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Introduction
Fecal coliform bacteria (FCB) are the most common microbiological 

contaminants of natural waters. Fecal coliform live in the digestive tracks 
of warm-blooded animals, including humans, and are excreted in the 
feces. Although most of these bacteria are not harmful and are part of 
the normal digestive system, some are pathogenic to humans. Those that 
are pathogenic can cause disease such as gastroenteritis, ear infections, 
typhoid, dysentery, hepatitis A, and cholera. The biological analysis of 
mice blood samples is used to investigate the significant variations in 
the levels of some important compounds in the blood which act as a 
laboratory indication to the presence of defects in the physiological 
activities of the liver which normally accompany administration of 
pathogenic substances to the animal. The liver normal function is to 
metabolize, synthesize and/or degrade both absorbed and circulating 
products, and this function places it in potentially direct contact 
with gut-driven bacteria [1]. Scientists in their toxicity tests normally 
depend on the biochemical analysis of blood characters for observation 
of any significant variations in concentration of some important 
compounds which work as clinical indicators of disturbances that take 
place in the physiological functions of the liver [2]. Studies by Lichtman 
et al. [3] suggested that intestinal bacterial overgrowth or infection 
with helicobacter alone contributed to hepatic pathological change 
including increased serum Alanine aminotransferase (ALT) release 
and inflammatory cell recruitment. Bacterial effects on chain fatty acids 
could disrupt the normal metabolic processes, specifically reducing 
glucose utilization and promoting lipid storage [4]. Evans et al. [5] 
said that when consumption of energy by far exceeds the combustion 
of calories, the non-burnt energy is conserved in the form of fat 
(triacylglycerol TRIGL). The presence of (FCB) in drinking water may 
be harmful to humans and animals causing changes in the metabolic 
processes of the liver, so blood plasma is tested for the concentration 
of a number of enzymes and other substances as indication of liver 
function. The Food and Agricultural Organization [6] has suggested 
that drinking water should not contain more than 1000 colonies/100 
ml. Environmental Protection Agency (USEPA) [7] review criterion 

of 400 col/100 ml. Srivastava et al. [8] found significant increase in 
levels of cholesterol (Chol) and proteins in the blood of Heteropneustes 
fossilis at all toxicity concentrations caused by malachite green for more 
than 30 days. The liver weight and the concentration of bilirubin (Bun) 
in the blood of the male Sprague-Dawley Rats significantly increased 
when the animals were administered the toxic 1,2–Dichlorobenzene 
at doses of 37.5, 75, 150 and 300 mg/kg/day (10 day) and 25, 100, 
and 400 mg/kg/day (90 day) in corn by oral gavage, control animals 
received corn oil [9]. The enzymes alkaline phosphatase (ALP), aspirate 
aminotransferase (AST) and (ALT) which are found in blood plasma 
are considered an important clinical indication of the disorder in the 
liver physiological functions like that resulting from the taking of 
hepatotoxic compounds, which are accompanied by rise in the level of 
liver enzymes in the blood. So in this study the mice were given drinking 
water containing different concentrations of FCB (control, 490, 1100 
and 2400 colonies/L) for 90 days to see their effect on the liver function 
through analysis of the following enzymes and substances in the mice 
blood are ALT, AST, ALP, TP, (Chol), (TRIG) (Glu), LDLP and HDLP. 

Materials and Methods
Materials

In this study mice were administered (FCB) with different 
concentrations to investigate its effect on the mice blood physiology. 
Eighty (80) male Swiss Webster Albino mice (MFI Strain) were used. 
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Abstract
This study was carried out on 80 male Swiss Webster Albino mice (MFI Strain) treated for 90 days with drinking 

well water contaminated with fecal coliform bacteria at four doses, control (0 colony/L), low dose (490 colonies/100 L), 
medium dose (1100 colonies/100 L) and high dose (2400 colonies/100 L) to test the bacterial effect on the liver functions. 
The animal blood plasma was tested for determination of the concentrations of the substances total proteins, glucose, 
creatine, bilirubin, cholesterol, triacylglycerol, high density lipoprotein, low density lipoprotein and the enzymes aspirate 
aminotransferase, alanine aminotransferase and alkaline phosphatase. The results indicated significant increase in 
the concentrations of the total proteins, lipoprotein, cholesterol, creatine and bilirubin and significant decrease in the 
concentration of the enzymes alanine aminotransferase, aspirate aminotransferase, alkaline phosphatase and in high 
density lipoprotein, triacylglycerol in the animal’s blood. The functions of the liver were affected by the toxicity resulting 
from the fecal coliform bacteria concentrations in the well drinking water particularly at the medium and high doses.
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Similar in weight (28-30 g) and age (8-10 weeks). Fed on Pillsbury diet 
and kept in cages at 18-25°C [10] and light was controlled by a timer 
(12 D/12 L).

