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 In this experiment, we aimed to recorded the effect of chronic oral exposure to DEHP 

on lipid peroxidation and histopathological lesions induced in different organs. A total of 

150 quail chick divided into two groups (75 quail’s chicks at each group), control group left 

without any treatment all time, the second group was orally administrated 5% of DEHP 

(278.05 mg/kg bw) three times per week and lasted for 60 days. At 30 and 60 days old, a 

total number of 25 from both groups were euthanized. Blood samples were collected to 

determine the serum concentration of DEHP and mono ethyl hexyl phthalate (MEHP), liver 

and kidney to estimate tissue concentration of malondialdehyde (MDA), samples from 

different organs for histopathological examination. The result showed that the concentration 

of DEHP and MEHP in blood's serum and concentration of MDA in liver and kidney 

significantly increased with time in comparison with the control group; besides, oral 

administration of DEHP induced sever pathological lesions, in brain, aorta, intestines, liver, 

lung, ovary and testis. In conclusion, the DEHP and its metabolic product MEHP 

significantly increased in serum and cause significant increase in concertation of MDA in 

liver and kidney tissues, produces a significant histopathological change in brain, aorta, 

liver, intestine, lung, ovary and testis that can cause a life-threatening condition. 
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Introduction 

 

DEHP is considered an environmental pollutant widely 

distributed worldwide, causing severe health issues for 

humans and animals (1). DEHP is a member of phthalic acid 

products used in polyvinyl chloride as a master plasticizer to 

produce the desired flexibility (2). It is odorless and 

colorless, easily mix with water and lipids solvents, also, to 

its use as a plasticizer, it adds to industrial color, engine oils, 

a preservative in cosmetics products; also its previously used 

in tubes and blood bags (3), due to this general industrial uses 

of DEHP the annual world production is estimated by 20 

billion tons (4). DEHP is widely used in the poultry industry 

as an additive to water and feeding supplies, also used in 

cages of layer hens, drugs and vaccine plastic containers, as 

a preservative to feed additives, wooden litter to prevent 

worm infestation, and in the main tanker for water supplies 

that made from poly vinyl chloride (PVC) (5). Many 

previous studies have been conducted on the toxicity of 

DEHP in different types of aviary species, included quails, 

one of these studies estimated the median lethal dose (LD50) 

by 5574.1 mg/kg of body weight (6), another study showed 

that the liver and kidney consider the main sites were the 

pathological lesions have been recorded (7). DEHP has a 

unique chemical reaction with materials added to them; it 

does not react with other molecules' chemical bonds, but it 

covers other materials' molecular composition. This reaction 

is easily solved by exposure to sunlight or temperature above 

25ºC to water, air, and soil of the surrounding environment, 

considered the primary source of toxicity DEHP to other 

livings (8). We aimed to investigate the pathology associated 

with oral DEHP administration in the brain, intestines, lungs, 

testis, and ovary in addition to liver and kidney of quails, also 

study the effect of prolonged exposure to DEHP in quails on 
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peroxidation factors such as MDA, also the effect of DEHP 

administration on the production properties of quails such as 

food consumption, food conversion ratio and egg production 

using 5% of LD50 of DEHP. 

 

Materials and methods 

 

Quails 

A total of 150 Japanese quails (Contronix contronix 

japonica) weighted 9 grams ± 2 grams have been used, were 

obtained from Directory of Agriculture Researches, Nineveh 

province at the age of 1 day, they were kept at all 

experimental period into divided ground lead cages. 

 

DEHP properties 

The DEHP used in this experiment were obtained from 

Himedia company (India), its characterized by colorless and 

odorless, fast dissolving in water and lipids, with chemical 

equation C12H14O4 with molecular weight 222.24 g/ mol, and 

the concentration of DEHP in this solution was estimated by 

1 grams/ 1 milliliter of solution. 

 

DEHP dose and administration 

Depending on previous scientific studies, the oral LD50 of 

DEHP during 24 hours was estimated at 5574.1 mg/kg of 

quail's body weight (6,7). The current study used 5% of LD50 

of DEHP, which is estimated by 278.05 mg/kg bw, the dose 

volume is 0.3 milliliters/quail by oral gavage needle (7). 

 

Experimental designs 

A 150 quail were used and divided randomly into two 

groups (75 quails to each group), the control group kept 

without any administration to DEHP all time, the treated 

group (G2) were orally administrated 5% of DEHP at a dose 

of 278.05 mg/kg bw in quails, and the administration volume 

is 0.3 milliliters/quail using oral gavage, this administration 

is started from the first day of age and continued until 60 days 

of ages, the DEHP is administrated three times per week and 

lasted for 60 days. 

