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ABSTRACT: 

 Perfluorinated compounds (PFCS), such as perflurooctane sulfonate (PFOS) and 
perfluorooctanoic acid (PFOA) have been used for various industrial applications for over 50 years. 
In this study 160 pregnant dams were subjected to this study; Dams were divided into two main 
equal groups, PFOS and PFOA groups. Each group was subdivided into two groups, treated group 
(60 dams) and control group (20 dams). Both treated groups where re-divided into three equal 
groups. Dams in the first group were treated with PFOS in dosage of 1, 10 or 20 mg/kg b.w., while 
dams in the second group were treated with PFOA in dosage of 1, 5 or 10 mg/kg b.w. Control 
group was received an equivalent volume of deionized water. Maternal body weight, food 
consumption and water intake were monitored daily throughout gestation period. Ten dams of 
each subgroup were treated from gestation day (GD) 0 till GD17, At GD18, blood samples were 
collected and serum samples were obtained for determination of Lactate dehydrogenase (LDH), 
Gamma glutamyl transferase (GGT), Aspartate aminotransferase (AST), Alanine aminotransferase 
(ALT), alkaline phosphatase (ALP), creatinine, blood urea nitrogen, total bilirubin, total protein, 
albumin, globulins, calcium, inorganic phosphorus, glucose, triglycerides, phospholipids, total 
cholesterol, non esterified fatty acids, hydroxyl butyric acid and serum leptin concentration. 
Maternal liver, kidneys, lungs and brain were dissected and weighed; the organ/body weight ratio 
was calculated to obtain the relative organ weight and then kept for histopathological examination.. 
A portion of the liver was dissected and used immediately for comet assay. Results revealed 
significant reduction in maternal weight gain and daily feed consumption after exposure to 20 
mg/kg b.w. PFOS and 10 mg/kg b.w. PFOA. Daily water intake was significantly increased after 
exposure to 20 mg/kg PFOS and 5 mg/kg PFOA in late gestation. There were significant increases 
in the absolute and relative weight of the maternal liver in a dose dependent manner associated 
with hypertrophy of hepatic cells after exposure to both of PFOS and PFOA, and significant 
increase in the relative lung and brain weight after exposure to PFOS at 20 mg/kg group. Relative 
kidney weight was significantly increased after exposure to PFOA. Serum lipids, protein and leptin 
levels were significantly decreased after exposure to PFOS and PFOA at 20 mg/kg b.w. and 10 
mg/kg b.w. respectively. In addition, exposure to PFOA resulted in significant increases in serum 
GGT, AST, ALP activities. PFOS treatment induced DNA damage in maternal liver at 10 and 20 
mg/kg groups. However, exposure to PFOA induced DNA damage at 10 mg/kg. From the previous 
results we can conclude that PFOS and PFOA have toxic effects on the pregnant mice and PFOA 
recorded the most toxic one. Further study will be carried on featuses and newnates. 
  

 

 

INTRODUCTION: Perfluorinated compounds (PFCs) are now 

ubiquitous global contaminants. These 
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chemicals have been detected in indoor and 

outdoor air, in rivers, lakes and groundwater, in 

wastewater treatment effluent, in landfills and 

in the marine environment. PFCs have also been 

found in the body tissues of many different 

living organisms throughout the world 

including humans (Allsopp et al., 2005). These 

compounds have been used in a wide variety of 

consumer products, due to their widespread use, 

persistence and bioaccumulative properties they 

are taken up by the general population from 

different sources (Midasch et al., 2007).  

Perfluoroalkyl acids (PFAA) are man made 

fully fluorinated organic chemicals. They can be 

released into the environment via product 

manufacturing, use and disposal. Many of their 

degradation products have been found in the 

environment throughout the world, but the 8-

carbon (C-8) products such as perfluorooctane 

sulfonate (PFOS) and perfluorooctanoate 

(PFOA) are two of the most widely detected. 

Because of the strong carbon- fluorine (C-F) 

bond associated with Perfluorinated chemicals, 

PFOS and PFOA are environmentally 

persistent (Kannan et al., 2004) 

PFOS-related substances have been used in 

the packaging and paper industries in both food 

packaging and commercial applications to 

impart grease, oil and water resistance to paper, 

paperboard and packaging substrates. They 

also used for both food contact applications 

(plates, food containers, bags and wraps) and 

non-food applications (folding cartons, 

containers, carbonless forms and masking 

papers). PFOS-based products were used to 

improve the wetting of water-based products 

marketed as alkaline cleaners, floor polishes (to 

improve wetting and leveling), denture cleansers 

and shampoos (OECD, 2002).  

PFOA is used in fire-fighting applications, 

cosmetics, grease and lubricants, paints, 

polishes and adhesives, herbicide and insecticide 

formulations (Moody and Field, 1999). PFOA is 

used to make Teflon (polytetrafluoroethylene 

PTFE), a nonstick coating used for kitchen ware 

(sauce pans). PFOA is used also to make 

Goretex (water proof fabric used for protective 

rain wear and insulation for wires and cables) 

(Renner, 2003). 

