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FORWARD 

 
Dear Colleagues,  

 

IJST was a fruitful effort issued by the International Centre for Advancement of Sciences and 

Technology – ICAST, which tries to take part in both globalization and revolution in 

information and communication technologies, because S&T development becoming not only 

the key elements of economic growth and industrial competitiveness, but also essential for 

improving the social development, the quality of life and global environment. ICAST took then 

a decision to establish a scientific alliance with TSTC (Tharwa for scientific Training & 

Consultations) and this alliance comes to support the efforts towards publishing IJST. 

Today, we announce a new issue of our journal, that is the second issue from the fourteen 

volume of IJST, June, 2019.   

Finally, I hope that all significant figures of sciences whom joined the editorial board, the 

researchers, and the readers of our journal will keep IJST between their eyes and contribute 

in continuing its journey, with their remarks, valuable recommendations and their 

researching outcomes.  

Thanks a lot for all who support IJST. 

 

 

 

 

Editor-in-Chief  

IJST         

  Abdul Jabbar Al- Shammari 
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A comparative study on fracture healing in dogs’ femur with induced diabetes 

mellitus treated by Glyburide 

 

Muqdad S. Abdul-Jabbar and Abdulbari A. Al-Faris   
 

Dept. of Surgery and Obstetric / College of Veterinary Medicine / University of Basrah 
Republic of Iraq 

 
 
E- mail: abdalbari.sahi@uobasrah.edu.iq 

 

 

ABSTRACT 

 

The aim of this study was to evaluate the effect of diabetes mellitus and glyburide on bone healing of 
experimentally induced fractured of  the fumeral bones in dogs. Twelve adult male dogs of age of 1–3 years and 
weights 14–20 kg . (Mean ±SE, weight 16 ± 0.32 kg)   were used. The sample was divided randomly into three 
equal groups, control group, diabetic group and diabetic with glyburide treated group. Diabetes mellitus was 
induced in both diabetic and diabetic with glyburide treated groups by an intravenous  injection of alloxan 
monohydrate  at a dose (100 mg /kg) . The animals were  anesthetized  by giving pre-medication with atropine 
sulphate 0.04 mg/kg B.W. intramuscularly,  after 10 minute, intramuscular injection of a mixture from xylazine  5 
mg/kg and ketamine at dose 15mg/kg B.W.  A mid shaft transverse  femur fracture was a achieved and fixed by 
Intramedullary pinning. Control group was left for healing naturally.  In diabetic group inducing of diabetes 
mellitus and fracture of femur bone similar as control group,  while in diabetic with glyburide treated group same 
as in diabetic group in addition to oral glyburide drug  at dose (20 mg/animal) daily. 
Clinical examination at 1- 35 days show dysfunction of the fore limbs movement, swelling the site of operation , 
heat and response to digital palpation,  which were severe in diabetic group than in diabetic with glyburide treated 
group but less than that in control group.  Also in diabetic group and diabetic with glyburide treated group there 
was increase blood glucose concentration, depression, polyuria and polydipsia . 
Radiological examination at 7 ,14, 21, 28  and 35  days postoperative were done.  Control non diabetic group 
showed at 7 days visible   fracture line, no periosteal reaction around fracture site, while at  14 days showed visible  
fracture, slight periosteal reaction around fracture site. At 21days the same group showed increase of callus 
formation, but still visible   fracture line and at 28 days showed  more dense callus formation but still  visible 
fracture line. At 35 days showed un visible fracture line with alignment of cortices of fracture ends, slight 
periosteal reaction around fracture site, visible   fracture line while  at 21days.   In diabetic with glyburide treated 
group at 14 days, show slight periosteal reaction with  visible fracture line.  At 21 days,  show present  callus 
formation  and  still  visible   fracture line. At 35 days show increase callus formation in fracture line.  , good 
alignment as cortices  and complete healing. 
Histopathological findings at 35 post-operative days in control group showed a new formation of osteoid materials 
are present with  normal osteocytes in the bone also trabiculi area of stem cells of bone marrow and large area of  
ossification with active osteoblast indication presence of good mineralization. In diabetic group showed a large 
area of not ossified bone  with  bone marrow without stem cells.  In diabetic with glyburide treated group show 
large number of stem cells in order to formation of new bone(healing) , presence of osteocytes and active 
osteoblasts  with area of  trabeculi  formation , present of osteoblast in the border and presence  of osteocyte (large 
number) and stem cells of bone marrow with new trabeculi formation.  In conclusion of the study showed that 
diabetes mellitus causes delay in bone healing after fracture, while glyburide enhances healing in diabetic animals. 
 

Keywords: diabetes mellitus, glyburide, bone healing, fracture, alloxan monohydrate 
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INTRODUCTION 

 

The goal of the treatment of a fracture is the 
restoration of bone structure, composition, and 
function. The vast majority of fractures (90- 95%) 
are treated successfully (1). The highly complex 
process of fracture repair is still not fully 
understood; however, research of recent years has 
identified various associations between factors that 
affect the repair process and healing outcome the 
most dominant mechanical factors is the fracture 
geometry, described by fracture type and gap size. 
In comminuted fractures and fractures with large 
butterfly fragments, angulation and displacement of 
the fragments may result in a delayed healing). 
Diabetes  mellitus  is  one  of  the  chronic  diseases  
that occur either due to decrease in insulin secretion 
or lack of insulin  peripheral  activity  (2).  
Alloxan induces diabetes by destroying the insulin 
producing beta cells of the pancreas. In vitro studies 
have shown that alloxan is selectively toxic to 
pancreatic beta cells, leading to induction of cell 
necrosis, leading to induction of cell necrosis. This 
action is mediated by  reactive  oxygen  species  
with  a  simultaneous  massive increase  in  calcium  
concentration  leading  to  a  rapid destruction  of  
beta  cells.  The  use  of  lower  dose  alloxan 
produces  partial  destruction  of  pancreatic beta  
cells  even  though  the  animals  became  
permanently diabetic (3).  
Diabetes  mellitus is  one  of  the  chronic  diseases  
that occur either due to decrease in insulin secretion 
or lack of insulin  peripheral  activity  (4) Fracture 
healing Long bone fractures are very common in 
dogs and are presented in a variety of forms. There 
are four main principles of fracture repair set forth 
by the Arbeitsgeme in Schaft Osteosynthese Fragen. 
The relevant literature of repair of fractured bone 
has been reviewed under the sub-heads mentioned 
in reference (5). 
 
 
METERIALS AND METHODS  

 

Twelve (12) male dogs were aged between 1 and 3 
years. Their weights ranged from 14 to 20 kg (16.± 
0.32). These dogs were brought from scattered areas 
of the province of Basra and placed in individual 
cages in the animal house at the veterinary college. 
These animals were examined clinically and 
radiophysiologically to ensure that they were 
healthy. 
The dogs were divided into three groups. Group 
one, the   fracture occurred in femur were left to 
heal naturally. Group two, the femur was fractured 
with the induced of diabetes by Alloxan 100 mg/ kg. 
Group three, the fracture of the femur with the 
induction of diabetes and treated by the glyburide 
(6). 
Animals were not allowed to eat for 24 hrs and 
then stopped from intravenous dioxin from 100 
mg per kg with distilled water by 0.9% and 
then measuring the blood sugar level were 

done before and after injection after taking 
diabetes to 160 days after birth. 
Animals were not allowed to eat for 24 hrs. 
and then stopped from intravenous dioxin from 
100 mg per kg with distilled water by 0.9% 
and then measuring the blood sugar level were 
done before and after injection after taking 
diabetes to 160 days after birth. 
Normal blood glucose concentration of dogs > 80 to 
100 mg/dl (If it was above 200mg/dl and polydipsia 
and polyurea for 3-7 days were considered to be 
signs of diabetes mellitus and selected for the 
experiment (7). In some dogs whose plasma glucose 
levels were below 200 mg/dl  after injection of 
alloxan, a second injection of alloxan was given. 
The dogs were maintained on dextrose saline for a 
further 8-9 hours in order to prevent any 
hypoglycemic episodes. The dogs were returned to 
their cages and fed. The blood glucose level was 
determined by using an apparatus (Accu-chek) (8). 
After 3 days of alloxan injection blood glucose 
levels were measured by taken a few drops of blood 
from each dog’s ear. 
 
Surgical Procedure: 

 
The animals were anesthetized  by giving pre-
medicated with atropine sulphate 0.04 mg/kg B.W. 
intramuscularly. After 10 minutes, intramuscular 
injection a mixture  of  xylazine at dose 5 mg/kg and 
ketamine hydrochloride at dose 15mg/kg B.W were 
administered (9). 
The operations were performed with the animals 
under standard aseptic techniques. The animal 
recumbent on its left side, an incision (10cm) was 
made at the middle  lateral surface of fumeral 
region,  incision the skin. When the fumeral bone 
was exposed curved artery forceps introduce around 
the bone achieve a complete transverse fracture of 
mid shaft by hand saw (Figure 1). 
The fracture was fixed by intramedullary pins 
(Steinmann pin), suitable diameter of medullary 
bone. The proximal end of the bone was clung by 
using bone chuck and inserted steinmann pin in 
fracture site using pin-chuck by retrograde method 
up to penetrating the head of bone (figure 2),   then 
the alignment of the fracture ends and then inserted 
the pin into distal fracture bone. The pin was cut 
using pin cutter. Muscles were reconstructed and 
sutured by using 3/0 chromic catgut 3-0, the skin 
closed by blanket suturing pattern using silk. These 
operations were done in animal of group Control 
group, while These operations were performed in 
diabetic group and diabetic with glyburide treated 
group after inducing of diabetes mellitus. 
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Figure (1): Inducing of fracture in the mid- shaft of 

femur  

 
 

 
Figure (2): Insertion of Steinmann pin through 

proximal part of femur fracture part 

 
 
Follow up radiographic bone healing was conducted 
by taking x-ray of the lateral inspect of the leg 
before the animal was euthanized at 7, 14, 21, 28, 
35days. The radiographic examination included 
assessment of the callus formation and the presence 
or absence of fracture line, x-ray apparatus 
(GNATUS,70VP.15 mA at0>25) and X-ray films. 
 
Histopathological evaluation: 

 
Femur bone was cut by 2 cm for each limb side of 
the fracture line and then washed with water after 
washing with sodium citrate. For 12 days it had 
become soft after washing with water daily. Three 
days later, bone was removed. Bone samples were 
washed with ethyl alcohol (10). Specimens  were 
collected from all the animals from the site of the 
fracture after  a period of 35 days postoperatively 
for the three groups were taken an  immediately 
fixed in 10% buffered formalin, routinely processed, 
sectioned and stained with Hematoxylin and Eosin 
(H&E). 
 
 

 

 

Postoperative care: 

 
The animals were given antibiotics represented by 
penicillin streptomycin at a dose of 1 ml per 25 kg 
of body weight for three days.  
The topical oxytetracycline sprays 
(oxytetracyclineHcl 4.2 gm., Gention 420 mg) were 
used in the clinical case as the following increased 
the consumption of water quantities as well as the 
increase in the number of urination and also the 
severe case of inactivity and deflation that were 
observed every two hours for three days (3). 
 
 
RESULTS 

 

Blood glucose evaluation: 
 
In control and the diabetes groups, diabetic animals 
were observed a rise in day 14, although not 
significant, noting a decrease in the level of diabetes 
28 days significant decrease compared to the 
previous two groups. It was observed in the three 
groups with diabetes. 
Therefore, there was increase in sugar but was 
observed in the three groups on 14 days Therefore, 
there was a decrease in diabetes. However, in the 
three groups in the 28 days period, significant 
increase was observed in total non-treated diabetes 
compared with total diabetes treatment and 
controlled outcome. There was therefore a 
significant reduction in treated diabetes when 
compared with total diabetes (Table 1).  
 

Table (1): Mean values of blood glucose levels of the 

three experimental groups 

 

Group 0 day 14 days 28 days 

Control 
61.16 c 

±15.43 a 
63.33 c 

±10.80 a 
75.83 c 

±16.55 a 
Diabetic 
without 

treatment 

175.00 A 
±59.16 a 

190.00 A 
±34.05 a 

166.66 A 
±21.60 a 

Diabetic 
with treated 
glyburide 

110.00 B 
±25.29 a 

134.16 B 
±31.68 a 

94.16 B 
±22.00 b 

 

 

Clinical findings:  

 
Radiological findings: The radiographic images 
have been taken as following at 7, 14, 21, 28, 35 
days post-operative. 
 
