming soils in Kalar, Iraqi Kurdistan Region. The non-farming soil 2 (NFS2) isolate was demonstrated as the most effective 

isolate among all other isolates when tested for primary antimicrobial screening. In addition, in case of crude extract, the NFS2 

confers great antimicrobial activities particularly against Gram-positive bacteria Staphylococcus aureus ATCC 25923 and 

Micrococcus luteus ATTC 9341, as well as, against Candida albicans ATCC 10231, with inhibition zones diameters, 25.5, 33.5 

and 30.5 mm respectively. However, the isolate has no any antibacterial responses against Gram-negative bacteria, using all types 

of extracts including crude extract and organic solvent extracts. The crude extract exhibited the powerful antioxidant and H2O2 

scavenging activities recording 93.46% with 30mg/ml and 43.94% with 1.25 mg/ml respectively. Investigating the trace elements 

concentration in broth cultures yeast malt extract broth (ISP2) by inductively coupled plasma (ICP), for confirming the value of 

these elements particularly (Ca, Fe, K, Na, P, Sr, Mg, and Zn). Primarily, these elements were either exhausted or produced during 

the fermentation process. Furthermore, manipulating the trace elements concentration will play a crucial role in enhancing or 

diminishing the final secondary metabolites products in actinomycets isolates.  
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1.INTRODUCTION: 

  

     The screening for obtaining new bioactive 

metabolites from microbial sources including 

novel antimicrobial compounds, potentially used 

in industrial, agricultural and pharmaceutical 

applications, has become an important field for 

investigating the impact of the metabolites against 

currently isolated multi-drug resistance microbial 

pathogens. The researchers have been deeply 

focusing in their searching process to achieve 

novel potent, sustainable, as well as broad-

spectrum antimicrobial compounds from different 

sources especially microbial population and more 

closely actinomycetes ( Berdy, 2005; Praveen et 

al., 2008; Singh and Tripathi, 2011; Singh et al., 

2016).  

 

 

 

Actinomycetes are Gram-positive bacteria, spore-

forming, free-living and having a filamentous 

structure with DNA that have high GC content. 

Also the bacteria spread over all ecological habitat 

including water, soil and different niche, 

therefore; the investigators attempt in their 

searching for obtaining new strains or novel 

bioactive compounds through playing an 

extensive role in the pharmaceutical uses as well 

as in medical application and industry
 
(Janardhan 

et al., 2014). According to the published and 

reviewed articles, there are more than 10000 

bioactive secondary metabolites which are 

produced by the group of bacteria called 

actinomycetes that represent about 45% of all 

discovered bioactive microbial secondary  
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metabolites. Most of these discovered bioactive 

compounds, isolated and characterized by 

researchers, have currently been well studied and 

developed for making novel medications in 

treating a wide range of common disease in 

human, animal and agricultural fields (Subathra et 

al., 2013). In fact, novel metabolites provide 

antibacterial, anticancer, antifungal, antiviral, anti-

infective and anti-parasitic properties, as well as 

immunosuppressive and enzyme inhibitory 

(Kekuda et al., 2010). In Iraq, previously, several 

researches have been attempted to isolate 

actinomycets and recording some bioactive 

metabolites (Abbas, 2009, Jaralla, 2014; Burghal, 

2015and AL-Mawlah, 2018). Although in the 

Kalar district Iraqi Kurdistan Region, there were 

few studies have been documented for exploring 

biological activities of the metabolites (Risan, et 

al., 2016). Therefore, the aim of the current study 

was to screen different soils in the Kalar soil for 

isolating novel actinomycetes strain for 

investigating their antimicrobial, antioxidant 

prosperities as well as evaluating the amount of 

trace elements concentration consumed or 

produced during the entire fermentation process. 

2.Material and Methods  

2.1 Soil Sample collecting and treatment  

Forty-five soil samples were collected in Kalar 

district which located between latitudes 

34° 37′ 45″ N and longitudes 45° 19′ 20″ E. 

Elevation 231 m (758 ft) above the sea level, Iraqi 

Kurdistan Region (Figure 1).  Fifteen gm of soils 

were collected, each soil sample was collected 

from 10 to 15 cm depth, and the sample directed 

placed in polyether bags 15*25 cm. The collected 

soil samples well crushed, sieved and 

supplemented with calcium carbonate at a ratio 

10:1 (soil: calcium carbonate) in order to reduce 

the growth of fungi and mold, this was done 

inside the autoclave for  3 days at 40 °C, the soil 

sample ready to use for isolation purpose. One 

gram of dried and pretreatment soil sample was 

suspended in 99ml of sterilized distal water and 

making serial dilution up to 10
−3

. 100μl of each 

dilution was taken and spread over the surface of 

yeast malt extract ager (ISP2) medium in 

triplicate, supplemented with streptomycin and 

nystatin (50μg/ml from each one). The inoculated 

plate incubated at 28°C for seven days, after the 

incubation period. The whitish pin-point colonies, 

with a clear zone of inhibition around them, 

indicate the most outstanding characteristic of 

actinomycetes bacterial population. Via a 

sterilized needle the colonies with the previous 

characters transferred to a new plate, which then 

purified and stored at 4°C for further study 

(Saadoun et al., 1999; Rahman et al., 2011; 

Waksman, 1961; Hopwood et al., 1985) 

2.2 Primary Screening for Antimicrobial 

Activity 

The purified and isolated colonies of 

actinomycetes were used to determining the 

primary antimicrobial screening assay.  The 

protocol was carried out via cross streak method 

on yeast malt extract agar medium (ISP2) against 

human microbial pathogens (obtained from media 

medical center in Irbil, Iraqi Kurdistan Region).  

The human microbial pathogens were used for 

conducting the antimicrobial activities include 

Staphylococcus aureus ATCC 25923, Escherichia 

coli ATCC 25922, Pseudomonas aeruginosa 

ATTC27853, Micrococcus luteus ATTC 9341 and 

Candida albicans ATCC 10231. The isolated 

strains were grown on yeast malt extract agar 

(ISP2) plate by streak it as a parallel line across 

the entire plate.  After 3 days of incubation at 

28°C were all of them fully cultured, the tested 

microbial pathogens streaked at 90° to the 

originally grown isolate, and then incubated for 

24hours at 37°C
 
(Salim et al., 2017).

 

2.3 Secondary Antimicrobial Screening and 

Fermentation Condition   

The pure isolated actinomycetes used to make 

bacterial suspension by transferring a loop full of 

the grown isolate on ISP2 agar to 50ml of yeast 

malt extract broth and incubating it at 28°C for 

4days making stock solution. 1.5ml of the stock 

solution used to inoculated 150 ml of yeast malt 

extract broth (ISP2) and incubating it in shaking 

incubator at 28°C, 150 rpm for seven days. The 

culture broth was centrifuged at 6000rpm for 10 

minutes.  The supernatant was filtered through 

Whatman filter paper No.1, collected and treated 

as a crude extract. This used for investigating 

antimicrobial activity against microbial pathogens 

were grown on Muller Hinton agar plates (20 ml 

agar medium per plate). The agar wells diffusion 

techniques was used conduct secondary 

antimicrobial activates.  Sterilized pasture pipette 

were used for making the wells (5mm); the wells 

were filled with 75±5 µl of the filtered crude 

extract supernatant and incubated at 37°C for 24 

hours. The diameter of the growth zones of 
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inhibition was measured in (mm) (Gebreyohannes 

et al., 2013).
 

2.4 Extracellular Antimicrobial Metabolites 

Extraction    

In order to extract extracellular antimicrobial 

metabolites different organic solvents (ethyl 

acetate, n-butanol and, n- hexane) were used.  

Equal amounts (1:1 volume) of crude extract 

supernatant with above solvents were taken, 

shaking for one hour and were spun at 12000rpm 

for 12 minutes. After centrifugation, the upper 

phase was containing the dissolved extracellular 

antimicrobial metabolites collected in sterilized 

plates; the plates were kept in the autoclave at 

45°C for evaporating the organic solvents. After 

solvents were completely dried out the sediments 

(remaining) re-suspended with 500 ul of sterilized 

distal water; the obtained mixture treated as 

solvent extracellular extract against tested 

microbial pathogens, the diameter of the growth 

zone of inhibition were measured in (mm) 

(Gurung et al., 2009). 

2.5 Comparing Antibacterial Activities between 

Crude Extract and Synthetic Antibiotic Discs 

Different synthetic antibiotic discs were used to 

compare the antibacterial activities with the crude 

extract of NFS2 against human microbial 

pathogens S aureus ATCC 25923, E coli ATCC 

25922, P aeruginosa ATTC ATTC27853, M 

luteus ATTC 9341.  The microbial pathogens 

were grown on Muller Hinton agar.  Five different 

types of the antibiotic  susceptibility discs from 

Bioanalyse were used  include (Tobramycin 10 

µg; ToB 10, Gentamicin 10 µg; CN 10, 

Cefriaxono 10 µg; CRO 10, 

Amoxicillin/Clavulanic acid 30 µg; AMC 30 and 

Ciprofloxacin 10 µg; Cip 10). Inhibition zones 

were measured after 24 hours after incubation on 

37°C.  

2.6 Evaluating Antioxidant Properties of Crude 

Extract 

The standard solution was prepared by dissolving 

50 mg of ascorbic acid in 50ml methanol. 

Different concentrations of ascorbic acid (1, 0.5, 

0.25, 0.125.0.64 0.32 mg/ml) were prepared, then 

mixed with Diphenyl Picryl Hydrazil solution 

(DPPH) (0.002mg/100ml), and then kept for 30 

minutes at room temperature in dark. Absorbance 

was read by spectrophotometer at 517nm after 

30minutes of reaction, to obtain a standard curve 

for calculating DPPH radical scavenging activity. 

1,1-diphenyl-2-picryl hydrazyl free radical 

scavenging assay was performed to evaluate 

radical scavenging activities of the  NFS2 crude 

extract.  Exactly 0.002gm of DPPH dissolved in 

100ml methanol and kept in darkness. The crude 

extract concentration mixed with methanol to 

obtain final dilution concentration as (0.1, 0.5, 1.0, 

3.0, 5.0, 10.0, 20.0 and 30.0 mg/ml). A mixture of 

2.5ml of DPPH solution and 0.5ml of the crude 

extract of NFS2 were mixed, and then kept at 

room temperature in a dark place for 30 minutes.  

The absorbance was read at 517 nm by using 

visible spectrophotometer after 30min of reaction. 

The ability to scavenge the DPPH radicals 

(antioxidant activity) was calculated as follow: 

DPPH radical scavenging activity% = (A0–A1) 

A0*100; Where A0 is the absorbance of the control 

after 30 minutes and A1 is the absorbance of the 

sample after 30 minutes. All concentration was 

analyzed in duplicates (Khalaf et al., 2008). 

2.7 Hydrogen Peroxide Radical Scavenging 

Activity 

According to (Patel et al., 2016) and (Dholakiya et 

al., 2017)
 
hydrogen peroxide solution (40mmol/L) 

was prepared in phosphate buffer (pH 7.4). 

Different concentrations of NFS2 crude extract 

after drying it was prepared in the same phosphate 

buffer ranging from (5 to 0.08 mg/ml). 4ml of the 

NFS2 extract was mixed with 0.6 ml of H2O2 

solution, and incubated at room temperature for 10 

minutes. The optical density (OD) after 10 

minutes was calculated at 230nm by the UV- 

visible spectrometer. All concentration was 

analyzed in duplicates. The percentage of H2O2 

scavenging activity was determined as follow; 

 H2O2   Scavenging activity (%) = 

[OD320 of control−OD320 

of Extract/OD320 of control] ×100 

2.8 Trace Elements Contain Analyzing by 

Inductively Coupled Plasma (ICP)  

According to (Hsiung et al., 1997) protocol with 

little modification; several elements in the yeast 

malt extract broth (ISP2) contained were detected 

using Inductively Coupled Plasma (ICP). The 

assay was conducted by comparing 18 trace 

elements concentrations (mg/l) include (Ba, Ca, 

Co, Cu, Fe, Hg, K, Li, Mn, Mo, Na, Ni, P, Se, Sr, 

Ti, Zn and Mg). The comparing carried out 

between only broth (negative control) at the zero 

points without the NFS2 isolate and the 

supernatant of crude extract inoculated with NFS2 



Amin .S/ZJPAS: 2021, 33 (1): 11-20 
 14 

 

ZANCO Journal of Pure and Applied Sciences 2021 

   
 

 
 

isolate after 7 days of incubation in shaking 

incubator. Taking 1ml of both broth and diluted 

with 4 ml of the sterilized distal water to make 

final dilution 5 times. 18 trace elements included 

in the analysis through using ICP (Spectro Arcos, 

Germany). The instrument conditions were used: 

Spray chamber is Scott spray; Nebulizer: cross-

flow; RF power/W: 1400; pump speed: 30 RPM; 

Coolant flow (L/min): 14; Auxiliary flow (L/min): 

0.9; nebulizer gas flow (L/min): 0.8; Preflush (s): 

40; Measure time (s): 28; replicate measurement: 

3; multi-elements stock solutions containing 1000 

mg/L were obtained from Bernd Kraft (Bernd 

Kraft GmbH, Duisburg, Germany); standard 

solutions were diluted by several dilution into 0.1, 

0.5, 2 ppm in 0.5% nitric acid.  

3.Results and Discussions 

Eleven different isolates were obtained from non-

farming soil (NFS), (NFS 1,2,3,4,5,6, 7,14,19,34 

and 36) out of 45 collected samples in Kalar 

district, by plate diluting techniques on yeast malt 

extract agar ISP2 depending on the most general 

characters of actinomycetes isolation guidelines. 

The result was in agreement with that described 

by (Portillo et al., 2009) that the colony number 

may represent from two to four per each plate and 

the number will be reduced when similar habitat 

or soils are present. At the first step, all obtained 

colonies were screened using Gram stain method 

(Figure2 A), and the results showed that all 

isolates are Gram positive filamentous bacteria. 

The primary screening assay via cross streak 

method was carried out for determining the most 

powerful antimicrobial isolate as shown in (Figure 

2 B and C). Among all eleven isolated 

actinomycetes, the isolate NFS2 was presented on 

ISP2 medium before adding the microbial 

pathogens after 3 days (Figure 2 B) and seven 

days (Figure 2D) of incubations. Following 

incubation of the actinomycets microbial 

pathogens, E coli ATCC 25922 (E), S aureus 

ATCC 25923 (S), Micrococcus luteus ATTC 9341 

(M), C albicans ATCC 10231 (C) and P 

aeruginosa ATTC27853 (P) were added, the 

results showed that the NFS2 isolate presented 

powerful antimicrobial activities against the most 

used microbial pathogens especially S aureus, M 

luteus and C albicans (Figure 2 C).  

The results for secondary metabolites activities 

against all microbial pathogens as crude extract 

and extracellular antimicrobial metabolites such 

(n-hexan, n- butanol and ethyl acetate) are 

presented in (Table 1). The crude extract exhibits 

powerful antimicrobial activity against both 

Gram-positive bacteria (S aureus and M luteus) 

and C albicans. The inhibition zones were 25.5 

and 33.5 mm for S aureus ATCC 25923 and M 

luteus ATCC 9341 respectively, while 30.5 mm 

was recorded for Candida albicans ATCC 10231. 

On the other side, the crude extract does not 

exhibit any inhibition zone against the Gram-

negative bacteria used including E coli ATCC 

25922 and P aeruginosa ATCC 27853. These 

results indicate that the crude extract from the 

bacterial fermentation only has an effective 

antimicrobial against both Gram-positive bacteria 

and C albicans. The extracellular secondary 

metabolites extracted from all organic solvents 

also showed antimicrobial activities (Table 1). For 

instance, the result for n-hexane extract was 28 

mm zones of inhibition against S aureus ATCC 

25923. In the case of M luteus ATCC 9341, both 

n-hexane and n-butanol have the same 

antimicrobial activities which are 21 mm zones of 

inhibitions. In addition, the difference in  the 

antibacterial  powerful activity by using  different 

organic solvent  extracts  may  be  due  to their  

difference  in  the solubility  of bioactive 

compounds in various solvents and  variation  in   

the cell   wall   structure   of   tested  bacteria (Aali 

et al., 2018). Finally the result for C albicans 

ATCC 10231 for n-hexane extract was 29 mm 

zones of inhibition. The results for Gram-positive 

bacteria were in agreement with that obtained and 

described by (Kim et al., 1994; Singh et al., 

2016), as they demonstrate that the Gram negative 

bacterial cell wall structure is mainly composed of 

lipopolysaccharide (LPS). However, the Gram-

positive bacteria lack this structure, and this 

causes the bacteria to become more susceptible to 

our extracted metabolites. 

Comparing antibacterial activities between NFS2 

crude extract and synthetic antibiotic discs were 

presented in (Figure 3). Panel (A) represents the 

activity of NFS2 crude extract and synthetic 

antibiotic discs against S aureus ATCC 25923. 

The results indicated that the NFS2 crude extract 

records higher inhibition zone overall used 

synthetic except Gentamicin 10 µg (CN 10), while 

in case of M luteus ATCC 9341, Panel (B), NFS2 

recorded the best inhibition zone overall used 

synthetic zone except Ciprofloxacin 10 µg (Cip 
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10). In contrast, in the case of both Gram-negative 

bacteria E coli ATCC 25922, P 

aeruginosa  ATCC 27853 as presented in Panel 

(C and D) respectively, there were no any results 

recorded, which point out the NFS2 extract only 

effects on Gram-positive bacteria.    

The antioxidant scavenge activity of NFS2 isolate 

crude extract was summarized in (Figure 4).  The 

result was gradually increased depending on the 

crude extract concentration for scavenging free 

radical presented in the solution till recording the 

maximum activity with 30mg/ml which record 

93.46% scavenging activity with the standard 

deviation (SD±8.43). The presented result was in 

agreement with that obtained and recorded by 

(Mbwambo et al., 2007; Mohammad-Amin et al., 

2016; Maikhan et al., 2018). On the other hands, 

the result for H2O2 scavenging activities presented 

in (Figure 5), indicate that the crude extract of 

NFS2 isolate has the potent for scavenging the 

great amount of H2O2 in the solution, the highest 

scavenging activity result was recorded 43.94% 

scavenging activity which obtained by 1.25 mg/ml 

of crude extract with standard deviation (SD±1.8).  

Hydrogen peroxide easily penetrates across the 

cell membrane, producing the ROS (reactive 

oxygen species) after reacting with (Fe
2+

 and Cu 
2+

)   which having more toxic affects such 

hydroxyl free radical (Sawant et al., 2009). The 

results for both antioxidant activity and H2O2 

scavenging activity indicate the presence of active 

compounds in the crude extract with the 

competence of reducing Fe
+3 

 ions as described by 

(Kekuda et al., 2010). As well as, perform the 

preventing the progress of various oxidative 

stress-related disorders (Poongodi et al., 2012). 

The results for comparing trace elements 

concentration between the non-inoculated ISP2 

broth as a negative control, with inoculated ISP2 

broth by NFS2 after 7 days of fermentation was 

presented in (Table 2), the results indicate that 

were trace elements in the culture broth highly 

changed, some of them decreased while a little of 

them increased, this fluctuation of the trace 

elements concentration (especially decreased 

elements) due to their consumed during the 

fermentation process by the bacteria, and other 

increased trace elements concentration due to their 

production by the bacterial cell in response to the 

fermentation process. Some of the tested trace 

elements play a vital role in the bacterial life cycle 

such (Ca, Fe, K, Na, P, Sr, Mg, and Zn) for 

enhancing or inhibiting the bacterial secondary 

metabolites production as in the study of (Chesters 

and Rolinson, 1951), they investigate that some  

trace elements are essential for growth such zinc 

and copper, as well as, other required for 

production of antibiotics as for grown alone such 

iron, therefore, manipulating these trace elements 

in the broth culture during fermentation process 

will give the new results differ widely from 

steadily running standard or internationally pre-

described medium.  

 

 

Table1:  Secondary antimicrobial activities of crude extract alone and extracellular metabolites activities against microbial pathogens (mm zones 

of inhibition) 

 

Microbial pathogens 

Inhibition zone (mm) 

Crude extract n-hexan 

extract 

n- butanol 

extract 

Ethyl acetate 

extract 

Escherichia coli (ATCC 25922) 0 0 0 0 

Staphylococcus aureus (ATCC 25923) 25.5 28 25 18 

Pseudomonas aeruginosa (ATTC27853) 0 0 0 0 

Micrococcus luteus (ATTC 9341) 33.5 21 21 14 

Candida albicans (ATCC 10231) 30.5 29 25 20 
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Table 2: trace elements concentration comparison (mg/l) of ISP2 broth media, between negative control starting point and inoculating broth with 

NFS2 after 7 days incubation 

Trace  

elements  

Negative control  starting point 

mg/l 

ISP2 after fermentation  

mg/l 

 Notes  

Ba 1.17 1.015 - 

Ca 24.785 20.49 - 

Co 0.01 0.005 - 

Cu ND ND  

Fe 0.045 0.02 - 

Hg 0.145 0.135 - 

K 121.85 95.09 - 

Li 0.095 0.075 - 

Mn 0.005 0 - 

Mo ND ND  

Na 184.695 127.85 - 

Ni 0.025 0.03 + 

P 14.125 6.285 - 

Se 0.165 0.25 + 

Sr 3.95 3.555 - 

Ti 0.07 0.055 - 

Zn 0.12 0.085 - 

Mg 9.945 7.96 - 

                                ND: note detected; -: Decreased; +: increased  

 

 

Figure 1: Kalar district location and their border on Iraqi map, 45 soil samples were collected from non-farming soil. The picture was get from 

the Google map 
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Figure 2: A Gram stain for all isolates (positive results; NFS2); B primary screening assay, cross streak assay after 3 days of incubations without 

the microbial pathogens; C, Primary screening assay results for NFS2 on all microbial pathogens; D, pure culture colonies of NFS2 on ISP2 

after 7 days of incubation. 

 

 

 

 
Figure 3: Comparing antibacterial activity of different synthetic antibiotic discs with NFS2 crude extract on microbial pathogen; A: 

Staphylococcus aureus, B: Micrococcus luteus, C: Escherichia coli, D: Pseudomonas aeruginosa. n=1 
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 Figure 4: Antioxidant scavenging activities of NFS2 crude extract by DPPH radical scavenging activity assay, mean of the antioxidant 

scavenging activity with standard deviation,  n=2 

 

 
                     Figure 5: H2O2 scavenged activity of NFS2 crude extract with different concentration, mean of the scavenging activity with 

standard deviation, n=2 

 

 

4.Conclusion 

 Eleven isolates of actinomycetes were obtained 

from forty five soil samples in Kalar district. 

NFS2 isolate had the most potent antimicrobial 

metabolites against Gram positive and Candida. 

Furthermore, this isolate showed antioxidant 

activity through scavenging the free radicals. 

Different trace elements concentrations in ISP2 

were detected throughout the fermentation process 

by ICP. This suggests that the NFS2 isolate may 

use some of these trace elements in their growth 

process. 

Recommendation 

The screening protocol for isolating novel isolates 

from different habitats needs more soil types with 

different depth. Manipulating the trace element 

concentrations in the ISP2 broth media will 

exhibit different results especially relating with 

antagonistic or antioxidant activities. Future study 

should focus on separating the bioactive 

compounds which can be used for discovering 

new antibiotics.  
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A B S T R A C T: 

Multiple sclerosis (MS) is an autoimmune disease in which immune cells attacks the body cells mistakenly; it is 

characterized by chronic inflammation that leads to demyelination and conduction of nerve impulse is affected negatively. The 

cause of the disease is unknown, but it may be partially under the control of genetics, including interleukin 7 receptor alpha 

(IL7Rα). In this case-control study, 40 relapsing-remitting MS (RRMS) male patients, which fulfills McDonald criteria and 40 

healthy controls, with matched sex, were compared depending on the rs6897932 polymorphism within the exon 6 of IL7Rα gene 

by Tetra-amplification refractory mutation system polymerase chain reaction (Tetra-ARMS-PCR) method. The frequency of T 

allele of IL7Rα rs6897932 was considerably higher in male MS patients than healthy control males (31.25 vs 17.5%). Genotype 

distributions of the single nucleotide polymorphism (SNP) rs6897932 deviated from Hardy-Weinberg equilibrium with a p-value 

of 0.80. Both homozygous (TT) and Heterozygous (CT) were non-significantly positively associated with MS male patients (OR 

= 6.75, 95%CI = 0.73-62.4, p = 0.059, OR = 1.68, 95%CI = 0.64-4.38, p = 0.28) respectively. The distribution of the rs6897932 

polymorphism is not significantly different in our case/control study in the Erbil province. 
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1. INTRODUCTION  

 

Multiple sclerosis (MS) is a long-standing 

autoimmune disease that occurs by the 

inflammation in the central nervous system (CNS) 

and results in demyelination and impairment of 

axons (Valcarcel et al., 2018, Gold et al., 2012). It 

can be classified as an autoimmune disease that 

impacts CNS and distinguished by numerous 

brain and spinal cord lesions (Rosati, 2001, 

Hafler, 2004, Wilkins, 2018). 

 

 

 

 

 

The disease is expected to influence 

approximately two and a half million people in the 

world (Rosati, 2001). Furthermore, MS is more 

common in females than in males. Currently, the 

rate of females with this disease to males is 2–1 

(Ascherio and Munger, 2016). 

MS etiology is unclear, but several studies have 

already shown that causative agents of MS is 

reliant on a strong genetic factor (Akkad et al., 

2009). Several different methods have been used 

to determine the genetic bases of MS, such as 

genetic linkage, gene expression and candidate 
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gene association (Gregory et al., 2007, Rizvi et 

al., 2020). 

Amongst the association study is a viable 

approach toward recognizing the risk genetic loci 

of genes as a marker such as SNP. Among these 

was reported the relationship of many IL-7 

receptor SNPs with MS in various ethnic groups 

(Sahami-Fard et al., 2020, Zhang et al., 2019). 

The position of IL7R is chromosome 5 short arm 

13 (5p13). This gene consists of γ chain (IL7Rγ) 

and α chain (IL7Rα) usually recognized as CD132 

and CD127 respectively. The SNPs throughout the 

alpha chain of IL7R gene have a big role in the 

impairment of immune system homeostasis and 

this prone to MS easily (Zhang et al., 2005, 

Čierny et al., 2015).  

Appropriately, association studies for the variants 

of IL7Rα gene revealed that rs6897932 in the exon 

6 might be a causative factor for MS evolving in 

many Japanese and European communities 

(Gregory et al., 2007, Weber et al., 2008, Fang et 

al., 2011). 

In the exon number 6 of IL7Rα gene there is SNP 

called rs6897932 induces non-conservative amino 

acid transition at location 244 in which isoleucine 

shifted to threonine 244 (Ile → Thr) (ATC / ACC) 

(Teutsch et al., 2003). This amino acid shift 

affects the expression product of IL7Rα which 

results in the variation amount of membrane-

bound isoform and soluble form. Such 

modifications are accompanied by the regulation 

of the IL7 signaling pathway and a direct 

association MS with this SNP (Gregory et al., 

2007).  

Before many types of researches have been done, 

most of them have assessed the relationship of 

T244I variant, rs6897932 with MS pathology, 

while other researches couldn’t find any 

connection between them. Studies that recently 

done have shown that the C allele is slightly more 

prevalent than the T allele. Also, it has been 

suggested in region rs6897932 the C allele will 

lead to a higher threat of MS in some population 

(Gregory et al., 2007, Weber et al., 2008, Fang et 

al., 2011). Therefore, the opportunity to have MS 

will increase by 1.5 and 1.3 folds for the 

genotypes CC and CT respectively, if we 

deliberated that genotype TT as a normal risk. 

Dependent on many types of researches with 

varied results about the polymorphism rs6897932, 

it is difficult to know for sure concerning the 

interaction of this SNP with MS (Čierny et al., 

2015). 

To arrive at a definite conclusion, we decided to 

have this study in Erbil province-Iraq to evaluate 

the importance of the IL7Rα gene polymorphisms, 

rs6897932 in such community and investigate 

their influence on IL7Rα gene expression 

concerning MS pathogenesis. 

2. MATERIALS AND METHODS  

2.1. Sample Collection 

Forty males with MS patients enrolled in this 

study who visited department of neurology, 

Rzgari hospital in Erbil city-Iraq from April to 

June of 2015, and they were diagnosed according 

to 2005 revised McDonald criteria. Forty control 

males who were age-matched with MS patients.  

2.2.  Molecular Technique Analysis 

2.2.1. Genomic DNA Extraction from Human 

Blood Samples 

Human Blood samples were taken from peripheral 

veins using the five-milliliter syringe. The blood 

put into K2EDTA (5.4mg) tube for direct DNA 

extraction. The Genomic DNA extracted from 

whole blood samples by using spin column 

method (AccPrep Genomic DNA extraction Kit- 

Bioneer, South Korea), depending on the 

manufacturer’s instructions. Then the 

concentration and purity of genomic DNA 

extracted from each human blood samples were 

determined using Nano-Drop ™ (Thermo 

Scientific, USA) spectrophotometer by recording 

the concentration ranged (11.05-61.60 ng/µl) and 

purity (1.69-2.27) for each sample.  

2.2.2. Genotyping IL7Rα Gene Polymorphism 

(PCR Amplification) 

Genotyping of the SNP rs6897932 C>T that 

located in exon 6 of IL7Rα gene performed by a 

rapid and cost-effective technique called the 

Tetra-ARMS-PCR method in Tishk International 

University. In this polymorphism one sequence-

specific forward primers: 5′-

AAGAAGGGAAGAGAGCATTGG-3′, and three 

sequence-specific reverse primers that two of 

them: 5′-GAAAAAACTCAAAATGCTGATGG-

3′ (for C allele) and 5′-AGAAAAAACT 

CAAAATGCTGATGA-3′ (for T allele) and one 

reverse were a primer for internal control 5′ 

TTACTTTGGGGACAGCGTTT-3′ used 

(Majdinasab et al., 2014). 

The total of 25 µl volume of PCR master mix 

reaction achieved containing 3µl of genomic 
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DNA, 12.5 µl of Taq DNA Polymerase 2x Master 

Mix RED (Ampliqon, Danish) and 1µl was added 

for each of the forward and reverse primers for 

IL7Rα gene. Then the mixture was completed by 

adding 3.5 µl of nuclease-free water (Čierny et al., 

2015). 

The program of PCR amplification consisted of an 

initial denaturation at 94 °C for 5 minutes 

followed by the next 35 cycles 94 °C for 30 

seconds (denaturation), 62 °C for 30 seconds 

(annealing),72 °C for 30 seconds (elongation) and 

the final step at 72 °C for 5 minutes to extend all 

PCR fragments (Majdinasab et al., 2014). After 

PCR amplification, the PCR DNA amplicons 

separated on 1.5% agarose gel (after applying 5 

V/cm) (Magdeldin, 2012), then the separated 

bands were stained with ethidium bromide to 

visualize under UV light (Bio-Rad UV-

transilluminator) (Brown, 2016). The 301 bp mean 

the appearance of IL-7R gene polymorphism in 

exon 6 (Figure 1). 

 

 

 
Figure 1. Gel electrophoresis for the IL7Rα 

rs6897932 gene showing the T and C alleles in 

some MS patients. Band 301bp indicates the 

presenece of T or C alleles. Sample 1 (lane 1C and 

1T) has TT genotypes, sample 2 (lane 2C and 2T) 

has CT genotype and sample 3 (lane 3C and 3T) 

has CC genotype, M= 250 bp DNA ladder. 

 

2.3. Statistical Analysis 
GraphPad Prism 6 statistical software used for 

statistical analysis. A student t-test used to 

compare the ages between MS patients and 

healthy controls. Genotype and allele frequencies 

of MS patients and healthy controls were analyzed 

using the Chi-square (χ2) test. Both genotype and 

allelic odds ratio (ORs) and 95% confidence 

interval (CI) calculated to determine the 

association of the SNP in exon 6 of the IL7Rα 

receptor gene polymorphisms with MS. A p-value 

of less than 5% ( p <0.05) set to be statistically 

significant. 

3. RESULTS 

Demographic profiles of both male MS 

patients and healthy control males had shown in 

table 1. The mean age of MS patients was 34.85 ± 

1.442 years, and of the control group was 32.25 ± 

1.375 years; yielding no statistically significant 

difference in their ages. In this case-control study, 

40 MS patients and 40 healthy controls compared 

depending on the rs6897932 polymorphism within 

the exon 6 of IL7Rα gene by Tetra-ARMS-PCR 

method. The genotype and allele frequencies of 

IL7Rα rs6897932 are given in (Table 2). The 

frequency of the T allele of IL7Rα rs6897932 was 

not significantly changed in male MS patients 

than healthy control males (31.25 vs 17.5%). 

Genotype distributions of the SNP rs6897932 

deviated from Hardy-Weinberg equilibrium with a 

p-value of 0.80. The significance association was 

not found in both homozygous (TT) and 

Heterozygous (CT) in MS male patients (OR = 

6.75, 95%CI = 0.73-62.4, p = 0.059, OR = 1.68, 

95%CI = 0.64-4.38, p = 0.28) respectively (Table 

2). 
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Table 1. Age of MS patients and controls 

Variable Age Range (years) Mean Age ± SE 

MS Patients 20-50 34.85 ± 1.442 

Controls 20-50 32.25 ± 1.375 

 
Table 2. Association of MS with carriage of alleles/genotypes of IL7Rα rs6897932 SNP 

Polymorphism MS (n=40) Control (n=40) OR 95% CI p-value HWE 

No. % No % 

CC 20 50.0 27 67.5 1.0 - - 0.80 

CT 15 37.5 12 30.0 1.688 0.64-

4.38 

0.28 

TT 5 12.5 1 2.5 6.75 0.73-

62.4 

0.059 

C-Allele 55 68.75 66 82.5 2.143 1.016-

4.518 

0.0428  

T-Allele 25 31.25 14 17.5 

 

4. DISCUSSION 

Multiple sclerosis (MS) is an autoimmune disease, 

which is characterized by demyelination of the 

axon of neurons in the CNS and predominant of 

inflammation. The etiology of the disease is not 

well known, but it may be under genetics and 

environmental factors (Dyment et al., 1997). The 

genes, which are involved and increased 

susceptibility to the disease, are divided into two 

groups: HLA genes (Sawcer et al., 2011) and non-

HLA genes (Rounachi et al., 2009). The most 

HLA gene which is related to MS is HLA- DRB1* 

1501 class II allele (Alcina et al., 2010), it is 

located on chromosome 6p21. Besides HLA genes 

there are many genes which are proposed by 

GWAS that candidates be involved in the 

development and severity of the MS. Non-HLA 

genes have a role in regulation and modulation of 

cytokine, cytokine receptor, transcription factor 

and T lymphocyte receptor (Rounachi et al., 

2009). Non-HLA genes that are usually involved 

in MS are CD 25, EVI5, CD58, CD154 and 

IL7Rα.  

Interleukin 7 receptor alpha (IL7Rα, also known 

as CD127), is one of the most critical genes which 

has a role in developing MS. It located on 

chromosome 5p13.2. It expressed on B and T 

lymphocytes, it has essential in maturation, 

developing and survival of them (Manolio et al., 

2009). There are many SNP of IL7Rα but, the 

most critical SNP in MS is (rs6897932, p.T244I) 

which is vital for developing IL7Rα in the form of 

membrane-bound or the way of the soluble 



Smail. Sh. et al.  /ZJPAS: 2021, 33 (1): 21-26 
 25 

 

ZANCO Journal of Pure and Applied Sciences 2021 

 

    

    

  

 

receptor, in this manner it is involved in 

developing MS (Booth et al., 2005, Zuvich et al., 

2009). Since, rs6897932 polymorphism of IL7Rα 

controlling post-transcription modification and 

alternative splicing the exon 6 of pre-mature 

mRNA of IL7Rα (Booth et al., 2005). The allele 

of “C” has a role in skipping alternative splicing 

the exon 6, and developing a soluble form of 

IL7Rα while, The allele of “T” has a role 

alternative splicing the exon 6 and developing a 

membrane-bound type of IL7Rα (Gregory et al., 

2007). The carriers of the "T" allele believed to be 

a predisposing factor for developing MS because 

it leads to the formation of the more membrane-

bound form of IL7Rα and the creation of more 

auto-reactive T and B lymphocyte (Gregory et al., 

2007). 

Another explanation for the role of IL7Rα in 

the pathogenesis of RRMS is that IL7Rα down-

regulates the forkhead box P3 (FoxP3) which is, 

in turn, is the transcription factor for developing 

CD4+CD25+ regulatory T (T reg) cells, T reg 

cells is crucial in promoting tolerance and 

suppress autoreactive T lymphocyte. IL7Rα by 

decreasing FoxP3 can breakdown tolerance and 

developing an autoimmune disease, e.g. MS . The 

results of the current analysis are inconsistent with 

O'Doherty et al. (2008), Alcina et al. (2008) and 

Majdinasab et al. (2014) who found that 

rs6897932 polymorphism of IL7Rα was related 

with MS in UK, Spain and Iran, respectively. 

 

CONCLUSIONS 

In summary, there is no association between 

rs6897932 polymorphism of IL7Rα and RRMS 

patients in the Erbil province, by comparing this 

variant in control and MS groups. This study 

confirmed that rs6897932 polymorphism of IL7Rα 

is not a predisposing factor for developing the 

disease in the Erbil province. 
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A B S T R A C T: 
   Tumor necrosis factor-alpha (TNF-α) is a multifunctional cytokine that controls cellular activities related to spermatogenesis. 

(TNFR1) affects TNF- α activity and also may leads to gene dysfunction and male infertility. This retrospective study was done to 

assess the   linkage of TNFR1 36 A/G gene polymorphism with idiopathic azoospermia in Erbil City. The present study was 

carried out on 98 infertile, 109 fertile males as healthy control. TNFR1 36 A/G gene polymorphisms were detected in all study 

subjects, and their seminal fluids were analyzed.   Polymerase chain reaction-restriction fragment length polymorphism (PCR-

RFLP) method is used for identify polymorphism in both cases and control groups. MspA1I restriction enzyme were  digested 

PCR products. Digested and PCR products were analyzed by 3% gel electrophoresis for 45 minutes at 97 V.   . The results of the 

present study showed that the incidence of AG genotype in azoospermia male higher than control groups (OR=2.069(1.154-

3.708), P=0.014, this study found that G allele frequency in azoospermia men had a significant difference compared to the control 

group (OR=1.487 (0.992-2.170).  Moreover, AG genotype and G allele associated with an increased risk of non-obstructive 

azoospermia in Erbil City.  
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1. INTRODUCTION  

 

  Infertility in males is usually due to 

disturbance in the process of spermatogenesis, 

which cause no or incompetent spermatozoa 

(Rajender et al., 2010; Sikka,2001). Some 

spermatogenic factors cause infertility, such as 

decreased sperm motility, low sperm count, 

destruction of sperm DNA, or poor semen quality. 

 

 

 

 

 

 

 

Quality of seminal fluid may be compromised due 

to some factors like high levels of reactive oxygen 

species (ROS) and oxidative stress (OS)  

(Harchegani et al., 2019; Aitken, 1999; Armstrong 

et al., 1999). 

The world's population is increasing and may 

reach nine billion in 2050. In addition to that, 15% 

of couples world-wide remain childless due to 

infertility. Only a few of these due to genetic 

causes, also genetic factors are thought to underlie 

many causes of idiopathic infertility (Bracke et 

al., 2018). About 30-40% of the male in the 

reproductive age group have a defect in sperm 

production. In quality or quantity, 50% of them 

due to low sperm motility (asthenozoospermia) 
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and  low  sperm count (oligospermia) Shamsi et 

al. (2008). 

         Azoospermia means a lack of sperm 

in at least two ejaculate samples (including the 

centrifuged sediment) (World Health 

Organization, 2010; Corea et al., 2005). 

Generally, 40 to 50 % of couple infertile. About 

50% of them are male, and 10-20% of these (or 

1% of all men in the general population) suffer 

from azoospermia (Pashaei et al. 2020).  

         Chromosomal diseases are mostly 

founded in infertile compared with fertile 

population (Signore et al. 2020). These 

chromosomal changes found in  20%  of 

azoospermic and the Klinefelter syndrome 

(47,XXY) is most frequent genetic causes of 

azoospermia (or severe oligozoospermia) ( Röpke. 

and Tüttelmann, 2017). Therefore, it is better 

these men doing genetic testing before the use of 

their sperm for assisted reproductive techniques 

ART. 

        Tumor necrosis factor-alpha (TNF-α) 

is a protein with molecular weight
٫
s around 

(17KDa) and produced mostly by activated T 

cells, monocytes, macrophages, and a few non-

lymphoid cells such as male germ cells and 

Sertoli. TNF- α binding to a TNF transmembrans 

receptor, which recruits cytosolic proteins and 

transduces the signal. TNF- α is causing Leydig 

cell steroidogenesis, Sertoli cell-germ cell junction 

dynamics, and regulates germ cell apoptosis (Xia 

et al., 2005). TNF-α due to activation of nuclear 

factor kappa B represses gene expression of the 

steroidogenic enzyme in Leydig cells (Siu et al., 

2003; Hong et al., 2004; Pentik inen et al., 2001). 

Both Sertoli and Leydig cells produce a lot of the 

immunoregulatory cytokine, IL-6, driven by IL-1. 

Both these cytokines control Sertoli cell and germ 

cell development (Hedger et al., 2003). 

         Current studies are yet to show direct 

connections among cytokines and male infertility. 

Furthermore, cytokines might be helpful markers 

for analysis and observing treatment in patients 

with urogenital infection/inflammation (Sengupta 

et al., 2020) 

           Fertility in men relies upon the best 

possible creation of sperm cells, by means of 

spermatogenesis, which is extremely intricate and 

includes the synchronization of numerous 

components. The nearness of proinflammatory 

cytokines, TNF-α, interleukin (IL)- 1α and IL1β in 

the male reproductive system, explicitly in testes, 

epididymis and spermatozoa, have a few critical 

physiological capacities including 

immunoregulation in the male reproductive tract.( 

Azenabor et al., 2015).  

         The steroidogenic enzymes are 

causing a decrease in the production of 

testosterone   (Rebourcet et al., 2020). High levels 

of testosterone hormone cause the depletion of 

germ cells from the epithelium (Mealy et al. 

1990). Increase levels of TNF- α also found in the 

semen of sub-fertile and infertile men. Some  

studies reported a high TNF- α level in the 

seminal fluid in cases of leukocyte infiltration of 

sperm and also found that inflammation-mediated 

azoospermia is directly related to TNF- α in the 

seminal fluid (Martínez et al., 2010; Seshadri et 

al., 2009). 

The location of TNFR1 gene is on 

chromosome 12p13.2 (Hong et al. 2004).  There 

are many polymorphisms in TNFR1 gene which 

have a huge   effect on the performance of 

receptor; one of these is 36 A/G, and this receptor 

has important role in the activity of TNF- α . 

Because of that it is better to investigate the 

polymorphisms associated with this gene. The 

present study found the association of alleles and 

genotypes of TNFR1 36 A/G polymorphism with 

azoospermia. The present case-control study was 

undertaken to identify the Gene polymorphism in 

male with azoospermia in Erbil City. 

 
2.MATERIALS AND METHODS 

   2.1 Subjects   

           The present study  performed on 98 

non-obstructive azoospermic infertile men (age 

range 20-50 years) and 109 healthy  fertile men as 

a control groups, from February 2018 to May 

2019.     This study performed on human subjects 

that are selected from patients who are attending 

the infertility center in Erbil City. Those Patients 

that are married for about one year and having 

unprotected intercourse were considered for this 

study. Those patients that have chronic diseases, 

history of pelvic /spinal injuries, and karyotype 

abnormalities are excluded in this study. And from 

all patients, informed verbal consent was obtained, 

and the ethics committees approved the research 

of the Medical Research Center/ Hawler Medical 

University. Assessment of seminal fluid of studied  

groups were  done after 3-5 days of sexual 

abstinence according to the guideline of the World 

Health Organization (WHO) to diagnose their 

infertility status and to know the quality and 

quantity of sperm. See (Table 3)   
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  2.2Detection of TNFR1 Gene Polymorphism 

     Venous blood samples (3ml) were 

collected via atraumatic antecubital  venipuncture 

into vacutainer tubes containing EDTA. The 

samples were either used immediately for study of  

polymorphism  or kept at about -20 C until further 

analysis. The identification  of TNFR1gene 

polymorphism assessed by using polymerase 

chain reaction and PCR-RFLP, techniques that are 

used at the Medical Research Center/Hawler 

Medical University in Erbil City/ IRAQ. Briefly, 

DNA was isolated from blood samples (by using 

100 prep DNA extraction kit (Fermentas 

company)  ), and the polymorphic region is 

amplified by PCR (Boiron/ Genekam 

Biotechnology ready to use PCR master mix), 

concentration and volume of the solutions in PCR 

reaction were:(15μl Master mix, 5μl  DNA 

sample, 2μl Forward primer, 2μl Reveres primer 

and 26μl ddH2O). 

            PCR thermal profile for 

amplification of single nucleotide 36A/G 

polymorphisms of TNFR1 gene was: (5min 

initiation denaturation at 95 °C, 30s denaturation 

at 95 °C, 30s annealing at 69 °C, 30s extension at 

72 °C and 5 min final extension at 72°C) with 

primers 5- 

GAGCCCAAATGGGGGAGTGAGAGG-3 and 

5-ACCAGGCCCGGGCAGGAGAG-3. The PCR 

products were analyzed by
 
2%agarose gel 

electrophoresis (Genekam Biotechnology AG, 

Germany) to amplify the TNFR1  gene fragment, 

that 183-bp band was observed.PCR products 

were subsequently digested with restriction 

enzyme endonucleases Msp1I (BioLabs IncNEW 

ENGLAND), then the samples were analyzed on 

3% agarose gel for 45 minutes at 97 V.    

 

2.3 Digestion By MSPA1I Restriction Enzyme  

The PCR-RFLP method was used after a 

PCR reaction, also by using the MSPA1I 

restriction enzyme for both case and control 

samples. After optimizing the enzymatic digestion 

conditions, 8μl PCR products (for each sample)  

were cut by mixed with 1μl MSPA1I restriction 

enzyme  , 5μl NE Buffer (1X), and  26μl ddH2O. 

For activation of this enzyme, this 40μl (total 

volume) was incubated overnight for 37⁰c. After 

that, the restriction enzyme inactivated at 65⁰c for 

20min. Through 3% agarose gel, the mixtures 

were electrophoresed. The polymorphism within 

amplified products has a length of 183 bp. In this 

research, it is expected to find three different 

bands on gel electrophoresis, including 

homozygous individuals (AA): a fragment in 183-

bp region, heterozygous individuals (AG): three 

fragments in 183-bp, 108-bp, and 75-bp regions, 

as well as homozygous individuals (GG): two 

fragments in 108-bp and 75-bp regions. 

3.STATISTICAL ANALYSIS  

Through the chi-square test using the 

statistical package, version 20 SPSS, assessment 

done and found the difference between infertile 

men and control groups and their relationships 

with azoospermia.  The Odds Ratio (OR), P-value, 

and confidence interval were calculated for the 

frequencies and parameters, while quantitative 

variables were expressed as the mean standard 

deviation (SD). Differences were considered 

statistically significant at p≤0.05. 

4.RESULTS 

The participants are divided into two 

groups: infertility (n=98) and fertility (n=109) 

subjects. On 3% gel electrophoresis, three 

different bands were observed.  Including  AA 

genotype (183bp). AG genotype  (183bp, 108bp, 

and 75bp) and GG genotype (108bp, and 75bp). 

Figure 1 indicating digested products on 3% 

agarose gel.  

The results demonstrated that the 

frequencies of AA (183bp), AG (183bp), 108bp, 

and( 75bp), and GG (108bp), and (75bp) 

genotypes were 17.34%, 42.8%, and 39.7% 

respectively in cases and 34.86%, 26.60%, and 

38.53% in control groups. Table 1.  

Besides, the frequencies of A and G alleles 

were 38.3% and 60.6% respectively in the case 

group, and 48.16% and 51.83% in the control 

group (Table 2). The present study indicated that 

the frequency of AG genotype in cases and 

controls was significantly different (p=0.014). The 

frequency of AG genotype was higher in cases 

when compared with controls. The risk of non-

obstructive azoospermia was more in men with 

AG genotype (OR=2.069) (1.154-3.708). The 

difference in A and G alleles frequency was 

significant between the two groups  P=0.054), and 

the risk of azoospermia people with G allele was 

higher 1.487 (0.992-2.170) when compared with 

A allele (0.682(0.461=1.008). Table 2. 

Chi-square test showed significant 

differences between genotypes frequencies in 

cases and controls OR=2.069, Cl; 95%, 1.154-

3.708. Chi-square test showed significant 
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differences between alleles frequencies in cases 

and controls OR=1.487, Cl; 95%, 0.992-2.170. 

Regarding semen quality, especially 

volume of sperm, concentration, total count, 

motility (motile, and  immotile), and morphology 

of sperm (normal, and  abnormal) , a highly 

significant change among fertile men, was defined 

compared with infertile men (azoospermia )  

(p=0.000). Table 3.  

 
 

Table (1)  : Frequency distribution of TNFR1 36A/G polymorphism genotypes in infertile men with azoospermia  

Genotypes 
Azoospermic men 

n=98 

Controls 

n=109 
P-value OR (CL;95%) 

AA 17 (17.34%) 38 (34.86%) 0.004 0.387(0.201-0.744) 

AG 42 (42.8%) 29 (26.60%) 0.014 2.069(1.154-3.708)) 

GG 39 (39.7% ) 42 (38.53%) 0.894 1.039(0.594-1.818) 

 

Table (2): Frequency distribution of TNFR1 36 A/G polymorphism alleles in patients with azoospermia.  

Genotypes 
Azoospermic men 

n=196 n= (%) 

Controls 

(n=218) n= (%) 
P- value OR (CL;95%) 

A 76(38.3%) 105(48.16%) 0.054 0.682(0.461=1.008) 

G 120(60.6%) 113(51.83%) 0.054 1.487 (0.992-2.170) 

 

Table(3): Seminal  Fluid Analysis of fertile and infertile men (Azoospermia men .  

Variable    

Fertile men 

No (109) 

(Mean±SD) 

 

Infertile 

men(Azoospermic 

men ) 

No(98) 

(Mean±SD) 

 

p. value 

Volume (ml)  
 

 4.55±0.95 
 

2.014±0.667 
 

0.000
S 

 

Concentration (10
6
 / ml)  58.48±18.99 0.0 00±0.000 0.000

S 

Total count  (10
6
 

/ejaculate) 

 2.692  ±100.700 0.0 00±0.000 0.000
S 

 

Motility 

Motile  

Immotile 

 

79.17±13.57 

21.055±10.23 

0.0 00±0.000 

0.0 00±0.000 

0.000
S 

0.000
S 

Morphology Normal  68.55±10.99 0.0 00±0.000 0.000
S 
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Abnormal 31.75±4.99 0.0 00±0.000 0.000
S 

 

5. DISCUSSION 

            Azoospermia, which means 

discharge free of sperm, that influences 1% of all 

men and up to 15% of men with infertility 

(Gudeloglu, 2013). Our research was led to survey 

TNFR1 36 A/G Gene Polymorphism, and it is 

predominance among patients with idiopathic 

azoospermia and found that the G allele and AG 

genotype of TNFR1 36 A/G polymorphism is 

significantly higher in azoospermic infertile men 

when compared to control group. However, 

polymorphism of  TNFR1 36 A/G gene,  can 

change in function of the type 1 receptor of TNF-α 

cytokine, resulting in cytokine dysfunction.  

        It has been claimed in an Iranian 

study that the GG genotype associated with non-

obstructive azoospermia and they clarified that the 

increased risk of non-obstructive azoospermia 

associated with G allele (Ashrafzadeh et al., 

2017). NOA happens due to defects in 

spermatogenesis. However, the etiology of most 

patients' testicular dysfunction stays obscure (Han 

et al., 2020) . 

          According to the  study in Erbil City  

the single nucleotide polymorphism   (SNP)  

rs12086634  (T>G)  of  the HSD11B1 gene  is    

associated  with polycystic ovary syndrome 

(PCOS) significantly, and the G allele of this SNP 

rs12086634  (T>G)  was associated with obesity.( 

Shareef,et al., 2019) 

Lazaros et al., 2012 in Greece population 

investigated the relationship between 36 A/G 

polymorphism of TNFR1 with male infertility and 

sperm concentration and motility using PCR-

RFLP. Their study showed that the allele A of 

TNFR1 is associated with increased sperm 

concentration and motility, and supporting the 

significance of the TNFR1 gene is semen quality.  

The study in Kurdistan region demonstrated a 

significant association   between   TT   genotype   

of mir-125a G >T polymorphism   and   In Vitro 

Fertilization (IVF)    failure (Dizay et al., 2019) . 

         The genetic factors and 

environmental have a role in infertility, and the 

genetic factors are confirmed in men with 

idiopathic infertility (Tanoomand et al., 2019). 

Table 1,   showed that the odds ratio for AG 

groups was more than one and the p-value was 

0.014; it means that this group has increased risk 

to azoospermia. But the odds ratio for GG, AA 

groups was less than one, and the p-value was 

non-significant, and according to these values,  the 

two  groups have decreased risk to azoospermia.  

Men with NOA have high rates of DNA 

repair mechanisms defects and irregularities in 

cell cycle control. (Gunes et al., 2015). The 

infertility issues in 15% of couples are identified 

with male factors in 40% of them (Zaimy et al., 

2013). 

Spermatogenesis is depend on a huge 

number of cellular signals causing coordination 

and connection between various cells of the testes. 

Cytokines, including TNF-α, control this 

relationship and capacity among the cells and, 

subsequently it could be related with sperm 

variations   for example, changes in morphology, 

number, and motility. TNF-α receptors, for 

example, TNFR1 and TNFR2 exist in sertoli and 

leydig cells. The capacity of these cells can be 

balanced by binding   the cytokine to them 

(Tronchon et al., 2008; Zalata et al.,2013). 

Figure 1, determined digested PCR 

products on 3%  agarose gel at 45 minutes for 97 

V: And three different patterns were observed on 

this gel, including homozygous individuals (AA): 

a fragment in 183-bp region: One may argue that 

no mutation found on this region, heterozygous 

individuals (AG): three bands in 183-bp, 108-bp, 

and 75-bp areas, it means that the variation could 

be observed on one strand of DNA but cannot be 

detected in other once. As well as homozygous 

individuals (GG): two bands in 108-bp and 75-bp 

regions, it means that mutation should be 

observed on both strands of DNA. 

