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ABBREVIATIONS 

BAT  Brown adipose tissue 

BPA  Bisphenol A 

Bw  Body weight 

C  Control (0 µg BPA/kg bw/day) 

EDC  Endocrine disrupting chemical 

EFSA  European Food Safety Authority 

F344  Fischer 344 rat 

Hd  Higher dose (50 µg BPA/kg bw/day) 

HPF  High power field (400x magnification) 

ImageJ Image Processing and Analysis in Java 

iWAT  Inguinal white adipose tissue 

Ld  Lower dose (0.5 µg BPA/kg bw/day) 

NOAEL No observable adverse effect level 

ORO  Oil red O 

SEM  Standard error of the mean 

TDI  Tolerable daily intake 

WAT  White adipose tissue 
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ABSTRACT 

 

Background: Developmental exposure to endocrine disrupting chemical (EDC), such 

as Bisphenol A (BPA) has been shown to affect the health during early stages in life. 

Aim: To assess whether developmental low-dose exposure to BPA alters adipocyte 

distribution and blood lipid levels in Fischer 344 (F344) rats. 

Method: Pregnant F344 rats were exposed to BPA via their drinking water from 

gestational day 3.5 throughout lactation. Doses given were one below the current 

European Food Safety Authority´s preliminary tolerable daily intake (TDI) of 4 µg 

BPA/kg bw/day, 0.5 [lower dose, Ld] and one equal to the previous TDI; 50 [higher 

dose, Hd] µg BPA/kg bw/day. Half the offspring was sacrificed at 5, and half at 52 

weeks of age. Body weight was registered, and plasma lipid levels were analyzed. 

Inguinal white adipose tissue (iWAT) was weighed, Oil red O-stained and analyzed 

histologically.  

Results:  Five-week-old Ld males and females Hd exhibited significantly higher 

triglyceride levels (31%, p<0.01; 41%,p<0.05, respectively) compared to control. 

Total cholesterol was borderline significantly increased (9%, p=0.0554) in 5-week-old 

Ld males, compared with control. Adipocyte cell density in the 5-week-old offspring 

was significantly increased; Ld female rats had increased cell density compared to 

control and Hd (22% and 23%,p<0.05, respectively), whereas the cell density of Hd 

males increased compared to Ld (29%, p<0.05). In the 52-week-old offspring blood 

lipid levels and iWAT cell density were not significantly affected. 

Conclusions: Results of the present study supports that developmental low-dose BPA 

exposure contributes to elevated triglyceride levels in 5-week-old animals. 

 

Key words: Inguinal adipose tissue • BPA • hyperplasia • hypertrophy • blood lipids  
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INTRODUCTION 

 

There are hundreds of commercially available chemicals with endocrine disrupting 

properties. An EDC is by definition an exogenous substance that can disturb the 

hormonal homeostasis (1). An endocrine disruptor can mimic a natural hormone and 

can for example start a signal transduction which may affect the metabolism (2). It is 

also known that endocrine disruptors, such as Bisphenol A (BPA), can function as 

receptor agonists, antagonists or catabolize hormones (3). 

    Overweight and obesity (body mass index ≥ 30), contributes to public health 

diseases with an increased risk of premature mortality. Obesity is of global concern, 

since it is associated with many common public health diseases (4). Some of the 

diseases associated with obesity are hypertension, diabetes type 2, hyperglycemia and 

hypercholesterolemia (4-6). The prevalence of these diseases has increased rapidly, 

especially in western countries especially since more children and adolescents than 

previous are being affected by obesity (4, 7). Increased caloric intake, reduced 

physical activity and the western pattern diets are some of the commonly associated 

causes of obesity (4, 7-9). However, these factors cannot solely explain the obesity 

epidemic. In the last decade, several studies have focused on environmental EDCs, 

having the potential to contribute to the obesity epidemic, thus termed obesogens (5, 

6).  

  

BPA is one of the most produced chemicals worldwide. This substance is used as a 

monomer in the manufacturing of polycarbonate and epoxy resins, and can be found 

in, for example, plastic bottles, food cans, food containers, dental composite filling, 

thermal paper and disposable syringes used in health care  (10, 11). There is clear 

evidence that BPA leaks from many of these products, leading to frequent and 

ubiquitous human exposure (10, 11). 