Several toxicological studies have 

demonstrated that the liver is the primary 

target organ for PFOS and PFOA (Butenhoff et 

al., 2002; Kennedy et al., 2004 and Son et al., 

2008). The hepatotoxicity is manifested as 

increased liver weights, hepatocellular 

hypertrophy, liver degeneration and necrosis, 

increases in plasma transaminases, and 

proliferation of smooth endoplasmic reticulum 

and peroxisomes in rodents. Hypolipidemia has 

also been reported in some rodent studies 

(Butenhoff et al., 2004). PFOS exposure 

increases the serum alanine aminotransferase 

(ALT) activity, which is a marker for hepatic 

damage (Seacat et al., 2003). 

PFOS and PFOA have also been shown to 

cause reductions in serum cholesterol and/or 

triglycerides in several animal species (Seacat et 

al., 2003 and Thibodeaux et al., 2003). 

Many studies have demonstrated that long-

term treatment with PFOA results in the 

development of liver tumors in rats. PFOA is 

potently immunosuppressive in mice. 

Immunosuppression can lead to increased 

incidence and severity of infection and tumour 

frequency. The exposed mice to PFOA were 

tested to immune response by the introduction 

of horse red blood cells. The number of 

splenocytes (cells of the immune system) that 

produced antibodies to the horse red blood cells 

was dramatically decreased in PFOA treated 

mice. The study concluded that PFOA causes a 

pronounced suppression of adaptive immunity 

in mice. In considering humans who have been 

occupationally exposed to PFCs, the study noted 
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that the doses of PFOA that caused 

immunosuppression in mice were considerably 

higher than levels in such exposed humans 

(Nilsson et al. 1991). 

 

Leptin is a protein hormone produced by 

white adipocytes and is involved in the 

regulation of various neuroendocrine functions, 

including food intake. Leptin levels are 

positively correlated with body fat. The increase 

in serum leptin levels is believed to decrease 

food intake, and vice versa (Ahima, 2000).  

The presented work was carried out on 

pregnant female mice to study the toxic effects 

of both PFOS and PFOA on maternal organs, 

biochemical parameters as well as DNA. 

 

MATERIALS AND METHODS: 

Animals: 

 Adult ICR male and female mice were 

purchased from CLEA Japan, Inc., Tokyo at 7 

weeks of age and used for the experiment after 

one week of acclimatization. Female mice were 

checked for estrous cycle stage and each 

proestrus female was placed with an 

individually housed breeder male overnight, 

and those females with spermatozoa in a vaginal 

smear and/or with a copulatory plug were 

considered to be at GD0. 

 

Chemicals: 

PFOS: Perfluorooctane sulfonate (potassium 

salt 98% pure) was purchased from Fluka 

Chemie GmbH, Switzerland. PFOS solutions 

were prepared at 0.1, 1 and 2 mg/ml of 0.5% 

Tween-20 vehicle and administered to the 

pregnant mice by gavage at a volume of 10 

ml/kg/day. 

PFOA: Perfluoroocatnoic acid (90% pure) was 

purchased from Fluka Chemie GmbH, 

Switzerland. PFOA solutions were prepared at 

0.1, 0.5 and 1 mg/ml of deionized water and 

administered to the pregnant mice by gavage 

once daily from GD0 till GD17 at a volume of 10 

ml/kg. 

Animal treatments: 

 This study protocol was approved by the 

Animal Research Committee, a total number of 

160 pregnant dams were subjected to the study, 

Dams were divided into tow main groups, PFOS 

group and PFOA group (80 each). Each group 

were subdivided into two groups, treated group 

(60 dams) and control group (20 dams). Each 

treated group was divided into three equal 

groups. Dams in PFOS groups were exposed 

daily to PFOS in dosage of 1, 10 or 20 mg/kg 

b.w., while dams in PFOA group were exposed 

daily to PFOA in dosage of 1, 5 or 10 mg/kg b.w 

oraly. Ten dams of each subgroup were exposed 

daily from GD0 till GD17, at GD18 dams were 

euthanized and the gravid uterus were removed 

and fetuses kept for next study, while dams 

were used in this study. The other ten dams 

were exposed daily from GD0 till GD18 and 

then allowed to give birth which used in the next 

study. Control group were received an 

equivalent volume of deionized water. Maternal 

body weight, food consumption and water 

intake were calculated by obtaining the value of 

change on daily bases from GD0 to GD18. 

 Serum samples were used for the 

determination of blood serum levels of Lactate 

dehydrogenase (LDH), Gamma glutamyl 

transferase (GGT), Aspartate aminotransferase 

(AST), Alanine aminotransferase (ALT), 

alkaline phosphatase (ALP), creatinine, blood 

urea nitrogen (BUN), total bilirubin, total 

protein, albumin, globulins, calcium, inorganic 

phosphorus, glucose, triglycerides, phospholi-

pids, total cholesterol (T-CHOL), non esterified 

fatty acids (NEFA) and hydroxyl butyric acid by 
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using Autoanalyzer (Hitachi Autoanalyzer 7060, 

Hitachi Ltd. Tokyo, Japan). Serum leptin levels 

were determined using a commercial ELISA Kit 

supplied by (Ray Biotech, Inc.) and by means of 

micro plate reader (MPR.A4i), the assay was 

conducted according to the instructions of the 

kit. 