According to the Table 1 and 2: The PCR-

RFLP was used by the help of restriction Mspa1I 

enzyme for the  98 blood samples ( cases) and  

109 blood samples (control groups), and the 

results demonstrated that the frequency AG  

genotype and G allele  were  less in controls than 

cases.  .  

Primary infertilities’ prevalence is 

accounted for to be 10% to 12% (World Health 

Organization 2004). Also, the rate of fertility and 

number of children is steady decreasing globally 

(World Health Organization, 2004). Incremental 

population growth, caused by low fertility rates, is 

an existential problem for the developing 

countries in Asia. The northern and western parts 

of Europe first encountered the risk of law fertility 

rates, but now Asian countries are haunted by it. 

Marriage is strongly embodied in the Asian social 
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systems as a habit or tradition; hence the rates of 

children born to single mothers are limited. This 

phenomenon immensely contributed to low 

fertility rates and the number of children   

(Matsuda S., 2020). 

Kotowicz et al. (2010) determined that 

increasing the serum levels of Cancer A-125 

recommends the need for applying progressively 

forceful types of treatment. Soluble TNF receptor 

type I might be of significance in diagnosing 

patients at the early clinical phases of 

adenocarcinoma, particularly those with Cancer 

A-125 focus inside. 

 

Figure 1:  3% agarose gel electrophoresis pattern of some RFLP products of TNFR1gene polymorphism. 

Line (1) indicates DNA markers with a 50 bp.  Lane (2) is (AG) heterozygous individuals: three bands in 

183-bp, 108-bp, and 75-bp areas, it means that the variation could be observed on one strand of DNA but 

cannot be detected in other once. Lanes (3 and 6 , 7) are negative and don’t have the mutation. Lane (4) is 

homozygous individuals (AA): a fragment in 183-bp region, and no mutation found on this region, As well 

as lane (5) is homozygous individuals (GG): two bands in 108-bp and 75-bp regions, it means that mutation 

should be observed on both strands of DNA. 
 

6.CONCLUSION 

   In conclusion, the study showed that 

the AG genotype and G allele of 36 

AG TNFR1 might be  a risk factor for non-

obstructive azoospermia in a population of 

Erbil City 
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A B S T R A C T: 
             In the present paper, a green synthesis of silver nanoparticles (AgNPs) have been prepared using Allium sativum (garlic) 

extract(GE) (growing in Kurdistan-Iraq) at 60 – 65 Cº, The synthesized silver nanoparticles were characterized by UV-Visible 

absorption spectroscopy, Fourier transform infrared spectroscopy (FTIR), Scanning Electron microscopy (SEM), X-ray diffraction 

(XRD) and Energy-Dispersive X-ray spectroscopy(EDX). The UV-Visible spectroscopy of synthesized AgNPs showed 

absorption maxima at 433 nm. The XRD examination implied that AgNPs support the equalizer with an average crystallite size of 

15 nm. Antimicrobial activity of prepared nanoparticles (two different concentrations) and extracted garlic was done. It has an 

effect on the growth of three microorganisms (Micrococcus sp. (gram positive bacteria); Pseudomonas aeruginosa (gram negative 

bacteria) and Candida albicans (fungus)). The most important interests of this preparation are safe, fast and it has activity against 

bacterias and fungus. 
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1. INTRODUCTION : 

 

              Among all noble metal nanoparticles, 

AgNPs have obtained an individual interest. There 

are many methods for producing nanoparticles 

amonge these methods is chemical method by 

using chemicals like reducing agents, which 

afterward become responsible for a range of 

biological hazards due to their universal toxicity. 

 

 

 

 

 

 

 

 

 

 

 

This problem can be solved by using green 

methods such as  plants which contain biological 

molecules in the extracts demonstrating 

excellences more than chemical and physical 

methods (Ahmed et al. 2016). 

            Garlic (Allium sativum L.) globally known 

as a food, spice and classical medicine. Varity of 

investigations have previously established that 

garlic may be useful for the protection of 

cardiovascular, carcinogenesis and age-related 

diseases (Abbas et al. 2019; Rahman 2003). The 

beneficial and medicinal properties are refers to 

specific organosulfur compounds (Agarwal 1996; 

Lawson 1993; Sendl et al. 1992; Yanagita et al. 

2003; Yeh and Liu 2001). Garlic extract is a rich 

source of phenolics and flavonoids which has an 

essential role in the reduction process for 

synthesis of metal nanoparticles (El-Refai et al. 

2018). 
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              Nanoparticles (NPs) display size and 

shape-dependent characteristics which are of 

avails for applications ranging from antimicrobial 

activity,bio sensing and catalysts to optics, 

chemical sensors, electrometers, and computer 

transistors(Qadir et al. 2019). These particles have 

also many applications in different fields such as 

drug delivery, medical imaging, filters, and Nano 

composites(Andra et al. 2019; Sun et al. 2008). 

              Silver nanoparticles have dragged the 

concern of researchers due to their wide 

applications such as sensors (Guozhong 2004), 

cell electrodes (Klaus-Joerger et al. 2001), 

photonics (Jebril et al. 2020),antimicrobials 

(Elumalai et al. 2010), pharmaceutical 

products(Nguyen et al. 2020), etc. 

             The aim of this study is to prepare 

AgNPs, using simple solution-based green 

approach using garlic extract growing in 

Kurdistan Region-Iraq. In consequence according 

to the commenced results, the most important 

differences of this preparation from the previous 

study which is about green synthesis of robust and 

biocompatible AgNPs using garlic extract (Von 

White et al. 2012) are low cost, simplicity, 

moreover, the produced AgNPs recommend a 

possible application as an antibacterial and 

antifungal activities. 

2. Experimental 

2.1.  Chemicals and Reagents 

            All chemicals were purchased at the 

highest grade available and used directly without 

any further purification. Silver 

nitrate(AgNO3)(99.9% w/w) was acquired from 

Sigma-Aldrich USA.Bulbs of Garlic were grown 

and collected from afarm in Soran, Erbil city, 

Kurdistan- Iraq. It was peeled and rinsed with 

deionized water to remove contaminants. All 

glasswares was washed with deionized water, 

followed by next drying. 

2.2. Preparation of Garlic Extract  

              The outer covering of the Garlic bulbs 

was peeled of manually, and then washed with 

deionized water. About 30.0 g of peeled garlic 

was chopped (not crushed) into small pieces, and 

boiled in 100ml of deionized water for 10 minute 

at 70˚C (Ahamed et al. 2011). After that the 

extract was cooled and filtered, finally the extract 

was kept in refrigerator at about 4 ˚C until further 

usage. 

 

2.3. Preparation of Silver Nanoparticles 

Using Garlic Extract 

              Add 20.0 mL of GE drop wise to 50.0 

mL of AgNO3 (0.05 M) with constant stirring at 

60-65˚C for two hours (Ahamed et al. 2011). The 

brown color indicates that the silver nanoparticles 

were formed. The obtained precipitate washes out 

with deionized water and methanol to take out 

possible precipitation. Finally calcination was 

done by putting in a furnace at 350 ˚C for 2 hours 

to remove any residues of extract. Figure (1) 

shows the steps of this preparation. 

 

 
Figure (1): Synthesis steps of silver nanoparticle by 

green method. 

 

2.4.  Characterization Techniques 

            The UV-Vis. absorption spectra were 

recorded on a double-beam spectrophotometer 

(Koya University) (model) for AgNPs to make 

certain that the NPs are formed. The functional 

groups present in the extact and AgNPs were 

gathered by Fourier transform infrared 

spectrometer (FTIR) (Perkin Elmer FTIR 

spectroscopy model 1725 from 400- 4000 cm
-1

). 

X-ray diffraction (XRD) measurements were 

carried out (Scientific Research Centre, Soran 

University) using a PAN analytical X’ pert PRO 

(Cu Kα = 1.5406 Å). The rate of scanning was 0.5 

degree/ min. in the 2θ range from 20- 80 ˚. 

Scanning electron microscopy (SEM) (Quanta 

4500) was employed for the study of 

morphological and particle dispersion. The 

elemental analysis of the synthesized NPs was 
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analyzed by energy dispersive X-ray spectrometer 

(EDX) performed in SEM. 

3. Results and Discussion 

3.1. Physicochemical Characterization 

3.1.1. UV-Vis. Spectroscopy 

            The reduction of silver ions to silver 

nanoparticles was confirmed by UV-Visible 

spectroscopy analysis and  it is shown in figure 

(2). It is known that the silver nanoparticles shows 

brown colour due to the observable fact of surface 

plasmon resonance in the metal nanoparticles. The 

absorption spectra of silver nanoparticles formed 

in the reaction mixture was obtained by the UV-

Vis analysis at the range between 200-700 nm, the 

AgNPs has an absorbance with highest peak at 

about 433 nm. 

 

 
Figure (2): Uv- visible spectra of AgNPs  
 

3.1.2. FTIR analysis of GE and AgNPs 

             The FTIR analysis was used to identify 

the possible biomolecules responsible for the 

capping and stabilizing of silver nanoparticles 

synthesized by the plant extracts. The FT-IR 

spectra of garlic extract in figure (3) show several 

major peaks at 3304, 2931, 2889, 1635, 1411, 

1132, and 1022 cm
−1

 and some other peaks 

approximately at around 536 to 929 cm
−1

. The 

broad and intense peak at 3304 cm
−1

 represents 

the –OH stretching vibration from phenolic 

compounds in the extract. The peaks observed at 

2931, 2889, and 599 cm
−1

 are due to C–H 

stretching of alkanes. Furthermore, the FT-IR of 

AgNPs shows some differences in the shape and 

location of peaks indicating the interaction 

between AgNO3 and involved sites of 

biomolecules for production of nanoparticles 

figure (4). Biomolecules could be adsorbed on the 

surface of metal nanoparticles, possibly by 

interaction through π-electrons. 

 

 
Figure (3): FTIR spectrum of garlic extract. 

 
Figure (4): FTIR spectrum of AgNPs. 

 

3.1.3. XRD studies of AgNPs 

            X-ray crystallography was used to 

examine the crystallite nature of nanoparticles, the 

XRD patterns of the synthesized AgNPs from 

silver nitrate(AgNO3) and Garlic(Allium Sativum) 

extract as the capping and reducing agent which is 

in the range of 2θ from 20º to 80º is shown in 

figure (5). Two peaks of nanoparticles (111) and 

(200) are appeared, which can be indexed as 

centered cubic phase of crystalline silver which 

are corresponding to 2θ values of (37.9211) and 
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(44.1013) respectively (JCPDS No. 98-005-3761). 

The strength of peaks imitated means the high 

grade of crystallinity of the AgNPs.  

             The Debye - Scherrer formula (D= Kλ / 

βcosθ) can be used to calculate the overall particle 

size of AgNPs, where K is the Scherrer constant 

(shape factor) with values 0.9 - 1.0, λ is the 

wavelength (1.54060 ºA), β is the full width at 

half maximum (FWHM) of the XRD peak, θ is the 

Bragg’s angle and D is the crystalline size. The 

XRD characteristic shows that the synthesized 

AgNPs have the average crystalline size around 

15 nm. 

 

 
Figure (5): XRD spectra of AgNPs 

 

 

3.1.4. SEM and EDX analysis 

           The AgNPs synthesized by the assist of 

extracted garlic was scanned by SEM as shown in 

Figure (6a,b). It was shown that silver 

nanoparticles appeared to be morphologically 

spherical and small. EDX study provides 

quantitative andqualitative status of the elements 

that is involved in the nanoparticle formation. 

From the EDX spectra figure (6c), the strong 

signal confirms the AgNPs formation. The optical 

absorption peaks of the nanocrystalls of metallic 

silver typically had shown around 3.0 KeV. The 

attendance of gold (Au) in EDX analysis is an 

outcome of gold covering to get better image of 

SEM. Figure (6d) shows the distributation of 

silver in silver nanoparticles. 
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Figure (6): (a)SEM micrograph of AgNPs magnified 

8015x;(b) magnified 15068x;(c)EDX image of 

synthesized AgNPs;(d)corresponding mapping image of 

Ag in AgNPs. 

 

3.1.5. Evaluation of antimicrobial activity of 

prepared Nano-particles  

 

1- Yeast: 

              Candida albicans sensitivity to different 

concentration of prepared nanoparticles, garlic 

extract and nystatin (ASIA pharmacological Syria, 

used as positive control) was tested by using agar 

well diffusion method(Saeed and Saadullah 

2019).The sterile sabouraud’sdextrose agar (SDA) 

were pouredin Petri dishes, allowed to solidify, 

followed by a hole with a diameter of 6.0 mm is 

punched objectively with a sterile cork borer, 

Yeast suspension prepared from 24 hours colony 

by using phosphate buffer saline (PBS) in 

compare with standard control with concentration 

41.5x10
6
Cell/mL of yeast suspension. 0.1 mL of 

yeast suspension were inoculated on SDA then 

spread using sterilized L shaped glass rod, then 

incubated at 37
o
C for 15 minutes, a volume 

(80 µL) of the tested antimicrobial agent and 

extract solutionswere poured into the well, then 

incubated at 37
o
C for 24-48hours (AL-REFAI 

2006; Ismael 2009). Zones of inhibition were 

achieved by measuring the radius of the disc from 

the center to the edge of the inhibition of growth. 

Measurements were donefrom both the average 

accepted and the slope sides. 

Nystatin sensitivity test: 
            The stock solution (20mg/mL) of nystatin 

was prepared by dissolving a nystatin disc (Al 

Kanawati medical products /Syria) that contained 

(500 000 I.U. of nystatin) in 10 mL of deionized 

water. 

 

2- Bacteria 

              The prepared silver Nanoparticle, garlic 

extractand (Chloramphe-nicol) were evaluated for 

its antibacterial activity. The tested bacteria were 

Micrococcus sp. (gram-positive bacteria) and 

Pseudomonas aeruginosa (gram-negative 

bacteria). The media of Muller Hinton agar 

(MHA) were poured into plates, allowed to 

solidify, after that, a hole with a width of 6.0 mm 

is punchedobjectively with a sterile cork borer, 

The suspension for each bacterium was prepared 

from 24hours colony by using PBS in compare 

with standard control with concentration (1.5 х 

10
4
 cells /mL). Then 0.1 mL of each suspension 

were inoculated on MHA then spread using 

sterilized L shaped glass rod, then incubated at 

37
o
C for 15 minutes, a volume (80 µL) of the 

tested antimicrobial agent and extract 

solutionswere poured into the well, then incubated 

at 37
o
C for 24-48hours (Holder and Boyce 1994). 

Zones of inhibition were getting by measuring the 

radius of the disc from the center to the edge of 

the growth inhibition. Measurements were done 

from the average accepted side and its sides of 

slope. 

Table (1) shows the effect of prepared 

nanoparticles and garlic extracts on the growth of 

three tested microorganisms including two 

bacteria: Micrococcus sp. (gram positive bacteria), 

Pseudomonas aeruginosa(gram negative bacteria) 

and Candida albicans (fungus). After 48 hours of 

incubation, the results shows that garlic extracts 

have the highest effects on the C. Albicans and  

Micrococcussp. with inhibition zones of (23 and 

19.5 mm), followed by Nanoparticle 1(N1) 

(AgNPs- garlic extracted without water) which 

showed the highest effect on P.aeruginosa, and 

moderate effects on both  Micrococcus sp. and C. 

albicans, with inhibition zones of (12, 14 and 9 

mm) respectively. While Nanoparticle 2 (N2) 

(AgNPs- garlic extracted with water) showed the 

lowest rate of inhibition on the Micrococcus sp. 

and P.aeruginosa and C. Albicans with inhibition 

zones of (9, 6 and 6 mm) respectively, Figure (7) 

shows the results. 
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Table (1): The effect of nanoparticles and garlic extract 

on the microorganisms 

 

 

 

 

Figure (7):(a) Pseudomonas aeruginosa;(b) Micrococcus 

sp.;(c) C. Albicans(N1:AgNPs- garlic extracted without 

water; N2 AgNPs- garlic extracted with water; G: Garlic 

extract; C: Control). 

 

4. Conclusions 

In summary, we verified a low cost, non-

toxic,simpleand environmentally friendly 

synthesis of Ag NPs using garlic extract as 

reducing, capping and stabilizing agent. The 

presence of different biomolecules in the extract 

such as flavonoids and phenolics makes silver 

nanoparticle formation easier and these 

biomolecules are responsible in reducing silver 

ions(Ag
+
) to silver particles in nanosize. Presence 

of AgNPs was determined by change in colour 

from colourless to brown owing to the reduction 

of Ag ions and it is due to surface plasmon 

resonance. The results observed from UV–visible 

spectrum, SEM, XRD and EDX shows that Ag 

NPs were crystallite in nature with FCC phase and 

have an average crystalline size about 15 nm and 

sphere-shaped. The antifungal and antibacterial 

activity of prepared nanoparticles  and garlic 

extract on the growth of three microorganisms 

Micrococcus sp. ; Pseudomonas aeruginosa and 

Candida albicans after 48 hours of incubation, is 

shown. The result shows that AgNPs have the 

highest effect on P. aeruginosa, and moderate 

effects on both Micrococcus sp. and C. albicans. 
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A B S T R A C T: 
      The present study was done to assist the effect of obesity and diabetes on semen quality and fertility of adult males in 

Erbil city. For this purpose, one hundred twenty adult males were used in this study. The subjects were divided into four groups. 

The control group included 30 healthy males, the obese group included 30 males with BMI ≥ 30. The diabetes group included 30 

males with diabetes mellitus type 2 (T2 DM)and obese and the diabetes group included 30 males with both BMI ≥ 30 and T2 DM. 

Semen analysis and sex hormones were determined to evaluate semen quality and fertility. The incidence of abnormal viscosity in 

patient groups is significantly higher than that of the control group. Semen volume, sperm concentration, normal morphology, 

total motility, and grade activity in the control group is significantly higher than that of the other 3 groups. Lower sex hormones 

LH, FSH, and testosterone were recorded in a group of obese with diabetes group.  A lower concentration of the serum 

malondialdehyde (MDA) is recorded in the control group. Despite the decreasing of the semen volume, sperm concentration, 

normal morphology, and motility in the patient's groups, all these values are not threshold and within the normal ranges which 

were recommended by World Health Organization (WHO). In our results concluded that obesity and diabetes have a minor effect 

and not detrimental to the fertility of males. 
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1.INTRODUCTION: 

  

Infertility remains a global public health 

problem and a major clinical issue concern which 

affects 15% of reproductive-age couples 

(Mascarenhas et al., 2012, Jiang et al., 2015).  

Low quality of semen is well known as a large 

disorder causing male infertility (Radwan et al., 

2016, Levine et al., 2017).  

An estimated 70 million people are Worldwide, 

couples suffer subfertility or infertility, and 

around 40% of the reasons for the cases are a male 

(L gar  et al., 2014, Salas-Huetos et al., 2017). 

A rigorous and comprehensive meta-analysis 

recent of studies carried out between 1973 and 

2011, that was reported a decrease of the sperm 

counts by more than 50%. The same goes for 

several other studies that have also recorded a 

continuous decline in semen quality (Li et al., 

2016, Sengupta et al., 2017).  

 

 

 

Now the epidemic of obesity is spreading 

across the world and according to the latest World 

Health Organization estimates that 650 million 

people worldwide were obese and more than 1.9 

billion were overweight in 2016  (Moussa et al., 

2016). Obesity has been related to an increased 

risk for many medical conditions include 

cardiovascular disorders, osteoarthritis, diabetes, 

liver, kidney disease, depression, and infertility 

(Bieniek et al., 2016, Dubeux et al., 2016).  

Recent studies have looked at the relationships 

between abnormal BMI and semen quality but 

contradictory findings remain (Sermondade et al., 

2013, Eisenberg et al., 2014, Tsao et al., 2015). 

Chavarro et al. (2010)  for example, proposed that 

the  BMI of approximately 35 kg/m
2
 was 

associated with lower ejaculate volume and sperm 

count among 483 men attending the clinic for 

infertility. Wang et al. (2017a) also observed an 

increase in  BMI appeared to be linked to sperm 

count among 2384 subfertile men in northern 

China. In contrast, 31 studies have a pooled meta-
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analysis, proved there were no significant 

associations between the BMI  and volume of 

semen, and sperm concentration (MacDonald et 

al., 2010). 

Diabetes mellitus (DM), a chronic non-

communicable illness, was deemed one of the 

most important health risks, impacting 9% (422 

million) of the world's population as of 2014. 

Diabetes mellitus is considered to cause multiple 

medical complications; impotence-based male 

infertility, retrograde ejaculation, and 

hypogonadism are not commonly accepted as one 

of these. In recent years, definitive findings from 

multiple research have disputed the views that 

DM has adverse effects on the male reproductive 

system (Omolaoye and Du Plessis, 2018).  

Of the 21 research studies in a total of 1218 

cases and  1171 controls, the results indicated that 

semen volume, sperm concentration, total sperm 

motility, progressive sperm motility, and normal 

sperm morphology were significantly lower in 

DM patients than in nondiabetic controls (Zhu et 

al., 2017). Reportedly, DM affects male 

reproductive function through various pathways 

and mechanisms. Several studies have studied and 

identified the adverse effects of reactive oxygen 

species and the subsequent production of 

oxidative stress that occurs due to DM (Omolaoye 

and Du Plessis, 2018). 

Due to no data about the effect of obesity and 

diabetes on male fertility in Erbil city. The present 

study was done and aimed to evaluate the 

influence of obesity and diabetes type 2 on semen 

quality and fertility of adult males by performing 

of semen analysis, and measurement of sex 

hormones and oxidative stress in the serum of 

patients groups.  

2.MATERIALS AND METHODS  

2.1Subjects   

      The study included 120 male persons 

and divided into four groups:  

1- Control group:   Included 30 healthy 

males. 

2- Obese group: included 30 males with 

BMI  ≥ 30. 

3- Diabetes group: included 30 males with 

T2 DM. 

4- Obese and diabetes group. Included 30 

males with both BMI≥30 and T2 DM. 

 The study was carried out between 

April 2019 and February 2020 in the 

college of Science, Biology department, 

Salahaddin University-Erbil. The samples 

were taken and collected in Leila Qasim 

Diabetes hospital. Before starting the 

evaluation of semen analysis, other 

information was taken from the male 

persons. This information was recorded in 

a prepared data form. The ages of all 

individuals in all groups ranged between 

35-45 years. The mean ages of the control 

group were (37.26 ± 4.56); obese group 

(40.34 ± 3.56), diabetes group (42.75 ± 

3.87), and obese and diabetic group (43.24 

± 2.45) with no significant differences 

between them. 

 

 

2.2 Semen  and serum collection  

       Semen samples were collected after 3 days 

of abstinence via masturbation and sexual 

container, in wide mouth disposable plastic 

containers. The semen samples were incubated at 

37 ºC for 30 minutes to liquefy (Pal et al., 2006).  

In the liquefied semen samples, the following 

routine parameters were evaluated according to 

the methods described in the WHO (WHO, 2009, 

2010). The parameters were including; the 

volume, pH, viscosity, and, appearance of the 

semen, sperm (count, motility, and morphology). 

Also, the blood samples were obtained from the 

individuals and centrifuged at 3000 (rpm) for 15 

minutes to obtain the serum. The serum was 

stored in -20 ºC for further examinations, such as 

determination of sex hormones and 

malondialdehyde. 

2.3 Semen analysis 

Upon liquefaction, the sample's viscosity can 

be measured by aspirating gently in a wide-boring 

plastic disposable pipette (about 1.5 mm in 

diameter), enabling the semen to drop by gravity 

and to follow the length of every thread. The 

standard sample leaves a small discrete decrease 

in the pipette. Where viscosity is anomalous, a 

thread greater than 2 cm long can shape the drop. 

A typical sample of liquefied semen has a 

homogeneous, grey-opalescent look.  If the sperm 

concentration is very small, it can appear less 

opaque; color alternatively, red-brown can be 

different when red blood cells are present 
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(haemospermia), Or yellow in jaundice, or taking 

other vitamins or medications. The volume of the 

ejaculate was measured with a graduated cylinder 

tube (WHO, 2010). The semen sample pH was 

estimated using a 6.1-10 pH paper range. 

Whatever form of pH paper is used for this 

analysis, its accuracy should be tested before 

being used in routine semen analysis according to 

established requirements (Comhaire and 

Vermeulen, 1995).  

The sperm concentration was estimated by 

multiply the mean of sperm number in ten fields 

with 10
6
. Total sperm count = Sperm 

concentration × volume. Sperm motility was 

assessed by examining a drop of ejaculate, 

covered with a cover glass, under a microscope 

400x equipped with heat plate 37 
o
C. A minimum 

of around 200 spermatozoa should be counted; 

both motile and immotile sperms are counted in at 

least 5 separate fields (WHO, 2009). Motility % = 

number of motile spermatozoa/total number of 

spermatozoa (motile and immotile) ×100. 

Progressive motility was measured by counting 

the spermatozoa with straight-line forward 

movement only in percent of motile spermatozoa.     

In each sample, sperm motility is graded to 0, 1, 2, 

3, or 4, depending on whether it shows: 

0 = no movement 

1 = movement but not forward progression 

2 = movement with slow forward progression  

3 = movement in an almost straight line with 

good speed 

4 = movement in a straight line with high 

speed.  (Seaman et al., 1994). The sperm motility 

index was calculated by multiplying the grading 

activity with the percentage of motility (Makler et 

al., 1979). 

   The normal morphology of spermatozoa was 

determined by using the hematoxylin and eosin 

staining procedure (Jequier and Crich, 1986).  

2.4 Sex hormones 

Serum FSH, LH, and Testosterone hormones 

were measured by using (Cobas e 411 

Roche/Hitachi) in the advanced laboratory of 

Malaekat Al-Rahma in Erbil city.  

2.5 Malondialdehyde 

The Serum MDA level was determined by a 

modified procedure described by (Guidet and 

Shah, 1989). In short; apply the following to 150 

μl of serum: 1 ml of trichloroacetic acid 17.5%, 1 

ml of    0.6% thiobarbituric acid, combined well 

with vortex, incubated for 15 minutes in a boiling 

water bath, and then allowed to cool.  Then add 1 

ml of 70% trichloroacetic acid TCA, then let the 

mixture stand at room temperature for 20 minutes, 

centrifuged for 15 minutes at 2000 rotation per 

minute, and remove the supernatant for 

spectrophotometric scanning (Muslih et al., 2002). 

 

The conc. of  MDA = absorbance at 532 nm × 

D/L × E˳ 

L: light bath (1 cm) 

E˳: extinction coefficient 1.56×105 M-1.Cm
-1

 

D: dilution factor = 1 ml volume. used  in 

Ref./0.15=6.7 

2.6 Statistical analysis 

       Data were observed as means ± standard 

errors of means. Fishers' Chi-square test is used to 

compare the semen viscosity and appearance 

between control, obese, and diabetes groups. 

Analysis of variance (ANOVA) and Duncan post-

hoc test was used for the comparison of semen 

volume, sperm (concentration, motility, and 

morphology), sex hormones, and malondialdehyde 

between different groups. The level of statistical 

significance established was 0.05. The data were 

analyzed using the Statistical Package for Social 

Science (SPSS), version 17. 

3.RESULTS 

3.1Semen analysis 

The results presented in Table 1 illustrate the 

comparison of the semen viscosity and appearance 

between control, obese, and diabetes groups. A 

significant difference p≤0.05 of semen viscosity 

has appeared between the groups. Males with both 

obesity and diabetes have a high incidence of the 

abnormal semen viscosity 33.33% compared with 

the other groups, while the control group has 

lower abnormal viscosity 3.33%.  No significant 

differences in semen appearance were observed 

between control and other patients group. The 

volume of the semen in the control group (4.22 ± 

0.14ml) is significantly p≤0.05 higher than that of 

the obese (3.19 ± 0.42 ml), diabetes (2.70 ± 0.45 

ml), and males with obesity and diabetes (2.34 

0.26 ± ml), Table 2. 

As shown in Table 3, a significantly higher 

concentration of the sperm and total sperm count 

was observed in the control group (88.86×10
6
/ml 

and 374.98×10
6
/ejaculate respectively), while 

lower sperm concentration count and total sperm 

count is recorded in the males with both obesity 

and diabetes (46.85×10
6
/ml and 109.63 
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×10
6
/ejaculate respectively). Regards the sperm 

morphology, significantly lower concentration of 

the normal morphology was found in diabetes 

(50.45± 3.22%)  and males with both obesity and 

diabetes (45.67 ± 3.77%)  as compared with 

control (70.67 ± 2.87%)  and  

males with obesity only (68.32± 4.32%), 

Table 4.  

The results presented in Table 5, compare the 

motility between the groups and which are 

considered the most important factors in semen 

analysis and fertility of males. The results found 

significant differences (p≤0.001) in the total 

sperm count, sperm grade activity, and sperm 

motility index between the groups. Significantly 

higher total sperm count, sperm grade, and sperm 

motility index was observed in the control group 

(56.34 ± 1.45%,  3.90 ± 0.14, and 219.72 ± 10.42) 

was compared with a lower value in the obese 

(48.43 ± 2.52 %, 3.34 ± 0.05 and 161.75  ± 12.67 

), diabetes (40.22 ± 1.7676%, 2.50 ± 0.07, and 

100.55 ± 8.55), and males with both obesity and 

diabetes (38.21 ± 2.33%, 2.22 ± 0.09, and 84.82 ± 

9.26).  

3.2Sex hormones 

As shown in Table 6, the concentration of the 

serum sex hormones LH and  FSH, are 

significantly (p≤0.05) higher in control (6.56 ±  

0.27µIU/ml and 7.26  ± µIU/ml) and diabetes 

groups (5.65 µIU/ml and 6.78 µIU/ml) as 

compared with obese (4.21 µIU/ml and 5.34 

µIU/ml) and males with both obesity and diabetes 

(3.36 ± 0.24µIU/ml and 4.35 ± 0.37µIU/ml). 

While the concentration of the testosterone is 

significantly higher (p≤0.001) in control (6.77 ± 

0.43 ng/ml) as compared with the other 3 groups 

(4.21± 0.08 ng/ml in obese, 4.00 ± 0.64  in 

diabetes and 2.65 ± 0.09  ng/ml in males with both 

obesity and diabetes). 

3.3Malondialdehyde 
Significantly higher concentration (p≤0.001)  

of the serum MDA is recorded in males with both 

obesity and diabetes (6.45 ± 0.88 µmol/L), while 

the lower concentration of it is found in the 

control group (2.14 ± 0.05µmol/L), Table 7. 

 

Table 1. Viscosity and appearance of semen of control, obese and diabetic men. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appearance  Viscosity Groups 

 Abnormal 

appearance  

 

Normal 

appearance 

Abnormal 

high 

viscosity 

Normal 

viscosity 

     

2 (6.66%) 28 (93.33%) 1 (3.33%) 29 (96.66%) Control    

 

2 (6.66%) 28 (93.33%) 7 (23.33%) 

 

23 (76.66%) Obese  

 

2 (6.66%) 28 (93.33%) 7 (23.33%) 

 

23 (76.66%) Diabetes  

3 (10%) 27 (90.00%) 10(33.33%) 

 

20 (66.66%) Obese and Diabetes  

 

3.27 6.46 Calculated x
2
 

3.34 4.32 Tabulated x
2
 

0.87 0.05 p-value 
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              Table 2. The pH and volume of semen (Mean ± SEM) of control, obese and diabetic men. 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   

 

                  P- value ≤ 0.05 considered significant 

                  Post Hoc Duncan-test, no differences between groups with the same letter               

                    SEM = standard error of the mean 

 

Table 3. Sperm concentration and total sperm count (Mean ± SEM) of control, obese, and diabetes men. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          P- value ≤ 0.05 considered significant 

          Post Hoc Duncan-test, no differences between groups with the same letter               

      SEM = standard error of the mean 

 

 

 

 

 

 

Semen volume  (ml) 

 

pH Groups 

 

4.22 ± 0.14 
a
 7.64 ± 0.13

 a
 

Control 

 

3.19 ± 0.42
 b

 

 

7.82 ± 0.34
 a

 
Obese 

 

2.70 ± 0.45
 b

 

 

7.72 ± 0.21
 a

 
Diabetes 

2.34 ± 0.26
 b

 

 

7.78 ± 0.12
 a

 
Obese and Diabetes 

 

0.05 0.20 p-value 

Total sperm count 

(×10
6
/ejaculate) 

 

Sperm concentration 

(×10
6
/ml) 

Groups 

374.98 ± 20.35 
a
 88.86 ± 5.89 

a
 

Control    

 

180.74 ± 12.26
 b

 

 

56.66 ± 3.76
 b

 

 

Obese  

 

139.23 ± 10.87
 c

 

 

51.57 ± 5.46
 b

 

 

Diabetes  

109.63 ± 10.34
 d

 

 

46.85 ± 8.77
 b

 

 

Obese and Diabetes  

 

0.001 0.001 p-value  
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Table 4. Sperm morphology (Mean ± SEM) of control, obese, and diabetes men. 

    

        

 

 

 

 

 

 

 

 

 

 

             

             

 

 

             

 

 

 

 

 

             P- value ≤ 0.05 considered significant 

            Post Hoc Duncan-test, no differences between groups with the same letter               

         SEM = standard error of the mean 

 

Table 5. Sperm motility (Mean ± SEM)  of control, obese, and diabetes men. 

         

 

          

          

           

 

 

 

 

 

 

 

 

 

 

 

 

 

         P- value ≤ 0.05 considered significant 

         Post Hoc Duncan-test, no differences between groups with the same letter               

     SEM = standard error of the mean 

 

Abnormal morphology 

(%) 

 

 

Normal morphology 

(%) 

 

Groups 

29.33 ± 1.54 
a
 70.67 ± 2.87 

a
 

Control    

 

31.68 ± 2.54
 a

 

 

68.32 ± 4.34
 a

 

 

Obese  

 

49.55 ± 2.64
 b

 

 

50.45 ± 3.22
  b

 

 

Diabetes  

54.33 ± 2.54
 b

 

 

45.67 ± 3.77
   b

 

 

Obese and Diabetes  

 

0.05 0.05 p-value  

 

Sperm motility 

index 

 

Grade activity 

 

Total sperm motility 

(%) 

Groups 

219.72 ± 10.42 
a
 3.90 ± 0.14 

a
 56.34 ± 1.45 

a
 

Control    

 

161.75 ± 12.67 
b

 

 

3.34 ± 0.05
 b

 

 

48.43 ± 2.52
 b

 

 

Obese  

 

100.55 ± 8.55 
c
 

 

2.50 ± 0.07
 c

 

 

40.22 ± 1.76
  c

 

 

Diabetes  

84.82 ± 9.26 
c
 

 

2.22 ± 0.09
 c

 

 

38.21 ± 2.33
   c 

 

Obese and 

Diabetes 

 

0.001 0.001 0.001 p-value  

 

Sperm motility 

index 

 

Grade activity 

 

Total sperm motility 

(%) 

Groups 

219.72 ± 10.42 
a
 3.90 ± 0.14 

a
 56.34 ± 1.45 

a
 

Control    

 

161.75 ± 12.67 
b

 

 

3.34 ± 0.05
 b

 

 

48.43 ± 2.52
 b

 

 

Obese  

 

100.55 ± 8.55 
c
 

 

2.50 ± 0.07
 c

 

 

40.22 ± 1.76
  c

 

 

Diabetes  

84.82 ± 9.26 
c
 

 

2.22 ± 0.09
 c

 

 

38.21 ± 2.33
   c 

 

Obese and 

Diabetes 

 

0.001 0.001 0.001 p-value  

 

Sperm motility 

index 

 

Grade activity 

 

Total sperm motility 

(%) 

Groups 

219.72 ± 10.42 
a
 3.90 ± 0.14 

a
 56.34 ± 1.45 

a
 

Control    

 

161.75 ± 12.67 
b

 

 

3.34 ± 0.05
 b

 

 

48.43 ± 2.52
 b

 

 

Obese  

 

100.55 ± 8.55 
c
 

 

2.50 ± 0.07
 c

 

 

40.22 ± 1.76
  c

 

 

Diabetes  

84.82 ± 9.26 
c
 

 

2.22 ± 0.09
 c

 

 

38.21 ± 2.33
   c 

 

Obese and 

Diabetes 

 

0.001 0.001 0.001 p-value  
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Table 6. Sex hormones (Mean ± SEM)   of control, obese, and diabetes men. 

      

 

 

 

 

 

 

 

 

 

 

 

 

              

 

              

             P- value ≤ 0.05 considered significant  

               Post Hoc Duncan-test, no differences between groups with the same letter                   

          SEM = standard error of the mean 

                  Table 7. Malondialdehyde (Mean ± SEM)  of control, obese, and diabetes men. 

 

 

 

 

          

 

 

 

 

 

 

 

 

 

 

 

                       P- value ≤ 0.05 considered significant 

                        Post Hoc Duncan-test, no differences between groups with the same letter               

                      SEM = standard error of the mean 

 

 

4.DISCUSSION 

Overweight and obesity are well known to 

affect female fertility, their effects on male 

fertility and semen parameters are less clear 

(Alshahrani et al., 2016). There are inconsistent 

data on the effect of obesity on seminal fluid and 

men's fertility (Alahmar et al., 2018). Some 

studies showed a correlation between obesity and 

low sperm concentration, motility, morphology, 

and integrity of the DNA (Bieniek et al., 2016, 

Sermondade et al., 2013, Wang et al., 2017b). 

However, other studies have not recorded any link 

between obesity and poor quality of semen 

Testosterone 

(ng/ml) 

FSH 

(µIU/ml) 

LH 

(µIU/ml) 

Sex hormones  

 

6.77 ± 0.43 
a

 7.26 ± 0.88 
a

 6.56 ± 0.27
 a

 
Control    

 

4.21 ± 0.25
 b  

 5.34 ± 0.64
 b

 4.21 ± 0.08
  b

 
Obese  

 

4.00 ± 0.64
 b 

 

6.78 ± 0.78
 a

 5.65 ± 0.74
  a

 
Diabetes  

2.65 ± 0.09
 c  

 4.35 ± 0.37
 b

 3.36 ± 0.24
 b

 
Obese and Diabetes  

 

0.001 0.05 0.05 p-value 

MDA (µmol/L) 

 

Groups 

 

2.14 ± 0.05
c
 

Control    

 

4.32 ± 0.24
 b

 

 

Obese  

 

4.56 ± 0.76
 b

 

 

Diabetes  

6.45 ± 0.88
 a

 

 

Obese and Diabetes  

 

0.001 p-value  
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(Hadjkacem Loukil et al., 2015, Dubeux et al., 

2016). The decrease in the semen volume and 

sperm concentration of obese males in our results 

are consistent with the results of (Hammoud et al., 

2008, Chavarro et al., 2010, Wang et al., 2017b). 

While it differs from (MacDonald et al., 2010, M. 

Al‐Ali et al., 2014, Alshahrani et al., 2016), who 

observed no significant differences in semen 

volume and sperm concentration between obese 

and normal weight. A negative correlation 

between BMI and sperm concentration was found 

in both fertile and infertile men (Anderson et al., 

2015).  

As with sperm concentration, data are 

inconsistent on the impact of obesity on sperm 

morphology and motility. The study of  

(Macdonald et al., 2013) in New Zealand revealed 

no effect of BMI on sperm motility, but sperm 

morology was decreased with increasing BMI. 

Current results agreed with the findings of  

(Lazaros et al., 2012, Belloc et al., 2014), that 

observed a negative correlation between BMI and 

sperm motility. While the results of other studies 

differ from the present results, which revealed no 

association between obesity and sperm motility 

(Eisenberg et al., 2014, Alshahrani et al., 2016). 

Jensen et al. (2004) recorded no link between 

obesity a motility percentage. The results of the 

study of (Hammoud et al., 2008) revealed a lower 

sperm grade activity in overweight and obese 

men. In population-based researches, obesity is 

the single most significant factor that results in a 

deficit of testosterone (Tajar et al., 2010). The 

pathophysiology behind the relationship between 

abnormal BMI and consistency of semen is 

uncertain and possibly complex. Overweight and 

obesity have been shown to affect the GnRH – 

FSH / LH pulse, which can disrupt the role of 

Leydig or Sertoli cells and interfere with sex 

hormone release and mature sperm production 

(Hammoud et al., 2008). 

In current results, the concentration of the sex 

hormones, LH, FSH, and testosterone decrease in 

obese men, these results are in agreement with the 

findings of other investigations. Overweight and 

moderate obesity is primarily correlated with 

decreases in total testosterone, while free 

testosterone rates stay within the reference range, 

especially for younger men (Fui et al., 2014). 

Decreases in overall testosterone levels attributed 

to obesity-associated hyperinsulinemia are 

primarily a result of decreases in sex hormone-

binding globulin (SHBG). Nonetheless, although 

problematic, the calculation of free testosterone 

levels may provide a more precise androgen status 

evaluation than the (usually preferred) total 

testosterone calculation in circumstances where 

SHBG levels are below the reference range 

(Bhasin et al., 2010). Testosterone deficiency may 

cause increased adipogenesis and visceral obesity 

as evidenced by the rapid weight gain observed in 

men after androgen deprivation therapy or surgical 

castration (Tsai et al., 2000, Saylor and Smith, 

2009).  Weight loss achieved by 

pharmacologically improving testosterone and 

gonadotrophin levels with liraglutide (Jensterle et 

al., 2019) or bariatric surgery, and was able to 

reverse the hypogonadotropic hypogonadism 

caused by obesity (Pellitero et al., 2012, Escobar-

Morreale et al., 2017).  

Serum testosterone (total and free) and SHBG 

rates are decreased in obese male person           

(Diaz-Arjonilla et al., 2009). Epidemiological 

studies have shown that levels of both serum 

testosterone and, to a lesser extent, free 

testosterone is reduced in obese men (Allen et al., 

2002, Gapstur et al., 2002, Jensen et al., 2004). 

The decline of overall and free testosterone is 

correlated not only with intra-abdominal fat but 

also with total body fat and body fat 

subcutaneously (Tsai et al., 2004). Obesity is 

correlated with reduced production of the 

luteinizing hormone (LH) (Diaz-Arjonilla et al., 

2009). The increased levels of estrogen modulate 

the response of pituitary LH to the hormone-

releasing gonadotropin (GnRH) (Castro-

Fernandez et al., 2000). However, more obvious 

obesity is correlated with an unequivocal decrease 

of free testosterone rates, where rates of 

luteinizing hormone (LH) and follicle-stimulating 

hormone (FSH) are generally small or excessively 

high, indicating that the dominant repression 

happens at the hypothalamic-pituitary rate or 

level. This may be because adipose tissue 

expresses aromatase, which transforms 

testosterone to estradiol (E2), particularly in the 

inflamed, insulin-resistant state (Fui et al., 2014).  

Obesity was confirmed to be triggering 

systemic oxidative stress (Ozata et al., 2002, 

Furukawa et al., 2017). The obese infertile males 

displayed fewer sperm motility as opposed to 

other classes, fewer sperm function tests values. 
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The concentration of Malondialdehyde (MDA) in 

seminal plasma of obese infertile subjects showed 

higher value compared with those of non-obese 

infertile men and controls (Najafi et al., 2012). 

Obesity may cause oxidative stress and decrease 

testosterone rates, it can modify testicular 

functions and therefore it can be hypothesized that 

obesity could be a significant causative factor in 

the male infertility etiology (Erdemir et al., 2012). 

Body mass index (BMI) was correlated positively 

with reactive oxygen species (ROS) and MDA 

(Han et al., 2018).  There was a study done in 

2016 showed that the fertile obese men had 

significantly higher seminal ROS compared to 

fertile normal-weight men and men with 

overweight (Taha et al., 2016), these results are in 

line with our results. A correlation has been 

identified between oxidative stress and obesity 

(Karaouzene et al., 2011), and a combination of 

increased sperm DNA fragmentation in obese men 

and poor quality of spermatogenesis has also been 

reported (Smit et al., 2010). Concentrations of 

seminal MDA are negatively associated with 

sperm concentration and motility which could 

offer an easy and effective method for predicting 

sperm parameters (Hsieh et al., 2006). 

       Regarding diabetes, our results found a 

negative impact of diabetes on semen parameters, 

other investigation approved these results. Studies 

of infertility prevalence in DM male partners of 

infertile couples showed decreased sperm motility 

and increased irregular sperm morphology (Li et 

al., 2004, Delfino et al., 2007). In a study 

conducted on 52 diabetic men, semen analysis 

revealed a significant decline in sperm motility, 

including the number of rapid progressive cells 

(Bhattacharya et al., 2014). Semen collected from 

men with diabetes showed significant sperm 

parameters decrease compared to men's groups 

with autoimmune disorders, kidney disease, 

ulcerative colitis, and cardiac disease 

(Ranganathan et al., 2002). A few further kinds of 

research have revealed a significant decline in 

semen volume, sperm motility, and morphology 

of diabetic men's semen (Agbaje et al., 2007, Ali 

and Rakkah, 2007). The findings showed that in 

DM patients, semen volume, sperm concentration, 

complete sperm motility, progressive sperm 

motility, and normal sperm morphology were 

considerably lower than in nondiabetic controls 

(Zhu et al., 2017). Semen in patients with T2 DM 

is of low volume, abnormal motility and 

morphology compared with non-diabetic subjects 

(Ibrahim et al., 2018). Ali et al. (1993) reported a 

highly important increase in overall sperm count 

and sperm concentration in type 1 and type 2 DM 

patients. Sperm motility and volume of semen 

were, therefore, lower as for non-diabetics, though 

sperm morphology and sperm motility rate were 

not impaired. A high prevalence of irregular 

sperm motility and morphology in patients with 

DM was also identified (Amiri et al., 2011, ADA, 

2014). Another research carried out in Sudanese 

males shows a substantial decrease in all 

parameters of semen (semen volume, sperm count, 

motility, and morphology) was found in patients 

with diabetes as opposed to non-diabetics 

(Abdullah et al., 2014). 

There are inconsistent data on the effect of 

diabetes on sex hormones, A cross-sectional 

analysis of 355 men with type 2 diabetic aged > 

30 in the United Kingdom found that testosterone 

rates with type 2 diabetes are frequently low, and 

most of these men have hypogonadism symptoms 

(Kapoor et al., 2007). Type 2 DM patients will be 

diagnosed with a moderate but not major decrease 

of testosterone relative to the regular subjects 

(Mohammed et al., 2018), these results are 

consistent with our results. The results of the 

(Chandel et al., 2008) found that the 

concentrations of LH and FSH were beyond 

acceptable limits in type 2 diabetic patients with 

small free testosterone concentrations. Ali and his 

colleges found high levels of serum and urinary 

FSH and LH in diabetics with low levels of total 

serum free testosterone (Ali et al., 1993). 

     In current results, a high concentration of 

MDA was found in diabetes patients.  In diabetes 

patients, MDA is negatively associated with the 

main sperm parameters (La Vignera et al., 2012). 

Diabetes mellitus is associated with impaired 

sperm quality, which involves oxidative stress in 

pathogenesis, in particular with poor glycemic 

control (Omu et al., 2014). The semen parameters 

are reduced and the MDA standard for diabetics is 

raised whereas type 2 diabetes mellitus harms the 

capacity for male fertility relative to the non-

diabetic (Singh et al., 2014). Excessive 

development of reactive oxygen species by 

mitochondria in hyperglycemia is the catalyst that 

propels these pathways. Excessive development of 

reactive oxygen species inhibits the activity of 

glyceraldehyde-3-phosphate dehydrogenase, 

which in effect stimulates all hyperglycaemic 
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harm pathways by diverting upstream glycolytic 

metabolites to these pathways. Also, where the 

highly potent ROS reaches the seminal antioxidant 

protection potential, several cascades of reactions 

can occur which can result in sperm DNA damage 

and degradation of mitochondrial DNA, then 

altered sperm parameters and ultimately male 

infertility (Ahmed, 2005).  

5.CONCLUSIONS 

In current results, concluded that patients with 

both obesity and diabetes have a negative impact 

on semen parameters and fertility than those with 

healthy control,  obesity, or diabetes only. Despite 

decreasing the semen parameters and fertility in 

obese and diabetes males, the value of them 

within the normal ranges of the WHO guidelines. 

It is evident that in our study, obesity and diabetes 

have a minor effect and not detrimental to the 

fertility of males. 
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A B S T R A C T: 
Vitamin D deficiency is common with several effects that include nonskeletal impacts. Many studies showed associations between 

Vitamin D deficiency and oxidative statues with disturbed testicles in male rats (Rattus norvegicus) which might be improved by 

vitamin D. The aim of this work is to find the effects of nanoemulsion pea protein isolates and novel vitamin D carrier, developed 

by sonication and pH shifting of pea protein isolate nanoemulsion on the spermatogenesis in induced vitamin D deficient male 

rats.  Thirty male albino rats distributed into 5 groups, sufficient control was fed with normal diet,  deficient control  was treated 

with 100 mg/kg Rimfapicin and 50 mg/kg Isoniazed for three weeks, pea protein isolate  group :vitamin D deficient rats treated 

daily with 60 mg/ml/kg nanoemulsion pea protean isolate, Vitamin D deficient rats were treated with vitamin D (54 mcg/ml/ kg), 

and pea protean isolate + vitamin D group: Vitamin D deficient rats were treated by nanoemulsion pea protein isolate (60 

mg/dl/kg) plus Vitamin D (54 mcg/ml/ kg) for four weeks. The serum used for Vitamin D and total testosterone assay, after 

estimation of sperm count and morphology. Homogenized testes used for determination of Catalase and Glutathione peroxidase. 

The results revealed that vitamin D and supplementations each one alone have a positive significant effects on spermatogenesis. 

The nanoemulsion pea protein isolate +vitamin D resulted in a significant increase in the levels of vitamin D of total testosterone 

more than the supplementation of vitamin D and nanoemulsion pea protein isolate alone. Also sperm count, normal sperm 

morphology, as well as catalase and Glutathione peroxidase improved significantly in this group. In conclusion we demonstrated 

vitamin D nanoemulsion as more efficient formulation with more prominent effects on spermatogenesis in induced vitamin D 

deficient rats. 
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1. INTRODUCTION: 

 

The function of Vitamin D is not restricted 

in calcium metabolism homeostasis in skeletal and 

muscular system but vitamin D have many 

important roles in non-skeletomuscular system for 

example fertility(Spiro & Buttriss, 2014), 

(Farhangi et al., 2017).(Caprio et al., 2017). Many 

research findings have detected that vitamin D 

have beneficial effects on extraskeletal tissues as 

well (Forrest & Stuhldreher, 2011).  

 

 

However, there are many target organs have been 

found past decades(de Angelis et al., 2017). The 

most common function of vitamin D proceeds 

many systems and organs which are include 

sexual reproductions, cardiovascular system, 

respiratory system, some immunological 

reactions, common health, as well as regulation of 

gene expression.(Jameson, 2018),(Prusik et al., 

2018), (Pludowski et al., 2018), and(Karefylakis et 

al., 2018). Vitamin D receptors locate inside of  

nucleus, mostly abundant in more than 38 types of 

tissue, There are more than 200 genes have been 

found that vitamin D could affect them (Haussler 

et al., 2011) and (Sung et al., 2012).  Leydig cells 

and Sertoli cells are two main endocrine cells in 
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testes that secrete and produce many sex 

hormones (O’Donnell et al., 2017). Many 

hormones and vitamin directly or indirectly 

interacts the normal function of testes(Mortimer et 

al., 2013). vitamin D receptor and vitamin D 

metabolizing enzymes have been existed in the 

testes this is the main evidence of effectiveness of 

vitamin D in male fertility(Jensen, 2014). Vitamin 

D deficiency implicates in various physiological 

abnormalities such as: asthma, impaired 

pregnancy consequence, osteoporosis, diabetes 

mellitus type two, cancer and cardiovascular 

disorder. In addition, vitamin deficiency could 

affect male reproductive system in many ways 

such as: deterioration growth of seminiferous 

tubules and decreased testicular weight, drops 

sperm count in caudal epididymis, damage 

testicular role, and disrupt Sertoli and Leydig 

cells.(Chen & Zhi, 2020) and (Sharma & Sharma, 

1997). The reason behind the idea that vitamin D 

is close relationship with male fertility return to 

most reproductive parts of male and spermatozoa 

contain vitamin D receptor as well as vitamin 

metabolite enzymes. (Martin Blomberg Jensen et 

al., 2010). Moreover, some data showed that 

spermatogenesis is positively affected by Vit.D  

deficiency (Zanatta et al., 2011) and(O’sullivan et 

al., 2016) 

Nanoemulsion acts as active system to 

carry of hydrophobic drug that have low solubility 

and poor absorption by gastrointestinal tract and 

keep them from low pH which increase cellular 

uptake. (Liu et al., 2019). Nanoemulsions can 

increase cellular absorption of the encapsulated 

drugs the reason behind this is micro sized and 

high stabilized.(He et al., 2011). In the last 

few years, because of less allergy, and good food 

make pea protein as a novel food ingredient has 

increasing attraction among researcher. Pea 

protein isolate has been modified and ameliorated 

in structure, physical and chemical characteristics 

by the combination of pH-shifting and 

ultrasonication. (Almajwal et al., 2019). In the last 

few years, authors expansively investigated that 

lipid and polymers act as a chemical carrier and 

deliver system for Vit.D  (Park et al., 2017) 

(Hasanvand et al., 2018). Here are many problems 

related with these delivery systems for example 

short half-life, oxidation exposure, perhaps it will 

hydrolysis, allergy and others. (Sharma & Sharma, 

1997) (Almajwal et al., 2019) improved serum 

Vit.D in vitamin D deficient rats by pea protein 

isolate based vitamin D nanoemulsion. The aim of 

this study to know the effectiveness of 

nanoemulsion for bioavailability of Vit.D and 

increase oxidative enzymes activity in tests of 

male rats.  

 

2. MATERIALS AND METHODS  

2.1. Experimental Conditions 

All Thirty male albino rats their weight 

were (300-350 g). The animals were kept in 

stainless steel cages with constant humidity, in a 

silent animal house with 12-h light /12-dark 

cycles; range of temperature was 22±4 °C The rats 

obtain a typical diet with tap water ad libitum 

during all experimental time, before the start of 

the experiment; rats were permitted to acclimate 

one week to their situation. The animals were kept 

in animal house, after one week divided rats to 

five groups each group with 6 rats. During three 

days for each week, we monitored the rats both 

food stuff and their weight. 

 

2.2. Preparation of pea protein isolates 

The protein content of pea is 18-30%, which 

include albumins, globulins and prolamins, and 

rich in profile amino acids. (Shand et al., 2007). 

