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ABSTRACT

Extensive application of pesticides is usually accompanied with serious problems of pollution 
and health hazards. Lambda-cyhalothrin (LCT), a type II synthetic pyrethroid, is widely used 
in agriculture, home pest control and protection of foodstuff. This study designed to evalu-
ate the dose dependent haematological, hepatic and gonadal toxicity of LCT at different dose 
levels in Wistar rat. Investigations were also done to find out the toxic effect of lambda cyha-
lothrin on lipid metabolism in female rat and its amelioration by taurine. Rats were exposed 
to different doses of lambda cyhalothrin over a period of 14 consecutive days. Exposure to 
LCT produced ataxia, agitation, rolling and also tremors which were considered as the signs 
of toxicity. Significant decrease in erythrocyte count, haemoglobin percentage, seminal fruc-
tose concentration, hepatic and testicular reduced glutathione (GSH) content was observed. 
Increase in leukocyte count, serum aspartic and alanine transaminase, hepatic and testicular 
malondialdehyde (MDA), testicular and ovarian cholesterol after LCT treatment were seen in 
male rats at the dose level of 10.83 mg/kg body wt. (1/7th LD50). Elevated ovarian cholesterol 
and MDA and reduced 3β hydroxy steroid dehydrogenase (HSD) and GSH level were also 
observed in lambda cyhalothrin exposed female rat at the dose level of 6.29 mg/kg body wt. 
(1/9th LD50). LCT caused increase in serum triglyceride, cholesterol, low density lipoproteins 
(LDL), very low density lipoproteins (VLDL) and bilirubin and decrease in serum high density 
lipoproteins (HDL) in female rat. Taurine pretreatment ameliorated LCT induced altered lipid 
metabolic biomarkers in female rat. 

KEYWORDS: Lambda cyhalothrin; Taurine; Wistar rat; Hepatic and gonadal toxicity; Lipid 
metabolism.

ABBREVIATIONS: LCT: Lambda-cyhalothrin; GSH: Glutathione; MDA: Malondialdehyde; 
HSD: Hydroxy Steroid Dehydrogenase; LDL: Low Density Lipoproteins; VLDL: Very Low 
Density Lipoproteins; HDL: High Density Lipoproteins; DNA: Deoxyribonucleic acid; EC: 
Emulsifiable Concentrate; CPCSEA: Committee for the Purpose of Control and Supervision of 
Experiments on Animals. 

INTRODUCTION

The interaction of xenobiotics with the biological system is a multifaceted phenomenon, which 
comprises interplay between the environment, the host and the chemical substance. Chemical 
contagion as a result of pesticide introduction has been assumed as one of the factors for the 
deterioration of natural fauna. Indiscriminate application of pesticides is usually accompanied 
with serious problems of pollution and health hazards.1
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 Pyrethroids, derivatives of natural pyrethrins have been 
well known for their high effectiveness against insects and can 
be easily biodegraded than other types of pesticides.2 In spite 
of claims of low mammalian toxicity of pyrethroid, several in-
vestigations reported the toxicological evidence of pyrethroid 
among various species of animals.3 Pyrethroids are easily ab-
sorbed through gastrointestinal and respiratory tract due to their 
lipophilic nature and also make them easier to be stored in the 
lipid rich internal tissues like body fat, skin, liver, kidney, central 
and peripheral nervous systems. Hemato-biochemical studies 
are important for the analysis of the functional status of animals 
to suspected toxic agents. It may act as a strong evidence against 
toxicity of contaminated pyrethroid insecticides. Recent reports 
have clarified that exposure to pyrethroid leads to a significant 
modifications in hematological findings.4 On the other hand the 
liver is the first organ encountered when toxicants enter into the 
body. The liver was found to accumulate a huge pyrethroid resi-
dues as it is the primary site for pyrethroid metabolism. A large 
number of man-made chemicals such as pesticides stated to 
produce liver damage.5 Several investigations also reported that 
pesticides adversely affect the testicular functions in experimen-
tal animals6-9 as well as they are potent endocrine disrupters.10,11 

Pesticides are responsible for oxidative stress that causes free 
radicals generation, leading to deoxyribonucleic acid (DNA) 
fragmentation.12,13

 Lambda-cyhalothrin (LCT), a type II pyrethroid pesti-
cide, is used worldwide to control pests in a variety of agricultural 
crops. LCT is chemically alpha-cyano-3phenoxybenzy3-(2-chlo-
ro-3,3,3 trifluoropropenyl)-2,2,dimethylcyclo- propane carbox-
ylate. It revealed that lambda-cyhalothrin is moderately toxic for 
mammals12,13 and highly toxic for fish, aquatic invertebrates and 
bees. LCT at low concentrations can cause death in these spe-
cies.14,15 The degree of concentration and nature of solvent are 
important for the toxicity of lambda cyhalothrin.16 

 Taurine (2-aminoethane sulphonic acid), a free intra-
cellular sulfonated beta amino acid, is present in many animal 
tissues especially muscle, brain, liver, heart, etc.17 From the 
metabolism of methionine and cysteine, taurine is derived and 
is much more concentrated in pro-inflammatory cells such as 
polymorphonuclear phagocytes and in the retina.18 Taurine takes 
part in bile acid conjugation, detoxification, osmoregulation and 
modulation of cellular calcium level.19-21 Taurine acts as major 
antioxidant in most living organism which attributes its ability to 
stabilize biomembranes17 and to scavenge reactive oxygen spe-
cies.22 

 For any pesticide, the exposure concentration is impor-
tant in the alteration of its toxicity. So in our present study, LCT 
were administered at different concentrations to find out the 
exact toxic dose levels of LCT which can produce hematologi-
cal, hepatic and gonadal toxicity in male and female Wistar rat. 
At the same time, investigation was also carried out to evaluate 
the protective role of taurine against LCT induced alterations in 

lipid metabolism of female rat.

MATERIALS AND METHODS

Chemicals and Reagents

Lambda cyhalothrin 5% emulsifiable concentrate (EC) was 
procured from RPC Agro Industries, Kolkata. Taurine was pur-
chased Sigma Aldrich Inc., USA. All other chemicals used were 
of analytical grade and were purchased from Merck India Ltd, 
Himedia India Ltd, etc.

Animals and Care
 
For the present study mature Wistar male and female albino rats 
(weighing 130-150 g) were taken and the animals were housed 
in polypropylene cages at an ambient temperature of 25 °C ±2 
°C with 12 hrs light-dark cycle. The rats were acclimatized for 
one week prior to different treatments. The standard laboratory 
feed and water were supplied throughout the period of experi-
mentation. The present study was approved by the Institutional 
Animal Ethical Committee (IAEC), registered under Commit-
tee for the Purpose of Control and Supervision of Experiments 
on Animals (CPCSEA), Govt. of India and performed in accor-
dance to the relevant laws and guidelines of the CPCSEA.