 DNA damage in maternal liver was detected 

using comet assay (Single Cell Gel 

Electrophoresis) according to the method of 

Sasaki et al. (1997) and Tsuda et al. (1998). 

Comet assay is generally quantified using comet 

tail length and tail moment, tail momet was 

calculated as tail length multiplied by the 

percentage of DNA in the tail (Tice et al., 2000). 

Tail length can be used to indicate initial DNA 

damage, while tail moment and the percentage 

of DNA in the tail can be used to indicate the 

intensity of damage (Knopper et al., 2005). 

Maternal liver, kidneys, lungs and brain were 

processed routinely for paraffin embedding 

technique. Tissue sections were stained with the 

standard Haematoxylin and Eosin method (H. 

& E.) according to Bancroft and Stevens (1982). 

Data are presented as means and standard 

errors. Statistical significance was determined 

by the analysis of variance (ANOVA). When a 

significant treatment effect was detected, each 

treatment group was tested for difference from 

the control group using Dunnett’s t-test. 

Statistically significant differences were 

determined at p≤0.05. Statistical Package for 

the Social Sciences for Windows (SPSS, version 

10.0, Chicago, IL, USA) according to Borenstein 

et al. (1997).  

RESULTS: 

Maternal weight gain was significantly 

reduced at PFOS group at dose of 20 mg/kg 

group from GD11 until the end of gestation 

(Fig. 1a). While there was significant reduction 

in weight gain in PFOA group at 10 mg/kg from 

GD 12 till the end of gestation (Fig. 1b).  

At 10 mg/kg PFOS group; daily feed intake 

was significantly reduced on GD11, The 20 

mg/kg PFOS group showed a significant 

decrease in daily feed consumption in late 

gestation on GD 12, 17 and 18 (Fig. 2a), while 

there was a significant increase in water intake 

in the same groups (Fig. 3a). In PFOA group, 

there were significant increase in food 

consumption on GD14, 15, 16 and 17 (Fig. 2b), 

and water intake in late gestation from GD 13 to 

GD 18 in the 5 mg/kg. In dose of 10 mg/kg, there 

was increase in water intake on GD10 and 

GD14 (Fig. 3b). 

There were no apparent toxic symptoms or 

deaths in all PFOS and PFOA treated dams. 

PFOS and PFOA treatment increased the 

absolute and relative liver weight in a dose-

dependent manner. Reducion of the absolute 

kidney weight was observed in PFOS group at 

20 mg/kg. Incontrary there was increase in the 

relative kidney weight in all PFOA treated 

groups. On the other hand, there was significant 

increase in the relative weight of the lung and 

brain at 20 mg/kg PFOS group, while there was 

reduction on the absolute brain weight at the 10 

mg/kg PFOA group, result were tabulated in 

tables (1&2). 

Biochemical analysis of dam’s serum 

revealed that administration of PFOS in a dose 

of 20 mg/kg resulted in significant decreases in 

serum total protein, globulins, calcium, 

triglycerides, phospholipids, total cholesterol, 

and non-esterified free fatty acids levels. 

However, there were significant decreases in 

serum triglycerides and free fatty acids levels at 

10 mg/kg group as showed in tables (3 &4). Also 

it decreased serum leptin concentration in a 

dose dependent manner with significant 

reduction at 20 mg/kg group as showed in table 
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(3). Administration of PFOA in a dose of 10 

mg/kg group resulted in significant increases in 

serum GGT, AST, ALP activities and A/G ratio, 

and significant decreases in serum total protein, 

albumin, globulins, phospholipids, triglycerides, 

total cholesterol, non-esterified fatty acids which 

represented in tables (5&6), and decreased  

the serum leptin concentration as showed in 

table (5).  

Treatment of dams with PFOS showed DNA 

damage in maternal liver at doses 10 and 20 

mg/kg in the form of increased DNA migration 

(tail length) as shown in table (7) and tail 

moment. While PFOA treatment cause DNA 

damage in maternal liver at the dose of 10 

mg/kg group in the form of increased tail length 

and tail moment as presented in Fig. (4) and 

table (8).  

Histopathological evaluation of maternal 

organs revealed hepatic hypertrophy in the 20 

mg/kg PFOS group. In PFOA group 

histopathological examination of maternal 

organs revealed that the liver is the most 

affected organ which appeared as 

hepatocellular hypertrophy and increased 

mitosis in a dose dependent manner. On the 

other hand hepatocytic necrosis was found at 5 

and 10 mg/kg and mild calcification of 

hepatocytes at 10 mg/kg (Fig. 5 a &b). Maternal 

kidney showed slight hypertrophy of the 

proximal tubule and outer medulla in the 

exposed groups (Fig. 6 a & b). 