Ultrasound is a kind of mechanical wave that is 

used for formation of nanoemulsion (Kentish & 

Feng, 2014). Nanoemulsions are submicron sized 

colloidal particulate system (5-200 nm), 

thermodynamically unchangeable, transparent, 

and isotropic system, by mean an emulsifying 

factor both non-miscible fluids are integrated to 

form one phase. Biologically active substances 

such as drugs are carried and delivered by 

nanoemulsions and enhance the therapeutic 

efficacy of the drug. (Çınar, 2017), (Solans & 

Solé, 2012). (Jaiswal et al., 2015). 

Pea protein isolate has been prepared according to 

(Boye et al., 2010), (Liang & Tang, 2013) and 

(Stone et al., 2015) methods, based on alkaline 

extraction and precipitation of acid procedure. 

 

Pea protein isolate has been prepared according to 

(Boye et al., 2010), (Liang & Tang, 2013) and 

(Stone et al., 2015) methods, based on alkaline 

extraction and precipitation of acid procedure. 
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2.3.  Preparation of pea protein isolates 

The protein content of pea is 18-30%, 

which include albumins, globulins and prolamins, 

and rich in profile amino acids. (Shand et al., 

2007). Ultrasound is a kind of mechanical wave 

that is used for formation of nanoemulsion 

(Kentish & Feng, 2014). Nanoemulsions are 

submicron sized colloidal particulate system (5-

200 nm), thermodynamically unchangeable, 

transparent, and isotropic system, by mean an 

emulsifying factor both non-miscible fluids are 

integrated to form one phase. Biologically active 

substances such as drugs are carried and delivered 

by nanoemulsions and enhance the therapeutic 

efficacy of the drug. (Çınar, 2017), (Solans & 

Solé, 2012) (Jaiswal et al., 2015). 

Pea protein isolate has been prepared according to 

(Boye et al., 2010), (Liang & Tang, 2013) and 

(Stone et al., 2015) methods, based on alkaline 

extraction and precipitation of acid procedure. 

 

2.4. Preparation of nanoemulsion of pea 

protein isolate: 

 

Ultrasound application was utilized using a 

Qsonica Q700 Sonicator processor at frequency 

20 kHz (QSONICA,LLC 53 CHURCH 

RD.NEWTOWN,CT, USA). The sample has been 

exposed to acoustic energy, the acoustic power 

density (APD) was adjusted at 68 W/100 mL by 

using an ultrasonic probe the diameter was (13 

mm). Snow bath has been applied to prevent 

protein denaturation by high temperature. 

Three gram of pea protein isolate (PPI) was 

dissolved in (100 ml of deionized water) (30 

mg/mL (w/v), pH 7.0. The dispersion was stirred 

at room temperature for 30 min then adjusted to 

pH 12.0 at 25 °C. Immediately, the protein 

dispersion was exposed to 5 min ultrasonication, 

followed by adjusting pH back to 7.0 for the 

treated solution and put at 25°C about one hour, 

then centrifuged at 8610 rpm for 15 min at 15 °C 

and collected supernatant then kept at 4 °C in a 

refrigerator.(S. Jiang, 2015)  

 

2.5. Induction of vitamin D deficiency: 

Vitamin D deficiency was induced 

experimentally by gavage of rats about three 

weeks with Rifampicin capsules (RIF) (100 

mg/kg b.w.) and Isoniazid (INH) (50 mg/kg b.w.) 

(Brodie et al., 1982) 

 

2.6. Experimental design 

The rats were divided into five 

experimental groups, six rats for each one as 

following. sufficient control rats this group 

received 2 ml of 0.1N of HCl plus regular diet; the  

remaining  vitamin D deficient rats were 

subdivided in to four groups; deficient control 

without treatment ; group  pea protein isolate  they 

received  regular diet with nanoemulsion pea 

protein isolate (60 mg/ml/kg b.w. orally); group 

vitamin D they received regular diet with vitamin 

D was dissolved in olive oil (2160 IU/ml/ kg b.w. 

orally); group  pea protein isolate +vitamin D they 

received  regular diet plus vitamin D dissolved in 

olive oil (2160 IU/ml/ kg b.w. orally) with 

nanoemulsion pea protein isolation  (60 mg/ml/kg 

b.w. orally). About four weeks for each group. 

Entire processes were done by involving sterilized 

laboratory condition.  

 

2.7. Blood sample collection and 

biochemical analysis 

 

All the rats has been fasted during the 

night at the end of four weeks, the experiment 

duration and anesthetized by using ketamine 10% 

(50 mg/kg/b.w) and xylazine 2% (10 mg/kg/b.w) 

via intraperitoneal. Blood samples were collected 

by heart puncture vacutainer tubes with silica clot 

activator. The samples were centrifuged at 4000 

rpm for 10 min at 4 °C. The separated serum 

samples were frozen and kept at -80 °C until later 

analysis. 

 

2.8. Testicular homogenization: 

The testes have been removed surgically 

and washed by 1.15% KCL and homogenized in 

0.01 M potassium buffer (pH 7.4), followed by 

centrifugation 13000x g for 10 min at -4 °C then 

supernatant of homogenized testes was collected 

and stored in refrigerator at -4 °C. Olayinka, E. T., 

& Ore, A. (2015) 

 

2.9. Sperm count 

200 mg of caudal epididymis mixed with 

NaCl till (2ml) in a Perti dish (30 mm). The 

https://www.researchgate.net/figure/10-QSONICA-Sonicator-20-kHz_fig10_322931437
https://www.researchgate.net/figure/10-QSONICA-Sonicator-20-kHz_fig10_322931437
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Macerated caudal epididymis has been divided by 

scissor into four parts then left the tissue for 30-60 

seconds to let sperms leak from the tubules (the 

solution was tint whitish/grayish, similar to the 

diluted semen), and the resulted fluid will be 

handled exactly as the semen. Collected the fluid 

into an Eppendorf tube (1.5ml) for microscopical 

examination of sperm morphology and sperm cell 

count. The number of sperms was determined with 

an improved neubaure hemocytometer with a 

cover glass. The measured sperm number was 

multiplied by the dilution factor to yield the total 

sperm count. The tissue suspension is diluted 10 

times, and then it was further diluted in a NaCl + 

formalin (20 microL semen + 180 microL NaCl + 

formalin) to kill the sperms. So consider that two 

dilution factors (X10
6
) in final calculation using 

the hemocytometer chamber, all steps have been 

done on hot stage at 37°C. 

 

2.10.  Sperm morphology: 

Karanawska (1976) method has been used 

with few modifications to prepare sperms from 

epididymis and Vas deferens. The epididymis and 

Vas defense were put in small Petri-dish 

containing 0.9%  normal saline. The two organs 

have been placed on the glass and by press small 

needle slightly over them; the sperm has been 

extracted, then together with a drop of the normal 

saline has been smeared on the slide. The slide has 

been stained with 1% Eosin for 10 min, next it has 

been washed with tap water, later stained with 

Hematoxylin for 15 min, then it has been washed 

by tap water (Fattah & Mustafa, 2012). Smears 

were examined under an oil-immersion objective 

at x100. Four hundred sperm cells were examined 

per animal to determine the morphological 

abnormalities. Any disorders in the morphology 

and structure of either head or tail or both were 

considered as abnormal. Number of abnormal 

sperm divided to total sperm was defined as 

percentage of abnormal sperm (Mohammed, 

2015). The presence of sperm without head, sperm 

without tail, abnormal neck, abnormal hook and 

abnormal head was assessed. We examined five 

different fields for each sample.  

 

 

2.11. Statistical analysis 

All results were expressed as mean ± SEM 

using Graph Pad Prism software (version 2019) 

and then analyzed by one-way ANOVA and then 

by Tukey’s test. P<0.05 was considered as 

statistically significance level. 

 

3. RESULTS AND DISCUSSION 

3.1. Serum Vitamin D3 

Isoniazid and Rifampicin induced vitamin 

D deficient rats showed significant reduced of 

serum vitamin D (11.3 ±  0.7162
  
ng/ml) (P<0.05) 

when compared with sufficient rats (17.5 ± 

0.7662
 
ng/ml). Similar results were obtained by 

previous experimental vitamin D deficient study 

(Brodie et al., 1982), which revealed that oral 

supplementation of anti-TB drugs, such as 

isoniazid and rifampicin; decrease the level of 

serum Vit.D  via various kinds of mechanisms. 

However, serum Vit.D level in sufficient control 

rats (17.5 ± 0.7662
 
ng/ml) and deficient control 

(11.3 ng/ml) showed significantly (P<0.05) 

differences in comparison to Vit.D deficient 

treated with Vit.D and nanoemulsion PPI+ Vit.D 

(24.14 ± 0.9869, 29.84 ± 2.045 ng/ml) 

respectively. Similar results were obtained by 

(Kadappan et al., 2018). Also (Grossmann & 

Tangpricha, 2010) showed that the nanoemulsion 

significantly increased the serum 25(OH)D3 by 

73% when compared to the vehicle nanoemulsion 

without Vit.D . (S. Jiang et al., 2019) showed in 

their review Vit.D in an oil vehicle produced a 

greater 25(OH)D response than Vit.D  in a 

powder or an ethanol vehicle in healthy subjects. 

Increased restoration of Vit.D3 in micelles via in 

vitro digestion significantly was displayed by 

modified PPI-prepared nanoemulsions. So they 

could use nanoemulsion PPI as good choice for 

sending and keeping medical substances. Figure 

1 and Table 1 

 

3.2. Serum total testosterone 

Serum total testosterone level showed 

significantly (P<0.05) reduction in Vit.D deficient 

rats (2.080 ± 0.1934 ng /ml) when compared with 

sufficient rat group (3.520 ± 0.2267
 

ng /ml). 

Similar result was supported by both (N.W. et al., 

2017)(Guttoff et al., 2015) (Fu et al., 

2017)separately they revealed that the level of 

testosterone decreased significantly in Vit.D  

deficient  animals comparing to normal laboratory 

animals.  The reason could be due to the 

expression of Vitamin D receptor in many 

reproductive organs. (Martin Blomberg Jensen et 
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al., 2010) found Vit.D  receptor in testis, 

epididymis, and they suggested that the activity 

and survival of mature sperm depend on Vit.D , 

and (Elisabeth Lerchbaum & Obermayer-Pietsch, 

2012), these led researchers to point of view of 

positive effects of Vit.D  on spermatogenesis. 

Vit.D receptor is also exists on sperm head. 

However, it is lack in the midpiece and flagellum 

of human sperm that may be evidence about the 

effect of Vit.D  on sperm quality (Aquila et al., 

2009).  In an observational study,  (Menegaz et 

al., 2009) showed that patients suffered from 

azoospermic have lower serum Vit.D  compared 

to those have normal sperm count. However, total 

testosterone level in serum in both Vit.D  deficient 

rats treated with Vit.D  (4.940 ± 0.3124
 
ng/mL) 

and nanoemulsion PPI+ Vit.D  (6.470 ± 0.2278 

ng/mL) was significantly (P<0.05)  increased rats 

in comparison with Vit.D  deficient (2.080 ± 

0.1934
 
ng/mL) and sufficient control (3.520 ± 

0.2267
 
ng/mL). Similar results were obtained by 

previous experimental Vit.D deficient study. 

(N.W. et al., 2017). Vit.D  may also affect 

spermatogenesis before sperm release (Kinuta et 

al., 2000). As well as the (Pilz et al., 2011) 

showed that Vit.D  supplementation might 

increase testosterone levels. However, others 

could not establish this association between Vit.D 

and serum testosterone. (Yang et al., 2012) and (E 

Lerchbaum et al., 2014). Figure and 2 and Table 

1. 

 

3.3. Sperm count and sperm 

morphology 

Vit.D deficient rats showed significant 

(P<0.05) dropped in the percentage sperm count 

9.648 ± 2.055 ×10
6
/ml), highly significant in the 

normal sperm morphology (P<0.05) (29.38 ± 

9.085
 
%) when compared to sufficient control rat 

group. Similar results were obtained by previous 

study (Kwiecinski et al., 1989), (Uhland et al., 

1992) (Sood et al., 1995), and (Fu et al., 

2017).Furthermore (Tartagni et al., 2015). And 

(Zhu et al., 2016) observed that Vit.D  deficient 

rats suffered from default of spermatogenesis due 

to trouble in role of Leydig and Sertoli cell the 

current results are closely in accordance with two 

previous works. (Johnson et al., 1996) and (Merke 

et al., 1985) revealed that Vit.D  have role 

spermatogenesis and mature sperm due existence 

of Vit.D  receptor in epididymis, Seroli cell and 

spermatogonia of male rodents.  

Table (1) Effect of nanoemulsion PPI, vitamin-

D3, nanoemulsion PPI plus and Vit.D3 in 

vitamin deficient rats on sex hormones (Vit.D 

and total testosterone) concentrations in Vit.D 

deficient male rats.  

 

 

Groups  

Parameters  

 (ng/ml) 

Serum 

Vit. D 

 

Serum total 

Testosterones 

 

SC 17.5 ± 0.7662
a
 3.520 ± 0.2267

a
 

DC 11.3 ±  0.7162
b
 2.080 ± 0.1934

b
 

PPI 15.04 ± 0.7692
ab

 2.520 ± 0.4128
ab

 

VD 24.14 ± 0.9869
c
 4.940 ± 0.3124

c
 

PPID 29.84 ± 2.045
d
 6.470 ± 0.2278

d
 

Values expressed as mean ± S.E. The different 

letters mean significant differences * =p<0.05. 

 

SC DC PPI VD PPID

0

5

10

15

20

25

30

35

40

s
e
ru

m
 v

it
a
m

in
 D

3
 (

n
g

 /
 m

l)

ba ab c d

 
Figure (1) Effect of nanoemulsion PPI, Vit.D 

and Vit.D nanoemulsion on serum Vit.D (mean 

± S.E) ng/ml in Vit.D deficient male rats. 
The different letters mean significant differences * 

=p<0.05. 

 

Furthermore, some medical research showed 

the  relationship between Vit.D  and sperm (Zhu et 

al., 2016) (Hammoud et al., 2012), (Martin 

Blomberg Jensen et al., 2011),(Ramlau-Hansen et 

al., 2011), (Dong et al., 2016), (Mahmoudi et al., 

2013) (Schachter et al., 1973) and (Macchia et al., 

2010) 
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Figure (2) Effect of nanoemulsion PPI and 

Vit.D and Vit.D nanoemulsion on serum total 

testosterone (mean ± S.E) ng/ml in Vit.D 

deficient male rats. 
The different letters mean significant differences * 

=p<0.05. 

 

Eventually, (Martin Blomberg Jensen et 

al., 2011)   

and in (Yang et al., 2012), they  demonstrated 

separately that Vit.D  was an independent factor 

for sperm activity and normal feature of sperm in 

300 and 559 fertile and infertile men respectively. 

In contrast, in this consideration, paradoxical 

results are exist.(Yang et al., 2012) and (M. 

Blomberg Jensen et al., 2012). 

The treatment of Vit.D deficient rats with: Vit.D 

and nanoemulsion PPI + Vit.D showed significant 

(P<0.05) increased in the percentage of sperm 

count (38.70 ± 5.490 ×10
6
/ml) (49.21 ±4.150 × 

10
6
/ml), normal sperm morphology (92.95 ± 1.598 

%) (92.95 ± 1.598 %) in comparison with Vit.D 

deficient rats and (9.648 ± 2.055 × 10
6
/ml), (29.38 

± 9.085
 
%). Similar result in different studies 

showed the same results like study of (Fu et al., 

2017) who showed that the sperm count in the 

cauda epididymidis was significantly diminished 

in Vit.D  deficient mice (from 24.75 million to 

19.21 million).(Sood et al., 1995) showed that 

number of sperm was elevated significantly from 

49.20 to 82.30 millions) in Vit.D deficient rats by 

injection of Vit.D. Sperm count and morphology 

in turn ability of fertilization have been rose by 

improving and adding amino acids to diets (Dong 

et al., 2016). (Mahmoudi et al., 2013) suggested 

that Vit.D has great role for spermatogenesis and 

sperm development. Vit.D  signaling has a 

positive increase on amount of semen(Jensen, 

2014). Interestingly, the treatment of Vit.D 

deficient rats with nanoemulsion PPI showed 

significant (P<0.05) elevation in the percentage of 

sperm count and normal sperm morphology 

(49.21 ±4.150 × 10
6
/ml) (94.86 ± 0.9863 %) 

respectively in comparison with Vit.D deficient 

rats and (9.648 ± 2.055 × 10
6
/ml) (29.38%). The 

mechanism of the role of PPI on spermatogenesis, 

production normal sperm morphology and sex 

hormones is still not clear. However, PPI contains 

many types of amino acids (Overduin et al., 

2015), some of these amino acids have positive 

effect on spermatogenesis. One of these amino 

acids is arginine. (Schachter et al., 1973) showed 

administration of Arginine to patients who 

suffered from deficiency of sperm in semen and 

low count with poor motility have been treated. 

(Macchia et al., 2010) suggested that DL-aspartic 

acid integrates sperm production and development 

they showed that supplementation of  DL-aspartic 

acid in bucks number of epididymis sperm have 

been increased. D-aspartic acid stimulates Leydig 

cell for making steroid hormone binding protein, 

in turn D-aspartic acid induces sperm motion 

(Sharpe et al., 1992). In addition the D-aspartic 

acid trigger cells of hypothalamus and pituitary 

gland to secret gonadotropic and FSH and LH 

hormones (Wang et al., 2002). A study revealed 

that testicle testosterone in rat has been increased 

by different concentration of d-aspartic acid 

(D’Aniello et al., 1996). D-aspartic acid is one of 

the most important components of pea protein 

(Overduin et al., 2015). Dietary that rich with high 

amount lysine contents increase live sperm 

concentration from 77.1 to 78.2% and methionine 

elevated the motility (72.7 vs 71.2%) in the 

second ejaculate of male rabbits(Nizza et al., 

2000), (Luzi et al., 1996) showed no significant 

change in amount and concentration of semen 

from rabbits 19.7% and 14.5% crude protein.  

It is difficult to comment on these results without 

further research on the effect of dilatory protein 

and amino acid. The protein level seems to have 

little effect on sperm quality. Table 2, figure 3 

and 4 

 

3.4. Catalase and GSH−PX activity: 

The activities of Catalase and GSH−PX in 

homogenized testes of Vit.D deficient rats (14.96 

± 0.6849) (520.6 ± 46.96) were not significantly 
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(P<0.05) changed when compared to sufficient 

control rats (20.00 ± 1.751) (747.1± 97.90) 

respectively. 

 

Table (2) Effect of nanoemulsion PPI, vitamin-

D3, nanoemulsion and PPI plus Vit.D in 

vitamin deficient rats on sperm count and 

normal sperm morphology. 
 

 

Groups  

Parameters   

Sperm 

count 

*10
6
 

Normal sperm 

morphology * 

% 

SC 34.43 ± 5.428
b
 82.92 ± 2.939

b
 

DC 9.648 ± 2.055
a
 29.38 ± 9.085

a
 

PPI 49.21 ±4.150
b
 94.86 ± 0.9863

b
 

VD 38.70 ± 5.490
b
 92.95 ± 1.598

b
 

PPID 49.29 ± 3.377
b
 92.95 ± 1.598

b
 

Values expressed as mean ± S.E. The different 

letters mean significant differences * =p<0.05. 
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Figure (3) Effect of nanoemulsion PPI, Vit.D 

and Vit.D nanoemulsion on sperm count (mean 

± S.E) ×10
6
 in Vit.D deficient male rats. 

The different letters mean significant differences * 

=p<0.05. 

 

Moreover, catalase and GSH−PX activities 

in homogenized testes of Vit.D deficient rats 

treated with nanoemulsion PPI (22.62 ± 1.271) 

(1053 ± 209.2), showed significantly (P<0.05) 

increased in comparison to Vit.D deficient rats 

(14.96 ± 0.6849) (520.6± 46.96) respectively. 

Interestingly, there are similar significant 

differences in GSH-PX and catalase activities in 

homogenized testes of Vit.D deficient rats treated 

with Vit. D  
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Figure (4) Effect of nanoemulsion PPI, Vit.D 

and Vit.D nanoemulsion on normal sperm 

morphology (mean ± S.E) % in Vit.D deficient 

male rats. 
The different letters mean significant differences * 

=p<0.05. 

 

Nanoemulsion PPI+ Vit.D (23.58 ± 2.488) 

(1023 ± 61.34), they are significantly (P<0.05) 

increased in comparison to those of Vit.D 

deficient rats (14.96 ± 0.6849) (520.6± 46.96) 

respectively. However, catalase and GSH−PX 

activities in homogenized testes of sufficient 

control (20.00 ± 1.751) (747.1± 97.90) rats 

showed no significant (P<0.05) changes in 

comparison to all treated groups in Vit.D deficient 

rats. 

Many studies showed that Nanoemulsion 

PPI is a good diet and has high efficiency against 

oxidative stress. Hydrophobic and aromatic amino 

acids are high abundant in pea protein isolate and 

have antioxidant activity. furthermore  PPI and 

look like to the modified PPI that have radical 

scavenging activities (Pownall et al., 2010), (S. 

Jiang et al., 2019), (J. Jiang et al., 2014), and 

(Dahl et al., 2012). 

 

Arginine is one of the main amino acid 

that exists in PPI, which comprise about (4.3%) 

(Overduin et al., 2015). Many studies reported 

clearly that arginine has antioxidant activity due to 

a chemical moiety different from that serving as 

the substrate for NO biosynthesis, may lower the 
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amount of free oxygen radicals and reduce 

superoxide anion as well as drooping intensity of 

radical reactions or of antioxidative–enzyme.  

Thus affect the lowering of oxidative stress 

(Wallner et al., 2001), (Hosseini et al., 

2012),(Lucotti et al., 2009) and(Korish, 2010).  

Lysine may have ability to keep cell membrane 

and proteins thus Lysine has efficient in stress 

state. Lysine suggested that an important role in 

antioxidant (Seminotti et al., 2008). Even though 

the PPI contain little amount of tryptophan (1.0%) 

(Overduin et al., 2015). Tryptophan has been 

reported to play an important role in the DPPH 

radical scavenging activity of purified patatin, 

perhaps as a hydrogen donor (Pownall et al., 

2010). 

Pea protein is rich in sulfhydryl amino acid 

cysteine; cysteine an effective cellular antioxidant, 

thus extracellular cysteine is the primary source of 

intracellular cysteine, which is necessary for GSH 

synthesis. (BELL, 2000) , (Atmaca, 2004),  (Han 

et al., 1997).(Korhonen & Pihlanto, 2005) showed 

that protein hydrolysates possess antioxidant 

activity. The current results supported by the fact 

that PPI  have antioxidant activity because it 

contains many other amino acids such as histidine, 

cysteine, tyrosine, phenylalanine and tryptophan, 

that make PPI have great  antioxidant capacity 

(Pownall et al., 2011), (Peña-Ramos et al., 2004) 

and (Erdmann et al., 2008). Table 3, figure 5 and 

6. 

 

Table (3) Effect of nanoemulsion PPI, vitamin-

D3, nanoemulsion and PPI plus Vit.D in 

vitamin deficient rats on the antioxidant 

parameters (CAT and GSH-PX activities)  
 

 

Groups  

(U/mgprot)* 

CAT activity 

 

CAT activity 

 

SC 20.00 ± 1.751ab 747.1± 97.90ab 

DC 14.96 ± 0.6849a 520.6± 46.96a 

PPI 22.62 ± 1.271b 1053± 209.2b 

VD 14.69 ±1.165a 509.0 ± 41.21a 

PPID 23.58 ± 2.488b 1023 ± 61.34b 

Values expressed as mean ± S.E. The differences 

letters mean significant differences * =p<0.05. 
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Figure (5) Effect of nanoemulsion PPI, Vit.D 

and Vit.D nanoemulsion on CAT activity 

(mean ± S.E) U/mg protein in Vit.D deficient 

male rats. 
The different letters mean significant differences * 

=p<0.05. 
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Figure (6) Effect of nanoemulsion PPI, Vit.D 

and Vit.D nanoemulsion on GSH−PX activity 

(mean ± S.E) U/mg protein in Vit.D deficient 

male rats. 
The different letters mean significant differences * 

=p<0.05. 
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Figure 7: normal sperm morphology. Figure 8: sperm abnormal head. 

Figure 9: sperm without tail. Figure 10: sperm without head. 

Figure 11: sperm with abnormal neck. 
Figure 12: sperm with abnormal hock 
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4. CONCLUSIONS  

The results of this study demonstrate that 

the supplementation of Vit.D deficient rats with 

Vit.D and nanoemulsion PPI may improve semen 

analysis, total testosterone and scavenger activity 

of testes. These findings show that Vit.D   

nanoemulsion supplementation resulted in a 

significant increase in the levels of sperm count, 

normal sperm morphology, as well as catalase and 

GSH−PX The result showed that Vit.D   

nanoemulsion supplementation resulted in a 

significant increase in the levels of Total 

testosterone, sperm count, normal sperm 

morphology, as well as catalase and GSH−PX 

.vitamin D nanoemulsion has a power full effect 

on spermatogenesis in induced Vit.D deficient 

rats. 
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A B S T R A C T: 

Tamed small ruminants such as sheep and goats are deemed important sources of people livelihood in Garmian area including 

Kalar district. Sustainability and prosperity of livestock resources are vigorously influenced by the heavy infestation of small 

ruminants with ectoparasites owing to the enormous economic loss caused by them, particularly in under-developed countries 

including Iraq. Hence, the present survey, carried out from March, 2019 to February, 2020 in Kalar district, intended to investigate 

the rampancy of external parasites among sheep and goats being reared in the aforementioned district. To meet the requirements 

of the survey, a total of 1700 sheep and 400 goats were arbitrarily sampled. The overall rate of ectoparasitosis in this study was 

53.09%, in that, the infestation rate in goats (95%) was significantly higher than that of sheep (43.23%). Regarding sheep 

pediculosis, two species of lice; Linognathus (L.) africanus (35.58%), Damalinia (D.) ovis (24.11%), and two species of ticks; 

Hyalomma (H.) anatolicum (2.94%), Rhipicephalus (R.) turanucus (4.41%), in addition to the nasal bot fly, Oestrus ovis (12%) 

were identified. On the other hand, two species of lice; D. caprae (80%), L. africanus (30%), and two species of ticks; H. 

anatolicum (7.5%) and R. turanucus (3.75%) were detected in goats. Co-infections were significantly higher in sheep as compared 

to goats in this survey. Some of the aforementioned external parasites are known to transmit zoonotic diseases since sheep and 

goats are reared in close cohabitation with humans. For that reason, sustainable control of ectoparasitosis especially, tick 

infestations in domestic livestock is compulsory to prevent both economic loss and transmission of some serious diseases. 
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1.INTRODUCTION : 

 

Over 80% of classified animal species 

belong to arthropods. These joint-legged 

invertebrates are found in all habitats on earth and  

 

 

 

 

 

 

include varieties of classes such as insects, 

arachnids, myriapods, and crustaceans. Mode of 

living of some arthropods is parasitic on vertebral 

hosts feeding either on skin or blood. 

Ectoparasitosis has direct or indirect effects on the 

susceptible hosts (Seid et al., 2018). The chewing 

lice, Damalinia (D.) ovis and D. caprae are small 

(1.5-3 mm) yellowish brown ectoparasites feed on 

the cutaneous cells, lipids, sweat secretion and 
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skin bacteria of their vulnerable hosts (Oormazdi 

and Baker, 1979). Epidemiologically, chewing 

lice, also called biting lice, infest sheep and goats 

worldwide. The infectivity of these wingless 

insects has been studied in some districts of the 

Kurdistan region and some parts of Iraq (Zangana 

et al., 2013; Pols and Mawlood, 2015; Mustafa, 

2019). Moreover, domesticated small ruminants 

are also prone to infestation with sucking lice of 

the genus, Linognathus. For example, the obligate 

haematophagous blue louse, Linognathus (L.) 

africanus is capable of infesting both goats and 

sheep parasitizing on different parts of the body 

particularly the neck, back and the nape (Rashmi 

and Saxena, 2017). Usually, lice induce pruritic 

behavior in the host, and in response to that, the 

hosts rub, scratch, and bite their skins, which 

indirectly reduce the quality of the wool and hair 

(James and Moon, 1998). 

Hard ticks (family: Ixodidae) are obligatory blood 

feeding ectoparasites comprise around 900 known 

species. Besides their blood feeding and skin 

damage, these acarines transmit many viral, 

bacterial and parasitic diseases, and they are 

reckoned second to mosquitoes in the 

transmission of infectious diseases (Parola and 

Raoult, 2001). Ovine and caprine similar to any 

other vertebrate hosts are exposed to infestation 

with hard ticks. Various ixodiod ticks of sheep 

and goats were identified and reviewed in Iraq, 

including the Kurdistan region (Hussien and 

Yaqub, 2010; Mohammad and Jassim, 2011; 

Kadir et al., 2012; Mohammad, 2016). In this 

regard, Zangana et al. (2013) have documented 

five species of ixodiod ticks in ovine and caprine, 

viz. Rhipicephalus (R.) sanguineous, R. turanicus, 

Hyalomma (H.) anatolicum anatolicum, H. 

marginatum, and Haemaphysalis spp.   

Larvae of the Dipteran bot fly, Oestrus (O.) ovis 

are cosmopolitan parasites which infest the nasal 

passages of sheep and goats. The viviparous 

females of O. ovis deposit first-stage larvae 

directly in the nasal orifices as a part of their life 

cycle. When the larva develops in the nasal sinus, 

it can cause a clinical picture termed, ovine 

oestrosis which characterized by difficulties in 

breathing, nasal discharge, myiasis of the nasal 

passages and frontal sinuses, frequent sneezing 

and dyspnea (Dorchies et al., 1998). In addition to 

its effects on animals, this parasite is considered 

zoonotic and can infect human respiratory system 

and eye causing ophthalmomyiasis (Abdellatif et 

al., 2011).  

Sheep and goat farming is one of the most 

important livestock husbandry activities in the 

Kurdistan region, including Kalar district. These 

domesticated animals significantly contribute to 

the provision of meat, milk, hide and skin, hair, 

horns, bones, manure and other materials that 

directly affect the economic growth of the area. 

Due to the significant impacts of ectoparasites on 

their hosts, the present study aimed to investigate 

the availability and intensity of sheep and goat 

ectoparasitosis in Kalar District and the 

surrounding villages. 

2. MATERIALS AND METHODS  

2.1. Study site 

Kalar district is located in the southeast of 

Sulaymaniyah Province, the Kurdistan Region of 

Iraq. The weather of the area is hot and dry in the 

summer, and the temperature reaches over 50°C in 

July and August. The coldest months of the winter 

are December and January in which the 

temperature seldom reaches 0°C. Geographically, 

the district is located in between the latitude 

(34.6308° N) and the longitude (45.3276° E) of 

the eastern hemisphere. Kalar has a large area 

estimated of 438,317 km
2
 with almost 250,000 

populations. According to the annual report 

(issued in 2019) of the directorate of veterinary 

and animal resources in Kalar, there are nearly 

100 flocks of sheep and 60 flocks of goats 

estimated with 45,000 sheep and 6,500 goats. 

2.2. Collection of specimens  

In the present study, 1700 sheep and 400 

goats were examined randomly for the prevalence 

of ectoparasites between March 2019 and 

February 2020. The age of the animals was from 

six months to five years. The animals were 

selected randomly from 10 flocks of sheep and 6 

flocks of goats from 10 locations in and around 

Kalar district (Fig 1). The samples were collected 

from different parts of the animal body (head, 

neck, flanks, front and rear legs, and abdomen). 

Regarding ticks, all the samples were collected 

from the body of the animals (fed ticks), tweezers 

were used carefully to remove the ticks. Lice were 

collected using brushing with fine comb 

(Yakhchali and Hosseine, 2006). Larvae of O. ovis 

were collected from the nasal cavity of 
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slaughtered sheep. Fifty heads of recently 

slaughtered sheep were purchased from local 

butchers. The heads were sawn at the sagittal 

plane (Figure 2) and washed out with normal 

saline (Hidalgo et al., 2015).

 

 

Figure 1: Map of the study area where samples of ectoparasites collected (1: Saida, 2: Shakal, 3: Punga, 4: Qarachil, 5: Qasm Agha, 6: 

Saykhalyl, 7: Barlut village, 8: Shorawa, 9: Rizgari, 10: Girda Gozina 
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Figure 2: Dissection of a sheep head at the sagittal plane showing larvae of Oestrus ovis in the nasal cavity 

2.3. Laboratory examination of ectoparasites 

After collection, samples were preserved 

in 70% ethanol and transferred to the laboratories 

of the College of Agricultural Engineering 

Sciences, University of Salahaddin. Samples were 

examined using a stereo microscope and images 

were taken using a digital Canon camera (Ucmas 

series microscope camera). All samples were 

identified according to Kim and Ludwig (1978); 

Walker et al. (2003). 

2.4. Statistical analysis 

Chi-square test was applied in the present 

study for analyzing differences in infestation rates 

using PRISM software version 6.1. Differences 

between variables were considered significant 

when the P value was less than 0.05. 

3. RESULTS 

The overall prevalence of ectoparasites in 

both sheep and goats was 53.09 %. Out of 1700 

sheep investigated for ectoparasites, 735 were 

infested with at least one species of parasite. 

Whereas, out of the 400 inspected goats, 380 were 

infested. The prevalence of ectoparasites in sheep 

and goats in Kalar district is shown in table 1. The 

infestation rate in goats (95%) was significantly 

higher than those in sheep (43.23%) (P< 0.05).
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 Table 1  

Prevalence of ectoparasites on sheep and goats in Kalar district 

 

Host type No. of samples No. infested Infestation rate % 

Sheep 1700 735 43.23  

Goats 400 380 95 

Total 2100 1115 53.09 

Chi-square= 348.4                                 df=1                              P=0.0001 

 

In the present study, 6 different genera and species 

of parasites were identified in both sheep and 

goats. Regarding sheep, the sucking lice, L. 

africanus was the most dominant ectoparasites 

found in this study (35.58%). The chewing lice, 

D. ovis came next (24.11%). Two species of hard 

ticks were also identified in sheep; R. turanicus 

and H. anatolicum with infestation rates of 4.41% 

and 2.94% respectively. Larvae of O. ovis in the 

nasal cavities of sheep were found to be 12% 

(Table 2). 

The most common ectoparasites identified in 

goats in this study was the chewing lice, B. caprae 

(80%) followed by the sucking lice, L. africanus 

(30%) and the two hard ticks H. anatolicum and 

R. turanicus with infestation rates of 7.5% and 

3.75% respectively. There were significant 

differences between infestation with different 

species of parasites in both sheep and goats (Table 

2).

 

 

Most sheep were infested with more than one 

ectoparasite (co-infestation) at the same time 

(63.26%) as compared to the infestation with 

single parasite (36.73%). However, goats showed 

different results, in which the rate of infestation  

 

 

with single parasite (71.05%) was higher than 

those with multiple infestations (28.94%). 

Statistical analysis showed a significant difference 

in multiple and single infestation between sheep 

and goats (P<0.05), as shown in table 3.  

 

 
Table 3  

Single and multiple infestations with ectoparasites in sheep and goats in Kalar district 

 

Host type Samples examined Single infestation rate % Multiple infestation rate % 

Sheep 1700 36.73 (270/735) 63.26 (465/735) 

Goats 400 71.05 (270/380) 28.94 (110/380) 

Chi-square= 118.1                                 df=1                              P=0.0001 

 

 

Table 2  

Prevalence of different genera and species of ectoparasites in sheep and goats in Kalar district 

Host type 
Number of samples 

examined 

Ectoparasites Infestation rate % 

Sheep 1700 

Linognathis africanus 35.58 (605/1700) 

Damalinia ovis   24.11 (410/1700) 

Hyalomma anatolicum 2.94 (50/1700) 

Rhipicephalus turanicus 4.41 (75/1700) 

Oestrus ovis  12 (6/50) 

Goats 400 

Damalinia caprae 80 (320/400) 

Linognathis africanus 30 (120/400) 

Hyalomma anatolicum 7.5 (30/400) 

Rhipicephalus turanicus 3.75 (15/400) 
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Figure 3: Ectoparasites of sheep and goats detected in Kalar area: A- Damalinia caprae, B- Damalinia ovis, C- Linognathus africanus, D- 

Rhipicephalus turanicus, E- Hyalomma anatolicum, F- A larva of Oestrus ovis 

 

 

 

4. DISCUSSION 

The present survey was designed to 

investigate the diversity of ecotoparasites of small 

ruminants in Kalar district. Based on previous 

published papers, this survey could be the first 

attempt to document and validate ectoparasites in 

Kalar area where livestock are being raised 

intensively. Parasites pose a great menace on the 

livestock productivity, which, in turn, causes an 

enormous economic loss. In this study, the overall 

prevalence of ectoparasites in sheep and goats 

collectively was 53.09%. Parasite infestation in 

goats (95%) was significantly higher as compared 

to that of sheep (43.23%). The same conclusion  

 

 

 

 

was reported by Zangana et al. (2013) in 

Duhok Province when they found higher 

infestation rate in goats as compared to sheep. In 

contrast, the study of Mustafa (2019) in 

Sulaymaniyah province, which is close to Kalar 

district, recorded a higher rate of ectoparasite 

infestations in sheep as compared to goats. The 

reason behind the diversity of ectoparasite 

rampancy could be the difference in climatic 

conditions in different areas which might 

encourage the abundance of certain parasites over 

others (Yakhchali and Hosseine, 2006). Probably, 

another reason is related to the seriousness of the 
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farmers in treating their infested animals with 

anitiparasitics. For example, sheep rearing is more 

common than goats in the district, so, according to 

the veterinary file in Kalar, the majority of 

livestock raisers are seeking treatment for their 

sheep. This habit leaves the infested goats 

untreated or intermittently treated, hence, the rate 

of ectoparasitosis in caprine will be elevated. 

In sheep, the blue lice, L. africanus showed the 

highest parasitic rate 35.58% (605/1700), whereas 

30% (120/400) of goats were infested with that 

parasite. The opposite was observed regarding the 

infestation with chewing lice, Damalinia sp. 

Eighty percent of the investigated goats were 

infested with D. caprae, however, 24.11% of the 

sheep were infested with D. ovis. Other studies in 

Iraq have also reported pediculosis in sheep and 

goats. Al-Saffar and Mohammad (2008) reported 

that sheep in the city of Mosul were infested with 

5 species of lice among them D. ovis (6.4%) and 

L. africanus (0.2%).  Zangana et al. (2013) 

reported that sheep were infested with D. ovis 

75% and L. stenopsis 33.3% whereas goats were 

infested with 80.7% and 19.25% with the 

aforementioned parasites respectively. Mustafa 

(2019) reported two species of lice in sheep, 

namely, D. ovis 17.74% and L. stenopsis 13.63%, 

and two species in goats, vs. D. caprae 10.97% 

and L. stenopsis 6.22%. In a morphological study 

of goats’ ectoparasites in Erbil province/Iraq, Pols 

and Mawlood (2015) have reported and described 

D. caprae and L. africanus from goats without 

mentioning the prevalence rate. 

In the present study, two species of ticks were 

identified which were H. anatolicum and R. 

turanicus with prevalence rates of 2.94%, 4.41% 

and 7.5%, 3.75% in sheep and goats respectively. 

Mohammed (2016) reported 8 species of ticks 

from the middle and south of Iraq and the rate of 

sheep infestation with H. anatolicum was (28%) 

and with R. turanicus was (39%). In the same 

study, goats were also infested with H. anatolicum 

(24%) and R. turanicus (64%). The prevalence 

rate of ticks in this study was lower than what 

reported by Mustafa (2019) when he found that 

the infestation rate with H. anatolicum was 11.9% 

and 31.3% and R. turanicus was 7.5% and 15.96% 

in sheep and goats respectively.  

Prevalence of O. ovis larvae in the present study 

was 12 (6/50). This was lower than most of the 

studies carried out in Iraq: 17.2% in Ninevah 

governorate (Jarjees et al., 2000), 33.4% in 

Baghdad (Al-Amery, 2007) and 68% in Erbil 

(Saad et al., 1993). 

Flactuations in the prevalence rate of this parasite 

comparing to other studies could be attributed to 

several factors such as changes in climatic 

conditions which affect the activity of the adult fly 

in addition to the animal breeds (Saad et al., 1993; 

Jacquiet and Dorchies, 2002; Al-Ubeidi et al., 

2017)   

 

5. CONCLUSIONS  

Different species of ectoparasites were 

documented in this survey. The study of external 

parasites is not just important for animals 

themselves but rather more important for humans. 

Haematophagous ectoprasites particularly, ticks 

are known to transmit serious diseases to animals 

and humans.  
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A B S T R A C T: 
     Treatment of [PdCl2(dppf)].CH2Cl2 or [PtCl2(dppf)] with two moles of 2-(benzylthio)-5-phenyl-1,3,4-oxadiazole (bpozs) in 

(ethanol: chloroform) solvents for (2 h) afford [M(bpozs)2(dppf)]Cl2 in good yield. The synthesized ligand and complexes were 

identified using FT-IR, 
1
H-NMR,

 13
C-NMR,

 13
P-NMR, CHNS analysis, Uv-Visible spectra and conductivity measurements. The 

physiochemical data indicated that the prepared complexes have square planar geometries and the metal ions coordinate with the 

ligands through two phosphorous atoms of (dppf) and nitrogen atom of (bpozs). 
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INTRODUCTION: 

  

   In recent years, the interest of preparing 

coordination compounds with desired properties - 

functional compounds have been increased. One 

of the promising ligands for creating 

multifunctional complexes are compounds 

containing a 1,3,4-oxadiazole fragment (Pirimova 

et al., 2020). Oxadiazoles are interesting class of 

five-membered heterocyclic compounds 

containing two atoms of nitrogen and one atom of 

oxygen (Paulo et al., 2018). They exist in four 

different regioisomeric forms, namely 1,2,3-, 

1,2,4-, 1,2,5-, and 1,3,4-oxadiazoles. In the past 40 

years, oxadiazole-based ligands stimulated the 

curiosity of many researchers, creating a vast 

literature that spans from synthesis to different 

applications. In fact, oxadiazoles exhibit a broad 

range of uses: in medicinal chemistry they were 

employed as drug candidates for several diseases, 

in organic synthesis as useful intermediates,  

 
 

 

and in material science as building blocks for new 

polymers (Giovanni 
 
and Alessio, 2019) (Zainab 

and Hameedi, 2020).Transition metal complexes 

of 1,3,4-oxadiazole derivatives are well known for 

their biological importance as well as their 

anticarcinogenic, antibacterial and antifungal 

properties (Adil, 2017). 

A series of 1,1'-bis(diphenylphosphino)ferrocene 

possessing platinum(II) complexes depicting a 

novel series of tentative anticancer drug 

candidates. Compounds of this sort have already 

been displayed to illustrate both antineoplastic and 

antimicrobial activity (Puxty et al., 2005). Metal 

complexes of bidentate phosphines have 

conceived considerable attention due to their 

possible use as antitumor agents (Al-Jibori et al., 

2013). Herein, we report the synthesis and 

identification of new mixed ligand Pd(II) and 

Pt(II) complexes including both 2-(benzylthio)-5-

phenyl-1,3,4-oxadiazole (bpozs) and 1,1'- 
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bis(diphenylphosphino)ferrocene (dppf) as 

ligands. 

2. Materials and Methods 
 

    The (PdCl2, PtCl2, dppf, 2-Mercapto-5-phenyl-

1,3,4-oxadiazole,  materials were commercially 

available from Yahoo Chem. China. The 

[PdCl2(dppf)].CH2Cl2 and [PtCl2(dppf)] 

complexes were prepared according to the 

literature (Rezan et. al., 2017). IR spectra were 

recorded on IR-Affinity-1, Shimadzu CORP-

A21375003225 spectrophotometer in the range of 

400-4000 cm
-1

 using KBr discs. (
1
H, 

13
C

 
and

 31
P)-

NMR spectra were recorded on a Bruker 400 

MHZ Ultra-shied. Electronic spectra were 

recorded on a UV-Vis. spectrometer, AE-UV1609 

(UK) CO., LTD. The conductivity was measured 

on a conductivity meter type Senz µSiemen 

conductivity tester. Elemental analysis was 

carried out on Euro EA 3000 Elemental Analyzer.  

 

2.2. Synthesis of (bpozs) ligand 

   A solution of (4 mmole, 0.712 g) of 2-Mercapto-

5-phenyl-1,3,4-oxadiazole (phozsH) in (10 ml) 

ethanol, was added to ethanol solution (10 ml) of 

NaOH (4 mmole, 0.16 g). The resultant mixture 

was refluxed for (15 min.) and (4 mmole, 0.474 

ml) of benzyl bromide was added and refluxed for 

(4 h.). A white solid of (bpozs) was obtained after 

cooling of the solution in an ice bath. The formed 

precipitate was filtered off, dried and 

recrystallized from ethanol.  

Yield = 0.85g, 60.93 %; mp: 95-96 °C; Color: 

White. C15H12N2OS. IR (ν max/cm
-1

): ν(C-H) 

aromatic 3051, 2993; ν(C-H) aliphatic 2914, 

2848; ν(C=N) 1608; ν (N-N) 1465; ν (C-O-C) 

1080; ν (C-S) 704. 
1
H-NMR (296K, ppm, d

6
-

DMSO): d, 8.05 ppm, 
3
J(HH)=8 Hz. (2H, phenyl 

protons); m, 7.67-7.61 ppm (3H, phenyl protons); 

d, 7.56 ppm, 
3
J(HH)= 8 Hz. (2H, phenyl protons); 

m, 7.44-7.35 ppm (3H, phenyl protons); s, 4.63 

ppm (2H, CH2 group), 
13

C-NMR (DMSO, 𝛿, 400 

MHz): 158 and 156 C5,6 (oxadiazole);  128.1 C8; 

123.8 C2; 121.03 C1,10; 120.8 C9; 120.44 C3; 

119.75 C11; 118.32 C4; 39.88 C7(CH2). 

 
NN

O S

2-(benzylthio)-5-phenyl-1,3,4-oxadiazole (bpozs)

7
8

9

10

11

4

3

2

1

5 6

 
 

2.3. Synthesis of complexes 

 

2.3.1. Preparation of [Pd(bpozs)2(dppf)]Cl2  (1) 

 

    A warm solution of (bpozs) ligand (0.235 

mmole, 0.066 g) in ethanol (10 ml) was added to a 

solution of [PdCl2(dppf)].CH2Cl2 (0.117 mmole, 

0.095 g) in CHCl3 (20 ml). The mixture was 

refluxed for (2 h.) then filtered off.  A brown 

precipitate was afforded after evaporation of the 

filtrate to dryness at room temperature.      

Yield = 0.10 g, 66.2 %, mp: 91-92 °C; Color: 

brown. Anal. Calc. for C64H52FeCl2 N4PdO2P2S2: 

C, 60.6; H, 4.10; N, 4.41; S, 5.05. Found: C, 

59.98; H, 4.35; N, 3.62; S, 5.91 %. IR (ν max/cm
-1

):  

ν(C-H) aromatic 3051; ν(C-H) aliphatic 2924; 

ν(C=N) 1608; ν(N-N) 1465; ν(P-Ph) 1435; ν(C-O-

C) 1091; ν(C-S) 692; ν(Pd-N) 528. 
1
H-NMR 

(295K, ppm, CDCl3): s, 7.93 ppm, m, 7.36 ppm 

(30H, phenyl protons); s, 4.47 ppm (2H, CH2); s, 

4.4, 4.34 (8H, Cp), 
13

C-NMR (CDCl3, 𝛿, 400 

MHz): 165 and 163 C6,5(oxadiazole); 136.05 C12; 

135.6 C13; 132.10 C8; 131.8 C2; 129.49 C1,10,14 ; 

129.27 C9; 128.57 C3; 127.13 C11; 124.02 C4; 75, 

73, 71 C15-17(Cp); 37.33 C7(CH2), 
31

P-{
1
H}-NMR; 

δP= 30.68 ppm. 

 

 

2.3.2. Preparation of [Pt(bpozs)2(dppf)]Cl2  (2) 

 

    A warm solution of (bpozs) ligand (0.235 

mmole, 0.066 g) in ethanol (10 ml) was added to a 

solution of [PtCl2(dppf)] (0.117 mmole, 0.095 g) 

in CHCl3 (20 ml). The mixture was refluxed for (2 

h.) then filtered off.  A yellow solid of the 

complex was appeared after evaporation of the 

filtrate to dryness at room temperature.   
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Yield = 0.12 g, 74.5 %, Decomposes at: 253°C; 

Color: Yellow. Anal. Calc. for C64H52FeCl2 

N4PtO2P2S2: C, 56.64; H, 3.83; N, 4.13; S, 4.72. 

Found: C, 56.51; H, 4.55; N, 4.26; S, 4.00 %. IR 

(ν max/cm
-1

): ν(C-H) aromatic 3078; ν(C-H) 

aromatic 3078; ν(C-H) aliphatic 2966; ν(C=N) 

1653; ν(N-N) 1465; ν(P-Ph) 1435; ν(C-O-C) 

1097; ν(C-S) 690; ν(Pt-N)  518. 
1
H NMR (295K, 

ppm, CDCl3): s, 7.86, m, 7.37 ppm (30H, phenyl 

protons); s, 4.36, 4.18 ppm (8H, Cp); s, 4.53 ppm 

(2H, CH2), 
13

C NMR (CDCl3, 𝛿, 400 MHz): 164 

and 162 C6,5(oxadiazole); 136 C12; 135.31 C13; 

132 C8; 131.58 C2; 129.41 C1,10,14; 129.19 C9; 

128.28 C3; 127.04 C11; 124.6 C4; 75, 74, 72 C15-

17(Cp); 38 C7(CH2), 
31

P-{
1
H}-NMR; δP= 9.79 

ppm; J(Pt-P) = 3168 Hz. 
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3. Results and discussion 

3.1. FT-IR, 
1
H-NMR and 

13
C-NMR Spectrum 

of (bpozs) ligand 

 

   In the IR spectrum of bpozs, the (SH) stretching 

band of phozsH compound at (2567 cm
-1

) Fig. (1) 

was vanished and a new weak band at (2914 and 

2848) cm
-1

 was appeared that corresponded to 

aliphatic (CH2) group, this evidence for 

coordination of oxadiazole sulfur atom with 

benzyl group (Joshi et al., 2015). The spectra 

exhibited bands at (1608, 1465, 1080 and 704) 

cm
-1

, were respectively attributed to ѵ(C=N, N-N, 

C-O-C and C-S) of oxadiazole group Fig. (2) 

(Kumar et al., 2014)(Al-Azzawi and Hamd, 

2013)( Rangappa Santosh et al., 2019). 

 
  
The

 1
H-NMR spectrum displayed a singlet band 

at (4.63) ppm, corresponded to the (CH2) proton 

and disappearance of the thiol proton at (3) ppm 

was indicated for the formation of bpozs ligand. 

The phenyl protons of bpozs ligand appeared as 

two doublets at (8.05) ppm; (
3
J(HH)= 8 Hz.) and 

𝛿(7.56) ppm; (
3
J(HH)= 8 Hz.), with two 

unresolved mutliplets within 𝛿(7.67-7.61 and 

7.44-7.35) ppm. Fig. (5) (Joshi et al., 2015)( 

Kumar et al., 2014)(Bhava et al., 2013).    

  

  The 
13

C-NMRspectrum showed peaks at δ(158 

and 156) ppm, were attributed to C6 and C5 of 

oxadiazole ring, respectively (Almajan et al., 

2008). The aromatic carbon atoms (C1-4 and C8-11) 

of bpozs ligand were observed at 

δ(121.03,123.8,120.44,118.32 and 

128.1,120.8,121.03,119.75) ppm respectively,  

furthermore, a new signal was detected at δ(39.88) 

ppm, attributed to carbon atom of (CH2) group 

Fig. (6) (Tank and Acharya, 2013) (Aras and 

Hassan, 2018). 

 

 

3.2. FT-IR, 
1
H-NMR,

 13
C-NMR and 

31
P-{

1
H}-

NMR spectra of the synthesized complexes 

 

   The infrared spectra of Pd(II) and Pt(II) 

complexes Fig. (3, 4), displayed a weak intensity 

bands at (2924 and 2966) cm
-1

, were respectively 

allocated to ѵ(CH2) of benzyl group. Moreover, 

the ѵ(P-Ph) of dppf and ѵ(C=N), ѵ(N-N) and ѵ(C-

S) stretching bands of bpozs ligand in (1 and 2) 

complexes occurred at (1435), (1608, 1653), 

(1465) and (692, 690) cm
-1

, correspondingly 

(Jensen and Nielsen, 1963)( Zainab and Hameedi, 

2020). Furthermore, a new weak intensity band 

was appeared at (528 and 518) cm
-1

, were 

respectively attributed to the N-bound 

coordination of bpozs ligand to Pd and Pt metal 

(Al-Jibori et al., 2002)( Al-Jibori et al., 2015). 
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   The 
1
H-NMR, 

13
C-NMR and 

31
P-{

I
H}-NMR 

spectra for both (1 and 2) complexes were 

measured in CDCl3 solvent. 
   1

H NMR spectra were as expected, both (1 and 

2) complexes displaying singlet and multiplets at 

δ(7.93,7.36 and 7.86,7.37) ppm were respectively 

assigned to the phenyl protons and the two signals 

at δ(4.4, 4.34 and 4.36,4.18) ppm, were due to 

protons of cyclopentadienyl ligand, 

correspondingly (Al-Jibori et al., 2012)(Riyadh, 

2016). The aliphatic (CH2) proton of bpozs in 1 

and 2 complexes occurred as a singlet band at 

δ(4.47 and 4.53) ppm, respectively . In the 

spectrum of complex 2 there is no 
3
J(Pt-H), which 

means that Pt is coordinated to bpozs through 

more basic N- atom not the S-atom (Lobana et al., 

2000)(Ivana and Marija, 2017)(Al-Jibori et al., 

2002). 

 

   The 
13

C-NMR spectra of complex 1 and 2 Fig. 

(7, 8), exhibit signals at δ(165,163 and 164,162) 

ppm, were assigned to the two oxadiazole carbon 

atoms, respectively. The phenyl carbon atoms of 

bpozs and dppf ligands appeared at δ(136.05 C12; 

135.6 C13; 132.10 C8; 131.8 C2; 129.49 C1,10,14 ; 

129.27 C9; 128.57 C3; 127.13 C11; 124.02 C4) in 

complex 1 and at δ(136 C12; 135.31 C13; 132 C8; 

131.58 C2; 129.41 C1,10,14; 129.19 C9; 128.28 C3; 

127.04 C11; 124.6 C4) in complex 2 (Almajan et 

al., 2008). The carbon atoms of (Cp) groups (C15-

17) of phosphine ligand in 1 and 2 complexes 

occurred at δ(75, 73, 71 and 75, 74, 72) ppm and 

existence of a peak at δ(37.33 and 38) ppm, 

corresponded to the (CH2) carbon atom (C7) of 

bpozs ligand, respectively (Al-Jibori et al., 2012)( 

Nur et al., 2018)(Ivana and Marija, 2017). 

