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Abstract Öz 
Purpose: In this study, we aimed to investigate the 
protective effects of benfotiamine on experimental liver 
injury caused by carbon tetrachloride (CCl4). 
Materials and Methods: In this study, 30 male Wistar 
albino rats were used. Rats were equally divided into 5 
groups. No application was made to control group. The 
CCl4 group was injected i.p with1ml/kg CCl4:olive oil 
(1:2) mixture on the 1st and 8th days, and the 
CCl4+benfotiamine group was treated i.p with 1 ml/kg 
CCl4: olive oil (1:2) mixture twice on the 1st and 8th days 
and orally with 70 mg/kg/day benfotiamine. To the 
benfotiamine group, 70 mg/kg/day benfotiamine was 
given orally for 14 days. To the olive oil group, 2 ml/kg 
olive oil was given i.p. on 1st and 8th days. Finally, rats 
were decapitated. Liver tissues were removed and paraffin 
blocks were prepared. Tissues were stored at –80 oC for 
malonaldeyhde (MDA) assay. 
Results: There were no significant differences between 
the control, benfotiamine and olive oil groups. Compared 
with the control group, there was a significant increase in 
MDA, apoptosis and bax immunoreactivity in CCl4 group. 
Compared with the CCl4 group, there was a significant 
decrease in MDA, apoptosis and bax immunoreactivity in 
the CCl4+benfotiamine group. 
Conclusion: CCl4 increases MDA, apoptosis and bax 
immunoreactivity, and benfotiamine, given as treatment, 
reduces these parameters.  

Amaç: Bu çalışmada karbon tetraklorür (CCl4) ile 
oluşturulan deneysel karaciğer hasarında benfotiaminin 
karaciğer dokusu üzerine koruyucu etkilerinin incelenmesi 
amaçlanmıştır. 
Gereç ve Yöntem: Çalışmada, 30 adet Wistar albino cinsi 
erkek sıçanlar kullanıldı. Deney hayvanları 5 eşit gruba 
ayrıldı. Kontrol grubuna 14 günlük deney süresince 
herhangi bir uygulama yapılmadı. CCl4 grubuna ise 1. ve 8. 
günlerde 1ml/kg CCl4: zeytinyağı (1:2) intraperitoneal (i.p) 
verildi. CCl4 +benfotiamin grubuna 1. ve 8. günlerde iki 
defa 1 ml/kg CCl4: zeytinyağı (1:2) karışımı ve 70 
mg/kg/gün oral benfotiamin verildi. Benfotiamin grubuna 
70 mg/kg/gün oral benfotiamin verildi. Zeytinyağı 
grubuna 1. ve 8. günlerde 2 ml/kg zeytinyağı i.p. olarak 
verildi. Deney sonunda sıçanlar anestezi altında dekapite 
edildi. Karaciğer dokuları çıkarılıp incelemeler için parafin 
bloklar hazırlandı. Ayrıca malondialdehid (MDA) çalışması 
için dokular – 80 0 C de saklandı. 
Bulgular: Kontrol, benfotiamin ve zeytinyağı grupları 
arasında bakılan parametrelerde anlamlı bir farklılık yoktu. 
Kontrol grubu ile karşılaştırıldığında CCl4 grubunda, 
MDA, apoptozis ve bax immünreaktivitesinde anlamlı artış 
izlendi. CCl4 grubu ile karşılaştırıldığında CCl4 + 
benfotiamin grubunda ise MDA, apoptozis ve bax 
immünreaktivitesinde anlamlı azalma görüldü.  
Sonuç: CCl4’ün MDA, apoptozis ve bax 
immünreaktivitesini arttırdığı, tedavi olarak verilen 
benfotiaminin bu parametreleri azalttığı görüldü.  

Keywords:. Rat, carbon tetrachloride, benfotiamine, 
apoptosis 
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INTRODUCTION 

The liver, which accounts for nearly 2% of the body 
weight, is the largest gland in the organism and fulfills 
very important metabolic functions¹. It is exposed to 
various toxic, harmful substances and medications 
due to its anatomical localization, and physiological 
and biochemical duties. Liver damage is a 
pathological condition with a difficult treatment due 
to the late manifestation of the symptoms2-3. It can 
arise from various factors and constitutes an 
important health problem. Therefore, the use of 
hepatoprotective agents, i.e agents that have a 
protective effect on the liver, is important as they 
significantly reduce mortality and morbidity, have a 
favourable effect on survival rates, and lower the high 
treatment costs. Various pharmacological agents are 
currently being investigated in order to prevent acute 
and chronic liver damage. Liver damage can be 
prevented by free radical scavengers and agents that 
inhibit lipid peroxidation4. Different forms of liver 
damage can arise from oxidative stress and the 
subsequent release of free radicals5-8. Toxic oxy-, and 
hydroxy radicals were shown to create damage in the 
cell membranes of hepatocytes through lipid 
peroxidation or other processes and also to cause 
damage to carbohydrates, proteins, lipids, and DNA 
(deoxyribonucleic acid) in vivo and in vitro6-12. 