Control group: At 7 days showed visible   fracture 
line, no periosteal reaction around fracture site. At 
14 days showed visible   fracture, slight periosteal 
reaction around fracture site).At 21 days showed 
increase of callus formation, but still visible   
fracture line. At 28 days showed denser callus 
formation but still visible fracture line. At 35 days 
showed invisible fracture line with alignment of 
cortices of fracture ends (Figure 3). 
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Diabetic group: At 7 days, showed visible   
fracture line, no periosteal reaction around fracture 
site. At 14 days, slight periosteal reaction around 
fracture site, visible   fracture line. At 21 days, 
showed periosteal reaction around fracture site, 
visible  fracture line. At 28 days showed periosteal 
reaction  around fracture site, visible  fracture line. 
At 35 days showed without periosteal  reaction  still  
visible   fracture line (Figure 4). 
 

Diabetic with glyburide treated group: In 7 days, 
no reaction was caused around the periosteal around 
the fracture line In 14 days a thick sesame reaction 
occurs with the survival of the fracture line. At 21, 
the calcification of the core is marked with the 
fracture line remaining. In 28 days it increased in 
calcification while the fracture line remained. 
In 35 days, there was a sharp increase in the 
calcification of the un visible line of fracture 
(Figure 5). 

  

 
Figure (3): A phtographaic picture for control group (lateral view)  on 35 days showed  invisible  fracture line with 

alignment of cortices of fracture ends.(line fracture LF, intra midullary pin IMP callus area CA ). 

  

 
Figure (4): A phtographaic picture for diabetic group (lateral view) on 35 days showed loss periosteal  reaction  around 

fracture site, visible  fracture line (line fracture LF, intra midullary pin IMP). 
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Figure (5): Diabetic with glyburide  treated group (lateral view)  on 35 days showed increase callus formation in fracture 

line, but still  visible (line fracture LF, intra midullary pin IMPcallus area CA ). 

 

 

 

Histopathological Examination: 
  

Control group : Remodeling phase involves the 
formation and mineralization of the callus and 
replacement of the mineralized callus with 
mineralized bone and sculpting of the bone back to 
its original shape, size, and biomechanical 
competency via modeling and remodeling  days a 
new formation of ossifcation are present with  
normal osteocytes in the bone also trabecular area of 
stem cells of  bone marrow and large area of  
ossification with active osteoblast). Presence of 
good area of mineralization Good area of trabeculae 
and endosteal cells, osteoblast and osteocyte (Figure 
6). 
 
Diabetic group: As fibroplasia phase begins, 
necrotic bone resorption is carried out by osteoclasts 
that are derived from the circulating monocytes in 
the blood and by monoblastic precursor cells 
originating from the local bone marrow. The 

fibroplasia phase is characterized by the formation 
of callus and begins with continued vascular in 
growth. In 35 days, there is a large area of non-
fossilized bones with bone marrow without stem 
cells, as well as bone cells that make up the tumor 
cells. Active bone necrosis is on the border of bone 
trabeculi, with stem cell loss in the bones and 
bilateral hallo significant for the late maximization 
Active bone cells are bone present with a small 
mineralization of small trabeculi formation and bone 
formation (Figure 7). 
 
Diabetic with glyburide treated group: In 35 days 
a cartilage osteoarthritis occurred in the region in a 
large number of stem cells in order to form a new 
healing bone, and indicated the presence of 
endosteal cells of bone and bone marrow cells. 
The region of trabeculea formation and present bone 
cell osteocyte cellFigur Bone presence (large 
number) and stem cells for bone marrow new 
trabeculae formation (Figure 8). 
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Figure (6): The cross-section of the control group after 

35 days: (a) a good area of trabeculae (compressed 

bone); (b) osteocytes bone cells; (c) active osteoblast. 

(H&E, 40x). 

 

 
 

Figure (7): The cross-section of the diabetes group 

after 35 days: (a) formation of trabeculae; (b) 

osteocyte. (c) bone marrow.  (H&E,40x). 

 

 
 

Figure (8): The cross-section of diabetics with the 

group treated with glibrid in 35 days: (a) the formation 

of bone marrow. (b) Osteocyte. (large number) (C) 

Stem cells for bone marrow. (H&E,40x). 

 

 

 

DISCUSSION  

 

Induction of diabetes mellitus in diabetic and 

diabetic with glyburide treated groups: The dose 
used in this trial (100) mg / kg was clinically 
effective and showed an increase in the blood sugar 
level during the first seven days. This is in 
consistent with (11). The results indicated that there 
were differences of statistical significance in the 
glucose levels between total cyclic, and those who 

agree with  who had similar results for this dose. In 
this study there were signs of the bed was 
characterized by severe depression after the first 
two weeks in the total diabetes and treated diabetes. 
Alloxan selectively harms the beta of the pancreas 
and causes hypoglycemia in the blood with 
disorders that causes high sugar. 
 
Radiological findings in control group: In the first 
week there was a fracture line where it was visible 
and there was no reaction on the perineum around 
the fracture position. Within 14 days, the line of 
fracture was observed. There was a small amygdala 
interaction around the fracture line. In the 21 day 
period, the fracture was visible, while in 35 days it 
was noticed that the fracture line had disappeared 
and the bone was almost normal and the 
calcification was very double (12).  
 
Diabetic group: In the first week there was a 
fracture line where it was visible and there was no 
reaction on the perineum around the fracture 
position. Within 14 days, the line of fracture was 
observed. There was a small amygdala interaction 
around the fracture line. In the 21 days period, the 
fracture was visible, while in 35 days it was noticed 
that the fracture line had appeared and the bone 
calcification was slow. The calcification process 
depends on the delay may be due to diabetes, which 
causes disorders in the metabolism and atrophy of 
the blood vessels, which in turn works as a barrier 
between the formation of bone and cartilage, and 
this study was in consistent with (13), as the insulin 
signals cause the extraction of carboxylic bone. 

 
Diabetic with glyburide treated group : In the 
first week there was a fracture line where it was 
visible and there was no reaction on the perineum 
around the fracture position. Within 14 days, the 
line of fracture was observed. There was a small 
amygdala interaction around the fracture line. In the 
21 days period, the fracture was visible, while in 35 
days it was noticed that the fracture line had 
disappeared and the bone was almost in normal 
calcification. The calcification process depends on 
the condition of the healthy body as well as the 
nutrition and activity of the bone cells.  
The formation of good alignments for bone and 
crustaceans and bones and the repair itself and that 
the cause of healing is that the substance produced 
by insulin, which promotes the process of bone 
formation and calcification through its work in the 
metabolic processes and this is consistent with (14), 
As the family of Spaniel Urea act on the activation 
of insulin by the effect of cells Beta (15). This in the 
non-diabetic group was faster than the group treated 
with diabetes and the treatment group, as well as the 
treatment group is faster than the non-treated group. 
 
 

 

a 

b C 

a 

b 
c 

a 

b 

c 



International Journal for Sciences and Technology                                                                                 Vol. 14, No.2,   June   2019       10 

Histopathological Changes:  

 
Control group: The results of the anatomical 
pathology of this group showed the presence of new 
formulations of materials and materials and the 
presence of bone density of bones of bone and cells 
of Gaia and cells of osteoblast, and also a cell 
culture of the cells of active bone corresponds 
exactly with the images taken to this group in our 
study and this corresponds. 
 
Diabetic group: The results of the pathological 
anatomy of this group showed a wide area of bone 
non-fossil bone marrow and the number of a number 
of stem cells with the loss of magnification with the 
number of a number of sub-cells with great loss of 
stem cells and delay the maximization and provide 
active bone oocytes with a few mineralization and 
also a little trabeculae and this corresponds to the 
results showed that all the minerals in type 1 
diabetes have decreased. 

 
Diabetic with glyburide treated group: The 
results showed in this group a large number of stem 
cells and active bone cells in order to form an area 
osteocyte and trabeculai of the same cells from the 
bone marrow and this corresponds to the 
radiographic images in the study which showed the 
disappearance of the fracture line and that 
antipsychotics may occur activity of bone (16), 
which supports the hypothesis of control of the 
proportion of sugar, which showed the effect of the 
burden of healing, the results showed satisfactory in 
the study that bone healing in the group did not have 
diabetes was compared with the group of diabetes 
and diabetes treatment, while the results of 
osteoporosis in diabetes treatment was faster than 
diabetes in this study supports the previous 
precedents related to the role of diabetes and high 
altitude healing fractures  the sulphonyl urease so 
the reduce serum glucose  level. Possibly paying for 
its hypoglycemia effect (17). 
Glyburide is used along with diet and exercise, and 
sometimes with other medications, to treat type 2 
diabetes (condition in which the body does not use 
insulin normally and, therefore, cannot control the 
amount of sugar in the blood). Glyburide is in a 
class of medications called sulfonylureas. Glyburide 
lowers blood sugar by causing the pancreas to 
produce insulin (a natural substance that is needed 
to break down sugar in the body) and helping the 
body use insulin efficiently. This medication will 
only help lower blood sugar in people whose bodies 
produce insulin naturally. Glyburide is not used to 
treat type 1 diabetes (condition in which the body 
does not produce insulin and, therefore, cannot 
control the amount of sugar in the blood) or diabetic 
ketoacidosis (a serious condition that may occur if 
high blood sugar is not treated) (18). 
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ABSTRACT 

 
The aim of the study was to obtain the socio-demographic characteristics of burn patients in burn unit in Al- 
Yarmok hospital in Baghdad, Iraq. Data were obtained from medical records of patients with burns admitted to the 
burn unit, the referral etiology of burns, the total body surface area length of stay and mortality, adults, especially, 
between 16-60 years of age, run the highest risk of burn injuries, scalds own home are the major cause of 
admission. 
 

Keywords: burns, patient, prevalence. 
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INTRODUCTION 

 

A burn is a type of injury to skin, or other tissue, 
caused by heat, cold, electricity, chemicals, 
frictions, or radiation. In 2015, fire and heat had 
resulted in 67 million injuries. This resulted in about 
209 million hospitalization and 176.000 deaths. 
Most deaths due to burns occur in the developing 
world, particularly in South-East Asia. Treatment 
developed since 1960 had improved outcomes, in 
the United States. Approximately 96% of children 
and young adults admitted to burn centers to serve 
their injuries (1). Burns are considered global public 
health problems, accounting for an estimated 
180.000 death annually. The majority of these occur 
in low-and middle income countries and almost two 
thirds occur in African and South East regions. The 
rate of children deaths from burns is currently seven 
times higher in low-and middle- income countries 
than in high –income countries (2). In India, over 
1000.000 people suffer moderately or severely from 
burn every year. Nearly 173.000 Bangladeshi 
children suffer moderately or severely burn every 
year. In Bangladesh, Colombia, Egypt and Pakistan, 
17% of children with burn have temporary disability 
and 18% have a permanent disability. Burns are the 
second most common injury in rural Nepal 
accounting for 5% of disabilities. In 2008, over 
410.000 burn injuries occurred in the USA with 
approximately 40.000 requiring hospitalization (3). 
Fifty years ago, the first international congress on 
research in burn was held at the national navel USA, 
a compilation of 64 papers was edited by Artz and 
published as the proceeding, the last 50 years have 
been tremendous advances in the management of 
the a cut burns and in the last decade these 
improvement have been documented in a series of 
annual reviews entitled "What's new in burns and 
metabolism" published by the journal of the 
American college of surgeons (4). According to 
World Health Organization (WHO), burns were 
ranked 9th in the overall mortality rank for people 
aged 5-14 years with an estimated 41.575 deaths, 
15% for people aged 15-29 years with an estimated 
62, 655 deaths (5). Studies worldwide have 
demonstrated that the incidence of burn injuries 
highest among children below 4 years of age (6). 
Studies from South African men are a particular risk 
group for burns related to interpersonal violence and 
women for self-inflicted burns. About 75% of the 
majority associated with burns injuries is related to 
sepsis especially in developing countries (7). The 
Lund and Browder chart is a tool useful in the 
management of burns for estimating the total body 
surface area affected (8). In this study we had 
analyzed patients requiring treatment for injuries, 
the purpose of the study is to evaluate the age 
groups most commonly affected, as well as the most 
common causes of burn injuries. 
 
 
MATERIALS AND METHODS 

 

The study is described as a retrospective, based on 
burn case reports (n=80), recorded in burn unit at 

Al-Yarmouk Hospital in Baghdad, Iraq, from 
December to May, 2018 to obtain demographic 
characteristics of the study population, including 
occupational burns profile, origin of the referral, 
etiology of burns, total body surface, length of stay and 
mortality. The average time between burns injury and 
initial evaluation (at hospital) was 1+4, 5 hrs. Patients 
with burns were resuscitated using park land formula 
for the initial dehydration. Incidence ratios were used 
to compare males and females. Rates in each age 
group of patients were up to 24 years (25 years -80 
years). The hospital is opening 24 hrs daily and receive 
about 5-7 cases of burn in each week, patients could 
seek directly at the emergency centre of this hospital. 
Burn causes were mostly from hot liquid, fire, 
electrical and chemical. The degree of burns, length of 
stay at hospital was divided into three groups: 0-5 hrs. 
, 5-24 hrs. and more than 24 hrs. Patients’ disposition 
were divided into treated and discharge. Statistical 
analyses were performed using SPSS version 14.0. 