    Many developmental studies have shown adverse effects of long- and short-term 

BPA exposure in rodents. Some of the findings from these studies include alterations 

in cholesterol biosynthesis, increased adipogenesis and stimulation of lipid 

accumulation (8, 12, 13). Recently, Garcia-Arevalo et al.,(14) showed that 
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developmental exposure to BPA in mice can mimic the effects of a high-fat diet. They 

found significant increases in both body weight and the weight of the perigonadal 

white adipose tissue. There is plenty of evidence that exposure to EDCs, such as BPA, 

can be a potential cause of chronic diseases at low doses (12-14). 

 

Scientists have determined that human adults are exposed to BPA, with levels of about 

0.4-1.5 µg /kg bw/day (15). The U.S. Food and Drug Administration have, in 

collaboration with the Environmental Protection Agency, agreed on a no observable 

adverse effect level (NOAEL) of BPA to 5 mg/kg bw/day and a previous day tolerable 

daily intake (TDI) 50 µg/kg bw/ 
1
. EFSA has recently reduced the TDI from the 

previous 50 µg/kg bw/day to a preliminary 4 µg/kg bw/day in January 2015 
2
.  

1http://www.fda.gov/ohrms/dockets/ac/08/briefing/20080038b1_01_02_FDA%20BPA%20Draft%20Assessment2 

2http://www.efsa.europa.eu/en/topics/topic/bisphenol 

In their report, EFSA concluded that exposure to BPA poses a low health risk to the 

public and the methods used to evaluate effects of BPA have been refined 
2
. However, 

this new TDI is controversial as it has, for example, been suggested that doses of BPA 

20 times lower (0.2 µg/kg bw/day) than the current TDI can induce increased  lipid 

peroxidation and a reduction in the activity of antioxidant enzymes, which may 

contribute to oxidative stress (16).  

 

BPA has been shown to be absorbed in the oral mucosa, but the major absorption 

occurs via the gastrointestinal tract (17). The biotransformation of BPA occurs in the 

liver in humans. First-pass metabolism conjugates BPA to a more water-soluble 

metabolite; Bisphenol A-glucuronide. The substance is then excreted via the kidneys, 

and eliminated with the urine. The conjugation of BPA occurs in the liver also in rats. 

In F344 strain BPA-glucuronide is subsequently excreted via the urine, faeces and the 

bile, while other rat strains are reported to excrete the majority of their BPA-

glucuronide via the feces. This transformation can result in enterohepatic circulation 

http://www.efsa.europa.eu/en/topics/topic/bisphenol
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where the substance is de-conjugated, absorbed and transported back to the liver once 

again (18, 19).  

 

Adipose tissue has previously attracted very little attention. It was believed that the 

main tasks of adipose tissue were basal such as body heat control, insulation, 

protecting organs, storage and regulation of fatty acids; in contrary adipose tissue 

plays a major role in homeostasis, and is now regarded as an endocrine organ (20). In 

mammals, there are two types of adipose tissue: white adipose tissue (WAT) and 

brown adipose tissue (BAT). The WAT morphology is different from the morphology 

of in BAT; the cells are lighter and much larger than brown adipocytes, indicating that 

they store more lipid droplets. Their size depends on how many triglycerides they 

accumulate (21). However, brown adipocytes differ in size, on average from 30-40 µm 

in diameter compared to 60-100 µm in the white adipocytes. Brown adipocytes are 

darker than white adipocytes due to the mitochondrial density (21). Mitochondria are 

specialized in the production of adenosine triphosphate (ATP) and release of heat. 

 

Both the sympathetic and the parasympathetic nervous system have a direct effect on 

the adipose tissue such as stimulating lipolysis, and increasing fatty acid and insulin 

uptake. Approximately two decades ago, it was discovered that adipokines are 

cytokines that enrich adipocytes. Some examples of adipokines are: leptin, 

adiponectin, tumor necrosis factor-α (TNFα) and interleukin-6 (IL-6). In addition to 

the nervous systems interacting with adipokines, the adipokines also interacts with the 

pancreas, muscles, liver and several of the metabolic processes (21, 22). Down-

regulation of adipokine secretion is associated with a range of metabolic disorders 

such as cardiovascular disease, diabetes mellitus, up-regulation of very low-density 

lipoprotein and down-regulation of fatty acid oxidation (21, 22). 