 

   The 
31

P-{
1
H}-NMR spectrum of complex (1 and 

2) Fig. (9, 10), show a singlet band with platinum 

satellites, indicates that the electronic environment 

of both phosphorous atoms of dppf ligand are the 

same; both phosphorous are equivalent and trans 

to the same atom. 

The spectrum of [Pt(bpozs)2(dppf)]Cl2 complex 

showed a singlet at δ(9.79) ppm with associated 

platinum satellites, J(Pt-P) = 3168 Hz. and the 

[Pd(bpozs)2(dppf)]Cl2 complex exhibited a singlet 

band at δ(30.68) ppm, theses suggests that dppf  

behaves as a bidentate chelating ligand that linked 

to metal ions through both phosphorous atoms and 

both P-atoms trans to N-atom of bpozs ligand (Al-

Jibori et al., 2012) (Al-Jibori et al., 2007). 

 

3.3. Elemental analysis for the prepared 

complexes 

    The elemental analysis (CHNS) data for the 

synthesized complexes are coherent with the 

recommended stoichiometries Table (1). 

 

Electronic Spectra of the Prepared Complexes 

3.4. 

The electronic spectrum of (bpozs) ligand Fig. 

(11) was measured in methanol and their 

synthesized mixed ligand complexes in DMSO 

solvent  Fig. (12, 13). The spectrum of bpozs 

ligand illustrated two absorption bands in the Uv. 

region at (41666 and 37037) cm
-1

, these 

transitions were respectively belonged to π- π* 

and n-π* transitions. The electronic spectrum of 

Pd(II) and Pt(II) complexes exhibited charge 

transfer band at (38461) cm
-1

 with two d-d bands 

in the uv. and visible regions at (32258, 21276) 

and (30303, 23255) cm
-1

, were associated to 
1
A1g 

→ 
1
Eg  and 

1
A1g  → 

1
B1g  transitions 

correspondingly Table (2), these electronic 

transitions indicated that the complexes are 

formed as a square planer geometry (Sutton, 

1968). 

 

3.5. Molar conductivity for the prepared 

complexes 

 

    The molar conductivity of bpozs ligand was 

surveyed for (10
-3

 M) solution in methanol and the 

prepared complexes in DMSO solvent at (25 °C). 

The conductivity measurements for both 

complexes are high, it was deduced that the 

prepared complexes are electrolyte that formed in 

the ratio of (1:2) as illustrated in Table 3. 
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Conclusion 

 

   We have illustrated herein that palladium(II) and 

platinum(II) complexes of the type 

[M(bpozs)2dppf]Cl2 are synthesized from the 

addition of two moles of (bpozs) ligand to the 

prepared [MCl2(dppf)] complexes, where 

M=Pd(II) and Pt(II). Characterization was 

relatively straight-forward on the basis of 

spectroscopic and analytical data. According to 

the measurements data, we deduced that the 

prepared complexes have a square planer structure 

in which bpozs ligand bonded in a monodentate 

fashion through nitrogen atom, while the dppf 

ligand bind to metals centre through both P-atoms. 

Moreover, based on the molar conductivity data, it 

has been proposed that the synthesized complexes 

are ionic in the ratio of (1:2).  
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Figure 1: IR  spectrum of phozsH ligand 

 
Figure 2: IR  spectrum of bpozs ligand 
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Figure 3: IR spectrum of complex 1 
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Figure 4: IR spectrum of complex 2 

 

 

 

 
 

Figure 5: 
1
H-NMR spectrum of bpozs ligand 
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Figure 6: 

13
C-NMR spectrum of bpozs ligand 

 

 

 
Figure 7: 

13
C-NMR spectrum of complex 1 
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Figure 8: 

13
C-NMR spectrum of complex 2 

 

 
 

Figure 9: 
31

P-{
1
H}-NMR spectrum of complex 1 
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Figure 10: 

31
P-{

1
H}-NMR spectrum of complex 2 

 

 

Table 1: Colors, molecular weight, melting points and elemental analysis for the synthesized complexes 

(Calculated) Found % M.P. 

(°C) 

M.Wt 

g/mol 
Color Complexes No. 

C           H                N              S 

… … … … 95-96 268.06 White bpozs  

(5.05) 

5.91 

(4.41) 

3.62 

(4.10) 

4.35 

(60.6) 

59.98 

91-92 1267.2 Brown [Pd(bpozs)2(dppf)]Cl2 1 

(4.72) 

4.00 

(4.13) 

4.26 

(3.83) 

4.55 

(56.64) 

56.51 

d.p. 253 1355.88 Yellow [Pt(bpozs)2(dppf)]Cl2 2 

 

 

Table 2: Electronic spectral bands of the ligand and its metal complexes 

Assignment 

Transition 

Absorption band 
Complexes 

nm cm
-1

 

π → π* 

n → π* 

240 

270 

41666 

37037 
bpozs 

C.T. 
1
A1g → 

1
Eg 

1
A1g → 

1
B1g 

260 

310 

470 

38461 

32258 

21276 

1 

C.T. 
1
A1g → 

1
Eg 

1
A1g → 

1
B1g 

262 

332 

432 

38461 

30303 

23255 

2 
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Table  3: Molar conductivity (cm
2
. ohm

-1
. mol

-1
) of (10

-3
 M) solution in DMSO for the synthesized complexes 

Molar conductivity (cm
2
. ohm

-1
. mol

-1
) Complexes No. 

26 bpozs 
 

72 [Pd(bpozs)2(dppf)]Cl2 1 

68 [Pt(bpozs)2(dppf)]Cl2 
2 

 

 

 
 

 

Figure 11: Uv.-Vis. spectrum of bpozs ligand 

 

 

        
 

 (a)                                                                                              (b) 

 

Figure 12: Electronic spectrum of [Pd(bpozs)2(dppf)]Cl2 complex: (a) UV.  (b) Vis. Region 
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(a)                                                                                              (b) 

 

Figure 13: Electronic spectrum of [Pt(bpozs)2(dppf)]Cl2 complex: (a) UV.  (b) Vis. Region 
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A B S T R A C T: 
Azadirachta indica, Calotropis procera, Carica papaya, and Vernonia amygdalina are among the most frequently used plants 

with proven ethnomedicinal applications in Ilorin, Nigeria. This study investigated the active constituents and antimicrobial 

efficacy of acetone and aqueous extracts of these plants against Candida albicans, Escherichia coli ATCC 259220, and 

Staphylococcus aureus ATCC 25923 by the disc diffusion technique. High-Performance Liquid Chromatography (HPLC) 

fingerprint of the constituents of acetone extracts of C. papaya, A. indica, and V. amygdalina was further investigated. Highest 

percentage yield (10.20 %) was obtained for acetone extract of A. indica while the lowest yield (10.20 %) was obtained for 

aqueous extract of C. papaya. Varying constituents viz. coumarins, glycosides, protein, saponin, anthraquinone, flavonoid, tannin 

and terpenoid were detected. Different levels of antimicrobial efficacy were exhibited by each of the plants while a synergistic 

effect was observed at 100 mg/mL concentration of acetone extract of the combination of all the plants. An array of compounds 

was separated at different peak heights corresponding to concentration of the compounds. Creptolepinone was detected in highest 

percentage (47.0 %) in acetone extracts of C. papaya while phorbolester was detected in lowest percentage (1.2 %). Myricetin was 

detected in highest percentage (39.6 %) in acetone extracts of A. indica while alpha funebren was detected in lowest percentage 

(1.5 %).  Vernodalin was detected in highest peak height (48.8 %) in V. amygdalina and andrographoside was detected in lowest 

peak height (0.6 %). This study depicts that the plants may be promising pharmaceutical candidates that can be used in the 

development of new therapeutic agents.  
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1.INTRODUCTION : 

Many antimicrobial agents of natural or semi-

synthetic sources are available to fight against 

infections caused by various pathogens (Rahman 

et al., 2008).  Medicinal plants are significant 

sources of natural antimicrobials in the 

development of novel drugs (Perry et al., 1999).  

Herbal plants are abundant sources of bioactive 

molecules, which are categorized as aromatic 

substances and secondary metabolites including 

phenols or their oxygen-substituted derivatives  

 

 

 

(Boligon et al., 2012; Kumar et al., 2010). The 

biomolecules can be extracted and administered in 

many forms, the most common of which is as a 

tisane or a tincture to treat several infections (El-

Said and Al-Barak, 2011). Some of these 

bioactive molecules may also be screened and 

traded as raw materials for many herbal industries 

(Paul et al., 2011).  
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Many parts of medicinal plants are 

consumed as food or for medicinal purposes 

(Okoko and Ere, 2012; Romasi et al., 2011). C. 

papaya Linn., a commonly cultivated perennial 

plant with economic importance all over tropical 

and subtropical countries (Pandey et al., 2016; 

Reddy et al., 2013), is commonly found in West 

Africa (Irvine, 1961). It is used traditionally in 

Nigeria, where it is commonly known as Gwanda, 

Okwuru-bekee and Ewe ibepe among the Hausa, 

Igbo and Yoruba people, to treat various diseases 

such as cold, fevers, indigestion, diarrhea, eczema, 

and rheumatism. The leaf extracts, chopped 

leaves, and latex of C. procera have shown great 

promise as a nematicide in in vitro and in vivo 

studies (Khirstova and Tissot, 1995). Also, the 

roots and leaves of V. amygdalina are used 

therapeutically to treat kidney problems, stomach 

discomfort and other infections (Banso et al., 

1999; Tugume et al., 2006).  

 

Table 1. Medicinal plants tested in this study 

Scientific 

name 
Family 

Common 

name 

Local names 
Traditional Uses 

Hausa Igbo   Yoruba 

V. amygdalina Asteraceae Bitter leaf 
Chusar-

doki 
Onugbu Ewuro 

Treatment of syphilis, 

gonorrhea, antidiabetic 

C. procera 
Apocynaceae/ 

Asclepeceae 

Giant 

milkweed 
Tumfatiya 

 

Bomubomu 

peptic ulcer, treats 

stomach ache, cure skin 

diseases like measles, 

jaundice 

C. papaya Caricaceae 
Pawpaw 

leaf 
Gwanda 

Okwuru

-bekee 
Ewe ibepe 

Treatment of dysentery, 

diabetes, malaria, 

convulsion, gonorrhea, 

syphilis 

A. indica Meliaceae Neem  Dogonyaro   Dogonyaro 
Treatment of malaria, 

jaundice, purgative 

 

Despite the available information on these 

plants, an array of studies has reported variations 

in active metabolites of plants due to varying 

climatic condition of different locations of plants. 

This may consequently affect the qualities of 

plants and their medicinal potentials. As such, it is 

necessary to investigate the effect of solvents on 

the quantity and quality of secondary metabolites 

of some plants commonly used plants in the study 

region. Also, to investigate the effectiveness of 

these plants on common pathogens that are 

usually associated with infectious diseases. 

 

2. MATERIALS AND METHODS  

2.1. MATERIALS 

2.1.1 Test Microorganisms and 

Standardization of Inoculum: 

The clinical fungal isolate (Candida albicans) 

and reference bacterial strains (Gram-positive, 

Staphylococcus aureus ATCC 25923 and Gram-

negative organism, Escherichia coli ATCC 

25920) used in this study were obtained on 

Sabouraud Dextrose Agar slant and nutrient agar 

slant, respectively, from Microbiology Laboratory 

of University of Ilorin Teaching Hospital. They 

were kept at 4 ºC and sub-cultured at 37ºC for 24 

hours on their respective agar before susceptibility 

testing. While the bacterial plates were incubated 

overnight at 37
◦
C, the fungal plate was incubated 

for 48 h at 37
◦
C. The inoculum was standardized 

by adjusting the McFarland density; 

the absorbance was adjusted at 580 nm and diluted 

to 0.5 McFarland turbidity equivalence using a 

densitometer to achieve the final concentration of 

1.5 × 10
8
 cfu/mL of the bacterial strains and 1.0 x 

× 10
6
 spores/mL of the fungal isolate at 530 nm  

(Ochei and Kolhatkar, 2008). These were used 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/absorbance
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within 20- 30 minutes of standardization (Wanger, 

2007).  

2.1.2 Collection of leaves of the medicinal 

plants  

The medicinal plants used in this study 

were selected based on the frequency of their use 

and availability in Adeta area of Ilorin. Ilorin is 

located in the Southern Guinea Savannah of 

Nigeria with annual rainfall and precipitation of 

about 1300 mm. Other climatic data of the town is 

maximum temperature (38 
o
C), maximum relative 

humidity (77.50 %) and a 7.1-hour daily 

photoperiod of 1500 mm (Ejieji and Adeniran, 

2009; Olanrewaju, 2009). The study area, Adeta, 

was selected based on its topographical 

parameters. According to Persson et al. (2005), 

the topographical parameters of a place can be 

used to delineate its crop management potentials.  

The area is located in Ilorin West, Nigeria 

(Latitude: 8.49 North; Longitude: 4.51 East; and 

Elevation: 339.00m/1112.20ft). Fresh healthy 

leaves of A. indica, C. procera, C. papaya, and V. 

amygdalina were collected from Adeta area, 

Ilorin, Nigeria. The taxonomy of each species was 

established and they were authenticated at 

Herbarium Unit of the Department of Plant 

Biology, University of Ilorin, Ilorin Nigeria where 

voucher specimens were deposited with reference 

numbers UILH/007/972 for V. amygdalina, 

UILH/001/1001 for C. procera, UILH/004/967 for 

C. papaya and UILH/003/860 for A. indica.  

2.2 Extraction of the crude extracts from leaves 

of the plants 

After authentication, extraction was done 

following preparation of the leaves thus; the 

leaves were washed, under a running tap and air-

dried for five days at room temperature as 

described by Akerele et al. (2008). The dried plant 

materials were milled separately to a fine powder 

with an electric miller (Master Chef Blender, 

Mode MC-BL 1980, China). The powdered 

material of A. indica was weighed (10g) into two 

separate beakers and was extracted separately by 

cold percolation method using 100 ml of acetone 

and aqueous (w/v).  The same procedure was 

followed for C. procera, C. papaya, and V. 

amygdalina using acetone, and aqueous as the 

menstruum. The extractions were done for 48 

hours with constant shaking at intervals. The 

homogenate was filtered through Whatman filter 

paper (Number 1) to yield the crude extract 

(Nenaah and Ahmed, 2011), which was 

subsequently evaporated to dryness using a rotary 

evaporator (Model RE Zhengzhou, Henan China). 

The crude extracts were weighed, stored in labeled 

sterile airtight containers and stored at 4 ºC for 

further use. The yield (%) of the extract was 

determined using the formula: 

Yield (%) = (Dry weight of extract ÷ Dry 

weight of plant material) × 100 

2.3 Sterility testing of the crude extract  

This was done using a modified method 

described by Lalitha (2008). Serial dilution of 1.0 

g of each extract was made to reduce the 

concentration. A quantity (1 g) of the extract was 

inoculated into 10 mL Mueller Hinton (Hi-Media) 

broth. Clarity of the broth after incubation at 37 o 

C for 24 hours indicated the absence of 

contaminants. 

2.4 Preparation of stock solution of the crude 

extracts 

Stock solution of the extract was obtained 

by dissolving 2.0 g of the extract into sterile test 

tube containing 20.0 mL of 5.0 % DMSO (95 mL 

of water added into 5 mL of DMSO). In another 

test tube a sterile tube containing 20.0 mL of 5.0 

% DMSO was combined, 0.5g of each plant, to 

give 2.0 g of the combination of plants. 

Subsequently, different concentrations (100.0 

mg/mL, 50.0 mg/mL and 25.0 mg/mL) were 

further prepared from the stock solution by 

doubling dilution method. 

2.5 Preparation of antimicrobial discs 

containing the crude extracts 

Paper discs (6.00 mm) were punched from 

Whatman filter paper (No. 1). The discs were 

sterilized in an autoclave for 15 minutes at 15 lbs 

pressure and allowed to cool. About five sterilized 

paper discs were aseptically arranged using sterile 

forceps in sterile Petri-dishes. Petri dishes 

containing discs were labeled 100 mg/mL, 50 

mg/mL and 25 mg/mL, discs in each plate were 

aseptically impregnated with approximately 20 µl 

of their respective concentrations of each solvent 

extract using mechanical pipettes, and they were 

allowed to dry before storing in labeled airtight 

containers at 20 ° C (Brooks et al., 2004).  

 

2.6 Preparation of antimicrobial discs 

containing the crude extracts 
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Paper discs (6.00mm) were punched from 

Whatman filter paper (No. 1). The discs were 

sterilized in an autoclave for 15 minutes at 15 lbs 

pressure and allowed to cool. About five sterilized 

paper discs were aseptically arranged using sterile 

forceps in sterile Petri-dishes. Petri dishes 

containing discs were labeled 100 mg/mL, 50 

mg/mL and 25 mg/mL, discs in each plate were 

aseptically impregnated with approximately 20 µl 

of their respective concentrations of each solvent 

extract using mechanical pipettes, and they were 

allowed to dry before storing in labeled airtight 

containers at 20 ° C (Brooks et al., 2004).  

2.7 Antibacterial and Antifungal susceptibility 

testing of the crude extracts 

Susceptibility testing of the sterile crude 

extract was done for all the microbial isolates by 

the modified Kirby Bauer disc diffusion method 

(Lalitha, 2008; Parekh and Chanda, 2007). 

Following the Clinical and Laboratory Standards 

Institute (CLSI) guideline; 0.1 ml of the respective 

standardized inoculums of each test organism was 

uniformly spread onto sterile Mueller Hinton Agar 

(Hi-Media) plates for the bacterial strains and 

Sabouraud Dextrose Agar (SDA) for the fungal 

strains. The plates were allowed to dry, 

subsequently, discs impregnated with the crude 

extracts were aseptically placed onto the agar 

surface and gently pressed with the applicator to 

ensure contact of the discs with the medium. The 

crude extracts were allowed to pre-diffuse from 

the discs into the agar medium for 1 hour on the 

bench before incubation at 37 °C for 24 hours (for 

the bacterial strains) and for 48 hours at 30 °C (for 

the fungal strain).  The diameter of clear zones 

around the discs were measured (mm) with the 

discs and recorded as the zones of inhibition. 

2.8 Preliminary phytochemical 

Qualitative phytochemical analyses of the 

crude extracts were done following the method 

described by Amadi et al. (2004). 

2.8.1 Test for Saponins 

The extract (1 mL) was diluted with 3 mL 

of distilled water, this was shaken for 15 min and 

the formation of a 1 cm layer of foam indicated 

the presence of saponin. 

 

2.8.2 Test for Flavonoids 

The extract (1 mL) was diluted with 1 mL 

of Sodium hydroxide (NAOH) and hydrochloric 

acid (HCL). The development of yellow solution 

indicated the presence of flavonoids. 

2.8.3 Test for Terpenoids 

The extract (1 mL) was mixed with 2 mL 

of chloroform and 2 mL of concentrated sulfuric 

acid. The formation of a reddish-brown color at 

the interface indicated the presence of terpenoids. 

2.8.4 Test for Coumarins 

The extract (1 mL) was mixed with 1 mL 

of sodium hydroxide (10%). The yellow color 

indicated the presence of coumarins. 

2.8.5 Test for Glycoside 

To one mL of the extract was added 

20 cm3 of water, heated for 5 minutes on a water 

bath and filtered through Gem filter paper 

(12.5 cm). Then 0.2 cm3 of Fehling’s solutions A 

and B was mixed with 5 cm3 of the filtrate until it 

became alkaline (tested with litmus paper). A 

brick-red coloration on heating showed a positive  

2.8.6 Test for Alkaloids 

An equal volume of the extract was mixed 

with concentrated hydrochloric acid, and a few 

drops of Mayer’s reagent were added. The 

presence of a green color or white precipitate 

indicated the presence of alkaloids. 

2.8.7 Test for Tannins 

The extract (1 mL) was mixed with 2 mL 

of distilled water followed by a few drops of ferric 

chloride (10%). A blue or green color indicated a 

positive result. 

2.9 Sample preparation and HPLC analysis  

The HPLC fingerprinting of each solvent 

extract was carried out following thus; powdered 

dried leaves (1.0 g) was macerated with 

acetontrite/water (1:1; v/v, 10.0 mL), then 

centrifuged for 10 minutes at 3000 rpm and 

filtered. The crude extract from the filtrate was 

assayed directly by HPLC-UV; a modular 

Shimadzu (Nexeramx) LC-10 system comprised 

of an LC-10AD pump, a CTO-10A column oven, 

an SPD-10A UV-DAD detector, a CBM-10A 

interface, and an LC-10 Workstation was used. An 

LC-18 column (250 mm x 4.6 mm ID x 5 mm) 

from (Ubondapak , Bellefonte, USA) was 

employed at 30 o C. Separations were done in the 

isocratic mode, using acetonitrile: water (40:60; 

v/v) at a flow rate of 1.0 mL per minute with an 

injection volume (“loop”) of 10 μL, UV detection 

was at 254 nm. 
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2.10 Data Analysis 

All the results were obtained in triplicates 

(n=3), the data were analyzed statistically and 

presented as mean ± standard deviation.  

 

3. RESULTS  

3.1. Percentage yield after extraction 

The percentage yield from 200 g of dry 

raw leaves of each plant after evaporation of the 

filtrate to dryness was calculated as powdered to 

yield; 29.50 g (14.75 %) for acetone extract and 

23.00 g (11.50 %) for aqueous extract of A. 

indica. C. procera was 29.20 g (14.60 %) of 

acetone extract and 21.60 g (10.80 %) of the 

aqueous extract. Dry powder of C. papaya was 

20.90 g (10.30 %) of acetone extract and 20.40 g 

(10.20 %) for aqueous extract. V. amygdalina was 

28.60 g (14.30 %) of acetone extract and 21.60 g 

(10.80 %) for aqueous extract. 

Table 2. Percentage yield of acetone and aqueous extracts of the plants used in this study 

Plant 

Extract 

A. indica C. procera C. papaya V. amygdalina 

Acetone Aqueous  Acetone Aqueous  Acetone Aqueous  Acetone Aqueous  

Yield 

from Raw 

Dry 

Powder 

(g) 

29.5 23 29.2 21.6 20.9 20.4 28.6 21.6 

Percentage 

Yield (%) 
14.75 11.5 14.6 10.8 10.3 10.2 14.3 10.8 

 

 

3.2. Qualitative phytochemical screening 

The phytochemical screening results of aqueous 

and acetone extracts of the leaves of A. indica, C. 

papaya, V. amygdalina, and C. procera showed 

the presence of several phytochemical constituents 

(Table 3). Extracts of A. indica leaves showed the 

presence of varying phytochemical constituents; 

coumarins, alkaloid, glycosides, protein, saponin 

were present in the aqueous, and acetone extracts 

respectively while anthraquinone, flavonoid, and 

tannin were only present in acetone extract and 

not in aqueous extract. Terpenoid was present in 

aqueous extract but absent in acetone extract.  The 

presence of these constituents varied in aqueous 

and acetone extracts of leaves of C. papaya as 

anthraquinone, alkaloid, flavonoid, glycosides, 

and saponin were present in aqueous and acetone 

extracts, respectively. Coumarins and tannin were 

only present in acetone extract but absent in 

aqueous extract while protein and terpenoid were 

only present in aqueous extract and absent in 

acetone extract. Aqueous and Acetone extracts of 

leaves of V. amygdalina revealed the presence of 

anthraquinone, alkaloid, coumarin, saponin, 

tannin, and terpenoid. Flavonoid was present in 

acetone extract only while glycosides as well as 

protein were present in aqueous extract only. 

Alkaloid, flavonoid, protein, saponin, and 

terpenoid were present in the aqueous and acetone 

extracts of C. procera leaves.  Anthraquinone, 

coumarin, and glycoside were only present in the 

aqueous extracts and tannin was only present in 

the acetone extract.  

 

3.3. In vitro antimicrobial screening 

The susceptibility testing of the crude 

extracts is given in Table 5. Comparatively, 

among the tested extracts at 100 mg/mL, the 

highest zone of inhibition (16.06 mm) was given 

by acetone extract of the combination of the three 

plants (C. procera, V. amygdalina and A. indica) 

against E. coli while the lowest zone of inhibition 

(8.00 mm) was given by aqueous extract of A. 

indica against S. aureus. At the tested 

concentration of 50 mg/mL, acetone extracts of A. 

indica and V. amygdalina individually gave the 

highest zones of inhibition (17.00 mm) against C. 

albicans and E. coli, respectively. At 25 mg/mL 

concentration tested, the highest zone of inhibition 

(21.00 mm) was given by acetone extract of V. 

amygdalina against E. coli while aqueous extract 

of C. procera gave the least zone of inhibition 

(6.00 mm) against S. aureus. 
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Table 3. Phytochemicals in acetone and aqueous extracts of the plants 

Constituents 

A. indica C. papaya V. amygdalina C. procera 

Aqueous  Acetone Aqueous  Acetone Aqueous  Acetone Aqueous  Acetone 

Anthraquinones – + + + + + + – 

Coumarins + + – + + + + – 

Alkaloid + + + + + + + + 

Flavonoids – + + + – + + + 

Glycosides + + + + + _ + – 

Protein + + + – + – + + 

Saponin + + + + + + + + 

Tannin – + – + + + – + 

Terpenoid + – + – + + + + 

+ Presence 

– Absence 

  

Table 4. Diameter of zones of inhibition (mm) of the different plant extracts against the test 

microorganisms at different concentrations 

Plants Solvents 

100 mg/mL 50 mg/mL 25 mg/mL 

E. coli 
S. 

aureus 

C. 

albicans 
E. coli 

S. 

aureus 

C. 

albicans 
E. coli S. aureus 

C. 

albicans 

A. indica 

Acetone 
15.00±

0.81 

16.00±1.

18 

15.00±0.

63 

11.00±2.

03 

12.7±0.

63 

17.67±0.

26 

20.00±1.1

3 
11.5±0.53 16.00±2.16 

Aqueous  
10.00±

0.21 

8.00±1.1

8 

10.00±2.

10 

9.00±0.4

1 

8.41±1.

20 

8.89±1.3

0 
9.21±1.28 7.36±0.18 7.80±1.22 

C. 

procera 

Acetone 
16.5±2

.13 

11.00±2.

03 

11.00±0.

31 

15.5±0.6

3 

13.00±0

.31 

15.00±0.

23 

15.00±2.6

3 
11.00±0.13 13.5±0.32 

Aqueous  
10.20±

1.84 

8.12±0.8

4 

10.00±1.

29 

8.23±1.2

1 

8.10±1.

34 

9.38±0.1

3 
7.42±0.28 6.00±1.02 7.82±0.22 

C. 

papaya 

Acetone 
15.00±

0.23 

14.00±1.

02 

15.00±2.

01 

10.00±1.

13 

12.00±1

.14 

13.00±2.

13 

11.00±1.9

2 
13.5±2.16 16.00±0.13 

Aqueous  
9.10±2

.01 

10.10±0.

18 

9.42±1.8

2 

9.00±1.4

1 

8.84±1.

20 

9.91±0.8

4 
8.01±0.28 8.28±1.14 8.82±0.88 

V. 

amygdali

na 

Acetone 
16.00±

1.21 

12.75±0.

13 

16.00±0.

14 

17.67±1.

16 

13.67±2

.10 

17.00±0.

12 

21.00±2.1

6 
16.00±0.11 20.5±1.01 

Aqueous  
12.84±

1.26 

10.52±1.

68 

10.02±1.

86 

10.94±1.

48 

9.32±0.

26 

9.92±1.8

2 
9.42±1.87 8.96±1.24 8.38±0.83 

Combina

tion of 

the plants 

Acetone 
17.06 

±1.10 

15.82 

±2.31 

14.50 

±1.01 

13.00 

±1.42 

13.33 

±1.22 

13.5 

±0.81 

15.33 

±1.04 

14.00 

±0.82 

14.00 

±1.61 

Aqueous  
12.91±

1.82 

12.13±1.

14 

11.02±1.

86 

12.14±0.

18 

10.12±1

.28 

10.19±0.

14 
9.22±1.13 10.10±1.15 9.42±1.36 
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Table 5. Diameter of zones of inhibition (mm) of the control agents  

Control  Zone of inhibition (mm) 

 

E. coli S. aureus 
C. 

albicans 

Aqueous  7.10±2.00 7.00±0.10 7.02±1.22 

5% DMSO 10.10±1.21 11.10±0.22 9.14±0.01 

 

3.4. HPLC analysis of acetone extracts of leaves 

of V. amygdalina, A. indica, and C. papaya 

The concentration of components 

represented as peak heights, separated in leaves of 

C. papaya, A. indica, and V. amygdalina sample is 

shown in the chromatograms profile given in 

Figures 1, 2 and 3. The percentage of peak heights 

of compounds detected in V. amygdalina is 

presented in Figure 4; vernodalin (48.8 %) was 

detected in the highest amount while 

andrographoside (0.6 %) was the least compound 

detected. Out of the seven fractions of compounds 

(Figure 5) separated in A. indica, myricetin (39.6 

%), was detected in the highest quantity while 

alpha funebren (1.5 %) was detected in the least 

quantity. Out of the compounds detected in C. 

papaya (Figure 6) creptolepinone (47.0 %) was 

the most abundant while phorbolester (1.2 %) was 

the least.  
 

 

 
 

Figure 1: Chromatogram profile of Leaves of C. papaya by HPLC 
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Figure 2: Chromatogram profile of Leaves of A. indica by HPLC 
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Figure 3: Chromatogram profile of Leaves of V. amygdalina by HPLC 
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 Figure   4: Percentage occurrence of compounds in detected in V. amygdalina 

 

 

 

 
 

Figure 5: Percentage occurrence of compounds in detected in A. indica 
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Figure 6: Percentage occurrence of compounds in detected in C. papaya 

 

 

4. DISCUSSION 

Medicinal plants are known to harbor 

inexhaustible compounds known as 

phytochemicals, which have been reported to be 

biologically active on the human body (Effraim et 

al., 2007). Therefore, screening of plants for these 

phytochemicals has been of great interest to 

scientists, with the view to detect new drugs 

against several diseases. In the present study, 

acetone and aqueous were individually used as a 

solvent to extract components from C. papaya, A. 

indica, V. amygdalina, and C. procera. This was 

with the aim of obtaining a variable yield of 

compounds. As observed in this work, higher 

yield was obtained for acetone extract of all the 

plants than aqueous extract. This is in line with the 

statement that the choice of solvent used in the 

extraction of plants may affect the yield after 

extraction (Ncube et al., 2008). 

 However, this study recorded the 

presence of secondary metabolites including 

alkaloid, coumarin, saponin, tannin, anthraquinone 

and terpenoid in all the plant extracts, but in no 

particular order. This may be because the solvents 

used for extraction are both polar solvents and are 

able to extract similar compounds from the plants. 

Ajaiyeoba (2002) reported that polar solvents 

(acetone and aqueous, inclusive) extract more 

active compounds than non-polar solvents. In 

another study, it is reported that the extraction of 

tannins and other phenolics was better in aqueous 

acetone than in aqueous methanol (Okunade et al., 

2007). In addition, Enyi-Idoh et al. (2012) 

previously reported the presence of compounds 

such as alkaloid, saponin, tannin, and terpenoid in 

extracts of V. amygdalina.  Imaga and Bamigbetan 

(2013) also reported the presence of flavonoid in 

extracts of V. amygdalina. Andarwulan et al. 

(2012), Sikanda et al. (2013) and Nguyen et al. 

(2015) variously reported the presence of 

flavonoids in C. papaya leave extracts, and that 

agrees with what was reported on C. papaya in 

this work.  

The result of phytochemicals of A. indica 

in this study is in accord with former studies that 

reported the presence of tannins, saponins, 

flavonoids, alkaloids, glycosides in the ethanolic 

leaf extract of A. indica (Nguyen et al., 2015). 

Presence of alkaloids, saponins and other 

phytochemicals in all the plant extracts may be 

indicative of the presence of broad-spectrum 

antimicrobial compounds which may be 

responsible for the antimicrobial properties 

exhibited by the plants. Previous studies equally 

showed that secondary metabolites of plants are 

significant sources of microbicides (Atangwho et 

al., 2010). Edeoga et al. (2005), in his study, 

reported the physiological and antimicrobial 

effects of various phytochemicals. In their own 

study, Ireland and Dziedzic (1986) reported that 

antimicrobial activities of plants may be attributed 

to the presence of compounds such as saponins. 

Another study reported that saponins has 

antimicrobial activity (Ncube et al., 2008), while 
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Aliero and Aliero, (2008) and Amaral et al. (2009) 

variously reported the antibacterial activities of 

alkaloids and flavonoids. Flavonoids have also 

been confirmed to show antidiarrheal effects 

(Meite et al., 2009), and this may account for the 

observed effectiveness of the studied plants 

against E. coli, a known causative agent of 

gastroenteritis and traveler’s diarrhea. 

Furthermore, tannins have antibacterial properties 

as they are able to react with proteins to form 

stable water-soluble compounds that kill bacteria 

by cell membrane damage (Aliero and Aliero, 

2008). Sodipo et al.  (2000) reported that most 

phytochemicals are natural antibiotics, as they 

help the body in fighting infections caused by 

microorganisms. 

 In concurrence with the current 

study on the antimicrobial screening of plant 

extracts against E. coli, S. aureus and C. albicans, 

is the antibacterial evaluation of different plants 

against similar bacterial strains (Khan et al., 

2013). Hamadameen (2019) also reported the 

antibacterial susceptibility of E. coli ATCC 25922 

while Saeed and Saadullah (2019) reported an 

antifungal susceptibility of C. albicans to some 

medicinal plants. Similar to our findings are the 

works of Eja et al. (2011), Ogunadare (2011) and 

Oshodi et al. (2004), who variously reported the 

antimicrobial potentials of V. amygdalina on E. 

coli and S. aureus. However, the observed 

variation in the levels of susceptibility of the test 

organisms to the plant extracts may be attributed 

to the differences in the cell wall structures of the 

test organisms. Prescott et al. (2001) reported that 

the potency of an antimicrobial agent varies with 

target species and Gram-negative outer membrane 

act as an extra barrier to many environmental 

substances including antimicrobial agents Tortora 

et al. (2004). In the report of Shittu et al. (2004) 

on C. procera, a significant reduction in the total 

viable microbial counts was observed. 

 Although all the plant extracts, 

irrespective of their type and concentration tested, 

demonstrated varying levels of antimicrobial 

activities by producing different zones of 

inhibition (even at the lowest concentration tested) 

around the test organisms. This may be ascribed to 

the varying quality of phytochemicals present in 

them. Iwalokun et al. (2004) reported that water 

could be an ideal solvent for extraction, this is 

notable in the appreciable levels of antimicrobial 

activities exhibited by water extracts of the 

studied plants.  However, the zone of inhibition 

produced by aqueous extracts was not as high as 

what was produced by acetone extracts of the 

plants. This may be justified by higher polarity of 

acetone than water, and consequently the 

solubility of more components in acetone. This is 

in line with the report of Uwah et al. (2013) that 

solubility of compounds occurs at different rates 

in solvents during extraction.  

 On an average, V. amygdalina 

displayed highest activity, followed by A. indica, 

C. procera and C. papaya. However, it was 

observed that the zones of inhibitions produced by 

the plant extracts was higher than what was 

produced when the control agents (aqueous and 

5% DMSO) were used individually against the 

test organisms. This may be attributed to the 

mixed phytoconstituents in plant extracts 

compared to the single components of the control 

agents. Also, when the effects of combination of 

all the plants were tested at different 

concentrations against the test organisms, no 

remarkable effect was observed at 50 mg/mL and 

25 mg/mL concentrations but a synergistic effect 

(an increase in the level of activities) was 

observed at 100 mg/mL concentration against E. 

coli.  This finding concurs with several interesting 

outcomes that have been reported on the use of a 

mixture of natural products to treat diseases, most 

notably the synergistic effects and 

polypharmacological application of plant extracts 

reported by Gibbons (2003). 

 Quantitative analysis is a 

significant tool to detect the active components in 

plants (Fraisse et al., 2011). HPLC (High-

Performance Liquid Chromatography) has 

emerged as the most popular, powerful and 

versatile form of chromatography used for the 

qualitative, semi- qualitative and quantitative 

phytochemical analysis of herbal drugs. 

Generally, the majority of these components are 

responsible for some particular pharmacological 

effects (Song et al., 2007). The active components 

of V. amygdalina have long been shown to be 

mainly sesquiterpene lactones like vernodalin and 

vernoamygdalin and steroid glycosides like 

vernonioside B1 and vernoniol B. This agrees 

with our findings in which sesquiterpene lactone 

(vernodalinol) is among the compounds detected 

in our study. In various studies, sesquiterpene 
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lactones have been reported to possess a range of 

antimicrobial properties (Kupchan et al., 1969; 

Luo et al., 2011; Amodu et al., 2013). Similar 

findings have also been reported on components 

detected in V. amygdalina as sesquiterpene 

lactones, vernolide, vernodalol (Erasto et al., 

2007). These support our finding, where 

Vernodalin was detected in the highest percentage 

of peak height and that may be attributed to the 

appreciable antimicrobial effect obtained by V. 

amydalina extract against the test microorganisms.  

 Several studies have characterized 

bioactive compounds from A. indica as several 

types of sesquiterpene lactones (Farombi and 

Owoeye, 2011).   This is in consistence with our 

study, as six bioactive compounds (Myricetin, 

quercetin, azadirachtol, azadirachtin A, 

azadirachnol, and alpha funebren) were detected 

in A. indica, with myricetin and quercetin detected 

in the highest amount. Sadeghian and 

Mortazaienezhad (2007) also reported the 

presence of Azadirachtin in aqueous leaves 

extracts of A. indica. In another study conducted 

by Soni et al. (2012), it was reported that 73.62 % 

concentration of Azadirachtin was detected in A. 

indica. Cseke et al. (1996) reported that 

Azadirachtin A, with the Empirical formula 

C35H44O16 is the most abundant biologically 

active compound in A. indica. The antibacterial 

activities of A. indica leave observed in this work 

may therefore be attributed to the presence of 

these compounds.  

 The antimicrobial effect of C. 

papaya extract observed in this study coincides 

with the eight fractions of compounds 

(Cryptolepinone, brusatol, Acacic acid, genistein, 

protodioscin, betulinic acid, phorbolester) detected 

by HPLC assay. Genisten has been documented to 

be present in C. papaya (Tan et al., 2012). Sawer 

et al. (1995) reported that cryptolepine cause 

severe ultrastructural changes in bacteria and 

fungi. This finding was further validated by his 

findings in 2004, which demonstrated the 

occurrence of lysis in susceptible organisms 

following exposure to cryptolepine (Sawer et al., 

2004). Acacic acid, a complex glycoside and 

brusatol (a quassinoid) detected in this work 

indicate further promising cytotoxic and 

antimicrobial potentials of C. papaya. Brusatol 

have been reported to have positive impacts on the 

treatment of various kinds of disease (Beutler, 

2009).  

 

5. CONCLUSION 

 This study has revealed that 

different solvent extracts of A. indica, C. papaya, 

V. amygdalina, and C. procera harbor varying 

metabolites and showed different levels of 

antimicrobial activities against the test pathogens. 

Therefore, this may serve as baseline information 

on the quality of plants sourced from Adeta area, 

Ilorin. It may also provide insightful lead towards 

the discovery of new bioactive natural products 

that may be used in the development of new 

therapeutic drugs against diseases caused by 

pathogens tested in this study. In line with the 

findings in this study, it is suggested that further 

research on the active constituents of plants’ 

extracts should be further isolated, purified and 

tested individually and in combinations, to 

ascertain the type of effect (synergistic or 

antagonistic effects) produced by the constituents. 
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A B S T R A C T: 
      Increased oxidative stress appears to be a negative factor leading to insulin resistance, dyslipidemia, β-cell 

dysfunction, impaired glucose tolerance, and ultimately leading to type 2 diabetes mellitus. The aim of the study is to investigate 

some serum oxidative biomarkers, lipids, and their association with hyperglycemia in patients with type 2 diabetes. The 100 

participants (50 patients with type 2 diabetes mellitus and 50 healthy individuals) were enrolled in the present study. 

Anthropometric measures, serum fasting blood sugar, glycated hemoglobin, oxidative biomarkers, and serum lipid profiles were 

evaluated. The results showed that the level of malondialdehyde, fasting blood sugar, glycated hemoglobin, and lipid profile in 

patients with type 2 diabetes is higher than those in the control group, while nitric oxide was lower in diabetic than those in the 

control group. There are also insignificant changes in fasting blood sugar and glycated hemoglobin between baseline and after 

3 months follow up. The results showed no linear relationship between oxidative damage and abnormal lipid profiles in patients 

with type 2 diabetes. It can be concluded that the serum level of malondialdehyde and nitric oxide, along with lipid parameters in 

patients with type 2 diabetes, can be a useful tool for monitoring of type 2 diabetes. 
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INTRODUCTION: 

  

     Diabetes mellitus and its complications 

are among the most important health problems 

with very high prevalence, morbidity, and 

mortality (Deshpande et al., 2008). Type 1 and 

type 2 diabetes are caused by impaired insulin 

secretion or its function in the target cell, 

respectively. Insulin allows glucose from the 

blood to enter the liver, fat, and skeletal muscle 

cells and regulates carbohydrates, lipids, 

and protein metabolism. If these actions are not 

performed well as a result of impaired insulin 

secretion or function, plasma glucose levels 

increased (hyperglycemia) and lead to 

complications of diabetes and threaten the health 

of a person with diabetes (American Diabetes, 

2009, Ibrahim, 2018). 

 

 

 

 

Type 2 diabetes is linked with some diseases 

like high blood pressure and dyslipidemia, which are 

known as risk factors for cardiovascular disease and 

premature death (Halpern et al., 2010). 

Microvascular (retinopathy, neuropathy, and 

nephropathy) and macrovascular disorders, 

including peripheral vascular disease, ischemic heart 

disease, and stroke, are the most anatomical 

derangements and impairments in carbohydrates, 

fats, and proteins metabolisms and are the main 

biochemical consequences (Cade, 2008, 

Abdoulrahman, 2017). Experimental and clinical 

studies have displayed that oxidative stress and its 

consequences play a crucial role in the pathogenesis 

of diabetes and its problems (Oguntibeju, 2019, 

Matough et al., 2012). 

Oxidative stress is defined as an imbalance 

between the productions of reactive oxygen 
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species (free radicals) and antioxidant defense 

systems (Pizzino et al., 2017). Reactive oxygen 

species (ROS), which includes oxygen radicals 

and its peroxides, are often generated in low levels 

by cellular organelles such as mitochondria and 

normal cell reactions. Under these conditions, they 

participate in several cellular signaling pathways 

that mediate cellular proliferation and 

differentiation; however, overproduction of them 

induce oxidative damage (Nita and Grzybowski, 

2016). Oxygen-free radicals by cellular stress-

sensitive pathways has been related to insulin 

resistance and reduced insulin secretion 

(Karunakaran and Park, 2013). Free radicals 

induced damage to macromolecules such as lipids, 

proteins, and DNA and have been identified as a 

risk factor in various diseases such as 

cardiovascular disease, neurodegenerative 

disorders, and cancer (Nita and Grzybowski, 

2016). ROS are also linked to induced the 

expression of proinflammatory cytokines and 

decreased nitric oxide release that, in turn, cause 

endothelial dysfunction (Steven et al., 2019, 

Marchio et al., 2019). Living organisms, from cell 

to tissue, have extensive and complex strategies to 

counter oxidant and free radicals. Enzymatic 

defenses that include enzymes superoxide 

dismutases, glutathione peroxidases, catalase and 

paraoxonase, and non-enzymatic defenses like 

vitamins C and E, beta carotene, and reduced 

glutathione (GSH) are the most mechanisms to 

combat free radicals to reduce their oxidative 

damage (Jelodar et al., 2018, Ngissah, 2013, 

Abdulkareem and Nanakali, 2019). ROS 

overproduction is also linked to the oxidation of 

low-density lipoprotein cholesterol (LDL-C) and 

lipid peroxidation, which refers to the oxidation of 

membrane polyunsaturated fatty acids such as 

arachidonic acid or linoleic acid by free radical. It 

can alter the structure and the function of 

biological membranes. Malondialdehyde (MDA) 

can be used to monitor the degree of oxidative 

damage in many diseases like diabetes, 

atherosclerosis, and chronic inflammation (Bigagli 

and Lodovici, 2019, Ito et al., 2019). Therefore, 

this study aimed to assess the serum levels of 

oxidative stress biomarkers and levels of lipid 

profile in T2DM patients and healthy controls, and 

their correlation with HbA1c. 

Materials and methods 

Subjects 

In this study, 50 T2DM patients were 

compared with 50 healthy adults in terms of serum 

fasting blood sugar (FBS), HbA1c, lipid profile, 

and oxidative biomarkers levels. This was 

conducted in Razgari hospital, Erbil. T2DM 

patients between the age group of 40-70 years of 

either sex with 5 years history of diabetes were 

recruited from the outpatient department of 

medicine. Healthy individuals between the age 

group of 40-70 years of either sex were enrolled 

as a control group. In this study, we excluded 

patients suffering from inflammation and chronic 

infection, gestational diabetes, type 1 diabetes, 

renal disease, liver disease, and thalassemia, as 

well as those treated with diuretics, antioxidants, 

and steroids or consumed alcohol or cigarettes. 

Estimation of different biochemical parameters 

Fasting blood sugar, HbA1c, serum nitric 

oxide levels, serum malondialdehyde (MDA) 

level, and lipid profile were measured in all the 

participants. The glucose oxidase method was 

used to measure FBS (Saifer and Gerstenfeld, 

1958). Serum content of lipid profile includes total 

cholesterol (TC), total triglyceride (TG), low-

density lipoprotein (LDL), and high-density 

lipoprotein (HDL) were estimated by Roche 

Cobas 400 integral analyzer. Serum NO was 

estimated by Cortas and Wakid method (Cortas 

and Wakid, 1990). The serum MDA level as a 

marker for lipid peroxidation was measured by 

Bhutia et al. (2011). The serum glycated 

hemoglobin (HbA1c) was determined by the resin 

binding method (Weykamp et al., 2009).  

Statistical Analysis 

The data were expressed as mean ±SD. An 

independent t-test was used to compare the patient 

group with the control group. A comparison of 

baseline and after three months’ follow-up was 

performed by paired t-test for the same groups of 

participants. Significant differences between the 

patient group (or comparison of mean values) and 

the control group were denoted by superscript 

asterisk symbol *, representing significance at 

P<0.05. 

Results and Discussion 

The results showed that FBS (male: 

198±52.1; female: 201±12.3) and HbA1c (male: 

8.82±0.91; female: 8.91±0.22) significantly were 

higher in persons with diabetes than a healthy 

individual (FBS; male: 100.2±7.4; female: 

95±31.2) and (HbA1c; male: 5.31±0.51; female: 
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5.21±0.51). Also, results showed that the baseline 

level of these factors and three months of follow 

up were greater in the patient subjects than in the 

control subjects (Table 1). There is no significant 

difference in serum FBS and HbA1c after 3 

months of follow-up in diabetic and control 

groups compared to their baseline levels. There 

was no significant change in FBS and HbA1c 

between men and women with diabetes. 

Table 1: Age, BMI, FBS, and HbA1c in diabetic and healthy subjects 

Subject Male control DM (Male) Female control DM (Female) 

Number of participants 25 25 25 25 

Age (year) 52±6.3 54±5.4 53±5.6 54±6.5 

Body mass index (Kg/m
2
) 23.3±2.3 32.3±3.1

***
 25.1±2.6 31±4.41

**
 

FBS 
Baseline  100.2 ± 7.4 198 ± 52.1

***
 95 ± 31.2 201 ± 12.3

***
 

3 Months of follow up 98.45 ± 3.5 196 ± 31.3
***

 96.5 ±6.7 204 ± 43.7
***

 

HbA1c 
Baseline  5.31 ± 0.51 8.82 ± 0.91

*
 5.21 ± 0.51 8.91 ± 0.22

*
 

3 Months of follow up 4.89 ± 0.63 9.14 ± 0.34
*
 5.04 ± 0.42 9.36 ± 0.75

*
 

*Significant (P<0.05), **highly significant (P<0.01), ***very highly significant (P<0.001). 

 

Well-known complications related to 

hyperglycemia, such as increased production of 

the extracellular matrix, cell damage, and 

impaired vascular function, are involved in the 

pathogenecity of vascular disease in type 1 and 2 

of diabetes (Dalle-Donne et al., 2006). In this 

study, HbA1c as an index of metabolic control 

used to evaluate and monitor patients with 

diabetes. The results showed that HbA1c in the 

diabetic group is significantly greater than the 

control group, which is one of the causes of 

Aamadori reaction (Shinde et al., 2011). The 

recent increase in the knowledge of free radicals 

in biology is generating a medicinal revolution 

that promises a new era of health and disease 

controlling. Oxygen and nitrogen-free radicals that 

known as oxidants are highly unstable molecules, 

which are produced during normal cellular 

metabolism. Oxygen-free radicals are well known 

for playing a double role as both detrimental and 

beneficial species as they can be either dangerous 

or beneficial to living systems. At physiological 

level (low or moderate) exerts beneficial effects 

such as induction of a mitogenic response, defense 

against infectious agents and the maturation 

process of cellular structures; at the high level can 

react with lipids, DNA and proteins and disrupt 

the normal function of the cells (Akbari et al., 

2016, Bigagli and Lodovici, 2019, Matough et al., 

2012, Oguntibeju, 2019). 

The mean values of serum MDA and NO 

levels are shown in Table 2. The results stated that 

the concentration of MDA in patients with 

diabetes (male: 3.49±0.92; female: 4.11±0.36) 

was meaningfully higher than the healthy subjects 

(male: 1.95±0.75; female: 2.65±0.12); the results 

also showed that the level of MDA did not change 

considerably after three months of follow-up in 

the patient group compared to baseline. The level 

of NO in patients with diabetes (male: 

17.41±8.71; female: 19.51±7.30) was significantly 

less than the control group (male: 39.21±3.17; 

female: 45.67±3.41); also, after three months of 

follow-up, this factor did not change significantly 

in baseline in the patient group and in the healthy 

subjects. There was an insignificant difference in 

serum MDA and NO levels between men and 

women with diabetes. 

 

Table (2): The mean value of serum MDA and NO of control and diabetic groups 

Subject Male control DM (Male) Female control DM (Female) 

MDA 

(nmol /ml) 

Baseline  1.95 ± 0.75 3.49 ± 0.92
*
 2.65 ± 0.12 4.11 ± 0.36

*
 

3 Months of follow up 1.87 ± 0.91 4.36 ± 1.11
*
 2.43 ± 0.33 4.63 ± 0.41

*
 

NO Baseline  39.21 ± 3.17 17.41 ± 8.71
*
 45.67 ± 3.41 19.51 ± 7.30

*
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(µmole /L) 3 Months of follow up 38.79 ± 3.65 16.97 ± 7.32
*
 47.34 ± 3.96 18.97 ± 5.24

*
 

*Significant (P<0.05), **highly significant (P<0.01), ***very highly significant (P<0.001). 

 

In our study, MDA's level in persons with 

T2DM is markedly higher than that in control 

subjects. As already noted, MDA is a stable 

byproduct in lipid peroxidation; on the other hand, 

evidence suggested that oxidation of lipids in 

lipoproteins (oxidized LDL) and the plasma cell 

membrane is linked to the incidence of vascular 

disease in persons with diabetes (Mahreen et al., 

2010, Kaefer et al., 2012). The elevated MDA can 

lead to adverse physiological consequences such 

as alteration in the membrane's structure and 

function, inactivate proteins bound to the 

membrane such as enzymes and receptors that 

regulate cellular signaling pathways (Mahreen et 

al., 2010). The elevated MDA can also be 

involved in oxidizing LDL, which led to 

atherosclerosis. Our results also indicated that NO 

level is significantly less in persons with T2DM 

than that in control. NO is released by endothelial 

nitric oxide synthase (eNOS) in endothelial cells 

of vessels. 

It was reported that endothelial dysfunction 

in diabetes largely decreased NO production and 

its bioavailability (Takahashi and Harris, 2014). It 

is clear that a decrease in NO concentration causes 

vascular stiffness and high blood pressure. In 

agreement with our results, studies have shown 

that hyperglycemia induces oxidative damage, and 

it has a positive correlates with the development 

of T2DM and its complications (Bigagli and 

Lodovici, 2019, Matough et al., 2012, Oguntibeju, 

2019). In healthy subjects, the levels of oxidative 

parameters during the three-month follow-up 

showed no significant change, which could be due 

to the normal activity of antioxidant systems and 

normal levels of vitamins such as vitamins C and 

E. 

The mean values (±SD) of the serum lipid 

profile are presented in Table 3. The outcomes 

showed that the level of TC, TG, and LDL-C in 

subjects with diabetes (male: 238.68±41.48, 

254.17±38.60, 143.35±32.63, respectively; 

female: 201.86±30.52, 267.82±0.29, 

111.72±12.49, respectively) was significantly 

higher than the control subjects (male: 

174.82±20.24, 156.76±23.19, 88.70±8.88, 

respectively; female: 161.37±24.27, 

127.08±35.24, 86.27±15.16, respectively), while 

the level of HDL-C in patients with diabetes 

(male: 23.35±4.30; female: 36.62±4.68) was significantly 

less than the control group (male: 37.94±4.24; 

female: 46.62±5.49). 