 

 

 

 

 
 

 Fig. (1a) : Effect of PFOS on maternal weight gain 

 

 
 

Fig. (1b): Effect of PFOA on maternal weight gain 
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Fig. (2a): Effect of PFOS on daily feed consumption 

 

 
 

Fig. (2b) :Effect of PFOA on daily feed consumption 

 

 

  

 
 

Fig. (3a):Effect of PFOS on daily water intake 
 

 
 

Fig. (3b): Effect of PFOA on daily water intake 
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Table (1): Effects of PFOS and PFOA on organs weight of exposed dams at GD18 

Organs 
Substance 

Brain(g) Lung (g) Kidney (g) Liver (g) Dose 

0.46 ± 0.01 0.21± 0.01 0.45 ± 0.01 2.70 ± 0.10 Control 

PFOS 
0.46 ± 0.01 0.21 ± 0.01 0.45 ± 0.02 2.92 ± 0.11 1 mg/kg 

0.46 ± 0.01 0.20 ± 0.01 0.42 ± 0.01 4.05 ± 0.19** 10 mg/kg 

0.45 ± 0.01 0.19 ± 0.00 0.40 ± 0.01* 4.40 ± 0.11** 20 mg/kg 

0.48 ± 0.01 0.21 ± 0.01 0.43 ± 0.05 2.77 ± 0.05 Control 

PFOA 
0.47 ± 0.01 0.21 ± 0.01 0.47 ± 0.02 3.58 ± 0.30 1 mg/kg 

0.47 ± 0.01 0.19 ± 0.01 0.43 ± 0.02 5.17 ± 0.23** 5 mg/kg 

0.45 ± 0.01** 0.19 ± 0.01 0.45 ± 0.02 6.39 ± 0.24** 10 mg/kg 

 Data represent mean ± SE. Significant difference (*p <0.05, **p<0.01) between control and treated groups.  

 

 
Table (2): Effects of PFOS and PFOA on the relative organ weight of exposed dams at GD18 

Organs 
Substance 

Brain (%) Lung (%) Kidney (%) Liver (%) Dose 

0.68 ± 0.02 0.32 ± 0.01 0.67 ± 0.01 4.02 ± 0.12 Control 

PFOS 
0.71± 0.02 0.33 ± 0.01 0.68 ± 0.02 4.45 ± 0.15 1 mg/kg 

0.75 ± 0.02 0.33 ± 0.01 0.68 ± 0.01 6.58 ± 0.18** 10 mg/kg 

0.84 ± 0.02** 0.36 ± 0.01* 0.74 ± 0.02 8.14 ± 0.22** 20 mg/kg 

0.69 ± 0.02 0.30 ± 0.01 0.62 ± 0.01 4.01± 0.06 Control 

PFOA 
0.73 ± 0.02 0.031± 0.01 0.72 ± 0.02** 5.37± 0.25* 1 mg/kg 

0.78 ± 0.02 0.031 ± 0.01 0.71 ± 0.01* 8.59 ± 0.29** 5 mg/kg 

0.80 ± 0.04 0.34 ± 0.01 0.79 ± 0.01** 11.42 ± 0.60** 10 mg/kg 

 Data represent mean ± SE. Significant difference (*p <0.05, **p<0.01) between control and treated groups.  

 

 

Table (3): Biochemical parameters in dams at GD 18 after exposure to PFOS 

Groups 

Parameters 
Control 

Concentration (mg/kg b.w.) 

1 mg 10 mg 20 mg 

LDH (U/l) 1245.1 ± 236.1 1570.7 ± 326.1 1664.7 ± 175.4 1577.8 ± 282.7 

GGT (U/L) 0.09 ± 0.07 0 0.04 ± 0.04 0.02 ± 0.01 

AST (U/L) 113.17 ± 14.15 102.21 ± 15.19 111.46 ± 12.58 197.17 ± 37.16 

ALT (U/L) 24.86 ± 6.60 24.33 ± 5.53 40.30 ± 12.92 47.01 ± 14.85 

ALP (U/L) 195.80 ± 27.44 229.71 ± 33.63 185.40 ± 31.76 227.30 ± 24.53 

Creatinine (mg/dl) 0.15 ± 0.02 0.10 ± 0.02 0.11 ± 0.01 0.11 ± 0.02 

BUN (mg/dl) 24.68 ± 1.73 22.15 ± 1.46 26.35 ± 1.19 23.55 ± 1.36 

Total bilirubin (mg/dl) 0.01 ± 0.01 0.01 ± 0.00 0 0.02 ± 0.07 

Total protein (g/dl) 4.11 ± 0.13 4.19 ± 0.26 4.02 ± 0.23 3.35 ± 0.16* 

Albumin (g/dl) 2.52 ± 0.09 2.64 ± 0.10 2.52 ± 0.14 2.14 ± 0.10 

Globulins (g/dl) 1.58 ± 0.05 1.54 ± 0.10 1.49 ± 0.11 1.21 ± 0.08* 

A/G ratio 1.59 ± 0.05 1.72 ± 0.05 1.72 ± 0.09 1.74 ± 0.18 

Leptin (ng/ml) 313.22 ± 40.77 216. 64 ± 46.63 188.45 ± 33.75 129. 19 ± 52.15* 

Data represent mean ± SE. Significant difference (*p <0.05) between control and treated groups.  
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Table (4): Serum minerals and lipid parameters in dams at GD 18 after exposure to PFOS 

Groups 

Parameters 
Control 

Concentration (mg/kg b.w.) 