Experimental Design

A commercial formulation of lambda cyhalothrin 5% EC ‘Ka-
rate’ was used for the study. Dilution of lambda cyhalothrin was 
done in distilled water to acquire the test concentrations. The test 
concentrations of lambda cyhalothrin were measured from the 
percentage of the active ingredient present in above mentioned 
commercial formulation of lambda cyhalothrin. 

 Healthy mature Wistar rats  (n=6, for control and each 
dose group) of either sex selected by random sampling, were 
used for the study. The rats were kept fasting for overnight pro-
viding only sufficient water, after which LCT were administered 
orally for 14 consecutive days at the dose level of 6.89 mg/kg 
body wt. (i.e. 1/11th LD50 dose) for male and 5.15 mg/kg body 
wt. (i.e. 1/11th LD50 dose) for female. Sharma et al23 reported that 
oral LD50 dose of LCT for mature male and female rats were 
75.85 and 56.69 mg/kg body wt. respectively. The procedure 
was repeated for the dose levels of 7.58(1/10th LD50), 8.42(1/9th 
LD50), 10.83(1/7th LD50), 15.17(1/5th LD50), 18.96(1/4th LD50), 
25.28(1/3rd LD50) mg/kg body wt.24 for male rats. For female 
rats, lambda-cyhalothrin were administered orally at the dose 
levels of 5.66(1/10th LD50), 6.29(1/9th LD50), 8.09(1/7th LD50), 
11.33(1/5th LD50), 14.17(1/4th LD50), 18.89(1/3rd LD50) mg/kg 
body weight. Dose solutions were freshly prepared immediately 
before usage.

 In another separate set of experiment, female rats were 
divided into the following six groups each containing six to as-
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sess LCT induced toxicity to lipid metabolism and to find out 
the protective effect of taurine against this toxicity. Taurine was 
administered at the dose level of 50 mg/kg body wt., which was 
effectively used to protect the toxicity induced by various xeno-
biotics.25,26

1. Group A: Control (no treatment).
2. Group B: Taurine control (50 mg/kg body wt.).
3. Group C: LCT low dose (1/9 of LD50 value i.e., 6.3 mg/ kg 

body wt.).
4. Group D: Taurine (50 mg/kg body wt.)+lambda-cyhalothrin 

low dose (6.3 mg/kg body wt.).
5. Group E: Lambda-cyhalothrin high dose (1/5 of LD50 value 

i.e., 11.33 mg/kg body wt.).
6. Group F: Taurine (50 mg/kg body wt.)+lambda-cyhalothrin 

high dose (11.33 mg/kg body wt.).

 At the end of the doses, the animals were fasted over-
night. On 15th day, the rats were anesthetized with pentobarbital 
sodium (35 mg/kg) and sacrificed by cervical dislocation. Sam-
ples were collected and stored at -80 ºC until analysis. 

Study on Body Weight

Body weight of individual overnight fasting male and female 
animals was taken regularly before the administration of LCT. 
After 24 hrs of the treatment of the last dose, all animals were 
weighed and then sacrificed.

Measurement of Haematological Parameters in Male Rat

Erythrocyte count: Erythrocyte count was done by the dilution 
of blood with red blood cell (RBC) dilution fluid (1:200) and the 
total erythrocyte counts27 were expressed as ×106 /mm3.

Estimation of haemoglobin percentage: The haemoglobin per-
centage was measured by cyanmethemoglobin method.28 Using 
Drabkin’s diluent as a blank, the optical density was measured 
at 540 nm.

Total leukocyte count: Blood was diluted (1:20) with white 
blood cell (WBC) dilution fluid and total leukocyte were count-
ed using Neubaur haemocytometer.27 

Study of Hepatic Biomarkers in Male Rat

Assay of serum glutamate-oxaloacetate transaminase (SGOT) 
and serum glutamate-pyruvate transaminase (SGPT): For 
SGOT sample, 1 ml of buffer substrate (2.66 gm aspartic acid, 
60 mg α-ketoglutaric acid and, 20.5 ml of 1(N) NaOH and 100 
ml of volume was made by 0.1 M phosphate buffer, pH-7.4) and 
for SGPT sample, 1 ml of buffer substrate (1.78 gm DL-alanine, 
30 mg α-ketoglutaric acid, 20 ml of 0.1M phosphate buffer and 
1.25 ml of 0.4(N) NaOH) were taken and waited for 5 min at 37 
ºC. Then 0.2 ml of serum sample was mixed and incubated at 37 
ºC for 60 min. To prepare standard, 0.2 ml of working standard 

(200 µM/100 ml) was taken in a test tube and 0.8 ml of buffer 
substrate was added. For blank, 1.0 ml of buffer substrate was 
taken. In each of sample, standard and blank test tubes, 1 ml 
of 2,4-dinitrophenylhydrazine hydrochloride (DNPH) solution 
were added and waited for another 20 min. Then 10 ml of 0.4(N) 
NaOH was mixed and waited for 10 minutes. Readings were 
taken at 520 nm in spectrophotometer29 (UV-245 Shimadzu, Ja-
pan).

Assay of hepatic malondialdehyde (MDA): Malondialdehyde 
(MDA) was determined by the mixing of 1 ml of sample with 
0.2 ml of 8.1% sodium dodecyl sulfate, 1.5 ml of acetate buffer 
(20%, pH-3.5) and 1.5 ml of aqueous solution of thiobarbituric 
acid (0.8%) and the mixtures were boiled for 60 min at 95 ºC. 
After heating when the red pigment was produced, that was ex-
tracted with 5 ml of n-butanol-pyridine (15:1) and centrifuged at 
5000 rpm for 10 min at room temperature. The optical density of 
supernatants was measured at 535 nm.30

Estimation of hepatic reduced glutathione (GSH) content: 100 
µl of sulfosalicylic acid was mixed with 200 μl of sample. Then 
the mixture was allowed for centrifugation at 3000 rpm for 10 
min. With the supernatant, 1.8 ml of DTNB was included and 
shaken well.31 Final reading was noted at 412 nm.

Study of Male Reproductive Parameters

Measurement of seminal fructose concentration: In a centrifuge 
tube, 1 ml of diluted seminal plasma (five times dilution was 
done by mixing 0.1 ml of seminal plasma with 4.9 ml of distilled 
water) was added with 0.3 ml of 1.8 gm% ZnSO4 and 2 ml of 0.1 
M NaOH. After 15 min, the mixture was centrifuged at 2000 g to 
obtain the supernatant. Then seminal fructose concentration was 
measured by taking 0.5 ml of supernatant as sample, 0.5 ml of 
0.14 mM and 0.28 mM fructose solutions as two standards and 
0.5 ml of distilled water as blank. Then, 0.5 ml of indole reagent 
and 5 ml of concentrated HCl were added to each test tube. The 
test tubes were then incubated at 50 ºC for 20 min and were 
cooled in ice water and then in room temperature.32 The reading 
was taken at 470 nm in spectrophotometer (UV-245 Shimadzu, 
Japan).

