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ABSTRACT 

 Dichloroacetic acid(DCA) is a chlorinated disinfection by-product(CDBPs) compound.  It is used as a therapeutic agent 
to treat lactic acidosis, diabetes, and familial hyperlipidaemia in humans. DCA is formed from organic material during 
water chlorination. Male albino rats were orally administered with 125mg/kg-body weight of Dichloroacetic  acid for 30 
days, 60 days and 90 days. The animals were sacrificed and reproductive organs were quickly dissected out and washed 
in saline solution for biochemical estimation. The study also showed a significant reduction in testis and accessory 
organs enzymes, succinic dehydrogenase(SDH)  and Adenosine triphosphatase (ATPase) but Acid phosphatase(ACP) 
enzyme showed significant increase and Alkaline phosphatase(ALP) showed significant reduction in testis, seminal 
vesicle and prostate gland but significant increase in epididymis at 30, 60 and 90 days respectively. The result concluded 
that oral exposure to Dichloroacetic acid cause toxic effect on enzyme activity and reproductive functions. 
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INTRODUCTION 
Dichloroacetic acid (DCA) is a chlorinated disinfection by-product(CDBPs).  It is also known as 
dichloroacetate and dichloroethanoic acid [1]. It is used as a topical astringent, fungicide and medicinal 
disinfectants a test reagent for analytical measurements, to treat lactic acidosis, diabetes, and familial 
hyperlipidaemia  and in the synthesis of organic materials, including pharmaceuticals. DCA is a colourless 
to slightly yellow liquid with a pungent odour [2]. DCA is formed from organic material during water 
chlorination. It is speculated that DCA be found in meat & other food products This would result from the 
use of chlorine in food production & processing, including the disinfection of chicken; processing of 
seafood poultry and red meats; sanitizing of equipment and containers; & oxidizing and bleaching in flour 
industry. Dichloroacetic acid has also been detected in swimming pool water. In a German study of 15 
indoor and 3 outdoor swimming pools [3]. DCA is a probable carcinogen to humans and other animals 
DCA is carcinogenic and a reproductive toxicant in rats [2].  
Therefore, the objective of the study was to clarify the effect following to Dichloroacetic acid(DCA) on the 
activity of specific enzymes, succinic dehydrogenase(SDH), Adenosine triphosphatase (ATPase), Acid 
phosphatase(ACP)) and Alkaline phosphatase(ALP) in testis, epididymis, seminal vesicle and prostate 
gland tissues of male albino rats. 
 
MATERIALS AND METHODS  
Animals- 24 adult male albino rats with average weight of 150-250g were randomly assigned into four 
groups A, B, C and D of (n=6) in each groups. Groups A, B, C and D (n=6) serves as treatment groups while 
group D (n=6) is the control. The animals will be maintained in hygienic environment and fed with 
commercially available pellets of rat chow and water ad libitum. They will be kept in humidity and 
temperature controlled rooms and exposed to 12-h dark light cycles. 
DICHLOROACETIC ACID ADMINISTRATION: - The rats in the treatment group A, B and C was given 
125mg/kg-bodyweight dose of DCA, with orally. The control D group was fed with normally rat chow and 
pellets without DCA for 30 days, 60 days and 90 days.  The rats were sacrificed after 30 days, 60 days and 
90 days of the experiment. 
BIOCHEMICAL ESTIMATIONS:- Rats were killed quickly by trans-spinal dissection method and testis and 
other accessory organs were collected and used  for  the   preparation   of   homogenates [4]. Tissue were 
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quickly washed in ice-cold 0.9% NaCl, blotted on   filter   paper,   weighed   and homogenized  in a   Potter   
Elvejam   homogenizer  with  a  glass   pestle   in  10   volumes of homogenization  solution   containing   
0.25 M  sucrose,  10 mM  dithiothreitol  (DTT),   20mM NaF, 1Mm EDTA and 20mM  imidazole- HCl, pH 7.0 
at  200 C. 0.1mM   phenylmethylsulfonyl fluoride  was   added   immediately  before homogenization. The 
homogenate was centrifuged for 20 min. at 45,000 RPM at 40 C and the supernatant was removed and 
stored on ice and enzyme activity in the supernatant represents the free enzyme fraction.  
The resultant supernatant used for determination of alkaline phosphatase(ALP) and acid 
phosphatase(ACP) [5,6]     Adenosine Triphosphatase(ATPase) [7] and Succinic dehydrogenase(SDH) [8]. 
STATISTICAL ANALYSIS:- The data was subjected to analysis of variance  (ANOVA) and the values are  
mean ± SDM of seven replicates. The superscripts a-d indicates that p > 0.01, 0.02, 0.03, 0.04. 
 
