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Responses of acrylamide-treated rat bladders
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Abstract: Objective: Acrylamide (ACR) is a chemical used in many industries around the world and more recently 
was found to be formed naturally in foods cooked at high temperatures. ACR was shown to be a neurotoxicant, 
reproductive toxicant, and carcinogen in animal species. The aim of the present study is to evaluate the infl u-
ence of ACR treatment on urinary bladder responses to carbachol (10-9–3x10-4 M) and potassium chloride (KCl; 
5–100 mM), each of them causes receptor-dependent and receptor-independent contractions, respectively. We 
also examined the role of gender in these responses. 
Material and methods: Rats of both genders were divided into three groups as follows: (1) Control animals (2) 
ACR-I; ACR-treated (2 mg/kg-d for 90 days) (3) ACR-II; ACR-treated (5 mg/kg-d for 90 days). 
Results: In rats treated with ACR, the EC50 values of carbachol and KCl, but not the maximal response, to both 
agents were signifi cantly higher than in control group. Histopathological parameters such as edema, congestion, 
infl ammatory cells, microvascular proliferation, fi brosis, eosinophils, mast cells and epithelial damage were all 
higher in the ACR-treated group than in the controls. 
Conclusions: These results demonstrate for the fi rst time that ACR-treatment can induce urinary bladder injury 
(Tab. 4, Fig. 4, Ref. 30). Full Text in PDF www.elis.sk.
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Acrylamide (ACR) is a vinyl monomer used worldwide for 
the production of polyacrylamides (EPA, 2009). Polyacrylamides 
are primarily used as fl occulants for treating industrial waste 
water or municipal drinking water (1–4). They are also used 
for manufacturing dyes, adhesives, as a pulp/paper thickening 
agent, in oil recovery, and as chemical grouts in tunnels, sew-
ers, and wells (1, 4). The low molecular weight and high water 
solubility of ACR enable this compound to easily pass through 
various biological membranes (5–7). For this reason, all tissues 
are theoretically targets for acrylamide carcinogenesis. Acryl-
amide is a chemical product formed when frying, roasting, grill-
ing or baking carbohydrate-rich foods at temperatures above 
120 degrees C. Acrylamide is thus found in a number of foods, 
such as bread, crisps, French fries and coffee. Tobacco smoking 
also generates substantial amounts of acrylamide. Acrylamide 
is rapidly ingested and largely distributed to different body tis-
sues despite urinary excretion. Most of ACR iss eliminated in 
urine mainly as conjugates with urinary mercapturic acids (8). 
Data on toxicity for human mainly come from data from work-
ers, who are exposed through air and skin. Daily exposure to 

ACR through oral or intraperitoneal route at doses between 0.5 
and 50 mg/kg/day has been associated with neurological toxic-
ity in different animal species (9, 10). The majority of animal 
studies to date have involved subchronic ACR administration 
(<90 days exposure) at relatively high daily dose-rates (milli-
gram per kilogram per day) via the i.p. or oral (gavage, drink-
ing water) route (9).

Although gender differences in responsiveness of the bladder 
to muscarinic stimulation have been reported (11, 12), the effects 
of ACR-treatment due to gender differences have not been inves-
tigated on rat urinary bladder. Our aim was to study the effects 
of ACR on the detrusor smooth muscle contractility, by giving 
ACR in the drinking water of rats for 90 days. The relationships 
between functional changes and structural damage in the treated 
bladder were also investigated in both genders. 

Materials and methods 

Animals and husbandry
Male and female weaned Wistar rats, weighing 65–75 g and 

aged 3–4 weeks, were obtained from Selcuk University Experi-
mental Medicine Research and Application Centre (Konya, Tur-
key). The rats were housed in wire-topped opaque polycarbonate 
cages and maintained under constant environmental conditions 
with a 12 h light/dark schedule. The environmental temperature 
was 20±2 oC and humidity was 50 %. Commercial food pellets 
and drinking water were provided ad libitum. The protocols of 
the animal experiments were approved by the internal ethical 
commitee of the agency. 
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Experimental design 
Male and female Wistar rats were included in this experiment. 

Animals of each gender were segregated into three groups each 
contained 6 animals. Two of them were treatment groups and one 
of them was a control group. ACR was administered to the treat-
ment groups at 2 and 5 mg/kg b.w./day via drinking water for 90 
days. Tap water was administered to control group in the same 
manner as in the treatment groups. Body weights of rats were 
measured in all groups before and 90 days after ARC treatment. 