 

Table 3: The mean values (±SD) of serum lipid profile between control and diabetic group after 3 

months of follow up  

Groups Male control DM (Male) Female control DM (Female) 

TC 

(mg/dl) 

Baseline  174.82±20.24 238.68±41.48
**

 161.37±24.27 201.86±30.52
***

 

3 Months of follow up 168.34±17.85 241.15±37.64
**

 158.43±21.32 208.54±29.35
***

 

TG 

(mg/dl) 

Baseline  156.76±23.19 254.17±38.60
***

 127.08±35.24 267.82±0.29
***

 

3 Months of follow up 159.68±26.76 250.47±37.64
***

 126.14±41.65 256.36±23.54
***

 

HDL 

(mg/dl) 

Baseline  37.94±4.24 23.35±4.30
***

 46.62±5.49 36.62±4.68
**

 

3 Months of follow up 34.68±3.68 21.34±3.64
***

 49.67±4.34 34.65±4.65
**

 

LDL 

(mg/dl) 

Baseline  88.70±8.88 143.35±32.63
***

 86.27±15.16 111.72±12.49
***

 

3 Months of follow up 92.34±7.68 148.64±32.4
***

 83.64±12.67 114.34±13.64
***

 

*Significant (P<0.05), **highly significant (P<0.01), ***very highly significant (P<0.001). 
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Our results showed that high values of TC, 

TG, and LDL-C, along with a low level of HDL-C 

observed in a person with T2DM. Like previous  

studies, our results showed that T2DM is 

associated with dyslipidemia (Bhowmik et al., 

2018). Various mechanisms, including insulin 

actions on the regulation of lipoprotein lipase and 

cholesteryl ester transfer protein (CETP), hepatic 

production of the apoprotein, and peripheral its 

actions on muscle and adipose cells are involved 

in diabetic dyslipidemia (Bhowmik et al., 2018). 

In this study, elevated lipid profile (TC, TG, 

and LDL-C) and oxidative stress biomarkers were 

observed in T2DM cases. As previously reported 

(Rao and Kiran, 2011), our results showed that 

there is no linear relationship between abnormal 

lipid profile and oxidative parameters (data 

unshow), and these are two independent risk 

factors in the DM and its complications. One of 

this study's limitations was not assessed as 

confounding factors such as dietary behaviors, 

physical activity level, and medications that affect 

lipid profile concentrations. Though, this type of 

study can well identify important relationships 

that can be explored in future studies. Therefore, 

the findings of the present study help provide a 

basis for subsequent studies in our population to 

investigate the relations between fat disorders, 

oxidative damage, and the risk of DM. 

Conclusion: 

The present study results suggest that the 

serum level of MDA and NO along with lipid 

biomarkers (especially TC, TG, and HDL-C) in 

patients with T2DM can be a useful tool for 

monitoring of T2DM. 
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A B S T R A C T: 
The obesity rate and its prevalence are increasing with many complications in the population. Obesity is a condition in which 

the bodyweight gain extended to the point where it causes obstacles to health.  Usually, this extended body weight comes from 

excessive fat which consequences of the imbalance between calories expended and calories consumed. Pre-test questionnaire by 

utilizing validation of self-administration as a cross-sectional investigation was carried out to diagnose the overview of obesity 

and health issue risks among Koya technical staff. The height of the staff was calculated by supporting a measuring tape (Seca 206 

body meter) and the mass of the body (kg) was measured by providing weighing scale TANTA. Overall, according to the findings 

of this study, we conclude that body overweight (54.7%) and obesity (18%) are clear among academics and administrate staff of 

Koya Technical Institute at Erbil Polytechnic University. While normal body weights are (25.3%) and underweight approximately 

(2%). Analyses of data showed that obesity is a significant difference between married and unmarried of participants, besides, 

there are many factors appear to have a great role and association with health situation and body overweight such as (age, gender, 

and level of education, type of work, income and physical activity). Physical activities and lifestyle have a strong relation with 

obesity, especially its reveal among administrates rather than academics, because of fewer activities and lack of regular exercise. 
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1.INTRODUCTION: 
 

 Obesity has reached a contagious portion of the 

two sites in advanced and advancing countries. 

Over the world, an estimated for further one 

billion ripe being obese and 350 cases are appear 

effected (Yach et al., 2006). Obesity and 

overweight are conditions everywhere a main 

stock of energy is stored in tissue, which leads to a 

problem or many complication issues related to 

health, one of the dominant civil well-being 

problems among industrialized civilization, 

especially in the USA. 

 

 

 

 

Currently, an obesity well-being problem arises 

with unindustrialized communities and regions. 

Fatness is related to half of the most common 

reasonable death among the population, for 

instance, blood pressure, cardiovascular disorders, 

stroke, and diabetes, populations are globally 

enduring with overweighting and each year 

increases closely to threefold. Approximately 

300,000 people are perishing concerning body 

overweight, this number of dying by obesity 

above died vehicle airline accidents (Price et al., 

2000). According to (WHO, 2006) obesity in the 

past was an issue related to a wealthy family and 

rich nations, however, it’s not specific, nowadays 

there is a health problem of low and middle-
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income families and nations. Particularly urban 

one’s locations. One of the main risk factors of an 

expansion incidence and overweight among the 

public community due to increased consumption 

of wholly compensate for the energy density of 

the food’s high fat or sugar. Nutritional 

transformation is this dietary switch (Bourne et 

al., 2002). In contrast to the food shift, obesity is 

also due to reduced physical exercise, as many 

modes of employment and change in travel and 

urbanization become gradually sedentary (Flegal 

et al., 1998). 

WHO has classified obesity and body overweight 

by using special measurements a standard 

overworld which is Body Mass Index, thus 25 

Kg/M
2
 – 29.9kg/m2 normal while above is 

considered as overweight. Globally, many kinds 

research approved to find detection the body 

ailment the comorbidities to obesity and have 

fundamental roles in blindness among many aging 

patients in consequence diabetic retinopathy, 

furthermore obesity have a strong association with 

hormonal abnormality especially in women (Wsoo 

M. A., 2017, Mohammed and Yousif, 2019). 

However, in Iraq, which is considered a lower-

middle-income country according to the world 

bank, very little data is available on the extent of 

the problem of obesity in the academic staffs and 

some other factors such as disease and low back 

pain lead to decreased activity and increase the 

chance to obesity (Khudhir et al., 2018, Khudhir 

et al., 2017a). The Aim and objectives of the study 

were to survey the complication of body fat with 

associated to many factors among the staff of 

Koya technical institute.  

 

2. MATERIALS AND METHODS  

 This research was conducted among academics 

and administrates staff of Koya technical institute 

at Erbil Polytechnic University between the 20th   

of January 2018 and the 1st of February 2018. The 

Ethical Committees of the community health 

department approved the study; until being used 

for the analysis, that participant received informed 

consent in writing. The required sample size was 

calculated from the Raosoft calculator. A list of all 

the institute staff was obtained around 160 staff 

taking part in the study participants. Permanent 

staff was engaged in this study beside there is no 

disabled or sick with chronic illness. 160 of 

selected to self-character administered questions 

among technical staffs, 150 of them about 93% 

had a response, 5 workers leavings the 

participation, so five workers did not participate in 

anthropometric measurement. 

2.1. Plan and Data Collection: 

Data collection: Self-administrative questionnaire 

was carried out using a standardized 

questionnaire. A structured questionnaire designed 

to obtain information regarding age, gender, living 

place, marital status, level of education, type of 

job, income), individual factors (physical activity, 

smoking, alcohol consumption). Age was 

calculated from the information on birth date and 

date of the interview. For anthropometric 

measurement height of staff were admeasurement 

by utilizing tape meters from (1cm – 2m), 

participants need to take off their shoes, to prevent 

the effect of shoes of admeasurement. In addition, 

the respondent’s body weight calculated by digital 

scale weighting TANITA starts around 1 kg. 

Participants require to remove any heavy mass to 

prevent imbalance decrease and increase in body 

mass (Pengelly and Morris, 2009). The WHO 

diagnostic criteria were used in classifying the 

subjects as overweight and obese. 

2.1.1. Statistics 

Statistical Methods: SPSS was used in the analysis 

of data; both parameters are classified and 

measured normally. Descriptive properties 

interquartile, percentage, frequency, and median 

of the survey participants were calculated.  The 

relation between obesity and socio-demographic 

factors was calculated by means of a chi-square 

study. Statistically significant was considered a p-

value < 0.05. The findings of bivariate analyzes 

have acted as a framework for multivariate 

logistic regression research to classify the 

modified likelihood ratios of variables linked to 

obesity. 

2.1.2. Ethical assessment 
permission of morality was received in August 

2015 by the Koya Institutes Committee for 

Morality (Ref: KTI 12512). Each respondent also 

received informed consent prior to the collection 

of data. The report told the participants and that it 

was free to take part in this survey. In addition, 

participants were guaranteed which all data were 

considered confidential and would not be used 
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outside this survey, and were informed regarding 

the right to refuse it. 

 

3. RESULTS AND DISCUSSION 

3.1. RESULTS 

 

   There was a total of 150 (response rate = 93%) 

subjects participated in the study. Non-

respondents were those who were refusing to 

participate in this study and those who did not 

give approval for measurement of height or 

weight.  Table 1 illustrates the details of the 

analytics value of individual information who had 

responded.  

Table 1. Socio-Demographics and Individual 

profile of respondents 

Factors Freque
ncy 

Percent
age 

Median 
(IQR) 

Age groups 
(years) 

  36 (16.25) 

≤36 76 50.7  

>36 74 49.3  

Gender    

Male 54 36.0  

Female 96 64.0  

Marital 
Status  

   

Single  47 31.3  

Married 103 68.7  

Level of 
education 

   

 Secondary 
School 

4 2.7  

College 
diploma or 
equivalent 

65 43.3  

Bachelor 
degree 

48 32.0  

Postgradua
te degree 

33 22.0  

Type of job 4 2.7  

Academic 
staff  

38 25.3  

Administra
tive staff 

112 74.7  

Income   625000(380
000) 

IQD 
<500000 

65 43.3  

IQD 
500000-
1000000 

80 53.3  

IQD  5 3.3  

>1000000 
Smoking     

Yes  53 35.5  

No  97 64.7  

Physical 
activity 

   

Infrequent 
(<3 times/ 
week) 

93 62,0  

Frequent 
(≥3 times/ 
week) 

57 38,0  

Alcohol 
Consumpti
on  

   

Yes  16 10.7  

No  134 89.3  

 

Age-old and youth of staff between 24 to 56 years, 

54.8% younger class (≤34years) while 45.2% 

older class (>34), the median age 36 years. More 

than half of them were female (64%), and (36%) 

were male. The majority were married (68.7%), 

had postgraduate education level (22%), 

administrative staff (74.7%), their income was 

between IQD 500000-1000000 per month 

(53.3%). The median of income was IQD 625000 

per month (interquartile range (IQR) = IQD 

380000). As for individual factors, approximately 

35.5% of the respondents were smoking and the 

majority of them (62%) carry out the infrequent 

physical activity (<3 times/ week). However, only 

10.7 % of them were consuming alcohol. 

 

The predominance of body overweight among 

respondents Table 2 presents and illustrates 

obesity in KTI staff was 54.7 % and that of 

obesity was 18.0 %. The distribution of BMI in 

the study population was as follows: 2.0 % were 

underweight, 25.3 % had normal BMI, 54.7 % 

were overweight and 18.0% were obese. Body 

overweight and obesity aspects. 
 

Table 2. Distribution of body mass index in the 

population study 

Body Mass Index Frequency Percentage 

(%) 

Underweight (.<18.5 

kg/m2) 

3 2.0 

Normal   (18.5 – 24.99 

kg/m2 

38 25.3 
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Overweight (≥ 25-

29.99 kg/m2) 

82 54.7 

Obese           (≥30 

kg/m
2
) 

27 18.0 

Total 150 100 

 

The inferential analysis in Table 3.1 illustrates 

information on individual profiles.  

 

Table 3.1. Risk factors associated with overweight 

and obesity 

Variables B S.E Sig. Adjuste

d  OR 

95%  

Cl 

Age 

     ≤36 

      36 

 

- 

0.895 

 

- 

0.60

6 

 

- 

0.139 

 

1 

2.448 

 

- 

0.747, 

8.020 

Gender 

     Male 

     Female 

 

- 

-

2.620 

 

- 

0.77

2 

 

- 

0.001 

 

1 

0.073 

 

- 

0.016, 

0.331 

Marital 

status 

     Single 

     Married 

 

- 

-

1.367 

 

- 

0.57

3 

 

- 

0.017 

 

1 

0.225 

 

- 

0.083, 

0.784 

Level of 

education 

     Secondary 

school 

     College 

diploma or 

equivalent  

     Bachelor, 

s degree 

     Master 

degree 

 

- 

-

21.90

1 

-

19.74

7 

-

20.72

4 

 

- 

1813 

1813 

1813 

 

- 

0.999 

0.999 

0.999 

 

1 

 

- 

Type of job 

     Academic 

staff 

     

Administrati

ve staff 

 

- 

0.021 

 

- 

0.87

3 

 

- 

0.981 

 

1 

1.021 

 

- 

0.153, 

50.71

4 

Income 

     IQD 

 500000 

     IQD 

500000 -

1000000 

     IQD   

1000000 

 

1.025 

1.494 

- 

 

1.48

0 

1.23

8 

- 

 

0.489 

0.228 

- 

 

2782 

4.454 

1 

 

0.153, 

50.71

4 

0.393, 

50.42

3 

- 

Physical 

activity 

     Infrequent 

(  3 

times/week) 

     Frequent 

(  3 

 

- 

2.958 

21.33

0 

 

- 

0.63

8 

1813 

9 

 

- 

 0.00

1 

0.001 

 

1 

19.268 

0.999 

 

- 

5.519, 

67.27

4 

times/week) 

     Constant 

 

Inferential statistics there is significant (p=0.015) 

differences between younger groups vs. older 

groups. Also, BMI significantly varies by sex 

(p<0.001), married status (p<0.002), level of 

education (p<0.001), type of job (p<0.001), 

income (p=0.039), smoking (p=0.030), and 

physical activity (p<0.001). However, no 

significant differences as (p=0.576) of 

respondents who live in urban and rural areas and 

BMI with respondents who consumed alcohol or 

not (P=0.832). 
 

 

3.1.1. Risk factors of obesity 

Data analyses determine many complications of 

obesity as shown in Table 3.2.  

 
 

Table 3.2. Multiple logistic regressions of 

predictors of musculoskeletal disorders 

Factors Underwei

ght 

Norm

al 

weigh

t 

Over 

weig

ht 

Obes

e 

P 

value 

Age 

Younger 

group 

(   ) 

0lder group 

    

n           % 

0           0 

3           

100 

n             

% 

24           

63 

14           

37 

n          

%                

44        

53.6 

38        

46.4 

n           

% 

8           

30 

19         

70 

 

0.015 

 

Gender  

Male 

Female 

 

3           

100 

0             0 

 

33          

86.8 

5            

13.2 

 

53         

64.6 

29         

35.4 

 

7            

26 

20          

74 

       

Living area 

Urban 

Rural 

 

3           

100 

0            0 

 

38          

100 

0            

0 

 

80         

97.5 

2           

2.5 

 

27          

100 

0             

0 

0.641 

Marital 

status 

Single 

Married 

 

2            

66.7 

1            

33.3 

 

23          

60.5 

15          

39.5 

 

22         

26.8 

60         

73.3 

 

0             

0 

27          

100 

 
 0.001 
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Level of 

education 

     

Secondary 

school 

     College 

diploma or 

equivalent  

     Bachelor 
,
s degree 

     Master 

degree 

 

0             0 

2             

66.7 

 

0             0 

1             

33.3 

 

0             

0 

27           

71 

 

5             

13 

6             

16 

 

 

0            

0 

31         

37.8 

 

30         

36.5 

21         

25.7 

 

4           

14.8 

5           

18.5 

 

13         

48.2 

5           

18.5 

       

Type of job 

     

Academic 

staff 

     

Administrat

ive staff 

 

0             0 

3             

100 

 

7             

18.4 

31           

81.6 

 

25         

30.4 

27         

69.6 

 

6            

22 

21          

78 

       

Income 

     IQD 

 500000 

     IQD 

500000 -

1000000 

     IQD   

1000000 

 

2             

66.7 

1             

33.3 

0              

0 

 

24           

73.5 

12           

31.5 

2             

5   

 

30         

36.6 

51         

62.2 

1           

1.2 

 

9           

33.3 

16         

59.3 

2           

7.4 

0.039 

Smoking 

Yes 

No 

 

1             

33.3 

2             

66.7 

 

14           

36.8 

24           

63.2          

 

35         

42.6 

47         

57.4 

 

3           

11 

24         

89 

0.030 

Physical 

activity 

     

Infrequent 

(  

3times/wee

k) 

     Frequent 

(  3 

times/week) 

 

 

1             

33.3 

2             

66.7 

 

9             

23.7 

29           

76.3 

 

64          

78 

18          

22 

 

19         

70.3 

8           

29.7 

       

Alcohol 

Consumpti

on 

Yes 

No 

 

0             0 

3             

100 

 

3               

8 

35             

92 

 

10          

12 

72          

88 

 

3            

12 

24           

88 

0.832 

 

As a daily activity, the economic state of the 

family all of this method was finally achieved 

with the significant variables among participants. 

The result showed 0.073 times as respondents 

who were female compared to male (OR= 0.073, 

95%CI=0.016, 0.331), being obese were 0.255 

times higher in respondents who were married as 

compared to single respondents (OR= 0.255, 95% 

CI = 0.083, 0.784). In addition, differences of 

overweight 19.268 in highest level respondents 

who were not having a regular exercise (<3 

times/week) compared to other respondents who 

have a regular exercise (≥3 times/week) (OR= 

19.268, 95% CI = 5.519, 67.274). The model was 

a good one and about 62% of differences of 

obesity were described by way (Nagelkerke R 

square = 0.615). The Hosmer -Lemeshow test also 

showed that the model fits well (2=8.823, df=8, 

p= 0.357). 

 

 

3.2.  DISCUSSION 

   This study raises and demonstrates the argument 

of body overweight and some diseases associated 

with obesity and position of working amongst 

staffs, around 54.7% to 18% is higher than other 

academic staffs such as the previous investigation 

among Malaysia university staffs, who reported 

the total rate of body fat and obesity was 31.1% to 

11.8% respective (Rampal et al., 2007, Khudhir et 

al., 2017b). Overweight prevalence has been 

reported in southern China was 25.8% and 7.9% 

respectively. In Ghana, the obesity of bank 

workers about 17.8 % and 37.8 % respectively 

(Addo et al., 2015). 

This study manifested that obesity was significant 

among the older staff than younger staff (77 % vs. 

68 % respectively). A similar study conducted and 

support this result as clear in researches about an 

adult female in Malaysia, Selangor (Lim et al., 

2000, Sidik and Rampal, 2009).There is a 

significant association between obesity with 

gender (p < 0.01). Body overweight showed 

significantly value in woman staff (74%) while 

the man staff (26%). Similar finding observed in 

the study of Case and Menendez (2009), that 

mentioned female staffs had significantly higher 

BMI than male staffs (Case and Menendez, 2009). 

Another important association between obesity 

and marital status found in this research, 

approximately overweight (p=0.001) who 

responder is married and overweight and obesity 

(58.4 % vs. 26.2 %) compared to those who were 

still unmarried (26.8% vs. 0 % respectively), 

because of many physiological changes occur 

after human get married and alter lifestyle, Jeffery 

(2002) supports this finding in this investigation 

(Jeffery and Rick, 2002).  

The current data of BMI with the type of job in 

administrative staffs about (69.6% vs. 78% 

respectively) was higher than academic staff 

(30.4% vs 22% respectively). In addition, 
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overweight and fatness have strong concerns with 

salary and income, whose income more 

(>1000000 IQD) shows greater body overweight 

than low salary staff. This result is counterparts 

with the study of Ziraba and colleagues (Ziraba et 

al., 2009). It was also noted that non-smoking 

staff had significantly higher BMI than staff who 

were smoke (p< 0.001). 

Inactivity has a great significant risk factor body 

and creates obesity besides of food source and 

disorder of homeostasis (Saleh et al., 2019). The 

prevalence of overweight and obesity between 

staffs who have infrequent physical activity (<3 

times/ week) was (69 % vs 20% respectively) 

which was higher than obesity between the staffs 

who have frequent physical activity (≥3 times/ 

week) (31.6 % vs. 14% respectively). This in line 

with the many study findings, which showed that 

the level of physical activity decreased the 

percentage of obesity. They have shown an 

opposite relationship between obesity, 

psychological and physical activity, as it's 

common among other staff in nurse and lecturer in 

hospital (Staiano et al., 2016, Khudhir et al., 

2018). In this study, living area and alcohol 

consumption have no association with BMI 

(p>0.05). Multiple logistic regression showed that 

the female staffs are 0.073 times (OR= 0.073, 

95% CI = 0.016, 0.331). The staff who were 

married 0.255 times more likely to have obesity as 

compared to the staff who were single (OR= 

0.255, 95% CI = 0.083, 0.784). In addition, staff 

who were not having a regular exercise (<3 

times/week) 19.268 chance to have obesity in 

contrast to staff who have a regular exercise (≥3 

times/week) (OR= 19.268, 95% CI = 5.519, 

67.274). 
 

 

4. CONCLUSIONS  

This investigation found an immense prevalence 

of obesity and overweight among Koya Technical 

Institute staff. Socio-demographic and individual 

factors for instance lifestyle, body physiology 

related to sex, stage of education, family habits, 

position in the workplace, income, mode, and 

physical activity were significantly related to body 

overweight and obesity.  Obesity and body 

overweight was only estimated by body mass 

index.  The obstacles of this investigation were 

self-character-reporting questionnaires, in this 

way the consequences of bias cannot be limited. 

This study recommends that high risks of 

overweight among staff for targeted intervention 

that induces increased exercise and improves 

some good habits which lead to reduced body 

overweight and control the complications of 

obesity and use superfood instead of energy-dense 

food. 

 

Acknowledgments 

We would like to thank the Dean of Koya 

Technical Institutes and All participants, for 

giving us permission to conduct this research. 

 

Conflict of Interest 

The authors stated that there was no potential 

interest in conflict with regard to this article. 

 

 

REFERENCES 
 

ADDO, P. N., NYARKO, K. M., SACKEY, S. O., 

AKWEONGO, P. & SARFO, B. 2015. Prevalence 

of obesity and overweight and associated factors 

among financial institution workers in Accra 

Metropolis, Ghana: a cross sectional study. BMC 

research notes, 8, 599. 

BOURNE, L. T., LAMBERT, E. V. & STEYN, K. 2002. 

Where does the black population of South Africa 

stand on the nutrition transition? Public health 

nutrition, 5, 157-162. 

CASE, A. & MENENDEZ, A. 2009. Sex differences in 

obesity rates in poor countries: evidence from 

South Africa. Economics & Human Biology, 7, 

271-282. 

FLEGAL, K. M., CARROLL, M. D., KUCZMARSKI, R. J. 

& JOHNSON, C. L. 1998. Overweight and obesity 

in the United States: prevalence and trends, 1960–

1994. International journal of obesity, 22, 39-47. 

JEFFERY, R. W. & RICK, A. M. 2002. Cross‐sectional and 

longitudinal associations between body mass index 

and marriage‐related factors. Obesity Research, 10, 

809-815. 

KHUDHIR, K. M., MAHMOOD, K. A., SALEH, K. K. & 

ADULAH, S. R. Psychosocial factors in relation to 

musculoskeletal disorders among nursing 

professionals in Raparin Administration.  2018 

International Conference on Pure and Applied 

Science, 2018. 

KHUDHIR, K. M., MAHMOOD, K. A., SALEH, K. K. & 

HOSSAIN, M. 2017a. A cross sectional study to 

determine the prevalence and risk factors of low 

back pain among public technical institute staff in 

Kurdistan Region, Iraq. F1000Research, 6, 182. 

KHUDHIR, K. M., SALEH, K. K., QADIR, M. S., 

MAHMOOD, K. A. & ARIFFIN, A. A. 2017b. 



Abdullah. S. et al.  /ZJPAS: 2021, 33 (1): 113-119 
 119 

 

ZANCO Journal of Pure and Applied Sciences 2021 

 

    

     

 

Association between work-relate musculoskeletal 

disorder and ergonomic risk factors among nursing 

professionals in ranya and qaladiza districts. 

Kurdistan journal of applied research, 2, 65-70. 

LIM, T. O., DING, L., ZAKI, M., SULEIMAN, A., 

FATIMAH, S., SITI, S., TAHIR, A. & 

MAIMUNAH, A. 2000. Distribution of body 

weight, height and body mass index in a national 

sample of Malaysian adults. Medical Journal of 

Malaysia, 55, 108-128. 

MOHAMMED, B. N. S. & YOUSIF, R. Z. 2019. Intelligent 

System for Screening Diabetic Retinopathy by 

Using Neutrosophic and Statistical Fundus Image 

Features. ZANCO Journal of Pure and Applied 

Sciences, 31, 30-39. 

PENGELLY, C. D. & MORRIS, J. 2009. Body mass index 

and weight distribution. Scott Med J, 54, 17-21. 

PRICE, R. A., REED, D. R. & GUIDO, N. J. 2000. 

Resemblance for body mass index in families of 

obese African American and European American 

women. Obesity Research, 8, 360-366. 

RAMPAL, L., RAMPAL, S., KHOR, G. L., ZAIN, A. M., 

OOYUB, S. B., RAHMAT, R. B., GHANI, S. N. & 

KRISHNAN, J. 2007. A national study on the 

prevalence of obesity among 16,127 Malaysians. 

Asia Pacific journal of clinical nutrition, 16. 

SALEH, K. K., ABDULLAH, S. R. & MEKHA, R. E. 2019. 

Estimation of Serum Homeostasis Model 

Assessment-Insulin Resistance and Lipid Profile in 

Beta-thalassemia Major Patients and their 

Correlation with Iron Overload in Koya City. 

POLYTECHNIC JOURNAL, 9, 125-132. 

SIDIK, S. M. & RAMPAL, L. 2009. The prevalence and 

factors associated with obesity among adult women 

in Selangor, Malaysia. Asia Pacific family 

medicine, 8, 2. 

STAIANO, A. E., MARKER, A. M., MARTIN, C. K. & 

KATZMARZYK, P. T. 2016. Physical activity, 

mental health, and weight gain in a longitudinal 

observational cohort of nonobese young adults. 

Obesity, 24, 1969-1975. 

WSOO M. A. , R. K. H. 2017. - Correlation between thyroid 

hormones and body weight in hypothyroid females 

in Erbil city. Zanco journal of pure and applied 

sciences, 29, 1-9. 

YACH, D., STUCKLER, D. & BROWNELL, K. D. 2006. 

Epidemiologic and economic consequences of the 

global epidemics of obesity and diabetes. Nature 

medicine, 12, 62-66. 

ZIRABA, A. K., FOTSO, J. C. & OCHAKO, R. 2009. 

Overweight and obesity in urban Africa: a problem 

of the rich or the poor? BMC public health, 9, 465. 

 



 

 

 

 

                                                                                                      ZANCO Journal of Pure and Applied Sciences  
                                                                                                             The official scientific journal of Salahaddin University-Erbil   

                                                                         https://zancojournals.su.edu.krd/index.php/JPAS                    

                                                                                                                                                               
                                                                                                             ISSN (print ):2218-0230, ISSN (online): 2412-3986, DOI: http://dx.doi.org/10.21271/zjpas 

  RESEARCH PAPER 
 
Response of two Chickpea genotypes to different fertilizers composition and 

different application forms  
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A B S T R A C T: 
     A field study was conducted at Grdarashe experimental field (Latitude: 36° 4’ N and Longitude: 44° 2’ E- elevation 415 m 

above Sea level), college of Agricultural engineering sciences, Salahaddin University, Erbil Iraqi Kurdistan Region, to investigate 

the effect of different fertilizers on growth  and yield component of two Kabuli Chickpea (Cicer arietinum L.) genotypes, Sham 

and Mexican; the fertilizers composed of five treatments Bio- fertilizer, Foliar applied fertilizer, Urea as a source of nitrogen, di- 

ammonium phosphate (DAP), and No fertilizer as a control. The experiment designed in completely randomized block. The 

results showed a significant increase in plant height when treated with foliar fertilizer compared to the control treatment. Di-

ammonium phosphate (DAP) treatment was recorded the largest number of primary and secondary branches per plant compared 

to control treatment. The Number of pods, seed.plant
-1

 and pods.plant
-1

, seeds weight (g.plant
-1

), 100 seeds weight (g) ,biological 

and economical yield(ton.ha
-1

),harvest index, protein and fiber ratio increased with Bio-fertilizer treatment, which recorded the 

highest value compared to the others treatments.   
  
KEY WORDS: Chickpea, Bio fertilizers, productivity parameters  
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INTRODUCTION: 

  

Chickpea (Cicer arietinum L.) from fabaceae 

family is one of the most important edible seed 

crop in Iraqi Kurdistan and throughout the world 

because of its high protein (Singh et al., 2018). 

(Ali, 2017)  indicates that chickpea contains 13 to 

33% protein, 40 to 55% carbohydrates, and 4 to 

10% oil. While different compounds secreted 

from leaves, stems and pods such content as Malic 

and oxalic acids have medicinal purposes for 

bronchitis, catarrh, constipation, diarrhea, 

catamenia, cholera, digestive conditions and snake 

bite. These acids are known to lower blood 

cholesterol level. In Kurdistan region cultivated 

area of chickpea ranged from 8000 to 9000 

hectare in 2017 and 2018, while yield per hectare 

range from 1 to 0.9 ton (MOAWR, 2019). 

 

 

 

 

 

 

Nutritional imbalance and poor nodulation 

appears to be the main obstacle in a single crop 

season(Tagore et al., 2013). Farmers distort that 

chickpea as a legume crop, does not need any 

fertilizers and usually they grow it without 

applying any fertilizer, this seems to be the main 

reason of its low yield in many countries. (Patel 

and Patel, 1991) observed that some progressive 

farmers apply a little amount of nitrogenous and 

phosphorus fertilizer as a starter dose (Ali et al., 

2004) . An adequate supply of chemical fertilizers 

is closely associated with growth and development 

of plant as the most important inputs in crop 

production (Kumar et al., 2014) . (Erman et al., 

2011) reported that macronutrients such as 

nitrogen (N), phosphorus (P) and potassium (K) 

are essential and important for plant growth and 

yield. While excessive use of chemical fertilizers 

can pose environmental problems which can cause 

potential risk for sustainability of agricultural 

systems  (Vance, 1997). 
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Nitrogen is a vital basic of chlorophyll, 

protoplasm, protein and nucleic acid. It is related 

with high photosynthetic activity, the green colour 

of stem and leaves, branching, leaf generation and 

size enlargement, vigorous growth. It improves 

the quality of foods and protein contents of 

nourishment grains (Ali et al., 2010). 

  The use of phosphorus in leguminous crops 

significantly improves the yield of seeds (Hussain 

et al., 1981). Meanwhile, with Rhizobium and 

phosphorus combined applications, the yield of 

chickpea was significantly increased (Raut and 

Kohire, 1991) .   

  (Muhammad et al., 2010a) Stated that 

phosphorus is important for healthy crop growth 

with an efficient root system and an abundance of 

nodules. K is essential for nitrogen and 

carbohydrate metabolism, activation of various 

enzymes and adjustment of stomata apparatus and 

water relations (Boyer and Stout, 1959). 

Using environmentally safe fertilizers is one of the 

main components of sustainable agriculture 

methods. Bio-fertilizers are substances that 

contain living microorganisms and promotes 

growth by increasing the availability of primary 

nutrients, reduces environmental contamination 

and maximizes crop growth also they are the most 

needed techniques in crop yield that increases 

plant growth and yield (Namvar et al., 2011) 

.although the chemical fertilizers application 

increased in developing countries, the farmers still 

believe that there is no need for  fertilizers in 

chickpea  fields and this is the main  constrain the 

chickpea production . 

This study was conducted to evaluate and 

compare the use of different fertilizer types and 

application forms on growth, yield and yield 

component of two of chickpea genotypes (Sham 

and Mexican).   

 

2. MATERIALS &METHODS 

2.1 Study Site: The experiment was conducted in 

Grdarashe field (Latitude: 36° 4’ N and 

Longitude: 44° 2’ E- elevation 415 m above Sea 

level) of Agriculture engineering sciences college, 

Salahaddin University, Erbil Kurdistan Region, 

during 2019 agriculture season. Some soil 

physiochemical properties -clay, silt, sand, soil 

texture (hydrometer method), total nitrogen 

(kjeldahl method), available phosphor 

(spectrophotometer), available potassium (flame 

photometer method), PH (PH meter), EC 

(electrical conductivity), CEC, calcium carbonate, 

organic matter, are indicated in table (1). 

Table (1): Some physical and chemical properties of the soil used in the Grdarashe field experiment 

Soil properties Average Value 

Clay 397.60  g.kg
-1

 

Silt 546.20  g.kg
-1

 

Sand 56.20    g.kg
-1

 

Soil texture  SICL     (silty clay loam) 

Total (N)  1000      mg.kg
-1

 

Available (P)  4.10      mg.kg
-1

 

Available (K)  13.65    mg.kg
-1

 

pH  7.71 

EC  0.517    dSm
-1

 

CEC 22.79    Cmolc.kg
-1

 

Calcium carbonate 340       g.kg
-1

 

Organic matter 

 (Walkly and Black method) 

9.6        g.kg
-1

 

* The Soil properties were analyzed in Agriculture Research Centre - Ainkawa /Erbil. 
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2.2. Meteorological data was recorded by the 

automated meteorological station in the field of 

table (2) (MOAWR, 2019). 

2.3. Experimental design: The study involved 

three fertilization forms soil application of Urea 

CO (NH2)2 (N 46%) ; DAP (NH4)2HPO4 (18:46:0) 

,seed treatment with bio-fertilizer (Corabac G 

,TRM) and foliar application of (Volijob), with no 

fertilizer applied treatment which was considered 

as control . The tested plants were two chickpea 

genotypes (Sham and Mexican) (table 3), plots 

were laid out in a (Randomize Complete block 

design) with three replication and plot size was 

(1.5*2.1 m) each consisting of 6 rows (each row 

consisted 15 plants keeping 30 cm apart between 

rows and 15 cm within plants). 

 

Table (2): Meteorological data for season 2018-2019 
Months Maximum   

Temp.℃ 
Minimum. 

Temp. ℃ 
Average. 

Temp. ℃ 
Average 

RH% 
Rain 

precipitation 

mm 
October 38.70 11.35 25.31 35.34 22.61 

November 28.24 6.30 15.62 65.83 113.55 

December 21.69 13.81 17.70 35.19 18.29 

January 19.22 -2.91 8.15 72.88 96.27 

February 18.43 -0.02 9.21 71.92 42.42 

March 21.54 0.48 11.01 72.25 215.91 

April 26.62 3.51 15.06 69.57 125.74 

May 39.33 9.25 24.29 41.03 5.84 

Jun 44.33 16.67 32.53 19.63 0.00 

Total     640.63 

* Ministry of Agriculture and Water resources (M.O.AWR 2019) 

 

Table (3): Fertilizer types and their nutrient at percentage components 

No. Fertilizer types Components percentage% 

1  

Corabac (Bio) 

Microorganism 

 (Azotobacter,Bacillus megaterium) 

Gardened cultured 

Riolete granules   

1.0 

2.0 

97.0 

2  

 

Voligop (foliar) 

Nitrogen (carbamide) 

phosphor (Phosphate) 

potassium (hydroxide) 

molybdenum (molbidate) 

Boron (borate) 

17.2 

4.9 

6.3 

0.046 

0.036 

3 Urea Nitrogen  46 

4 Di-Ammonium 

phosphate (DAP) 

Nitrogen, phosphate 18:46:0 

5 control No Fertilizers _ 
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2.4. Agronomical practices: Experimental plots 

were prepared by two dry ploughing, land 

levelling  by rotavator, then  rows were 

established by chisel plough after that it was hand 

seeded with two chickpea genotypes  (Sham and 

Mexican ) on 24
th

 of January 2019 with the rate of 

(60 kg.ha
-1

) keeping 30 cm (between rows) and 15 

cm within plants ,fertilizers were used as Bio 

(Corabac G) with (20 kg.ha
-1

), Urea fertilizer with 

the rate (40 kg.ha
-1

),  DAP ( Di-ammonium 

phosphate) with (60 kg.ha
-1

) which were  soil 

applied with the sowing process, while foliar 

fertilizer (VOLIGOP NPK,17.2:4.9:6.3) with rate 

50 ml /10 L water (20L/ha) was sprayed  after 45 

days from sowing. 

2.5. Recorded Data - parameters which have 

been recorded in this study were:  

2.5.1. Growth characteristics 
 Plant height (cm), number of primary and 

secondary branches, pods per plant, Grains 

per     plant, Nodules per plant, weights of 

100-grains that were recorded after 

harvesting experimental units.                      

 2.5.2. Yield and yield components  
The data that were recorded under this 

category were biological yield, economical 

yield and harvest index (HI) according to 

these equations: 

                                                          --- (1) 

                            (    )  
              (       )     

          (  )      
        ( ) 

                         
                

                
  * 100 (Dobermann, 2007)------------- (3) 

2.5.3. Chemical characteristics:  

The chickpea seed contents (Nitrogen, 

Phosphorus, Potassium, Protein, carbohydrate, Oil 

content, Fibre and Starch) were determined in 

laboratories of Salahaddin and Duhok universities. 

 Dried seeds or shoot plant were grinded 

separately by an electrical blender; crushed 

samples were kept in closed plastic tubes, using 

(0.5 g) powdered of seed and shoot mixed with 

(10 ml H2SO4) sulpheric acid and (2 ml) HCLO4 

then Heating them till the color changes from 

black to white, make Filtration and Complete the 

Volume to 100 ml by distilled water as described 

by (Horwitz, 2010) to determine the following: 

*Total nitrogen: 

Was determined from digested samples by kjeldahl method (Sáez-Plaza et al., 2013) 

     
 (   )         

 
         (   )                                                                          

T= ml of sample titrated. 

B= ml of Blank titrated. 

N= acid normality (0.01N). 

G= weight of powder. 

*Total phosphor: 

 the total phosphorous was estimated from digested samples by spectrophotometer at 410 nm as described by 

(Schuffelen et al., 1961). 

* Total potassium: 

Flame photometer was used for determination of potassium from plant extract according to (Allen et al., 

1974). 

* Total protein: 

It was calculated by multiplying the values of total nitrogen content by 6.25   by following equation 

according to (Khanizadeh et al., 1995). 

                              (5) 

* Soluble carbohydrate: 

                        
 (  )                (  )

          (  )            ( )
      (   ) 

C=mg glucose obtained from the using graph  
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* Oil * Fibre * Starch content (Cunniff and Washington, 1997).                                       

2.6. Statistical analysis: The recorded data means were compared using Duncan multiple range test with a 

probability of 0.05 using SPSS version 22 and computer analysis (Bah, 2001) 

 

3. RESULTS & DISCUSSION  

3.1. The effect of genotypes on some growth 

and yield characteristics of two chickpea 

genotypes 

 

3.1.1. Vegetative parameters 

As shown in the table (4) the vegetative 

parameters affected significantly at P ≤ 0.05 by 

genotypes. The plant height (cm), number of pods 

per plant, number of seeds per plant, pods weight 

(g .per plant), seeds weight (g. per plant), and 100 

seed weight (g), were (50.73, 15.00, 13.48, 7.16, 

5.99 and 51.85) respectively recorded higher in 

Mexican than sham genotype, with exception of 

numbers of primary and secondary branches per 

plant in both genotypes there were no differences 

that may be due to genetic variation. Moreover, no 

significant variances were noticed between the 

means of genotypes in number of nodules per 

plant nodules coexist. Nitrogen and Phosphorus 

have basic role in plant body, nitrogen being an 

important part of nucleic acids and proteins which 

are very essential in promoting the growth. 

Similarly at early stage phosphorus helped on 

encouraging root growth and better crop 

establishment (Dalal and Nandkar, 2010). 

Table (4): Effect of genotypes on chickpea vegetative parameters  

Genotypes 

Plant. 

Height 

(cm) 

No. 

primary 

branch 

No. 

Secondar

y branch 

No. 

pods 

(plant
-1

) 

No. seeds 

(plant
-1

) 

pods weight 

(g. plant
-1

) 

No. 

nodules 

(plant
-1

) 

seeds 

weight 

(g. plant
-1

) 

100 seed 

weight 

(g) 

Sham 46.75 b 7.89 a 46.71 a 12.63 b 10.58 b 6.39 b 23.21 a 5.14 b 42.80 b 

Mexican 50.73 a 7.20 a 46.04 a 15.00 a 13.48 a 7.16 a 22.50 a 5.99 a 51.85 a 

 

 3.1.2. The effect of genotypes on yield and yield 

components 

The results in table (5) refers that the yield 

parameters affected significantly by genotypes, 

the higher values (6.82, 1.71 and 24.86) of 

biological, economical yield (t.ha
-1

) and Harvest 

index respectively were recorded by Mexican in 

comparing with Sham genotype This means that 

the highest yielding genotype (Mexican) had 

higher ability of producing and transporting 

primary metabolites that created from the 

vegetative organs to developing seeds than that in 

(sham) genotype. Which maybe refer to genetic 

variability between the two studied chickpea 

genotypes (Aliu et al., 2016) and (Alam et al., 

2017).  

 

Table (5): Effects of genotypes on chickpea yield parameters 

Genotypes 
biological yield 

(t. ha
-1

) 

Economical 

yield 

(t. ha 
-1

) 

Harvest 

index% 

Sham 6.04 b 1.47 b 23.78 b 

Mexican 6.82 a 1.71 a 24.86 a 

 

3.1.3. The effect of genotypes on chemical 

characteristics 

 

 Table (6) clarified that the chemical contents of 

seeds seed significantly was affected by chickpea 

genotypes. The percentage of Fibre, nitrogen, and 

protein were (6.73, 3.07 and 19.20) respectively  

 

 

 

 

 

recorded by the Sham compared to the Mexican 

(6.06, 2.88 and 18.01) respectively. These 

variations may be due to metabolites translocation 

or dry matter accumulation ,according to (Xu et 

al., 2013) and (Sharma et al., 2013).  
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Table (6): Chemical components of genotypes chickpea seeds 

Genotype Starch % Carbohydrate % Fibre % Oil % N % P % K % Protein % 

Sham 51.66 a 58.33 a 6.73 a 5.66 a 3.07 a 1.81 a 0.88 b 19.20 a 

Mexican 52.17 a 58.17 a 6.06 b 5.93 a 2.88 b 1.85 a 0.97 a 18.01   b 

 

3.2. The effect of fertilizers type on some 

growth and yield characteristics of two 

chickpea genotypes 

 

3.2.1. The effect of fertilizers type on vegetative 

parameters   

According to table (7) the highest plant value 

(52.24 cm) was recorded in treatments that 

received foliar applied fertilizer compared to 

control treatment which was (44.07 cm). 

Significant effect was observed on secondary 

branches per plant, the maximum numbers were 

(58.14) in chickpea plots that treated with Di-

ammonium phosphate comparing with control 

treatment (42.57).These results are agreed with 

(Ahmed et al., 2010). The greatest number of pods 

per plant was recorded in plots that treated with 

Bio-fertilizer 42.17% higher  pods per plant than 

non- treated or control plot, similar results 

reported by (Togay et al., 2008) and  (Kumar et 

al., 2015). Number of grains per plant (15.18) 

significantly increased when treated with Bio- 

fertilizer about 65.18% grains per plant higher 

than the control (non-fertilized) plots, as it was 

referred by (Alam and Seth, 2014). Pods weight  

g/plant, Grains weight g/plant, 100 seed weight 

were significantly influenced in Bio-fertilizer 

plots, they recorded greatest magnitude(8.58, 7.47 

and 48.58g) respectively while the lowest were 

(5.03g)  with foliar fertilizer and (4.17 and 

45.15g) with control respectively, the impacts of 

fertilizer were significant on the number of 

nodules, the greatest numbers ( 30.19) was 

recorded   with Bio-fertilizer which increased by  

65.97% while the chemical added 20.73%  more 

number of nodules per plant compared with 

control ,these data explained the increase of 

nitrogen percentage in the above situations  which 

lead to stronger plant growth ,the results are in 

accordance  with the finding of (Kumar et al., 

2015) and (Dutta and Bandyopadhyay, 2009).  

 

 

Table (7): Effects of fertilizer types on chickpea vegetative parameters 

 

 

3.2.2. The effect of fertilizers type on yield and 

yield components  

Table (8) indicated the significant effect of 

fertilizers on Biological yield, Economical yield 

and Harvest index, the highest value (7.53, 2.13 

t.ha
-1

 and 28.31) respectively by Bio- fertilizer 

comparing with the non- fertilizer which recorded 

the lowest value (5.61, 1.19 ton per hectare and 

21.08) respectively, The bio fertilizers increase the 

yield components percentage (34.22%, 79% and 

34.30%) for (Biological, Economical yield and 

Harvest index) over the control. The obvious 

progress in these treatments may be due to the 

application of bio- fertilizer and its content of 

useful bacteria, nitrogen fixing bacteria NFB, 

phosphate solubilizing bacteria PSB and 

Fertilizers 
Plant 

Height 

(cm) 

No. 

primary 

branch 

No. 

Secondary 

branch 

No. 

 pods 

(plant
-1

) 

No. 

 seeds 

(plant
-1

) 

pods 

weight 

(g. plant
-1

) 

No. nodules 

(plant
-1

) 

Seeds  

weight 

(plant
-1

) 

100 seed 

weight(g) 

Bio 47.82 b 7.88 a b 51.61 a b 17.80 a 15.18 a 8.58 a 30.19 a 7.47 a 48.58 a 

Foliar 52.24 a 7.17 a b 43.61 a b 11.97 b 10.60 b 5.03 c 21.44 b c 4.45 b 48.10 ab 

Urea 48.55 b 6.91 b 35.93 b 13.04 b 10.67 b 6.54 b 20.92 c 5.17 b 47.07 ab 

DAP 51.01 a 9.00 a 58.14 a 13.75 b 14.50 a 7.53 a b 23.53 b 6.56 a 47.73 ab 

Control 44.07 c 6.79 b 42.57 a b 12.52 b 9.19    b 6.22 b c 18.19 d 4.17 b 45.15 b 
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Potassium mobilizing bacteria KMB as well as 

some beneficial fungus, i.e., yeast and 

Trichoderma. Such bacteria affected plant growth 

and productivity through their ability to release 

some supporter's plant growth regulators such as 

indole acetic acid, ethylene, gibberellins acid  and 

cytokinins as well as increase essential nutrients 

supply nitrogen, phosphorus and potassium for 

.   )Dutta and Bandyopadhyay, 2009( plant growth 

 

 

 

 

 

Table (8): Effects of fertilizers on yield parameters 

 

 

  

 

 

 

 

 

 

 

 

3.2.3. The effect of fertilizers type on chemical 

characteristics                                                        
                     

The fertilizers application significantly influenced 

nutrients and chemical contents of chickpea seeds 

except on the phosphor and potassium content 

(table9).The maximum percentage values (7.89, 

6.31, 3.25, 0.98 and 20.31) were recorded by the 

(Fibre, Oil, Nitrogen, Potassium and Protein) in 

response to the application of bio-fertilizer 

comparing with the other treatments. Significant 

effects of bio-fertilizer on the percentage of N,P,K 

content of chickpea  seeds was  mentioned by 

(Kumar et al., 2014) .The protein is the main goal in 

chickpea which increased by (8.73% and 21.70%) 

compared to chemical and non-fertilization 

treatments respectively. (Mohammadi et al., 2010) 

indicated that chickpea with bio-fertilizers have 

significantly higher protein grain, this is also 

clarified by(Seleiman and Abdelaal, 2018).The 

starch and carbohydrate recorded  highest percentage 

(54.04 and 59.66 )with no fertilizers applied and the 

lowest(48.62 and 56.52) recorded by bio-fertilizer 

usage respectively (table 9), these results are in 

agreement with those obtained by (Jutur and Reddy, 

2007).The application of macronutrients (N, P and 

K) and Bio-fertilizer to chickpea plants illustrated 

the increase of essential yield components. Macro 

elements as well as bio and organic fertilizers may 

cause increase mineral uptake by plant and seed 

content (Goud et al., 2014). 

 

Table (9): Effect of different fertilizers types on chickpea seed component 

Fertilizers 
Starch % Carbohydrate % Fibre % Oil % N % P % K % Protein % 

Bio 48.62 b 56.52 b 7.89 a 6.31 a 3.25 a 1.82 a 0.98 a 20.31 a 

Foliar 51.54 ab 57.66 ab 6.12 bc 5.80 bc 2.84   c 1.84 a  0.87 a 17.75 c 

Urea 52.80 a 58.95 a 6.24   b 5.50 c 3.02   b 1.86 a 0.90 a 18.87 b 

DAP 52.59 a 58.45 ab 6.10   bc 6.00 ab 3.10   ab 1.78 a 0.90 a 19.41 ab 

control 54.04 a 59.66   a 5.63    c 5.35 c 2.67    c 1.85a 0.95 a 16.69 c 

 
 

3.3. Combination effect of genotypes and 

fertilization on some growth and yield 

parameters of chickpea 

3.3.1. Combination effect of genotypes and 

fertilization on vegetative parameters 

Table (10) clarified that interaction of chickpea 

genotypes and fertilizers application affected 

significantly on all vegetative parameters, whereas 

Fertilizers 
biological Yield 

(t. ha
-1

) 

economical yield 

(t. ha
-1)

 

Harvest 

index% 

Bio 7.53 a 2.13   a 28.31 a 

Foliar 5.79 b 1.27   b 21.67 b c 

Urea 5.99 b 1.48   b 24.70 a b c 

DAP 7.24 a 1.87   a 25.86 a b 

Control 5.61 b 1.19   b 21.08   b c 
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the highest plant value was (56.57cm) observed 

by Mexican genotype treated with foliar 

fertilization compared to control treatment which 

recorded lowest value (43.19 cm) .The greatest 

numbers of primary and secondary branches per 

plant were (10.61 and 64.51) respectively 

recorded by Sham genotype that received Di-

ammonium phosphate fertilizer. The highest 

number of pods per plant (20.92) was obtained 

with Mexican chickpea using Bio-fertilizer, it 

increased by (63.82%) compared with control 

treatment (12.77). Number of grains per plant was 

(17.09) for Mexican chickpea when treated by Di-

ammonium phosphate. The results in the table 

(10) shows that Bio-fertilizer application on 

Mexican genotype obtained maximum Pods and 

Grains weight per plant (9.66 and 7.70 g) and 

increased by (60.73% and 66.67%) than control 

which were (6.01 and 4.62g) respectively, number 

of nodules per plant was (33.55) recorded the 

maximum value with Bio-fertilizer application 

which increased by (83.53%) nodules per plant 

compared to control treatment (18.28) nodules per 

plant. The maximum 100 seed weight was (53. 37 

g) recorded by Mexican types with foliar 

fertilization impacts comparing to non-fertilized 

treatment (48.57). 

 

 

Table (10): Combination effects of genotypes and type of fertilizers on vegetative parameters of 

chickpea   

G
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h
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(g
) 

S
H

A
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Bio 45.81 cd 7.38 b 48.71 abc 14.68 b 14.02 a b 7.49 b 33.55 a 7.24 a b 44.27 b c 

Foliar 47.91 b c 7.71 b 45.16 abc 10.17 b 8.95    cd 4.49 c 21.00 cde 3.60 e   42.83 c 

Urea 47.33 bcd 6.91 b 30.52 c 12.00 b 9.95   cd 5.80 b c 19.67 d e 5.09 c d e 42.83 c 

DAP 47.73 b c 10.61a 64.51 a 14.03 b 11.90 b c 7.76 a b 23.55 c 6.05 abcd 42.33 c 

Control 44.95 de 6.86 b 44.62 a bc 12.27 b 8.05   d 6.42 b c 18.28 e 3.71 e 41.73 c 

M
E

X
IC

A
N

 Bio 49.83 b 8.38 ab 54.51 a b 20.92 a 16.33 a 9.66 a 26.83 b 7.70 a 52.90 a 

Foliar 56.57 a 6.62 b 42.05 a bc 13.76 bc 12.24 b c 5.56 b c 21.89 c d 5.30 bcde 53.37 a 

Urea 49.76 b 6.92 b 41.33 abc 14.07 b 11.38 b cd 7.28 b 22.17 c d 5.24 c de 51.30 a 

DAP 54.29 a 7.38 b 51.76 a bc 13.47 b 17.09 a 7.31 b 23.50 c 7.06 a bc 53.13 a 

Control 43.19 de 6.71 b 40.52 b c 12.77 b 10.33 cd 6.01 b c 18.11 e 4.62 d e 48.57 a b 

 

 

3.3.2. Combination effect of genotypes and 

fertilization on yield and yield components        

                                             

The results in the table (11) shows that chickpea 

genotypes interaction with fertilizer treatments 

had significant impacts on yield parameters, 

whereas the table explained that biological and 

economical yield (8.11 and 2.20 t.ha
-1

) 

respectively due to Mexican chickpea treatment 

with bio-fertilizer. Harvest index recorded highest 

data (29.45) in Sham genotype  plots that treated 

with bio-fertilizer , due to microorganisms activity 

in fixing  atmospheric nitrogen and release auxins 

to the root zone to promotes growth, moreover  

bio-fertilizer enhances  bacterial response to 

nitrogen fixation and soil fertility (Rees et al., 

2005). 
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Table (11) Combination effects of genotypes and fertilization on yield parameters of chickpea 

Genotype Fertilizer 
Biological yield 

(ton. ha
-1

) 

Economical yield 

(ton. ha
-1)

 
Harvest index 

S
H

A
M

 

Bio      6.95   bcd   2.07 ab 29.45 a 

Foliar 5.15 e 1.03 e 20.02 c 

Urea  5.93 de    1.45 cde    24.48 abc 

DAP  7.07 be      1.73 abcd    24.42 abc 

Control 5.11 e 1.06 e 20.53 c 

M
A

X
IC

A
N

 Bio 8.11 a 2.20 a 27.16 ab 

Foliar    6.44 bcd      1.51 bcde    23.32 abc 

Urea    6.05 cde   1.50 cde    24.91 abc 

DAP  7.41 ab   2.02 abc 27.3   ab 

Control 6.1 cde 1.32 de  21.6 bc 

 

3.3.3. Combination effect of genotypes and 

fertilization on chemical characteristics 

Table (12) clarified that the (Fibre, Oil, Nitrogen, 

Protein) had significantly affected by the 

interaction of chickpea genotype and fertilizer 

application, the mentioned parameters recorded 

the greatest percentage (8.56, 6.69, 3.32 and 

20.75) with Sham chickpea treated by Bio-

fertilizer, this may be due to the increase in the 

mineral uptake by plants (Mohammadi et al., 

2011) . 