    Nevertheless, adipogenesis is the process of cell differentiation, giving rise to the 

formation of new adipocytes, termed hyperplasia. In obesity, adipocytes increase in 

size, termed hypertrophy. As mentioned above, adipokine secretion can affect 

adipogenesis, causing hyperplasia, hypertrophy or both (23). A study showed that 

developmental exposure to BPA (5 µg/kg bw/day) in CD1 mice causes changes in the 
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regulation of key genes governing adipogenesis(12). Another study showed that 

female rats exposed to 70 µg BPA/ kg bw/day exhibited signs of hypertrophy in the 

perigonadal adipose tissue (13). However, there is a need for more studies focusing on 

the distribution of adipocytes in adipose tissue and whether BPA causes hyperplasia, 

hypertrophy or both. In order to determine whether developmental exposure to BPA 

has an impact on the regulation of adipogenesis, we have examined the inguinal 

(subcutaneous) white adipose tissue (iWAT) in the present study. 

 

This study is a part of a larger study, with the aims to assess the effects of 

developmental BPA exposure on adipose and bone development in Fischer 344 rats. 

The offspring was divided into three different dose groups, one below the current TDI 

(0.5 µg/kg bw/day), one at the previous TDI (50 µg/kg bw/day) and one control group 

(0 µg/kg bw/day). The aims of the present study were to examine whether low-dose 

developmental exposure to BPA in female and male F344 rat offspring 5 and 52-

weeks-old, alters adipocyte distribution in the inguinal adipose tissue as well as to 

assess whether BPA exposure has an effect on the blood lipid levels. 

 

MATERIALS OCH METHODS 

 

Ethical consideration and animal care 

The study was approved by the Uppsala Ethical Committee on Animal Research 

(C26/13). Humans and animals are daily exposed to various types of EDCs in utero, 

therefore, this experimental approaches used in this study was to be considered very 

relevant. 

Forty-five mated female Fischer 344 (F344) rats (8-9 weeks old) (Charles River, 

Germany) were housed at a facility at Uppsala University. 

The rats were housed under the following conditions: temperature at 22°C ± 1°C, 

humidity 55 % ± 5 % and 12 h cycle of light/darkness. Rats were kept in Polysulfone 

IV cages (Eurostandard IV) and served water in glass bottles to minimize contingent 

exposure to BPA (24). The pups were sorted to three pups per cage. None of the pups 
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in the same dose group had the same mother. Food and water was given ad libitum, 

and the rats were fed with a standard RM3 diet (growth food) until weaning and then 

RM1 diet (maintenance food), (Special Diet Services, UK). The diet was analyzed for 

phytoestrogens, and the levels were low according to the Organisation for Economic 

Co-operation and Development (25). The weight of the animals were registered; the 

offspring sacrificed at 5 weeks of age were weighed once a week from weaning,  and 

the offspring sacrificed at 52 weeks of age were weighed every week till week ten, and 

subsequently weighed once per month. 

     

Animals; BPA exposure and sacrifice  

The pregnant female rats were exposed to BPA from gestational day 3.5 and 

throughout lactation (postnatal day 22). The dams were exposed to BPA via their 

drinking water (26) and the consumption was measured. The doses were 0 µg/kg 

bw/day, Control [C], 0.5 µg/kg bw/day lower dose [Ld] and 50 µg/kg bw/day higher 

dose [Hd]. Exposure of the dams discontinued at weaning. The pups were divided into 

groups based on their gender and given dose.  

    The offspring were in total 129 animals, and they were sacrificed at two different 

time points; 5 weeks (male n= 33, female n= 30) and 52 weeks (male n= 33, female n= 

33). Before sacrifice the rat was anesthetized using an intraperitoneal injection with 

Rompun 10 mg/kg bw (Bayer, Leverkusen, Germany) and Ketalar 90 mg/kg bw 

(Pfizer, New York, USA). The rats were sacrificed by exsanguination via the 

abdominal aorta. 

 

Tissue sampling 

Blood samples from the exsanguination were mixed with an EDTA-solution. Plasma 

was prepared by centrifuging the tubes (1600 x g; for 10 min) and immediately stored 

at -70°C until later use. Total cholesterol and triglycerides were analyzed at the 

Uppsala University hospital department of laboratory medicine for analyses of total 

cholesterol and triglycerides. Plasma levels of cholesterol and triglycerides were 
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analyzed on an Architect c8000/c16000 (Abbott) using two different kits 

(Triglyceride, cat.nr: 7D74-21 and cholesterol, cat.nr: 7D62-21, Abbott). The iWAT 

located subcutaneously on the rats was collected, and weighed. A part of the inguinal 

fat depot was embedded in OCT (OCT Cryomount, Histolab) and immediately frozen 

in liquid nitrogen (-196°C) and stored in -70°C for morphology studies. 