Liver function tests (LFT) are needed to make a 
diagnosis, guide diagnostic efforts, predict the 
severity of the disease, determine the prognosis, ad 
evaluate the treatment. There exists no test that can 
address all of these problems. The available tests 
reflect distinct metabolic reactions. Although 
laboratory tests are essential in the follow-up and 
treatment of patients with liver disease, these have 
certain limitations13. 

Carbon tetrachloride (CCl4)- induced hepatotoxicity 
is a model that has common use in the investigation 
of the hepatoprotective effects of certain medications 
and herbal extracts (14, 15). CCl4 is a substance that 
creates liver injury by generating free radicals. This 
effect is realized through the following stages: The 
molecule is dehalogenized to the free radical 
trichloromethyl (CCI3) by the action of the 
cytochrome-P450 enzyme system. CCI3 forms the 
trichloromethyl peroxyl (CCI3OO) radical with the 
addition of oxygen molecules. This resulting reactive 
molecule initiates lipid peroxidation after a few more 
stages. Toxic peroxidation products that arise from 
lipid peroxidation damage the cell membrane. If such 

membrane damage is not prevented, it will lead to cell 
death5,12,16,17 . CCl4 also causes hydropic degeneration 
and zone-3 hepatocellular necrosis in the liver18, 19. 

Benfotiamine is a fat-soluble form of Vitamin B120. 
Some studies have shown benfotiamine to suppress 
reactive oxygen products21, 22. Reduced glutathione 
attenuates the effects of oxidizing agents within the 
cell and serves as an antioxidant by protecting the 
proteins that have an active role within the cell from 
the oxidation reaction. Consequently, the glutathione 
molecule is oxidized. It must be reduced again for it 
to fulfill its functions. This is achieved by the use of 
NADPH (Nicotinamide adenine dinucleotide 
phosphate). The pentose phosphate pathway is 
important for NADPH production. As thiamine 
plays an effective role in this pathway, it is considered 
an antioxidant23, 24. 

This study aims to investigate the protective effects 
of benfotiamine on the liver tissue in a CCl4-induced 
experimental liver injury model. Our study is the first 
study in this field. The use of benfotiamine in the 
treatment phase of rats with liver damage shows the 
importance of our study to improve liver function. 

MATERIALS AND METHODS 

This study was granted an ethics approval by Firat 
University Animal Research Ethics Committee 
(Approval number: 15, Date: 02.02.2012) and 
conducted in Firat University Experimental Research 
Centre.  

Procedure 
This study included 200-250g male Wistar albino rats 
obtained from Firat University Experimental 
Research Centre. The experimental animals were 
assigned to 5 groups: control (group I), CCl4 (group 
II), CCl4 +benfotiamine (group III), benfotiamine 
(group IV), and olive oil (group V). 

Five groups were formed by assigning 6 rats (n=6) to 
each group. 

Group I (n=6): The control group did not receive any 
treatments for 14 days 
Group II (n=6): Experimental animals in this group 
were applied i.p with 1ml/kg CCl4/olive oil (1:2), 
twice on days 1 and 8. 
Group III (n=6): Experimental animals in this group 
were applied i.p with 1ml/kg CCl4/olive oil (1:2) 
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twice on days 1 and 8 and orally with 70 mg/kg/day 
benfotiamine. 
Group IV (n=6): Experimental animals in this group 
were treated only with 70 mg/kg/day oral 
benfotiamine for 14 days. 
Group V (n=6): Experimental animals in this group 
were applied i.p with 2 ml/kg olive oil, twice on days 
1 and 8. 

In the end of the experiment, all rats were treated i.p 
with ketamine (75 mg/kg) + xylazine (10 mg/kg) and 
decapitated under anesthesia. After decapitation, liver 
tissues of the rats were promptly extracted and fixed 
in 10% formaldehyde, and paraffin blocks were 
prepared for histological and histochemical 
evaluations. The tissues were stored at -80 C until the 
end of the study for MDA measurement in liver 
tissue. The Avidin-Biotin-Peroxidase complex 
method was used to assess bax immunoreactivity in 
the liver tissue. 