 

Table (12): Combination effects of genotypes and type of fertilizers on chickpea seed components 

  

 

4. CONCLUSIONS 

Fertilization is important for improving chickpea 

production and bio-fertilizer is the most vital for 

increasing vegetative growth, yield and chemical 

characteristics of chickpea seeds, due to its 

environmentally safe prospective. The Mexican 

genotype was superior to Sham genotype in this 

study.  
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S
H
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A B S T R A C T: 
Some anatomical characteristics of five taxa belong to Boraginaceae family (Asperugo procumbens L._Boiss, 

Buglossoides arvensis L._Boiss, B. tenuiflorum L. (fil)_Boiss, B. incrassatum Guss_Boiss and Symphytum kurdicum Boiss.et 

Haussk). The study was performed in the mountain region at the north of Iraq were examined the field trips have done at the 

growth period during the year 2019. Some parts of specimens were anatomically examined by paraffin method, the diagnostic 

characters of stems, leaves and leaf petioles were identified. Glandular and non-glandular hairs of each species have been 

determined, the different trichomes in adaxial and abaxial of both leaf surfaces and stems were present. The shapes of stem in 

cross sections were different between the species, lysigenous canals were present in the stem of B. tenuiflorum and S. kurdicum 

and the drusses were present only in stem of B. incrassatum. The main vascular bundle found in the midrib, the leaf margin shapes 

were different between species.    
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1. INTRODUCTION: 

 

There is a remarkable revolution in the 

investigation of vascular plant anatomy and its use 

in classification in the last 60 years, the 

anatomical characters are as valuable as 

morphological ones and must not be neglected. In 

taxonomy, every anatomical aspect of plant has 

been studied without insisting on some and 

ignoring others, therefore, the quality of 

information combined are enormous (Stace, 

1980). Radford et al. (1974) stated that anatomical  

characters have been employed for systematic 

purposes well over a hundred years and its results 

included  that anatomical data tend to be most 

useful at the genus level 

 

 

 

 

 

 

 

 

and at higher taxonomic  categories and 

the anatomical characters are no more or less 

reliable than characters from other investigation 

parts of the plants, also the similarities in 

structural specialization do not necessarily imply 

close  relationships  but may be the result of 

parallel  and convergent  evolution and also when 

anatomical  information are coupled with 

evidences from other investigation parts of the 

plant will a natural classification be attained.  

Metcalfe and Chalk (1950; 1965) 

mentioned that the practical applications alone 

provide sufficient cause to justify the use of 

anatomical methods in taxonomic investigations. 

It may be pointed out that a complete anatomical 

survey is necessary as a preliminary to the 

interpretation of Palaeobotanical remains. 

Furthermore, mentioned adscription for vegetative 

anatomical characters for many of dicotyledon 

families including Boraginaceae family with 
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identification of some important anatomical 

characteristics which are considered the merit 

feature of the family. Cronquist, (1981) hinted to 

some of the anatomical characteristics of the 

Boraginaceae through the family description as 

well. 

There is no anatomical study in Iraq 

pertaining with the understudied taxa of the family 

Boraginaceae, so this study was the first study 

according to available literature. The terms in this 

study depended on the terminologies that come 

from (Metcalfe and Chalk, 1950), (Esau, 1965)  

and (Radford et al., 1974). 

 

2. MATERIALS AND METHODS  

The plant parts as stem, leaf and petiole were 

obtained from collected samples of Boraginaceae 

taxa (Asperugo procumbens, Buglossoides 

arvensis, B. tenuiflorum, B. incrassatum and 

Symphytum kurdicum)  that existed in different 

districts from mountain region Kurdistan region of 

Iraq. The following steps are conducted for 

preparation the permanent slides of cross sections 

of the leaves parts and stems; a small parts of the 

samples were taken in size 0.5-1 cm, then placed 

in a small vial  contain F.A.A. solution  for 24 

hour at room temperature (Saeed, 2003). 

The samples placed in series of ascending 

concentration of Ethanol 95% for one hour and 

100% for three to four hours twice in each 

concentration. Then the samples were placed in 

solution of absolute xylene for 3-4 hours twice,  

then placed in mixture of melted paraffin and 

xylene 1:1for half (0.5) hours in an oven at 60 °C. 

Finally the sample placed in melted pure paraffin 

only for overnight in an oven at 60 °C. For 

paraffin wax templates preparation poured with 

melted paraffin previously covered by thin film of 

glycerol to prevent adhesion of the paraffin to the 

metal, as adopted by (Najmaddin and Mahmood, 

2016). Sectioning was done by using Rotary 

Microtome and the samples were cut with 8µm 

thickness, The slides were dried by putting on hot 

plate at 45°C and left at room temperature for 

overnight for completing affixing process 

(Johansen, 1941). The sections were stained by 

using Safranin and light green. The sectioning 

done according to the  procedure that modified by 

(Al-Khazrajy and Aziz, 1990). The sections were 

examined and the photographs were taken by light 

microscope Olympus with digital camera system. 

 

3. RESULTS: 

1. Cross section of lamina: 

The epidermis of the leaf was covered by 

continuous of waxy layer (cuticle), the cuticle 

thickness is vary among the taxa, it is thick in 

most taxa, but appears thin in another such as A. 

procumbens and B. tenuiflorum (fig. 3and 4) 

In cross section, the epidermal cells as in 

species of Boraginaceae were arranged in single 

irregularly layer,  the lumen of cells were appear 

in spherical, semi-spherical, polygonal, oblong, 

narrowly oblong, semi quadrate and ovate, which 

have different size in the same layer of single 

blade. The external cell walls were convex and 

thick, the other sides of the cell walls were 

concave, convex or straight and thin (fig. 3 and 4).  
All studied species of the family were 

dorsiventral and possess heterogeneous 

mesophyll. The vascular bundles were collateral 

closed system. The palisade cells were oblong in 

shape with obvious intercellular spaces, were 

arranged in (1) layer as in A. procumbens and S. 

kurdicum; (2-3) layers as in B. tenuiflorum, B. 

arvensis and B. incrassatum. The spongy cells 

have different irregular shapes with ovoid to ovoid 

oblong, quadrate and rectangular with obvious 

intercellular spaces, were arranged in (4-7) layers 

depended on the location and lamina thicknesses, 

most mesophyll cells were containing tannin also. 

(fig. 3 and 4) 

The trichomes play a role in plant 

taxonomy, especially for delimitation among 

morphologically similar taxa in a single genus. In 

all studied taxa the trichomes occur in peculiar 

forms and size in different positions and parts of 

the plants and there were non- glandular trichomes 

were unicellular in all studied species but they 

were various shapes and size (fig. 1), conical 

bristle, they found in leaves of A. procumbens. 

The dimensions of hairs were (24.4-79)×(4-

67)µm. Conical falcate, they were presence in the 

leaves of B. tenuiflorum. The dimensions of hairs 

were (12.2-118)×(6.9-88.2)µm. While cylindrical 

filiform of pilose, this types present on the leaves 

of the most studied taxa, as in S. kurdicum and B. 

incrassatum. The dimensions of hairs were 

(370.1-11.3)×(4-59.7)µm and (120.3-

16.4)×(6.536.3)µm respectively. The Glandular 

hairs, they were presence in all studied species, 

there were unicellular and multicellular hairs; 

which were various shapes and size (fig. 2), they 

were sessile glandular hairs consist of 

multicellular globoid head (trichomes consisting 
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of small bulbous bases bearing long, hypha- like 

terminal portions), such as found in the leaves of 

A. procumbens, and B. incrassatum; the 

dimensions of head were (3.7-79.7)×(2.2-

67.6)µm. the sessile capitate unicellular hairs, they 

present in the leaves of B. arvensis, B. 

tenuiflorum, and S. kurdicum; the dimensions of 

head were (6.2-105)×(4.6-71.8)µm.  

2. Leaves tip and margin: 

The leaves margin outline were varying in 

Boraginaceae member. The margin was straight 

rounded tip as in S. kurdicum, while rounded 

downward tip as in B. arvensis and B. tenuiflorum, 

when rounded slightly downward tip in A. 

procumbens and B. incrassatum. The unicellular 

glandular trichomes found in B. incrassatum and 

B. tenuiflorum and the unicellular non-glandular 

trichomes presence in S. kurdicum, while A. 

procumbens B. arvensis do not have trichomes 

(fig. 5). 

3. Petiol: 

The current anatomical study reveals, that 

the leaves petiole of high signification taxonomic 

character, it is owing to; among all studied taxa 

only two species were petiolate such as A. 

procumbens and S. kurdicum, the other studied 

species was sessile, each of these two species have 

their particular shape and vascular strand. The 

petiole has only one large vascular bundle in 

center; the abaxial was V shape and the adaxial 

was concave with two lateral projection, each 

lateral projection contains small vascular bundle 

of lateral veins (fig. 6). 

 

4. Midrib: 

The midribs outline of the studied species 

were various in shapes, the midrib outline was V-

shaped in the abaxial and concave in adaxial as in 

A. procumbens, while the abaxial was rounded 

and concave in adaxial such as B. arvensis, B. 

incrassatum and B. tenuiflorum, whereas the 

midrib is rounded in abaxial surface and adaxial 

surface in S. kurdicum. 

The midrib vascular strand was collateral 

closed arrangement type, relatively larger than 

other lamina vascular strands, approximately 

similar in shape in all species, they appear in 

gibbous or crescent shape, consist of (8-13) xylem 

straps arrange perpendicularly above phloem 

tissue.  In all species the vascular strand 

surrounded by (2-3) parenchymatous layers 

(bundle sheath). Also the species of this family 

have lacunar collenchyma in adaxial and abaxial 

layer. The unicellular trichomes found in 

Buglossoides arvensis; B. incrassatum and B. 

tenuiflorum, while  A. procumbens and S. 

kurdicum  do not have trichomes (fig. 7). 

5. General Anatomical Description of Stem: 

The cross sections outline of stems were 

varying in shapes in studied taxa of the family, the 

outline was irregular, with three small projection 

in A. procumbens, circular to semi-circular with 

four projection (two small and two larger) in B. 

arvensis, circular to semi-circular with one small 

projection in B. incrassatum, circular to semi-

circular with one small projection in B. 

tenuiflorum, and irregular with one small 

projection in S. kurdicum (fig. 8). 

Non- glandular trichomes were unicellular, 

Cylinderical bristle like obtuse tip, there were 

found only in the stem of B. arvensis, the 

dimensions of hairs were (16.1-)×(50.8)µm. 

Conical falcate presence in the stem of B. 

tenuiflorum, (12.2-118)×(6.9-88.2)µm. 

Cylindrical filiform of pilose, in the stem of S. 

kurdicum and B. incrassatum, (370.1-11.3)×(4-

59.7)µm and(120.3-16.4)×(6.536.3)µm 

respectively. Sessile glandular hairs consist of 

multicellular globoid head, they were found in the 

stem of  B. incrassatum, (3.7-79.7)×(2.2-67.6)µm 

and Sessile capitate unicellular hairs, they present 

in the stems of B. arvensis, B. tenuiflorum, and S. 

kurdicum. The dimensions of head were (6.2-

105)×(4.6-71.8)µm.  Hypoderms in studied taxa 

contain lysigenous ducts in B. tenuiflorum and S. 

kurdicum, while B. incrassatum contains drusses 

(fig. 9). The vascular strands in all studied taxa 

were continuous circular ring except in S. 

kurdicum which the vascular strands were 

arranged in interrupted circular ring-like (fig. 10-

13).  

4. DISCUSSION: 

The anatomical study of different parts of 

Boraginaceae taxa, there were many significant 

anatomical characteristic are obtained to be taken 

account of separating the under the genera and 

species levels, as Al-dabbagh and Saeed, (2019) 

believed that  

the dissimilarity in epidermal tissue, type 

of trichomes, stem outline, leaf margin, and 

midrib outline have great roles in separating 

species especially among closed species within a 

single genus. 

 In this study, the microscopic investigation 

of micromorphology showed various types of 

trichomes, about five types of both glandular and 
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non-glandular hairs have been observed in studied 

taxa. 

 The epidermal of all Boraginaceae species 

were contained different types of trichomes in 

different part of the plant body. This differences 

are evidence of high taxonomic value of 

segregation genera and species as mentioned by 

Najmaddin (2016). (Stace, 1980) believed that the 

trichomes have significance value at all levels in 

plant classification, from family to even varieties. 

 The epidermal cells of the stem, there are 

single layer according to number of epidermal 

layers.  

 The mesophyll layer has limited role in 

identifying the species; generally it is dorsiventral 

for example composed of the palisade and spongy 

parenchyma layers as mentioned by Najmaddin 

(2016).  

 The midrib and the margin outline, with 

their contents have the taxonomic value of the 

genera and species levels, especially the midrib 

outlines have particular shape of each genus and 

species as mentioned by (Al-dabbagh and Saeed, 

2020). 

The anatomical characters of petioles were 

best feature of difference between A. procumbens 

and S. kurdicum, while another species are sessile. 

 The outline of the stem clearly showed 

important variation in the shape. In all species the 

stem epidermis was single layers. Hypoderms in 

studied taxa have different pattern in tissue 

contain, A. procumbens composed large 

parenchymatous cells with very thin walls, while 

in B. arvensis, B. incrassatum, B. tenuiflorum and 

S. kurdicum composed 3-8 layer of lacunar 

collenchymatous tissue, with 2-3 layers of 

parenchymatous tissue toward the pith, the cortex 

in B. tenuiflorum and S. kurdicum contain 

lysigenous, whereas B. incrassatum contains 

drusses, these results are matches with what cited 

by (Metcalfe and Chalk, 1950; 1965). The 

Boraginaceae taxa contain tannin. 

5. CONCLUSION: 

 The current study demonstrated that the 

anatomical characteristics have a great role in 

taxonomic value among studied genera and 

species of Boraginaceae family, and it has shown 

approximately some anatomical differences 

between the studied species especially in 

morphologically closed taxa within single genus. 
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Figure 1: Non-glandular hair types in studied in studied 

taxa of Boraginaceae:  

A- conical bristle; B- Cylinderical bristle-like obtuse tip; C 

and D- cylindrical filiform of pilose; E- Conical falcate, 40X 

 

 
Figure 2: Glandular hair types in studied taxa of 

Boraginaceae:  

A and B- Sessile glandular hairs consist of multicellular 

globoid head40X; B- magnified portion 100X; C-  Sessile 

capitate unicellular hairs 40X. 
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Figure 3: Cross sections of leaf of the studied species of 

Boraginaceae: 

A- A. procumbens; B- B. incrassatum; C- B. arvensis. 

UE- upper epidermis; LE- lower epidermis; VB- vascular 

bundle; Pl- palisade layer; Sl- spongy layer; Trc- Conical 

bristle; Trf- cylindrical filiform of pilose; Trgu- Unicellular 

glandular hair and Trgm- Multicellular glandular hair.(40x). 

 

 

Figure 4: Cross sections of leaf of the studied species of 

Boraginaceae: 

A- B. arvensis; B- B. tenuiflorum; C- S. kurdicum. 

UE- upper epidermis; LE- lower epidermis; VB- vascular 

bundle; Pl- palisade layer; Sl- spongy layer; Trc- Conical 

bristle; Trf- cylindrical filiform of pilose; Trgm- 

Multicellular glandular hair and St- stomata.(40x).  

 

 

 

  
Figure 5: Leave blade tip and margin outlines in studied 

taxa of Boraginaceae: 

A- A. procumbens; B- B. incrassatum; C- B. arvensis; D- B. 

tenuioflorum; E- S. kurdicum. 

 

 

Figure 6: Cross sections of petioles of studied Boraginaceae 

species. A- A. procumbens; B-  S. kurdicum. (10x). 

 

 

Figure 7:  Leaves midrib outline in studied taxa of 

Boraginaceae: 

A- A. procumbens; B- B. arvensis; C- B. incrassatum; D- B. 

tenuiflorum; E- S. kurdicum. (40x). 
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Figure 8: Cross sections of stem outlines of the studied taxa 

of Boraginaceae: A- A. procumbens;  B- B. arvensis ; C- B. 

incrassatum; D- B. tenuiflorum and E- S. kurdicum. (10x). 

 

 

 

 
Figure 9: Portions of cross section of the studied A. 

procumbens species stem. 

 E= Epidermis; tr= trichome Pa= Parenchyma; VB= 

Vascular bundle; Col=Collenchyma;  

X= Xylem and Ph= Phloem, (Magnified 40x). 
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Figure 10: Portions of cross section of the studied B. 

arvensis species stem. 

 E= Epidermis; tr= trichome Pa= Parenchyma; VB= 

Vascular bundle; Col=Collenchyma; Xy= Xylem; Fi= Fiber 

and Ph= Phloem, (Magnified 40x). 

 

Figure 11: Portions of cross section of the studied B. 

incrassatum species stem. 

 cr= crystal; tr= trichome Pa= Parenchyma; VB= Vascular 

bundle; Col=Collenchyma;  

Xy= Xylem; Fi= Fiber and Ph= Phloem, (Magnified 40x). 

 

 
Figure 12: Portions of cross section of the studied B. 

tenuiflora species stem. 

 trn= non-glandular hair; trg= glandular hair; ly= lysigenous; 

Pa= Parenchyma; VB= Vascular bundle; Col=Collenchyma; 

Xy= Xylem; Fi= Fiber and Ph= Phloem, (Magnified 40x). 

 

Figure 13: Portions of cross section of the studied S. 

kurdicum.species stem. trg= glandular hair; ly= lysigenous; 

Pa= Parenchyma; VB= Vascular bundle; Col=Collenchyma; 

Xy= Xylem; Fi= Fiber and Ph= Phloem, (Magnified 40x).
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A B S T R A C T: 
      In this work the removal efficiency of Bromuconazole and chemical oxygen demand (COD) from aqueous solution using 

different electrochemical processes (electro-oxidation process (EOP), electrocoagulation process (ECP) and electro- Fenton 

process (EFP) were investigated. All experiments were achieved at the natural pH of solution. The effects of some parameters 

such as current density and H2O2 concentration on COD and pesticide removal efficiency have been carried out at an initial pH of 

˷8.45, current density 5,10,15,20 mA/cm2, an initial pesticide concentration of 300 mg/L, 5mM Na2SO4 support electrolyte and 

temperature of 30
o
C. The COD decrease at the end of 80 minutes of treatment from ˷1200 to 167.52 mg/L by EOP, to 248.26 

mg/L by ECP, and to 237.94 mg/L by EFP. Results showed that a high COD reduction was obtained by EOP (85.59%), followed 

by EFP (80.48%) and electrocoagulation at (79.51 %) with a constant current density of 20, 20, 15 mA/cm
2 

respectively. The 

removal of bromuconazole pesticide exhibited a pseudo-second-order reaction with rate constant 0.0009 mg
-1

Lmin
-1

. Moreover, 

energy consumption, the cost of degradation and sludge formation were also determined.  
 

KEY WORDS:  
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INTRODUCTION: 

  

During the last years, an increasing 

concentration on environmental protection and 

sustainability led to more firm laws that aim to 

minimizing rate and levels of outflow pollution. 

On the other hand, research and development has 

grown into more functional alternative 

technologies to enhance wastewater treatment 

processes, without making additional damage to 

environmental. Industrial wastewater is complex 

and always consists of inorganic and organic 

compounds, that make a process of treatments 

difficult due to the lack of a comprehensive 

treatment strategy. The water polluted with 

organic compounds, a best economically feasible 

alternative process is biological oxidation 

treatment, although some of toxic molecules do 

not degrade adequately by such treatment process. 

(Panizza and Cerisola, 2009). 

 

 
Electrochemical methods represent an 

environmentally and economically applicable 

alternative, in which major reagent is electron, 

that is efficient, versatile, clean and productive in 

relation to its cost. (Kapałka, et al., 2010 and 

Andrade et al.,2007). The electrochemical 

treatment processes have been greatly used for 

treatment of wastewater contaminated with 

pesticides, pharmaceuticals and dyes (Rajeshwar 

et al.,1994, Silva et al., 2011 and Ciríaco et al., 

2009). It has been focused and concentrated on 

pesticides compounds due to its harmful effect on 

the human health and the environment (Zaleska 

and Hupka, 1999 & Wang et al.,2007). Pesticide 

compounds toxic and harmful to non-target living 

organisms including humans in which inter the 

body within the food chain (Chiron et al., 2000). 

Large number of pesticide compounds are non-
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biodegradable due to its molecular structure that 

have stable strong bonds. Natural water pollution 

with pesticide has become a widespread issue. 

Wastewater originates from pesticide producing 

industries during cleaning actions after batch 

operation of the synthesis operation. It usually 

includes toxic pesticide residues and organics 

which threatens the quality of ground and surface 

water (Wang et al.,2007). Wastewater from 

pesticide manufacturing plants and agricultural 

industries were evaluated to have pesticide 

contamination scales of 500 mg/L (Menegola et 

al., 2005). Among this such class of contaminants, 

Bromuconazole pesticide take our attention due to 

their high photochemical stability; its resist to 

photolysis and hydrolysis is not predicable to be a 

considerable process in the breakdown of 

pesticide bromuconazole in aquatic systems.  

Bromuconazole compound belongs to the 

set of triazole fungicides. It is applied as a broad-

spectrum fungicide, with curative and preventative 

action, in order to control the diseases caused by 

deuteromycetes, basidiomycetes, and ascomycetes 

(EPA, 2002). Its registered toxicity data include 

the acute oral LD50 in rats (365mg/kg) with data 

showing that rat’s exposure to Bromuconazole 

produced lesions in all parenchymatous organs 

including hepatoma and later increase in liver 

weight (Shchepetkin et al., 2003). Toxicity caused 

by bromuconazole can be enhance the production 

of reactive oxygen species in addition to 

enhancing lipid peroxidation endogenous and 

antioxidants depression (Cheng et al., 2007). 

The using of electrochemical treatment 

methods for removal of pesticides are of concern. 

ECP, EOP and EFP are the excellent ways to 

solve environmental issue produced by the 

outflow of these effluents. The present work 

involves removal of Bromuconazole from 

solutions prepared from the commercially 

available pesticide by ECP, EOP and EFP. The 

removal of pesticides by such methods was 

evaluated with impact of initial pH. 

1.1 Theory of EO Process 

The toxic pollutants are break down by 

oxidant such as O3, ClO2, OH, Cl2, O, ClOH, 

H2O2 etc., which are formed from anodic 

oxidation within the electrolysis (Babuponnusami 

and Muthukumar., 2012).

 
 

        (   )        (1) 
 

After that organic matter oxidize by absorbed hydroxyl radicals 

    (   )                   (2) 

   

In which RO indicate oxidizing organic matter 

and may be further oxidizing by the hydroxyl 

radicals (•OH) formed from water electrolysis. 

1.2 Theory of EC Process 

ECP is based on in-situ production of 

coagulants, together, there is a production of 

hydrogen on a cathode that allows removal of 

pollutant by sedimentation or floatation.  Overall 

chemical reactions are:

 
           (   ) (  )    ( )   

 
(3) 

 
           (   ) (  ) ( )       ( )   (4) 

 

1.3 Theory of EF Process 

In EFP, pollutants are break down by the 

presence of Fenton’s reagent in the media together 

with anodic oxidation at surface of anode 

(Greenberg and Clesceri,1992). hydroxyl radical 

is then generated in the media by a traditional 

Fenton’s reaction between ferrous ion and 

hydrogen peroxide (Eq. 5):

 

    
 
         

 
         

 

(5) 
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       Renovation of Fe
2+

 may also be done by the oxidation of the organics with H2O2 or by reaction with 

hydroperoxyl radical (HO2
•
) as shown in reaction below: 

    
 
       

 
    (6) 

 
    

 
     ⦋      ⦌

         
 
    

     (7) 

 
    

 
    

     
 
        

(8) 

 

2. Materials and methods 

2.1 Chemicals 

Pesticide used in present work was 

Bromuconazole. Bromuconazole solutions were 

prepared from the commercially found pesticide 

solution having a Bromuconazole concentration of 

480 g/L. This concentration is similar to that 

applied by farmers. The property of a 

Bromuconazole is shown at Table 1. All solutions 

were prepared by distilled water. Potassium 

dichromate (K2Cr2O7) Standard solutions, sulfuric 

acid (H2SO4) reagent with silver sulphate 

(Ag2SO4), has been prepared in order to measure 

the COD. The COD was determined by a closed 

reflux colorimetric technique (Chen et al., 2000). 

All chemicals used were reagent grade. 

 
Table 1. Structure of pesticide present in sample 

Name 
Structure 

Bromuconazole 

C13H12BrCl2N3O 

 

Molecular weight (g/mol) 
377.063  

 

 

2.2 Equipment’s and Procedures 

The electrochemical cell consists of a 600 mL 

glass reactor. Experiments were conducted with 

400 mL of the sample and 5 mM of Na2SO4 was 

used as supporting electrolyte. Electrodes were 

connected to a digital DC power supply Statron 

3262.3 model (0-4 A and 0-300 V). The stable 

stirring speed of 300 rpm with magnetic stirrer 

was applied along the experiment process. The 

electrochemical treatment was applied at room 

temperature and atmospheric pressure. Duration of 

electrolysis was 80 min. the samples has been 

drawn at regular intervals of time in order to 

evaluate the reduction efficiency in COD. All 

experiments were repeated duplicate. A constant 

current density of 5, 10 15, and 20 mA/cm
2
 has 

been applied in all the three electrode systems for 

comparison. 

2.3 Boron doped diamond electrodes 

electrode set up 

Electrolysis was performed with DC power 

supplies using two BDD electrodes (one anode 

and one cathode) with the length of 5 cm and 

width of 3.7 cm and the distance between two 

electrodes of 0.5cm. The supporting electrolyte 

(Na2SO4) of 5mM and 10mM was added. The 

samples were withdrawn at a regular time interval 

of 20 min for 80 min. laboratory scale 

electrochemical reactor shown in Figure (1).   

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C13H12BrCl2N3O&sort=mw&sort_dir=asc
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Figure 1 Schematic of experimental electrocoagulation system (1. thermostatic magnetic stirrer, 2. magnet, 3. cathode, 4. anode, 

5. Rubber Insulator, 6. beaker, 7. polarity changer, 8. DC power supply) 

 

 

2.4 Analytical techniques 

 During experiments, samples were collected 

and instantly measured without using any filter. 

Chemical oxygen demand data were obtained with 

a procedure shown by TS2789 standard (water 

quality-Determination of COD). The samples 

were titrated with ferric acid ammonium sulphate 

(FAS) which was previously standardized to 

determine the amount of potassium dichromate 

consumed (Yavuz, 2007). 

COD removal percentages of obtained samples 

were calculated as follows:

 

               
(          )

    
     

     (Error! 

No text of 

specified 

style in 

document..1) 

   

Where CODo (intial) and CODt (any time) of the 

pesticide treatment samples and calculated in 

mg/L.  

Remaining pollutants of bromuconazole pesticide 

were evaluated with the UV-visible 

spectrophotometer at λmax= 230.  

3. Results and Discussion 

Despite the used electrochemical processes 

have their disadvantages and advantages, 

existing paper aims to understand the extent of 

pesticide removal in wastewater. Comparison 

of the methods (EFP, EOP, and ECP) at certain 

conditions of a current density and time 

duration aids the identify a point at which best 

removal of pesticide could be done. 

3.1 COD removal capacity 

It has been noticed that an initial pH of 

wastewater solution is remarkable operating 

factor effecting the electrochemical treatment 

performance (Emamjomeh and Sivakuma, 

2009). In order to evaluate its effect during the 

treatment process, the sample pH was kept at 

its normal range.  

In the case of Electrocoagulation, the 

higher COD reduction efficiency noted at the 

end of 80 min was 79.51 %. The current 

density was 20 mA/cm
2 

and pH 7.79. This is 

may be due to the fact that the Fe(aq) ions 

formation and then their oxidation to Fe
3+

 (aq) 

led to precipitation of Fe(OH)3; At higher pH 

the oxidation by oxygen became higher. During 

EOP, the generated hydroxide reacts with 

organic pollutants found in the samples 

(Yavuz, 2007). At the end of 80 min of 
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experiment, higher COD removal was 85.59% 

with a current density of 15 mA/cm
2
 and pH 

5.32  

It may be summarized that at an acidic pH, 

chlorine is found in the form of a 

Hypochlorous acid (HOCl) which demonstrate 

the oxidation process. During EFP, the removal 

efficiency of COD was 80.48% at the end of 80 

min. current density was 15 mA/cm
2
 and pH 

7.84. When the applied current density is high, 

COD removal is directly proportional to the 

Hydrogen peroxide concentration (Yavuz, 

2007). low COD removal was seen during 

other conditions for all of studied methods.  

Although, an optimal pH obtained during 

treatment process was 7.84 because of organics 

compound or its intermediate products 

reactions that might interact with iron species 

that led to the formation of iron complexes 

which assist catalytic cycles of iron. The 

highest COD removal efficiency was 

determined as shown in the (Fig. 1). 

 
Fig.1. Variation of COD removal efficiency for electrochemical processes (Co=300mg/l, 5mM Na2SO4, natural pH, i= 

20mA/cm
2
 for EC and 15 mA/cm

2
 for EF, EO). 

 

3.2 Energy consumption 

During electrochemical treatment process, 

an important economic parameter is energy 

consumption (kWh/m
3
) (Eslami et al., 2013). 

This parameter is calculated from the bellow 

equation:

 

                                          ( )  
     

        
                                                   (9) 

then I, V and t stand for electrical current 

intensity (A), average voltage of the EC system 

(v), and reaction time (h), respectively. 

From the data of ECP, higher COD 

reduction percentage of about 79.51% was 

observed with an energy consumption of about 

170.12 kWh/m
3
 while, in the EFP and EOP 

case, the higher COD reduction was 80.48 and 

85.59 % with the energy consumption of 96.73 

and 54.09 kWh/m
3
 respectively. EOP energy 

consumption is lower than that of the EFP. EFP 

has slightly lower percentage of COD removal 

(Fig.2) because of higher removal efficiency of 

BDD. 

 

An experimental result showed that among 

the used treatment processes, EOP is the best 

due to high percentage of COD removal and 

also low energy consumption. Energy 

consumptions and COD removal efficiency are 

shown in Table 2. 
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  Table 2. Selected results obtained for degradation of pesticide samples using three different processes 

Process 

Applied current 

(mA/cm2) 

Electrolysis Time 

(min) 

COD   removal     

(%) 

Energy 

Consumption 

(KWh/m3) 

Electrooxidation 

Electrocoagulation 

Electro-Fenton 

 

15 

20 

15 

 

80 

80 

80 

 

85.59 

79.51 

80.48 

 

54.09 

170.12 

96.73 

 

 
Fig.2.Variation in energy consumption of different electrochemical processes. (Co=300mg/l, 5mM Na2SO4, natural pH, i= 

20mA/cm
2
 for EC and 15 mA/cm

2
 for EF, EO) 

 

3.3 Energy Cost 

The cost of energy (dollar/m
3
) for pesticide 

removal of each treatment process was 

 

 

calculated by the following below 

equation:

 

                             
   

  
            (

      

   
)                            (10) 

  

Table 3 summarizes energy costs of the 

pesticide’s degradation by different 

electrochemical treatment processes. within EF, 

80.48% COD reduction was carried out with an 

energy cost of 7.22 dollar/m
3
 at 80 min. The EO 

has less energy cost, 3.72 dollars/m
3
, and a 

maximum COD reduction efficiency of 85.59 %. 

Among these used three treatment processes, ECP 

has the maximum energy cost (11.71 dollars/m
3
) 

with reduction efficiency (79.51%).  

 

Table 3. Degradation cost of pesticide for different electrochemical processes 

Process Applied current (A) 
Potential different 

(V) 

Cumulative energy consumption 

KWh / m3 
Unit price (dollar/kWh) 

 

Energy cost (dollar /m
3
) 

EO 1.24 13.0 
54.09 0.07 3.72 

EC 1.66 30.5 
170.12 0.07 11.71 

EF 1.24 23.3 
96.73 0.07 7.22 
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3.4 Sludge formation 

In the ECP and EFP, dissolved ions of 

ferrous formed at the anode change to ferric 

ions. there is a fact that ferric ions (Fe
3+

) are a 

coagulation material and produce Fe(OH)3 

contained sludge. 

In EC, amount of sludge increased from 

2.25 to 2.94 g per 400 ml bromuconazole 

wastewater by rising the current density from 

5mA/cm2 to 20mA/cm2 within 5mM supporting 

electrolyte. Flock formations in EC processes 

became visible after the 3 min. It was 

investigated that the amount of sludge settled 

increased directly with the increased of applied 

electrical power and reaction duration. So, the 

colour of the sludge was green. This is because 

of Fe(II) ions settling as Fe(OH)2  İn EFP the 

amount of sludge at the end of 20min of 

experiments for best removal efficiency is 2.94 g 

per 400 ml wastewater by increasing the current 

density in the same manner as EC  within 5mM 

supporting electrolyte. The colour of the settled 

sludge was brown. İn EFP the mineralization of 

some carbons to carbon dioxide occur, so finally 

less sludge formed in compare to that formed by 

ECP. there is a considerable advantage of EOP 

in terms of sludge, this process does not produce 

sludge since the hydroxyl radicals formed on 

anode's surface (Yavuz, 2007). 

4. Conclusion  

The feasibility of electrochemical 

processes for Bromuconazole pre-treatment are 

shown, which include EOP, ECP, EFP processes. 

The effects of parameters such as current density, 

electrolyte type, and H2O2 concentration were 

investigated on COD reduction and removal 

efficiency of bromuconazole pesticide. 

It was seen that these variables remarkably 

affected Bromuconazole removal efficiency. The 

obtained Results in the EOP treatment at pH 5.32, 

indicates a noticeable decrease in COD from 

1192.74 to 167.52 mg/L. The EFP treatment gives 

noticeable removal percentages of COD. Up to 

80.48 %, COD lowering was occurred at pH 7.84 

with average energy consumption (96.73 kWh/m
3
) 

and moderate energy cost (7.22 dollar/m
3
). within 

ECP, the highest COD removal efficiency of 

79.51 % was noticed at pH 7.79 with high energy 

consumption of (170.12 kWh/m
3
) and high energy 

cost (11.71 dollars/m
3
). 

Overall EFP and EOP showed best COD 

removal efficiency. So EOP is suggested for the 

treatment of wastewater polluted with pesticide in 

terms of COD reduction, cost  of energy, and 

energy consumption. The treatment processes 

must be directly followed by a biological 

treatment process in order to make it cost-

effective and to promote the performance. 
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A B S T R A C T: 
      Prangos platychlaena Boiss, a wild plant belongs to the Apiaceae family, it is a native plant of Kurdistan Region-Iraq. Root, 

leaves, stem and flowers of the plant were collected from Halgurd mountain Iraqi Kurdistan region. Its initial growth begin in 

May, flowering at the beginning of  June and reaches fruit formation by the end of June until the last week of July, while the seed 

formation and dispersal were begun by the end of July until the end of August. Ethanol extract of different parts of the P. 

platychlaena has significant cytotoxcity potential on the human liver carcinoma cell and the activities of cytotoxicity can be 

classified as root > stem > flowers > leaves. Toxicity of water extract assayed against Triticum aestivum L.(wheat) and Hordium 

vulgare L( barley) and Lolium rigidum Gaud,  results were indicated that the germination percentage and the root elongation 

decreased gradually with increasing the concentration of extraction until complete inhibition. T. aestivum shows higher tolerance 

ability to root, leaf, stem and flower extracts. As well as there was inhibition of Lolium rigidum due to all parts extract. Thus P. 

platychlaena Boiss can be used as a herbicide. 
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1.INTRODUCTION: 

  

    In the Iraq especially Kurdistan region is well 

known for its flora and the abundance of wild 

plants and their natural products that its people 

have long used as traditional medicine, food and 

other uses (Hamad et al., 2017). The family 

Apiaceae is regarded as one of the important 

famililes for its chemical contents. The genus of 

Prangos belongs to the family of Apiaceae, under 

the order of apiales, having thirty species 

distributed from the Mediterranean to central 

Asia, fourteen of them found in Turkey  (Ahmed 

et al., 2011). While, seven of them found in the 

different areas of  Kurdistan region of Iraq, which 

are P.platychlaena Boiss., P.ferulacea L, P. 

uloptera DC., P.asperula Boiss.,  P.pabularia 

Lindl., P.peucedanifolia Fenz, and P.carymbosa 

Boiss. The P. 
 
 

 

 

 

platychlaena Boiss is a perennial plant, 

length can reach up to (1-1.5m), naturally growing 

in the high mountains in the Kurdistan region of 

Iraq, on rocky slopes at the altitude of 2200-

2800m above sea level. Their species were 

distributed more in the Halgurd mountain 

(Ghazanfar and Edmondson, 2013). 

The phenomenon of phenology is a 

biological process that involves a series of cyclical 

steps such as vegetative growth, flowering, fruit 

formation and seed formation and dispersal  

(Valdez-Hernández, 2015). Toxicity assay is an 

important aspect in the investigating processes of 

neighboring plant's inhibition growth and studies 

of cytotoxicity. Such processes were encouraged 

by natural plant products that have an effect on 

certain plants. Part of this study was concerned 

about the extracts from the roots, leaves, stems 

and flowers of P. platychlaena Boiss with regard 

to their cytotoxicty on human liver carcinoma 
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cells and toxicties toward other plants. Our survey 

on the availblity of the literature on a plant, as yet, 

no study covered the scientific information about 

the phenology and toxicity of this plant species.  

2.MATERIALS AND METHODS 

2.1Description of studied location 
Halgurd mountain in Kurdistan region well-

known for its various flora species. Its located in 

the north east of Erbil city. The studied area in the 

mountain is of altitude; 36:42.30758N, longitude; 

44:52.29358E and about 96 km distant from Erbil 

city. Location and topography map of the area was 

measured by using the global positional system 

(GARMIN/GPS 72), (Figure 1). 

 

 

Figure 1: Location and topography map of  Halgurd mountain. 

 

2.2 plant material collection and treatment 
Different plant parts of P. platychlaena 

Boiss were collected during May to July of 2017 

from the Halgurd mountain in Kurdistan region of 

Iraq, at the altitude of 2170m. The different plant 

parts root, leaves, stem and flowers of the P. 

platychlaena Boiss were collected, cleaned and 

shed dried at the room temperature near 38-40°C  

till the constant weight obtained. The dried parts 

grinded slowly sieved to obtain a fine powder and 

preserved in tight closed bottles according to (Yeo 

et al., 2014). 

2.3  Extraction method 

Dry powder of each plant part (10.0g) 

mixed with petroleum ether (40-60%), ethanol 

(99.9%) and distilled water, for three days at room 

temperature (30-40 °C) and repeated for three 

times with stirring a regular interval. The extracts 

solution was filtered throw double layer of muslin 

cloth and Whatman NO.1 filter paper and 

concentrated using a rotary evaporator to obtain 

the crude of plant extracts (Yeo et al., 2014). 

2.4 Assessment of life cycle and  Phenological 

stage of Prangos  platychlaena Boiss  plant 

Regular visit were arranged every week during 

2017-2018 to monitor the life cycle of P. 

platychlaena Boiss in Halgurd mountain and 

follow the phenological stages during the life 

cycle; vegetative growth, flowering, fruit 

formation and seed formation and dispersal stage 

(Mirinejad, 2015). 

2.5 Cytotoxicity of P. platychlaena Boiss against 

human liver carcinoma cells 

The cytotoxicity of P. platychlaena was 

evaluated by the determination of their IC50 using 

Erbil 



Rahman.J And. Jaff..D.  /ZJPAS: 2021, 33 (1): 146-156 
148 

 

ZANCO Journal of Pure and Applied Sciences 2021 

   
 

 
 

the MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium) test, a colorimetric method 

for monitoring cell survival in vitro assay. The 

basic of this test is change the yellow color of 

Tetrazolium salt to the violet crystals in the 

culture medium. The liver cell line ( HepG2) was 

collected from the Pasteur Institute of Iran. The 

ninety six well plates were used, and 1x10
4 

cells/well were incubated with 90µl of Dulbecco's 

Modified Eagle's Medium  (DMEM) 

supplemented with 10% Fetal Bovine Serum 

(FBS) containing different concentrations of 

ethanol extracts that ranging from 1 to 500µg/ml, 

and incubated over night at 37 ºC in a CO2 

incubator (5%). Then, 10µl of MTT solution 

(5mg/ml) was transferred into each well and the 

mixture was incubated for 4h at 37 ºC. After 

incubation time, 100µl of Dimethyl Sulfoxide 

(DMSO) was added into each well to dissolve the 

formazan from the MTT and incubated at 37 ºC 

for 24h. ELISA reader (BioTech, USA) used for 

measuring the absorbance at a wavelength of 

570nm. Untreated cell (˂1%DMSO) was used as 

control (Chanda and Nagani, 2013), the 

percentage of the reduction of viability was 

calculated as follow: 

Viability % = ODe /ODc *100…..(1) 

Where: ODe: is the mean value of the measured 

optical density of the extract of the sample, ODc: 

is mean value of the measured optical density of 

the control. For each concentration tested, five 

replicated wells were used and 50% inhibition of 

cell growth (IC50) used as an analysis parameter. 

The lower value of viability % was indicated the 

sample has a higher potential of cytotoxicity. The 

sample was considered cytotoxicity if the 

percentage viability was ˂70% and non 

cytotoxicity if the value of percentage viability 

was > 70% (Cannella et al., 2019). 

2.6 Assessment of toxicity of P. platychlaena 

Boiss on seed germination and root elongation 

of some plants 

2.6.1 Choose the plant seeds 

The decision to choose the crop Triticum 

aestivum L. ( wheat), Hordium vulgare L ( barley) 

and wild plant Lolium rigidum Gaud seeds for this 

assay depends on the availability of the weed and 

uses of the crops in our area which plays an 

important role in the economics of the region. 

Seeds of all of them were obtained from the 

Directorate of Research Center of plants in Erbil. 

In this experiment we choose Triticum aestivum 

L.,  Hordium vulgare L.  and Lolium rigidum 

Gaud.  seeds to evaluated the effect of 

P.platychlaena Boiss parts extracts on their 

germination and root growth.  

2.6.2 Preparation of plant stock solution and 

bioassay 

The effect of plant extract on the 

germination and root elongation of tested plants 

were studied in the laboratory. The obtain of a 

stock solution (w/v) , weight (1gm) of extracted 

plant parts such root, leaves, stem and flowers 

were dissolved in distilled water, 2.5 % DMSO 

and 2 % DMSO, respectively. The stock solution 

of each extract (10mg/ml) were further diluted 

with the distilled water, 2.5%DMSO and 

2%DMSO, respectively, to different concentration 

(0.5, 1.5, 2.5, 3.5, 4.5 and 5.5 mg/ml). From each 

treatment taken 10 seeds were placed in a petri 

dish of 9.0cm in diameter, lined with Whatman 

No.1 filter paper, moistened with 7ml of each 

extract at different concentrations. All petri dishes 

were incubated in the growth chamber at 22±2⁰ C. 

Germination % (G %) and root elongation, were 

measured after 7 days and statistically analyzed 

(Javaid et al., 2006, Kapur and Govil, 2000). 

Germination % was calculated according to  

(Kanimarani, 2018), with the following equations. 

Germination = (Total no. of germinated seeds 

/Total no. of tested seeds) *100….(2) 

The seed inhibition percentage of the 

P.platychlaena against the   T. aestivum L.,  H. 

vulgare L.  and L. rigidum Gaud were calculated 

as per the formula described by  (Hoque et al., 

2003), and used in the IC50 calculation. The value 

of IC50 was determined on the bases of the 

equation used by (Ali and Taha, 2016). 

I =C - T*100/ C…………… (3) 

Where:  I = seed inhibition percentage, C= 

Response of control plant,  T= Response of treated 

plant 

2.7 Statistical analysis 

The cytotoxic activities, germination rate 

and root elongation of the P. platychlaena Boiss 

were statisticaly analyzed using  ANOVA table, 

by Dunnett s multiple comparision tests, by Graph 

Pad-Prism version 7. All results arranged as mean 

± standard error  for each data and  P value less 

than 0.05 considered as statistically significant 

differences among them. 

3. RESULTS AND DISCUSSION 

3.1 Assesment  of the phenology of P. 

platychlaena Boiss in Halgurd mountain 
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           The results in Figure 2 showed the stage of 

growth and development of  P. platychlaena Boiss 

started from the 1
st
 week of May, then 2

nd
  stage 

the vegetative growth which initiated in the 2
nd

 

week of  May, and continued until the end of May, 

while the flowering stage started from the 

beginning of June and continues until the end of 

June. Also, the fruit formation is initiated at the 

end of June and continues until the last week of 

July. On the other hand, some plants started with 

seed formation and dispersal after the month of 

July and continue until the last week of August. 

Finally, the degradation of the vegetative growth 

gradually occurs and the plant died, by the end of 

September (Castro-Diez et al., 2003).  

 
Figure 2: Growth and phenological stages of  Prangos platychlaena Boiss from  May to September. 

 

3.2 Assessment of cytotoxicity of P. 

platychlaena Boiss  against  human liver   

carcinoma cells 

In order to determine the rate of inhibition 

of the cell growth, the cytotoxicity of P. 

platychlaena Boiss extracts were carried out 

against liver carcinoma cell line (HepG2 ) at 

different concentrations. Statistical analysis 

showed that the plant extracts have a potential 

inhibitor effect on the growth of liver carcinoma. 

The concentration of the extracted of plant parts as  

root, leaves, stem and flowers have significantly 

affected against the growth of liver carcinoma 

cells were 50,100,10 and 10µg/ml respectively. 

The results showed the cell viability percentage 

decrease with an increase in the concentration of 

plant extracts (Table 1 ). While, the IC50 values of 

the of the root, leaves, stem  and flowers extracts 

were 94.0, 299.0,108.0 and 208.0 µg/ml, 

respectively (figure 3). The activities of extraction 

of the plant parts against liver carcinoma cells can 

be classified as root > stem > flowers > leaves. 

This finding indicated that the root part has higher 

cytotoxicity potential than the other parts due to 

containing the chemical compounds may have 

more potential activities against the growth of 

liver carcinoma cells. In comparison the 

cytotoxicity of P. platychlaena Boiss with other 

Prangos species, that partial agreement with 

results showed by  (Shokoohinia et al., 2014), root 

extract by acetone of P.ferulacea L. showed the 

cytotoxicity effect on the human ovarian 

carcinoma. According to  (Farooq et al., 2014), the 

phytochemical analysis of methanol: 

dichloromethane (1:1) for root extract of P. 

pabularia led to isolation of osthol compound, 

which have potential of cytotoxicity against 

epidermoid carcinoma (A431), lung (NCI-H322), 

prostate (PC-3) and colon (HCT-116) cell lines. 

Generally, natural chemical compounds 

found in the plant such as phenolic acid, tannins, 
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coumarins, flavonoids, terpenes, ..etc, have a 

major role in the prevention and treatment of 

cancer. The bioactivities of these compounds were 

responsible for their anti-inflammatory effects, 

anti-carcinogenic, inhibition proliferation and 

contribute to their apoptosis by stopping the cell 

cycle (Huang et al., 2010, Booth and Bohlmann, 

2019).  

 

 

 

 

Table 1: Effect of P. platychlaena Boiss root, leaf, stem and flower extract concentrations on human liver 

carcinoma cell viability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Values was mean ± standard error,   Symbol * refer to the significant differences among  treated cell  and 

control cell line 

 

 

Concentration of extracts 

& their control 

Cell viability (%) 

Root Leaf Stem Flower 

Control 100±7.4 100±7.4 100±7.4 100±7.4 

1.0   µg/ml 91.5±5.8 92.9±2.82 90.9±2.89 87.1±7.8 

10.0µg/ml 87.2±5.23 89.2±4.2 79.1±6.8* 81.1±2.4* 

50.0µg/ml 73.9±5.3* 90.4±1.67 74.6±4.7 67.6±3.6* 

100.0µg/ml 57.2±5.3* 68.6±2.7* 36.69±6.2* 55.2±3.0* 

200.0µg/ml 21.0±3.49* 59.0±2.4* 27.78±3.9* 51.8±3.7* 

500.0µg/ml 25.3±3.7* 38.6±1.46* 20.3±3.5* 39.3±2.8* 
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Figure 3: The values of IC50 of P. platychlaena Boiss root, leaf, stem and flower extracts on  liver 

carcinoma cell line growth 
 

 

 

3.3 Assessment the toxicity of P. platychlaena 

Boiss on seed germination and root elongation  
Seed germination and root elongation 

(radicals) of Triticum aestivum,  Hordium vulgare 

.  and Lolium rigidum seeds, during the 7days of 

treatment with different plant parts extraction of 

P. platychlaena Boiss, depends on the type of 

treated seeds and the phytochemical compounds in 

a part of the P. platychlaena Boiss plant used. The 

results revealed that the minimum percentage of 

germination rate for T. aestivum , H. vulgare and  

rigidum seeds were 27±3.3, 7±3.3 and 13±3.3% 

respectively, found in the water root extracts at  

4.5, 2.5 and 2.5 mg/ml respectively, while the 

leaves water extracts showed an adverse effect on 

the percentage germination rates of  T. aestivum, 

H. vulgare and  L. rigidum seeds, in which the 

minimum value were 10±0.0, 10±0.0 and 

10±5.7% respectively, which obtained by using 

3.5, 2.5 and 2.5 mg/ml of extract, respectively. On 

the other hand, the minimum value of the 

germination percentage of all three plant seeds 

against stem water extract was 20±5.7, 10±0.0 and 

7±3.3%, respectively, by concentrations the 

amount of  4.5, 2.5 and 2.5 mg/ml respectively. 

Finally, the water extraction of the  P. 

platychlaena Boiss flowers showed the minimum 

percentage of germination rate which  

recorded10±0, 7±3.3 and 7±3.3% against T. 

aestivum L, H. vulgare and L. rigidum, 

respectively, found at the level of 2.5mg/ml 

respectively. The statistical analysis showed 

significant differences (P˂0.05) among the 

treatment data at different concentrations with 

control data. While the germination percentage 

rate of each of T. aestivum, H. vulgare  and  L. 

rigidum were don’t detected when ethanol and 

petroleum ether extract were used, those results 

were shown in Table 2. 

The results in Figure ( 4, 5,6 and 7) 

indicated that the minimum value of root 

elongation for T. aestivum L., H. vulgare and L. 

rigidum seeds  when treated with water root 

extract at 4.5, 2.5 and 2.5 mg/ml, were 3.83±0.44, 

4.3±0.33  and 1.1±0.1 cm/plant, respectively. On 

the other hand, water extracts of leaves showed an 

adverse effect on the root elongation of  T. 

aestivum L., H. vulgare and  L. rigidum seeds, in 

which the lowest value was 1.33±0.06, 1.33±0.33 

and 1.6±0.16 cm/plant, respectively, which 

obtained by concentrations 3.5, 2.5 and 2.5 mg/ml 

of extract, respectively. While, the minimum 

value of root elongation of all three plant seeds 

against stem water extract was 4.5±0.28, 5.3±0.33 

and 1.3 ±0.15 cm/plant respectively, by using the 

amount of 4.5, 2.5  and 2.5  mg/ml respectively. 

Finally, the water extraction of the  P. 

platychlaena Boiss flowers showed the minimum 

root; 94 µg/ml 

leave; 299µg/ml 

stem; 108µg/ml 

flower; 208µg/ml 
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value of root elongation which recorded 

1.66±0.33,  2.43±0.29 and 1.16±0.08 cm/plant 

against T. aestivum L., H. vulgare and L. rigidum, 

respectively, recorded at the level of 2.5mg/ ml, 

respectively. The statistical analysis of data 

revealed the significant differences (P˂0.05) 

among the treatments compare with control data at 

different concentrations of plant extraction. As 

well as,  root elongations of each of T. aestivum 

L., H. vulgare and L. rigidum were don’t detected 

when ethanol and petroleum ether extract were 

used. 

In general, seed germination and root 

elongation were wide and rapidly used toxicity 

tests because of sensitivity and suitability for 

unstable chemical compounds (Lin and Xing, 

2007). The results indicated that the germination 

percentage and the root elongation development 

decreased gradually with increasing the 

concentration of extraction until complete 

inhibition will occur due to increasing the 

accumulation of the phytochemical compounds 

which showed adverse effects on the growth of a 

seed . The data revealed the  T. aestivum plant 

seedling was more resistance toward the extracts 

of root, leaf, stem and flowers of the  P. 

platychlaena Boiss plant than that of  H. vulgare 

and  L. rigidum seedling, this may be related with 

the chemical compounds and physiological 

structure of their seeds and their genetically 

performance (Lin and Xing, 2007). This 

phenomenon allows  T. aestivum to grow in the 

areas covered with the P. platychlaena Boiss 

plant. While the toxicity of ethanol and petroleum 

ether extracts don’t detect because the extracts by 

both solvents don’t soluble in water and it requires 

to add DMSO to increase solubility, thus the later 

solution prevented seeds germination (Hung et al., 

1992). 

 

 The results showed that the range of 

variation in the IC50  values of the water extracts of 

root, leaves, stem and flowers of P. platychlaena 

Boiss was 0.48- 2.62mg/ml, Figure 8. This finding 

showed that the part of the flower of this plant has 

a lower value of IC50 and higher toxicity potential, 

the other parts. Therefore, toxicity level can be 

arranged as: flowers > leaves > stem > roots, this 

may be due to the proportion of the amount and 

type of phytochemicals produced in the flowers of 

this plant. 

 

 

Table 2: Germination percentage of seeds incubated with different extracts from different plant parts 

of P. platychlaena Boiss. 