Methods

The animals were grouped into 4 groups each 20 (N=20) mice 
were supplied with the treated water for 90 days. Group I is given pure 
distilled water, group II is given drinking water with low dose (LD) 
of FCB 490 colonies/100 L, group III is given medium dose (MD) of 
FCB of artesian well water containing 1100 colonies/L and group IV 
is given high dose (HD) of FCB of artesian well water containing 2400 
colonies/L.

The biochemical tests for blood samples 

The following tests were carried out. Plasma total protein (TP) was 
analysed according to Henry et al. [11] method. Glucose (Glu) was 
analysed using Trinder [12] method, and adsorption was carried out 
using spectrophotometer. Bilirubin (Bun) was analysed according to 
Jendrassik et al. [13] and adsorption was used by spectrophotometer. 
Cholesterol (Chol) was analysed by Stadtman [14] method. 
Triacylglycerol (TRIG), the method of Rautela et al. [15] was used to 
determine TRIG. High density lipoprotein (HDLP), the method of 
Burtis et al. [16] was used. Low density lipoprotein (LDLP), the same 
(HDLP) method was used (AST), the method of Saris [17] was used 
(ALT), the method of Bergmeyer et al. [18] was used to determine the 
enzyme. Alkaline phosphatase (ALP), the method of Principato et al. 
[19] was used to determine this enzyme.

Statistical analysis

Significant differences were determined by analysis of variance 
ANOVA. The differences between means were analyzed at the 5% and 
1% probability level (p values of less than 0.05 and 0.01 were considered 
as statistically significant). 

Results
The statistical analysis (Table 1) of the concentrations of the 

different enzymes and substances tested in the blood samples of mice 
after treatment of these samples with different FCB concentrations 
illustrated significant differences as regard level of the enzymes (AST) 
(P ≥ 0.01), (TP) (P ≥ 0.05), (LDLP) (P ≥ 0.01), creatine (Crea) (P ≥ 0.01), 
(ALT) (P ≥ 0.05) and (TRIG) (P ≥ 0.05), while the other enzymes the 
(HDLP), (ALP), (Chol), (Bun) and (Glu) have no significant differences 
with the control. 

The average values (Table 2) show reduction in AST concentration 

in the mice blood from 128 in the mice blood treated with pure distilled 
water (control) to 111.8 and 113 in the low and high FCB toxic doses 
with no significant differences between them, but the AST reduction 
up to 85.2 in the medium FCB dose treatment reached a significant 
difference with the control. The (TP) concentration in the mice blood 
increased from 52.3 in the control to up to 53.2, 54.2 and 58.6 with 
the FCB low, medium and high concentrations respectively. The 
(LDLP) concentration in the mice blood decreased from 0.21 in the 
control to 0.19 in the low FCB concentration, then increased none 
significantly to 0.27 in the medium FCB concentration, and then 
increased significantly to up to 0.32 at the high FCB concentration. 
Blood concentration of (Crea) increased non-significantly from 20.2 in 
the control treatment to 21.7 at the low FCB concentration treatment, 
and then increased significantly to 24.9 and 25.1 in the medium and 
high FCB concentration treatment respectively. Glucose concentration 
in mice blood decreased significantly from 3.23 in the control treatment 
to 2.15, 2.53, and 4.41 in the low, medium and high FCB concentration 
treatment respectively. ALT concentration in mice blood decreased 
from 50.4 in the control treatment to 38.9, 44.0 and 43.3 in the low, 
medium and high FCB concentration treatment respectively. And also 
the mice blood concentration of the (TRIG) was decreased from 2.34 
in the control treatment to 1.96, 1.2 and 2.01 in the low, medium and 
high FCB concentration treatment respectively. The concentration of 
the other enzymes and substances in mice blood showed no significant 
differences between the control treatments and the FCB concentration 
treatments. 