RESULTS  
BIOCHEMICAL ASSAYS- ALP (Alkaline Phosphatase):- The ALP fall was reported in testis, seminal 
vesicle and prostate gland but rise was recorded in epididymis at 30, 60 and 90 days. The ALP fall was 
highest in testis in comparison to seminal vesicle and prostate gland. Whereas the alkaline phosphatase 
rise was noticed  in epididymis between 60 to 90 days as compared to control group. [Table-1] 
 

TABLE:-1 EFFECT OF DCA ON ALP SPECIFIC ACTIVITY OF THE MALE REPRODUCTIVE SYSTEM OF 
ALBINO RATS 

 
S.N0. 

 
Days 

ALP specific Activity (µmoles pi/mg protein/min) 
Reproductive Organ 

Testis Seminal Vesicle Prostate Gland Epididymis. 
Mean ± SDM Mean ± SDM Mean ± SDM Mean ± SDM 

1 Control 1.56±0.05 0.84±1.05 0.72±0.09 0.99±1.34 
2 30-days 0.88±0.03d 0.60±0.43b 0.54±0.03c 1.21±0.52c 
3 60-days 0.62±0.08b 0.48±0.32b 0.40±0.07b 1.42±0.66c 
4 90-days 0.49±0.02c 0.32±0.28a 0.34±0.05b 1.58±0.60d 

 
Values [µmoles pi/mg protein/min] are mean±SDM of 7 replicates. The data was subjected to test of  
ANOVA and the superscripts a-d indicates that the values are significant at p> 0.01, 0.02, 0.03 and 0.04. 
ACP (Acid Phosphatase):- The exposure of DCA for 30, 60 and 90 days registered a rise in ACP in all the 
organs of reproductive system. But marked rise in ACP was recorded in testis, seminal vesicle, prostate 
gland and epididymis between 60 to 90 days as compared to control group. [Table-2] 
 

TABLE:-2 EFFECT OF DCA ON ACP SPECIFIC ACTIVITY OF THE MALE REPRODUCTIVE SYSTEM OF 
ALBINO RATS 

 
S.N0. 

 
Days 

ACP specific Activity (µmoles pi/mg protein/min) 
Reproductive Organ 

Testis Seminal Vesicle Prostate Gland Epididymis. 
Mean ± SDM Mean ± SDM Mean ± SDM Mean ± SDM 

1 Control 1.48±1.02 0.92±0.06 0.81±0.56 1.05±0.04 
2 30-days 1.49±0.05d 1.24±0.03d 1.09±0.34d 1.45±0.06c 
3 60-days 1.72±0.07c 1.52±0.05c 1.36±0.26d 1.82±0.03d 
4 90-days 1.96±0.09c 1.64±0.03d 1.49±0.18b 1.99±0.05d 

                  
Values [µmoles pi/mg protein/min] are mean±SDM of 7 replicates. The data was subjected to test of  
ANOVA and the superscripts a-d indicates that the values are significant at p> 0.01, 0.02, 0.03 and 0.04. 
SDH (Succinic Dehydrogenase):- The SDH fall of DCA exposure was recorded at 30, 60 and 90 days in 
testis, seminal vesicle, prostate gland and epididymis. Highest fall was noticed between 60 to 90 days in 
testis, seminal vesicle, prostate gland and epididymis as compared to control group. [Table-3] 
 

TABLE:-3 EFFECT OF DCA ON SDH SPECIFIC ACTIVITY OF THE MALE REPRODUCTIVE SYSTEM OF 
ALBINO RATS 

 
S.N0. 