 

Germination rate (%) 

 

 

Concentration 

(mg/ml) 

 

Plant parts 

 

Extracts 

L. rigidum H. vulgare T. aestivum  

97±1.6 92±1.66 90±0.0 Control  

 

 

Root 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Water 

80±5.7 60±5.7* 83±8.8 0.5 

40±5.7* 22±1.6* 60±5.77* 1.5 

13±3.3* 7±3.3* 33±3.3* 2.5 

0.0±0. 0.0±0. 30±0.0* 3.5 

0±0. 0±0. 27±3.3* 4.5 

0±0.0 0.0±0.0 0.0±0.0 5.5 

93±3.3 90.0±0.0 93±3.3 Control  

 

 

Leaf 

 

 

 

 

47±3.3* 50±0.0* 55±2.8* 0.5 

37±8.8* 30±5.7* 30±0.0* 1.5 

10±5.7* 10±0.0* 20±5.7* 2.5 

.00.0±0 0.0±0.0 10±0.0* 3.5 

0.0±0. 0.0±0.0 0.0±0.0 4.5 

0.0±0.0 0.0±0.0 0.0±0.0 5.5 

93±3.3 92±1.6 93±3.3 Control  

 63±3.3 60±5.7 90±5.7 0.5 
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30±0.0* 17±3.3* 50±5.7* 1.5  

Stem 

 

 

 

7±3.3* 10±0.0* 27±3.3* 2.5 

0.0±0.0 0±0.0 23±6.6* 3.5 

0.0±0.0 0.0±0.0 20±5.7* 4.5 

0±0.0 0.0±0.0 0.0±0.0 5.5 

91±0.5 91.0±1.6 97±3.3 Control  

 

 

Flower 

48±1.6* 45±2.8* 53±3.3* 0.5 

25±2.8* 30±5.7* 23±3.3* 1.5 

7±3.3* 7±3.3* 10±0.0* 2.5 

0.0±0.0 0.0±0.0 0.0±0.0 3.5 

0.0±0.0 0.0±0.0 0.0±0.0 4.5 

0.0±0.0 0.0±0.0 0.0±0.0 5.5 

N.D. N.D. N.D. Control  

All parts 

Ethanol 

N.D. N.D. N.D. all concentration 

N.D. N.D. N.D. Control Al parts 

 

Petroleum 

ether N.D. N.D. N.D. all concentration 

     The symbol * significantly treated data with control data at (P˂0.05), Values are expressed as mean ± 

standard error, N.D.: Not Detect 

 

 

Values are mean, Symbol *: it means significantly among treatment and control data 

Figure 4: Effect of P. platychlaena Boiss root extract concentration on root length (cm) 
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Values are mean, Symbol *: it means significantly among treatment and control data 

Figure 5: Effect of P. platychlaena Boiss leaf extract concentration on root length (cm) 

 

 
Values are mean, Symbol *: it means significantly among treatment and control data 

Figure 6: Effect of P. platychlaena Boiss stem extract concentration on root length (cm) 
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Values are mean, Symbol *: it means significantly among treatment and control data 

Figure 7: Effect of P. platychlaena Boiss flower extract concentration on root length (cm) 

 

 

Figure 8: Value of IC50 of P. platychlaena Boiss root, leaf, stem and flower extracts against Triticum 

aestivum L, Hordium vulgare L and  Lolium rigidum Gaud . 
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4. CONCLUSIONS 

Summary of the results showed that the 

phenological characters of Prangos platychleana 

Boiss started from June to August. Root, stem, 

leaf and flower extracts showed significant 

cytotoxic  potential on human liver carcinoma 

cell. As well as flower water extract have more 

effects to inhibit both germination percentage and 

root elongation of Triticum aestivum L., Hordium 

vulgare L and  Lolium rigidum Gaud. 
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such as search and rescue, firefighter, police, and tactical networks i.e. MANET. In these scenarios Mobile Ad hoc Networks 

(MANETs) can supports immediately Voice Over Internet Protocol (VoIP) service to be used, with fast deployment, low cost, and 

flexibility during movement. Recently the new mobile devices support the new frequency of IEEE 802.11n 5GHz that gives better 

performance requirements to MANET, with enhanced Quality of Service (QoS) and bandwidth (B.W). This paper will calculate 

and improve VoIP service in MANET that operates under IEEE 802.11n 5GHz frequency, with comparing two main routing 

protocols AODV and OLSR, and analyzing some QoS requirement such as end-to-end delay, throughput, and retransmission 

attempts using Network Simulator (NS2).  
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1. INTRODUCTION : 

 

In these days, the technology plays very important 

role in government initiatives to set up and build a 

new important communication through the years 

to support new services to the technology sectors 

(Mohammed, B. and Maulod, S., 2016). 

Technology allows mobile devices to 

exchange voice messages and calls over an 

internet connection, it depends on different types 

of codec used, which converts and compress 

analog to a digital signal to be transmitted, and 

each coding gives different frame rate (bps) that 

affect the voice quality in MANET [Abou Haibeh, 

L, Hakem, N & Safia, 2017].  

 

 

 

 

 

 

 

 

MANET is a group of mobile devices 

connected wirelessly with adapter called Wireless 

Network Interface Card (WNIC) while moving 

without any fixed infrastructure, it continuously 

changes its topology all the time, therefore it used 

by tactical networks like search and rescue, 

firefighter, and the police [Afaqui, MS, Garcia-

Villegas, E & Lopez-Aguilera, 2016]. To transfer 

data in MANET, routing protocols must be 

applied guiding the packets from the source to the 

final destination [Alqaysi, H & QasMarrogy, GA 

2015]. Recently WNICs works with the frequency 

of IEEE802.11n 5GHz, which provides larger 

bandwidth from the old IEEE802.11a, b, g, that 

gives data rate of 11Mbps up to 54Mbps that 

considered very inefficient for high-quality VoIP 

transmission [AlShahwan, F, Alshamrani, M & 

Amer, AA 2018]. VoIP quality in MANET can 

depend on many factors such as WNIC 

characteristics, buffer size, transmission power, 

data rate, max receiving lifetime, and the large 
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packet processing [Aman, AHM, Hashim, A-HA, 

Abdullah, A, Ramli, H & Islam, S 2017].  

This paper will focus on calculating, 

modulating and enhancing the buffer size and max 

receive lifetime in IEEE 802.11n 5GHz WNIC 

parameters for VoIP transmission over MANET, 

with using Network Simulator 2 (NS2) and 

analyzing and comparing two famous routing 

protocols AODV and OLSR regarding end to end 

delay, throughput, and packet loss to ensure 

highest QoS result. 

The rest of the paper will be structured as 

follows. Section II shows the proposed 

calculations of IEEE 802.11n 5GHz parameters 

and VoIP transmission techniques. while section 

III presents the experimental results, analysis, and 

comparison. And finally, section IV provides a 

conclusion and direction for the future work of the 

paper. 

 

2. LITERATURE SURVEY 

Many researchers tried to enhance and 

optimize VoIP service in MANET, in [Patel, 

N.K., Saxena, P., Singh, R. and Kumar, S] the 

reasercher tryes a novel method of signaling for 

broadcast voice is proposed for multi-hop 

broadcast voice communication in tactical Mobile 

Ad-hoc Network (MANET) with Time Division 

Multiple Access (TDMA) as underlying MAC 

scheme, the results show better and enhanced 

quality with lower delay and higher throghput. in 

[Antwi-Boasiako, E, Kuada, E & Boakye-

Boateng, K 2016] a new approach implemented to 

improve the SIP voice signaling system in OLSR 

for MANET by modifying the routing parameters, 

the analysis shows an effective reducing in the 

delay and enhancing signaling performance. 

While in [Aman, AHM, Hashim, A-HA, 

Abdullah, A, Ramli, H & Islam, S 2017] proposed 

multicast protocols were used to decrease the 

delay of the receiver's processing, the analysis 

shows more accurate results using the proposed 

method. In (Mohammad, A.S. and Potrus, M.Y., 

2016) 

An analysis for TCP was done regarding 

the throughput during the movement of MANET 

wireless nodes, it shows a comparison with 

different types of TCP comparison, the result 

shows a better performance regarding the metric 

analyzed. In [Chandel, ST & Sharma, S 2016] an 

attempt was used to apply fuzzy logic for optimal 

routing results to transfer voice data through 

MANET, the result shows more accuracy, with 

lower delay. In [Chen, Y-H, Hu, C-C, Wu, EH-K, 

Chuang, S-M & Chen, G-H 2017] a comparison 

was made to examine the transmission of VoIP 

with different types of routing protocols to 

analyze the best protocol, the result shows that the 

DYMO protocol is better to be used in an ad hoc 

network. while, in [Erciyes, K, Dagdeviren, O, 

Cokuslu, D, Yilmaz, O & Gumus, H 2011] a new 

approach to control the congestion of the network 

was used during VoIP transmission, with 

estimating the queue size for optimal result, the 

analysis shows that this approach gives better 

performance from the existing parameters used in 

transmission. Finally, in [QasMarrogy, GA 2020] 

a new performance was done for video 

transmission over 5Ghz flying drones to measure 

the throughput, delay and transmission attempts 

using buffer size variation, where it was proven 

that the variation in buffer size can affect and 

enhance the transmission of video for UAV’s 

Drones. 

 

3. MANET IEEE 802.11N-5GHZ WNIC 

PARAMETERS and CALCULATIONS 

To direct packets through MANET, 

routing protocols must be applied to find the best 

routes available. There are 3 types of routing 

protocols namely, proactive, reactive, and hybrid 

as shown in Figure 1 [Ghosh, T, Tiwari, S & 

Sahay, J 2017]. Two routing protocols AODV, 

and OLSR were analyzed for this paper, as they 

are the best for VoIP as shown in many studies 

[Hassine, K & Frikha, M 2017] [Jin, C, Wei, DX 

& Low, SH 2006].  
Figure 1: Types of MANET routing protocol [12]. 

Hoc On-Demand Distance Vector 

(AODV) is a reactive routing protocol, it uses 

broadcast discovery mechanism and sequence 

number to find the best fresh recent routes to the 

MANET Routing Protocols 

Pro-active 

OLSR DSDV 

Reactive  

AODV DSR 

Hybrid  

ZRP 
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destination. It starts his discovery phase when a 

node needs to transmit data to another node, and 

record his routes in its routing table until the 

source node finishes transmitting, then the routes 

will be deleted, and start new path discovery again 

when needed. Therefore, it causes lower overhead 

and more delays during transmission [Hassine, K 

& Frikha, M 2017]. 

While Optimized Link State Routing 

(OLSR) is a proactive routing protocol, it uses a 

group of selected nodes called Multipoint Relays 

“MPR’s to exchange their recent routing 

information between them, giving a speed to route 

discovery phase. OLSR broadcast hello messages 

and store all the fresh routes all the time on a 

frequent interval, with or without a request from 

source nodes, therefore when a node needs to 

transmit, a route will be available immediately. 

Therefore, it causes less delay and more overhead 

during transmission [Kumari, N, Gupta, SK, 

Choudhary, R & Agrwal, SL 2016]. 

VoIP performance can depend on two 

factors, the WNIC parameters, and VoIP Codec as 

shown in table 1.  
Table (1) Bandwidth Comparison for VOIP Codecs [1]. 

Voice Codec Bandwidth (Kbps) 

G.711 64 

G.722 64 

G.723.1 6.3
 

G.726 32 

G.728 16 

G.729 8 

Therefore, the required B.W and size for 

the VoIP codec packet can be calculated from the 

following equations (1) (2) (3) [Marrogy, GA 

2013].: 

                                              

                            

                         

                   

                            

                                         

To calculate a 60 second, VoIP codec 729 

will be used, and based on the above equations, 

B.W and size required will be the following: 
                          

                          
                               
           

                                                 

                                               
         

                      
                               
                     

Therefore for calculating 600 seconds of 

VoIP B.W Size 
                                            

Where total packet size is the maximam 

size of the packet tranmistted, voice payload size 

is tha size of which carries the encoded voice data. 

WNIC parameters can also affect the VoIP 

performance, these parameters keep the wireless 

connections between all network devices up to 

date. Therefore, using the new frequency of 

IEEE802.11n 5GHz will offer lower end to end 

delay, packet loss, with higher data throughput 

[Mondal, A, Misra, S & Maity, I 2018]. In 

MANET, these parameters gives different results 

with device movement and size variation, with 

acceptable packet loss below 5% [QasMarrogy, 

GA, Alqaysi, HJ & Almashhadani 2017], where 

more can decrease the network performance. 

3.1. WNIC Parameters: Buffer Size 

When a frame packet received in the 

destination device, it gets stored and queued in 

WNIC buffer until all frames reached, then the 

WNIC will process the fragmented packet. The 

variable size of the buffer can enhance the 

performance of MANET, while the fixed size can 

decrease the performance [Rautu, D, Dhaou, R & 

Chaput, E 2017]. The required size of the buffer 

can be calculated from the following equation (4): 
                                    

Where RTT is the round-trip time, that 

takes the message to send and acknowledge 

received from the destination. B.W is the 

bandwidth of the link, and N is the connection’s 

number through transmission, where in [Savithri, 

V & Marimuthu, A 2017] was approved the 

optimal value is 5 for N. Therefore, the calculated 

buffer size for this paper will be 
                                          

To analyze optimal results for IEEE 

802.11n 5GHz MANET, four cases will be 

calculated and simulated (128,000 - 256,000 - 

512,000 - 1024,000) bits. 

 

 

3.2. WNIC Parameters: Max Receive Lifetime 

After storing the received frames in buffers 

with fragmentation technique is on, it remains 

there for a specific time until all packet frames 

received to be processed. Otherwise, if all frames 

weren’t received during the specified interval 
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time, the frames drop for new frames to be stored 

[Shenoy, SU, Kumari, S & Shenoy, UKK 2017]. 

Therefore, if the time variate in MANET, it can 

give a different result. To calculate optimal results 

for IEEE 802.11n 5GHz MANET, four cases will 

be calculated and simulated (0.1 - 0.5 - 1 - 1.5) 

second. 

 

4. RESULTS AND DISCUSSION 

Two scenarios were calculated and 

analyzed, the first scenario calculates the buffer 

size variations, while the second calculates the 

variation in Max Receive Lifetime, finally, both 

scenarios will compare AODV and OLSR for best 

results.  

In this paper, a 1000 m2 with 50 moving 

devices (1.4 m/s human walking speed) were 

simulated in NS2 simulator, using a frequency of 

IEEE802.11n 5GHz and 600Mb/s data rate, a 

VoIP codec 729 sizes of 19Mb were transmitted 

for 10 minutes over MANET, with two routing 

protocols AODV and OLSR. 10 repetitions for 

each scenario were calculated for optimal average 

results, also the first 100 seconds is the white state 

to find fresh routes, which may affect the result, 

therefore no transmission and analysis was done 

[Singh, P, Sharma, AK & Kamal, T 2016]. 

The simulations of IEEE802.11n 5GHz 

buffer size scenario in figure 2, 3, 4 shows the best 

results calculated for throughput is between 

128,000 and 256,000 bits, and it decreases when 

the buffer size increase, because when the buffer 

size is increased, it needs more time to process the 

queued frames, which cause more delay, and 

decrease the throughput of processed packets, also 

more delay can cause the incoming packets to be 

dropped while the queued packet get processed, 

which increases the retransmission attempts 

[Yildiz, HU, Tavli, B & Yanikomeroglu, H 2015]. 

AODV shows better throughput, but 

higher delay and retransmission attempts than 

OLSR. In AODV the source node with low-speed 

mobility obtains the routes faster while reducing 

the broadcasts messages to find new routes, which 

also decrease the requirement for memory and 

routes duplications, but due to the nature of  

 

reactive protocols, it causes higher delay to 

find the routes and transmit the data, while OLSR 

remains stable during all buffer size calculations. 

 

 

Figure 2: Throughput (b/s) of AODV and OLSR Protocols 

with Buffer Size Variation 

Figure 3: Delay (s) of AODV and OLSR Protocols with 

Buffer Size Variation 

Figure 4: Retransmission Attempts (Packets) of AODV and 

OLSR Protocols with Buffer Size Variation 
The simulations of MAX receive lifetime 

scenario in figure 5, 6, 7 shows the best results 

calculated for throughput is 0.1 second. When the 

time is very low, all IEEE802.11n 5GHz WNIC 

parameters for all nodes in MANET are 

synchronized faster, and routes will establish with 

the lowest delay as possible while increasing the 

time can cause the WNIC parameters to 

synchronize slower, thus it needs more time to 

find fresh better routes to destination.   

When time increases AODV remains high 

for throughput, but it still has a higher delay and 

retransmission attempts than OLSR. In 0.5 second 

AODV enhances its performance for the lower 

delay and retransmission attempts, with higher 

throughput, which is considered an optimal 
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parameter enhancement for the AODV routing 

protocol. 

  

Figure 5: Throughput (b/s) of AODV and OLSR Protocols 

with MAX Receive Lifetime 

Figure 6: Delay (s) of AODV and OLSR Protocols with 

MAX Receive Lifetime 

Figure 7: Retransmission Attempts (Packets) of AODV and 

OLSR Protocols with MAX Receive Lifetime 
 

5. CONCLUSIONS and FUTURE WORK 

Nowadays VoIP communication is 

essential for wireless networks especially tactical 

networks. In this paper, an improvement for VoIP 

transmission over MANET was done, by 

calculating the optimal IEEE802.11n 5GHz 

WNIC parameter’s buffer size and max receive 

lifetime for mobile devices, with two famous 

routing protocols AODV and OLSR. The analysis 

shows the optimal result for buffer size for VoIP 

was 128,000 and 256,000 bits while the best max 

receive lifetime was 0.1 and 0.5 seconds. AODV 

shows better result than OLSR with throughput, 

but higher-end to end delay. While OLSR remains 

stable most of the experiment. AODV also shows 

enhancement when increasing the MAX receive 

lifetime to 0.5 with lower delay and higher 

throughput  

For future work, a recommendation is 

advised to use different types of VoIP codec with 

more calculations, to ensure more accurate and 

optimal results to be found for all IEEE802.11n 

5GHz WNIC parameters. 
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A B S T R A C T: 
    Liveability is a place based theory that makes the city a great place to live, it seeks to plan our living communities to promote 

good health, support the social cohesion and create safe and secure environment for the residents. This research seeks to examine 

the influence of two factors on liveability; the environmental quality and safety & security and their related issues.  Five 

residential complexes implemented by the investment sector and located in different geographic locations in Erbil city are chosen 

as case study samples. The study employs an interrelated measuring tool by using spatial analysis check list and questionnaire 

survey with the residents. Results of the statistical analysis showed that significant differences were found between the residents 

satisfaction about their living environment in term of the studied factors, while non-significant differences were found between the 

results of both measuring tools used.  
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1. INTRODUCTION  

 

Livability is one of the recent vital theories on the 

level of urban planning, liveability among 

developing countries‘ cities is a concerning issue 

and paid less attention (Beiglu et. al, 2019).  It is 

regarded as an indicator of quality of life and 

urban quality issues in the urbanized areas (Giap 

et. al, 2014). Rapid and often unplanned 

urbanization has become a global phenomenon 

that increased the exposure of people and urban 

assets to higher degrees of attention to liveability 

(Beiglu et. al, 2019). 

 

 

 

 

 

 

 

 

 

In Kurdistan region, a rapid growth of 

urbanization and urban development have been 

launched as a result of the approval of 175 

housing projects in Kurdistan Region during the 

period from 1/8/2006 till 28/7/2019, which 86 

housing projects of them are located in Erbil 

province (Board of Investment, 2019). As a result 

the city is facing numbers of challenges in term of 

environmental degradation, also in adequate 

shelters and poorly maintained environmental and 

physical infrastructures (Ibrahim et.al, 2015). 

Moreover, the rapid urbanization as well as the lack 

of planning regulations affected negatively on 

residential land use which are more likely to have 

less open spaces and more load on infrastructure 

(Shingali and Malaika, 2016; Ibrahim et.al, 2015 ).   
1.1 Definition of terms:  

Many terminologies and definitions associated 

with quality of life have been used to define the 

liveability, Flint in 2013 defined liveability as a 

part of the community and mentioned that 
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Community liveability refers to the environmental 

and social quality of an area as understood by 

inhabitants, It is the sum of factors that add up to a 

community‘s quality of life including the built and 

natural environments (Flint, 2013).  Livability 

could be result of summation of many factors that 

add up to a community‘s quality of life which 

consist of the built and natural environments, 

economic prosperity (Partners for Liveable 

Communities, 2011). To summarize the term 

‗liveability‘ refers to the living condition of the 

place, reflects the people‘s evaluation about their 

living environment and the extent to which the 

place is fit to live or not. 

 

 

1.2 Dimensions of livability: 

The (National Research Council, 2002) of 

America, classified the liveability dimensions in 

to three essential groups, namely Social, 

Economic and Environmental dimensions, in the 

same context Aguiar and his colleagues in 2018 

confirmed that physical social and economic 

dimensions as the main characteristics of urban 

liveability (Aguiar et.al, 2018), see figure 1. 

Heylen in 2006 indicated that Liveability refers to 

four dimensions: the quality of the 

dwelling/building included (acoustic isolation, 

density, comfort/size and maintenance), the 

quality of physical environment including the 

level of services and facilities, the quality of the 

social environment, resident characteristics and 

finally safety of the neighborhood. Others 

introduced another dimensions of liveability that 

are characterizing the urban areas and classified 

them in to seven groups which are: built and 

natural environment, economic prosperity, social 

stability and equity, adequate physical 

infrastructure, public health, safe streets and 

finally the educational opportunity (Tomalto and 

Mallach, 2015). According to Appleyard and his 

colleagues liveability has two distinctive 

dimensions that are: performance dimensions and 

prescriptive dimensions, the former one focuses 

on both the qualities and measures which are 

descriptive criteria of liveability while the latter 

one describes policy interventions and final status 

of outcomes, in other words performance 

dimension describes what should be measured 

whereas prescriptive dimension provides guidance 

for implementation such as more affordable 

housing and wider transportation choices 

(Appleyard et.al, 2014) 

 

 

Figure 1 Dimensions of liveability 

(National Research Council, 2002) 

 

1.3 Spatial scales of Urban Liveability: 

Kashef in 2016 conducted an analytical review 

about urban liveability, he synthesized the 

dimensions of urban liveability which presents the 

linkage and relationship among environmental, 

economic and social dimensions, and he produced 

a conceptual model based on natural systems and 

built systems that captures the intellectual building 

blocks of urban liveability.  Urban liveability is 

categorized in to three spatial scales, the first one 

is related to the city level whereas liveable city is 

defined as habitable and fit to live (Ruth and 

Franklin, 2014), such indexes were created to rank 

cities in term of liveability like Mercer and 

Monocle that adopt safety and environmental 

issues as forefront assessment indicators 

(Takahashi et.al, 2018). In regarding to the 

neighborhood level as a second spatial scale of 

urban liveability. Liveable neighborhoods 

according to the AARP (American Association of 

Retired People) and Public Policy Institute 

liveability seeks to promote creative policies that 

address residents‘ desire to live safe & secure, age 

friendly and healthy neighborhoods and 

communities, it is considered the first tool to asses 

and measure liveability at the neighborhood level 

based on the following seven categories: Housing, 

Neighborhood, Environment, Health, 

Transportation, Engagement and Opportunity. 

Public space level was categorized as the third 

spatial scale of urban liveability. Nasution & 

Zahrah in 2014 concluded that the enhancement of 

the public open space will create a better 

perception to overall quality of life while
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the functional factor was the most significant 

factor that affects people‘s satisfaction. Ali and 

Ali (2018) confirmed that liveliness of the public 

open spaces is related to the safety of the place. 

Based on the previous literature urban liveability 

based on three spatial scales, various indicators 

have been addressed that impact the liveability of 

the community and make it a desirable place to 

live. Figure 2. Summarizes the main dimensions 

and indicators of liveability according to the 

previously mentioned studies and literature  

 

1.4 The Scope of the Study: 

This study will scope on environmental quality 

and safety & security factors and its influence on 

the neighborhood‘s liveability.  

 

1.4.1 Environmental quality: 

The environmental quality is an important 

indicator for livability studies as it has a direct 

effect on human activities and opportunities by 

creating a healthy physical and social environment 

(Bigio and Dahiya, 2004). According to European 

Environment Agency a pressure on urban 

environment and threats on people‘s well-being 

and health may be created if the environmental 

issues are neglected through urban planning 

process (European Environment Agency, 2015). 

One of the most environmental problems that are 

facing the urbanized areas is the air pollution 

according to the location of pollution source such 

as the waste collection & management areas and 

the industrial land use zones, therefore, selecting a 

suitable location for them has been always 

unsolved subject for human as the improper place 

causes water, soil & air contamination, at the local 

level- in Kurdistan Region no instructions or 

regulations have been presented regarding to the 

buffer zone of any pollution source,  regarding to 

the instructions provided by the Department of 

Environment of Iran land fill (or any waste 

management zone) must be placed at a distance of 

10-15km from the city (Derakhshandeh & 

Beydokhti, 2014). In addition, environmental 

problems are matching with hygienic, economic, 

aesthetic & environmental quality desired by the 

public (Xue et. al, 2010). In term of pollution 

sources the current study will focus on the 

presence of any pollution source within the 

studied areas as well as the distance between the 

studied residential areas and the pollution sources 

in Erbil city (the waste collection zone, northern 

industrial zone and the southern industrial zone) to 

be assessed according to the regulations in this 

term, moreover, the aesthetic value and 

cleanliness are based as indicators.    

 

1.4.2 Safety & Security: 

In October 2016, the Third United Nations 

Conference on Housing and Urban Sustainable 

Development was held, and the ‗‗New Urban 

Agenda‘‘ was released, urban safety was 

considered as one of the most influential factors to 

evaluate cities in term of urban liveability (Lihu 

et. al, 2020). Based on Maslow‘s hierarchy of 

needs, the aspect of safety indicator is considered 

as the second most important factor after the 

physiological needs, this hierarchy indicates that 

one will not attain life satisfaction if the absence 

of threats to safety is not guaranteed, accordingly 

the perception of safety is a critical aspect in 

achieving quality of life. Crime prevention tactics 

are suggested for residential environments in 

urban areas including building fences and walls, 

creating territorial spaces, increasing outdoor 

lighting and installing guard booths and 

surveillance cameras (Sakip et.al, 2013). Figure 3 

shows the current research indicators. 
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Figure 2 Liveability dimensions and its indicators as conducted from previous studies and literature according to each spatial scale (the 

researcher)
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Figure 3 Liveability Indicators of the current research (the researcher) 

1.5 Research Problem      

The majority of the previous studies have been 

conducted abroad, more over Beiglu and his 

colleagues stated that ‗more research is required to 

see how liveability issues are experienced and 

assessed in urban neighborhoods in developing 

countries‘ (Beiglu et. al, 2019). Therefore, the 

liveability issue in Erbil city is uncertain and 

questionable. (In this regard, there is a lack of 

considering research and investigations in Erbil 

city about the influence of environmental quality 

and safety & security on liveability), therefore, the 

main objective of this study is to clarify the role of 

the environmental quality and safety & security on 

the liveability presence in Erbil city residential 

complexes. According to the above the research 

problem is: there is no evidence if the local‘s 

satisfaction about the livability of their residential 

complexes matches the livability as measured 

through the spatial analysis when the assessment 

includes many levels indicators to use both of the 

measuring tools in evaluating the studied areas 

that are located in different geographic locations 

in Erbil city in term of their liveability.  

1.5.1 Research Objectives 

1. To objectively measure the studied liveability 

indicators through the spatial analysis check 

list of the studied residential complexes 

2. To compare the satisfaction degrees of 

residents with the studied liveability indicators 

using a questionnaire survey in the studied 

residential complexes  

3. To determine if a match exists between the 

objective spatial analysis results and the 

subjective questionnaire survey measurement 

of liveability 

4. To specify the highest and lowest level of 

liveability of the studied residential complexes 

1.5.2 Research Questions 

1. Are there differences in the actual presence of 

the environmental quality and safety & security 

indicators as measured by the spatial analysis 

checklist amongst the studied residential 

complexes? 

2. Are there differences in the residents‘ 

satisfaction degree about the environmental 

quality and safety & security indicators amongst 

the studied residential complexes? 

3. Are the results of the spatial analysis matching 

with the results of the questionnaire survey‘s 

results in term of the studied liveability 

indicators? 

1.5.3 Research Hypothesis 

1.  Differences are shown in the actual presence of 

the studied factors of liveability by using the 

spatial analysis checklist amongst the studied 

residential complexes  

2. The satisfaction of Residents‘ about the studied 

liveability factors amongst the studied residential 

complexes varies.  

3. Matching exists between the results of the 

spatial analysis and the questionnaire survey. 

2. Research Methodology 
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This research was conducted in five residential 

complexes in Erbil city, the research was based on 

two measuring tools that included: spatial analysis 

checklist as most geographical inquiries on 

liveability have been based on objective measures 

(Saitluanga, 2014) and questionnaire survey as it 

is preferred for planning and policy purpose as it 

is providing more valuable feedback (Ibrahim and 

Chung, 2003). In this study the scoring value of 

the spatial analysis checklist ranges from (1 for 

highly inefficient and 5 for highly efficient). 

Visual field survey and ArchGIS software are 

based as a supportive tool for the spatial analysis 

and measuring the distance between the studied 

residential complexes and the pollution sources in 

the city to calculate the final scoring values of the 

studied indicators, see table 1. Regarding to the 

questionnaire survey as a second measuring tool a 

Likert scale ranging from ‗1-5‘ is used for rating 

the statements that related to each studied factor 

denoting ranges from ‗1‘ highly dissatisfied to ‗5‘ 

highly satisfied ‗2, 3 and 4‘ represent dissatisfied, 

neutral and satisfied respectively, a pilot test for 

the questionnaire among small cross section of the 

population was conducted to refine the final 

questionnaire form before implementing the 

formal survey, see table 2. 

 

 

 

Table 1. Spatial analysis Checklist’s Results of the Studied Areas 

 

 

 

 

 

 

 

A. Environmental Quality  

3.2 Frequency of garbage Collection 

1 2 3 4 5 
 1 2 3 4 5 

1. Availability of toxic fumes &/or pollution source  

1 2 3 4 5 

2.Sewage system availability and maintenance  

 

 

  

 The average score of below Mentioned aspects   

B. Safety and Security 

1 2 3 4 5 

4.Controlled entrances  by guarding points 

  

 

2.1 Availability of storm water drainage system  

1 2 3 4 5 
 

5.The neighborhood is not overlooked on isolated 

 area   

1 2 3 4 5 
 

2.2 Maintenance condition of  storm water pipes 

1 2 3 4 5 
 

6.The availability of lighting in public Spaces, roads and 

sidewalks 
1 2 3 4 5 

 

2.3 Grey water drainage system  

1 2 3 4 5 

 

7.Availability of enclosed fence for each dwelling unit   

1 2 3 4 5 
 

3.Cleanliness  

 
1 2 3 4 5 

The average score of below Mentioned aspects   

8.Presence of traffic control device (speed bumps, stop 

signs)  

1 2 3 4 5 
 

3.1 Availability of Garbage cans 

1 2 3 4 5 
 

 

A1 

A2 
B4 

B5 

A3 

B6 

B7 

B8 
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Table 2. Questionnaire form 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1 Sample Selection 

Investment housing projects were selected in this 

study as they represent the largest percentage of 

newly implemented residential projects. The 

selected residential complexes were 

characterized as single housing units, completely 

constructed complexes and the complexes are 

occupied by the local residents. Total of 250 

households were interviewed by distributing 50 

form for each residential complex to get a valid 

feedback about the residents‘ satisfaction about 

their living environment in term of the studied 

factors, SPSS (Statistical Package for Social 

Sciences) software was used to analyse and 

tabulate the data. The selected residential 

complexes as shown in Figure 4 were as 

following. 

1. Dream City is located in the city centre 2. 

Italian 2 City located on Masif Salahaddin 

Road; 3. New Azadi Project located on 

Bahrka Road; 4. Ashti 2 City located on Koya 

Road; 5. Altun City located on Kirkuk-

Bansllawa Road. 

The selected residential complexes are located in 

different locations in Erbil city to determine the in 

equalities between them in term of the studied 

indicators, the process of assessment (as 

previously mentioned in sec.2) based on both 

check list by scoring the sub indicators that related 

to each studied indicator and the questionnaire 

survey with the residents.  

 

 

                                                                      Questionnaire Form 

Complex Name …………………………………                                     Complex location 

…………………………. 

HD: Highly Dissatisfied    N: Neutral     HS: Highly Satisfied D: Dissatisfied  S: Satisfied 

NO. Indicators Degree of Satisfaction 

1.Environmental Quality 

HD 1 D 2 N 3 

S 

4 

HS 

5 

1 There are no polluted and bilge  water puddles      

2 There are no bad smells in the neighborhood      

3 There are barely exhaust fumes while walking in my 

neighborhood  

     

4 The neighborhood is absent of litter       

5 There are no incomplete buildings or vacant areas that 

decreases the attractiveness of the neighborhood 

     

6 The form of the neighborhood buildings is attractive        

7 The landscaping of the neighborhood is attractive       

8 The sidewalks of the neighborhood have proper paving patterns       

2. Safety and Security       

9 You can walk safely at night in the neighborhood       

10 There are outdoor recreational activities & amenities that 

makes the residents feel safer during the entire day.   

     

11 Each dwelling unit has an enclosed external space that 

increases the sense of safety 

     

12 There is a sufficient lighting in the neighborhood that increases 

the sense of safety at nigh 

     

13 There is a separation between pedestrians and vehicles that 

increases the safety in busy streets  
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Figure 4: The Selected Residential Complexes 
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3. Results and Discussion 

3.1 Results and Discussion of the spatial 

analysis check list 

The scoring values of the tested indicators 

(environmental quality and safety and security) 

are provided in Table 3. 

 

            Table 3. Spatial analysis Checklist’s result of the studied areas  

 

Factors 

 

Neighbourhoods 

  

Environmental Quality Safety and Security 

A
1

 
A2 

A
v

er
ag

e 

A3 

A
v

er
ag

e 

T
o

ta
l 

A
v

er
ag

e 

B
4

 

B
5

 

B
6

 

B
7

 

B
8

 

T
o

ta
l 

A
v

er
ag

e 

2
.1

 

2
.2

 

2
.3

 

3
.1

 

3
.2

 

Altun City 1 2 2 4 3 4 3 4 2.6 1 4 4 4 1 2.8 

Dream City 2 4 4 4 4 3 3 3 3 5 5 5 3 4 4.4 

Italian 2 City  3 5 5 4 5 5 5 5 4.3 5 2 4 4 5 4 

Ashty 2 5 1 3 4 3 4 4 4 4 5 3 1 4 1 2.8 

New Azadi 3 4 4 4 4 4 4 4 3.6 5 2 5 1 4 3.4 

Total average scoring 

value of each indicator  

Environmental Quality 3.5 Safety and Security 3.48 

 

   3.1.1 Analysis and Discussion of 

Environmental Quality Indicators 

 To analyse the environmental quality of each 

complex, the researchers identified the average 

mean score for the related sub-indicators (A1 to 

A3) to indicate the final scoring value that 

represents this indicator for each complex, as 

shown in Figure 5.  

A complex with a higher scoring mean value 

means that the complex seems to promote health 

which is enhancing the overall quality of life, 

while the lowest scoring value is supposed to 

presence of pollution source within the residential 

area and poor quality of both sewerage system and 

the cleanliness. The average scoring values of all 

the selected complexes were as follows: Italian 2 

City, 4.3; Ashti 2, 4; New Azadi, 3.6; Dream City, 

3 and Altun City, 2.6   

The result confirmed that the highest average 

scoring value was recorded for Italian 2 City, in 

term of existence of pollution source ―3‖ scoring 

value is recorded (as the pollution source is 

existing along one of the Italian city borderline 

from the exterior side, but in term of sewerage 

system and cleanliness ―5‖ is recorded as the 

distributed and maintained storm water pipes are 

covering more than 80% of the complex as well as 

the efficiency of garbage collection services. The 

lowest scoring value 2.6 represents the poor 

environmental quality of Altun city according to 

the existence of pollution source within the 

complex and poor sewage which cause an 

environmental risk for the residents. 
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Figure 5 Average scoring values of 

Environmental Quality indicators for each studied 

area. 

3.1.2 Analysis and Discussion of Safety and 

Security Indicators 

    Safety and security indicator is scored based on 

five sub-indicators (B4-B8) by using various 

techniques as mentioned before (GIS & field 

visual survey). The average scoring values for 

these indicators were calculated for each case 

study, as shown in Figure 6. 

     The maximum scoring value was recorded for 

Dream City with a scoring value of 4.4, according 

to this result we can say that Dream city is the 

safest and the most secure one, according to its 

location in the city center zone, it is surrounded 

completely by occupied area of residential, 

commercial & institutional uses, also in term of 

controlled entrances the complex does not have 

any through pass traffic or uncontrolled entrances. 

Moreover the majority of Dream city‘s public 

spaces and residential streets are covered with 

lighting and traffic control devices which increase 

the sense of both safety & security, While both of 

Altun city & Ashti 2 recorded the minimum 

scoring value (2.8) amongst the studied samples, 

according to Altun city the entrances are not 

controlled & there is a lack of traffic control 

devices (less than 10% of the residential streets 

are covered), while in Ashti 2 there is a lack of 

both street lighting & traffic control devices, 

moreover Ahti 2 is surrounded by isolated area 

from two sides, all that affected negatively on the 

overall scoring value. Italian 2 city is rated as the 

second one as the complex is surrounded by non-

occupied area from three sides (not completed & 

suspended residential projects). New Azadi 

project recorded 3.4 scoring value, it seems to has 

a fair level of safety & security as it is surrounded 

with non-occupied area from three sides, 

moreover the entrance is controlled by guarding 

points & camera and about 75% of the streets are 

covered with lighting & traffic control devices. 

The scoring values illustrate a clear image that all 

the selected residential complexes hold between 

fair and efficient level of safety and security and 

no one of them scored (1) or (2). As a result, 

creating more liveable residential environment 

affected by two main aspects: firstly: the vitality 

of the surrounded area, secondly: the presence of 

such a features like the lighting, controlled 

entrances and speed control devices. Accordingly, 

the first research question about the differences in 

the actual presence of the studied liveability 

indicators in the selected residential complexes is 

answered. In terms of Environmental Quality, 

Italian 2 City recorded the maximum scoring 

value of 4.3, whereas Altun City recorded the 

minimum scoring value of 2.6. With regard to 

safety and security indicator, Dream City achieved 

the maximum scoring value of 4.4, and the 

minimum scoring value for both Altum City and 

Ashty 2 City was 2.8. According to the conducted 

results the validity of the first research hypothesis 

is proven.  

 

 
Figure 6 Average scoring values of Safety and 

Security indicators for each studied area 

 

3.2 Results and Discussion of the Questionnaire 

Survey  

  3.2.1 Analysis and discussion of the degree of 

residents’ satisfaction about the environmental 

quality indicators 

The statements that were tested the environmental 

quality indicator in the questionnaire were 

included pollution source & air quality, 

cleanliness and aesthetic value. The statistical 

descriptive results of environmental quality 

amongst the studied complexes indicate that the 

total mean score depended on the residents‘ view 

was 3.21 with a standard deviation of 0.84. The 

maximum value of the respondents‘ agreement 

about environmental quality was recorded in 

Italian 2 city 3.96 with a standard deviation 0.53, 

while the minimum mean 2.26 with a standard 

deviation 0.87 was recorded for New Azadi 

complex. The means of each Ashti 2 city, Dream 

city and Altun city were 3.47, 3.32 and 3.03 

respectively as shown in Table 4. The ANOVA 

result was (F = 50.120, p<0.05). Accordingly, a 

statistically significant difference exists amongst 
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respondents‘ satisfaction from the studied areas in 

regarding to the environmental quality indicator.  

 

 

           Table 4. Descriptive Analysis and One-Way ANOVA of Environmental Quality Indicator 

Indicator Case Study N Mean Standard 

Deviation 

Standard 

Error 

 F-test p-value 

E
n

v
ir

o
n

m
e
n

ta
l 

Q
u

a
li

ty
  Altun City 50 3.03 0.80 0.11  

 

50.l20 

 

 

0.000* 

 

Dream City 50 3.32 0.48 0.07 

Italian 2 City 50 3.96 0.53 0.07 

Ashti 2 City 50 3.47 0.24 0.03 

New Azadi 50 2.26 0.87 0.12 

 Total 250 3.21 0.84 0.05   

* Significant at level (p< 0.05) 

 

3.2.2 Analysis and discussion of the degree of 

residents’ satisfaction about safety and security 

indicators 

The statements that were tested safety and security 

indicator in the questionnaire were included the 

availability of recreational activities, dwelling‘s 

unit security and residential streets safety. The 

result indicates that Italian 2 city scored the 

highest degree of residents‘ satisfaction about the 

safety &security indicator. While New Azadi 

recorded the lowest degree of residents‘ 

satisfaction about it. On the other hand the scoring 

value of Dream city, Ashti 2 city and Altun city 

were slightly less than the scoring value of Italian 

2 city as shown in table 5, this satisfaction is 

related to the high security level all over Erbil 

city. The result of ANOVA test was (F=50.420, 

P< 0.05). Accordingly, the result illustrate that 

there were statistical significant differences 

amongst the respondents from the studied 

complexes in respect to the safety & security 

indicator.  

From the aforementioned results of the degree of 

residents‘ satisfaction with the environmental 

quality and safety and security indicators, the 

second research question about the difference in  

 

the degree of residents‘ satisfaction with the 

studied liveability indicators amongst the selected 

residential complexes was answered and the 

validity of the second research hypothesis is 

proven. Figure 7 presents the outcomes of both 

measuring tools amongst the studied areas. 
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Table 5. Descriptive analysis and one-way ANOVA test of safety and security indicator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 results of both measuring tools amongst the studied complexes 

 

3.3 Comparison of the results of the spatial 

analysis evaluation and the questionnaire 

survey evaluation 
        A paired sample t-test was performed to 

examine the third research question regarding the 

correspondence between the results of the  

 

checklist and the questionnaire survey. As 

shown in Table 6 and based on a significance  

 

 

level of p<0.05, insignificant differences 

occurred between the results of the checklist and 

the questionnaire survey in relation to the two 

selected liveability indicators. The p values for 

both tested pairs (Pairs 1 and 2) were more than 

0.05. This result supports the accuracy and 

reliability of both tools and proves the validity of 

the third research hypothesis that states 

(Matching exists between the results of the 

spatial analysis and the questionnaire survey). 

 

 

 

Indicat

or 

Case Study N Mean Standard 

Deviation 

Standar

d Error 

F-test p-value 

S
a

fe
ty

 a
n

d
 S

ec
u

ri
ty

 

Altun City 50 3.32 0.81 0.11  

 

50.42 

 

 

0.000* 

 

Dream City 50 3.44 0.63 0.09 

Italian 2 City 50 3.98 0.57 0.08 

Ashti 2 City 50 3.36 0.30 0.04 

New Azadi 50 2.12 0.92 0.13 

Total 250 3.25 0.91 0.06 

* Significant at the level 0.05 (p< or=0.05), n=250 
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Table 6. Comparison of the questionnaire and checklist results  

Comparison of the Questionnaire (Q) and Checklist 

(CH) results 

 

Mean 

Standard 

Deviation 

 

t-value 

 

Significance 

(p-value) 

Pair 1 

 

Environmental Quality (Questionnaire) 3.208 0.628 −0.911 0.414 

Environmental Quality (Checklist) 3.500 0.700 

Pair 2 Safety and Security (Questionnaire) 3.24 0.682 -0.623 0.567 

Safety and Security (Checklist) 3.480 0.716 

* Significant at level (p<0.05) 

 

 

4. Conclusion 

After analyzing and discussing the selected case 

study samples, the following findings were 

obtained: 

 According to the spatial analysis check list 

the maximum scoring value is recorded for 

Italian 2 city in term of environmental quality 

and for Dream city in term of safety and 

security factor, while the minimum scoring 

value for both studied factors is recorded for 

Altun city. 

 The questionnaire survey results showed that 

the highest mean value of residents‘ 

satisfaction is recorded for Italian 2 city 

(located on Masif Salahaddin Road) for both 

studied factors which means this zone is 

characterized with the majority of best criteria 

and regulations to achieve the liveability 

concept, whereas the lowest mean value of 

residents‘ satisfaction is recorded for New 

Azadi (located on Bahrka Road), therefore, 

more attention is needed for the complexes 

located in this zone  in term of environmental 

quality regulations and safety and security 

measures to promote their level of liveability. 

 Regarding to the above mentioned results 

differences exist in the actual presence of the 

studied factors amongst the selected cases 

which prove the validity of the first research 

hypothesis. Based on this achievements urban 

planners and designers can get benefits from 

the results through planning and designing 

process and follow the guide lines to achieve 

the qualitative residential environment in any 

location in the city. 

 ANOVA test results indicate statistical 

significant differences between the residents‘ 

satisfaction which proves the validity of the 

second research hypothesis. 

 As the results of paired sample t-test 

confirmed a corresponding between the 

results of both spatial analysis check list and 

the questionnaire survey the validity of the 

results of both tools are proven as well as the 

third research hypothesis is confirmed. 

Therefore, the check list can be used by the 

planners as a tool to evaluate and assess the 

residential complexes before constructions 

and implementations stage. 

 The results extracted from this research can 

provide a support and contribution to 

diagnose the defects and shortcomings for the 

existing residential complexes which provide 

a reliable database for the upcoming 

residential projects to avoid repeating design 

errors.  

5. Recommendations 

 In term of Environmental quality the study 

recommends the following: 

      1. Take in to account the environmental 

quality of the site as an important issue when 

identifying the residential land use locations in the 

city. 

      2. Determine a buffer zone of urban waste 

land and industrial land use in the city to avoid the 

penetration by another land use in case of the 

future expansion of the city specifically for the 

residential land use to prevent any hazardous or 
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harmful conditions which negatively affects 

health. 

 In term of Safety & Security indicator the 

study recommends the following: 

       1. Selecting sites for the residential complexes 

that are surrounded by an occupied area with 

mixed land use to increase the sense of security. 

       2. Using a sufficient lighting in the public 

spaces and streets of the residential complexes to 

rise the sense of safety. 

       3. Using a sophisticated technology to control 

the security situation of the entrances for the 

residential complexes such as cameras or any 

other digital tools. 
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A B S T R A C T: 
An increasing amount of power electronics has created an immediate effect on the value of the electrical power source. Both of 

high control manufacturing loads and national loads explain harmonic in the system voltage. In this paper, characterized by 

nonlinear loads, are classified into two types of harmonics, current source harmonics, and voltage source harmonics. Harmonic 

distortion has usually been deleted via the usage of LC passive filter. The proposed technique is to get lower THD as long as 

possible and high power factor and high efficiency, properties of the passive filter is demonstrated in experiments for harmonic 

compensation in MOUNTAIN STEEL Company before and after filtering, by taking the voltage THD of a different time in a day. 
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1. INTRODUCTION: 
 

With the new expansion concerning power 

electronics technology know-how entire types 

over electrical energy transformation becomes 

actual than the power load beside not many watts 

in conformity with several tens of megawatts the 

use of thyristor control switches and MOSFET 

transistors including switching frequency up to 

countless tens over kilohertz. The portion of such 

applications is rising continuously. As into 

promoted international locations, the percentage 

regular drives primarily based on the electrical 

device power of bracing in imitation of 

unregulated in the meantime. 

 

 

 

 

 

 

 

There is no misgiving that uses particular 

technological know-how will increase the 

efficiency of electrical energy. For example, 

among the USA within the length beyond 1985 to 

1995, 60 devices have been reconstructed of 

thermal power plants where 300-frequency-

controlled gadgets on the electric-powered drives 

of the range from 630 go to 4500 kW. The annual 

pecuniary impact used to be expressed within 

saving 1 billion kWh concerning electrical power 

(Semenov, 2011). 

However, the use of specific gadgets has a 

critical drawback; the current stretched via to 

them is non-sinusoidal. This occurrence would not 

be unsafe if it did no longer affect the mean 

factors of the power system. (Muhammad, 2016). 

The higher harmonic currents reason a 

number of adverse outcomes in under the electric 

 

* Corresponding Author: 
Asmahan Y. Husen 

E-mail: asmahan.husen1@gmail.com 
Article History: 

Received: 30/08/2020 

Accepted: 29/09/2020 

Published: 20/02 /2021 

https://zancojournals.su.edu.krd/index.php/JPAS
http://dx.doi.org/10.21271/ZJPAS.33.1.19


Husen. A. et al.  /ZJPAS: 2021, 33 (1): 178-187 
 179 

 

ZANCO Journal of Pure and Applied Sciences 2021 

 

    

   

  

 

equipment. The followings are the major ones 

Reduction on the period concerning the electrical 

equipment. According to imitation of the 

Canadian Electrical Association, along a distortion 

component over source voltage close in 

reproduction of 10%, the tools work lifestyles is 

sizeable reduces , that decrements  is assessed at 

accordant values 32.5% by way of single-phase 

machines 18% intended for three-phase machines 

5% for transformer -Extra losses into the 

transformer windings.  

This agreement concerning whether is how much 

really transmitted transformer influence along an 

extent among THD (Total Harmonic Distortion) 

the current stream via the transformer windings 

enhanced aging pertaining to cable insulation 

appropriate in accordance with accelerated heating 

the surface of the bottom proper in imitation of the 

float concerning higher harmonious currents the 

possibility concerning resonance at the frequency 

regarding higher harmonics (Kuznetsov et al., 

2005) Leading according to a sharp decline among 

the characteristic over electricity and, as like 

consequence, under the miscarriage of electrical 

equipment. For example, of some of installations 

filters adjusted according to a frequency of 500 Hz 

along with a movement about 100, then each 

choked the circuit of a power capacitor element 

taking 15 segments on sixty-five k var. The 

capacitor of its filters failed afterward for about 

two days. The purpose was the attendance of a 

harmonic along with a frequency of 350 Hz, 

among shut vicinity in accordance to which 

resonance prerequisites have been detected 

between power capacitors and tuned filter. It is 

quite needed in conformity to account overload 

current of devise compensations for reactive 

power. As such, units commonly apply capacitors 

banks (Baranov, 2016). 

  Overload occurs due in imitation 

according to the capacitor banks, a non-sinusoidal 

voltage that reasons developed harmonic currents 

about considerable value due to the fact with any 

increase of the frequency cause to the resistance of 

capacitors decreases. Since Capacitor banks are a 

piece of the entire electrical scheme, which 

includes electric circuits, it is fundamental by 

thinking  about rising the higher harmonics of an 

electrical circuits, which is a great issue within 

studying their belongings over the operation 

regarding capacitor banks. 

 (Ameen and Ibrahim, 2016) In this work 

author has been proposed the elimination method 

built on the rotor current controller employed a 

relative integral and multi resonant controller 

PI+MR to overpower the stator current. A six and 

twelve order resonant controller has been used to 

remove the positive (7th and 13th) and negative 

(5th and 11th) current harmonics. As an outcome, 

the impressions of the negative sequence 5th and 

11th and positive sequence 7th and 13th voltage 

harmonic on the stator current were reduced; the 

THD for the stator current was reduced from 

5.63% to 0.37.  

 

2-PROPOSED PROCESS 

While machines work on producing steel 

bar in MOUNTAIN STEEL Company in Erbil it 

will create a large amount of harmonics that cause 

bad effect on the surrounding zone. The proposed 

process of this paper is to show how it could be 

compensating harmonics in this Company by 

using passive filters. This filter causes eliminating 

harmonics which connected on the bus before 

filtering to show the effect of compensating 

harmonics on bus after filtering in different times 

and different loads to get best power factor and 

minimum THD.  

 

  3-THE FEATURES OF THE 

OCCURRENCE OF HIGHER HARMONICS 

IN THE ELECTRICAL NETWORKS 

  As mentioned earlier, due to the need to 

selecting the means of higher harmonics 

compensation, the problem of determining the 

parameters of the electrical network arises.  

As we know, for calculating a non-sinusoidal state 

of the power supply we used to replace the source 

of non-sinusoidal voltage by a set of sources of 

sinusoidal voltage connected in series, the 

frequencies of which correspond to the harmonic 

frequencies, and amplitudes to the spectrum of 

non-sinusoidal voltage. Nonlinear load, as a set of 

sources of sinusoidal current, frequency and 

amplitude which correspond to the harmonics. 

  Voltage and current distortions occur in the 

electrical network due to many reasons. 

Depending on the source and nature of the higher 

harmonics occurrence, selects the methods of their 

compensation. The region of propagation of 

higher harmonics of current and voltage also 
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affects the choice of means of dealing with them 

(Salimi, 2019). Sources of current harmonics are 

various types of non-linear loads. Among them it 

is necessary to highlight the devices that convert 

electrical energy that are built on power 

semiconductors. Devices based on them are 

widely used nowadays in industry. The most 

common are AC / DC converters or rectifiers 

(Garcia-Cerrada et al., 2007). Such devices are 

based on 6
th

-and 12
th

-pulse rectification circuits. 

Rest multi-pulse rectification circuits based on 

parallel connection of6
th

-pulse groups. It should 

be noted that the increase in the quality of 

consumed electric power by increasing the 

pulsation of rectification, leads to a significant 

increase in the price of the product and a decrease 

in its reliability(Lange and Redlarski, 2020). 

  

As a rule, the type of the higher harmonic sources 

is determined by the algorithm of the production 

process. Depending on the type of industrial 

production can be distinguished the dominant 

non-linear load, generating higher harmonic 

currents. So for metallurgical plant, of this type of 

consumer is a valve converter. Such a load 

belongs to the most powerful concentrated sources 

of higher harmonics. The total power of the 

electronic converter technology reaches in such 

production 80-90% (Skamyin and Belsky, 2017) . 

    In chemical production, the main type of non-

linear load is controlled valve converters. These 

valve converters most often performed on a 12-

pulse scheme and are designed for voltage 6- 

35kV with a rectified current of 12.5-25kA. At the 

pulp and paper production are set different 

mechanisms equipped with adjustable drives with 

thyristor valve converters with power up to 

10kVA. The following devices may also act as 

sources of higher harmonics: 

 Installation of electric arc welding. The 

power of such industrial single-phase 

automated devices reaches 1.5 MVA, and 

three-phase - several MVA; 

 Gas discharge lamps (mercury and 

fluorescent) widely used for lighting 

industrial premises. Installed power 

reaches several megawatts. 

 

From the above it should be concluded that the 

converter valve is the main type of non-linear load 

and therefore, particularly should focus on it. 

 The literature provides data on the ratio of 

effective values of higher harmonic currents in 

fractions of the main harmonic current. So for a 

six-pulse converter for 5,7,11,13,17,19,23 and 25 

harmonics these ratios are: 0.2, 0.14, 0.10, 0.07, 

0.06, 0.053, 0.043; and 0.04 (Konstantinou et al., 

2013).  

     In works on determining the effect of 

higher harmonics on the network it is customary 

to represent non-linear load as a current source 

that are connected in parallel and have amplitude 

values corresponding to non-linear load spectrum. 

However, the initial phases of these sources are 

taken as 0 °, those energy characteristics remain 

unrecorded, namely the shift phases between 

current and voltage at each harmonic. Obviously, 

this fact, in some cases, will be of great value 

when theoretically determines the effect of higher 

harmonics. 

     As mentioned earlier, due to the need to 

selecting the means of higher harmonics 

compensation, the problem of determining the 

parameters of the electrical network arises.  

As we know, when calculating a non-sinusoidal 

state of the power supply we used to replace the 

source of non-sinusoidal voltage by a set of 

sources of sinusoidal voltage connected in series, 

the frequencies of which correspond to the 

harmonic frequencies , and amplitudes to the 

spectrum of non-sinusoidal voltage. Nonlinear 

load, as a set of sources of sinusoidal current, 

frequency and amplitude which correspond to the 

harmonics Consumed by non-linear load current. 

At the same time, the initial phases of current and 

voltage sources are set to be equal to 0 °. 