1mg 10 mg 20 mg 

Phosphorus (mg/dl) 8.11 ± 0.91 8.42 ± 0.57 9.70 ± 0.38 9.17 ± 0.48 

Calcium (mg/dl) 10.07 ± 0.26 10.01 ± 0.42 9.34 ± 0.68 7.94 ± 0.55* 

Glucose(mg/dl) 105.54 ± 20.21 97.15 ± 17.6 118.93 ±16.48 72.68 ± 9.06 

Triglyceride (mg/dl) 157.80 ± 23.53 147.04 ± 34.4 65.15 ± 7.93** 37.40 ± 5.16** 

Phospholipids (mg/dl) 95.83 ± 12.08 78.05 ± 8.59 77.43 ± 5.90 60.21 ± 3.19** 

T-CHOL (mg/dl) 54.62 ± 5.21 52.45 ± 5.05 52.88 ± 3.70 40.34 ± 2.27* 

NEFA (mmol/l) 1248.1 ± 146.6 1441.8 ± 159.4 798.0 ±78.24* 478.50 ± 29.9** 

Hydroxy butyric acid (µmol/l) 195.24 ± 42.03 265.30 ± 52.83 252.04 ± 37.28 249.08 ± 27.47 

Data represent mean ± SE. Significant difference (*p <0.05, **p<0.01) between control and treated groups. 

 

 

 

Table (5): Biochemical parameters in dams at GD 18 after exposure to PFOA 

Groups 

Parameters 
Control 

Concentration (mg/kg b.w.) 

1 mg 5 mg 10 mg 

LDH (U/l) 1802.0 ± 263.7 1476.2 ± 276.2 1307.7 ± 204.9 2810.5 ± 618.39 

GGT (U/L) 0 0 0 2.50 ± 1.11* 

AST (U/L) 103.81±10.21 104.6 ± 9.65 427.80 ± 79.64 1179.9 ± 282.8** 

ALT (U/L) 24.60 ± 8.35 15.78 ± 6.24 61.62 ± 13.78 223.06 ± 110.39 

ALP (U/L) 195.02 ± 23.5 217.40 ± 19.52 256.70 ± 31.72 772.5 ± 157.6** 

Creatinine (mg/dl) 0.15 ± 0.01 0.21 ± 0.04 0.14 ± 0.05 0.15 ± 0.02 

BUN (mg/dl) 22.61 ± 1.42 27.80 ± 1.30* 25.44 ±1.68 20.45 ± 0.97 

Total bilirubin (mg/dl) 0 0 0 0.08 ± 0.05 

Total protein (g/dl) 3.95 ± 0.15 3.94 ± 0.17 3.35 ± 0.16* 3.09 ± 0.09** 

Albumin (g/dl) 2.36 ± 0.18 2.45 ± 0.13 2.11 ± 0.09 2.00 ± 0.07* 

Globulins (g/dl) 1.58 ± 0.02 1.49 ± 0.04 1.24 ± 0.06** 1.08 ± 0.04** 

A/G ratio 1.49 ± 0.05 1.60 ± 0.05 1.70 ± 0.04 1.86 ± 0.07** 

Leptin (ng/ml) 460.68 ± 52.04 565.38 ± 29.14 413.82 ± 90.7 82.10 ± 13.67** 

Data represent mean ± SE. Significant difference (*p <0.05, **p<0.01) between control and treated groups. 
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Table (6): Serum minerals and lipid parameters in dams at GD 18 after exposure to PFOA 

Groups 

Parameters 
Control 

Concentration (mg/kg b.w.) 

1 mg 5 mg 10 mg 

Phosphorus (mg/dl) 6.05 ± 0.91 9.26 ± 0.62* 8.80 ± 0.86* 7.96 ± 0.51 

Calcium (mg/dl) 8.96 ± 0.67 9.34 ± 0.51 9.26 ± 0.44 8.05 ± 0.40 

Glucose(mg/dl) 111.70 ±18.68 129.76 ± 8.11 104.70 ± 8.57 69.96 ± 9.70 

Triglyceride (mg/dl) 175.28 ± 29.34 131.96 ± 31.45 91.66 ± 21.06 31.55 ± 7.68** 

Phospholipids (mg/dl) 76.05 ± 4.55 84.54 ± 10.52 68.20 ± 7.55 50.76 ± 4.69* 

T-CHOL (mg/dl) 50.02 ± 2.56 54.44 ± 7.79 45.80 ± 5.61 34.20 ± 3.65* 

NEFA (mmol/l) 1266.14 ± 143.52 1237.20 ± 238.03 832.40 ± 156.24 703.87 ± 98.84* 

Hydroxy butyric acid (µmol/l) 191.44 ± 27.34 415.52 ±155.20 286.96 ± 64.29 178.10 ± 25.66 

Mean ± SE. Significant difference (*p <0.05, **p<0.01) 

 

 

 

   
Control A B 

Fig. (4): Image of an alkaline comet (hepatocytes) stained with ethidium bromide showing undamaged nucleus 

(control) and damaged nucleus, A) Partially damaged, B) Severely damaged 

  

 
Table (7): Effects of PFOS exposure on maternal liver DNA migration and tail moment 

Parameters Control 
Concentration (mg/kg b.w.) 