 
 

RESULTS 

 

A total of 80 patients suffered from burns were 
admitted to the burns clinic at Al- Yarmouk hospital. 
The most affected gender was female with 50 cases 
(62.5%), compared to 30 cases (37.5%) male patients 
(table 1). The most affected age group with burn 
related injuries was the 16-60 years (43.75%), 
followed by 2-5 years (8.75%), as shown in table (2). 

 
Table (1): Distribution of patients’ sample according to 

gender 

 

Gender N % 

Males 30 37.5 
Females 50 62.5 

Total 80 100% 
 

  
Table (2): Distribution of patients according to age group 

 

Age group 

(year) 
N % 

2-5 7 8.75 
6-10 10 12.5 

11-15 20 25 
16-60 35 43.75 
60-80 8 10 
Total 80 100% 

 

 
Regarding the cases of burn injuries, 50 patients 
(62.5%) cases were suffering from scalds, 2 cases 
(2.5%) from electrical and chemical burns, 28 cases 
(35%) from burns caused by fire (table 3). The   main 
group of the burn degree was the third degree 60 
(75%), followed by second degree which was noticed 
at low rate 20(25%)  (table 4). 
According to the occupational factors, 45 patients 
(56.25%) were housewives and 20 patients (25%) were 
students, and 15 patients (18.75%) were working with 
cooks, (table 5). 
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Table (3): Distribution of patients according to 

Etiology of burn 

 

Cause N % 

Scalds 50 62.5 
Electrical and chemical  2 2.5 

Fire 28 35 
Total 80 100% 

 

 
Table (4): Degree of burn in admitted patients 

 

Degree  Total % 

Grade 2  20 25 
Grade 3  60 75 
Total 80 100% 

 

 

Table (5): Distribution of patients' admission according 

to occupational status 

 

Occupation Total % 

Housewife   45 56.25 
Students  20 25 
Cooks  15 18.75 
Total 80 100% 

 

 
DISCUSSION 

 

Burns are considered one of the most common and 
devastating forms of trauma. Patients with serious 
burn injuries shall be admitted immediately in 
specialized care settings in order to reduce 
morbidity and mortality. Although survival rates for 
patients have been improved substantially in the 
past few decades due to advances in modern 
medical care in specialized centres, burn wound is 
considered one of the major health problems in the 
world; burn injury is an important cause of hospital 
admission (9). 
The results of the current study revealed that burn in 
females was 30 (37.5%). This result was disagreed 
with findings reported Mitchell (10), when they 
found that burn wound in males was more than 
females. This may be justified as females are 
exposed more to burns and near loose fitting 
clothes. In this study, results found that the 
distribution of burn wound were occurred mostly in 
age group (16-60) years 35(43.75%), which was in 
disagreement with the findings reported by Al- 
Kayleh, 1999 (11), who showed that the age group 
less than 10 years had the highest distribution burn 
wounds. In the current study, it was found that 60 
(75%) had third degree burn and 20 (25%) had 
second degree burn, which were similarly with 
results obtained by Al- Kayleh, 1999, who showed 
that the highest distribution of burn wound were 
found in burn patients suffering from third degree 
burn. The current study showed that the housewives 
45(56.25%) were the most susceptible group to burn 
wound followed by students 20(25%), and these 
results reflect agreement with findings reported by 
Hunt 2000 (12), who showed the housewife were 
the highest susceptible group to burn wound. The 
relation between patients job and burn wound 
showed statistical significant. In the current study, 

the scalds were the most common types of burns 
50(62.5%), and this was in agreement with findings 
reported by Golshan et al, 2013 (13), who showed 
same results, where electrical and chemical burns were 
relatively minor causes. 
 
 
CONCLUSION  

 

Although the incidence of burns treated in emergency 
care was at its highest levels in the adults’ ages, gender 
difference was observed among adults, females 
suffered more acute burn and the larger differences 
were among those aged 16-60 years. These differences 
were even greater in scalds burns. 
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ABSTRACT  

This study was designed to investigate the effect of caffeine on gonads function related with biochemical assess in 
male rats. Caffeine is a chemical compound that may interfere with many organs’ functions in the body, it may 
cause endocrine dysfunction in diagnosis of many clinical cases. Twenty-four adult male rats were randomly 
allotted to constituently control and treated groups having 6 rats in each one, all rats gavage daily for 40 days as 
follows: control group (GI) received 0.5 ml of distilled water. The treated groups were distributed as follow GII 
received (25mg caffeine/kg), GIII (50 mg caffeine/kg) and GIV (100mg caffeine/kg). Blood samples were 
collected from inferior vena cava of the heart of sacrificed animals and divided into two tubes; one contains EDTA 
for hematological analysis and the second tube was centrifuged at 3000rpm for 15min., the serum collected in an 
Eppendorf tube and stored at -20CO for further laboratory investigation. Rats organs collected for histopathological 
study. Results reveal that the caffeine significantly increase serum testosterone, a sperm abnormality, RBCs, Hb, 
PLT. While, caffeine significantly decrease in sperm count, sperm motility and serum ALT, urea, WBCs, in all 
treated groups when compared to non-treated rats. Histopathological study showed different degree of suppression 
of spermatogenesis in testes, atrophy of glomeruli, vacuolation of hepatocytes and myocardial muscle cells in a 
high dose manner. 
 
 

Keywords: Caffeine, Testosterone, Sperm, CBC. 
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INTRODUCTION 

 

Coffee and other caffeine-containing beverages are 
widely consumed on a daily basis (1). Caffeine is 
now being added to food products such as potato 
chips, chocolates and bottled water which confirms 
it is growing popularity (2). It is a naturally 
occurring substance found in coffee beans, tea 
leaves, kola nuts and cocoa beans. Recently there 
has been an increase in energy drink consumption 
leading to caffeine abuse, with aggressive marketing 
and poor awareness on the consequences of high 
caffeine use (3). 
It is therefore important to define the possible risks 
and benefits associated with caffeine intake, in order 
to be able to better inform both health professionals 
and the public. In fact, coffee is a complex chemical 
mixture reported to contain more than a thousand 
different chemicals including carbohydrates, lipids, 
nitrogenous compounds, vitamins, minerals, 
alkaloids and phenolic compounds (4). 
Caffeine (1, 3, 7-trimethylxanthine) is a purine 
alkaloid that occurs naturally in coffee beans (4). 
Caffeine appears to exert most of its biological 
effects through the antagonism of the A1 and A2 
subtypes of the adenosine receptors (5,6). Caffeine 
is rapidly and almost completely absorbed in the 
stomach and small intestines and distributed to all 
tissues, including the brain. Caffeine metabolism 
occurs primarily in the liver, which are ultimately 
excreted in the urine. The structure of caffeine is 
similar to adenosine in the body.  
The caffeine binds to adenosine cell membrane 
receptors found in the heart, brain, smooth muscles, 
adiposities, and skeletal muscles. Caffeine can 
simultaneously affect a wide number of tissues in 
the body (7); it stimulates the CNS and increases the 
release of epinephrine. Caffeine has been shown to 
increase heart rate, metabolic rate, respiratory center 
outputs, fat oxidation and diuresis. It also decreases 
perception of pain and fatigue (8). 
Caffeine usage may cause anxiety, heart 
palpitations, trembling, nervousness and facial 
flushing. These adverse effects are usually dose 
related. More side effects were reported when 
subjects consumed greater than 6 to 9 mg/kg body 
weight (9).  Lethal half dose of caffeine is 150 to 
200 mg/kg body weight (roughly 100 cups of 
coffee). Acute caffeine toxicity can cause 
hematemesis, hyperventilation, hyperglycemia, 
hypokalemia, metabolic acidosis and cardiac 
arrhythmia (10). This study aimed to determine the 
effect of therapeutic doses of caffeine on 
biochemical parameters and study the 
histopathological changes on some organs of rats. 
 
 
MATERIALS AND METHODS 

 

Experimental animals:  

 

Twenty four adult male rats (232 ± 2.5 gm body 
weight) were housed (6 rats/cage) under optimum 

identical conditions (12/12 light, dark cycle, 22 ± 2 
С˚) where in these are allowed free access to 
pelleted rat chow and tap water, 24 adult male rats 
were randomly allotted to constituently control and 
treated groups having 6 rats in each group, 
according to guide for laboratory animals (11). All 
rats were gavage daily for 40 days as follows: 
control group (GI) received 0.5 ml of distilled water. 
Also, treated groups were distributed as follow GII 
received (25mg caffeine/kg), GIII (50 mg 
caffeine/kg) and GIV (100mg caffeine/kg). At the 
end study, blood samples were collected from 
inferior vena cava of the heart of sacrificed animals 
and divided into two tubes; one contains EDTA for 
hematological analysis and the second tube was 
centrifuged at 3000 rpm for 15min.  The serum was 
collected in an Eppendorf  tube and stored at -20CO 
for further laboratory investigation. Rats’ organs 
were collected for histopathological study. 
 
Studied parameters:  
 
The animal in this study were weighted after the 
adaptation period (at 0 time) and at the end of the 
experiment (at 40 days time). The blood samples 
were collected from inferior vena cava of the heart 
of sacrificed animals in ETDE tube for 
hematological parameters were measured by 
hematology analyzer (Genex Inc., Florida USA) 
included: total Erythrocytes count, Hemoglobin 
concentration, Total Leukocytes count and platelets. 
The second tube of blood was centrifuged at 
3000rpm for 15min. and serum collected in 
Eppendorf tube for biochemical and hormonal 
analysis as follows, Aspartate aminotransferase 
(AST) and Alanine aminotransferase (ALT) activity 
were measured by U.V assay according to 
International Federation of Clinical Chemistry and 
Laboratory Medicine (IFCC) without pyridoxal 
phosphate activation (12). The urea level was 
measured by ultra violet assay and the creatinine 
level was measured by UV assay (Modified Jaffe, 
method) through the reagents used in automatic 
analyzer (Mindray) ACCENT-200 and ACCENT-
200 II GEN (13). Serum testosterone was measured 
using AFIAS-6 (automated fluorescent 
immunoassay system) (14). The testes weight were 
measured immediately after collection from 
sacrificed animals. Measurement of sperm count, 
sperm motility and sperm normality was done as 
described by Evans and Maxwell. Caffeine sample 
used in this study was procured from Iraqi Sama 
Alfayhaa Pharmaceutical Industries, Himedia 
company, Iraq. Doses of caffeine prepared and used 
for this study were 25mg\kg, 50 mg\kg and 
100mg\kg body weight of rats. 
 
Histopathological study:  

 
At the end of experiment, all animals were 
sacrificed and testes, kidney, liver and heart organs 
were collected, then preserved in 10% buffered 
formalin for histopathological examination. Slides 
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were stained with hematoxylin and eosin stain for 
examination according to Drury (15). 
 
Statistical analysis:  

 
Data were expressed as mean ± standard deviation 
(SD). In addition to used ANOVA analysis in 
experiment, least significant difference (LSD) was 
used to test the differences among means for 
ANOVA indicated a significant (P<0.05), using 
computerized SPSS version 11 (13). 

RESULTS 

 

Effect of caffeine on body weight of rats: 

 
Table (1) showed no significant differences in body 
weight of rats before (0 time) and after treatment 
with caffeine among groups in comparison with 
control. 
 

  
Table (1):  The effect of caffeine on body weight of rats.    N=6  (M ± SD) 

 

Group 0 Time /gm End time /gm 

G1 Control 230.50 ± 22.53    a 294.75 ± 53.77   a 
G2 25mg/kg 234.25 ± 18.76    a 299.75 ± 41.73   a 
G3 50mg/kg 232.50 ± 16.58    a 297.50 ± 8.10     a 

G4 100mg/kg 234.25 ± 20.66    a 298.50 ± 40.44   a 
LSD 24.7 50.0 

               Values expressed in the small letters mean significant differences (P<0.05) level 
  

Effect of caffeine on blood parameters: 
 
Table (2) showed a significant (P<0.05) increase in 
RBCs count and PLT count in caffeine treated group 
50 mg/kg and 100 mg/kg in comparison to the 
control group and 25 mg/kg caffeine treated group. 

On the other hand, there is a significant (P<0.05) 
increase in Hb concentration in high dose group 
when compared to other study groups, while the 
WBCs count are significantly (P<0.05) decreased in 
all caffeine treated group in comparison with control 
group. 