Immunohistochemical evaluation 

5-6 mm sections obtained from paraffin blocks were 
mounted onto polylysine slides. These were 
incubated with the primary antibody (Bax mouse 
monoclonal IgG, Santa Cruz Biotechnology, sc–
7480, California, USA) for 60 minutes. After the 
primary antibody, the secondary antibody 
(biotinylated anti-mouse /rabbit IgG, Diagnostic 
BioSystems, KP 50A, Pleasanton, USA), streptavidin 
alkaline phosphatase and the Fast Red chromogen 
were applied. Then, counter-staining with Mayer’s 
hematoxylin was performed. The negative control 
tissues were treated with phosphate buffered saline 
(PBS) instead of the primary antibody. The 
preparations were evaluated and photographed using 
a Novel N-800M microscope.  

Immunohistochemical staining was evaluated based 
on the extent of staining. The extent of cytoplasmic 
immune staining was scored semi-quantitatively 
between 0 and +3 (0: none, +1: mild, +2: moderate, 
+3: strong) and statistical analyses were conducted. 

TUNEL Method 

5-6 mm sections obtained from paraffin blocks were 
mounted onto polylysine slides. An ApopTag Plus 
Peroxidase in Situ Apoptosis Detection Kit 
(Chemicon, cat no: S7101, USA) was used according 
to the manufacturer’s instructions and the cells 
undergoing apoptosis were determined. Negative 
control tissues were treated with Reaction Buffer 

instead of the Tdt enzyme. The preparations were 
evaluated and photographed using a Novel N-800M 
microscope. In the evaluation of TUNEL staining, 
nuclei stained blue with Harris hematoxylin were 
considered normal and cells that showed brown 
nuclear staining were considered apoptotic. At least 
500 normal and apoptotic cells were counted in 
randomly selected areas of the sections at x10 
magnification. The Apoptotic Index (AI) was 
computed by dividing the number of apoptotic cells 
by the total number of cells (normal + apoptotic) and 
statistical analyses were conducted. 

Malondialdehyde (MDA) Assay 

0.42 gr Tris-Base + 1.43 gr Tris-HCI +  3 gr KCI, and 
0.5 ml Tween 20 were prepared in 250 ml distilled 
water. This buffer was used in the homogenate of the 
samples. X g tissue was supplemented with and 
separated by 5 ml buffer. The homogenate was 
centrifuged at 5000 rpm for 5 minutes and 1ml from 
the supernatant was transferred to another tube. 1 ml 
10% TCA (10 gr TCA prepared in 100 ml distilled 
water) was added to the obtained 1 ml sample. 1 ml 
0.6% TBA (0.6 gr TBA is prepared in 100 ml distilled 
water, the prepared TBA can be stored at +4oC for 
up to one day) was added. Then, 1 ml distilled water 
was added, and lastly, 0.5 ml 4% HCl was added (4ml 
HCl is prepared in 100 ml distilled water, the acid 
must be added in drops as there will be a strong 
reaction between the acid and water). The resulting 
mixture was left to incubate for 120 min at 90-95oC. 
After incubation, the tubes were cooled at room 
temperature and vortexed after the addition of 3 ml 
butanol. Then, the red-pink component of the 
supernatant obtained by centrifuging the tubes at 
5000 rpm for 5 min (butanol phase) was transferred 
to the spectrophotometer cuvette using a pipette and 
absorbance was read at 532 nm against butanol. The 
absorbance reading was calculated using the formula 
x: (readingABS +0.0344)/0.0492. The obtained value 
was multiplied by 5 (as the tissue homogenate was 
prepared using 5 ml buffer), and the result was equal 
to the weight of tissue used in the homogenate.  

Statistical analysis 
Statistical analysis of the data was performed using 
IBM SPSS 22.0 statistical package program. Normal 
distribution of data was confirmed by the Shapiro-
Wilk test before further analyses. Normally 
distributed data are expressed as mean±SD in the text 
and table. One-way analysis of variance was used for 
group comparisons of TAS, TOS and immunity 
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variables. Levene’s statistic was used for the 
homogeneity test of variances. Tukey’s pair-wise 
multiple comparison test was used to determine the 
differences between the groups of significant 
variables. The level of significance was accepted to be 
at least p < 0.05. 

RESULTS 
Spectrophotometrically measured tissue MDA levels 
were comparable across the control, benfotiamine, 
and olive oil groups. Compared to the control group, 
the CCl4 group showed significantly higher MDA 
levels (p: 0,016). Compared to the CCl4 group, the 
CCl4 + benfotiamine group showed significantly 
reduced MDA levels in liver tissues (p: 0,042) (Table 
1). 

