
 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE             BIOSCIENCE RESEARCH, 2021 18(1): 138-152.            OPEN ACCESS 
                                                                                         
 

The ameliorative effects of a novel combination of 
Taurine with Sulfamethoxazole against Carbon 
tetrachloride hepatotoxicity in mice: by modulating 
the antioxidants system. 

Rasha F. Zahran1*, Sherouq S. Badawy1 and Mohammad M. Mashaly2 
 
1 Department of Chemistry (Biochemistry division), Faculty of Science, Damietta University, New Damietta, Egypt 
2Department of Chemistry, Faculty of Science, Damietta University, New Damietta, Egypt 
  
*Correspondence:  zahran@du.edu.eg, rzahran17@yahoo.com Received 20-04-2020, Revised: 02-11-2020, Accepted: 12-01-
2021 e-Published: 20-01-2021 

Background: This present study investigated the effect of each Taurine (TAU) and Sulfamethoxazole 
(SMX), either separately or together (TAU+SMX) against liver damage induced by carbon tetrachloride 
(CCl4). The research design was experimentally where one hundred and thirty-five N=135 Swiss male 
adult albino mice were divided into 9 groups: negative control (olive oil-treated), toxin control (CCl4 
treated), Dimethyl sulfoxide (DMSO) control, TAU control, SMX control, TAU+SMX control, (CCl4+TAU), 
(CCl4+SMX)  and (CCl4+TAU+SMX). Results: The carbon tetrachloride (CCl4 ) amplified the oxidative 
stress (by increasing Malondialdehyde (MDA) and Nitric oxide (NO) levels and reducing Superoxide 
dismutase (SOD), reduced glutathione (GSH), Glutathione reductase (GR) and Total antioxidant 
capacity (TAC)), moreover, the liver damage indicators were increased (alanine transaminase ALT and 
aspartate transaminase AST) and liver proteins were reduced  (serum albumin and total protein). 
Additionally, white blood cell levels (WBCs) were increased, while platelets (PLT), red blood cells 
(RBCs), hemoglobin (HGB) and hematocrit (HCT) levels were reduced. Also, SDS-PAGE 
electrophoresis showed a decrease in protein synthesis. The liver tissue histopathological analyses 
confirmed the former biochemical results.  Both TAU and SMX post-treatments were efficiently able to 
discharge the detected differences in the indicators to nearly normal levels. Conclusion: In conclusion, 
the order of efficiency towards ameliorating the hepatotoxicity effect of CCl4 was TAU > (TAU+SMX) > 
SMX. 
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INTRODUCTION 

Fibrosis is the first phase of liver-damaging 
which interrupts the typical 
functioning of the liver (Latief et al. 2018), 
produced by several factors such as alcohol 
intake, viral infection, and chemicals as carbon 
tetrachloride (CCl4) (El-mahdy et al. 2017). This 
condition is characterized by the extra deposition 
of extracellular matrix (ECM) constituents, which 
frequently cause hepatic dysfunction, and even 

hepatocellular carcinoma (HCC) (Xuan et al. 
2015). There is no typical anti-fibrotic treatment 
accessible for several chronic liver disorders nor 
is any action, so liver transplantation is the single 
accessible option. 

As such, novel approaches that can decrease 
the fibrosis response are much-needed (El-mahdy 
et al. 2017). Carbon tetrachloride (CCl4) belongs to 
the class of hepatotoxins which act after metabolic 
activation. The cytochrome p450 metabolizes 
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CCl4 in the endoplasmic reticulum to the highly 
reactive trichloromethyl radical (CCl3•), which 
rapidly reacts with oxygen to form the highly 
reactive trichloromethyl peroxyl radical (CCl3OO•). 
CCl3OO• reacts with lipids to form lipid 
peroxidation products (Ritesh et al. 2015) and 
(Ahmad et al. 2017). 