  
 

Table (2):  The effect of caffeine on blood parameters. N=6  (M ± SD) 

 

Group 
RBC 

*106cell/mm3 

HB 

g/dl 

WBC 

*103cell/mm3 
PLT 

G1 Control 5.87 ± 0.51 b 12.60 ± 0.59 bc 10.53 ± 0.75 a 431.50 ± 48.55 b 
G2 25mg/kg 6.27 ± 0.14 b 13.11 ± 0.45 b 7.51   ± 0.53 b 438.71 ± 28.71 b 
G3 50mg/kg 6.58 ± 0.24 a 13.66 ± 0.38 b 6.96   ± 0.71 b 561.83 ± 49.55 a 

G4 100mg/kg 6.96 ± 0.52 a 14.68 ± 0.90 a 5.71  ± 0.49 bc 552.66 ± 56.71 a 
LSD 0.68 1.01 1.25 114.5 

   Values expressed in the small letters mean significant differences (P<0.05) level 
  
Effect of caffeine on serum AST and ALT level: 

 
Table (3) showed no significant differences in 
serum AST level between caffeine treated groups 
when compared to control group while there is a 
significant (P<0.05) decrease in serum ALT level in 
caffeine treated groups in comparison to control 
group. 
 

Effect of caffeine on serum urea and creatinine 

level: 

 

Table (4) showed a significant (P<0.05) decrease in 
serum urea levels in all caffeine treated groups in 
comparison to control group. On the other hands, 
there is a significant (P<0.05) increase in serum 
creatinine level in G4 and G3 group when compared 
to G2 and control group. 
 

 
Table (3): The effect of caffeine on serum AST and ALT level. N=6  (M ± SD) 

 

Group AST  U/L 

 

ALT  U/L 

 

G1 Control 106.5 ± 2.51 a 15.0 ± 2.58 a 
G2 25mg/kg 95.75 ± 6.80 a 7.25 ± 1.50 c 
G3 50mg/kg 103.2 ± 9.03 a 8.50 ± 1.29 c 

G4 100mg/kg 106.0 ± 6.37 a 11.5 ± 3.00 b 
LSD 8.32 2.77 

                                Values expressed in the small letters mean significant differences (P<0.05) level 
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Table (4): The effect of caffeine on serum urea and creatinine level.     N=6  (M ± SD) 

 
Group Urea   mg/dL Creatinine mg/dL 

G1 Control 31.7 ± 3.53 a 0.45 ± 0.07 c 
G2 25mg/kg 19.8 ± 6.27 b 0.44 ± 0.05 c 
G3 50mg/kg 21.0 ± 3.74 b 0.49 ± 0.04 b 

G4 100mg/kg 26.5 ± 5.80 b 0.61 ± 0.09 a 
LSD 6.27 0.08 

                       Values expressed in the small letters mean significant differences (P<0.05) level 

 
 
Effect of caffeine on serum testosterone and 

testes weight: 

 
Table (5) showed a significant (P<0.05) increase in 
serum testosterone level in all caffeine treated 
groups in comparison to control group while there is 
no significant differences in the weight of testes 
between caffeine treated groups and control group. 
 
 

 

Effect of caffeine on sperm characteristics: 

 

Table (6) showed a significant (P<0.05)  decrease in 
sperm count, sperm motility and sperm normality in 
100mg/kg and 50mg/kg caffeine group in 
comparison to control and 25mg/kg caffeine treated 
group. On the other hands, the table also showed a 
significant (P<0.05)  increase in sperm abnormality 
in 100mg/kg and 50mg/kg caffeine group in 
comparison to control and 25mg/kg caffeine treated 
group. 

 
 

 

Table (5): The effect of caffeine on testes weight and serum testosterone level.  N=6  (M ± SD) 

 
Group Testes weight/ gm Testosterone/ ng/ml 

G1 Control 1.22 ± 0.20 a 0.66 ± 0.04 d 
G2 25mg/kg 1.22 ± 0.22 a 1.06 ± 0.00 c 
G3 50mg/kg 1.25 ± 0.26 a 3.49 ± 0.20 b 

G4 100mg/kg 1.32 ± 0.09 a 5.43 ± 0.17 a 
LSD 0.24 0.16 

                  Values expressed in the small letters mean significant differences (P<0.05) level 

  
 

Table (6): The effect of caffeine on sperm properties. N=6   (M ± SD) 

 

Group 
Sperm count 

*106/µL 

Sperm motility 

% 

Sperm normal 

% 

Sperm abnormal 

% 

G1 Control 55.49 ± 2.64 a 95.0 ± 0.81 a 90.0 ± 0.00 a 10.0 ± 0.00 c 
G2 25mg/kg 54.46 ± 1.80 a 93.75 ± 1.25 a 90.0 ± 0.00 a 10.0 ± 0.00 c 
G3 50mg/kg 48.44 ± 2.20 b 62.5 ± 2.88 b 87.5 ± 2.88 b 12.5 ± 2.88 b 

G4 100mg/kg 47.83 ± 1.87 b 30.0 ± 0.00 c 50.0 ± 0.00 c 50.0 ± 0.00 a 
LSD 2.70 2.04 1.81 1.81 

Values expressed in the small letters mean significant differences (P<0.05) level 

 
 
Histopathological study 

 

Testes: Testes of control rats showed normal 
seminiferous tubules and normal spermatogenesis, 
the treated groups showed different degree of 
suppression of spermatogenesis which increase with 
high dose of caffeine administered as shown in 
figure (1). 
 
Kidney: Kidney histopathological study of control 
group showed normal glomeruli and normal cortical 
tubules and the caffeine groups showed a little effect 
on kidney tissue presented as vacuolation of 
glomeruli as shown in figure (2). 
 
Liver: There is no pathological changes in healthy 
control liver tissue of control groups showed a  

 
 
 
normal lobular hepatic architecture with central 
vein, while the treated groups showed mild changes 
in liver presenting as bile duct proliferation, central 
vein dilatation and vacuolation of hepatocytes that 
observed in high dose caffeine group as shown in 
figure (3). 
 
Heart: Histopathological study of control group 
showed normal myocardial muscle cells. Caffeine 
treated groups showed vacuolation of myocytes, 
congestion of blood vessels and degeneration of 
cardiac muscle cells that noted in high dose caffeine 
group as shown in figure (4). 
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Figure (1): Testes of rat (A) control group showed normal spermatogenesis in seminiferous tubules. (B) 25mg/kg caffeine 

showed little effect on spermatogenesis. (C) 50mg/kg caffeine showed moderate suppression of spermatogenesis and 

vacuolation of primary spermatocytes. (D) 100mg/kg caffeine showed marked suppression of spermatogenesis, 

vacuolation of spermatogonia and primary spermatocytes. H&E stain 200X 
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Figure (2): Kidney of rat (A) control group showed normal glomeruli and cortical tubules. (B) 25mg/kg caffeine showed atrophy of glomeruli in some 

field. (C) 50mg/kg caffeine showed a slight vacuolation of glomeruli. (D) 100mg/kg caffeine showed vacuolation of glomeruli. H&E stain 200X. 

 

 
Figure (3): Liver of rat (A) control group showed normal hepatocytes architecture. (B) 25mg/kg caffeine showed dilation of central vein 

and bile duct proliferation. (C) 50mg/kg caffeine showed slight vacuolation of hepatocytes, bile duct proliferation and aggregation of 

inflammatory cells. (D) 100mg/kg caffeine showed marked vacuolation of hepatocytes and congestion of portal vein. H&E stain 200X. 

AAAA    

DDDD    

BBBB    

CCCC    

AAAA    

CCCC    

BBBB    

DDDD    



International Journal for Sciences and Technology                                                                                 Vol. 14, No.2,   June   2019       21 

 
Figure (4): Heart of rat (A) control group showed normal myocardial muscle cells. (B) 25mg/kg caffeine showed 

vacuolation of some myocardial muscle cells. (C) 50mg/kg caffeine showed vacuolation of myocardial muscle cells and 

congestion of blood vessels. (D) 100mg/kg caffeine showed degeneration of myocardial muscle cells somewhat grayish in 

color. H&E stain 200X. 

 
 
DISCUSSION 

 

This study revealed the effect of caffeine therapeutic 
doses on male rat testes, kidneys, livers and hearts. 
Results showed no significant differences in body 
weight between treated and non-treated rats, similar 
findings were reported previously by others (16-18), 
while Shirali et.al. reported an increase in body 
weight of rat treated with caffeine (19). This may be 
related to the synergism effect of caffeine and 
carnitine. 
The current study showed that the blood parameters 
monitored an increase in RBCs, Hb and PLT level, 
on the other hand, a decrease in WBCs level. These 
results are in consistent with (20), giving the reasons 
that may be related to the effect of raised 
testosterone which increases the body mass which 
associated with increase oxygen demands that lead 
to increase level of RBC that are provided by 
erythropoietin hormone, while another group of 
researchers had another findings (16, 21,22). The 
differences may be related to higher therapeutic 
dose of caffeine used by others. 
Caffeine is metabolized in liver cells. Results 
showed no changes in AST and ALT levels in 
caffeine groups. This may be linked to use of 
therapeutic doses of caffeine that are overcome by 
hepatocyte with no severe changes. this finding was 

confirmed by histopathological examination of liver 
tissue, which included  bile duct proliferation, a 
slight vacuolation of hepatocytes (figure 3), since 
the effect of therapeutic dose was the goal of this 
study.  These findings were in agreement with 
(23,24) and disagreed with other findings 
(20,25,26). The differences may be related to higher 
dose administration of caffeine and its long 
duration. 
Results revealed a decrease in urea level and 
increase in creatinine level, which may be due to 
diuretic effect produced by caffeine on kidney cells, 
while increase activity of muscle cells stimulated by 
caffeine lead to increase creatinine concentration 
and not due to kidney damage, although higher 
doses administration may result in kidney damage. 
These findings were confirmed by histopathological 
evaluation, which showed only a slight atrophy of 
some glomeruli of kidney (figure 2). This result 
wasn’t in line with (16) who reported that caffeine 
administration caused increase urea and creatinine 
levels due to higher doses of caffeine used. 
Several clinical and animal studies had mentioned 
that caffeine use caused serum testosterone 
elevation in adult human and adult animals (27,28). 
This result was in line with the results obtained by 
the current study and is also in agreement with Park 
et.al. and Joshua et.al. (29,30). This elevation of 
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testosterone may be related to increase activity of 
leydig cells by caffeine administration. However, 
this result was not in line with (31) due to immature 
rat used in the study. On the other hands, no effect 
of caffeine on rat testes weight were observed in this 
study as reported also by others (29,32-34). Results 
also indicated a decrease in sperm count, motility 
and sperm normality may be related to the effect of 
caffeine on spermatogenesis and sperm germinal 
cells this result is in line with (30), this result is 
supported by histopathology of testes (figure 1), that 
revealed a different degree of suppression of 
spermatogenesis in rat treated by caffeine depending 
on dose manner, this result is in agreement with 
(35). 
Caffeine causes stimulation of nervous system that 
leads to increase activity of body tissues (8). In the 
current study heart tissue showed a vacuolation of 
cardiac muscle cells (figure 4), but with high doses 
cardiac muscles degenerated as reported by 
Happonen et.al. (36). This result may be linked to 
the effect of caffeine by rising level of cortisol and 
epinephrine which affect heart tissue cells (37,38). 
 
 
CONCLUSION  

 
The current study determined that high doses 
caffeine may have a deleterious effect on some 
organs and biochemical parameters and further 
studies also are required to determine the 
relationship between caffeine and endocrine organs. 
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ABSTRACT  

 

Industrial growth and new technologies have led to a higher presence of heavy metal ions in our environments 
such as mercury (Hg2+), cadmium (Cd2+) and lead (Pb2+), and therefore increasing the environmental pollution in 
air and food. The widely using of electromagnetic devices such as mobile and hei-tiki may induce a real threat to 
human health. The aim of the current study was to investigate the effects of heavy metal ions and exposed to EM 
field on male rats’ spermatozoa properties. To approach the goal of the study, two groups of rats were used; Group 
A & B involved 3 subgroups depend upon the heavy metal used (HgCl2, CdCl2 and PbCl2) and on exposure to 
EM or not. Semen analysis was done by microscope and computer-assisted semen analysis. Results show 
significant changes in spermatozoa properties as compared with the control groups not administered heavy metals 
nor exposed to EM. This study concluded that synergism exposure of rats to heavy metal and EM have an 
important implication on the reproductive system. 
 