 
Days 

SDH specific Activity (µmoles pi/mg protein/min) 
Reproductive Organ 

Testis Seminal Vesicle Prostate Gland Epididymis. 
Mean ± SDM Mean ± SDM Mean ± SDM Mean ± SDM 

1 Control 1.56±0.14 0.94±0.17 0.72±0.22 1.09±0.07 
2 30-days 1.19±0.06c 0.66±0.13d 0.58±0.16c 0.92±0.75a 
3 60-days 0.98±0.05c 0.54±0.09b 0.44±0.13d 0.80±0.39c 
4 90-days 0.76±0.08b 0.46±0.03c 0.38±0.04b 0.64±0.59a 
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Values [µmoles pi/mg protein/min] are mean±SDM of 7 replicates. The data was subjected to test of  
ANOVA and the superscripts a-d indicates that the values are significant at p> 0.01, 0.02, 0.03 and 0.04. 
ATPase (Adenosine triphosphatase):-  The DCA (125mg/kg b.w./day) was given to albino rats for 30, 
60 and 90 days and the ATPase enzyme fall was observed at 30, 60 and 90 days in testis, seminal vesicle, 
prostate gland and epididymis. But highest reduction was obtained between 60 to 90 days in testis, 
seminal vesicle, prostate gland and epididymis as compared to control group. [Table-4]                                      
 

TABLE:-4 EFFECT OF DCA ON ATPase SPECIFIC ACTIVITY OF THE MALE REPRODUCTIVE SYSTEM 
OF ALBINO RATS 

 
S.N0. 

 
Days 

ATPase specific Activity (µmoles pi/mg protein/min) 
Reproductive Organ 

Testis Seminal Vesicle Prostate Gland Epididymis. 
Mean ± SDM Mean ± SDM Mean ± SDM Mean ± SDM 

1 Control 1.88±0.49 1.06±1.12 0.89±0.14 1.38±0.04 
2 30-days 1.36±0.34c 0.89±0.09b 0.71±0.10d 1.21±0.06c 
3 60-days 1.05±0.28c 0.72±0.05c 0.60±0.08b 0.94±0.09b 
4 90-days 0.92±0.13b 0.43±0.03c 0.49±0.05b 0.80±0.07d 

 
Values [µmoles pi/mg protein/min] are mean±SDM of 7 replicates. The data was subjected to test of 
ANOVA and the superscripts a-d indicates that the values are significant at p> 0.01, 0.02, 0.03 and 0.04. 
 