Taurine, (2-amino-ethane sulfonic acid), is a 
free intracellular amino acid, present in high 
concentrations in the mammalian brain (Ritesh et 
al. 2015), and can be ingested especially from 
seafood (Suárez et al. 2016). The biosynthesis of 
taurine in humans happens fundamentally in the 
liver through oxidation and decarboxylation of 
cysteine amino acid (Owoeyea et al. 2018). 
Although the action of taurine is indistinct, the 
induction of cellular antioxidants and inhibition of 
lipid peroxidation (LPO) in mice is a suggested 
way of action of this natural antioxidant (El-Sayed 
et al. 2010). The useful well-being activities of 
taurine have been mentioned to its characteristic 
anti-oxidant, anti-inflammatory, anti-apoptotic 
properties, and membrane stabilization (Huxtable, 
1992, Hayes et al. 1992, Das et al. 2012, Aydın et 
al. 2012 and Adedara et al. 2018). Many 
investigations reported the hepato protective 
properties of taurine against xenobiotics induced 
liver injury (Ghosh et al. 2019, Heidari et al. 2016 
and Abdel-Daim et al. 2019). Sulfonamides were 
utilized as preventive and chemotherapeutic 
agents against different diseases (Wang et al. 
2019). Sulfonamides create an essential class of 
treatments, with several kinds of pharmacological 
agents having antibacterial (Askar et al. 2017), 

anti-carbonic anhydrase (Capasso and Supuran, 
2014 and Supuran, 2012), anti-obesity (Carta et 
al. 2014), diuretic (Nocentini et al. 2019 and 
Scozzafava et al. 2013), hypoglycemic (Carta and 
Supuran 2013), antithyroid (Supuran, 2016), 

antitumor (Boyd, 1988 and Maren, 1976), and 
anti-neuropathic pain activities (Puccetti et al. 
2005). This is likely because of the particular 
highlights of the, - SO2NH-(or - OSO2NH-, - 
NHSO2NH-), moieties, which can take part in 
numerous cooperation with metal particles, amino 
corrosive buildups, and DNA or RNA moieties 
present as medication targets (Supuran, 2017a, 
Carta et al. 2015 and Supuran, 2017b). In light of 
the above, this study was conducted to investigate 
the effect of taurine and sulfamethoxazole single 
and in combination towards ameliorating the effect 
of CCl4 induced liver fibrosis in mice. Also, TAU 
and SMX effects on biochemical, hematological 
and histological changes associated with the liver 
fibrosis were studied 

  
MATERIALS AND METHODS 

Chemicals 
Dimethyl sulfoxide (DMSO) and TAU 

purchased from Sigma-Aldrich Chemical Co., (St 
Louis, MO, USA). SMX purchased from El-
Gomhouria Company for Drug and Chemicals, 
Egypt. CCl4 was purchased from BDH Chemicals, 
Ltd, Poole, England. CCl4 was diluted with olive 
oil while TAU solution prepared in 0.1 M 
phosphate buffer saline with pH =7.4 

Ethics approval and consent to participate 
The experiment conformed to the British 

Home Office Regulations (Animal Scientific 
Procedures Act 1986) and associated guidelines, 
EU Directive 2010/63/EU for animal experiments. 
This work launched after attaining permission of 
scientific and ethical committees from the Faculty 
of Science (Code number of the research 
proposal is 3.2.3.3; Biochemical study on liver 
diseases).  

Experimental animals 
Adult male Swiss albino mice (all outnumber,  

n=135) were bought from Zoology Department, 
Faculty of Science,  Egypt, with normal weight 
(25-30g) and housed at the experimental animal 
house of the Faculty of Science. The animals 
were preserved in controlled surroundings of 
temperature, moisture, and light and fed on a 
commercial typical diet and tap water ad libitum. 