Estimation of testicular cholesterol: Testicular tissue was ho-
mogenized with 0.5% FeCl3 solution at a conc. of 20 mg/ml. Su-
pernatant was collected after centrifugation of the homogenized 
tissue at 2000 rpm for 10 min. Then 0.1 ml of supernatant was 
added with 6 ml of glacial acetic acid to prepare sample. Simul-
taneously 5.9 ml of glacial acetic acid was added with 0.1 ml of 
working standard and 0.1 ml of distilled water to prepare stan-
dard. Blank was prepared by mixing 6 ml of glacial acetic acid 
and 0.1 ml of distilled water. Then 4 ml of colour reagents were 
added to each, mixed vigorously and stand for 20 minutes for 
spectrophotometric reading at 570 nm against blank.33

Assay of testicular malondialdehyde (MDA) and reduced gluta-
thione (GSH) content: Testicular malondialdehyde (MDA) and 
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reduced glutathione (GSH) content were measured by the re-
spective above mentioned methods.30,31

Study of Female Reproductive Parameters

Estimation of ovarian Δ5, 3β-hydroxysteroid dehydrogenase (Δ5, 
3β-HSD) activity: Homogenizing media was prepared by 20 ml 
of glycerol, 0.01 M EDTA in 0.05 M phosphate buffer in 100 
ml with redistilled water. Tissue homogenate (20 mg/ml homog-
enizing media) was centrifuged at 10,000 rpm for 30 min at 4 ºC 
in a cold centrifuge. One ml of supernatant was mixed with 1 ml 
of sodium pyrophosphate buffer and 40 µl of dehydroepiandros-
terone (DHEA). After addition of 0.1 ml of NAD, the activity 
of ∆5,3β-HSD was measured at 340 nm against a blank (without 
NAD).34

Assay of ovarian cholesterol, malondialdehyde (MDA) and re-
duced glutathione (GSH) content: Ovarian cholesterol, malondi-
aldehyde (MDA) and reduced glutathione (GSH) content were 
measured by the respective above mentioned methods.33,30,31

Study of the protective effect of taurine on serum bilirubin and 
lipid profile in female rat in selected dose levels

Serum bilirubin was determined by the method of Jendrassik 
and Grof using commercial diagnostic reagent kit.35 Serum cho-
lesterol (CHO), triglyceride (TG) and high density lipoprotein 
cholesterol (HDL) were estimated by the commercial diagnostic 
reagent kit.36 VLDL was calculated using the formula (TG/5).37 
LDL concentration (mg/dL) was estimated indirectly from 
the concentrations of CHO, TG and HDL using the equation37 
LDL=CHO-(VLDL+HDL).

Statistical Analysis

The data was expressed as Mean±SEM. The differences between 
the means of each group were tested using a one way ANOVA 

test (using a statistical package, Origin 6.1, Northampton, MA, 
USA). p<0.05 was considered to indicate a statistically signifi-
cant difference.

RESULTS 

General Observations

After each treatment of lambda cyhalothrin, the animals were 
kept under observation at least once in 30 min interval. Spe-
cial attention was given up to 4 hrs from the time of treatment. 
Rats those were exposed to different doses of lambda cyhalo-
thrin over a period of 14 days produce ataxia, agitation, rolling 
and also tremors which were considered as the signs of toxicity 
up to eleventh day of treatment after which the symptoms were 
reduced.

Changes in Body Weight, Food and Water Intake 

Significant changes in final body weight were found at the dose 
level of 10.83 mg/kg body wt. (1/7th LD50) in male rats and at 
the dose level of 5.15 mg/kg body wt. (1/11th LD50) in female rat 
(Figure 1). No differences in food and water consumption were 
seen in last consecutive four days of treatment in the experimen-
tal schedule but there was little non-significant alterations ob-
served in food consumption at the exposure dose levels of 1/4th 
and 1/3rd LD50. 
 
Effect on Haematological Parameters in Male Rat

To find out the dose dependent effect of LCT, some clinically 
significant biochemical parameters from each system were stud-
ied. From the study it was seen that total erythrocyte count was 
decreased significantly (p<0.05) from the dose level of 10.83 
mg/kg body wt. (1/7th LD50) to 25.28 mg/kg body wt. (1/3rd LD50) 
in male rat (Table 1). No significant changes were found below 
10.83 mg/kg body wt. (1/7th LD50 dose). Maximum toxic effect 

Figure 1: Effect of lambda cyhalothrin on body weight of male and female rat. Results are expressed as 
Mean±SEM. Analysis is done by one way ANOVA. Superscript a, control group versus all other groups 
(*indicates p<0.001). (For male and female the LD50 values are different which are mentioned in materials 
and methods section).
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of LCT was exhibited at the 15.17 mg/kg body wt. (1/5th LD50 
dose) without any mortality. Interestingly, the rate of mortal-
ity was increased from the dose level of 18.96 mg/kg body wt.  
(1/4th LD50). Similar results were found in case of haemoglobin 
percentage (p<0.01). Table 1 displays the significant (p<0.001) 
increase in leukocyte count in lambda cyhalothrin treated male 
rats from the dose level of 1/7th LD50 to 1/3rd LD50.

Effect on Hepatic Biomarkers in Male Rat

Activities of serum glutamate-oxaloacetate transaminase 
(SGOT) and serum glutamate-pyruvate transaminase (SGPT): 
The effects of LCT on SGOT, SGPT are shown in Figures 2A, 

and 2B respectively. The activity of these two important hepatic 
transaminase enzymes were increased significantly (p<0.001) 
with increase in the concentration of LCT as compared to the 
control rats. No significant alterations were noted below 10.83 
mg/kg body wt. (1/7th LD50 dose) in male rat.

Hepatic lipid peroxidation and glutathione content: Hepatic 
malon-di-aldehyde (MDA) and reduced glutathione content in 
the control and experimental groups of male rats are shown in 
Figures 2C and 2D. MDA was found to be significantly increased 
(p<0.01) whereas reduced glutathione content was decreased 
significantly (p<0.001) in a dose-dependent manner from the 
dose level of 10.83 mg/kg body wt. (1/7th LD50 dose) onwards.

Group Erythrocyte count 
(×106 / mm3 )

Hb percentage 
(gm/dL)

Leukocyte count 
(×106/µl)

Control 7±0.3 14±0.5 6±0.17

1/11th LD50 dose (6.89 mg /kg body wt.) 7.2±0.2 14±1.1 6±0.11

1/10th LD50 dose (7.58 mg /kg body wt.) 7±0.1 13.3±1.4 6.03±0.14

1/9th LD50 dose (8.42 mg /kg body wt.) 7±0.06 13.6±0.6 6.03±0.15

1/7th LD50 dose (10.83 mg /kg body wt.) 6±0.2a* 10±0.6a** 8±0.11a***

1/5th LD50 dose (15.17 mg /kg body wt.) 5.9±0.1a* 8±0.6a** 9.2±0.12a***

1/4th LD50 dose (18.96 mg /kg body wt.) 5.9±0.2a* 8±0.6a** 9.1±0.17a***

1/3rd LD50 dose (25.28 mg /kg body wt.) 5.9±0.1a* 8±1.1a** 9.2±0.12a***

Table 1: The effect of lambda cyhalothrin on haematological parameters in male rat. Results are expressed as Mean±SEM. 
Analysis is done by one way ANOVA. Superscript a, Control group versus all other groups (*indicates p<0.05,**indicates p<0.01, 
***indicates  p<0.001).