Discussion
This study showed that there is significant effects on the mice 

blood plasma concentrations of some enzymes and substances after 
the subjection of the Albino mice to drinking water infected with 
low (420 colonies/100 L), moderate (1100 colonies/100 L) and high 
(4200 colonies/100 L) doses of (FCB) for 90 days. The mice blood 
concentrations of (TP), (LDLP), (Glu) and (Crea) were significantly 
increased and the enzymes ALT, AST and LDLP were significantly 
decreased while ALP, HDLP, Chol and Bun were not significantly 
different when compared to the control treatment. The increase in 
concentration of (TP) in mice blood is an indication of a bacterial 
injury of the liver, which induces liver to secrete more protein in the 
blood as a result of the effect on the mechanism of permeability in the 
permeable cell tissue. This is in agreement with Shakoori et al. [20] 
and also with the results of Srivastava et al. [8] who found significant 
increase in levels of cholesterol and proteins in the blood of the catfish 
Heteropneustes fossilis at all toxicity concentrations caused by malachite 
green for more than 30 days, but not with findings of Lukowicz et al. 

 Degree of freedom AST ALP ALT TP HDL LDS Chol TG Crea Bun Glu
FCB conc. 3 3167.6 380 225 *78.02 0.22 **0.034 0.12 2.3 *60.36 1.66 9.9

Error 36 932.64 293 122 18.38 0.32 0.006 0.34 1.2 19.96 2.79 0.4
FCB = fecal coliform bacteria, LSD = least significant difference, NS = not significant at P ≥ 0.05, ** significant at P ≥ 0.01

Table 1: Analysis of variance enzyme and other substances concentration in mice blood treated with FCB concentrations in well water.

Conc.
AST ALP ALT TP HDLP LDLP Chol TG Crea Bun Glu
(IU/L) (IU/L) (IU/L) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Control 128 A 58.9 A 50.4 A 52.3 B 3.19 A 0.21 bc 3.19 A 2.34 A2.0 20.2 b 7.59 A 3.23 b
Low 111.8 Ab 63.6 A 38.9 b 53.2 B 3.14 A 0. 19 c 3.1 A 1.96 Ab 21.7 Ab 8.1 A 2.15 c

Medium 85.2 b 60.1 A 44 Ab 54.2 b 3.07 A 0.27 Ab 3.22 A 1.2 b 24.9 A 8.53 A 2.53 c
High 113 A 49.2 A 43.3Ab 58.6 A 2.85 A 0.32 A 3.36 A 1 Ab 25.1 A 7.8 A 4.41 A
LSD 27.69 15.53 10.02 3.88 0.51 0.07 0.53 0.98 4.05 1.51 0.54

Table 2: Averages of enzyme concentrations in mice blood treated with different FCB concentrations in well water.
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[21] and Seki et al. [22] who did not find an increase in of TP in the 
blood of the treated mice infected with bacteria , and considered this is 
due to the infection of the liver because one of its jobs is excrete protein, 
and also disagree with the findings of El-Demerdash et al. [23], who 
found decrease in TP in the plasma of male rates due to toxicity from 
cadmium. The concentration and thus the activities of the enzymes 
ALT and AST in the mice blood were significantly affected due to the 
bacterial treatment, and this is in agreement with Raja et al. [24] and 
the importance of ALT and AST is their role in energy release. Liver 
enzymes are proteins measured in the blood plasma to test how liver is 
functioning. The (LDLP) concentration in mice blood was significantly 
increased due to the bacterial infection, but no significant differences 
were observed in the (HDLP) concentration in mice blood as a result 
of the bacterial infection. Animals need to store lipids in their body 
to get energy during harsh environmental conditions, but liver injury 
may affect the changes that happen to these lipids as mentioned by 
Malaguarnera et al. [25]. The findings in this study agree with the 
results of AL-Shaikh [26] who found increase in the concentration of 
LDLP and a decrease in HDLP in blood serum of animals subjected 
to toxicity. Also these findings agree with that of Mohamed [27] and 
Yousif et al. [28] where they found increases in the LDLP and HDLP 
concentrations in the mice blood subjected to toxicity and Kwong 
[29] mentioned that subjection of body organs to toxicity affect their 
metabolic activities and this is reflected in the biochemical structure of 
the blood . This increase in LDLP concentration in mice blood may be 
due to the role played by the trans-locating proteins in distributions of 
the toxic materials to the cells and this affects the liver which plays an 
important role in the metabolism process of the lipoproteins, and thus 
the liver might be injured by the bacteria causing disturbance in the 
lipoprotein synthesis as was suggested by Zielinski et al. [30].