Table 1. Tissue MDA Levels 
Group MDA (nmol/g protein) 
Control 111.83 ± 1.72 
CCl4 165.83 ± 8.86a 
CCl4+ Benfotiamine 104.33 ± 2.33b 
Benfotiamine 121.50 ± 2.07c 
Olive Oil 110.16 ± 9.28d 

Values were presented in the form of mean ± standard deviation. 
aCompared with the control group (p: 0,016), 
bCompared with the CCI4 group (p: 0,042), 
cCompared with the control group (p: 0,024), 
dCompared with the control group (p: 0,516). 
 

Table 2. Bax immunoreactivity. 
Group Bax 

Immunoreactivity 
Control 1.16 ± 0.40 
CCl4 2.83 ± 0.40a 
CCl4+ Benfotiamine 1.83 ± 0.40b 
Benfotiamine 1.33 ± 0.51c 
Olive Oil 1.16 ± 0.40d 

Values were presented in the form of mean ± standard deviation. 
a Compared with the control group (p: 0,002), 
b Compared with the CCI4 group (p:0.035), 
c Compared with the control group (p: 0,002), 
d Compared with the control group (p: 0,516), 
 

The immunohistochemical staining performed to 
determine Bax immunoreactivity was evaluated using 
a light microscope and the bax immunoreactivity 
findings were comparable across the control, 
benfotiamine, and olive oil groups. Compared to the 
control group, the CCl4 group showed significantly 
higher bax immunoreactivity (p: 0,002). The CCl4 + 
benfotiamine group that received benfotiamine as 
treatment showed a significant decrease in bax 
immunoreactivity compared to the CCl4 group, 

approaching the levels seen in the control group 
(p:0.035) (Table 2). The negative control did not 
manifest any staining (Figure 1). 

 
Figure 1. Bax immunoreactivity in liver tissue   
1a: Bax immunoreactivity in liver tissue obtained from 
the control group ( →), 1b: Bax immunoreactivity in 
liver tissue obtained from the CCl4 group ( →), 1c:  Bax 
immunoreactivity in liver tissue obtained from the 
CCl4+benfotiamine group ( →), 1d: Bax 
immunoreactivity in liver tissue obtained from the 
benfotiamine group ( →), 1e: Bax immunoreactivity in 
liver tissue obtained from the olive oil group ( →), 1f: 
Negative control. 

 

 
Figure 2. TUNEL positive cells in liver tissue 
2a: TUNEL positive cells in liver tissue obtained from 
the control group ( →), 2b: TUNEL positive cells in 
liver tissue obtained from the CCl4 group ( →), 2c: 
TUNEL positive cells in liver tissue obtained from the 
CCl4+benfotiamine group ( →), 2d: TUNEL positive 
cells in liver tissue obtained from the benfotiamine 
group ( →), 2e: TUNEL positive cells in liver tissue 
obtained from the olive oil group ( →), 2f: TUNEL 
negative control. 

 

The evaluation of TUNEL staining conducted to 
identify apoptotic cells under a light microscope 
found TUNEL positivity in sinusoidal cells (red 
arrow) in the liver tissue. TUNEL positivity was 
comparable across the control, benfotiamine and 
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olive oil groups. Compared to the control group, the 
CCl4 group showed a significant increase. Compared 
to the CCl4 group, the CCl4 + benfotiamine group 
showed a significant decrease (p:0.038) (Table 3). The 
negative control did not manifest TUNEL positivity 
(Figure 2). 

Table 3. Apoptotic index (%) 
Group Apoptotic Index (%) 
Control 2.16 ± 0.40 
CCl4 6.66 ± 1.21a 
CCl4+ Benfotiamine 3.16 ± 0.40b 
Benfotiamine 1.83 ± 0.40c 
Olive Oil 1.66 ± 0.51d 

Values were presented in the form of mean ± standard deviation. 
a Compared with the control group (p:0.026). 
b Compared with the CCI4 group,  (p:0.038). 
 c Compared with the control group,  (p:0.065). 
 dCompared with the control group,  (p:0.058). 

DISCUSSION 

The liver is exposed to the harmful effects of almost 
all oral and intravenous medications, toxic 
substances, and microbic agents; and it either 
detoxifies these effects or protects itself by 
responding to the damage created by these agents 
with regeneration25. The most recent studies have 
proposed that reactive oxygen metabolites have an 
active role in hepatotoxicity28. Numerous studies 
have shown that the elevated oxidative stress in liver 
diseases is linked to liver damage and fibrosis29,30. 
Free radicals with one or more unpaired electrons in 
their outer orbitals are short-lived, unstable, and 
highly active molecules that are closely linked to 
oxidative stress37. 

