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Effect of PCB118 on expression of COX-2 and cPLA2 in rat testes
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Abstract : Polychlorinated biphenyls (PCBs) are synthetic organic compounds with two benzene rings and

well known environmental pollutants. This study examined the effect of persistent exposure to 2,3´,4,4´,5-

pentachlorobiphenyl (PCB118) on the proinflammatory and proapoptotic factors in male rats. Male Sprague

Dawley rats were administered weekly intraperitoneal injections of either PCB118 (20 mg/kg) dissolved

in corn oil or corn oil alone. One week after 2 and 5 administrations, the rats were sacrificed by a

pentobarbital injection. The effect of PCB118 on the expression of cyclooxygenase 2 (COX-2), cytosolic

phospholipase A2 (cPLA2), peroxisome proliferator-activated receptor gamma, Bcl and Bcl-2-associated X

protein (BAX) was investigated. The level of COX-2 and cPLA2 expression was higher in the PCB118-

treated rats than the control. These results suggest that PCB118 has a proinflammatory effect in rats.
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Introduction

Polychlorinated biphenyls (PCBs) are persistent

environmental pollutants that are quite toxic to biological

systems. They are lipophilic and can accumulate in humans

and animals. PCBs cause a range of health problems

due to their their stability and persistence in the

environment. They are composed of 209 congeners

based on the number and position of the chlorine atoms

attached to the two benzene rings. It was reported that

the mechanism for the toxicity of PCB might differ

according to the PCB congener. Dioxin-like PCBs

(non-ortho-substituted PCBs) mediate the aryl hydrocarbon

receptor (AhR)-dependent mechanism and non-dioxin-

like PCBs (ortho-substituted PCBs) do not activate

AhR [14, 17].

Studies on PCBs show that they have produced toxic

responses. PCBs increase the mortality rate from

stomach and intestinal cancer [16]. Exposure to PCBs

has toxic effects on the nervous system [6, 25],

reproductive function [26, 27] and inflammation on the

expression of cPLA2 and cyclooxygenase 2 (COX-2)

[1, 3]. PCBs disturb the thyroid hormone in rats [5, 9]. 

It was previously reported that PCB 126 (200 µg/kg)

affects the reproductive function in rats. Toxic equivalency

factor (TEF) of PCB 126 is approximately 1000 times

more toxic than PCB 118 [27]. In this study, a PCB118

concentration (20 mg/kg) was used. In addition, previously

report showed that PCBs have a negative effect on the

female reproductive system [4, 15, 18, 20, 21]. As

mentioned previously, PCBs have an impact on the

female reproductive system. 

This study examined the effect of persistent exposure

to PCB118 (non-dioxin-like) on the pro-apoptotic and

proinflammatory signaling pathway in male rats. The

proapoptotic and proinflammatory properties of PCB118

were examined by measuring the levels of peroxisome

proliferator-activated receptor gamma (PPARγ), Bcl-xL,

Bcl-2–associated X protein (BAX), cytosolic phospholipase

A2 (cPLA2) and COX-2 expression. 

Materials and Methods

Animals and treatments

Six week old Sprague Dawley male rats (Animal Bio

Resources Bank, Korea) were used. The rats were
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housed in cages with a 12 h light/dark cycle at 21 ±

2oC and 50 ± 5% humidity, and given a commercial diet

(standard formular) and water ad libitum. PCB118 at

99.0% purity was obtained from Dr. Ehrenstorfer

Company (Germany). Stock solutions were prepared

by dissolving PCB118 in n-hexane. A PCB stock

solution was added to corn oil (20 mg/mL) and vortexed.

The n-hexane was then removed by evaporation. The rats

were divided into 2 groups: PCB118-treated and control.

Each group was subdivided into 2 groups: 2 and 5

injections groups. A total of 20 rats were divided into

4 groups containing 5 rats each. The rats in each group

received weekly intraperitoneal injections of either

PCB118 (20 mg/kg) dissolved in corn oil (0.2 mL) or

corn oil (0.2 mL) alone (control). One week after 2

and 5 administrations, the animals were sacrificed by

a pentobarbital injection. The testes and liver were

collected and the samples were stored at −70oC until

needed. The animal experiment was performed according

to the Gyeongsang National University Experimental

Animals guidelines (Approval No: GNU-LA-011).

Western blotting

25 mg of tissue was added to a lysis buffer consisting

of 0.05 M Tris-Hcl (pH 8.0), 1.5 M sodium chloride,

0.02% sodium azide, 0.1% SDS, 1% NP-40, 0.05%

sodium deoxycholate and a protease inhibiter (Halt

Protease Inhibitro Cocktail Kit; Pierce, USA). The samples

were sonicated for 6 min (total processing time:

pursing for 3 min, resting for 3 min) in an ice slurry.

The homogenized sample was centrifuged at 13,000

rpm at 4oC for 30 min. The clear supernatant was then

transferred to an Eppendorf tube and stored at −70oC

until needed. The protein concentration was estimated

using a Bradford protein assay kit (Bio-Rad, USA).

The sample was mixed with ×5 sample buffer [60 mM

Tris-Hcl (pH 6.8), 25% glycerol, 2% SDS, 14.4 mM

2-mercaptoethanol, a few grains of bromophenol blue],

and boiled for 5 min. The sample underwent electrophoreses

through a 12% polyacrylamide gel. 

The gel was then transferred to a polyvinyldene fluoride

(PVDF) membrane (Immobilon-P, 0.45 mm; Millipore,

USA) using a TE 77 Semi-Dry Transfer Unit (GE

Healthcare Life Sciences, USA). The PVDF membrane

was blocked with 5% skim milk in phosphate buffered

saline (pH 7.4) for 30 min. The membrane was then

incubated with the primary antibody for 90 min. After

washing with 0.05% PBST, the membrane was

incubated for 1 hour with the secondary antibody. After

washing again with 0.05% PBST, the membrane was

soaked in an ECL Western Blotting Detection Reagent

(GE Healthcare Life Sciences, USA) and exposed to

X-ray film (Fuji, Japan). 