Experimental design  
The animals were separated into 9 groups (15 

mice/each) as shown in Table1. Toward the finish 
of the experiment, mice fasted for 12h and 
sacrificed by ether inhalation, afterward the whole 
blood was collected by heart puncture.  Blood 
samples were gathered for biochemical and 
hematological examination, the liver dissected out 
and washed with isotonic saline and separated 
into two parts, the first part was put away at 
−20°C until the test for estimation of antioxidant 
indicators. The second piece of the liver tissue 
was fixed in (10%) formalin for histopathology 
evaluation.  
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Table 1: Experimental design. 
 

Groups Dose 
Method of 
 section 

Duration 

Group I negative 
control (olive oil- 

treated) 
0.5 ml olive oil/kg b.w. 

intraperitoneally 
(i.p.) 

3 times a week for 5 
weeks 

Group II DMSO control 0.25 ml (0.2%) DMSO/kg b.w. (i.p.) 
4 times a week for one 

month 

Group III CCl4 control 
(toxin control) 

1 ml (50% in olive oil)/kg b.w. (i.p.) 
3 times a week for 5 

weeks 

Group IV TAU  group 
CCl4 as group III followed by TAU 

100 mg/kg b.w. 
CCl4 (i.p.) 
TAU (i.p.) 

CCl4 3 times a week for 5 
weeks then 

4 times a week for one 
month 

Group V TAU  control 100 mg/kg b.w. (i.p.) 
4 times a week for one 

month 

Group VI SMX  Group 
CCl4 as group III followed by 15 

mg SMX/kg b.w. in DMSO 
(i.p.) 

CCl4 3 times a week for 5 
weeks then 

4 times a week for one 
month 

Group VII SMX. control 15 mg SMX/kg b.w. in DMSO (i.p.) 
4 times a week for one 

month 

Group VIII 
Combination 

(TAU + SMX ) group 

CCl4 as group III followed by TAU 
as group V and SMX as group VII 

CCl4 (i.p.) 
TAU  (i.p.) 
SMX (i.p.) 

 

CCl4 3 times a week for 5 
weeks then 

4 times a week for one 
month 

Group IX 
Combination 

(TAU+SMX ) control 

TAU as group V and SMX as 
group VII 

TAU (i.p.) 
SMX (i.p.) 

CCl4 3 times a week for 5 
weeks then 

4 times a week for one 
month 

 

Biochemical analysis   
The plasma samples were collected for the 

antioxidant analyzes. The Superoxide dismutase 
(SOD), the reduced glutathione (GSH), the 
glutathione reductase (GR) and the 
malondialdehyde (MDA), the nitric oxide (NO) 
levels and the total antioxidant activity (TAC) were 
estimated by using of Bio-diagnostic kit method 
(Nishikimi et al. 1972), (Beutler et al. 1963), 
(Goldberg and Spooner, 1983), (Satoh, 1978), 
(Montgomery and Dymock, 1961) and (Koracevic 
et al. 2001). The activities of aspartate 
transaminase (AST) and alanine transaminase 
(ALT) estimated by the method of Reitman and 
Frankel (1957). Serum total protein and albumin 
concentrations were estimated by the method of 
(Gornall et al.1949) and (Doumas et al. 1971); 
respectively.  

Sodium Dodecyl Sulphate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) 

Protein fractionation was done by using one-
dimensional polyacrylamide gel electrophoresis 

according to the method of (Al madaly et al. 
1957). 

Complete Blood Count (CBC) 
A part of retro-orbital blood samples was 

collected of each animal used for a complete 
blood count. Blood cell counts performed with 
HORIBA Hematology analyzer (France), model: 
MICROS 60 OT. 

Histopathological examinations 
The samples from the liver tissue taken and 

fixed immediately in 10% neutral formalin, treated 
for light microscopy to get (50%) paraffin pieces 
and stained with: Hematoxylin & Eosin (H&E) to 
confirm histological details. 