 

Experimental criteria 

At every 2, 30 and 60 days of quails age and experimental 

days, 25 quails from each group were euthanized. Blood was 

collected to obtained serum tissue samples from the brain, 

intestines, lungs, testis, ovary, liver, and kidney were fixed in 

10% formalin (9), samples from liver and kidney were 

collected and freeze at -20 ºC then homogenized using 

manual homogenizer to estimated MDA using manual 

photometric method by spectrophotometer at 450 nm wave 

length (10). Also, serum level of DEHP and MEHP were 

estimated using indirect ELISA test (11). 

 

Histopathology 

The samples of brain, intestines, lungs, testis, ovary, liver, 

and kidney were collected from both groups and fixed in 10% 

neutral buffered formalin for 72 hours, late a represented 

sample were having been chosen from these organs and 

dehydrated with ethyl alcohol, cleared by xylene, infiltrated 

and embedded by paraffin wax at 58 ºC (9). The tissue 

embedded in paraffin were section at 6 µm and stained with 

Harris' hematoxylin and alcoholic eosin (12).  

 

Statistical analysis 

The means were statistically analyzed using SPSS 

version 19.0, and the post hock test of One Way ANOVA is 

Duncan's test. The * symbol mean the treated group and 

significantly differ from control group, while vertical 

different letters means a significant difference at P<0.05 (13). 

 

Results 

 

The mean concentration of MDA in the liver tissue was 

significantly increased in the treated group with time 

progress, in which the one-day-old MDA was 4.837 

µmol/gram wet tissue then increase to reach up to 25.264 

µmol/gram wet tissue at 60 days of treatment with DEHP; 

also the mean concentration was higher than in control group 

which ranged between 4.431 - 5.216 µmol/gram wet tissue 

(Table 1).  

A similar result was reported in kidney tissue were the 

concentration of MDA increase from 47.178 µmol/gram wet 

tissue on the first day of the experiment and to reach 87.284 

µmol/gram wet tissue, which significantly differs from one-

day-old in the same group and comparison with the control 

group at 30, and 60 days (Table 2).  

 

Table 1: MDA tissue concentration in liver (µmol/gram wet 

tissue) 

 

Days Control Treatment 

1 day old 4.431±0.120 a 4.837±0.217 c 

30 days old 4.932±0.124 a 17.108±1.153 b* 

60 days old 5.216±0.269 a 25.264±1.344 a* 

 

Table 2: MDA tissue concentration in the kidney (µmol/gram 

wet tissue) 

 

Days Control Treatment 

1 day old 46.278±2.347 a 47.178±2.644 c 

30 days old 47.745±3.158 a 65.896±5.616 b* 

60 days old 45.472±2.311 a 87.284±2.313 a* 

 

The result of the mean concentration of DEHP in the 

serum of quails showed that the concentration of DEHP was 

increased significantly from 0.163 µg/ml at one-day-old to 

reach up to 12.184 µg/ml after 60 days of DEHP treatment, 

this increase was differing significantly in comparison with 

the control group at 30 and 60 days (Table 3).  

The result of MEHP a most important DEHP metabolites 

in the blood significantly increased from 0.041 µg/ml at one-
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day-old to reach up to 1.932 µg/ml after 60 days of DEHP 

treatment in quail's blood serum; also, this increase was 

found to significantly differ in comparison with control 

groups at 30 and 60 days (Table 4). 

 

Table 3: DEHP concentration in quail's serum (µg/ml) 

 

Days Control Treatment 

1 day old 0.156±0.021 a 0.163±0.024 c 

30 days old 0.138±0.034 a 2.791±0.094 b* 

60 days old 0.121±0.204 a 12.184±0.093 a* 

 

Table 4: MEHP concentration in quail's serum (µg/ml) 

 

 Control Treatment 

1 day old 0.039±0.008 a 0.041±0.009 c 

30 days old 0.042±0.008 a 0.574±0.010 b* 

60 days old 0.036±0.009 a 1.932±0.017 a* 

 