Keywords: Electromagnetic field, heavy metal, rat’s spermatozoa 
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INTRODUCTION  

 

The European Parliament proposed the study of the 
possible effects of the concurrence of chemical 
agents with electromagnetic fields in biomedicine, 
because of its presence in food and in the 
environment respectively (1). 
Extremely low frequency magnetic fields (ELF-MF) 
of 50 Hz involve the high-tension power lines and 
electro-domestic devices. Actually, they are 
submitted to scientific and social polemic because 
some opinions designed them to the possibility to be 
implicated to the potential injury on individual and 
Public Health (2,3). Some studies provoke in 
quietude principally for children and others 
unauthorized the precedents because the ELF-MFs 
are ubiquitous and also present at the proximities of 
the population densities (ICNIRP. Guidelines 1Hz 
to 100KHz, 2010) (4).  
Epidemiological studies signalised a certain 
relationship between the exposition to ELF-MF of 
50 Hz and the tumour induction in the brain and 
also leukaemia in children (5-8). The aim of this 
experiment is to study the effect of the ELF-MF of 

50 Hz on the rat’s spermatogenesis in order to 
furnish new data to complete the information on the 
possible effects to male infertility, and to 
hypothesize on the possible physiological and 
biochemical mechanism to induce pathology.  
 
 
MATERIALS AND METHODS 

 

Animals: 
 
For each metal ion (Hg2+; Pb2++Cd2+) two groups of 
20 g weighing young male BALB/c mice were used, 
each one with 8 animals, one of them was used as 
control group, and the other two groups submitted to 
ELF-MF. Table (1) describes the experimental 
design and groups. All groups were fed with 
standard diet and water “ad libitum”, and 
maintained in metabolic cages, with the same 
conditions as 12 h light/12 h obscurity, humidity 
and temperature, one cage one meter near the other. 
After the calibration solenoid chamber, the magnetic 
fields were established and confined inside the 
solenoid area. 

  
 

Table (1): The experimental design 

 

Animal groups Group description  
Number of 

rats 
Exposition to electromagnetic fields 

G1 control without HgCl2 8 Not exposed 
G1 control without HgCl2 8 Exposed 
G1 control with HgCl2 8 Exposed 
G2 Control without CdCl2+PbCl2 8 Not exposed 
G2 Control without CdCl2+PbCl2 8 Exposed 
G2 Control with CdCl2+PbCl2 8 Exposed 

 
 
 
HgCl2 solution: Mercury solution (HgCl2) is 
administered by intraperitoneal route at the 
concentration of 0,01 mg Hg/kg/day/7 days in saline 
solution NaCl 0,8%, after a mother solution of 1 
mgHg2+ /mL; with Insulin syringe with divisions of 
0,01 ml. 
 
CdCl2 and PbCl2 solutions: Solutions of both 
metal ions will be injected intraperitoneally in each 
case at the concentrations of 0,1 mg 
Me2+/Kg/day/7days in saline solution of  NaCl 
0,8%, both Me2+ will be administered equally as 
mercury. 

 
Exposition to the electromagnetic field of 50 Hz:  
 
Each metabolic cage with 6 animals will be placed 
in the geometrical centre of the solenoid chamber, 
inside the confined electromagnetic fields, 
meanwhile the other cage with the control animals 
situated to 1 meter distance, with the same 
experimental conditions during 7 days. 
 
 

 

 

 

Calibration of the chamber to be used:  
 
The metabolic cages with 6 animals were submitted 
to an electromagnetic field with the intensity of 27.5 
Gauss, 50 Hz (275 volts) generated by the solenoid 
conveniently evaluated through two graphics, one 
representing the calibration of the chamber and the 
other showing the calibration of the magnetic field 
intensity by one of us. The value of the field to 
which were submitted the animals during 7 days are 
27.5 G (275 V) and the frequency of 50 Hz. 
 
 
Collection of sperms: 
 
After 7 days of exposure to the electromagnetic 
field, the rats were sacrificed by cervical dislocation 
under light Ether anaesthesia. The scarified male 
rats were dissected and both vas deferentia which 
closet to epididymis was extracted. The cut pieces 
were placed in physiological saline (0.9% NaCl) for 
10 min. at 37 C (9). 
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Seminal analysis: 
  
The sperm motility was analyzed as described by 
Adamkovicova et al.   (10), briefly computer 
assisted CASA analyses (Mini Tub, Tiefenbach, 
Germany) with the aid of a light microscope 
(Olympus, Japan) was used. Collected sperms were 
diluted with 10 µl saline (0.9% NaCl) and pipetted 
into Neubauer counting chamber. Motility assessed 
for five fields (10). To evaluate the sperm 
morphology, collected sperms were fixed with 
Hancock’s solution and slides were stained with 
Giemsa stain for 1 hour and examined by a light 
microscope at 400X magnification (9). 
 
Statistical analysis:  

 
One-way analysis of variance (ANOVA) was used 
to analysis the differences for statistical 
significance. Data were expressed as means± 
standard deviation (SD). The P value regards 
significant if it’s (P<0.05).  
 
 
RESULTS AND DISCUSSION 

 

Tables (2 and 3) show the results of the sperm 
motility of the rats, exposed to synergism effects of 
heavy metal and electromagnetic fields (50 Hz and 
27.5 Gauss). 

Observable and significant changes were found in 
all parameters used in this study. Rats group that 
was exposed to HgCl2 showed significant decrease 
in all parameters in comparison with control rats 
that did not administrate the heavy metals, while the 
huge changes in all parameters when the rats 
exposed to synergism effects by heavy metal and 
electromagnetic field, similar results were reported 
when two heavy metals (CdCl2 and PbCl2) were 
used  (table 3). Table (4) confirmed the results by 
changes in spermatozoa morphology, a significant 
changes percentage of spermatozoa as compared 
between treated and non-treated rats with normal 
morphology in all experimental. The effects of 
cadmium (Cd) and zinc have been studied before, 
Adamkovicova et al.  (10) found that low doses of 
Cd and DZN impair sperm quality, and can reduce 
male fertility potential. Amara et.al, (11) found that 
Cd induced oxidative stress in rat testis and affect 
the sperm motility. On the other hand, Wang et.al. 
evaluated the urinary metal levels with human 
semen (12). Energy drinks have been found to affect 
the rat sperm concentration after long-term 
consumption (13). The significant findings in the 
current study were the effects of the electromagnetic 
field in the spermatozoa. In the previous study 
(published in the current volume) the authors found 
that exposure of rats to synergism effects of heavy 
metals and electromagnetic field affect the blood 
and tissue chemical and physical properties. 

 

Table (2): Sperm motility analysis of rats administrated HgCl2 and exposed to ELF-MF of 50 Hz 

 

C*** 

Mean±SD 

B** 

Mean±SD 

A* 

Mean±SD 
Parameters 

55.05±8.58 40.12 ±21.11 17.12 ±19.8 8 Motility (%) 
27.69±7.34 20.00±14.54 6.97±15.23** Prog     (%) 
21.95±3.29 24.55±3.57 32.32±2.57 DPA(µm) 
4.52±1.26 6.76±1.06 9.74±0.69 ALH (µm) 

33.91±4.98 37.54±5.41 55.31±4.70 DCL (µm) 
81.10±13.88 95.01±14.47 134.74±11.30 velocity average path 

0.53±0.04 0.53±0.04 0.45±0.02 Linearity (%) 
*Group A administration HgCl2 (0,01 mg/Kg/day Hg2) and exposed to ELF-MF of 50 Hz 
**Group B administration HgCl2 (0,01 mg/Kg/day Hg2) and not exposed to ELF-MF of 50 Hz 
** Group C control (not administration HgCl2, non-exposed to ELF-MF of 50 Hz 
Prog=progressive motility, DPA= distance average path. ALH= amplitude of lateral head displacement. ALH amplitude of lateral 
head displacement. DCL= distance curve line 
 

Table (3): Sperm motility analysis of rats administrated CdCl2 and PbCl2 solutions and exposed to ELF-MF of 50 Hz 

 

C*** 

Mean±SD 

B** 

Mean±SD 

A* 

Mean±SD 
Parameters 

50.05±8.58 39.10  ±22.3 1 16.22 ±17.89 Motility (%) 
28.61±7.34 21.00±14.54 5.97±15.23** Prog     (%) 
23.95±3.29 25.55±3.57 33.33±2.57 DPA(µm) 
3.88±1.26 6.85 ±1.06 8.98 ±0.69 ALH (µm) 
32.91±4.98 39.54±5.41 56.41±4.70 DCL (µm) 

82.09 ±13.88 94.9 1±14.47 135.66 ±11.30 velocity average path 
0.53±0.04 0.53±0.04 0.45±0.02 LIN linearity(%) 

*Group A administration CdCl2 and PbCl2 solutions and exposed to ELF-MF of 50 Hz 
**Group B administration CdCl2 and PbCl2 solutions and not exposed to ELF-MF of 50 Hz 
** Group C control not administration CdCl2 and PbCl2 solutions, non-exposed to ELF-MF of 50 Hz 
Prog=progressive motility, DPA= distance average path. ALH= amplitude of lateral head displacement. ALH amplitude of lateral 
head displacement. DCL= distance curve line 
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Table (4): Sperm morphology evaluation 

 

C 

Mean±SD 

B 

Mean±SD 

A 

Mean±SD 

Group 

Parameters 

96.56±1.12 90.40 ±2.91 64.10 ±1.12 Normal morphology 
3.44 ±2.34 9.60. ±2.49 35.90 ±0.69 Abnormal morphology 

*Group A administration CdCl2 and PbCl2 solutions and exposed to ELF-MF of 50 Hz 
**Group B administration CdCl2 and PbCl2 solutions and not exposed to ELF-MF of 50 Hz 
** Group C control not administration CdCl2 and PbCl2 solutions, non-exposed to ELF-MF of 50 Hz 

 
 
 
Nowadays heavy metal ions are found in our 
environment and induce polluted air and food (14), 
therefore the exposure of human to electromagnetics 
field through mobiles will induce huge pathological 
changes (1,2). The human male infertility regards as 
global problems, and the rate increases every year to 
reach 15-20% (15). Industrial growth and new 
technologies have led to a higher presence of heavy 
metal ions in our environments such as mercury 
(Hg2+), cadmium (Cd2+) and lead (Pb2+), and 
therefore increasing the environmental pollution in 
air and food.  
Heavy metals have high biological half-lives that 
inhibit and block protein and immunological 
mechanisms. They are accumulative and create 
several health implications (16). Therefore, the 
effects of spermatozoa by two factors (heavy metal 
and EFL) may increase the rate of human infertility. 
These two factors and the possible biological 
synergism between heavy metals and 
electromagnetic fields (EMF) make metals a real 
threat to human health. Recent research works 
showed the interest among the scientific community 
to determine the effects in known ecosystems and 
human health. In addition, on-going research has 
also shown the necessity of developing bio-markers 
for pollution from heavy metals (17,18).  
The outcomes of this study are very important, 
firstly the focus on subject not explored before; the 
effects of combination of heavy metal and 
electromagnetic field on reproductivity of rats. 
Secondly, it had given attention about using 
electromagnetic devices and their implications on 
human health. 
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ABSTRACT 

 

The European Parliament proposed the study of the possible effects of the concurrence of chemical agents with 
electromagnetic fields in biomedicine, because of its presence in food and in the environment respectively.  
In this work, we had measured the dielectric properties of tissues (conductivity and permittivity) treated with 
heavy metal ions and exposed to EM fields, in addition, characterization of  PC 12 cell cultures (Human 
Pheochromocytoma cells) were achieved because of their similarity to nerve cells in the brain. Precise cell 
exposure data in oxidative stress mechanisms as enzymatic defence activities are essential for evaluating 
perspectives of possible cellular effects on human health. Data will be furnished on cell viability and enzymatic 
activities of lactate-dehydrogenase, superoxide-dismutase, catalase, glutathione-peroxidase, glutathione-reductase, 
glutathione and lipid peroxidation, in order to observe molecular effects on oxidative stress as defensive reactions 
in mammals, induced by the influence of electromagnetic fields and heavy metal ions, either independently or by 
combined action. The present work completes our previous experiments on the chemical and physical effects of 
environmental toxic metals within biological tissues, and we show that the technique proposed is an excellent tool 
to evaluate the influence of the two mentioned external toxic agents in tissues in projection to human health. In 
addition, our preliminary results already showed the interest of this experimental project to human nutrition to 
avoid harmful effects on human health. Nowadays fish are contaminated with mercury (Hg2+), toys and air with 
cadmium (Cd2+) and water with lead (Pb2+) and in general, all of these heavy metal ions are present in food. 
Therefore, this project will be useful and applicable to any area of interest where contamination is present and in 
particular to people of these affected areas. 
To determine the complex dielectric properties (conductivity and permittivity) of biological tissues of rats exposed 
to the industrial frequency of 2.45 GHz we designed and built a simple experimental set-up. For this purpose, the 
scattering parameters of biological samples, which are placed in a sample holder inside a waveguide, are measured 
and compared with those, obtained from numerical analysis of the sample using the finite element (FE) technique 
with an adaptive mesh. Systematic errors are minimized by a precise calibration of the experimental system. The 
simplicity of the experimental set-up makes this technique a very practical tool for detecting and quantifying 
changes in the complex dielectric properties of organs poisoned with pollutants (heavy metal ions). 
 