All animals were sacrifi ced 24h after the last treatment by cervi-
cal dislocation. The lower abdomen was opened, the urinary bladders 
were exposed and placed in a petri dish containing Krebs-Henseleit 
solution (KHS, mM: NaCl 119, KCl 4.70, MgSO4 1.50, KH2PO4 
1.20, CaCl2 2.50, NaHCO3 25, Glucose 11) with the connective 
tissues cut out. Changes in isometric tension were recorded by a 
force-displacement transducer (BIOPAC MP36, Santa Barbara, Ca-
lifornia, USA) connected through amplifi ers to a ITBS08 Integrated 
Tissue Bath System (Commat, Ankara, Turkey). Starting from each 
baldder, a single detrusor strip (2x10 mm) was prepared for in vitro 
investigations and a second one was sent for pathological research.

Organ baths
The bladder strip was mounted at 0.5 g tension in a 25 ml 

organ bath containing KHS mantained at 37 °C and aerated with 
95 % O2 and 5 % CO2. Tissues were allowed to equilibrate for 1 h. 
Then cumulative concentration-response curves were determined 
for carbachol (10-8–3x10-4M). 

 In another part of the study, the tissues were contracted with 
KCl (5–100 mM). This procedure was repeated for each group. 
Only one agent was tested in each preparation (n=6) from three 
different rat groups. 

Histochemical examinations
Urinary bladder segments (n=6) were used for histopathologi-

cal assessments. Studies were performed on strips separated prior 

to the organ chamber experiments, fi xed immediately in forma-
lin (10 %) and processed using histopathological procedures for 
subsequent paraffi n embedding. Tissues were then sectioned at 5 
μm, stained with either hematoxylin-eosin (HE) for morphological 
evaluation, Masson trichrome (for the examination of fi brosis) and 
Toluidine Blue (to show mast cells), by a pathologist. The prepa-
rations were examined using a light microscope, for edema, con-
gestion, infl ammatory cells, microvascular proliferation, fi brosis, 
eosinophils, mast cells and epithelial damage. Histopathological 
fi ndings were scored on a scale of 0 (normal) to 3 (severe changes).

Chemicals
Acrylamide (Cas 79-06-1) was received from Sigma Aldrich 

Chemical Company. The material was a white odourless crystal-
line solid, with a chemical purity of >99 % (for electrophoresis). 
The test material was prepared weakly and stored at room tem-
perature. All chemicals used in experiments were obtained from 
Sigma Chemical (St. Louis, MO, USA).

Male Female
 Car (x10-6M) KCl (x10-2M) Car (x10-6M) KCl (x10-2M)

Control 2.5±0.1  4.3±0.1 0.8±0.3 3.2±0.1
ACR-I 1.6±0.1a 2.8±0.1a 0.5±0.1a 2.3±0.2a

ACR-II 0.8±0.2a,b 2.1±0.2a,b 0.2±0.1a,b 1.5±0.3a,b

a p<0.05  compared to control, b p<0.05  compared to ACR-I

Tab. 1. EC50 values for carbachol (Car) and KCl of rat urinary blad-
der. ACR-I; 2 mg/kg ACR-treated, ACR-II; 5 mg/kg ACR-treated. 
Each value is derived from six experiments. Data are means ± SEM.

Male Female
   Car (x10-6M) KCl (x10-2M) Car (x10-6M)    KCl (x10-2M)
Control 1.1±0.1 1.3±0.1 1.2±0.1 1.4±0.1
ACR-I 1.2±0.1 1.4±0.1 1.3±0.1 1.5±0.1
ACR-II 1.3±0.2 1.5±0.2 1.4±0.2 1.6±0.2

Tab. 2. Emax (g) values carbachol and KCl of rat urinary bladder. ACR-
I; 2 mg/kg ACR-treated, ACR-II; 5 mg/kg ACR-treated. Each value is 
derived from six experiments. Data are means ± SEM.

Edema Congestion Infl ammatory 
cells

Microvascular 
proliferation

Fibrosis Eosinophil Mast cells Epithelial 
damage

Control 
(GI)

0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)

ACR 
2 mg/kg (GII)

1.2* (1–2) 1.2* (1–2) 0.5* (0–1) 0.4 (0–1) 0.2 (0–1) 0.5 (0–1) 0.8 (0–1) 0 (0–0)

ACR
5 mg/kg (GIII)

1.7* (1–2) 1.3* (1–2) 1.3* (1–2) 1.3* (1–2) 1.2* (1–2) 1.5* (1–2) 1.5* (1–3) 0.7* (0–1)

* p<0.05 compared with control group

Tab. 3. Comparison of histological damage of male rat bladders median (min-max).