Histopathology 

30 days of DEHP administration 

Section of cerebellum showed accumulation of glial cells 

in focal patterns represented as glial nodules in cerebellum 

cortex which composed from reactive glial cell-associated 

with macrophages, in addition to widespread of vasogenic 

edema described as a distention in perivascular space that 

filled with fluids oozing and leakage from blood vessels and 

accumulated in space like lesions. The aorta section showed 

the accumulation of lipid-laden cells, which appears as clear 

vacuoles in the intimal and medial layer of blood vessels; 

these cells can be termed as foam cells macrophages where 

contains lipid vacuoles. Hepatic tissue showed portal fibrosis 

due to collagen deposition and the accumulation of 

macrophages and lymphocytes around portal areas. The 

hepatocytes showed small size clear vacuoles in their 

cytoplasm be explained as fatty degeneration. In the 

intestines, the section showed marked mucinous 

degeneration to intestinal glands located in the submucosa 

layer, in addition to cellular debris due to the sloughing of 

necrotic villi. Lung sections showed marked accumulation of 

red blood cells in the interstitial tissue associated with 

marked infiltration of inflammatory cells such as 

macrophages around blood vessels (Figure 1). 

 

60 days of DEHP administration 

Section of quail's brain showed an increase in the 

thickness of meninges as a response to cellular injury with 

widespread vasogenic edema in the cerebrum cortex 

associated with hyperplasia and hypertrophy of Purkinje cells 

in cerebellum. The wall of aorta showed the formation of 

atheroma plaques in the wall of aorta present in tunica intima 

cause pressing and reduction in the lumen diameter with the 

presence of a high number of foam cells. The liver sections 

showed hyperplasia of bile canaliculi in the portal area and 

fatty degeneration in affected hepatocytes as small clear 

vacuoles in different circular shape and sizes, causing 

pressing the nucleus to cellular membranes. The submucosa 

layer of small intestines showed mucinous degeneration 

associated with necrosis in the whole villi with slough and 

desquamation of these necrotic cells as cellular debris in the 

intestinal lumen. There is a fusion of two or more necrotic 

villi into one large thick villi in severe cases. The lung section 

showed focal infiltration of mononuclear cells at peri-

bronchial position, associated with pulmonary hemorrhage in 

the interstitial tissue of lung with macrophages' infiltration 

between alveoli. Section of testes showed complete stopping 

of spermatogenesis in which the seminal tubules appear 

empty from mature spermatozoa, on other hands the section 

of ovaries showed complete absence of primordial follicles 

in ovarian tissues which represented the first stage of 

developing follicles, also the granular cells of ovary’s 

parenchyma showed vacuolar degeneration with infiltration 

of macrophages in tissue of ovary, with hemorrhage (Figure 

2).  

 

Discussion 

 

The result of the current study showed that oral 

administration of DEHP for 30 and 60 days to quails would 

cause a significant increase in the level of MDA in the tissue 

of the liver and kidney in comparison with the control group 

and these significant differences were continuous to increase 

in correlation with increased exposure to this plasticizer, this 

result was agreed with Zhang et al. (14) which they measure 

the level of MDA in quail's liver after exposure to 250 and 

1000 mg/kg of body weight for 45 days, in addition, another 

study conduct by Yu et al. (15) measured the level of MDA 

in the tissue of spleen in quail showed a significant increase 

after oral administration of DEHP at 250 and 750 mg/kg of 

body weight. MDA consider as a marker for lipid 

peroxidation, especially in cell walls and in cytoplasmic 

organelles (16); the increased level of MDA in liver and 

kidney tissues of quills that administrated DEHP giver a 

serious indicator about the status of lipid peroxidation in 

these tissues, this high concentration in tissues will lead to 

direct damages to the cell membrane of cells lead to losing 

the control permeability and osmotic regulation ended by 

losing their function which appears as degenerative and 

necrotic changes, and this changes were approved by the 

histopathological study which recorded severe damage to 

tissues indicated as fatty degeneration and hyperplasia of bile 

canaliculi in addition to severe changes in walls of major 

blood vessels (17). 

The result of histopathological examination showed the 

presence of fatty degeneration and hyperplasia of bile ducts; 

this result was found similar to that obtained by Zhao et al. 