DISCUSSION 
The present investigation was carried out to explore the effect of DCA on testis and accessory organs of 
male albino rats at 30 days, 60 days and 90 days.  
In the present study showed a significant reduction in testis and accessory organs enzymes, succinic 
dehydrogenase(SDH)  and Adenosine triphosphatase (ATPase) but Acid phosphatase(ACP) enzyme 
showed significant increase and Alkaline phosphatase(ALP) showed significant reduction in testis, 
seminal vesicle and prostate gland but significant increase in epididymis at 30, 60 and 90 days 
respectively. Similar results were recorded by Linder et al. [9] in male albino rats.  
Chowdhury [10] observed that the doses of 1 mg/kg, 2 mg/kg, 4 mg/kg and 6 mg/kg lead acetate were 
administered intraperitonially to rats for 30 days. Higher dosages of lead acetate through i.p. route (4 
mg/kg and 6 mg/kg) indicated significant decrease in certain key seminal constituents like, fructose and 
succinic dehydrogenase which indicated the male reproductive functional impairment in system exposed 
to lead acetate and the inhibition of certain membrane bound enzymes, like, 5’-nucleotidase, ATPase and  
alkaline phosphatase were also observed in the testicular tissues with high dosages of lead acetate 
treated rats. At low dose(1mg/kg, 2mg/kg) of lead acetate the activity of succinic dehydrogenase and 
alkaline phosphatase were decreased in seminal plasma.   
Manawadi  and Kaliwal [11] observed that methomyl  was given orally to male albino mice in distilled 
water vehicle at 1, 2, 3 and 4 mg/kg/d based on daily body weight for 30 days and effective dose 4 mg for 
5, 10 and 20 days. The study on enzyme activities in testis and epididymis revealed that the treatment at 
3 and 4 mg/kg/day and 4 mg/kg /day for 20 days of methomyl caused significant decrease in the 
activities of succinic dehydrogenase (SDH), ions ATPase (Na+-K+-ATPase, and acid phosphatase (ACP) 
were decreased significantly. Alkaline phosphatase (ALP) activities were increased significantly. 
However, treatment with 1 and 2 mg/kg/day and 4 mg/kg/day for 5, 10 days of methomyl treatment 
caused no significant change in enzyme activities in testis and epididymis, except the activity of Na+-K+-
ATPase decreased significantly in testis when compared with controls.  
Verma and Mathuria [12] investigated aflatoxin dose on male mice, in 25 [ Low dose (LD)] and 50 [ High 
dose (HD)] µg/0.2 ml olive oil /animal/day ( 750 and 1500 µg/kg b.w.) respectively with and without 
curcumin for 45 days. After 45 days they reported significant reduction in the activities of succinate 
dehydrogenase (SDH) and adenosine triphosphatase  (ATPase) as well as sialic acid and  protein contents 
in both caput and cauda epididymis.   
El-Wakf et al. [13] observed that sodium nitrate (NaNO3) was administered with drinking water at a dose 
of 550 mg/L for four months and  turmeric was given as 1% (w/w) in diet, while curcumin was 
administered orally at dose of 20 mg/kg b.w. They observed significant reduction in testicular enzymes, 
ACP and ALP in male rats. 
Wei et al. [14] investigated that 50 mg/L of sodium fluoride solution was administration to rats. Three 
fluoride-after-selenium groups were given to drink three kinds of sodium selenite solution, then drank 50 
mg/L sodium fluoride solution. The enzyme activities of ALP was significantly increased in fluoride-after-
low-dose selenium group, similar significant increased was found in the activity of ACP in all the fluoride-
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after-selenium groups respectively, significant increase  in the activity of Na+-K+-ATPase was observed in 
the mid-selenium group in testis and epididymis. 
Health Canada [1] and HSDB [15]  observed that DCA, DBA, BCA and other HAAs disinfection byproducts 
(DBPs) inhibit biochemical enzymes in rats, mice and human. They inhibit pyruvate dehydrogenase, 
lactate dehydrogenase  [15], alanine dehydrogenase, protein kinase, acetyl-coA, ALP, aldehyde 
dehydrogenase,  ATPase, glucose-6-phosphatase,  glutathione s-transferase(GSTzeta), alanin-glyoxylate 
transaminase, beta-glucosidase (GLU), nitroredutase (NR), azoreductase(AR), dechlorinase (DC) [15].  
So in the present study, the biochemical enzymes (ALP, ACP, SDH, and ATPase) were estimated in testis, 
epididymis, seminal vesicle and prostate gland of male rats. Our study observed that  the dose of 
125mg/kg b.w. of DCA inhibits  (ALP, ACP, SDH, and ATPase) in testis, epididymis, seminal vesicle and 
prostate gland of male rats at 30, 60 and 90 days. 
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