Keywords: conductivity, permittivity, finite element (FE) technique, dielectric properties, EM fields. 
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INTRODUCTION 

 

Dielectric properties of biological materials are of 
high relevance in dosimetrist studies and biophysics 
sciences for the assessment of exposure to EMF in 
Public Health. In particular for people exposed to 
electromagnetic fields of antennas and cellular 
phones and other electric devices. It is for these 
reasons that we will center our interest in 
electromagnetic fields at cellular and microwave 
radiation frequencies applying rat blood cultures and 
tissues (1,2). Our preliminary analysis showed 
differences in the conductivity and permittivity of 
various body tissues in rats when treated with 
different heavy metals. In particular mercury (Hg2+), 
cadmium (Cd2+), lead (Pb2+) and iron (Fe2+) 
(ferromagnetic element) are the four contaminating 
ions elements in food which signalized higher 
differences in conductivity and permittivity of 
tissues (1-3). In the current study, authors continued 
the initial results and made a comparison between 
different tissues and different elements. 
Heavy metal ions inhibit and blockage proteins and 
mechanisms of defence of the organism. In humans, 
heavy metals have a high biological half-life; they 
are accumulative and created a high concern in 
Public Health due to their pernicious effects in 
human health. These two factors, and the possible 
biological synergism between heavy metals and 
electromagnetic fields (EMF), make these metals a 
real threat to human health. Recent research works 
have shown the interest within the scientific 
community to determine the effects in known 
ecosystems and human health. In addition, on-going 
research has also shown the necessity of developing 
bio-markers for pollution from heavy metals (1-4). 
Mammals, rats and nervous cells in culture 
(Pheochromocitoma cells), are the best biological 
models to do an experiment, because they are also 
exposed to electromagnetic fields and are the basic 
stages to know the effects to human beings and 
mankind. Brain and cerebral structures are also the 
focus to show effects on the proposed brain tumors 
and leukemia, induced by such low frequency 
radiations. To provide relevant dielectric data for 
children models, several studies have been carried 
out on dielectric properties of animal tissues from a 
range of ages (4-6). The data published in the 
scientific literature showed discussions on the extent 
to which the variation of dielectric data as a function 
of age would affect the results of dosimetry studies, 
and consequently, the possible implications for the 
exposure of children (7-9). 
In the same context, recent dosimetrist studies are 
important to clarify the changes of dielectric 
properties in different tissues in single and under 
chronic exposure at the intensity doses, time in 
frequency like humans could suffer or they are 
exposed. 
 
 
 

 

MATERIALS AND METHODS 

 

Biological tissues: 

 
Several groups of male Wister rats with six animals 
for each group were used for each metal, and we 
will apply an ANOVA statistical analysis to the 
results. Blood will be extracted with a syringe 
before the animal death and afterwards dissected in 
order to separate the organs and tissues. Biological 
samples were submitted to measurement: blood, and 
slices of tissues of a thickness up to 2 mm of brain, 
lung, liver, pancreas, kidney, muscle (10,11). The 
following parameters were measured: conductivity, 
permittivity and 20 blood parameters such as metal 
ions, enzymatic activity and normal biochemical 
blood parameters. In order to ensure no loss of 
moisture content, the samples were kept in Petri 
plates containing humidified cotton (NaCl 0.8%), 
closed hermetically with parafilm and kept at 0º C 
until the microwave measurements of the dielectric 
permittivity are made, usually less than thirty 
minutes after the sample tissue be available. 
 
Enzymatic analysis: 

 
In order to observe molecular effects on oxidative 
stress, due to the influence of electromagnetic fields, 
the cell viability and the enzymatic activities were 
measured (lactate-dehydrogenase, superoxide-
dismutase, catalase, glutathione-peroxidase (with 
and without Se2+), glutathione-reductase, 
glutathione and lipid peroxidation), according to 
methods described by Ribas-Ozonas et.al. (12). 

 
Microwave system set-up: 
  
For the determination of the dielectric properties of 
rat tissues at microwave frequencies, an 
experimental set-up was built using waveguides at 
the operating frequency of 2.45 GHz (25). To 
determine the dielectric properties of the tissue the 
reflection (S

11
) and transmission (S

21
) complex 

coefficients of a sample of tissue were measured by 
using a vector network analyzer (VNA). For this 
purpose, a sample holder formed by a methacrylate 
block with a rectangular cavity, 44 mm long, 11 mm 
high and 2 mm thick has been designed. The 
complex permittivity of the block was measured 
experimentally at 2.45 GHz and found to be ε

r 
= 2.6 

and σ = 4.96.10
-4 

S/m. The contribution of the 
dielectric loss of the methacrylate with no sample 
was taken into account in the calibration of the 
measuring system. The block was divided into two 
pieces to facilitate the positioning of the sample as it 
is shown in figure (1a). The methacrylate block 
completely fills a section of a WR430 waveguide 
suitable to work within the range 1.7 to 2.6 GHz 
(Figure 1b). At the selected operating frequency, the 
length of the sample (11 mm) was very small 
compared to the wavelength in the guide (148 mm) 
and therefore it may be assumed that a uniform 
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power is applied to the whole sample placed at the 
center of the waveguide. A coax-to-waveguide 
transition was placed at each end of the WR430 
waveguide section and semi-rigid coaxial cables 
were used to connect each transition to the VNA, as 

shown in figures (1c and 1d). Microwave 
measurements were made at controlled room 
temperature (27º) and thermal effects during the 
measurements were negligible as the RF power 
applied to the sample was very low (-3 dBm). 

  

 
Figure (1): a) Sampler holder; b) waveguide WR430 section with methacrylate block; c) coax-to-waveguide transitions; 

and  d) complete setup with VNA 

 
 

 

Determination: 

  
The main sources of random error are the accuracy 

of the value of the tissue sample volume (968 mm
3

), 
the variation of the content of water or moisture and 
the intrinsic biological differences that exist among 
tissue samples. The first one is minimized by the 
design of the methacrylate sample holder that tightly 
encloses the sample. The use of translucent 
methacrylate makes it possible to thoroughly 
observe the sample inside the block, and, the effects 
of moisture absorption in this plastic are negligible 
during the very short time spent in the 
measurements. With respect to the second source of 
error, microwave measurements were repeated after 
24 hrs, following the same procedure for storing and 
handling tissues (13,14). 
The results could show the treated and exposed 
animal’s data and from cell culture, compared to the 
results from freshly available samples. An attention 
will be payed to any variation in the permittivity of  
 

 
 
 
the samples due to the loss of water or moisture of 
the samples in order to be or not disregarded.  
The calibration of the measuring system will be 
performed by using the WR430 waveguide section 
and three precision waveguide standard loads (short, 
open and wide band) and the error correction 
routines integrated into the internal processor of the 
VNA. Once the experimental system will be 
calibrated at the measuring frequency of 2.45 GHz, 
and the absolute error measured for the permittivity 
and for the conductivity.  
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Figure (2): Schematic representation of the comparison of Sij scattering parameters experimentally and numerically 

calculated to determine the complex permittivity of the tissue 

 

 

 

To determine the complex permittivity of the 
sample, we performed a 3-D analysis based on the 
FE technique, of the electromagnetic-field 
distribution inside the WR430 waveguide section 
containing the sample of the biological tissue. The 
experimental analysis will provide the value of the 
complex dielectric permittivity of a tissue that 
would produce the values for S

11 
and S

21
. For each 

analyzed biological tissue, four parameters, two 
moduli and two phases were analytically obtained. 
The correct values will be those that match with the 
experimental ones at the same reference planes. An 
adaptive mesh will be used for the different parts of 
the structure, so that 24000 and 12000 basic 
tetrahedral was applied for the tissue and the sample 
holder respectively.  Figure (2) shows the 
combination of experimental and analytical 
comparison of scattering parameters that we will 
follow to determine the permittivity and 
conductivity of the biological tissues. 
 

Cell culture to measure oxidative stress: 

 
PC12 pheochromocytoma cells will be exposed to 
plane wave EM fields to the frequency 2.45 GHz 
generated within a GTEM chamber for 10, 30 y 60 
minutes. The radiofrequency power will vary within 
the range 0.5 to 1 W. We decided to fix the 
exposure time at 30 minutes with and intensity of 
0.75 W, and f = 2.45 GHz. We measured cell 
viability, enzymatic activities and lipid 
peroxidation, all parameters before mentioned, in 
order to observe molecular effects on oxidative 
stress, due to the influence of electromagnetic fields 
with and without the presence of heavy metal ions 
(15,16). 
 

 

 

 

 

Methodology: 

 

In our past experiments the four metal ions injected 
to rats, with higher effects in physical properties of 
tissues were Hg, Pb, Cd and Fe. Male Wister rats 
will be injected by the intraperitoneal way with 0,1 
mg/Kg/day, except HgCl 0,01 mg/Hg/Kg/day, 
during 12 days, from a solution of 0,2 mL of 10 
mg/L. After 12 days of blood extracted, rat organs 
dissected, cuts in 2 mm thickness and measured the 
dielectric conductivity and permittivity. Cuts will be 
placed in the cavity of methacrylate block with a 
WR430 waveguide operating at 2.45 GHz with a 
vector analyzer. As control between treated and not 
exposed organs and cells, the metal ions 
accumulated in tissues and cells from cell culture, 
will be submitted to analysis by induction coupled 
plasma – mass spectrometry. 
 

 

DISCUSSION TO THE FUTURE RESULTS  

 

The results obtained will show that the experimental 
set-up combined with the FE numerical technique 
can be very useful for detecting and quantifying 
changes in the complex dielectric conductivity and 
permittivity with high interest to the human and 
Public Health. The findings will show the possible 
existence of the synergism between the 
accumulation of heavy metal ions of pollution and 
with the presence of electromagnetic fields. 
Therefore, the study proposed in this project should 
provide good knowledge on the physiological and 
biochemical mechanisms with incidence to possible 
tissue alterations in human health, and also with the 
possible incidence of the free radicals and oxidative 
stress in view to neurological and degenerative 
disorders. 
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Hypothesis: 

 
In the human body, the electric impulse is possible 
thanks to the presence of electron movement in 
chemical reactions. Parallel to a football stadium 
(human body), the wave (electric impulse), which is 
possible thanks to the people (electrons) moving 
successively. Electrons induce electric impulse in 
the human body. The physiological response of a 
stimulus from the feet to the brain and the nervous 
response was first empirically proposed by René 
Descartes (1596-1650), hundred years afterwards 
Galvani experimentally describe the electric impulse 
and consequent response (1596–1650). 
The presence in the human body of heavy metal 
ions alone have an affinity to the enzymatic thyolic 
groups: Hg, Pb, Cd binds to these –SH groups. On 
the other hand ELF-MF (Extremely low frequency 
magnetic fields) induce to vibrations and to the 
release of metallic ions from the enzymatic and 
protein molecules, bound by thyolic groups. It is 
known that ELF-MF induced also to the 
permeability of the cell membrane (8,9,18,19). 
Heavy metal ions have great affinity for thyolic 
groups and its binding is very stable by this way they 
have a long biological half-life and bound to 
metallothionein, they are excreted slowly (17-21). 
There are known in pathology several human 
diseases with overload named the saurismosis, 
Pneumoconiosis) of inorganic and organic 
molecules (22). This fact justifies our proposal 
because metal ions accumulation modifies the 
electric properties of the human tissues, and also the 
defense peptides and protein molecules, like 
metallothionein’s and metallothionein like 
molecules. 
The accumulation of mineral elements, like an 
excess of ingestion, induce the generation of free 
radicals. Similarly, the excess in tissues of toxic 
metal ions, induce an excess of electrons and free 
radicals which are toxic to the human body. The 
80% of proteins in the human body are 
metalloproteins, whose cofactors, activities and 
biological function depend on the essential metal 
ions as trace elements (17). Those essential metal 
ions are substituted by the toxic heavy metal ions 
and its molecules lose its biochemical activity, 
blocked and suppressed its physiological 
signification. The metallic charge or overload in the 
human body can be healthy in the case of essential 
trace elements but also pathological by 
accumulation.  
We must wait to know if magnetic fields could have 
a pathological role in humans, alone as 
hypersensitivity, and together with overload or 
higher than normal concentrations in the human 
body, or by intoxications with heavy metal ions. 
Simply by hypersensitivity because not all human 
beings answer equally after a stimulus e.g. electrical 
or chemical stimulus (13,17). Human 
hypersensitivity to magnetic fields could depend, 
not only from the toxic charge of heavy metal ions 

but also from the chemical products as medicaments 
or pesticides also present in food (19). 
 