Figure 2: Effect of lambda cyhalothrin on some hepatic biomarkers in male rat. 
A= Effect on SGOT. B= Effect on SGPT. C=Effect on liver MDA. D=Effect on liver GSH. Results are expressed as Mean±SEM. Analysis 
is done by one way ANOVA. Superscript a, Control group versus all other groups (*indicates p<0.05, **indicates p<0.01, ***indicates  
p<0.001).
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Effect on Male Reproductive System

Effect of LCT on seminal fructose concentration and testicular 
cholesterol: As shown in Table 2, the LCT induced reproductive 
toxicity by reducing seminal fructose concentration (p<0.001) 
and elevating testicular cholesterol level (p<0.05).

Impact of LCT on testicular oxidative stress and antioxidant 
status: Table 2, also shows the effect of LCT on MDA and 
GSH. Testicular MDA was found to be increased significantly 
(p<0.01) in response to LCT treatment whereas a significant de-
crease (p<0.001) in testicular GSH level was also noted. Signifi-
cant changes were detected from the dose level of 10.83 mg/kg 
body wt. (1/7th LD50 dose) onwards.

Effect on Female Reproductive Function

Ovarian steroidogenic key enzyme activities and cholesterol 
content: LCT induced ovarian toxicity was exhibited by signifi-
cant diminution in ovarian steroidogenic enzyme activities and 
elevation in ovarian cholesterol content at the dose level of 6.29 
mg/kg body wt. (1/9th LD50 dose) and were continued towards 
increased dose levels of LCT (Figures 3A and 3B). 

Effect of LCT in malondialdehyde (MDA) and reduced glutathi-
one (GSH) level: LCT intoxicated rats shows a marked dose-de-
pendent increase (p<0.001) in the lipid peroxidation, specified in 
term of MDA (Figure 1). Decline in GSH levels in LCT treated 
rat may also an indication of oxidative stress as GSH is used 

Group
Seminal fructose concentration  

(nmole of fructose/lit of seminal plasma)
Testicular Cholesterol 

(mg/gm)
Testicular MDA 

(nmole/mg protein)
Testicular GSH 
(µg/mg protein)

Control 20±0.3 1.4±0.1 2.5±0.2 3.5±0.03

1/11thLD50 20±0.6 1.4±0.2 2.6±0.2 3.4±0.12

1/10th LD50 20±0.5 1.4±0.05 2.6±0.1 3.4±0.03

1/9th LD50 19.5±0.2 1.4±0.1 2.6±0.3 3.4±0.09

1/7th LD50 18±0.1a** 1.9±0.1a* 4±0.2a* 2.9±0.12a**

1/5th LD50 15±0.3a*** 2.4±0.3a* 5±0.3a** 2.36±0.22a***

1/4th LD50 15±0.2a*** 2.4±0.1a* 5±0.2a** 2.36±0.25a***

1/3rd D50 15±0.4a*** 2.4±0.05a* 5±0.5a** 2.36±0.24a***

Figure 3: Effect of lambda cyhalothrin on  female reproductive biomarkers. 
A=Effect on ovarian 3β HSD. B= Effect on ovarian cholesterol. C= Effect on ovarian MDA. D=Effect on ovarian GSH. Results are expressed as 
Mean±SEM. Analysis is done by one way ANOVA. Superscript a, control group versus all other groups (*indicates p<0.05, **indicates p<0.01, 
***indicates p<0.001).

Table 2: Shows the effect of lambda cyhalothrin on some male reproductive parameters.
Results are expressed as Mean±SEM. Analysis is done by one way ANOVA. Superscript a, control group versus all other groups (*indicates p<0.05, **indicates 
p<0.01, ***indicates p<0.001).
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for the detoxification of reactive toxic substances resulted from 
LCT exposure at the dose level of 6.29 mg/kg body wt. (1/9th 
LD50 dose) (Figures 3C and 3D).

Selection of Experimental Dose of Lambda Cyhalothrin 

From these above findings for male rats, 10.83(1/7th LD50 dose) 
and 15.17(1/5th LD50 dose) mg/kg body wt. and for female rats, 
6.29 mg/kg body wt. (1/9th LD50 dose) and 11.33(1/5th LD50 dose) 
mg/kg body wt. were selected as effective doses for our further 
studies. At the 1/7th LD50 dose, significant alterations were seen in 
different systemic biochemical parameters of male rat. In female 
rat first significant toxic response was found at the dose level of 
6.29 mg/kg body wt. (1/9th LD50 dose). So in case of male and 
female rat, 1/7th LD50 dose and 1/9th LD50 dose were considered as 
effective low dose. Better toxic response was found at 1/5th LD50 
dose for both male and female rat after which animal mortal-
ity was increased. So this dose was considered as effective high 
dose for future studies. 

Effect on Lipid Profiles in Female Rat 

The data from Table 3 reflected marked alterations in the levels 
of serum total cholesterol, lipoproteins and bilirubin. The total 
cholesterol concentration was found to be significantly increased 
(p<0.001) in the LCT treated group compared to control. Serum 
triglyceride, VLDL-cholesterol and LDL-cholesterol in the LCT 
treated rats were also found to be elevated when compared to 
normal rats where as HDL was markedly (p<0.001) reduced in 
LCT treated female rats. Our results also showed a significant 
increase of serum bilirubin level in LCT intoxicated rats. Pre 
treatment with taurine has caused the significant alleviation in 
serum total cholesterol, LDL cholesterol and HDL cholesterol 
in LCT treated rats. Pretreatment with taurine also improved the 
altered serum triglyceride and bilirubin level (Table 3).

DISCUSSION

The present study was carried out to assess the toxic effects of 
LCT on the different system of male, female Wistar rats, and 
also to search out the alleviating role of taurine under this toxic 
condition. In toxicological studies, body weight is a basic bench-
mark for evaluation of organ toxicity. In the present study, oral 

administration of LCT brought about a significant reduction in 
body weight of both male female rats. 

 A significant change in erythrocyte counts, haemo-
globin percentage and leukocyte were detected in lambda cy-
halothrin exposed rats and these pointed out the physiological 
disruption in the rat haemopoietic system. Haemolysis of blood 
cells38 may cause the decrease in erythrocyte counts in LCT in-
toxicated rats which in turn tends to be responsible for the reduc-
tion in haemoglobin percentage. In the present study, decreased 
biosynthesis of haem in bone marrow may also lead to the sig-
nificant reduction in haemoglobin percentage. Increased leuko-
cyte in lambda cyhalothrin treated group may arise due to the 
immediate activation of the immune system of the body39 against 
lambda cyhalothrin. 