In this case, the calculated equivalent circuit of the 

supply system would take the form shown in 

Figure 1, where a set of sinusoidal voltage source 

𝑉1 , 𝑉2, …. 𝑉𝑛−1 , 𝑉𝑛 is modeled the phase voltage 

of the source to a set of current sources 

𝐼1, 𝐼2, … . , 𝐼𝑛−1, 𝐼𝑛 nonlinear load, LL - linear load, 

LS – The inductance of the system. 
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Figure 1: Networks single-phase equivalent circuit 

 

 The value of any current flowing through 

the power system elements, including the current 

ILL, in non-sinusoidal mode of operation of the 

electrical network is determined by the expression            

𝐼 = √𝐼1
2 + 𝐼2

2 +⋯+ 𝐼𝑛2,                  (1) 

 

Where, I- is the effective value of non-sinusoidal 

current, I1- is the effective value of the current of 

the main harmonic, I2, In - the effective value of 

the currents higher harmonics. The components of 

the current ILL will be determined by the 

superposition method at each frequency 

separately. Consider three options for schemes 

with sources of higher harmonics: 

 In the first version of the interposition of sources 

of higher harmonics at the fundamental frequency, 

the calculated circuit will have one source of 

supply voltage and current source of the main 

harmonic of the nonlinear load. And therefore, at 

the fundamental harmonic frequency, the 

magnitude of the phase shift angle will affect the 

circuit calculation. At the higher harmonics only 

one source will be present and therefore, the phase 

magnitude of the supply source will not affect the 

determination of the circuit's parameters. 

 In the second variant of the mutual 

position of the sources of higher harmonics in the 

considered calculated circuit will be present one 

power supply source at both the main frequency 

and higher harmonics, therefore, as in the first 

variant, the initial phase will not affect  the 

determination of circuit parameters. 

 Consider the last option when the source is non-

sinusoidal voltage feeds the circuit containing 

non-linear load. Then by the method of 

superposition, the current in the circuit will be 

determined by the expression (1), but with 

considering the system (2) 

[
 
 
 
 𝐼
(1) = 𝐼𝑈

(1)
+ 𝐼1

(1)
→ 𝐼(1)

𝐼(2) = 𝐼𝑈
(2)

+ 𝐼1
(2)

→ 𝐼(2)

… .

𝐼(𝑛) = 𝐼𝑈
(𝑛)

+ 𝐼1
(𝑛)

→ 𝐼𝑁

                (2) 

Where  𝐼(1), 𝐼(2), … . 𝐼(𝑛) are vectors of the 

effective values of the higher harmonic (HH) 

currents, and  

𝐼𝑈
(1)
, 𝐼𝑈
(2)
, … . 𝐼𝑈

𝑁 ,- the vectors of the effective values 

of the higher harmonic(HH) currents, determined 

by the influence on the circuit only non-sinusoidal 

supply voltage, 𝐼1
(1)
, 𝐼1
(2)
, … . 𝐼1

(𝑛)
 vectors of 

effective values of higher harmonic(HH) currents, 

determined by the influence on the circuit only 

nonlinear load,𝐼(1), 𝐼(2), … 𝐼(𝑛) - The effective 

values of currents of higher harmonics(HH). 

 

4-THE MAIN INDICATORS. 

CHARACTERIZING THE PRESENCE OF 

HIGHER HARMONICS 

The flow of current of higher harmonics 

on power electrical equipment causes various 

negative electromagnetic phenomena described 

earlier. There are government standards around 

the world that limit harmonic level. One of the 

main indicators of the quality of electricity-

coefficient of non-sinusoidal voltage, determined 

from the expression: 

 

 𝑁  =    .
√∑ 𝑈 

  
   

𝑈     
                   (3) 

 

Where 𝑈𝑣 is the effective (r.m.s) value of the 

voltage of v
th

- harmonic; 𝑈𝑟𝑎𝑡𝑒𝑑- circuits rated 

(nominal) voltage; n - the sequence number of the 

last accounted for harmonics.  This parameter 

corresponds to the( Total Harmonic  Distortion 

(THD) (Shmilovitz, 2005). 

Usually the coefficient of non-sinusoidal for 

medium voltage is in the range of 5-8%. 

Calculation of coefficient of non-sinusoidal 

voltage executes up to 25 harmonics. 

This indicator of the shape distortion of a sinusoid 

voltage or current most often used for rationing 

the quality of electrical energy because of its ease 

of use, however, it has several disadvantages: The 

information of the value of individual amplitudes 

of harmonics and their phases is unrecorded. 



Husen. A. et al.  /ZJPAS: 2021, 33 (1): 178-187 
182 

 

ZANCO Journal of Pure and Applied Sciences 2021 

   
 

 
 

However, it is known that various harmonics 

affect the network in different ways (harmonics 

are multiples of three, harmonics forming positive 

and negative sequence), and the generalized 

indicator of this information does not carry, which 

can lead to incorrect understanding the processes 

occurring in the network, to inaccurate prediction 

of harmonic levels, and, as a result, to the error in 

determining the parameters mode of operation of 

the power system. 

Therefore, in some cases uses an 

additional indicators of the quality of supply, form 

factor: 

 

   =    .
    

   
                     (4)    

Where,  𝐼𝑟𝑚𝑠 − is the currents mean square value, 

𝐼𝑎𝑣 - is the average value of the current; 

 Specific harmonic content in the spectrum 

(Harmonic Factor) 

  (𝑛) =
 ( )

 ( )
                            (5) 

Where,  𝐼(1) − is the root mean square current of 

the main harmonic, 𝐼(𝑛)- is the r.m.s current of the 

n
th

 harmonic The Distortion Index 

 

  =
√∑ (𝑈( ))  

   

𝑈
                   (6) 

Where,  U- is the r.m.s voltage value, 𝑈(𝑛) – is the 

r.m.s voltage of the n
th

 harmonic.  

Symmetry coefficient 

  =
 

√     
 
                           (7)  

Where, P -active power, 𝑄𝑅 is the effective value 

of reactive power in the presence of HH. 

 Identity factor  

 

   =
√     

 

√     
    

                    (8)  

Where, P -is the active power, QR - the effective 

value of the reactive power in the presence of HH, 

D- power of distortion (Cheng et al., 2000). 

The power factor is one of the most used network 

performance indicators in the presence of higher 

harmonics. This indicator is not quality indicator 

electricity. However, its value depends on current 

distortion and voltage. 

 .  =
 

√     
    

=
 

 
=

 

𝑈 
                      (9) 

 

Where P- is the active power, QR -is the effective 

value of the reactive power in the presence of HH, 

D is the power of the distortion, I-is the effective 

current value , U - the effective value of the 

voltage. 

 

 5- METHODS AND MEANS OF HIGHER 

HARMONICS COMPENSATION 

In various situations, the enterprises 

required to reduce the distortion level of the shape 

of the supply voltage curve to acceptable values. 

For these purposes, various installations of higher 

harmonic compensation are applied. 

There are several classifications of HH 

compensation devices, but they are mainly differs 

by the method of supplying the higher harmonics: 

 

 Passive filters, which consist only of 

passive elements, such as inductance, 

capacitance and resistance; 

 Active filters, which in addition to passive 

elements have power semiconductor 

switches and their control system; 

 Hybrid filters, consisting of an active filter 

and a passive filter. 

 Passive filters can be set to compensate current 

harmonics from entering the system in case if the 

nonlinear load locally causes significant harmonic 

distortion. Passive filters are an inexpensive tool 

compared to most other anti-distortion devices. 

Their structure consists only of passive elements 

(inductance, capacitance and resistance), tuned to 

the frequency harmonic current or voltage, which 

need to be reduced. 

 Passive filters are most effective when 

they are installed close to non-linear load. The 

resonant frequency of the power system should be 

accurately determined at the places of harmonic 

distortion caused by nonlinear load. 
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Figure 2: Connection of Passive Filter 

 

 In practice, passive filters are added to the 

system, starting with lower order harmonics that 

must be compensated. For example, installing a 

seventh harmonic filter usually requires installing 

fifth harmonic filter. 

 

 
 
Figure 3: Connection Diagram for a 3-phase series passive 

filter 

 

 
 
Figure 4:  Connection diagram of a 3-phase shunted passive 

filter 

There are various types of passive filters for single 

phase and three-phase systems according to 

parallel (Figure 4) and series (figure 3) 

connection. Filters with the parallel connection are 

more common in practice. They provide the 

interval of low resistance for flow the harmonic 

currents. 

Passive filters connected in parallel 

permits only a part of the total load current and 

would have lower efficiency compared with serial 

connected filters which can fully conduct load 

current. As a result, filters with parallel connection 

are used because of their low cost and the 

possibility of providing reactive power 

compensation on the main frequency. 

Thus, the design, manufacture and the realization 

of passive filters are simpler and easier than other 

devices, such as synchronous compensators and 

active filters and they have the following 

advantages: 

- Are reliable, economical and relatively 

inexpensive; 

-Can be manufactured at high power (up to several 

MVA); 

-Does not require high operating costs;  

-Can provide fast response time, which improves 

the quality of electric energy; 

-Unlike rotating machines (for example, 

synchronous machines or compensators) passive 

filters do not contribute to the appearance of short 

circuit current; 

- In addition to improving power quality, well 

Sophisticated passive filters can be used to  power 

factor correction and reduce the voltage drop 

associated with the inclusion of large loads (for 

example, powerful asynchronous machines). 

These advantages led to the widespread use of 

passive filters in various branches of power 

systems. However, engineers also encountered 

some limitations and disadvantages of passive 

filters that can force alternative solutions, such as 

active and hybrid filtration systems. 

Disadvantages of passive filters are as follows: 

- Compensation or reduction of only certain 

harmonics, big size; 

- Possible of resonance with the resistance of the 

supply system on the main or other frequencies; 

-The complexity of changing the tuned frequency 

and filter size after installation; 

- A decrease in filter efficiency may occur due to 

changes in its parameters (caused by aging, 

deterioration, and temperature impacts) and non-

linear characteristics of the load; 

-For the reliability, the filter resistance must be 

less than the systems resistance, which can be a 
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problem for powerful or hard systems (Massoud et 

al., 2004) ;  

The resonance between the system and the filter 

can lead to amplification of the action of harmonic 

current, thus, the developer is limited in the choice 

of tuned frequencies; 

- May require special protective and monitoring 

devices to control the switching overvoltage's, 

despite the fact that filter contain reactors; 

Due to those disadvantages in some cases there is 

the need to use active filters. Electrical 

equipment's built on the basis of semiconductor 

elements, is an alternative to passive filters for 

compensation of higher harmonics. One of the 

advantages of these devices is the automatic 

change of compensation parameters depending on 

conditions arising in the power grid. 

Active filters are used when dynamically changing 

spectrum flowing a distorted current. Used active 

filters have parallel (Figure 2) and serial 

connection diagram (Figure 3) depending on the 

type of the distortion source. 

     Active filters constructed on the elements of 

power electronic, generates currents of  higher 

harmonics corresponding to the current specter 

flowing through the electric circuit, but opposes it 

in phase as a result the compensation of higher 

harmonic of currents occurs. Compared to passive 

filters, these devices are more expensive and not 

suitable for most small businesses. 

 

6- RESULT AND DISCUSSION 

 

In this paper, I tried to use the recording 

data of the MOUNTAIN STEEL company, which 

contains two transformers of [132/36] kV 

respectively, the models that are used the passive 

filter for compensating harmonics, because it 

requires less maintenance. Table 1 shows the 

voltage THD of a system before filtering, and 

table 2 is voltage THD after filtering for different 

times in a day with different loads. Moreover table 

3 shows compensating higher harmonics to get 

maximum power factor in different loads and 

different values of capacitor and inductors with 

series and parallel combination as shown in table 

4.THD is an important part it should be as low as 

possible, higher power factor in power system 

means lower THD and high efficiency and lower 

pick currents. We can notice that using passive 

filter causes to reduce total harmonic distortion in 

the output of the system that shows in figures 6 

and 7, respectively. In this system as shown in 

(figure 5), using RLC passive filter for 

compensating 2
nd 

order harmonics and LC filter 

for other orders of harmonic for compensation to 

get higher power factor. 
 

Table 1 THD % of Voltage bus without using passive filter 

with time 

Time 

(PM) 

V1 

THDf 

V2 

THDf 

V3 

THDf 

4:34 2.5 2.3 3.6 

5:00 1.4 1.3 1.5 

5:30 1.3 1.3 1.6 

6:00 1.1 0.9 0.8 

6:30 0.9 1 1.7 

7:00 1.2 1 1.2 

7:30 1.6 1.1 1.3 

8:00 2 1.5 1.1 

8:30 1.3 1.9 1.5 

 

 

Table 2 THD % of Voltage bus with using passive filter 

with time 

Time 

(PM) 

V1 

THDf 

V2 

THDf 

V3 

THDf 

4:34 1.5 1.5 1.6 

5:00 1.6 1.5 1.6 

5:30 1.6 1.5 1.5 

6:00 1.2 1.3 1.3 

6:30 1.5 1.7 1.7 

7:00 1.5 1.5 1.5 

7:30 1.5 1.5 1.5 

8:00 1.5 1.3 1.4 

8:30 1.5 1.5 1.7 
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Table 3 Bus data by passive  filters for different loads 

 
p1(Mw) p2(Mw) p3(Mw) v1 

THD 

v2 

THD 

V3 

THD 

A1 

THD 

A2 

THD 

A3 

THD 

PF1 PF2 PF3 

1.57 1.56 5.04 1.5 1.5 1.5 9.9 13.3 54.4 0.5 0.59 0.63 

1.519 1.618 5.3 1.5 1.4 1.2 9.4 12.3 52.6 0.5 0.58 0.63 

10.55 8.93 9.72 1.3 1 1.5 3.5 5.9 5.7 0.93 0.886 0.94 

12.26 10.26 12.52 1.3 1.3 1.5 12.1 17.2 7.1 0.816 0.777 0.83 

13.34 12.76 13.1 1.3 1 0.9 7.2 5.5 4.3 0.225 0.918 0.96 

13.79 13.54 13.77 1.3 1 1.5 6.9 3.6 5.7 0.929 0.913 0.94 

14.4 14.17 14.47 1.4 2.3 2 3.7 11.2 12.7 0.96 0.915 0.93 

14.65 13.93 14.54 1.9 1.4 1.6 10.7 9 6.3 0.925 0.898 0.91 

15.17 14.02 14.029 2.5 2.3 3.6 10.4 14 26.9 0.875 0.809 0.78 

15.89 15.6 15.98 1.7 1.5 1.7 3.4 3.3 3.1 0.95 0.952 0.98 

 

 

 
 
Figure 5: model of Mountain steel company buses with passive filter  

 
Table4  capacitor and inductor values for series and parallel 

combination 

 
Model Capacitor 

C5 

(MF) 

Inductor 

L5 

(mH) 

Capacitor 

C7 

(MF) 

Inductor 

L7 

(mH) 

Series 24.8 70.4 30.7 25.5 

Parallel 37.6 16.57 45.2 9.015 
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Figure 6 : voltage THD for different times whithout filter 

 

 

 
Figure 7:  Voltage THD for different times of with filter 

 

7-CONCLUSIONS 

In this paper, characterized by nonlinear 

loads which classified into two types of 

harmonics, current source harmonics, and voltage 

source harmonics. To reduce the effect of  higher 

harmonics use of passive filter which connected 

on  bus which have higher  harmonics in the 

system of this company, which eleminated 

harmonic effects on this bus by passive filter 

every second in a day, we notice that harmonic 

changes sharply on the buses  before filtering, but 

in table 2 harmonic voltage THD has been 

smoothed by the effect of the passive filter, which 

has benefit for protecting equipments from sudden 

damages of the system. Also, series reactor 

connected to the transformer to mitigate 

harmonics.On the other hand, using SVC (static 

var compensation) causes to making stability and 

regulating the active power of the system, 

decrasing phase current, and bypassing third 

harmonic goes to connecting the transformers in 

∆-Ŷ. 
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Effect of thermal axial load on vibration of cracked nanomaterial beam using 

nonlocal elasticity theory under different boundary conditions 
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A B S T R A C T: 
      The aim of this paper is to investigate the free vibration of single-cracked nanomaterials beams under thermal axial load. The 

beam model is Euler-Bernoulli. The well-known nonlocal elasticity theory is used for analyzing the nanomaterial beams in which 

the size effect nonlocal parameter is considered. Crack is modeled as a rotational spring that connects the beam segments with 

each other. The thermal load acts as an axial force on the nanomaterial beam. The effect of the thermal load, the crack location, 

the crack severity, and the nonlocal parameter are examined in this paper. Two cases of the non-cracked nanomaterial beam and 

the single-cracked nanomaterial beam are analyzed for three different types of the boundary conditions as simply supported (SS), 

clamped-clamped (CC), and clamped-simply supported (CS). The results show that when the crack severity is increased the 

natural frequencies are decreased but in some cases in which the nonlocal parameter value is high, the reverse phenomenon 

occurs. The temperature changes have a great effect on the frequencies as the temperature is decreased to a value lower than the 

room temperature, the natural frequencies for all modes decrease and when the temperature is increased to a value higher than the 

room temperature, the all mode frequencies increase. 
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1.INTRODUCTION: 

  

Micro- or nanosized structure properties are very 

special and this is the reason why they are used in 

micro- or nanoelectromechanical devices. There 

are several investigations that are induced 

different analysis to study the micro- or 

nanostructures and effect of the different 

parameters on micro- or nanosized elements such 

as plates, beams or other membranes. There are 

several continuum theories in which 

nanostructures can be analyzed. The nonlocal 

theory is one the most important continuum 

theories in which the nonlocal parameter is 

considered in the equations of this theory. This 

theory was proposed by Eringen and then it was 

improved by Eringen and Edelen in the years 1972 

and 1983. This theory states that the nonlocal 

stress-tensor at a point in a body is not only a 

function of the strain at the same point (local 

theory),  

 

 

 

but it is also a function of the strains at all other 

points of the body (Eringen, 1972, Eringen, 1983, 

Eringen and Edelen, 1972). The Eringen nonlocal 

theory was used to derive the equations of the 

nonlocal Euler- Bernoulli beam for the case of 

static (Peddieson et al., 2003). Later, the equation 

of motion was derived to be used for the case of 

dynamics using the nonlocal theory (Lu et al., 

2006). The nonlocal theory could be used for the 

different types of the beam theories such as Euler-

Bernoulli, Timoshenko, and Reddy beam theories. 

The nonlocal theory could be used to obtain the 

moment and the shear force equations for Euler-

Bernoulli beam (Zhang et al., 2005). Then, the 

equations of motion for Timoshenko beam using 

nonlocal elasticity based on the nonlocal bending 

moment and the local shear force were derived 

(Wang, 2005, Wang et al., 2006, Wang and 

Varadan, 2006). The general forms of the 

equations of motion for Euler-Bernoulli, * Corresponding Author: 
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Timoshenko, Reddy, and Levinson beam theories 

were derived and presented (Reddy, 2007, Reddy 

and Pang, 2008), and the moment and shear force 

equations for these beam theories and then, the 

analytical solutions for bending, buckling, and 

vibration of the various beam types were 

presented. 

Several researchers applied nonlocal elasticity for 

dislocation mechanics, wave propagation, and 

crack problems (Ebrahimi and Barati, 2018, 

Hussein et al., 2020, Abdullah et al., 2020a, 

Abdullah et al., 2020b). 

 Several works have been performed in which 

vibration of nanostructures such as nanomaterial 

beams and nanoplates have been investigated 

using different theories (Eltaher et al., 2013, 

Hosseini-Hashemi et al., 2015). 

The exact solution for large amplitude flexural 

vibration of nanomaterial beams using nonlocal 

Euler-Bernoulli theory was presented 

(Nazemnezhad and Hosseini-Hashemi, 2017).  

As well as the single nanorod, investigation of the 

nonlocal longitudinal vibration of viscoelastic 

coupled double-nanorod systems (Karliţiš et al., 

2015a) and nonlocal vibration of a piezoelectric 

polymeric nanoplate carrying nanoparticle via 

Mindlin plate theory could be also presented 

(Haghshenas and Arani, 2014). 

Several studies have been devoted to the effect of 

the temperature on the vibration characteristics of 

the carbon nanotubes and nanomaterial beams. In 

some of these studies, the nanosized structural 

element has been embedded in an elastic medium. 

In a recent study(Murmu and Pradhan, 2009), the 

thermo-mechanical vibration of a single-walled 

carbon nanotube embedded in an elastic medium 

based on nonlocal elasticity theory was 

investigated. Investigationg the effects of the 

thermal load, elastic medium, and magnetic on the 

vibration of a cracked nanomaterial beam 

(Karliţiš et al., 2015b) and functionally graded 

nanomaterial beams (Ebrahimi and Salari, 2015) 

showed that the natural frequencies are 

temperature-dependent and the thermal 

environment effects cannot be neglected. 

A crack acts as a defect in a beam which induces 

more flexibility to the beam. It is very important 

to detect the presence, location, size, and number 

of the cracks in the structural elements to avoid 

the catastrophic failure. The crack effects on the 

nanomaterial beams, the nanorods, and the 

nanoplates have been investigated by many 

researchers. 

Two methods to analyze free vibration of the 

cracked nanomaterial beams using nonlocal 

elasticity, as well as using the model of rotational 

spring for modeling the crack were presented 

(Loya et al., 2009). The free vibration of multi-

cracked nanomaterial beams by a different method 

was investigated (Roostai and Haghpanahi, 2014) 

in which the induced flexibility due to the crack, 

was used instead of the crack severity in 

calculations.  

The free lateral vibration of Euler-Bernoulli 

nanomaterial beam with multiple discontinuities 

(Loghmani and Yazdi, 2018) and free transverse 

vibration analysis of size dependent Timoshenko 

functional graded (FG) cracked nanomaterial 

beams resting on elastic medium (Soltanpour et 

al., 2017) were deeply studied. 

Vibration analyzing of multi-cracked nanomaterial 

beams under thermal environment was recently 

investigated (Ebrahimi and Mahmoodi, 2018) 

applying the nonlocal theory. There are some 

mistakes in mentioned study. As the authors have 

entered the thermal load in the equation of motion 

to get the frequencies but after that the thermal 

load effect has not been induced to the equations 

of continuity of the bending moment and the 

continuity of the shear force at the crack location. 

That is why their results have some errors. 

According to their results, the frequencies have 

slightly changed by the large amount of the 

temperature changes. According to their obtained 

results, it could be stated that, the frequencies are 

approximately not temperature dependent and 

they only depend on the nonlocal parameter and 

the crack severities. 

Furthermore, a noticeable amount of studies has 

been conducted on the case of the forced vibration 

analysis.  

The forced vibration responses of functionally 

graded Timoshenko nanomaterial beam using 

modified couple stress theory with damping effect 

(Akbaş, 2017) and the forced vibration analysis of 

a cracked functionally graded microbeam using 

modified couple stress theory with damping effect 

were presented (Akbas, 2018). 

2. THEORY  
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2.1 Governing equations for the nonlocal 

elasticity theory 

According to the nonlocal elasticity theory 

(Eringen, 1972, Eringen and Edelen, 1972), the 

nonlocal stress-tensor (   ) at point x in a body is 

not only a function of the strain at the same point 

(local theory), but it is also a function of strains at 

all other points of the structure. As for the case of 

homogenous and isotropic nonlocal elastic solid, 

the general form of equations is written as: 

 

 

   ( )  ∫ (| ́   |   )   ( )  ( ́) (1) 

  

The kernel   | ́   | is the nonlocal modulus 

which incorporates into the constitutive relation 

with the nonlocal effect of the stress at point x 

created by local strain at the point  ́ . | ́   | is 

the Euclidean distance. The expressions     are the 

components of the classical local stress tensor at 

point x. These components have a relation with 

the local linear strain tensor components     for 

the materials that obey Hook’s law as:

 

 

   ( )      ( )         ( ) (2) 

  

The expression   is the ratio between a 

characteristic internal length   and characteristic 

external   length, and   is a constant which 

depends on the material and it must be obtained 

experimentally or by matching dispersion curves 

of plane waves with those of atomic-lattice 

dynamics. So,   is given by:

 

 

        (3) 

  

The integral form of the relation given by Eq. (1) can be represented as a differential form as:

 

 

[  (   )
   ]    [  (  )   ]       ( )      

    (   )
  
    

 

   
       (4) 

 
  

Where    , is the nonlocal normal stress which 

differs from the local normal stress    ; The 

expressions   and (   )
  are the elastic modulus 

and the nonlocal parameter respectively. The 

proposed different model of the nonlocal thermo-

elastic constitutive relation (Zhang et al., 2008, 

Murmu and Pradhan, 2009, Murmu and Pradhan, 

2010) in which the nonlocal elasticity theory is 

combined with the classical thermoelectricity 

theory is presented in Eq. (5). The constitutive 

relation for nonlocal viscoelastic solid is given by: 

 

    (   )
  
     
   

   (     
    

    
 ) (5) 

  

Where   and    are the Poisson ratio and the 

thermal coefficient expansion in x direction 

respectively and the change in temperature is 

shown by  . When the amount of    , there 

will not be any effect of the temperature changes 

in the constitutive relations. 

2.2 Nonlocal Euler-Bernoulli beam equations 

The displacements for a nanomaterial beam with 

length L along its axial direction and its vertical 

directions are:  
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     (   )    
  

  
 ;           (   )                (6) 

The expressions   and   are displacements of the 

nanomaterial beam along the axial and the 

transverse directions respectively and there is not 

any motion along third direction (i.e.     ). 

Strain in x direction (axial) is given as: 

 

    
  

  
   

   

   
 (7) 

  

Equations of motion for the beam in the axial and 

the transverse directions, in which the rotary 

inertia is neglected, are as: 

 

  

  
  (   )     

   

   
 (8) 

   

   
  (   )   

   

   
    

   

   
 (9) 

  

where   is the applied axial  compressive force, 

 (   ) is the horizontal distributed force along 

the axial direction,   is the resultant bending 

moment,  (   ) is the vertical distributed force,   

is the density, and A is the cross-sectional area of 

the beam. Where   is the second moment of inertia 

and   is the shear force. The expressions , ,  , 

and   are defined as:  

 

  ∫        
;         ∫          

         ∫        
            ∫     

 
  (10) 

  

The nonlocal form of the axial force, bending 

moment, and shear force can be written as 

following (Reddy, 2007, Reddy and Pang, 2008) 

 

  (   )
  
   

   
   ( 

   

   
) (11) 

The expression  
   

   
 could be obtained from Eq.(9) as: 

   

   
  

   

   
    

   

   
  (   )    (for compressive axial load). (12) 

   

   
   

   

   
    

   

   
  (   )    (for extensional axial force). (13) 

  

Substituting for the second derivative of   from 

Eq. (13) into Eq. (11), we obtain an equation for 

the nonlocal moment in which the axial load    is 

an extensional force. 

 

 ( )     
   

   
 (   )

 (   
   

   
    

   

   
   (   )) 

(14) 

Then, the nonlocal shear force can be obtained as: 

 ( )     
   

   
 (   )

 *
 

  
(   

   

   
)  

 

  
(    

   

   
)  

  

  
+ 

(15) 

Substituting   from Eq. (14) into Eq. (9), we obtain the equation of motion for the nonlocal nanomaterial 

beam for the lateral displacement in which   is an extensional axial force, as: 

   
   

   
 (   )

 *
  

   
(   

   

   
)  

  

   
(    

   

   
)  

  

   
 (   )+   (   )

   
   

   
    

   

   
 (16) 

For free lateral vibration, all of the lateral external forces must be set to zero, thus, Eq. (16) will be changed 

and used for lateral vibration as:  

   
   

   
 (   )

 *
  

   
(   

   

   
)  

  

   
(    

   

   
)+    

   

   
    

   

   
   

(17) 
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Assuming the displacement along the axial direction    , and the extentional axial load induced by 

thermal environment   (Karliţiš et al., 2015b) is as: 

      
    

    
 (18) 

  

One of the following forms of the separation method is used to solve the differential equation of motion as: 

 (   )   ( )  ( )   ( )      (19) 

  

Let’s assume    
  

  
  and   

  

  
 
    

    
. The expression ω is the natural frequency of non-cracked 

nanomaterial beam, then substituting Eq. (19) in Eq. (17) gives: 

 

*(    
     ) 

   ( )

   
  

   ( )

   
+   

 

  [  ( )  (   )  
   ( )
   

 ]

  
 

 (( )
  
   ( )

   
    

(20) 

  

Using following dimensionless variables and constants given by: 

 

      ;           ;              
     

  
  ;     ̅     ;          

  

  
 
      

 

    
. (21) 

  

Substituting the dimensionless expressions of Eq. (21) in Eq. (20), we obtain a spatial equation as:  

 

 ̅  ( )(      )   (        )  ̅  ( )     ̅( )    (22) 

  

We assume   ̅        to solve the above differential equation and find its roots as: 

 

   (      )   (        )          (23) 

  

The roots will be as following: 

      ;                       ;                    ;                     . (24) 

  

The general solution of Eq. (17) by using Eq. (19) will be as: 

 

 ̅( )     
        

         
       

     (25) 

  

 ̅( )        (   )        (   )       (   )         (   ) (26) 

Where    and    are defined as: 

 

   √
√(       )              

 (      )
 ;             √

√(       )               

 (      )
. 

(27) 

  

Constants   ,   ,   , and    in Eq. (26) can be 

determined through the boundary conditions. 

The dimensionless bending slope, dimensionless 

bending moment and dimensionless shear force 

can be obtained respectively from Eqs. (26), (14), 

and (15) using the dimensionless expressions of 

Eq. (21) as:  

 

 ( )   ̅ ( ); 

          ̅( )  
 ( )  

  
 (      )  ̅  ( )         ̅( ); 

 

 

(28) 
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 ̅( )  
 ( )   

  
 (      )  ̅   ( )  (       )  ̅ ( )  

2.3 Nonlocal cracked Euler-Bernoulli 

nanomaterial beam equations 

It is assumed that a nanomaterial beam has one 

open edge crack of length t located at a distance  ̅ 

from the left end and b=  ̅   (b is dimensionless 

crack distance from the left end of the beam). A 

cracked beam is shown in Figure 1  in which a 

rotational spring is used in the crack location 

(Loya et al., 2009).  

 
 

Figure 1. A single-cracked beam model 

 

The crack induces more flexibility to the 

nanomaterial beam and reduces its stiffness; 

therefore, a crack can be modeled as a rotational 

spring. The additional strain energy induced by 

the crack is as: 

 

    
 

 
      

 

 
        (29) 

  

Where    and    are the angle of rotation of the 

rotational spring and the axial displacement of the  

 

 

linear spring respectively. In this paper, the 

amount of    will be zero. Thus, there is only a 

rotational spring, and parameter    is given by: 

 

       
   

   
      

  

  
 

(30) 
 

  

The crossover flexibility constant     is 

neglected because it is small enough. Now the 

slope increment    will be rewritten in the form 

of dimensionless:  

 

   
   
 

 
   ̅( )

   
  |
   

   
   ̅( )

   
  |
   

    ̅  ( ) 
(31) 

  

The expression   
   

 
  is the dimensionless 

spring stiffness and it is assumed to be the severity 

of the crack. 

Each crack divides the beam into two segments, 

so if the number of the cracks is increased, the 

number of the segments will be increased 

accordingly. Each segment has its own equation of 

motion as: 

 

 ̅ 
  (      )   (        ) ̅ 

      ̅                 (32) 
 

 ̅ 
  (      )   (        ) ̅ 

      ̅                 (33) 
 

The dimensionless frequency parameter of the 

cracked nanomaterial beam is shown by   , and its 

relation with the cracked nanomaterial beam 

natural frequency (   ) is as: 

 

        
     

     

  
  
  

(34) 
 

The general solution for the differential Eqs. (32) 

and (33) for the cracked nanomaterial beam is 

obtained as: 

 

 

Rotational spring 

spring11 

ς = 0 ς = b ς = 1 
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 ̅ ( )        (   )        (   )       (   )       (   )           

 ̅ ( )        (   )        (   )       (   )       (   )            
 

(35) 

  

Where the coefficients    and     for the cracked 

beam are given as 

 

   √
√(       )               

 (      )
;             √

√(       )                

 (      )
. 

(36) 

  

There are eight unknown constants in Eq. (35), 

which have to be obtained by exposing the 

boundary conditions of the beam ends as well as 

the following compatibility equations at the crack 

position. 

 Continuity of the vertical displacement 

 

 ̅ ( )   ̅ ( ) (37) 

 Jump in Bending slope 

    ̅ 
 ( )   ̅ 

 ( )     ̅ 
  ( ) (38) 

 Continuity of the bending moment 

(      )  ̅ 
  ( )        ̅ ( )  (      )  ̅ 

  ( )        ̅ ( )  (39) 

 Continuity of the shear force   

(      )  ̅ 
   ( )  (      )  ̅ 

 ( )  (      )  ̅ 
   ( )  (      )  ̅ 

 ( )  (40) 

 

The boundary conditions for the different end 

supports for a beam exposed to the thermal axial 

load are as: 

 Simply supported end 

 ̅( )    (41) 

 ̅( )  (      )  ̅  ( )         ̅( )    (42) 

 Clamped (fixed) end 

 ̅( )    (43) 

 ̅ ( )    (44) 

 Free end 

 ̅( )  (      )  ̅  ( )         ̅( )    (45) 

 ̅( )  (      )  ̅   ( )  (       )  ̅ ( )    (46) 

  

 

It is worth of mentioning that the mode shapes of 

the nanobeams can be obtained through Eq. (19) 

in which  (   ) is the mode shape for the beam 

deformation, and  ( ) is mode function. Once, it 

is needed to find  ( ) which is the dimensional 

mode function or  ( ) which is the non-

dimensional mode function (see Eq. (22)) and then 

multiply it by the time function      to obtain the 

dimensional mode shape  (   ) or the non-

dimensional mode shape  (   ). 

1 3. RESULTS AND DISCUSSION 

In this paper, the effect of the thermal load as well 

as the nonlocal parameter, the crack severity, and 

the crack position is investigated for three 

different types of the beam supports such as the 

simply supported, the clamped-clamped, and the 

clamped-simply supported. The case study of the 

research of (Roostai and Haghpanahi, 2014) is 

considered in this paper but in their work the 

length of the beams was not considered in 

calculations. In this paper, the length of the 

nanobeam is        and the height of the 

beams is          and the amount of     
     . The amount of the coefficient of thermal 

expansion is considered as              for  

 

temperature change equal to or lower than the 

room temperature and              for 

temperature change higher than the room 

temperature. As for this work              

for              , and        , while 

            for the temperature changes 

higher than the room temperature such as   
      and         (Yao and Han, 2006). The 



Mulapeer.M /ZJPAS: 2021, 33 (1): 188-204 
 195 

 

ZANCO Journal of Pure and Applied Sciences 2021 

 

    

   

  

 

cases of non-cracked beams are recalculated and 

the results are tabulated in Table 1 to verify the 

accuracy of this study and they well agree to the 

indicated reference (Phadikar and Pradhan, 2010, 

Roostai and Haghpanahi, 2014). 

 
 

Table 1. Comparison of the frequencies of non-cracked simply supported nanobeam. (       ). 

  Mode1 Mode2 Mode3 

Present (Phadikar 

and 

Pradhan, 

2010)  

 (Roostai 

and 

Haghpanahi, 

2014) 

Present (Phadikar 

and 

Pradhan, 

2010) 

(Roostai and 

Haghpanahi, 

2014) 

Present (Phadikar 

and 

Pradhan, 

2010) 

(Roostai and 

Haghpanahi, 

2014) 

0 9.8696 9.8697 9.8700 39.4784 39.4848 39.4780 88.8264 88.8984 88.8260 

1 2.9936 2.9936 2.9940 6.2051 6.2061 6.2050 9.3722 9.3796 9.3720 

 

3.1 Simply supported beam (SS) 

In this paper, the simply supported (SS) beam is 

analyzed for the cases of non-cracked and single 

cracked for the different temperature values. For 

the case of the single-cracked, the first crack 

location is        and then, the second position 

for the crack is chosen to be      . The results 

of the beam with a crack at       are presented 

Table 2 and they are graphically shown in Figs. 2 

and 3. As a crack is introduced to the beam, the 

natural frequencies decrease and as much as the 

crack severity increases, the natural frequencies 

decrease as already reported in several researches 

(Abdullah et al., 2020a, Hussein et al., 2020). This 

is because of a reduction in the bending stiffness 

of the nanomaterial beam due to the presence of 

the crack. When       (temperature change), it 

means that the temperature does not have any 

effects on the frequencies. As much as the 

temperature increases the frequencies decrease 

and when the temperature increases to a 

temperature value higher than the room 

temperature, the frequencies increase. It is obvious 

from the results that the temperature can have 

great effects on the frequencies specially when the 

amount of the nonlocal parameter increases.  

It is observed that when the effects of the crack 

and the nonlocal parameter are zero (i.e.,   
  and    ), the temperature change can affect 

the natural frequencies, but its effect on the first 

frequency is very significant comparing to the 

second and third frequencies. As much as the 

crack severity increases, the frequencies of all 

modes decrease as shown in Figs. 2, 3, and 4. The 

reason is that by increasing the crack severity, 

amount of the additional flexibility introduced by 

the crack, increases. The highest range of decrease 

in the frequencies occurs when    ,    
     , and      , as it is seen the crack 

severity and the nonlocal parameter are high 

values while the value of the temperature change 

is value lower than the room temperature. The 

frequencies increase when the crack location is 

near to the fixed end. Comparing the frequencies 

of two different crack locations of 0.3 and 0.5, it is 

observed that when the crack distances from the 

fixed end, the frequencies of all modes decrease. It 

means that in the case of the crack location of 

     , the frequencies are higher than the 

frequecnies of the case in which the crack locates 

at      . It is worth mentioning that the second 

mode is independent of the crack severity value 

when the crack locates at      . The reason is 

for the fact that the crack location is exactly the 

position of one of the nodes of the second mode, 

consequently, the second mode is independent of 

the crack severity change in this case because, the 

amount of the bending slope at both sides of the 

point on which the crack locates, will be the same, 

and there will not be any changes and any jumps 

in the bending slope. The third mode frequencies 

are not very sensitive to the crack severity when 

the amount of the nonlocal parameter is higher 

than zero as shown in Figs 3 and 4, while the first 

and the second modes are very sensitive to the 

crack severity at high temperatures and high 

nonlocal parameter values. Fig. 5 shows a 

comparison of the first frequency of the different 

crack locations, in which the amount of   and   

are the highest and it is seen that the frequencies 

are dependent on the crack location. It is 

interesting to see that at the temperatures equal to 

or lower than the room temperature, the 

frequencies of the case of the crack location of 
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      are higher than the case of the crack 

location at      . At the temperature values 

higher than the room temperature, the frequency 

values of the case of the crack location of       

are higher than the case of the crack location of 

     . 
 

Table 2. First three dimensionless frequency parameters for a single-cracked simply supported beam with different nonlocal 

parameter   and different crack severity  . Crack position      . 

                                   

                                    
 

 

0 

0 9.8696 39.4784 88.8264 9.7858 39.4784 88.0824 9.5634 39.4784 86.2059 9.2023 39.4784 83.4368 

100 9.6266 39.2377 88.5861 9.5491 39.2377 87.8483 9.3437 39.2377 85.9880 9.0111 39.2377 83.2448 

200 9.3773 38.9955 88.3451 9.3063 38.9955 87.6134 9.1186 38.9955 85.7694 8.8156 38.9955 83.0523 

400 10.5089 40.1330 89.4840 10.4090 40.1330 88.7233 10.1430 40.1330 86.8023 9.7076 40.1330 83.9622 

600 10.8144 40.4563 89.8110 10.7070 40.4563 89.0420 10.4206 40.4563 87.0989 9.9501 40.4563 84.2234 

 

 

0.5 

0 5.3003 11.9744 18.4390 5.2551 11.9744 18.2819 5.1342 11.9744 17.8632 4.9349 11.9744 17.1943 

100 4.8327 11.1551 17.2441 4.7997 11.1551 17.1279 4.7110 11.1551 16.8167 4.5637 11.1551 16.3101 

200 4.3149 10.2707 15.9600 4.2915 10.2707 15.8755 4.2286 10.2707 15.6482 4.1236 10.2707 15.2732 

400 6.4125 13.9820 21.3833 6.3102 13.9820 21.0269 6.0403 13.9820 20.1066 5.6106 13.9820 18.7881 

600 6.9018 14.8847 22.7128 6.7417 14.8847 22.1529 6.3268 14.8847 20.7660 5.6903 14.8847 19.0097 
 

 

1 

0 2.9936 6.2051 9.3722  2.9681 6.2051 9.2923 2.8996 6.2051 9.0793 2.7861 6.2051 8.7389 

100 2.0553 4.4219 6.7232 2.0487 4.4219 6.7027 2.0307 4.4219 6.6469 1.9996 4.4219 6.5515 

200 0.7771 1.6013 2.3071 0.7771 1.6010 2.3071 0.7771 1.6001 2.3071 0.7771 1.5985 2.3071 

400 4.6893 9.5192 14.3209 4.9808 9.5192 15.2226 5.8963 9.5192 17.0368 7.2657 9.5192 18.0715 

600 5.3389 10.8014 16.2393 5.4728 10.8014 16.6665 5.8712 10.8014 17.8188 6.6411 10.8014 19.2409 

 

 

  

 

Figure 2. First three frequency parameters for a single-cracked SS beam versus temperature 

changes. (      and    ). 
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Figure 3. First three frequency parameters for a single-cracked SS beam versus temperature 

changes. (      and      ). 

 

  

 

Figure 4. First three frequency parameters for a single-cracked SS beam versus temperature 

changes. (      and    ). 
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Figure 5. A comparison of the first frequency parameter of a single-cracked SS beam versus 

temperature changes for two cases of crack positions       and      . (        and    ). 

 

3.2 Clamped-clamped beam (CC) 

The first three frequency parameters of the 

clamped-clamped (CC) nanomaterial beams are 

presented in Table 3 for the crack location of 

     . When the crack location is      , all of 

the frequency modes decrease by increasing the 

crack severity, and when the nonlocal scale effect 

parameter ( ) increases, the frequencies of all 

modes decrease. But, when the crack location is 

     , the frequency of the second mode 

remains constant while the crack severity 

increases at a certain temperature. The reason is 

that the point       is a node for the second 

mode. As the nonlocal parameter increases, the 

frequencies of all modes decrease. The range of 

the decrease in the frequencies for the crack 

location of        is greater than the case of the 

crack location of       in contrast to non-

cracked beam. This is because as the crack 

location reaches farther from the fixed end, the 

induced flexibility is increased. However, in some 

of the cases, especially at higher temperatures, the 

reverse phenomenon occurs. It is observed that the 

frequencies are sensitive to the temperature 

changes. As for the temperatures lower than the 

room temperature, the frequencies decrease and 

for the temperatures higher than the room 

temperature, the frequencies increase. As the 

crack severity and the nonlocal parameter reach 

the high values at any temperature, the changes of 

the frequencies will be significant. The third mode 

frequency is very sensitive to the temperature 

changes. The first mode sensitivity to the 

temperature changes is not as sensitivity as the 

second and the third modes as shown in Figs. 6 

and 7. For a single crack located at      , the 

frequencies of the cases       and      

approach to each other at the temperatures higher 

than the room temperature (i.e.,        and 

      ). Thus, it is observed that when the 

temperature and the crack severity have high 

values, the effect of the nonzero nonlocal 

parameter is not significant because the effect of   

will be smaller than the effect of the thermal load 

  in Eqs. (36), (39), and (40). As the amount of 

the first mode frequency for the higher nonlocal 

parameter (i.e.    ) is a higher value in contrast 

to the lower nonlocal parameter (     ) as 

shown in Fig. 7. When the temperature is equal to 

or lower than the room temperature before 

decreasing to       , the value of the first 

mode frequency in the case of the crack location 

of        is higher than the case of the crack 

location of      , but when the temperature 

reaches a value higher than the room temperature 

the frequency of the case of the crack location of 

       is higher than the case of the crack 

location of       but for the second mode the 

reverse phenomenon occurs as shown in Fig. 8. 

Thus, when the temperature change effect is taken 

into account, it is observed that a higher value of 

the nonlocal parameter does not always cause in 

decreasing the frequencies, and the location of the 

crack is not always a tool to predict whether a 

certain frequency decreases or it increases. 

 

Table 3. First three dimensionless frequency parameters for a single-cracked clamped-clamped beam with different nonlocal 

parameter   and different crack severity  . Crack position      . 
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0 

0 22.3733 61.6728 120.9034 22.2335 61.6728 119.8822 21.8691 61.6728 117.3354 21.2965 61.6728 113.6559 

100 22.2409 61.4933 120.6405 22.1078 61.4933 119.6917 21.7610 61.4933 117.1609 21.2173 61.4933 113.5064 

200 22.1076 61.3133 120.5445 21.9812 61.3133 119.5009 21.6524 61.3133 116.9860 21.1379 61.3133 113.3566 

400 22.7330 62.1635 121.4406 22.5755 62.1635 120.4044 22.1634 62.1635 117.8140 21.5124 62.1635 114.0656 

600 22.9106 62.4073 121.7239 22.7444 62.4073 120.6646 22.3091 62.4073 118.0525 21.6195 62.4073 114.2697 

 

 

0.5 

0 10.9914 17.2730 24.3324 10.9047 17.2730 24.1141 10.6738 17.2730 23.5350 10.2985 17.2730 22.6344 

100 10.2395 16.1487 22.7861 10.1892 16.1487 22.5961 10.0540 16.1487 22.0911 9.8296 16.1487 21.2915 

200 9.4279 14.9400 21.1269 9.4049 14.9400 20.9613 9.3428 14.9400 20.5204 9.2380 14.9400 19.8130 

400 12.8338 20.0422 28.1501 12.5643 20.0422 27.8130 11.8758 20.0422 26.9344 10.8613 20.0422 25.6996 
600 13.6622 21.2921 29.8766 13.2035 21.2921 29.4290 12.0827 21.2921 28.2942 10.5783 21.2921 26.8740 

 

 

1 

0 6.0566 8.8954 12.4530 6.0061 8.8954 12.3451 5.8712 8.8954 12.0590 5.6509 8.8954 11.6158 

100 4.3161 6.3778 8.9537 4.3256 6.3778 8.8813 4.3520 6.3778 8.6870 4.3994 6.3778 8.3656 

200 2.2934 3.6257 4.9190 0.7744 1.4915 2.2722 0.8185 1.4915 2.2148 0.8981 1.4915 2.1155 

400 9.2913 13.5968 19.0020 10.5666 13.5968 18.9908 10.8138 13.5968 18.9612 11.0453 13.5968 18.9114 

600 10.5428 15.4189 21.5425 11.1657 15.4189 21.4415 13.1919 15.4189 21.1618 15.4189 16.8933 20.5632 

 

 

 

  

 

Figure 6. First three frequency parameters for a single-cracked CC beam versus temperature 

changes for different nonlocal parameters. (        and      ). 
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Figure 7. First three frequency parameters for a single-cracked CC beam versus temperature 

changes for different nonlocal parameters. (        and      ). 

 

  

Figure 8. Comparison of first and second frequency parameters of a single-cracked CC beam with 

temperature changes for two cases of crack positions       and      . (        and    ). 

 
 

3.3 Clamped-simply supported beam (CS) 

The results of the clamped-simply supported (CS) 

beam are presented in Table 4 for the single crack 

located at       . The non-cracked beam results 

are obtained when the amount of crack severity   

is equal to zero. The frequencies of all modes 

decrease by decreasing the temperature to the 

values lower than the room temperature and they 

increase when the temperature increases to the 

temperature values higher than the room 

temperature. But when the amount of the nonlocal 

parameter increases, the changes in the 

frequencies become more significant as shown in 

Fig. 9. Modes one and three of the case of the 

crack location at       are higher than the case 

in which the crack locates at      , but the 

second mode of the case of the crack location of 

      is higher than the case of the crack 

location of      . The frequencies of all modes 

decrease at the temperatures lower than the room 

temperature and they increase with increasing at 

the high temperatures. Increasing the nonlocal 

parameter   results in decreasing the frequencies 

of all modes as shown in Fig. 10. As the crack 

severity increases, the frequencies decrease 

because the flexibility of the beam increases due 

to the crack; but when the nonlocal parameter   

reaches to a very high value (i.e.,    ), the 

frequencies increase with increasing the crack 

severity at the temperatures lower and higher than 

the room temperature but not at the room 

temperature. 

 

Table 4. First three dimensionless frequency parameters for a single-cracked clamped-simply supported beam with different 

nonlocal parameter   and different crack severity  . Crack position      . 

                                   

                                    
 

 

0 15.4182 49.9649 104.2477 15.3288 49.9094 103.4959 15.0935 49.7639 101.6045 14.7167 49.5332 98.8313 

100 15.2379 49.7584 104.0310 15.1544 49.7036 103.2847 14.9350 49.5599 101.4079 14.5847 49.3321 98.6577 
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0 200 15.0552 49.5510 103.8138 14.9778 49.4969 103.0731 14.7746 49.3550 101.2109 14.4510 49.1304 98.4837 

400 15.9028 50.5283 104.8414 15.7977 50.4711 104.0744 15.5199 50.3209 102.1430 15.0723 50.0821 99.3065 

600 16.1393 50.8076 105.1369 16.0266 50.7496 104.3625 15.7283 50.5972 102.4111 15.2461 50.3544 99.5430 

 

 

0.5 

0 7.7837 14.6881 21.2563 7.7398 14.6431 21.1435 7.6214 14.5202 20.8386 7.4238 14.3127 20.3449 

100 7.2026 13.7153 19.8943 7.1748 13.6872 19.8012 7.0994 13.6100 19.5474 6.9733 13.4766 19.1255 

200 6.5704 12.6680 18.4319 6.5548 12.6527 18.3548 6.5126 12.6103 18.1435 6.4418 12.5358 17.7850 
400 9.1941 17.0799 24.6163 9.0709 16.9496 24.4146 8.7407 16.6086 23.8916 8.2067 16.0971 23.1545 

600 9.8237 18.1580 26.1348 9.6180 17.9394 25.8466 9.0731 17.3941 25.1360 8.2293 16.6748 24.2699 

 

 

1 

0 4.3182 7.6211 10.8300 4.2944 7.5940 10.7770 4.2294 7.5202 10.6338 4.1198 7.3964 10.4028 

100 3.0419 5.4530 7.7792 3.0424 5.4550 7.7508 3.0438 5.4609 7.6707 3.0461 5.4718 7.5260 

200 1.1785 1.9350 2.6263 1.1835 1.9277 2.6185 1.1983 1.9065 2.5987 1.2275 1.8657 2.5687 

400 6.6694 11.6634 16.5351 7.0993 12.2607 16.7464 8.0572 13.8723 17.4086 8.7643 14.8493 18.1202 

600 7.5761 13.2292 18.7476 7.7945 13.5192 18.8106 8.3741 14.4573 19.0170 9.1640 15.9868 19.4641 

 

 

  

 

Figure 9. First three frequency parameters for a non-cracked CS beam versus temperature changes 

for different nonlocal parameters. 
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Figure 10. First three frequency parameters for a single-cracked CS beam versus temperature 

changes for different nonlocal parameters. (         and      ). 

 

It is observed that the clamped-clamped 

nanomaterial beam is stronger than the simply 

supported and the clamped-simply supported 

beams and its frequencies are higher than the two 

other cases even when the crack severity and the 

nonlocal parameter reach to high values at any 

temperature except the very low temperatures 

(i.e.,      ). In the very low temperatures, 

approximately frequencies of all of the different 

beam supports approach each other as shown in 

Fig. 11.  

  

 

Figure 11. A comparison of first three frequency parameters of a single-cracked beam for different 

supports of SS, CC, and CS versus temperature changes. (   ,        , and      ). 

 

There is an investigation performed by (Ebrahimi 

and Mahmoodi, 2018) in which the effect of the 

thermal load on the multi-cracked beams is 

determined. Their investigation includes some 

significant mistakes that will change all of the 

results. They have not considered the thermal load 

in the compatibility equations which belong to the 

continuity of the shear and the continuity of the  

 

bending moment at the crack location. They have 

used the continuity equations of the bending 

moment and the shear force which belong to the 

cases in which the thermal load does not exist. 

The compatibility equations that have been used 

by them are as 

 Continuity of the bending moment 

 

 ̅ 
  ( )         ̅ ( )   ̅ 

  ( )         ̅ ( )  (47) 

 Continuity of the shear force   

 ̅ 
   ( )         ̅ 

 ( )   ̅ 
   ( )         ̅ 

 ( )  (48) 

As it is seen in the Eqs. (47) and (48), there is not 

any parameter which belongs to the thermal load, 

that is the reason why their results were not 

sensitive to the temperature changes and they 

were not true. The true compatibility equations for 

the continuity of the bending moment and the 

continuity of the shear force are derived from the 

equation of motion and they are already obtained 

as Eqs. (39) and (40) in which   is the 

dimensionless thermal load as  

 Continuity of the bending moment 
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(      )  ̅ 
  ( )        ̅ ( )  (      )  ̅ 

  ( )        ̅ ( )  
  Continuity of the shear force   

(      )  ̅ 
   ( )  (      )  ̅ 

 ( )  (      )  ̅ 
   ( )  (      )  ̅ 

 ( )  
 2 4. CONCLUSIONS 

Following conclusions have been made from the 

results obtained throughout the present study: 

 For the temperature change values higher 

than the room temperature, the frequencies 

are increased. Vice versa, for the 

temperature change values lower than the 

room temperature, the frequencies are 

decreased. 

 Increasing the crack severity does not 

always result in decreasing the 

frequencies, because of the temperature 

changes. As the crack severity is increased 

the frequencies decrease because the 

flexibility of the beam is increased. But 

when the nonlocal parameter   is reached 

to a very high value (i.e.    ), the 

frequencies increase with increasing the 

crack severity at the temperatures lower 

and higher than the room temperature but 

not at the room temperature. 

It is concluded that a higher value of the 

nonlocal parameter does not always cause 

in decreasing the frequencies and the 

location of the crack is not always a tool to 

predict whether a certain frequency will be 

decreased or it will be increased because 

the temperature change has great effects on 

the frequencies.  

The outcomes of the investigation 

demonstrate that the clamped-clamped 

beam is stronger than the simply supported 

and the clamped simply supported beams 

and its frequencies are higher than the two 

other cases even when the crack severity 

and the nonlocal parameter reach the high 

values at any temperature except the very 

low temperatures (i.e.      ) in which 

approximately frequencies of all of the 

different beam supports approach each 

other. 
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