(18), which recorded the presence of fatty changes, these 

changes were correlated with the concentration of 

administrated DEHP and the time of administration, and this 

find was also observed in our study in which the lesions were 



Iraqi Journal of Veterinary Sciences, Vol. 36, No. 1, 2022 (95-101) 

98 

started as mild fatty degeneration with few small vacuoles 

inside hepatocytes and with time progress the complete 

transformation of hepatocytes to shape similar to adipocytes 

were observed in association with hyperplasia in the number 

of bile ducts in portal area and infiltration of mononuclear 

inflammatory cell especially macrophages. In the brain the 

most articles showed hypertrophy of Purkinje cells in the 

cerebellum, and thus appear as an increase in the size of the 

cell with the eosinophilic appearance of the cytoplasm; also, 

there is hyperplasia of these cells due to irritation to brain 

layers (19), these result of other articles were recorded in our 

study in addition to the presence of vasogenic edema with 

presences of glial nodule that composed from glial cell 

aggregation in response to DEHP toxicity these changes 

associated with meningitis that recorded after 60 days of 

DEHP administration. The result of current study considered 

the first article that reports the lesions induced by DEHP in 

the aorta of quails, in which there is an aggregation of foam 

cell in the tunica intima and media of the aorta walls, these 

cells are macrophages where migrate in the walls of the aorta 

in response to increase lipid peroxidation as a result of DEHP 

toxicity, these cell phagocytes these lipid into their cytoplasm 

to remove lipid from this area which gives these 

macrophages a foam-like appearance, in addition, the long 

exposure to DEHP cause in atheroma formation the wall of 

aorta which causes compression to the underlying layer and 

destroy these layer especially tunica intima (20).

 

 
 

Figure 1: Tissue sections from brain (A and B), aorta (C and D), liver (E and F), intestine (G), lung (H and I) from treated quails 

with DEHP after 30 days of administration. (G) glial nodule in brain steam, (VE) vasogenic edema in cerebrum cortex, (AS) 

atherosclerosis in aorta, (FC) foam macrophages present in tunica media and tunica intima of the affected aorta, (PI) hepatic 

portal infiltration of mononuclear inflammatory cell, (FD) fatty degeneration in affected hepatocytes as some clear vacuoles, 

(CS) cloudy sell swelling in hepatocytes, (MD) mucinous degeneration in intestinal villi, (CD) cellular debris sloughed from 

necrotic villi and lung tissue, (PVI) perivascular cuffing of mononuclear inflammatory cell in lung tissue, (PH) pulmonary 

hemorrhage in the interstitial tissue of the lung, and (PF) pulmonary fibrosis represented by collagen deposition around the affect 

alveoli. H&E.  

A B C 

D E F 

G H I 
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Figure 2: Tissue sections from brain (A and B), aorta (C), liver (D and E), intestine (F and G), lung (H and I), testis (J), ovary 

(K and L) from treated quails with DEHP after 60 days of administration. (MI) increase in thickness of meninges, (VE) vasogenic 

edema in cerebrum cortex, (PC) hyperplasia and hypertrophy of Purkinje cells, (A) formation of atheroma plaques in wall of 

aorta, (AS) atherosclerosis in aorta, (HB) hyperplasia of bile canaliculi in portal area, (FD) fatty degeneration in affected 

hepatocytes as some clear vacuoles, (MD) mucinous degeneration in intestinal villi, (IN) complete villus necrosis and appears 

as cellular debris, (VU) fusion of two or more villus into one large villi due to continuous irritation, (BI) peri-bronchial cuffing 

of mononuclear inflammatory cell in lung tissue, (PH) pulmonary hemorrhage in the interstitial tissue of lung, (CI) infiltration 

of mononuclear inflammatory cell in the pulmonary interstitial tissue, (CSS) complete stopping of spermatogenesis and the 

seminal tubules appear empty from mature spermatozoa, (PF) complete absent of primordial follicles in ovarian tissues, (VD) 

vacuolar degeneration in granular cells in ovary, (OC) with complete absence of primordial follicles in the ovary cortex, (IIC) 

infiltration of inflammatory cells in the tissue of ovary, and (CH) ovarian hemorrhage. H&E.  

 

A B C 

D E F 

G H I 

J K L 



Iraqi Journal of Veterinary Sciences, Vol. 36, No. 1, 2022 (95-101) 

100 

The sections of intestines showed coagulative intestinal 

necrosis to villi that sloughed and appeared as cellular debris 

accumulated in the lumen associated with mucinous 

degeneration and fusion of two or more necrotic villi into one 

big villus; this can occur as a result of a direct action of 

DEHP that induce irreversible cellular injury that causes 

necrosis of this affected villi (21). Sections of the lung 

showed massive hemorrhage with infiltration of 

inflammatory cells; these results are agreed with a study 

conduct by Atia and Abdel-Gawad (22) have they indicated 

infiltration of inflammatory cells, especially macrophages, 

with an increase in a deposition to collagen fibers around the 

bronchial and interstitial tissue as a response to irritation 

induced by DEHP and their metabolic products such as 

MEHP (22). Section of testis showed a complete absence of 

spermatids and stopping the spermatogenesis process; these 

results were found agreed with many articles that showed 

DEHP produced testicular toxicity and damages to tubules 

and spermatogenesis in all stages; also, DEHP induces 

vacuolar degeneration in Sertoli and Leydig cells (23). 