1 mg 10 mg 20 mg 

DNA migration (µm) 15.97 ± 0.94 13.11±0.75 22.45 ±1.02** 26.98 ± 0.91** 

Tail moment (µm) 1.10 ± 0.14 1.03 ± 0.15 2.03 ±0.19** 2.25 ± 0.20** 

 Mean ± SE. Significant difference (**p<0.01) 

   

   

Table (8): Effects of PFOA exposure on maternal liver DNA migration and tail moment 

Parameters Control 
Concentration (mg/kg b.w.) 

1 mg 5 mg 10 mg 

DNA migration (µm) 20.88 ± 1.01 18.67 ± 1.24 24.51 ± 1.21 30.59 ± 1.94** 

Tail moment (µm) 1.27 ± 0.11 1.32 ± 0.14 2.31 ± 0.22 4.77 ± 0.69** 

Mean ± SE. Significant difference (**p<0.01)  
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Fig. (5): Photomicrograph showing liver of dam A) Control liver, B) PFOA group received 10 mg/k g, showing 

necrobiotic changes in hepatocytes (black arrow), increase mitotic figures (red arrow),  

dilatation of central vein (yellow arrow) and blood sinusoids, hypertrophy of hepatocytes  

(green arrow) and discrete foci of calcification (blue arrow) (400X). 

 

  
Fig. (6): Photomicrograph showing kidney of dam, A) Control kidney, B) Kidney from PFOA group received 10 

mg/k g, showing hypertrophy of the outer medulla cells 

 

 

DISCUSSION: 

Perfluorinated compounds (PFCs) have 

been used in a variety of commercial and 

industrial applications for over 50 years. They 

have recently received attention due to their 

widespread contamination in the environment, 

wildlife and human (Calafat et al., 2007). PFOS 

and PFOA are the most widely detected and 

studied compounds in this class. The levels of 

PFOS and PFOA have been increasing more 

and more in global oceans. Due to their use and 

toxicological importance.  

In the current study, decrease in maternal 

weight gain was observed after exposure to 20 

mg/kg PFOS and 10 mg/kg PFOA starting from 

GD11 and GD12 respectively and till the end of 

gestation period. PFOS and PFOA were 

reported to cause a decrease in maternal weight 

gain (Lau et al., 2006). The decrease in the 

maternal weight gain in this study may be 

attributed to the decrease in feed consumption. 

While Thibodeaux et al. (2003) said that the 

adverse effect on maternal weight gain may be a 

common feature of toxicity for the 

perflourochemicals. The present maternal 

effects of PFOS and PFOA exposure to 

pregnant mice including inhibitions of maternal 

weight gain and food consumption, same results 

were obtained in mice and rats by Case et al., 
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(2001) and Grasty et al., (2005), except for 

increased water intake after exposure to 20 

mg/kg PFOS. The reason for this difference may 

be attributed to reduction in serum leptin 

concentration which results in increased water 

intake as represented in figures (1a & b, 2a & b 

and 3a & b). 

Several toxicological studies have 

demonstrated that the liver is the primary 

target organ for PFOS and PFOA (Son et al., 

2008). PFOS is accumulated in the serum and 

liver (Seacat et al., 2003). PFOA distributes 

predominantly to the liver and plasma, and to a 

lesser extent to the kidney and lungs (Vanden et 

al., 1991). Exposure to PFOS and PFOA in the 

present study showed significant increase in 

absolute and relative liver weights in a dose 

dependant manner as shown in tables (1 & 2). 

This increase in liver weights may be attributed 

to proliferation of smooth endoplasmic 

reticulum and peroxisomes (Son et al., 2008). 

Exposure to PFOS and PFOA in this study 

resulted in hepatocellular hypertrophy. 

Administration of PFOA caused hepatic 

degeneration, necrosis, increased mitosis and 

mild calcification as shown in figure (5).  

PFOA treatment resulted in a significant 

increase in the relative kidney weight in all 

treated groups as in table 2. Histopathological 

examination of the kidney revealed hypertrophy 

of the cells of the proximal tubule and outer 

medulla (Fig. 6). This result is in agreement 

with that obtained by Butenhoff et al. (2004) 

who found that treatment of rats with PFOA 

increased the relative kidney weight. On the 

other hand Son et al. (2008) found that oral 

treatment of mice with PFOA for 21 days did 

not affect the kidney. 