 

Biopsy treatment and morphology observation 

The embedded adipose tissue samples were cut (-30°C) into 8-10 µm thick sections 

using a microtome (CM1860 UV, Leica Microsystems, Solms, Germany), and placed 

on a microscope slide (Menzel-Gläser Super frost plus, Thermo scientific). Every 

adipose tissue specimen was cryosectioned in two different layers. The distance 

between the layers was approximately 80 µm. Before staining with Oil Red O Solution 

(ORO), (C.I 26125; solvent red 27, Sigma chemical Co) the tissues was air dried (30-

60 min) while the staining solution was prepared. 

    For the stock solution, 0.625 g Oil red O was weighed and 100 mL 2-propanol (2-

Propanol 99.5 %, Emplura) was added to the ORO in a beaker. The stock solution was 

stirred using a magnetic stirrer and then filtered through a fine filter paper (5-13 µm, 

Qualitative filter paper, VWR) and left to set for 10 min before preparing the working 

solution. 

    For the working solution, 36 mL of ORO stock solution was diluted with 24 mL 

destilled water. 

    When the tissues had air dried, they were ORO-stained (1 x 4-7 min ORO working 

solution, 1 x 1 min rinsing water, 1 x 45-50 s Mayer hematoxylin (Mayers HTX, 

Histolab), 1 x 1 min rinsing water) and mounted with Aqua pertex (Aqua Pertex, 

Histolab Gothenburg) and a cover slip. 

    The stained biopsies were micrographed (High-power field, HPF) at four 

randomized areas with a light microscope, (DM RB microscope, Leica). To quantify 

the amount of adipocytes in the tissue, the computer software Image Processing and 

Analyses in Java (ImageJ) was used. Mean values for the four quantified images of 

each section were calculated.  
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Statistical analysis 

All results were analyzed using STATISTICA 12 (StatSoft Inc.).  Levene's test was 

performed to test homogeneity of variances and Shapiro-Wilk’s test was used to test 

normal distribution. The data was considered to be normally distributed if Levene´s 

test was p ≥ 0.05 and Shapiro-Wilk´s test was P ≥ 0.95. One way analysis of variance 

(ANOVA) was used if results were normally distributed and if not the Kruskal-Wallis 

test was used. A p ≤ 0.05 was considered to be statistically significant. The post-hoc 

tests performed were Bonferroni and Dunnett´s for normally distributed data, and the 

Kruskal-Wallis post-hoc test for non-normally distributed data. 

 

RESULTS 

 

Low BPA doses induces elevated levels of triglycerides in 5-week old animals 

Low-dose developmental exposure to BPA caused altered levels of blood lipids, in 

both female and male F344 offspring (5 weeks old). Five-week old males exposed to 

the lower dose (31%, p< 0.01, figure 1) and females exposed to the higher dose (41%, 

p< 0.05, figure 1), exhibited significantly higher triglyceride levels compared to 

control. Five-week-old males exhibited higher plasma cholesterol levels, the results 

was however borderline significant (9%, p = 0.0554), whereas no alteration in plasma 

cholesterol was observed between the groups in females (figure 1). The 52-week old 

F344 female and male offspring, revealed no significant changes neither in triglyceride 

nor cholesterol levels (figure 1). 

  



11 

 

 

 

 

Figure 1. Triglyceride and cholesterol levels in plasma, calculated in mmol/L. Fischer 344 

male and female rats developmentally exposed to BPA (control [C], 0 µg/kg bw/day lower 

dose [Ld] 0.5 µg/kg bw/day higher dose [Hd], 50 µg/kg bw/day), and sacrificed at 5 and 52 

weeks of age (5-week-old: female C, n=13. Ld, n=10. Hd, n=7 animals, male: C, n=13. Ld, 

n=11 and Hd, n=9 animals. 52-week-old: C. n=12 animals/ gender. Ld and Hd. n=8 

animals/gender). (A) Result of blood lipids in 5 week-old. (B) Results of blood lipids in 52 

week-old. Results are shown as mean ± SEM. * p < 0.05,  ** p < 0.01, statistically significant, 

∞ borderline significant.
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The body weight and the iWAT weights 

To study the body weight and fat pad development in the 5 and 52-week-old, F344 

offspring, the body weight was measured frequently, as well as the weight of iWAT at 

sacrifice. We found no evidence of a body weight increase at weaning in either of the 

offspring (table 1-4). Neither did we find a significant increase in the final body 

weight at five weeks of age, nor the weight gain (week 3 to week 5) (table 1-4). 