Statistical analysis  
Data evaluated by one-way analysis of 

variance (ANOVA) and "SPSS" version 14.0 for 
Microsoft Windows, SPSS Inc. and considered 
statistically significant at a two-sided P<0.05. The 
gel was scanned and examined by the Gel-Pro 
Analyzer program http://meyerinst.com/imaging-
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software/image-pro/gel/index.htm (Media 
cybernetics, Georgia, USA).  
 
RESULTS  

Effect of taurine and sulfamethoxazole on 
antioxidants in all studied groups  

The CCl4 control group showed a significant 
increase in MDA and NO levels, (p<0.001) when 
compared to the negative control group. While 
taurine, sulfamethoxazole and their combination 
resulted in a significant decrease in the MDA 
levels when compared to the CCl4 group. Also, 
nitric oxide levels decreased significantly by 
taurine, sulfamethoxazole and their combination, 
(p<0.001) when compared to the CCl4 group. 
There were a slight difference between DMSO 
control, TAU control, SMX control, (SMX+TAU) 
control groups and the negative control group as 
shown in Table 2. 

 Superoxide dismutase, GR activities, GSH 
and TAC levels were significantly decreased in 
the CCl4 group. While their activities and levels 
were significantly increased by taurine, 
Sulfamethoxazole and their combination, 
(p<0.001) when compared to the CCl4 group. 
Also, The SOD, GR activities, GSH and TAC 
levels were significantly increased in the animals 
treated only with taurine when compared with the 
control group as shown in Table 3. 

Effect of taurine and sulfamethoxazole on liver 
enzymes and proteins in all studied groups 

The measurement of liver enzyme activities 
demonstrated a significant increase in ALT and 
AST activities in the CCl4 control group, (p<0.001) 
when compared to the negative control group. 
These high activities of liver enzymes were 
significantly reduced by taurine, 

Sulfamethoxazole, and their combination 
compared to the CCl4 group, (p<0.001) as shown 
in Table 4. Also, the measurement of total protein 
and albumin concentration demonstrated a 
significant decrease in the CCl4 control group, 
(p<0.001) when compared to the negative control 

group. These concentrations were significantly 

increased in the (CCl4+TAU) and the (CCl4+SMX) 
and in (CCl4+TAU+SMX) group compared to the 
CCl4 control group,(p<0.001) as shown in  Table 
4. 

Total soluble protein by gel electrophoresis  
(Table 5), (Figures 1, 2 and 3) revealed that 

three new bands appeared in the diseased group 
as compared to the normal control. However, in 
the treated groups, one new band appeared as 
compared to the normal control group. Where, in 
the CCl4 group and all treated groups, one band 
disappeared in contrast to the normal control. 

Effect of taurine and sulfamethoxazole on 
hematological changes  

Treatment with CCl4 significantly increased 
the numbers of white blood cells (WBCs), reduced 
platelets (PLT) levels, hemoglobin concentration, 
red blood cells and hematocrit (HCT) in the blood 
when compared to the control group. Leukocytes 
were significantly decreased by taurine, 
Sulfamethoxazole and their combination, 
(p<0.001) when compared to the CCl4 group. The 
platelets, red blood corpuscles counts, hematocrit 
values were significantly increased by taurine, 
Sulfamethoxazole, and their combination, 
(p<0.001) and hemoglobin concentration, (P < 
0.05) in contrast to the CCl4 group as shown in 
Figure 4. 

 

 
Table 2: The mean levels of MDA and NO in all studied groups  

 
 
 
 

 

 

 

 

 

 

 

 
 

[a]Results expressed as mean ± SD. (a) Compared with normal control. (b) Compared with CCl4 control.[b] 

Group 
MDA (nmol/ml) 

Mean+SD 
NO (μmol/l) 
Mean+SD 

Negative control 57.912+0.83 39.58+1.0 

DMSO control 53.862+0.63 27.55+0.90 

CCl4 control 88.54+0.78a 76.5+0.99 a 

CCl4 +TAU 45.57+0.87b 29.68+0.65b 

TAU 40.41 +0.66 25.96+0.50 

CCl4 +SMX 68.74+0.54b 67.91+0.44b 

SMX 49.58+0.91 30.05+0.70 

(CCl4+TAU+SMX) 55.80+0.45b 49.72+0.40b 

(TAU+SMX) 47.80+1.0 28.73+0.30 
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Highly significant difference from control value at (P < 0.001). TAU: taurine, SMX: sulfamethoxazole, 
MDA: Malondialdehyde, NO: Nitric oxide. 