Edema Congestion Infl ammatory 
cells

Microvascular 
proliferation

Fibrosis Eosinophil Mast cells Epithelial 
damage

Control 
(GI)

0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)

ACR 
2 mg/kg (GII)

1* (1–2) 1.2* (1–2) 0.8* (0–1) 0.3 (0–1) 0 (0–0) 0.5* (0–1) 0.8 (0–1) 0 (0–0)

ACR
5 mg/kg (GIII)

1.8* (1–3) 1.8* (1–3) 2* (1–3) 2* (1–3) 1* (1–2) 2* (1–3) 2* (1–3) 1* (1– 2)

* p<0.05 compared with control group

Tab. 4.  Comparison of histological damage of female rat bladders median (min-max).
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Statistical analysis 
Concentrations of the contractile agents causing 50 % of the 

maximal response (EC50) were calculated from each individual 
concentration-response curve. Maximal responses and EC50 values 
for curves obtained from control and ACR (2 mg/kg)-treated or 
control and ACR (5 mg/kg)-treated and in both gender (between 
two groups) were compared by using Student’s t test. Statistical 
signifi cance was set at p<0.05. The histopathological results were 
expressed as median (min-max). All numerical data were fi rst ana-
lyzed using the nonparametric Kruskal-Wallis test (whether there 
was a difference between groups) and then the Mann-Whitney U-
test was performed to analyze two groups consecutively.

Results

Histopathologic fi ndings
All histological parameters are summarized in Tables 3 and 

4. Control animals with histologically normal bladders were as-
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Fig. 1. Carbachol concentration-response curves of control, 2 mg/kg-d 
(ACR-I) and 5 mg/kg-d (ACR-II) ACR-treated male rat bladder. Each 
point is the mean ± SE of 6 experiments.

Fig. 2. Carbachol concentration-response curves of control, 2 mg/kg-d 
(ACR-I) and 5 mg/kg-d (ACR-II) ACR-treated female rat bladder. 
Each point is the mean ± SE of 6 experiments.

Fig. 4. KCl concentration-response curves of control, 2 mg/kg-d (ACR-
I) and 5 mg/kg-d (ACR-II) ACR-treated female rat bladder. Each point 
is the mean ± SE of 6 experiments.
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Fig. 3. KCl concentration-response curves of control, 2 mg/kg-d (ACR-
I) and 5 mg/kg-d (ACR-II) ACR-treated male rat bladder. Each point 
is the mean ± SE of 6 experiments.
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signed a score of “0” for all parameters. A comparison of control 
(GI) and ACR-treated; GII and GIII groups for all parameters like 
edema, congestion, infl ammatory cells, microvascular prolifera-
tion, fi brosis, eosinophil, mast cells and epithelial damage recorded 
signifi cantly higher values in GIII (p<0.05). Figure 5 also displayed 
photographic alterations in the urinary bladder.

Contractile response to carbachol
Carbachol (10-9–3x10-4 M) produced concentration-dependent 

contractions of male and female rat urinary bladder (Figs 1 and 
2). Treatment with ACR signifi cantly enhanced the sensitivity of 
the preparations to carbachol, when compared to the control in 
both gender (Tab. 2).

 In both genders, treatment with ACR signifi cantly enhanced 
the sensitivity of the preparations towards carbachol, but not maxi-
mum response, as compared with the control group. The sensitiv-
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ity of female rat urinary bladder to carbachol was higher (p<0.05) 
than male rat urinary bladder in all groups (Tab. 2). 

Tables 1 and 2 show the EC50 and Emax values of carbachol, 
respectively. 

Contractile response to KCl
Figures 3 and 4 show the effects of KCl (5–100 mM) in male 

and female rat aorta from control, Group I and Group II. In control 
rats of both gender, KCl produced concentration-dependent cont-
ractions. The sensitivity of female rat urinary bladder to KCl was 
higher (p<0.05) than male rat urinary bladder in all groups (Tab. 1). 

In both genders, treatment with ACR; both 2 mg/kg-d and 
5 mg/kg-d signifi cantly enhanced the sensitivity (p<0.05) of the 
preparations towards KCl, but not maximum response (Tab. 2), 
as compared with the control group. 

The sensitivity of female rat urinary bladder to KCl was high-
er (p<0.05) than male rat urinary bladder in all groups (Tab. 2). 