Furthermore, no significant difference in iWAT weight was observed between the 

groups in either of the 5 or 52 week-old offspring (table 1-4).  

 

Table 1. Male 5-week-old Fischer 344 rats developmentally exposed to BPA (Control, [C], n 

= 13, lower dose [Ld], n = 11, higher dose [Hd], n = 9). The table presents the body weight at 

weaning (week 3), final body weight, weight gain (from weaning until sacrifice at week 5) and 

weight of the inguinal fat pads (week 5). All values were calculated as mean ± SEM. 

Treatment [C] (n=13) [Ld] (n=11) [Hd] (n=9) 
P-value 

(ANOVA) 

Weaning bw (g) 40.8 ± 0.93 42.0 ± 0.86 41.3 ± 1.5 0.650 

Final bw (g) 81.0 ± 1.510 81.1 ± 2.155 79.9 ± 3.182 0.921 

Weight gain (g) 40.2 ± 1.0 42.0 ± 1.53 41.3 ± 1.86 0.640 

Inguinal fat pad (g) 0.37 ± 0.02 0.39 ± 0.02 0.35 ± 0.03 0.620 

 

Table 2. Female 5-week-old Fischer 344 rats developmentally exposed to Bisphenol A 

(Control, [C], n = 13, lower dose [Ld], n = 10, higher dose [Hd], n = 7). The table presents the 

body weight at weaning (week 3), final body weight, weight gain (from weaning until sacrifice 

at week 5) and weight of the inguinal fat pads (week 5). All values were calculated as mean ± 

SEM. 

Treatment [C] (n=13) [Ld] (n=10) [Hd] (n=7) 
P-value 

(ANOVA) 

Weaning bw (g) 38.8 ± 0.99 37.9 ± 1.0 35.9 ± 0.67 0.158 

Final bw (g) 76.8 ± 1.46 74.9 ± 1.58 77.7 ± 2.8 0.582 

Weight gain (g) 38.0 ± 0.76 37.0 ± 1.17 41.8 ± 3.13 0.124 

Inguinal fat pad (g) 0.31 ± 0.02 0.32 ± 0.02 0.33 ± 0.02 0.840 
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Table 3. Male 52-week-old Fischer 344 rats developmentally exposed to Bisphenol A 

(Control, [C], n = 13, lower dose [Ld], n = 11, higher dose [Hd], n = 9). The table presents the 

body weight at weaning (week 3), final body weight, weight gain (from weaning until sacrifice 

at week 52) and inguinal fat pads (week 52, at sacrifice) in males. All values were calculated 

as mean ± SEM. 

Treatment [C] (n=13) [Ld] (n=11) [Hd] (n=9) 
P-value 

(ANOVA) 

Weaning bw (g) 40.8 ± 0.93 42.0 ± 0.86 41.3 ± 1.5 0.650 

Final bw (g) 455.0 ± 5.81 448.6 ± 6.39 447.8 ± 7.04 0.660 

Weight gain (g) 404.2 ± 10.84 408.5 ± 6.18 408.9 ± 7.33 0.924 

Inguinal fat pad (g) 3.20 ± 0.13 2.96 ± 0.23 3.48 ± 0.24 0.206 

 

Table 4. Female 52-week-old Fischer 344 rats developmentally exposed to Bisphenol A 

(Control, [C], n = 13, lower dose [Ld], n = 11, higher dose [Hd], n = 9). The table presents the 

body weight at weaning (week 3), final body weight, weight gain (from weaning until sacrifice 

at week 52) and weight of the inguinal fat pads (week 52, at sacrifice) in females. All values 

were calculated as mean ± SEM. 
a
: data not normally distributed. 