 
Table 3: The mean activities of SOD, GSH and GR and the mean level of TAC in the studied groups 
 

[a]Results were expressed as mean ± SD. (a) Compared with normal control. (b) Compared with CCl4 
control. [b]Highly significant difference from control value at (P < 0.001). SOD:   Superoxide dismutase, 

GSH: Reduced glutathione, GR: glutathione reductase, TAC: Total antioxidant capacity 
 

Table 4: Biochemical markers of hepatic injury. 
 

[aResults expressed as mean ± SD. (a) Compared with normal control. (b) Compared with CCl4 control. [b] 
Highly significant difference from control value at (P <0.001). ALT:  Alanine transaminase, AST: Aspartate 

transaminase. 
Table 5: Bands pattern of SDS-PAGE of hepatic tissue samples 

 
Row Lane1 Lane2 Lane3 Lane4 Lane5 Lane6 Lane7 Lane8 Lane9 

A (92 KDa) + + + + + + + + + 

B (67 KDa) + + + + + + + + + 

C (50 KDa) + + + + + + + + + 

D (42 KDa) - - + + + + + + + 

E (34.5KDa) + + + + + + + + + 

F (32 KDa) + + + + + + + + + 

G(26.5KDa) + - - - + - - - - 

H (22.4 KDa) - - + - - - - - - 

I (20 KDa) - - + - + - - - - 

J (15 KDa) - - + - - - - - - 

No. of bands 6 5 9 6 8 6 6 6 6 

Common bands 5 5 5 5 5 5 5 5 5 

No. of polymorphic bands 0 0 4 1 2 1 1 1 1 

No. of unique bands 1 0 2 0 1 0 0 0 0 

Group 
SOD (U/ml) 
Mean+SD 

GSH (mg/dl) 
Mean+SD 

GR (U/l) 
Mean+SD 

TAC (mM/l) 
Mean+SD 

Negative control 156.88+1 9.1+0.69 9.88+0.3 0.17+0.025 

DMSO control 86.78+0.98 5.4+0.85 8.9+0.9 0.17+0.006 

CCl4 control 59.37+0.54a 2.5+0.56a 1.7+0.34a 0.063+0.011a 

CCl4 +TAU 189.65+0.51b 9.2+0.3b 15.05+1.8b 0.153+0.015b 

TAU 177.09+0.71 10.1+0.61 16.16+0.4 0.18+0.009 

CCl4 +SMX 111.37+0.82b 4.322+0.41b 12.74+0.94b 0.12+0.01b 

SMX 105.9+0.91 5.31+0.35 12.99+0.5 0.14+0.006 

(CCl4+TAU+SMX) 121.323+0.93b 8.9+1.5b 13.6+0.7b 0.124+0.015b 

(TAU+SMX) 143.05+0.59 9.1+0.19 14.22+1.5 0.15+0.008 

Group 
ALT (U/l) 
Mean+SD 

AST (U/l) 
Mean+SD 

Total protein (g/dl) 
Mean+SD 

Albumin (g/dl) 
Mean+SD 

Negative control 59.68+12.1 103.61+4.8 9.45+0.85 4.12+0.1 

DMSO control 36.51+1.33 90.89+2.5 7.87+0.27 3.65+0.25 

CCl4 control 77.22+4.9a 128.71+6.5a 6.66+0.28a 3.22+0.38a 

CCl4 +TAU 37.09+12.9b 82.83+4.1b 10.6+0.4b 4.38+0.3b 

TAU 30.89+0.5 80.74+0.8 10.8+0.89 5.5+0.19 

CCl4 +SMX 46.16+4.9b 122.53+3.7b 9.89+0.75b 3.57+0.09b 

SMX 40.31+1.6 103.89+3.5 7.49+2.3 3.79+0.08 

(CCl4+TAU+SMX) 47.25+12.66b 110.52+7.7b 10.56+0.55b 4.06+0.1b 

(TAU+SMX) 36.93+3.2 84.42+2.6 9.88+0.43 4.36+0.49 
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 Figure 1:  The SDS-Polyacrylamide gel of protein pattern of tissue.  
M= Marker 15-220 KDa, Lanes 1-9: groups 1-9. Banding rows (A-J). Lane 1 represents the 