Statistical analysis

All statistical analyses were performed using the

SPSS 14.0 program. A t-test was used to analyze the

data and a p value < 0.05 was considered significant. 

Results

Table 1 shows the body weight, testes weight and

testes/body weight. There were a significantly lower

body and testes weights in the PCB118-treated rats

given 5 shots than the control (p < 0.05). However, no

significant changes in the testes/body weight ratios were

observed. 

The effect of persistent exposure to PCB118 on the

expression of the proinflammatory and proapoptotic

mediators was examined by separating the liver and

testes lysates by SDS-PAGE, and transferring the

proteins onto a PVDF membrane. The level of COX-

2 expression in the testes of the PCB118-treated rats

given 5 shots was significantly higher than the control.

Table 1. Body weight, testes weight and testis/body weight of the rats exposed to PCB118

Groups 2 shots 5 shots

Body weight (g)
Control 146.67 ± 2.52 319.33 ± 27.57

PCB118 153 ± 21.92 212.33 ± 13.44*

Testes weight (g)
Control 2.146 ± 0.018 3.808 ± 0.244

PCB118 2.166 ± 0.119 2.558 ± 0.091*

Testes weight/Body weight

(mg/g)

Control 1.484 ± 0.030 1.194 ± 0.034

PCB118 1.422 ± 0.091 1.205 ± 0.011

The values are represented as the mean ± SD. *Significantly different from the control values at p < 0.05. 
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On the other hand, there was no difference in the level

of COX-2 expression in the liver of the PCB118-

treated rats given 2 and 5 shots (Fig. 1). The level of

cPLA2 expression in the testes of the PCB118-treated

rats given 5 shots was significantly higher than the

control. However, there was no significant difference

in level of cPLA2 expression in the liver of the

PCB118-treated rats given 2 and 5 shots (Fig. 1). The

levels of PPARγ, Bcl-xL and BAX expression were

relatively unchanged in all groups (Fig. 2).

Discussion

This study examined the effect of PCB118 on

proinflammatory and proapoptotic signaling at the

protein level. The levels of cPLA2 and COX-2 expression

were significantly higher in the testes of the PCB118-

treated rats given 5 shots. This shows that persistent

exposure to PCB118 can have proinflammatory effect

in the rat testes. Previous studies reported that both

dioxin-like and non-dioxin-like PCBs affect the proinflammatory

factors, such as NF-κB, IL-6 and COX-2 [7, 10]. In

Fig. 1. Expression of the proinflammatory factors in the Rat Testes and Liver after administering corn oil and PCB118

(20 mg/kg). a-actin was used as the standard. Exposure to PCB118 (20 mg/kg) increased the level of cyclooxygenase 2

(COX-2) and cytosolic phospholipase A2 (cPLA2) translation in the testis. The asterisks indicate significant differences

from the controls (p < 0.05). 

Fig. 2. Expression of the proapoptotic factors in the Rat Testes and Liver after the administration of corn oil and PCB118

(20 mg/kg). a-actin was used as the standard. The expression of Bcl-2-associated X protein (BAX), Bcl-xL and peroxisome

proliferator-activated receptor gamma (PPARa) were relatively unchanged in all groups.
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addition, Umannová et al. [23] suggested that non-

dioxin-like PCBs might have a toxic effect by inducing

arachidonic acid. The effects of PCBs on arachidonic

acid are well known. The precise mechanism for PCB-

mediated inflammation is unclear. cPLA2 is activated

by mitogen-activated protein kinase (MAPK) and cPLA2

induces the release of arachidonic acid. Prostaglandin

E2 is then produced from the arachidonic acid released

by COX-2. Therefore, the MAPK signaling pathway

should be examined to obtain information on the

precise mechanism. 

The levels of cPLA2 and COX-2 expression were

relative unchanged in the liver sample. The tissue

distribution of PCB118 in the liver decreased in a time-

dependent manner. In a previous study, 5 days after

administration, the distribution ratio of PCB118 was

0.1 compared to the PCB118 concentration 6 hours

after administration [13]. Therefore, the changes in the

cPLA2 and COX-2 levels in liver are due to the half-

life of PCB118. 

BAX, Bcl-xL and PPARγ expression were also

investigated at the protein level. BAX and Bcl-xL

mediate the apoptotic signaling pathway. BAX causes

the release of cytochrome c from the mitochondria,

which can lead to cell death. The antiapoptotic Bcl-

2 family, such as Bcl-xL and Bcl-2, prevent the BAX-

mediated response [11, 12, 22]. PPARã is involved in

pathological changes, such as obesity, diabetes and

cancer. In previous reports, exposure to PCBs causes

apoptosis via BAX and Bcl-2 [8, 19]. 

In this study, the level of BAX, Bcl-xL and PPARã

were relatively unchanged. The level of BAX expression

in the testes of the PCB118-treated rats given 5 shots

was lower than the control, whereas the level of Bcl-

xL expression in the liver of the PCB118-treated rats

given 2 shots was higher than the control. However,

the expression level was not changed significantly.

Although the various apoptotic factors were not

examined sufficiently, it is believed that apoptosis was

not induced at this PCB118 dose. The potential toxicity

of PCBs is generally evaluated by the TEFs [24]. In

this study, the PCB118 dose was quite low considering

the TEFs of the other PCBs. 

In conclusion, persistent exposure to PCB118 may

induce inflammation in the testes. PCB118 have a

proinflammatory effect by up-regulating cPLA2 and

COX-2. 
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