 SGOT, SGPT are two important hepatic enzyme bio-
markers of hepatotoxicity. In the present study a significant in-
crease in SGOT, SGPT level after LCT treatment at different 
concentration point out towards active utilization of amino acids 
in energy-yielding metabolic processes like gluconeogenesis. 
Pyrethroids induced oxidative stress by the elevation of lipid 
peroxidation products.40,41 Elevated MDA level in LCT intoxi-
cated rat liver was in an agreement with the above statement. 
This type of result also suggested that LCT produces hepatic 
injury and pathogenesis through the generation of free radicals 
and by the alteration of antioxidant system. Decrease in cellular 
GSH concentrations may be through low production or non-en-
zymatic oxidation of GSH to glutathione disulfide (GSSG) due 
to oxidative stress in LCT treated rat liver at different dose lev-
els.

 Here the results also reflect the male reproductive dys-
function after LCT exposure at different dose levels. The reduc-
tion in fructose content in seminal fluid collected from LCT in-
toxicated rats were drawn attention towards the secretory ability 
of seminal vesicles and the nutritive potential for the semen. Pre-
vious studies42-44 reported that ROS were involved in the toxicity 
of various pesticides. ROS inhibits steroidogenesis by disrupting 
cholesterol transport to mitochondria.45 LCT elevated testicular 
cholesterol at the dose level of 10.83 mg/kg body wt. (1/7th LD50 
dose) and also on above dose levels. An increase in MDA, the 
mostly used biomarker of lipid peroxidation, indicates serious 

Parameters Group-A Group-B Group-C Group-D Group-E Group-F

Serum total Cholesterol (mg/dL) 120±0.7 112±1.5a*** 138±0.8a*** 127±1.3a***b*** 149±1.5a*** 137±1.2a***c***

Serum triglyceride (TG) (mg/dL) 98±1.0 92±1.0a** 110±1.0 a*** 98±0.5b* 121±1.0a*** 104±1.5a*c***

High density lipoprotein (HDL) (mg/dL) 45±0.7 51±1.0a*** 38±0.2 a*** 47±1.2b*** 29±1.0a*** 37±0.5 a***c***

Very low density lipoprotein (VLDL) (mg/dL) 19.6±0.2 18.4±0.2 21.6±0.1a*** 20±0.3b* 24.2±0.2a*** 20.8±0.4a**c***

Low density lipoproteins (LDL) (mg/dL) 55.3±1.8 42.6±2.7a** 78.4±0.8a*** 60±0.2a*b*** 95.8±0.7a*** 79.2±1.4a**c***

Serum bilirubin (mg/dL) 0.3±0.05 0.4±0.06 1±0.07a*** 0.5±0.02a**b*** 1.7±0.1a*** 1.2±0.1a***c**

Table 3: Effect of LCT and taurine on some biomarkers of lipid metabolism in female rats. 
Results are expressed as Mean±SEM. Analysis is done by ANOVA followed by multiple comparison two-tail t-tests. Superscript a, Group A (control group) versus all other groups, 
superscript b, Group C versus Group D and superscript c, Group E versus Group F (*indicates p<0.05, **indicates p<0.01, ***indicates p<0.001).
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cellular damage, inhibition of several enzymes and cellular func-
tions.46 GSH, one of the most potent biological molecules, play 
a key role in the detoxification of the reactive toxic metabolites. 
A considerable decline in GSH levels in liver LCT treated rat 
may be due to its utilization to challenge the common oxidative 
stress.

 According to the results, increase in ovarian choles-
terol and significant decrease in ovarian steroidogenic enzyme 
activity pointed out towards the LCT induced ovarian toxicity 
through diminishing steroidogenesis. The maintenance of high 
redox potential is a prerequisite for assuring the reproductive 
system functions in a healthy organism.47,48 Increased ovarian 
MDA and decreased ovarian GSH level in LCT intoxicated rats 
compared to control may be an indication of oxidative stress due 
to LCT exposure at the dose level of 6.29 mg/kg body wt. (1/9th 

LD50 dose) and also on above dose levels.

 The elevation in serum total cholesterol level in female 
rats was observed in the LCT treated groups indicating the hy-
percholesterolemic action of LCT due to blockage of liver bile 
ducts causing reduction or cessation of its secretion to the duo-
denum.49 Pretreatment of taurine by its hypocholesterolemic 
action caused reduction in serum total cholesterol. Elevated se-
rum triglyceride, VLDL-cholesterol and LDL-cholesterol with 
reduction of HDL in LCT treated rats may suggest that LCT has 
strong toxic potential to alter normal body physiology. These 
may be attributed to the increased fat catabolism in response to 
LCT.50 Our results also showed a significant increase of serum 
bilirubin level in LCT intoxicated rats. The increased level of 
total bilirubin in treated female rats is an indicator of hyper-bil-
irubinemia, a useful indicator of hepatocellular dysfunction.51,52 
Pretreatment with taurine improved the altered lipid profile and 
bilirubin level in female rats. Taurine play a role in conjugation 
reaction with bile acids in the liver. Consequently, bile acid syn-
thesis is increased53 by simultaneous rise in the messenger RNA 
(mRNA) expression and activity of cholesterol 7α-hydroxylase, 
a rate-limiting enzyme in hepatic bile acid synthesis.54 The pri-
mary mechanisms responsible for the hypocholesterolemic ac-
tion of taurine may be due to the increased conversion of cho-
lesterol into bile acids through the stimulation of cholesterol 
7α-hydroxylase enzyme activity.

CONCLUSION

The present study showed that LCT exposure produced hema-
tological, hepatic and gonadal toxicity at 10.83 mg/kg body wt. 
(1/7th LD50 dose) in male and at 6.29 mg/kg body wt. (1/9th LD50 
dose) in female rat and also on above dose levels. Taurine has the 
potential to mitigate LCT induced altered lipid metabolic bio-
markers in female rat. 

ACKNOWLEDGMENT

The authors are thankful to the authority of Vidyasagar Univer-
sity, Midnapore, India for providing all the facilities to execute 

this study.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

REFERENCES

1. Magar RS, Bias UE. Histopathological impact of malathion 
on the ovary of the fresh water fish channa punctatus. Int Res J 
Environment Sci. 2013; 2: 59-61. Web site. http://www.isca.in/
IJENS/Archive/v2/i3/12.ISCA-IRJEvS-2012-098.pdf. Accessed  
September 9, 2016. 