electrophoretic pattern of the normal group treated with olive oil, Lane 2 represents the 

electrophoretic pattern of  DMSO group, Lane 3 represents the electrophoretic pattern of CCl4 
group, Lane 4 represents the electrophoretic pattern of the (CCl4+TAU) group, Lane 5 represents 
the electrophoretic pattern of TAU control group, Lane 6 represents the electrophoretic pattern of  
the (CCl4+SMX) group, Lane 7 represents the electrophoretic pattern of SMX control group, Lane 8 
represents the electrophoretic pattern of the (SMX+TAU) group control group, Lane 9 represents 

the electrophoretic pattern of the (CCl4+TAU+SMX) group. 
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Figure 2:  The Gel Pro analysis of protein pattern of liver tissue samples. (A) normal control, (B) 

DMSO control group,(C) CCl4 group,(D) TAU group. 
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Figure 3:  The Gel Pro analysis of protein pattern of liver tissue samples. (E) TAU control, (F) SMX 

group, (G) SMX control, (H) TAU+SMX control, (I) TAU+SMX control group.  
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Figure 4:  Effect of taurine and sulfamethoxazole on WBCS, RBCS, PLT, HGB and HCT levels in all 
studied groups Results expressed as mean ± SD. A highly significant difference from the control 
value at P < 0.001. Significant difference from control value at P < 0.05. White blood cells: WBCs, 

red blood cells: RBCs, platelets: PLT, hemoglobin: HGB and hematocrit: HCT. 
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Figure 5: A photomicrograph of the effects of TAU and SMX on liver fibrosis in mice, H&E, X 

200,400. 

Histopathological studies  
The histological examinations with 

Hematoxylin and Eosin stain confirmed the 
biochemical study in all different groups (Figure 5) 
The histological examination of the negative 
control group revealed that, the normal 
hepatocytes around the portal area (arrowhead), 
H&E, X200 (Figure 5A). DMSO group showed 
normal liver structures (Figure 5B). The CCl4 

group showed cell fibrosis and degenerative 
changes with the increased number of fibroblasts 
(Figure 5C). The (CCl4+TAU) group showed mild 
vacuolation of hepatocytes with the marked 
dilated central vein (Figure 5D). While the taurine 

control group showed normal liver structures 
(Figure 5E). The (CCl4 +SMX) group showed 
cloudy swelling and vacuolar degeneration of 
hepatocytes and mononuclear cell infiltration 
(Figure 5F). While the SMX control group showed 
normal liver structures (Figure 5G). The 
(CCl4+TAU+SMX) group showed mild vacuolation 
of hepatocytes with the slight dilated central vein 
(Figure 5H).The combination control group 
showed normal liver structures (Figure 5I).   