Treatment [C] (n=13) [Ld] (n=11) [Hd] (n=9) 
P-value 

(ANOVA) 

Weaning bw (g) 40.8 ± 0.93 42.0 ± 0.86 41.3 ± 1.5 0.650 

Final bw (g) 218.3 ± 1.51 212.5 ± 2.16 223.0 ± 3.18 0.375 

Weight gain (g) 179.6 ± 2.17 175.2 ± 3.48 185.9 ± 7.08 0.380
a
 

Inguinal fat pad (g) 1.09 ± 0.08 1.01 ± 0.07 0.94 ± 0.126 0.525 
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Low BPA doses alters adipocyte cell density in 5-week-old animals 

We examined female and male F344 offspring developmentally exposed to low doses 

of BPA, and observed an altered adipocyte cell density in iWAT, indicating 

hyperplastic adipocytes at five weeks of age. This observation suggests an accelerated 

adipocyte proliferation. We analyzed the iWAT sections histologically using ORO 

lipid staining, HPF micrographs and assessment of the cell density by using the 

computer software ImageJ. The adipocyte cell density in the 5-week-old female and 

male offspring was significantly increased. Female rats exposed to lower dose [Ld] 

exhibited a significant increase in cell density by 22% (p< 0.05) compared to control, 

and we also observed an significant increase in [Ld] compared to the higher dose [Hd] 

by 23% (p< 0.05), (figure 5). Male rats exposed to [Hd] compared to [Ld] exhibited a 

significantly increased cell density by 29% (p< 0.05), (figure 5). However, 5-week-old 

males exposed to [Ld] in comparison to control did not reveal any significant effect in 

cell distribution and neither did the females exposed to [Hd] compared to control 

(figure 5). After analyzing the 52 week old female and male F344 offspring, we 

observed no difference in the cell adipocyte density compared to control, neither 

gender nor dose. (Figure 5). 
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Figure 5. Change in adipocyte cell density, in (A) 5 and (B) 52-week old Fischer 344 rats, 

developmentally exposed to Bisphenol A. Comparison of the numbers of adipocytes per high 

power field (HPF) between Ld (0.5 µg/kg bw/day), Hd (50 µg/kg bw/day) and control (C, 0 

µg/kg bw/day) in the inguinal white adipose tissue (n=6 animals/gender/group) in males and 

females. The result from each rat is a mean value of 8 different high power fields (HPF) in the 

tissue at two depths. Results are shown as mean ± SEM. *p ≤ 0.05, statistically significant. 
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DISCUSSION 

We observed that developmental low-dose BPA exposure to 5-weeks-old offspring 

induced higher triglyceride levels and increased iWAT cell density. However, no 

alteration was observed in the 52-week-old offspring developmentally exposed to 

BPA. 

 

The long-term effects of developmental BPA-exposed rodents have been studied 

earlier (13, 24), and it has been shown that BPA and other EDCs are associated with 

obesity (8, 12). The prevalence of obesity and overweight is increasing further in 

children (4). Obesity and overweight in early development leads to obese adults, 

which is a risk factor for morbidities such as hyperlipidemia, hypercholesterolemia, 

cardiovascular diseases and diabetes type 2 (5, 6, 27, 28). 

 

The effect of BPA exposed offspring in our study showed significantly higher levels of 

triglyceride levels in the 5-week old males, Ld, and females,Hd, compared to control. 

For the same dose group in males, Ld, the total cholesterol was borderline significantly 

elevated (p=0.0554) compared to control. However, the blood lipid levels in 52-week 

old offspring and the total cholesterol in 5-week old females were not significantly 

affected by BPA exposure. The results strongly suggest that low-dose exposure to 

BPA affects the triglyceride levels. The cause can potentially be disturbed lipogenesis 

and/ or adipogenesis governing adipokines, since interleukin-6 (IL-6) suppresses 

adiponectin and consequently down-regulates the fatty acid oxidation (22). A study 

conducted by Marmugi et al. (12), as well as other studies (13), have revealed a 

relationship between increased blood lipids and altered expression of genes governing 

lipogenesis and cholesterol biosynthesis. However, the focus of their study was to 

determine the long-term effects of postnatally BPA exposed Cluster of Differentiation 

1 (CD1) mice (12); while in the present study, we assessed the long and short-term 

effects in developmentally BPA exposed F344 rats. In another study by Marmugi et al. 

CD1 mice were exposed postnatally to BPA for 28 days. The results showed an 

increase in plasma triglyceride levels but total cholesterol and body weight were not 

significantly affected, which is similar to the results obtained in the present study (29). 
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The difference between the results could possibly be due to chosen methods used in 

the experiments, the choice of different species, gender and duration of exposure 

difference in doses and distribution route, and/ or choice of diet. 