Biochemical analysis of dam’s serum 

revealed that administration of PFOS in a dose 

of 20 mg/kg and PFOA in a dose of 10 mg/kg 

resulted in hypolipidemia and hypoproteinemia. 

A significant decrease in serum triglycerides, 

phospholipids, total cholesterol, and non-

esterified fatty acids was recorded in this study, 

total protein and globulins showed significant 

decrease as well. Decrease in serum calcium 

concentration in the 20 mg/kg PFOS group was 

recorded and decrease in serum albumin in the 

10 mg/kg PFOA was obtained. Significant 

increases in serum GGT, AST, ALP activities 

were registered after exposure to 10 mg/kg 

PFOA. 

PFOS and PFOA produced the same effect 

on the parameters of serum lipids measured in 

the current study; these compounds have also 

been shown to cause reduction in serum 

cholesterol and/or triglycerides in several 

animal studies including rats and mice 

(Thibodeaux et al., 2003) and Cynomolgus 

monkeys (Seacat et al., 2003). Reduction in 

phospholipids, triglycerides, cholesterol and free 

fatty acids indicated that PFOA had 

hypolipidemic effect as Xie et al. (2003) reported 

that treatment of mice with PFOA caused severe 

adipose tissue atrophy and hypolipidemic effect. 

Furthermore, exposure to PFOA was reported 

to inhibit the secretion of very low-density 

lipoprotein (VLDL), cholesterol and 

triglycerides from the liver (Kennedy et al., 

2004). These results explain the hypolipidaemic 

effect of exposure to PFAA in the current study. 

PFOS treatment resulted in 

hypoproteinaemia and hypoglobulinaemia. 

However, exposure to PFOA resulted in 

reduction in all protein parameters (total 

protein, albumin and globulins) (p<0.01). The 

reduction in serum globulin level may be 

attributed to immunotoxicity; previous studies 

reported that both of PFOS (Peden-Adams et 

al., 2008) and PFOA (DeWitt et al., 2008) have 

an immunotoxic effect. It was stated that the 

production of the immunoglobulin M (IgM) 

antibody decreased in mice exposed to PFOS 
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(Peden-Adams et al., 2008) and PFOA (DeWitt 

et al., 2008). Another study, evaluated the 

immune systems of mouse pups whose mothers 

were exposed to the compound during 

pregnancy, showed that natural killer cell 

function was decreased in male pups. The 

authors added that PFOS targeted antibody 

production and that males appeared more 

sensitive than females to the effects of PFOS 

(Keil et al., 2008). Another cause for 

hypoproteinemia after exposure to PFOA is the 

reduction in serum albumin level, which may be 

attributed to the severe hepatic dysfunction 

(Murray, 2003).  

Serum enzyme activities were significantly 

increased after exposure to PFOA. However, no 

significant changes were observed after 

exposure to PFOS. Enzymes measured in the 

present study reflect mainly the status of the 

liver (Bogin et al., 1986). The significant 

increases in serum AST (p<0.01), GGT (p<0.05) 

and ALP (p<0.01) confirm the gross and 

histopathological findings recorded in the 

present study and indicated that the hepatotoxic 

effect of PFOA was more severe than PFOS. 

The same results were reported by Kennedy et 

al. (2004). 

Leptin is a protein hormone produced by 

white adipocytes and is involved in the 

regulation of various neuroendocrine functions, 

including food intake. Leptin levels are 

positively correlated with body fat. The increase 

in serum leptin levels is believed to decrease 

food intake, and vice versa (Ahima, 2000).  

Measurement of serum leptin concentration 

in this study, revealed a significant decrease 

after exposure to PFOS and PFOA. This 

decrease was dose dependent and significant 

changes were observed only at 20 mg/kg (129.19 

± 52.15) for PFOS and at 10 mg/kg (82.10 ± 

13.67) for PFOA. Similar results were reported 

by Austin et al. (2003) who found that treatment 

of rats with 10 mg/kg PFOS for 2 weeks reduced 

the serum leptin concentration. The low leptin 

levels observed after exposure to PFOS and 

PFOA may be related to the reduced body fat 

stores, as treatment of mice with PFOA was 

reported to cause severe adipose tissue atrophy 

(Xie et al., 2003). However, this reduction in 

leptin levels failed to stimulate food intake in the 

treated animals, suggesting a possible 

derailment of the neurotransmitter activity that 

regulates feeding behavior. The inhibitory effect 

of PFAA exposure on food intake was therefore 

independent of their effect on serum leptin 

levels. 

DNA damage using comet assay is generally 

quantified using comet tail length and tail 

moment. Our results indicated that PFOS and 

PFOA had genotoxic effects on hepatic cells 

because these compounds induced remarkable 

DNA damage in hepatic cells. Significant 

increase in tail length (DNA migration) and tail 

moment was recorded in maternal hepatic cells 

exposed to PFOS at dose of 10 and 20 mg/kg. 

Meanwhile maternal exposure to PFOA 

increased the tail length and tail moment of 

maternal hepatic cells at groups 10 mg/kg only. 