 
DISCUSSION 

The association of oxidative stress has been 
described as a portion of all fibrosis disorders 
(Raynard et al. 2002). Oxidative stress can be 
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seen as an imbalance between the prooxidants 
and antioxidants in the body (Rahal et al. 2014). 
DMSO is one of the most pervasive solvents used 
experimentally to dissolve hydrophobic 
substances for in vivo and in vitro purposes. 
DMSO treatment strongly induces the expression 
and activity of phase1 (Cytochrome 450) and 
phase 2 drug-metabolizing liver enzymes (Kim et 
al. 2007) and (Choi et al. 2009). According to the 
present data, there was a slightly significant 
alteration between the DMSO group and the 
negative control group in all studied parameters. 
Among data, the exposure to CCl4 caused 
oxidative stress leading liver fibrosis, these results 
agreed with Tasci et al. (2007) and Miyazaki et al. 
(2005) who found that the administration of CCl4 
reducing in the activities of antioxidant enzymes 
and created a highly reactive oxygen species 
which cause lipid peroxidation and liver fibrosis.   

Taurine has a cytoprotective role on the 
hepatocytes against CCl4 in the treatment of liver 
fibrosis, cirrhosis, ischemic liver disease, and 
hepatocarcinogenesis (Hassan et al. 2003). The 
achieved results agreed with many studies, Vohra 
and Hui, (2001) found that the intragastric 
administration of taurine elevated superoxide 
dismutase activity and decreased the MDA and 
NO level, and this may be related to the reduction 
of inducible nitric oxide synthase iNOS levels in 
hepatic tissue (Abdel-Moneim et al. 2015). 
Similarly to the obtained results, Sinha et al. 
(2008) found that taurine increased glutathione 
reductase activity by inhibiting lipid peroxidation. 
Where Haretskaya and Sheibak, (2014)  said that 
taurine administration decreased plasma levels of 
liver enzymes AST and ALT. Among the obtained 
result, the treatment with taurine showed a 
significant decrease in serum aminotransferases 
(AST, ALT), (p<0.001) when compared with the 
CCl4 group, which was similar to that result 
obtained by   Miyazaki et al. (2005)  who reported 
that the oral administration of taurine prevented 
the increase of plasma transaminases in the 
chronic liver disease. Interestingly, the 
(CCl4+SMX) group showed a significant increase 
in the serum albumin, total proteins and 
antioxidant levels (p<0.001), and a significant 
decrease in the serum aminotransferases, 
(p<0.001) when compared with the CCl4 group. 
Also, the obtained results showed that there was 
a significant increase in TAC levels in the taurine 
control group when compared with the control 
group and (CCl4 +TAU) group. Also, there was a 
significant increase in TAC levels in the 
(CCl4+TAU) group, (p<0.001) when compared 

with the CCl4 group. These results agreed with 
Hou et al. (2003) who reported that dietary taurine 
supplementation could improve resistance to 
oxidative stress and enhance TAC levels of liver 
and serum of turtles. Similarly, Sharma et al. 
(2018) concluded that the oral administration of 
taurine showed antioxidant activity by evaluating 
the levels of antioxidants such as superoxide 
dismutase, glutathione reductase, and glutathione 
content. According to the study, sulfamethoxazole 
treatment increased the hepatic SOD activity; 
which was in line with Gupta et al. (2013) who 
suggested that the oral administration of SMX 
significantly increased the antioxidant activity of 
SOD against diethylnitrosamine induced hepato-
carcinogenesis.  But in contrast to the obtained 
results, Gupta et al. (2013) reported that there 
was a significant decrease in the levels of GSH 
due to SMX treatment. Also, Taurine and 
sulfamethoxazole combination showed a 
significant increase in the antioxidant levels and a 
significant decrease in MDA and NO level, 
(p<0.001) when compared with the CCl4 group. 
Also, there was a significant increase in TAC 
levels in the CCl4+SMX group and in the group 
treated with TAU+SMX, (p<0.001) when 
compared with the CCl4 group. This result agreed 
with Ping Nie et al. (2013) who found that there 
was a significant increase in the TAC levels after 
SMX treatment and with Zahran et al. (2020) who 
also, found that there was a significant increase in 
the TAC levels after CUR and SMX treatment 
either separately or together. 