Section of quail's ovary showed complete absence of 

primordial follicles which consider the first step in 

developing follicles with hemorrhages, vacuolar 

degeneration in granular cell of interstitial tissue with 

infiltration of inflammatory cells, these result can be 

explained by the effect of MEHP the main metabolic of 

DEHP that cause decrease and stop estradiol production from 

ovary the activate peroxisomes receptors in the granulosa 

cells of developing follicles cause them to undergo apoptosis, 

all these outcomes suggest that the primary site of toxicity 

for DEHP is the granulosa cell of growing pre-ovulatory 

follicles which cause complete absent of these primordial 

follicles and lead to cystic ovary in cases where the exposure 

occur after puberty, on other hand the ovary from quails were 

they exposed to DEHP since one day old their ovary showed 

complete absent of growing and ovulatory follicles (24), the 

same results were have been recorded by other studies 

(25,26) in which the vacuolar degeneration in granular cell 

layer of ovary with hemorrhage are the most significant 

outcomes in DEHP toxicity in rats.  

 

Conclusion 

 

In conclusion, the DEHP and its metabolic product 

MEHP significantly increased in serum and cause significant 

increase in concertation of MDA in liver and kidney tissues, 

produces a significant histopathological change in brain, 

aorta, liver, intestine, lung, ovary and testis that can cause a 

life-threatening condition. 
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تأثير ملدن ثنائي أثيل هكسيل الفثالات على تركيز 
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 الخلاصة

 

كان الهدف من الدراسة الحالية هو التعرف على تأثير التعرض 

الفموي المزمن لملدن ثنائي أثيل هكسيل الفثالات على معاير اكسدن 

ستخدام الدهون والتغيرات المرضية في أعضاء مختلفة في السمان. تم ا

طائر سمان  75طائر من السمان قمست عشوائياً إلى مجموعتين ) 150

في كل مجموعة(، تركت مجموعة السيطرة بدون أية معاملة طوال فترة 

من الجرعة المميتة  %5التجربة، أما المجموعة الثانية فقد جرعت بمقدار 

م من ملغم/كغ 278.05الوسطية لملدن ثنائي أثيل هكسيل الفثالات بمقدار 

وزن الجسم، ثلاثة مرات في الأسبوع ولمدة ستين يوماً. عند كل من 

طائر سمان من المجموعتين. تم جمع  25اليومين الثلاثين والستين تم قتل 

عينات الدم لتقدير مستوى ثنائي وأحادي أثيل هكسيل الفثالات في مصل 

جمع عينات الدم، تركيز المالوندالديهايد في نسيج الكبد والكلية، كما تم 

نسجية من أعضاء مختلفة لغرض الفحص النسجي المرضي. أظهرت 

النتائج أن تركيز ثنائي وأحادي أثيل هكسيل الفثالات في مصل الدم فضلاً 

عن تركيز المالوندالديهايد في نسيج الكبد والكلية قد ارتفع معنوياً مع تقدم 

عة السيطرة، عمر التجربة في المجموعة المعاملة وبالمقارنة مع مجمو

إضافة إلى ذلك فان التجريع الفموي لثنائي أثيل هكسيل الفثالات أحدث 

تغيرات مرضية شديدة في الدماغ والأبهر والأمعاء والكبد والرئة 

والمبيض والخصية. نستنتج من هذه الدراسة أن ملدن ثنائي أثيل هكسيل 

ت قد الفثالات ونواتجه الأيضية بالأخص أحادي أثيل هكسيل الفثالا

ً في مصل دم طيور السمان مع زيادة معنوية في تركيز  ارتفعت معنويا

المالوندالديهايد في نسيج الكبد والكلية، كما أحدث تأثيرات نسجية مرضية 

مهمة في الدماغ والأبهر والكبد والأمعاء والرئة والمبيض والخصية 

 والتي تسبب مرض مهدد للحياة.
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