From the obtained result we conclude that 

PFOS and PFOA are toxic to pregnant mice 

with several degrees and PFOA has the most 

toxic effect. The toxic effect of both combounds 

was tested for fetuses in next study. 
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 ة لأحماض انبيرفهوروانكيم عهى إواث انجرذان انحواممامانتأثيرات انس

 ،محمود عبد انىاصر عهى ، مىال عبد انهطيف عبد انمحسه

 ضحى يحيي أحمد، عبد انعزيز أحمد شعبان 

 مرر – جامعة أسيهط –كمية الطب البيطري  –قدم الطب الذرعي والدسهم 
 
 

عاادة تسدايم إإلى مجسهعتين متدااوتتين  تام  قدست والتي لحهاملالجرذان ا إناثمن  061تم استخدام عدد 
تسداايم  عااادةإتاام جاارذ كسجسهعااة ةااا طة   01وجاارذ كسجسهعااة معالجااة  61كاال مجسهعااة إلااى مجسااهعتين  ا ولااى 

 حياات تاام معالجااة الااعجث مجسهعااات ا ولااى  سااادة إلااى ثااجث مجسهعااات مرسيااة متداااوتة السجسااهعتين السعااالجتين
معالجااة الااعجث وتاام جداام   وزن  مجاام ل اال كيمااه ماان 01و  01و  0 جرعااات  PFOSتااان ساامتهنيت البيرممهروأوك

تام التداجيل   الاهزن مجم ل ل كيمه مان  01و  5و  0 جرعات  PFOAسادة البيرممهروأوكتانهتك   مجسهعات العانية
جسهعاة مرسياة مان الياهم تم معالجة عذار جارذان حهامال مان كال م لهزن ا ميات واستيجك العميسة والساء  اليهمي

ا ول لمحسل وحتى اليهم الدا ع عذر ومي اليهم العاامن عذار تام تخاد رىا رساتخراج الارحم وا جشاة  ويشساا عهلجات 
تام تجسياع دم ا مياات ومرال السرال   ليهم العامن عذر ثم تركت حتاى الاهردةالعذر ا خرى من اليهم ا ول حتى ا

ترانداااتيراز وا سااابرتيت أميشهترانداااتيرتز وا رناااين   ااالاالجكتيااات د ييااادروجيشيز والجاماااا جمهت إنااازتملقيااااس نذااااط 
أميشهتراندتيرتز والتهستاتيز الساعدى وكذلك مداتهى ال رتااتيشين والبهليشاا والراتراء ال مياة وا لبياهمين والجمه ياهلين 

يد وال هليدااتيرول ال مااى وا حسااان الدىشيااة وحساا  بيوال الدايهم والتهسااتهروالجمهكهز والاادىهن العجثيااة والتهسااتهل
تم تدجيل كل من وزن ال بد وال مى والرئتين ومخ ا مياات ثام  مدتهى المبتين مى الدم كذلك الييدروكدى ويهتيرك و 

رساتعسالو   ثام حتاج جازء مان ال باد البااثهلهجي حتظيا مى التهرمالين لحين أعدادىا لمتحصو  الشدبيحداب وزنيا 
 محص السادة الهراثية ويا  ميمباشرة 

م جام 01كال مان وزن الحياهان واساتيجك العميساة عشاد التركياز  ماي معشاهي أوةحت الدراسة وجهد انختان 
م و جام 01كسية الساء السدتيم ة عشد التركيازات  مي معشهي  ارتتاعويشسا وجد  PFOAمجم من  01و  PFOSمن 

ل بد  الشدبيكل من الهزن السطمق والهزن  مي معشهي  تتاعار وجد كسا   التهاليعمى  PFOAو  PFOSمجم من  5
 01ماخ ا مياات السعرةاة ل و  نلارئتي الشدابيالاهزن  مايا ميات مرحه ا وتزاخم الخجااا ال بدااة وزتاادة معشهتاة 

 وأوةااحت الشتااائو وجااهد  PFOAعشااد التعاارن لسركااب  الشداابيوزن ال مااى  ماايوزتااادة معشهتااة  PFOSمجاام ماان 
والبااروتين يدااتيرول ال مااى وا حسااان الدىشيااة بيد وال هليوالتهسااتهل مدااتهى الاادىهن العجثيااة مااي معشااهي انختااان 
نذااط  مايماع زتاادة معشهتاة  PFOAمجام مان  01و  PFOSم مان جم 01 إلىتعرةت  التيالجرذان  ميوالمبتين 

 إلاىتعرةات  التايمياات كباد ا  مايوجد ةرر  ا حسان الشهوتة  الجمهتا ل وا سبرتيت والتهستاتيز الساعدى  أنزتم
كاال ماان السااركبين ليسااا تاا ثير سااام  أن والخجصااة  PFOAمجاام ماان  01و  PFOSمجاام ماان  01و  01تركياازات ال

  عمى ا جشة  ذه السركباتى الدراسة لسعرمة مدى ت ثير است سال عمى ا ميات وجارى 