 The analysis of total soluble protein by 
sodium dodecyl sulfate poly-acrylamide gel 
electrophoresis confirmed the hepatotoxic effect 
of CCl4 on the liver. There were three new bands 
expressed in the CCl4 group when compared to 
the normal control group. However, in the treated 
groups with CCl4, taurine, sulfamethoxazole, and 
their combination, only one new band appeared 
as compared to the normal control group. These 
results were close to the results obtained by 
Gotardo et al. (2003) who found that 
electrophoresis of Capillaria hepatica extracts 
revealed several bands that were not present in 
the extracts from the normal liver.  

Among this study, obtained data showed that 
there was a significant decrease in the hematocrit, 
red blood cells, platelet values, and hemoglobin 
concentration and a significant increase in white 
blood cells in the CCl4 group, (p< 0.001) when 
compared to the control group. These results 
agreed with Abdel-Bakky et al. (2015) who found 
that CCl4 treatment produced a significant 
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reduction in platelet and elevation in WBCs levels. 
On a hand, there was a significant rise in the 
hemoglobin concentration, hematocrit, red blood 
cells, platelet levels and a significant reduction in 
the white blood cell counts, (p<0.001) due to 
taurine treatment. Similarly, to our results, 
Mohamed and Saddek, (2019) showed that pre-
treatment with taurine showed a significant 
improvement in the hemoglobin concentration, 
hematocrits, red blood cells, white blood cells, and 
platelet levels. On the other hand, there was a 
significant increase in the number of red blood 
cell, hematocrit, and platelets levels, (p<0.001), in 
the hemoglobin concentration, (p<0.05), and a 
significant reduction in the white blood cells in the 
(CCl4+SMX), (p<0.001) and in the combination 
group treated with (CCl4+SMX+TAU) when 
compared with the CCl4 group. Gupta et al. (2013) 

was in line with the obtained results; suggesting 
that the oral administration of SMX significantly 
increase the number of red blood cell, hemoglobin 
concentration against the carcinogenic effect of 
diethylnitrosamine in rats. From these data, either 
TAU, SMX or their combination could reduce the 
CCl4 hematological toxic effects.  

The histological examinations of liver tissues 
in the different studied groups confirmed the 
biological study in all different groups. The 
histopathological changes in mice liver not only 
confirmed the hepatotoxicity effect of carbon 
tetrachloride but also showed an improvement in 
the hepatic cells after the treatment with TAU, 
TAU+ SMX, SMX; respectively. The study showed 
that the liver of control mice exhibited normal 
lobular architecture around the portal area. The 
treatment with CCl4 caused significant 
morphological and histological changes included 
vacuolation of hepatocytes within the periportal 
area mostly of fatty degeneration type, 
vacuolation of hepatocytes and exhibited multiple 
scars. Furthermore, hepatocellular fibrosis when 
compared with the control group. Interestingly, 
Abdel-Moneim et al. (2015) found that the 
administration of CCl4 induce fatty degeneration 
and broad infiltration of inflammatory leukocyte 
cells,  However  the (CCl4+TAU) group showed an 
improvement in contrast to the CCl4 group, 
demonstrated smooth surface and mild 
vacuolation of hepatocytes. The (CCl4+SMX) 
group showed cloudy swelling and vacuolar 
degeneration of hepatocytes, mononuclear cells. 
Furthermore, the combination group 
demonstrated mild vacuolation of hepatocytes 
with slightly dilated central vein. Where, each of 
DMSO control, TAU control, SMX control, and 

TAU+SMX control exhibited normal liver 
structures. 

CONCLUSION 
The single therapy of Taurine and 

sulfamethoxazole or their combination can reduce 
CCl4 hepatotoxicity in mice. In the light of our 
results, this may be related to the antioxidant 
effects of each of these drugs and revealed that 
the efficiency against fibrosis induced by carbon 
tetrachloride was TAU > (TAU+SMX) > SMX. 
However further studies with different dosages 
and/or concentrations of Taurine and 
sulfamethoxazole will be done. 
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