2. Sharaf S, Khan A, Khan MZ, Aslam F, Saleemi MK, Mah-
mood F. Clinico-hematological and micronuclear changes in-
duced by cypermethrin in broiler chicks: Their attenuation with 
vitamin E and selenium. Exp Toxicol Pathol. 2010; 62(4): 333-
341. doi: 10.1016/j.etp.2009.05.002 

3. Khan A, Ahmad L, Khan MZ. Hemato-biochemical changes 
induced by pyrethroid insecticides in avian, fish and mammalian 
species. Int J Agric Biol. 2012; 14: 834-842. Web site. https://
www.cabdirect.org/cabdirect/abstract/20123332347. Accessed 
September 9, 2016. 

4. Khan A, Faridi HAM, Ali M, et al. Effects of cyper-methrin 
on some clinico-hemato biochemical and pathological parame-
ters in male dwarf goats. Exp Toxicol Pathol. 2009; 61: 151-160. 
doi: 10.1016/j.etp.2008.07.001 

5. Jaeschke H, Gores GJ, Cederbaum AI, Hinson JA, Pessayre 
D, Lemasters JJ. Mechanisms of hepatotoxicity. Toxicol Sci. 
2002; 65: 166-176. doi: 10.1093/toxsci/65.2.166 

6. Song L, Wang Y, Sun H, et al. Effects of fenvalerate and cy-
permethrin on rat sperm motility patterns in vitro as measured by 
computer-assisted sperm analysis. J Toxicol and Environ Health, 
Part A. 2008; 71(5): 325-332. doi: 10.1080/15287390701738517 

7. Lifeng T, Shoulin W, Junmin J, Xuezhao S, Yannan L, Qian-
li W. Effects of fenvalerate exposure on semen quality among 
occupational workers. Contraception. 2006; 73: 92-96. doi: 
10.1016/j.contraception.2005.06.067 

8. Yousef M, El-Demerdash F, Al-Salhen K. Protective role of 
isoflavones against the toxic effect of cypermethrin on semen 
quality and testosterone levels of rabbits. J Environ sci. 2003; 
38: 463-478. doi: 10.1081/PFC-120021666 

9. Hu JY, Wang SL, Zhao RC, et al. Effects of fenvalerate on re-
productive and endocrine systems of male rats. Zhonghua Nanke 
xue. 2002; 8: 18-21. Web site. http://europepmc.org/abstract/
med/12479040. Accessed September 9, 2016.

10. Solati J. Effects of Permethrin on sexual behaviour and plas-

http://dx.doi.org/10.17140/TFMOJ-1-107
http://www.isca.in/IJENS/Archive/v2/i3/12.ISCA-IRJEvS-2012-098.pdf
http://www.isca.in/IJENS/Archive/v2/i3/12.ISCA-IRJEvS-2012-098.pdf
https://www.ncbi.nlm.nih.gov/pubmed/19520556
https://www.cabdirect.org/cabdirect/abstract/20123332347
https://www.cabdirect.org/cabdirect/abstract/20123332347
https://www.ncbi.nlm.nih.gov/pubmed/18778926
http://toxsci.oxfordjournals.org/content/65/2/166.long
https://www.ncbi.nlm.nih.gov/pubmed/18214806
http://www.contraceptionjournal.org/article/S0010-7824%2805%2900266-0/abstract
http://www.tandfonline.com/doi/abs/10.1081/PFC-120021666
http://europepmc.org/abstract/med/12479040
http://europepmc.org/abstract/med/12479040


TOXICOLOGY AND FORENSIC MEDICINE

Open Journal
http://dx.doi.org/10.17140/TFMOJ-1-107

Toxicol Forensic Med Open J

ISSN 2474-8978

Page 50

ma concentrations of pituitary-gonadal hormones in adult male 
NMRI mice. J Kurdistan Univ of Med Sci. 2008; 13: 42-49.

11. Zhang S, Ito Y, Yamanoshita O, et al. Permethrin may disrupt 
testosterone biosynthesis via mitochondrial membrane dam-
age of Leydig cells in adult male mouse. Endocrinology. 2007; 
14(8): 3941. doi: 10.1210/en.2006-1497 

12. Anadon A, Martinez M, Martinez MA, Diaz MJ. Martinez-
Larranaga MR. Toxicokinetics of lambda-cyhalothrin in rats. 
Toxicol Lett. 2006; 165: 47-56.

13. Ratnasooriya WD, Ratnayake SS, Jayatunga YN. Effects of 
Icon, a pyrethroid insecticide on early pregnancy of rats. Hum Exp 
Toxicol. 2003; 22: 523-533. doi: 10.1191/0960327103ht381oa 

14. Barata C, Baird DJ, Nogueira AJ, Soares AM, Riva MC. 
Toxicity of binary mixtures of metals and pyrethroid insecticides 
to daphnia magna straus. Implications for multi-substance risks 
assessment. Aquat Toxicol. 2006; 78: 1-14.

15. Schroer AF, Belgers JD, Brock TC, Matser AM, Maund 
SJ, Van den Brink PJ. Comparison of laboratory single species 
and field population-level effects of the pyrethroid insecticide 
lambda cyhalothrin on freshwater invertebrates. Arch Environ 
Contam Toxicol. 2004; 46: 324-335.

16. Meister RT. Farm Chemicals Handbook. Willoughby, OH, 
USA: Meister Publishing Co. 92; 1992.

17. Wright CE, Tallan HH, Lin YY, Gaul GE. Taurine: Biologi-
cal update. Annu Rev Biochem. 1986; 49: 141.

18. Droge W, Breitkreutz R. N acetyl-cysteine in the therapy 
of HIV positive patients. Curr Opin Nut Metab Care. 1999; 2: 
493-498. Web site. http://journals.lww.com/co-clinicalnutrition/
Abstract/1999/11000/N_acetyl_cysteine_in_the_therapy_of_
HIV_positive.11.aspx. Accessed September 9, 2016. 

19. Birdsall TC. Therapeutic application of taurine. Alt Med 
Rev. 1998; 3: 128-136. Web site. http://europepmc.org/abstract/
med/9577248. Accessed September 9, 2016. 

20. Huxtable RJ. Physiological actions of taurine. Physiol Rev. 
1992; 72: 101-163. Web site. http://physrev.physiology.org/
content/72/1/101.long. Accessed September 9, 2016. 

21. Redmond HP, Wang JH, Bouchier-Hayes D. Taurine attenu-
ates nitric oxide and reactive oxygen intermediate-dependent 
hepatocytes injury. Arch Surg. 1996; 131: 1280-1287. doi: 
10.1001/archsurg.1996.01430240034004 

22. Wright EC, Lin TT, Syurman JA, Gaul GE. Taurine scav-
enges oxidized cholride in biological system. In: Oja SS, Ahtee 
Kontro L, Passonen MK, eds. Taurine: Biological Actions and 
Clinical Perspectives. New York, USA: Alan R. Liss, Inc.; 1985: 

137-147.