Units’ explanation:  
 
Electromagnetic fields (EMFs) are part of the non-
ionizing radiation spectrum, existing as static or 
time varying electric and magnetic fields. EMFs are 
characterized by their wavelength (λ) and frequency 
(f), expressed in the units of a meter (m) and Hertz 
(Hz), respectively. These two quantities are related 
by the velocity of light (c): f = c/λ. Einstein related 
the energy and the movement with the mass. 
Magnetic fields are associated with electric current 
and exist only if electric charges are in motion. For 
magnetic fields, two quantities are used: magnetic 
field strength (H) in Ampere per metre (Am-1), and 
magnetic flux density (B) expressed in Tesla (T). B 
and H are related by magnetic permeability of the 
medium (µ): B = µ H. In air, H can be calculated 
from B by equation: H = 1.26 x 10-6 B. 1 µT 
(microTesla) = 0.8 Amperes per meter (Am-1). The 
current density (J) expressed in Ampere per square 
meter (Am-2) is proportional to E: J = σ E. Where σ 
is the conductivity of the medium in Siemens per 
meter (Sm-1).  
Static fields represent 0 Hz frequency. (Magnetic 
resonance images) Time-varying frequencies: 1 to 
300 GHz. Electrified railways, welding (1-300 Hz). 
Electric power systems in Europe: 50 Hz. and in the 
USA): 60 Hz. 
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ABSTRACT 

 

Amoebic dysentery is an epidemic disease in Iraq. Serious steps are required in order to reduce the infection ratio 
and to prohibit any problems caused by this disease. This study was conducted on children Pediatric Hospital in 
Kirkuk city for a period from the beginning of November until the end of April 2018, who suffered from amoebic 
dysentery. Children’s ages ranged between two months to 12 years old. A stool sample was examined by direct 
microscope method to investigate the prevalence of Entamoeba histolytica. 
The total percentage of infection with E. histolytica were 586 out of 2888 (20.29%). The epidemiology survey 
based on microscopic examination revealed that there were no significant differences in the level of gender who 
infected with E. histolytica. While according to age groups the highest rate of infection recorded among two 
months -2 years 48.80% while the lowest percentage was 11-12year 2.04%. The higher rate of infection was in 
urban areas 60.93%, while in a rural area was 29.69%. The highest percentage of infection was during April 
27.18% and the lowest percentage was during January 15.29%. The highest percentages of infection were found in 
bad living conditions 61.09%, compared to 15.29% and 15.38% in good hygienic areas. The highest percentage 
was found in patients with the blood group O 50% and the lowest in the patients with blood group AB 4%. There 
was no association between parasitic infection and Rhesus factor (Rh) for blood groups. 
 

 

Keywords: Entamoeba histolytica, Entamoeba histolytica, prevalence, blood group. 
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INTRODUCTION  

 

E.histolytica is an enteric protozoan parasite that 
causing amoebic dysentery (1). The third leading 
cause of death from parasitic diseases worldwide 
after Malaria and schistosomiasis (2, 3). It is 
estimated that it affects nearly 50 million people 
worldwide, leading to the deaths of approximately 
40,000 to 100,000 people annually (4,5). The 
E.histolytica is prevalent throughout the world, 
being most prevalent in tropical and subtropical 
regions (6-8) especially in developing countries 
(9,10).There are more than 20 species of 
Entamoeba, with varying disease-causing potential 
and host specificity (11).Unfortunately, many 
species of Entamoeba are morphologically 
indistinguishable from E. histolytica, including the 
potentially-pathogenic but rare E. nuttalli (12). As 
well as many non-pathogenic species of Entamoeba, 
including E. dispar, E.moshkovskii and E. 

bangladeshi (11,13). 
The current study  aimed to determine the 
prevalence of E. histolytica in the children attending 
the Pediatric hospital in Kirkuk city , the  effect of 
the gender, age, the location of their residence, the 
condition of their families, and their blood groups 
and Rh, on parasite proliferation as well as the 
seasonal influence on infection during the months of 
study. 
 
 
MATERIALS AND METHODS 
 

Collection of samples: 

 
A total of 2888 stool sample of children were 
collected randomly suffering from severe diarrhea 
who admitted into Pediatric hospital in Kirkuk city 
governorate at the interval from the beginning of 
November until the end of April 2018. Each stool 
sample was placed in a clean plastic container. The 
sample was examined within 30 minutes to ensure 
the presence of E. histolytica trophozoite or cyst 
stage using a direct wet mount. A questionnaire was 
designed to collect information including age, 
gender, living condition, a period of study, area of 
residence, blood groups and Rh factor. 
 
Specimens’ examination: 

 
The stool samples were examined  using by two 
direct smears method were done, one in normal 
saline 0.9%, and the other one in lugol’s iodine 1% 
to screening on E. histolytica  trophozoites and cysts 
stage, respectively (14). A test was conducted to 
determine the blood groups and Rh factor of 100 
people with amoebic dysentery by using ABO kit 
produced by Plasmatec Company- U.K. 
 
Statistical Analysis: 

 
The statistical analysis system (SAS 2010) used 
statistical analysis of the studied data to study the 

effect of the different factors in the studied traits. 
The differences between the mean were compared 
with the least significant difference of LSD, and the 
percentages were compared with the Chi-square 
test. 
 
RESULTS AND DISCUSSION  

 

The consistency of stools was varied from solid to 
semi-solid to diarrhea (watery or bloody and mucus 
together). Out of 2888 stool samples taken from 
children’s attending the pediatric hospital in Kirkuk 
city, 586 were positive for E. histolytica 20.29% 
(table 1).The percentage of the prevalence of E. 

histolytica similar to what obtained by Al-Janabi 
(15) Baghdad city, where the incidence of infection 
with parasite was 18.72, and in the city of Kirkuk 
recorded (16) rate infection amounted to 21.67%. 
While other investigators in Tikrit city and, in Zako 
city found 9.7% and 23.78% respectively 
(17,18).The difference in parasitic infection in the 
present study and some of the above studies may be 
due to several factors, including the total number of 
samples examined, geographical location and age 
groups taken, as well as the methods used in 
diagnosis, study period, climate effects, and 
awareness Cultural and personal hygiene, 
population density, and differences in the level of 
sanitation services. The similarity between infection 
rates close to the percentage we have found in our 
present study may be due to similarities in terms of 
cultural, social and health level (19). 
 

Table (1): Infection rate of E. histolytica of Pediatric 

Hospital in Kirkuk city 

 

Total number 2888 

Number of positive samples% 586(20.29%) 
Number of negative  samples% 2302(79.71%) 

 

 
Table (2) shows that the rate of E. histolytica was 
higher in males 333(20.48 %) than females 253 
(20.05 %). Statistical analysis was performed, and 
there was no significant difference between males 
and females in parasitic infection. 
 

Table (2): Infection rate of E. histolytica of children 

according to gender 

 

Gender 
Total 

number 

Number of 

positive 

samples% 

Number of 

negative  

samples% 

Male 1626 
333 

(20.48%) 
1293 

(79.52%) 

Female 1262 
253 

(20.05%) 
1009 

(79.95%) 
Total   

summation 
2888 

586 
(20.29%) 

2302 
(79.71%) 

 

 

These results agreed with that obtained from other 
studies in Iraq. In the province of Tikrit city 
infection rate in males amounted to 17.5%, and in 
females 20%, and recorded (20), in the city of 
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Kirkuk infection rate in males amounted to 20.8% 
and females 23.07%.(16). These results did not 
consistent with the results of (17) in Tikrit, He 
found that male infestation was 13%, while in 
females, 6.7%.And in the city of Kirkuk, where it 
was found that the proportion of male infection 
parasite 54.47%, while in females 45.5%, and 
recorded (21), in the city of Baghdad male infection 
rate of parasites 63% and in females 37%.(15). 
The results of this study are consistent with previous 
studies due to equal opportunities for males and 
females to obtain food or drinks contaminated with 
the parasite, especially those children of these ages 
of both genders have a tendency to eat exposed 
foods from peddlers. Consistent with our current 

study, the susceptibility of male infestation to 
parasites more than females was attributed to 
several factors including the presence of genetic or 
physiological factors related to sex, the high 
numbers of male patients, the social habits that give 
males greater attention than females, the increased 
effectiveness of males and their contact with the of 
females compared. 
The results showed that there was a high incidence 
of E.histolytica infection in the two-month and 2-
year age groups with a rate of 48.80%, while the 
lowest rates in the age group 11-12 years were 
2.04% Statistical analysis There were significant 
differences in parasitic infection among age groups 
at P ≤ 0.05 (table 3). 

 

Table (3): Infection rate of E.histolytica of children according to age group 

 

 

 

 

 

 

 

 

 

 

These results were in agree with ( 21) in Kirkuk and 
(20) in Tikrit, which recorded the highest incidence 
of parasitic infection in children aged between 1-10 
years, and agreed with (22) and (16) in the city of 
Kirkuk, which recorded the highest infection rate of 
parasitic in children between the ages of 1_5 years 
and with the results (23), which recorded the highest 
rate of infection with parasites in children aged 4-6 
years. The reason for the high incidence of infection 
in these categories may be due to several factors, 
including incomplete immune system and thus less 
resistance to diseases. 
Too, increased friction of these ages to the 
environment and non-adherence to the rules of 
hygiene, such as nail care and washing hands after 
playing with dirt and others, eating by hands and 
eating (24). For miscellaneous foods from outside 
the home, these foods may be contaminated with 
parasite bags, other people at home carrying 
infectious parasite bags, and direct contact with 
pets. The incidence of parasitic infection was high 
in the 2 months to 2 year age group at 48.80%. This 
may be due to the lack of breastfeeding for the 
infant. It is known that the mother's milk contains 
IgA antibodies that have the potential to kill many 
germs and child protection from diseases, as well as 
due to the lack of correct methods in sterilization of 
milk bottles and other utensils used in preparation, 
leading to infection with bacteria.  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
As well as diminishing care from parents (23), they 
may be attributed to the social and economic level, 
and to their living in crowded areas(25).and the 
lowest infection rate was recorded in the age group 
between 11-12 years of 2.04%, and This is due to 
the development of their immune system compared 
to the smaller groups Increasing health and cultural 
awareness in this category. 
The study showed that the site has an effect on the 
percentage of E. histolytica parasites. A significant 
increase was observed in parasitic infection among 
children who are urban dwellers and from areas with 
poor sanitation and service levels within the city. 
60.93%.  The judiciary was 29.69%, while the 
lowest percentage among those from the 
governorates was 9.38% (table 4). 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Age groups/year No. examined Positive percentage % 

2 mouths-2 years 286 48.80% 
3-4 years 58 9. 89% 
5-6 years 123 20.98% 
7-8 years 60 10.23% 

9-10 years 47 8.02% 
11-12 years 12 2.04% 
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Table (4): Infection rate of E. histolytica according to 

residency 

 

Areas of 

Residence 
Number Percentage 

Urban 357 60.93% 
Rural 174 29.69% 
Other 

governorates 
55 9.38% 

 

 

These results were in agreement with (20) in the city 
of Tikrit, where the percentage of infection in the 
city was 52.5% while in the countryside 47.0% and 
also were in agree with (15) in the city of Baghdad, 
where recorded infection rate in the city of 70% and 
in the countryside 30% and(26) where recorded 
infection rate in the city 41.3%while in the 
countryside 27.3%. The difference in the incidence 
of infection between the rural population and the 
city can be attributed to our choice of one hospital, 
the hospital location in the city, Most of the people 
in the study are in the city center, while the rest are 
from different rural areas, easy access to the hospital 
from all areas of the city, and water pollution due to 
the untreated industrial wastewater. Other 
contributing factors are the low socio-economic 
situation, community and personal hygiene, and the 
increased density of displaced persons in the city of 
Kirkuk, especially after the recent events in 2014. 
The results showed that E. histolytica parasites had 
the highest rates of bad-living environment 61.09% 
compare with the incidence of living conditions was 
moderate at 21.85% and the lowest number of cases 
in the case of persons with good living, which 
amounted to 17.06%. This result is similar to that of 
(21) in the city of Kirkuk, where the rate of injury 
was 50.0% in cases below the average and 27.9% of 
the average living conditions, while the lowest 
number of injuries with good living, which 
amounted to 22.02% (table 5). 
 

Table (5): Distribution of E. histolytica parasites by 

family living status 

 

Living 

situation 
Number  Percentage  

Good  100 17.06% 
Bad  358 61.09% 

Medium  128 21.85% 
 

 
The reason for the recent security problems in the 
country led to the migration of large numbers of 
residents of the governorates and the affected 
districts for Kirkuk governorate, where most of 
them lack housing and income. This has led to a 
decline in the standard of living as it is difficult to 
provide the necessities of life. In the food consumed 
has a role in the resistance of the body to parasitic 
infections and others, and characterized most of the 
components of this category according to the results 
of the questionnaire of the infected living in the 
popular neighborhoods and on the outskirts of the 
city, where the health conditions are low. 