 Glucose level was significantly increased in the mice blood under 
the high bacterial dose (2499 colonies/100 L) and this agrees with what 
have been found by AL-Shaikh [26], who found the same increase of 
glucose in mice blood suffered from toxicity and also with the findings 
of El-Demerdash et al. [23], who found increase in concentration of 
glucose in male rats plasma treated with cadmium. This might be due 
to the incapability of the liver in practicing its function in organizing 
glucose sugar in the blood and transforming it into glycogen, a fact 
which affects the organization process and leads to an increase of 
glucose in the blood plasma. Also the pancreas may be affected by 
the bacteria becoming unable to excrete the insulin hormone, as was 
mentioned by Luskova et al. [31]. 

The study also showed an increase but not significant in the 
concentration levels of Chol and Bun in the mice blood due to the 
infection by bacteria (FCB). This might indicates that the injury of the 
liver might not be so bad as regards these substances concentrations in 
mice blood, as the liver plays an important role in the metabolism of 
Chol and any disturbance in liver function will lead to Chol increase 
in blood plasma as said by Saleh et al. [32] and by El-Demerdash et al. 
[23] who found increase in (Glu), (Crea) and (Bun) in male rats due to 
toxicity. In the case of (Bun) concentration its increase or reduction in 
blood is due to destruction of the haemoglobin by breaking down of the 
erythrocytes as a result of cell death or clotting of the bile ducts, a process 
that leads to the return of Bun to the liver and from it to the blood. This 
means an increase of Bun concentration in the blood plasma as was 
also said by El-Demerdash et al. [23] and AL-Shaikh [26]. Bilirubin is a 
chemical released into blood indicating bile production and metabolism 
and its normal level is 0.2–1.2 mg/dL, and its increase in plasma may be 
a sign of liver problem. Increase of Bun in the mice blood agrees with 
the result of Robinson et al. [9] who found significantly increased in 

Bun levels in blood when male Sprague-Dawley Rats were administered 
the toxic 1,2–Dichlorobenzene at doses of 37.5, 75, 150 and 300 mg/kg/
day (10 day) and 25, 100, and 400 mg/kg/day (90 day). Also an increase 
in TRIG concentration in the blood. These findings in this study agree 
with that given by some researchers who found an increase in Chol 
concentration in the blood plasma and attributed this to the injury 
of the liver and also agree with that of Zielinski et al. [30] who found 
significant increase in TRIG concentration in the animal blood plasma 
due to liver injury. 

Conclusion
The blood samples tested of the white Swiss Albino mice treated 

with well drinking water contaminated with (FCB) at moderate 
(1100 colonies/100 L) and high (2400 colonies/100 L) doses for 90 
days showed significant increases in concentration of (TP), (LDLP), 
(Chol), (Crea) and (Bu) and significant decrease in the enzymes (ALT), 
(ALP), (AST), (HDLP) and (TRIG) compared to the control with 
pure drinking water free from bacteria. The increases of TP and LDLP 
concentrations in the blood plasma of mice is an indication of an effect 
on the mechanism of permeability in the permeable cell tissue of the 
liver and also an indication of an effect on the metabolism process thus 
causing disturbances in the lipoprotein synthesis and enhancing more 
protein secretion by the liver in the blood. 

The increase in mice blood concentration of (Glu) at the higher FCB 
dose (2400 colonies/100 L) might be due to the incapability of the liver 
as an organizer of the glucose sugar in the blood and transforming it 
into glycogen, and also the pancreas might have been affected becoming 
unable to excrete insulin. The significant decrease in concentration of 
the enzymes ALT and AST in the mice blood plasma is because of the 
effect of bacteria in the drinking water particularly at the higher dose 
(2400 colonies/100 L). Cholesterol and Bun concentrations in the mice 
blood plasma increased but not significantly. The bacteria in drinking 
water have caused disturbances in the functions of the liver which 
plays an important role in Chol metabolism thus leading to increase in 
Chol in the mice blood plasma. (Bun) increase in the blood plasma of 
the mice is mostly due to destruction of the hemoglobin as a result of 
breaking down of the erythrocytes due to cell death or clotting of the 
bile duct.