Discussion 

In the present work, we studied the effects of ACR-treatment 
on male and female rat urinary bladder function and histological 
structure. To our knowledge, this is the fi rst study to show the ef-
fects of ACR treatment on the contractile responses of rat urinary 
bladder. ACR is a chemical product formed when frying, roast-
ing, grilling or baking carbohydrate-rich foods at temperatures 
above 120 degrees C. Tobacco smoking also generates substantial 
amounts of acrylamide. 

 Urinary bladder is an elastic organ whose function is storage 
and subsequent release of urine. Carbachol-induced bladder cont-
ractions are mainly mediated via M3 receptor subtype and depend 
not only on Ca2+ release from the intracellular calcium stores but 
also on Ca2+ infl ux via L-type Ca2+ channels. The proposed cellu-
lar mechanisms for muscarinic M3 receptor-mediated contractions 
involve inositol trisphosphate (IP3)-induced and possibly Ca2+-
induced Ca2+ release from intracellular stores, Ca2+ infl ux via ni-
fedipine-sensitive L-type Ca2+ channels and increased sensitivity 
of the contractile machinery to Ca2+ via inhibition of myosin light 
chain phosphatase through activation of rho kinase (13–17). It is 
known that KCl stimulates Ca2+ infl ux through voltage-sensitive 
Ca2+ channels and induces contractions (18, 19). Potassium is 
commonly used as a nonselective stimulant, a depolarizer and a 
pharmacological tool to open a voltage-dependent Ca2+ channel.

Our results indicate that carbachol- and KCl-induced reprodu-
cible contractions in rat urinary bladder. Compared with the control 
responses, in preparations obtained from ACR-pretreated rats, the 
sensitivity to carbachol and KCl was increased in both genders. 
The mechanism under the increased sensitivity of urinary bladder 
to both agents in ACR treated rats is not understood. To the best of 
our knowledge, no previous data on the effects of ACR-treatment 
on urinary bladder are available. Post and McLeod (20) showed 
that ACR caused an enhanced responsiveness of the cat mesente-
ric bed to exogenously applied phenylephrine and noradrenaline, 
which indicates a supersensitivity of the receptors to these agents. 
Further, Ralevic et al (21) reported that in rat mesenteric vessels 

although responses to exogenous NA appeared to be greater after 
ACR treatment, this was not statistically signifi cant and responses 
to ATP were unaffected.

Our results also demonstrate that female rat urinary bladder 
preparations were more sensitive to carbachol and KCl than male 
preparations in control and ACR-treated groups. Similarly, the 
histopathological fi ndings are more evident in female rat urinary 
bladder than male groups. The organ bath experiments demonstra-
ted that the contractile response to the muscarinic receptor agonist 
carbachol was also similar in both genders with regard to agonist 
potency and maximum effects, and this was found both in rat and 
in human bladder (22). These fi ndings are similar to those reported 
from murine bladder (23) but slightly different from those reported 
from rat bladder by other investigators (24). This mechanism ap-
pears to be reduced in female rats by the presence of endogenous 
or exogenous estrogen. Gender differences in vascular activity 
may be modulated by actions of estradiol on chloride handling 
and other anions in vascular smooth muscle, which may be lin-
ked to transport of Ca2+ across the vascular muscle cell membrane 
(25). Similarly, studies on the vascular function between males 
and females suggest that female sex hormones are implicated, at 
least in part, in the protective effects of gender on the vasculature 
(26, 27). Membrane depolarization by high KCl mainly stimu-
lates Ca2+ entry from the extracellular space (28). Reports that 
KCl-induced smooth muscle contraction, Ca2+ infl ux and [Ca2+]i 
are greater in males than females further support possible gender 
differences in the Ca2+-entry mechanisms (29, 30). These results 
support our observation. 

In our study, histopathological changes representing tissue da-
mage, such as edema, congestion, infl ammatory cells, microvas-
cular proliferation, fi brosis, eosinophil, mast cells and epithelial 
damage, were signifi cantly higher in bladder sections from ACR-
treated rats. Especially in 5 mg/kg-d ACR-treated rats.

In conclusion, the results of the present study suggest that the 
pretreatment with ACR increased the sensitivity to carbachol and 
KCl in both genders of rat bladder. Histopathological parameters 
such as edema, congestion, infl ammatory cells, microvascular 
proliferation, fi brosis, eosinophil, mast cells and epithelial dama-
ge were all higher in the ACR-treated group than in the controls. 
These results demonstrate for the fi rst time that ACR-treatment 
can induce urinary bladder injury. These results show that die-
tary ACR caused abnormalities in the experimental rats. So, we 
recommended that people continue to eat a balanced diet, rich in 
fruits and vegetables. We also advise that food should not be co-
oked excessively for too long time or at too high temperatures. 
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