 

The body and iWAT weight were recorded in 5 and 52 weeks old offspring. At 5 

weeks of age, the offspring did not exhibit an increase in body weight, neither in 

females nor males compared to control, as well as the 52-week old offspring did not 

reveal any significantly increases in body weight nor the iWAT weight compared to 

control. The lack of significant dose-related effects on the body and iWAT weight 

suggested that an unaltered significant effect on the body weight in gender and/ or age 

is not solely dependent on the unaltered adipocyte mass, but the duration of the 

exposure may play an important role. This present study is consistent with some of the 

earlier BPA studies, showing no or subtle effects on the total body weight or fat pads 

weighs in rodents (13, 24, 29, 30). 

 

Our findings revealed a significant increase in cell density in iWAT of 5-week old 

offspring. Females exposed to Ld revealed a significant increase of iWAT, cell density 

in comparison to control and Hd. Males exposed to Hd, also demonstrated a significant 

increase of the cell density compared to Ld. The adipocyte cell density in the 52-week 

old F344 rats born to the BPA-exposed dams was not significantly altered compared to 

control. 

    The increase of adipocytes clearly indicated adipocyte hyperplasia, showing an 

increased number of cells, in contrast to hypertrophy, where the cell volume increases. 

The number of adipocytes is suggested to be determined in childhood and adolescence 

and remains the same in adulthood (31). When adipocyte mass progresses, such as in 

obesity, hyperplastic growth in adipocyte cells takes place prior to hypertrophy, 

suggesting that obesity depends on both the number and size of adipocytes (32). 

Adipocytes accumulate triglycerides, triggering hyperplasia and causing hypertrophy 

to meet the need of storage of the excess triglycerides (23, 32). Hyperplasia itself does 

not generate much of the fat mass increase since the cells are small with minor lipid 

content (23). 
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The aim of this study was to assess the effect of developmental low-dose exposure to 

BPA in F344 rats. Pregnant female F344 rats were exposed to BPA from gestational 

day 3.5 and throughout lactation (postnatal day 22) and sacrificed at 5 and 52 weeks, 

respectively. In the present study, we were interested in whether developmental 

exposure to low doses of BPA would induce changes in the body weight, weight of the 

iWAT, cell distribution in iWAT as well as blood lipid levels. 

    In the present study we can conclude that developmental low-dose exposure to 

Bisphenol A can have a negative impact during early development. Our results 

indicate that developmental doses of BPA eight times below the current TDI (4 µg 

BPA/kg bw/day) can induce iWAT hyperplasia. This can potentially increase the risk 

for obesity later in life, since development of adipocytes occurs in the early stage of 

life and remains the same in adulthood (31). We also saw a significant increase in 

plasma triglyceride levels in both male and female 5-week-old offspring, indicating 

hyperlipidemia. 

    We saw no significant effects regarding iWAT adipocyte cell density or blood lipids 

in the 52-week-old offspring of dams exposed to 0.5 or 50 µg BPA/kg bw/day. The 

potential cause may be that the effect diminishes over time since BPA does not 

accumulate in the body, as it is excreted to the kidneys and eliminated with the 

urine(17-19), and unlike humans that are constantly exposed to BPA from food and 

the environment, the exposure of the animals in this study was discontinued at 

weaning. 

    The histological method functioned well. It was hard to cryosection the 52-week-old 

rats, compared with the 5-week-old rats where it went flawlessly. This is potentially 

due to the fat composition in 52-week-old rats may be hard to cryosection. The 

quantification of the adipocytes with ImageJ was semi-quantitative since the cells were 

counted manually via the software. The major part of the quantification was however 

performed by one individual, which reduces the source of error. 

 

In conclusion, this study demonstrated that F344 rats developmentally exposed to low 

doses of BPA shows signs of metabolic imbalance. BPA exposure during early 
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development caused iWAT hyperplasia and elevated plasma triglyceride levels in the 

5-week old, but not 52-week old offspring. However, no evidence that BPA causes 

altered effect on the body and the fat pad weights was found. This is consistent with a 

previous study (24).The findings of an altered metabolic balance in our study raises 

concern, as the effects  of low-dose BPA exposure observed in the present study are 

well below the current preliminary tolerable  daily intake recently established by 

EFSA (4 µg BPA/kg bw/day). 
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