23. Sharma CD, Saxena NP, Sharma R. Assessment of clastoge-
nicity of lambda cyhalothrin, A synthetic pyrethroid in cultured 
lymphocytes of albino rats. World Appl Sci J. 2010; 8: 1093-
1099. Web site. http://www.idosi.org/wasj/wasj8(9)/9.pdf. Ac-
cessed September 9, 2016. 

24. Ecobichon DJ. The Basis of Toxicology Testing. New York, 
USA: RC Press; 1997: 43-86.

25. Ozden S, Catalgol B, Gezginci-Oktayoglu S, Arda-Pirincci 
P, Bolkent S, Alpertunga B. Methiocarb-induced oxidative dam-
age following subacute exposure and the protective effects of 
vitamin E and taurine in rats. Food Chem Toxicol. 2009; 47: 
1676-1684. doi: 10.1016/j.fct.2009.04.018 

26. Cetiner M, Sener G, Sehirli AO, et al. Taurine protects 
against methotrexate-induced toxicity and inhibits leukocyte 
death. Toxicol Appl Pharmacol. 2005; 209: 39-50.

27. Wintrobe MM. Clinical Hematology. 6th ed. Philadelphia, 
USA: Lea and Febiger; 1967.

28. Dacie JV, Lewis SM. Practical Haematology. London, UK: 
Churchill Livingstone; 1975.

29. Goel BK. Routine biochemical tests. In: Mukherjee KL, eds. 
Medical Laboratory Technology. New Delhi, India: Tata Mc 
Graw-Hill Publishing Company Ltd.; 1988: 985-1079. 

30. Ohkawa H, Onishi N, Yagi K. Assay for lipid per-oxidation 
in animal tissue by thiobarbituric acid reaction. Anal Biochem. 
1979; 95: 351-358. doi: 10.1016/0003-2697(79)90738-3 

31. Griffith OW. Glutathione turnover in human erythrocytes. J 
Biochem. 1981; 256: 4900-4904. Web site. http://www.jbc.org/
content/256/10/4900.full.pdf. Accessed September 9, 2016. 

32. Karvonen MJ, Malm M. Colorimetric determination of fruc-
tose with indole. Scand J Clin Lab Invest. 1955; 7: 305-307. doi: 
10.3109/00365515509134669 

33. Zlatkis A, Zak B, Bole AJ. A new method for the direct 
determination of serum cholesterol. J Lab Clin Med. 1953; 
41: 486-492. Web site. http://www.translationalres.com/ar-
ticle/0022-2143(53)90125-5/abstract. Accessed September 9, 
2016. 

34. Talalay P. Hydroxysteriod dehydrogenase. In: Colowick SP, 
Kaplan NO, eds. Methods in Enzymology. New York, USA: Aca-
demic Press; 1962; 512-516.

35. Jendrassik L, Grof P. Colorimetric method of determination 
of bilirubin. Biochem. 1938; 297: 81-82.

http://dx.doi.org/10.17140/TFMOJ-1-107
http://press.endocrine.org/doi/10.1210/en.2006-1497%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://het.sagepub.com/content/22/10/523.abstract
http://journals.lww.com/co-clinicalnutrition/Abstract/1999/11000/N_acetyl_cysteine_in_the_therapy_of_HIV_positive.11.aspx
http://journals.lww.com/co-clinicalnutrition/Abstract/1999/11000/N_acetyl_cysteine_in_the_therapy_of_HIV_positive.11.aspx
http://journals.lww.com/co-clinicalnutrition/Abstract/1999/11000/N_acetyl_cysteine_in_the_therapy_of_HIV_positive.11.aspx
http://europepmc.org/abstract/med/9577248
http://europepmc.org/abstract/med/9577248
http://physrev.physiology.org/content/72/1/101.long
http://physrev.physiology.org/content/72/1/101.long
http://archsurg.jamanetwork.com/article.aspx%3Farticleid%3D596693
http://www.idosi.org/wasj/wasj8(9)/9.pdf
http://europepmc.org/abstract/med/19394395
http://www.sciencedirect.com/science/article/pii/0003269779907383
http://www.jbc.org/content/256/10/4900.full.pdf
http://www.jbc.org/content/256/10/4900.full.pdf
http://www.tandfonline.com/doi/abs/10.3109/00365515509134669%3FjournalCode%3Diclb20
http://www.translationalres.com/article/0022-2143(53)90125-5/abstract
http://www.translationalres.com/article/0022-2143(53)90125-5/abstract


TOXICOLOGY AND FORENSIC MEDICINE

Open Journal
http://dx.doi.org/10.17140/TFMOJ-1-107

Toxicol Forensic Med Open J

ISSN 2474-8978

Page 51

36. Trinder P. Determination of triglycerides. Ann Clin Biochem. 
1969; 6: 24-27.

37. Friedwalds WT, Levy RT, Friedickson DS. Estimation of 
concentration of low density lipoprotein cholesterol in plas-
ma without use of the preparative ultracentrifuge. Clin Chem. 
1972; 18: 499-502. Web site. http://clinchem.aaccjnls.org/
content/18/6/499. Accessed September 9, 2016. 

38. Mandal A, Chakraborty S, Lahiri P. Hematological changes 
produced by lindane (-HCH) in six species of birds. Toxicol. 
1986; 40: 103-111. doi: 10.1016/0300-483X(86)90050-8 

39. Yousef MI, El-Deerdash FM, Kamel KI, Al-Salhen KS. 
Changes in some haematological and biochemical indices of 
rabbits induced by isoflavones and cypermethrin. Toxicol. 2003; 
189: 223-234. 

40. Banerjee BD, Seth V, Bhattacharya A, Pasha ST, Chakraborty 
AK. Biochemical effects of some pesticides on lipid peroxida-
tion and free radical scavengers. Toxicol Lett. 1999; 107: 33-47. 

41. Goel A, Dani V, Dhawan DK. Protective effects of zinc on 
lipid peroxidation, antioxidant enzymes and hepatic histoar-
chitecture in chlorpyrifos induced toxicity. Chem Biol Interac. 
2005; 156: 131-140.

42. Mansour SA, Mossa AH. Lipid peroxidation and oxidative 
stress in rat erythrocytes induced by chlorpyrifos and the protec-
tive effect of zinc. Pest Biochem Physio. 2009; l93: 34-39.