References

1. Moura SB, Mendes EN, Queiroz DM, Nicoli JR, Cabral MM, et al. (1999) 
Microbiological and histological study of the gastrointestinal tract of germ-free 
mice infected with Helicobacter trogontum. Res Microbiol 150: 205-212.

2. Farrell GC (2000) Drug induced liver disease. Current Treatment Options in 
Gastroenterology 3: 457-462.

3. Lichtman MD, Keku J, Clark RA, Schwab JH, Sarter RB (1991) Biliary tract 
disease in rats with experimental small bowel bacterial overgrowth. Hepatoxy 
13: 766–772.

4. Cani PO, Bibiloni C, Knau FC, Waget A, Neyrinck A, et al. (2008) Changes in 
gut microbiota control metabolic endotoxima – induced inflammation in high fat 
diet-induced obesity and diabetes in mice. Diabetes 57: 1470-1481.

5. Evans RM, Barish GD, Wang YX (2004) PPARs and the complex journey to 
obesity. Nature Medicine 10: 1-7.

6. Ayers RS, Westcot DW (1985) Water quality for agriculture. Irrigation and 
Drainage 29: 1-88.

7. USEPA (1997) Quality criteria for water. EPA-841-B-97-002a, Office of Water 
Regulations Standards, Washington DC, USA.

8. Srivastava SJ, Singh ND, Arun K, Sinha R (1995) Acute toxicity of malachite 
green and its effects on certain blood parameters of a catfish, Heteropneustes 
fossilis. Aquatic Toxicology 31: 241–247.

http://dx.doi.org/10.1016%2FS0923-2508(99)80037-0
http://dx.doi.org/10.1016%2FS0923-2508(99)80037-0
http://dx.doi.org/10.1016%2FS0923-2508(99)80037-0
http://dx.doi.org/10.1007/s11938-000-0034-7
http://dx.doi.org/10.1007/s11938-000-0034-7
http://dx.doi.org/10.1002/hep.1840130425
http://dx.doi.org/10.1002/hep.1840130425
http://dx.doi.org/10.1002/hep.1840130425
http://dx.doi.org/10.2337/db07-1403
http://dx.doi.org/10.2337/db07-1403
http://dx.doi.org/10.2337/db07-1403
http://dx.doi.org/10.1038/nm1025
http://dx.doi.org/10.1038/nm1025
http://www.calwater.ca.gov/Admin_Record/C-110101.pdf
http://www.calwater.ca.gov/Admin_Record/C-110101.pdf
https://pubs.usgs.gov/wri/wri014194/pdf/section-3.pdf
https://pubs.usgs.gov/wri/wri014194/pdf/section-3.pdf
https://www.infona.pl/resource/bwmeta1.element.elsevier-04f7f689-14e4-3757-aa0e-f1888a49df0d
https://www.infona.pl/resource/bwmeta1.element.elsevier-04f7f689-14e4-3757-aa0e-f1888a49df0d
https://www.infona.pl/resource/bwmeta1.element.elsevier-04f7f689-14e4-3757-aa0e-f1888a49df0d


Citation: Al-Hasawi Z, Al-Harbi H, Al-Hasawi R, Al-Wesabi E (2016) The Toxicological Effect on the Liver Function caused by Fecal Coliform Bacteria. 
Biochem Physiol 5: 209. doi: 10.4172/2168-9652.1000209

Page 4 of 4

Volume 5 • Issue 4 • 1000209
Biochem Physiol, an open access journal
ISSN: 2168-9652

9. Robinson M, Bercz JP, Ringhand HP, Condie LW (1991) Ten and ninety 
day toxicity studies of 1,2-Dichlorobenzene administered by oral gavage to 
Sprague-Dawley rats. Drug and Chemical Toxicology 14: 83-112.

10. Greenberg G (1972) The effects of ambient temperature and population density
on aggression in two inbred strain of mice, Mus musculus. Behaviour 42: 119–
130.

11. Henry RJ, Cannon DC, Wimkelman W (1974) Clinical chemistry principles and
techniques. Happer and Row publishers 11: 1129.