Table (6) shows the incidence of  E.histolytica 
parasites in the pediatric hospital for each month of 
the study. The highest percentage was in April 
27.18%, followed by March 24.53% and then the 
months of November and February, while the 
lowest percentage was recorded during December 
The second and the first by 15.29% and 15.38%, 
respectively. 
 

Table (6): Infection rate of E.histolytica during the 

period of study 

 

Months  
Total 

examinees 

Positive  

samples% 

Negative  

samples% 

November 666 146(21.92%) 520(78.08%) 
December 689 106(15.38%) 583(84.62%) 
January 412 63(15.29%) 349(84.71%) 

February 308 60(19.48%) 248(80.52%) 
March 379 93(24.53%) 286(75.47%) 
April 434 118(27.18%) 316(72.82%) 

 

 

A study conducted by (27) recorded percentage a 
43.7% infection with parasitic infection in April, 
and were in agree with (28) where it recorded the 
highest percentage during April of 40% and the 
lowest in February and January respectively. While  
did not were in agree with (29), where recorded the 
highest infection rate of parasitic infection in July 
amounted to 15.6%, while the lowest rate in 
December 3.1%, and each (30) recorded the highest 
rate of infection with parasites during the month of 
October 18.42%, and the lowest rate was in June 
5.71% and (31) recorded  the highest rate of 
infection with parasites during the month of 
January15.85% while the lowest rate was during the 
month of May was 9.10%. 
The results of the current study indicate that the 
increase in the incidence was during the month of 
April and may be due to the availability of 
environmental conditions suitable for the growth 
and prevalence of parasite as intestinal parasites are 
more prevalent in the tropical and hot areas also due 
to the increase in drinking water consumption 
during the months and the increase in the likelihood 
of eating water contaminated with the cysts of 
intestinal parasites, and the chances of human 
infection in E. histolytica  the condition of the tissue 
increases significantly during the hot months due to 
the proliferation of insects carrying disease and 
prevalence, domestic housefly (Musca domestica) 
which is a mechanical vector of parasitic and eggs 
of some tapeworms and cylindrical. 
Table (7) shows the relationship between the 
infection E. histolytica parasites and blood groups 
compared with control groups. The highest 
percentages were found in the O group of patients 
with amoeba tissue parasites by 50%, followed by 
blood group A and by infection 25%, then blood 
group B by 21%, while the lowest percentage in the 
blood group AB by 4%. 

 
 
 

 



International Journal for Sciences and Technology                                                                                 Vol. 14, No.2,   June   2019       39 

Table (7): Infection rate of E. histolytica according to 

blood groups 

 

Blood  groups positive samples% 

A 25(25%) 
B 21 (21%) 

AB 4 (4%) 
O 50 (50%) 

 

 
These results were in agreement with (21), which 
recorded the highest percentage of patients in the 
blood groups O and A by 36% and 34%, 
respectively, and blood group B by 20%, while the 
lowest proportion in the blood group AB by 10% %. 
And also agreed with (32) who had the highest 
percentage of blood group O and lowest in AB 
group (33) which had the highest rates of infection 
among the A blood group. The reason for the 
dominance of O and A is due to the fact that most of 
the population groups of the blood group (32) are 
identical. 
In the primary Rh, the number of people with the 
positive Rh was 94, while the number of people 
with the negative Rh was 6, as shown in table (8). 
This discrepancy in the number showed that there 
was no association between the incidence and the 
Rh for blood groups as reported in the studies (33, 
34). 
 

Table (8): Infection rate of E. histolytica according to 

Rhesus factor (Rh) 

 

Rh+ Rh- 

Number Percentage Number Percentage 

94 94% 6 6% 
 

 

Several studies have dealt with the relationship 
between blood groups and infectious diseases 
including parasitic diseases. These studies dealt with 
several main aspects of this relationship, namely the 
adhesion of pathogens in the cells that produce 
substances, blood groups, change in the response of 
antibodies, Genetic factors play a major role in 
protecting the body against parasitic pathogens, so 
the importance of these genetic factors in the 
intestinal parasite is widely recognized (32,35). 
 
 

CONCLUSION  

 

The results of the present study showed there was 
no significant difference in the level of gender in the 
susceptibility of infection E.histolytica parasites, 
and the highest infection rate E.histolytica parasites 
in the age range between recorded among two 
months -2 years and children with a bad living 
condition,  the study has the highest infection of 
parasites E.histolytica in April, in children who are 
residents of the city. The current study showed that 
there was no relationship between parasitic cases 
and between different blood groups. The highest 
rates of infection were found in O and A groups. 
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ABSTRACT 

 
Physiology of ovary is controlled by endogenous and exogenous factors, including the endocrinological and 
biochemical alterations that occur in the follicular fluid during the estrus cycle. The aim of this study was to 
determine and compare the concentrations of some hormonal composition in peripheral circulation and follicular 
fluid of buffaloes during season and out season for this purpose 100 sample of ovaries was collected from adult 
buffaloes   immediately after slaughter, and blood samples were also collected from the same buffaloes before 
slaughter in Basrah abattoir. Serum was separated and stored for further analysis. The follicle classified according 
to diameter, small (3–5 mm), medium (6–9 mm) and large (10–20 mm). Follicular fluid was aspirated and stored at 
-4°C for further analysis. Results of the present study revealed that the estradiol hormone in follicular fluid were 
found to be  higher in season (667.31 ± 13.08) than that in out season (563.42± 14.29). The blood serum were 
found to be lower in out season (35.20 ± 1.3 ) than that in season (55.26 ± 1.7).The progesterone levels of 
follicular fluid were found to be   lower in out season ( 21.6 ±  0.48 ) in compared to season (26.27±0.26).The 
progesterone concentration of blood serum were found to be significantly (P <0.01) lower in outside season (0.58 
±  0.02) than that  during season (0.91 ±  0.09). 
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INTRODUCTION  

 

Buffaloes are one of the most important livestock 
since ancient times all over the world; these animals 
are classified to be part of mammaliaʼs class, order 
of Artiodactyla and suborder of Ruminantia in the 
family of Bovidae (1). Buffaloes (Bubalus bubalis) 
play prominent role in rural livestock production, 
particularly in Iraqi contributing high quality animal 
protein, both milk and meat. However, the buffalo is 
classified according to where it is spread to two 
main species (Syncerus caffer) with 52 
chromosomes and the water buffalo (Bubalus 
Bubalis), which is classified into two other species, 
the swamp buffalo 48 and the river buffalo 50 
chromosomes, and although chromosomal 
differences mating can occur between them and 
obtain births (2). The buffaloes of Iraq are classified 
as Bubalus Bubalis (3). 
Ovarian follicular fluid is the environment of oocyte 
maturation is a viscous and straw colored solution 
with above pH 7. FF is could be   mixed secretion of 
follicular cells and transudate of plasma. The 
constituents of follicular fluid are considered as a 
regulating factor in follicular development and 
steroidogenesis (4). The increase in size of follicles 
from early antral to graafian stage is due to the 
accumulation of follicular fluid in antral cavities (5). 
Follicular fluid is partially composed of locally 
produced substances, which are related to the 
metabolic activity of follicular cells (6). The current 
study was aimed to measure the level of estradiol 
and progesterone in follicular fluid and blood serum 
during season and out season. 
 
 
MATERIALS AND METHODS 

 

One hundred ovaries from sexually mature buffaloes 
were collected within 30 minutes after slaughter in 
the abattoir, they were transported within 20-30 
minutes of slaughterhouse to the laboratory in 
physiological normal saline (0.9% NaCl) containing 
antibiotics (100 µg/ml streptomycin sulfate and 100 
IU/ml penicillin) and  preserved in cool boxes at 4-
8°C. Upon arrival at the laboratory, foreign tissue 
was removed from the ovaries. Then, the ovaries 
were washed with 70% ethanol to control 
contamination, rinsed 3 times in normal saline 
(0.9% NaCl), and finally dried with sterilized paper 
towels (7). 
Blood samples were collected immediately from 
jugular vein before slaughtering in plain vacationer 
tube. All samples placed in isolated box on ice bags 
and transported within 20-30 minutes to the 
laboratory. 
Follicular dimension was measured by employing a 
caliper and follicles were classified into 3 classes: 
small (3–5 mm), medium (6–9 mm) and large (10–
20 mm) according to (8). Cystic ovaries were 
removed from this study. 
 
 

Sampling: 

 
1. Follicular Fluid: The contents of the sex 
gland follicles of various size (small, medium and 
large) were aspirated employing a ten metric 
capacity unit syringe hooked up to 
an eighteen gauge needle and centrifuged at 
3000 rate for 15 min for separation of the fluid from 
the cell fraction. 
 
2. Blood: Collected samples throughout 
slaughtering for serum separation after 
centrifugation at 3000 rpm for 15 minutes. 
Collected serum samples were kept at -20 °C until 
analysis (9).  

 

Measured Parameters: 

 
Levels of estradiol and progesterone were 
determined by Enzyme Linked Immuno Sorbent 
Assay (ELISA) by using of Elisa reader type 
BioElisa ElX800, Germany. 
 

1. Estradiol: Estradiol-17β concentrations were 
analyzed by using kits  from Accu-Bind -USA 
 
2. Progesterone: Progesterone concentrations were 
analyzed by using kits from Accu-Bind –USA. 

 

Statistical analysis: 

 

The significance of variations between two groups 
by using ANOVA test   analyzed using stander t-test 
(P < 0.05). The results were expressed as Mean ± 
Standard error (M± SE), the experiments were 
analyzed by using independent t-test by using SPSS 
(special program for statistical system), the level of 
significant set on (P < 0.05)  (10). 
 

 

RESULTS 

 

The result of crossly examination of ovaries 
revealed that the ovaries were normal and in estrous 
cycle. Stage of estrous cycle (follicular or luteal) 
was identified according to the presence or absence 
of the corpus luteum on the ovary according to (11). 
Tables (1 and 2) showed that the overall means of 
estradiol in follicular fluid and blood serum is 
higher significantly (P <0.001) in season than that in 
out season. The Progesterone concentration in 
follicular fluid and blood serum as indicated in 
tables (1and 2) are significantly (P <0.01) lower in 
out season than in season. 
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Table (1): Hormone Parameters of blood serum in buffalo in season and out season, Values are in Mean ± SE 

 

a. Means having significant variation (P <0.01)    

b. Means having significant variation (P <0.001)    

 

 
Table (2): Hormone parameters of follicular fluid in buffalo in season and out season, values are in Mean ± SE 

 
Hormone Parameters 

 

M ± SE  

 in season 

M ± SE 

 out season 

Estradiol (pg/ml) 667.31 ± 13.08 b 563.42± 14.29 b 

Progesterone (ng/ml) 
 

26.27 ±  0.26 a 21.6 ±  0.48 a 

a. Means having significant variation (P <0.01)    

b. Means having significant variation (P <0.001)    

 

 

 

DISCUSSION  

 

In the current study the estradiol hormone in 
follicular fluids were found to be significantly (P 
<0.001) higher in season (667.31 ± 13.08) than that 
in out season (563.42± 14.29). This higher level can 
be attributed to the effect of sexual activity in 
buffalo with the availability of green fodder, the 
appropriate temperature of the atmosphere as well 
as the short duration of light, as all these factors 
affect the ovarian activity and the occurrence of 
estrus and these were in agreement with (12) and 
(13).   
There was decreased in blood serum estradiol levels 
(P<0.001) during summer (35.20 ± 1.3) as 
compared with those in winter (55.26 ± 1.7) this 
recorded during this study, this decrease in serum 
estradiol levels because that the heat stress act 
directly on the ovary to decrease the sensitivity of 
the ovary to gonadotrophin stimulation and this 
agree with (14) and (15) in cows when observed that 
lower estradiol levels in serum during summer as 
compared with those in winter. 
In the current study, the progesterone levels of 
follicular fluid were found to be significantly (P 
<0.01) lower in out season ( 21.6 ±  0.48 ) in 
compared to season (26.27 ±  0.26).During hot 
months progesterone levels may be related to the 
adversely effect on luteal function during the 
summer season and all the samples were taken 
during from follicular phase in summer season. 
These results are in agreement with (16) and (17). 
Since all buffaloes included in the present study 
were non-pregnant, expected to be low according to 
(18). 
The progesterone concentration of blood serum in 
outside season (0.58 ±  0.02) as recorded in this 
study  is lower  than that  during season (0.91 ±  
0.09) this result agrees with(19 ), (20) These results 
are in disagreement with (21) and (22) they have 
reported increased blood concentrations of this 
hormone during summer  in dairy cows. 
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