43. Mossa AH, Heikal TM, Omara EA. Physiological and his-
topathological changes in the liver of male rats exposed to 
paracetamol and diazinon. Asian Pacific J Trop Biomed. 2012; 
12: S1683-S1690. doi: 10.1016/S2221-1691(12)60478-X 

44. Mossa AT, Refaie AA, Ramadan A, Bouajila J. Ameliora-
tion of prallethrininduced oxidative stress and hepatotoxicity 
in rat by the administration of Origanummajorana essential oil. 
Biomed Res Int. 2013; 2013: 1-11. doi: 10.1155/2013/859085 

45. Hales DB, Diemer T, Hales KH. Role of cytokines in tes-
ticular function. Endocrine. 1999; 10: 201-217. doi: 10.1007/
BF02738619 

46. Thirunavukkarasu C, Princevijeyasingh J, Selvendiran K, 
Sakthisekaran D. Chemopreventive efficacy of selenium against 
DEN-induced hepatoma in albino rats. Cell Biochem Funct. 
2001; 19: 265-271. doi: 10.1002/cbf.924 

47. Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman 
A, Gupta S. The effects of oxidative stress on female repro-
duction: A review. Reprod Biol Endocrinol. 2012; 10: 49. doi: 
10.1186/1477-7827-10-49 

48. Fujii J, Iuchi Y, Okada F. Fundamental roles of reactive 
oxygen species and protective mechanisms in the female re-
productive system. Reprod Biol Endocrinol. 2005; 3: 43. doi: 
10.1186/1477-7827-3-43 

49. Aldana L, Tsutsumi V, Craigmill A, Silveira MI, Mejia EGD. 
α-Tocopherol modulates liver toxicity of the pyrethroid cyper-
methrin. Toxicol Lett. 2001; 125: 107-116.

50. Ibrahim NA, El-Gamal BA. Effect of Diazinon, an organo-
phosphate insecticide on plasma lipid constituents in experi-
mental animals. J Biochem Mol Biol. 2003; 36: 499-504. Web 
site. http://www.koreascience.or.kr/article/ArticleFullRecord.
jsp?cn=E1MBB7_2003_v36n5_499. Accessed September 9, 
2016. 

51. Pimple BP, Kadam PV, Badgujar NS, Bafna AR, Patil MJ. 
Protective effect of tamarindus indica linn against paracetamol-
induced hepatotoxicity in rats. Indian J Pharm Sci. 2007; 69(6): 
827-831. Web site. http://web.a.ebscohost.com/abstract?dire-
ct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0
250474X&AN=31407925&h=LR%2b4C1AiaW3zmcTQBVw
oM6N%2b5CS1Mj5teSVjKpKikx3QlNnICyIZMLgPGhXOR
NLSqvsB3hYyWbSK5lZ6g1XkaQ%3d%3d&crl=c&resultNs
=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=lo
gin.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3d
site%26authtype%3dcrawler%26jrnl%3d0250474X%26AN%
3d31407925. Accessed September 9, 2016.

52. Fakurazi S, Hairuszah I, Nanthini U. Moringa oleifera Lam 
prevents acetaminophen induced liver injury through restoration 
of glutathione level. Food Chem Toxicol. 2008; 46: 2611-2615. 
doi: 10.1016/j.fct.2008.04.018 

53. Yamanaka Y, Tsuji K, Ichikawa T. Stimulation of cheno-
deoxycholic acid excretion in hypercholesterolemic mice by 
dietary taurine. J Nutr Sci Vitaminol. 1986; 32: 287-296. doi: 
10.3177/jnsv.32.287 

54. Ebihara K, Miyazato S, Ogawa H, Kishida T. Taurine in-
creases cholesterol 7α-hydroxylase activity and fecal bile acids 
excretion but does not reduce the plasma cholesterol concentra-
tion in ovariectomized rats fed with coconut oil. Nutr Res. 2006; 
26: 167-172. doi: 10.1016/j.nutres.2006.04.003

http://dx.doi.org/10.17140/TFMOJ-1-107
http://clinchem.aaccjnls.org/content/18/6/499
http://clinchem.aaccjnls.org/content/18/6/499
http://www.sciencedirect.com/science/article/pii/0300483X86900508
http://www.sciencedirect.com/science/article/pii/S222116911260478X
https://www.hindawi.com/journals/bmri/2013/859085/
http://link.springer.com/article/10.1007%252FBF02738619
http://link.springer.com/article/10.1007%252FBF02738619
http://onlinelibrary.wiley.com/doi/10.1002/cbf.924/abstract
https://www.ncbi.nlm.nih.gov/pubmed/22748101
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1224869/
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=E1MBB7_2003_v36n5_499
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=E1MBB7_2003_v36n5_499
http://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0250474X&AN=31407925&h=LR%2b4C1AiaW3zmcTQBVwoM6N%2b5CS1Mj5teSVjKpKikx3QlNnICyIZMLgPGhXORNLSqvsB3hYyWbSK5lZ6g1XkaQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0250474X%26AN%3d31407925
http://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0250474X&AN=31407925&h=LR%2b4C1AiaW3zmcTQBVwoM6N%2b5CS1Mj5teSVjKpKikx3QlNnICyIZMLgPGhXORNLSqvsB3hYyWbSK5lZ6g1XkaQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0250474X%26AN%3d31407925
http://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0250474X&AN=31407925&h=LR%2b4C1AiaW3zmcTQBVwoM6N%2b5CS1Mj5teSVjKpKikx3QlNnICyIZMLgPGhXORNLSqvsB3hYyWbSK5lZ6g1XkaQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0250474X%26AN%3d31407925
http://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0250474X&AN=31407925&h=LR%2b4C1AiaW3zmcTQBVwoM6N%2b5CS1Mj5teSVjKpKikx3QlNnICyIZMLgPGhXORNLSqvsB3hYyWbSK5lZ6g1XkaQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0250474X%26AN%3d31407925
http://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0250474X&AN=31407925&h=LR%2b4C1AiaW3zmcTQBVwoM6N%2b5CS1Mj5teSVjKpKikx3QlNnICyIZMLgPGhXORNLSqvsB3hYyWbSK5lZ6g1XkaQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0250474X%26AN%3d31407925
http://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0250474X&AN=31407925&h=LR%2b4C1AiaW3zmcTQBVwoM6N%2b5CS1Mj5teSVjKpKikx3QlNnICyIZMLgPGhXORNLSqvsB3hYyWbSK5lZ6g1XkaQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0250474X%26AN%3d31407925
http://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0250474X&AN=31407925&h=LR%2b4C1AiaW3zmcTQBVwoM6N%2b5CS1Mj5teSVjKpKikx3QlNnICyIZMLgPGhXORNLSqvsB3hYyWbSK5lZ6g1XkaQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0250474X%26AN%3d31407925
http://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0250474X&AN=31407925&h=LR%2b4C1AiaW3zmcTQBVwoM6N%2b5CS1Mj5teSVjKpKikx3QlNnICyIZMLgPGhXORNLSqvsB3hYyWbSK5lZ6g1XkaQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0250474X%26AN%3d31407925
http://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0250474X&AN=31407925&h=LR%2b4C1AiaW3zmcTQBVwoM6N%2b5CS1Mj5teSVjKpKikx3QlNnICyIZMLgPGhXORNLSqvsB3hYyWbSK5lZ6g1XkaQ%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d0250474X%26AN%3d31407925
https://www.ncbi.nlm.nih.gov/pubmed/18514995
https://www.jstage.jst.go.jp/article/jnsv1973/32/3/32_3_287/_article
http://www.nrjournal.com/article/S0271-5317%2806%2900057-1/abstract