12. Veiga F, Fernandes C, Teixeira F (2000) Oral bioavailability and hypoglycaemic
activity of tolbutamide/cyclodextrin inclusion complexes. Int J Pharm 202: 165-
171.

13. Jendrassik L, Grof P (1938) Simplified photomertic methods for the
determination of blood bilirubin. Biochem 297: 81.

14. Stadtman TC (1957) Methods in enzymology. Academy press 3: 392-394.

15. Rautela GS, Hall RG, Bekiesz CL, Wermus GR (1974) Akinetic method for 
the rapid and automatic measurement of triglycerides in biological fluids. Clin 
Chem 20: 857.

16. Burtis CA, Asshwood ER (1999) Tietz Textbook of Clinical Chemistry. (3rd edn), 
WB Saunders Company, Philadelphia.

17. Saris NE (1978) Revised IFCC method for aspartate aminotransferase. Clin
Chem 24: 720-721.

18. Bergmeyer HU, Scheibe P, Wahlefeld AW (1978) Optimization of methods for
aspartate aminotransferase and alanine aminotransferase. Clin Chem 24: 58-
73.

19. Principato GB, Asia MC, Talesa V, Rosi G, Giovannini E (1985) Characterization 
of the soluble alkaline phosphatase from hepatopancreas of Squilla mantis L. 
comp. Biochem Physiol B80: 801-804.

20. Shakoori AR, Aziz F, Alam J, Ali SS (1990) Toxic effects of tolastar, new
synthetic pyrethroid, on blood and liver of rabbit. Pakistan J Zool 23: 289-300.

21. Lukowicz-Ratojczak J, Gadomska J, Krecniak J (1988) Protein in blood serum

and urine of rats intoxicated with deltamethrin and cypermeethrin bromatol. 
Chem Taksykol 21: 146-150.

22. Seki T, Ito S, Adachi H, Yoshioka K, Hosokawa S, et al. (1987) One year chronic
dietary toxicity study of dd-T80-prallethrin in rats. J Toxicol Sci 12: 397-428.

23. El-Demerdash FME, Yousef M, Fatma SK, Hoda HB (2003) Cadmium-induced
changes in lipid peroxidation, blood hematology, biochemical parameters and
semen quality of male rats: Protective role of vitamin E and ß-carotene. Food
and Chemistry Toxicology 42: 1563-1571.

24. Raja M, Al-Fatah A, Ali M, Afzal M, Hassan RA, et al. (1992) Modification of 
liver and serum enzymes by paraquat treatment in rabbits. Drug Metabol Drug 
Interact 10: 279-291.

25. Malaguarnera M, Giugno I, Trovato BA, Panebianco MP, Restuccia N, et al. 
(1996) Lipoprotein(a) in cirrhosis. A new index of liver functions? Curr Med Res 
Opin 13: 479-485.

26. AL-Shaikh TMH (2012) The possible protective role of carnitine against the 
toxic effects of cypermethrin insecticide in mice. PhD Thesis, Faculty of 
Science, King Abdulaziz University, Saudia Arabia.

27. Mohamed EH (2006) Deltamethrin-induced oxidative damage and biochemical
alterations in rat and its attenuation by vitamin E. Toxicology 227: 240-247.

28. Yousif MI, EL-Demerdash FM, Kamel KI, AL-Salhen KS (2003) Changes in
some hematological and biochemical indices of rabbits induced by isoflavones
and cypermethrin. Toxicology, 189: 223-234.

29. Kwong TC (2002) Organophosphate pesticides: Biochemistry and clinical
toxicology. Ther Drug Monit 24: 144-149.

30. Zielinski W, Sadurska B (1996) Deltamethrin-induced changes in rat lipid
contents. Toxicol Lett 88: 32.

31. Luskova V, Svoboda M, Kolarova J (2002) The effect of diazinon on blood
plasma biochemistry in crab (Cyprinus carpiol). Acta Vet Brono 71: 117-123.

32. Saleh AT, Saker SA, AL-Sahhaf ZY, Bahareth OM, Sarhan OM (1998) Toxicity
of pyrethroid insecticide texramethrin in albino rats: Haematological and
biochemical effects. J Effect Ger Soc Zool 25: 35-52.

https://dx.doi.org/10.3109/01480549109017870
https://dx.doi.org/10.3109/01480549109017870
https://dx.doi.org/10.3109/01480549109017870
http://dx.doi.org/10.1163/156853972X00130
http://dx.doi.org/10.1163/156853972X00130
http://dx.doi.org/10.1163/156853972X00130
https://estudogeral.sib.uc.pt/bitstream/10316/5807/1/filede65c4377dc247acb647bde5197162ac.pdf
https://estudogeral.sib.uc.pt/bitstream/10316/5807/1/filede65c4377dc247acb647bde5197162ac.pdf
https://estudogeral.sib.uc.pt/bitstream/10316/5807/1/filede65c4377dc247acb647bde5197162ac.pdf
https://science.report/pub/32060618
https://science.report/pub/32060618
http://clinchem.aaccjnls.org/content/45/6/913
http://clinchem.aaccjnls.org/content/45/6/913
http://clinchem.aaccjnls.org/content/clinchem/24/1/58.full.pdf
http://clinchem.aaccjnls.org/content/clinchem/24/1/58.full.pdf
http://clinchem.aaccjnls.org/content/clinchem/24/1/58.full.pdf
http://jglobal.jst.go.jp/en/public/200902050450177953
http://jglobal.jst.go.jp/en/public/200902050450177953
http://jglobal.jst.go.jp/en/public/200902050450177953
https://www.cabdirect.org/cabdirect/abstract/19930512419?start=37900
https://www.cabdirect.org/cabdirect/abstract/19930512419?start=37900
http://doi.org/10.2131/jts.12.397
http://doi.org/10.2131/jts.12.397
http://dx.doi.org/10.1016/j.fct.2004.05.001
http://dx.doi.org/10.1016/j.fct.2004.05.001
http://dx.doi.org/10.1016/j.fct.2004.05.001
http://dx.doi.org/10.1016/j.fct.2004.05.001
https://doi.org/10.1515/DMDI.1992.10.4.279
https://doi.org/10.1515/DMDI.1992.10.4.279
https://doi.org/10.1515/DMDI.1992.10.4.279
http://dx.doi.org/10.1185/03007999609115228
http://dx.doi.org/10.1185/03007999609115228
http://dx.doi.org/10.1185/03007999609115228
http://dx.doi.org/10.1016/j.tox.2006.08.008
http://dx.doi.org/10.1016/j.tox.2006.08.008
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0ahUKEwi0z9KK5e7QAhVLu48KHRSHCPYQFggrMAM&url=http%3A%2F%2Fdocuments.tips%2Fdocuments%2Fchanges-in-some-hematological-and-biochemical-indices-of-rabbits-induced-by.html&usg=AFQjCNENs-EPD6LthfVbHcwWGjumOHBZZg&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0ahUKEwi0z9KK5e7QAhVLu48KHRSHCPYQFggrMAM&url=http%3A%2F%2Fdocuments.tips%2Fdocuments%2Fchanges-in-some-hematological-and-biochemical-indices-of-rabbits-induced-by.html&usg=AFQjCNENs-EPD6LthfVbHcwWGjumOHBZZg&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0ahUKEwi0z9KK5e7QAhVLu48KHRSHCPYQFggrMAM&url=http%3A%2F%2Fdocuments.tips%2Fdocuments%2Fchanges-in-some-hematological-and-biochemical-indices-of-rabbits-induced-by.html&usg=AFQjCNENs-EPD6LthfVbHcwWGjumOHBZZg&cad=rja
http://journals.lww.com/drug-monitoring/Abstract/2002/02000/Organophosphate_Pesticides__Biochemistry_and.22.aspx
http://journals.lww.com/drug-monitoring/Abstract/2002/02000/Organophosphate_Pesticides__Biochemistry_and.22.aspx
http://dx.doi.org/10.1016/s0378-4274(96)80115-9
http://dx.doi.org/10.1016/s0378-4274(96)80115-9
https://actavet.vfu.cz/media/pdf/avb_2002071010117.pdf
https://actavet.vfu.cz/media/pdf/avb_2002071010117.pdf
http://dx.doi.org/10.3923/pjbs.2011.1024.1027
http://dx.doi.org/10.3923/pjbs.2011.1024.1027
http://dx.doi.org/10.3923/pjbs.2011.1024.1027

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Materials
	Methods
	The biochemical tests for blood samples  
	Statistical analysis 

	Results
	Discussion
	Conclusion
	Table 1
	Table 2
	References