Metabolic reactions occurring in the tissues result in 
the formation of superoxide anions, hydroxyl 
radicals, hydrogen peroxide, and free oxygen radicals 
with very high reactivity38,39. The disruption of the 
intracellular electron balance, oxidative stress, 
mitochondrial defects, and the inadequacy of the 
antioxidant system may trigger apoptosis40. Oxidative 
stress can increase lipid peroxidation and cause 
fibrosis in the liver due to its unfavourable effects on 
the antioxidant mechanism41. CCl4, which is 
hepatotoxic, results in the production of free radicals, 
and as a result, tissue damage42. Carbon tetrachloride 
has been one of the most widely used chemical agents 
in experimental rodent studies as the resulting liver 
degeneration closely resembles the development of 
cirrhosis in humans. Oxidative stress is known to play 
an important role in the appearance of CCl4-induced 

liver toxicity43. The steps in the development of 
carbon tetrachloride-induced liver injury can be 
summarized as follows: reductive dehalogenation, 
covalent bonding of the radicals, inhibition of protein 
synthesis, lipid accumulation, loss of calcium 
sequestration, apoptosis, and lastly, fibrosis44. 
Experimental studies have reported CCl4 to increase 
the synthesis of lipid peroxidation in liver and kidney 
tissues depending on the different administration 
methods and dosages; and also, to decrease levels of 
GSH (reduced glutathione)45. The body has 
developed certain defence mechanisms in order to 
prevent reactive oxygen species and their damage. 
These are known as antioxidant defence systems. 
Antioxidant molecules can be structures of 
endogenous or exogenous origin and they neutralize 
the damage inflicted by the produced oxidant 
molecules through intracellular and extracellular 
defence. Intracellular free radical scavenger enzymes 
are the main actors of antioxidant defence. These 
enzymes are superoxide dismutase, glutathione-S-
transferase, glutathione peroxidase, glutathione 
reductase, catalase, and cytochrome oxidase46. In this 
study, it was aimed to investigate the protective 
effects of benfotiamine on liver tissue in experimental 
liver damage caused by CCl4. 

Some studies have shown benfotiamine to have a 
suppressive effect on reactive oxygen products21,22. 
Highly significant changes such as steatosis, hydropic 
dystrophy, destructive changes in the hepatocyte 
cytoplasm, and severe hepatocyte necrosis have been 
described in the morphological evaluation of rat 
livers exposed to carbon tetrachloride49. 

In our study, the CCl4 group was determined to have 
significantly higher MDA levels, bax 
immunoreactivity, which is a preapoptotic protein, 
and the number of apoptotic cells; and when 
administered as a treatment, benfotiamine was found 
to significantly reduce these parameters. In oxidative 
damage, calcium homeostasis and mitochondrial 
membrane potentials are altered. These changes 
damage the DNA and lead the cell to apoptosis, 
which is described as programmed death47. It is 
known that certain changes appear as the cell is 
damaged and undergoing apoptosis. As a result of 
these changes, cytochrome c is released to the 
cytosol. The release of cytochrome c to the cytosol 
can be stopped by the antiapoptotic members (Bcl-2, 
Bcl-XL). Meanwhile, the pro-apoptotic members 
(Bax, Bak, Bad) of the Bcl-2 family work to increase 
cytochrome c release. The survival and death of the 
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cell depends on this balance50-52. Benfotiamine, which 
is a fat-soluble form of the vitamin thiamine20, shows 
antioxidant properties as it protects the cell from 
oxidizing agents and protein oxidation via reduced 
glutathione23. The use of antioxidants may be 
beneficial in the protection of the liver from CCl4-
induced damage and its treatment. In a study 
conducted by Vales and his team, administering NAS 
(N-Acetyl cysteine), which is an antioxidant 
substance, after CCl4 was reported to prevent 
necrosis in the liver tissue53. Wang et al. reported that 
using melatonin caused liver fibrosis to regress and 
the levels of antioxidant enzymes SOD and GSH-Px 
to increase in rats treated with CCl430. At the same 
time, studies have explored various isoflavone 
variants with regard to their reparative effects in 
CCl4-induced liver injury. In a study by Ustundag and 
colleagues, soy isoflavones were shown to be 
effective in preventing CCl4 damage, to decrease the 
elevated levels of lipid peroxide products, and 
stimulate the paraoxonase enzyme, which has 
antioxidant properties55. Our study is the first study 
in this field. The use of benfotiamine in the treatment 
phase of rats with liver damage shows the importance 
of our study to improve liver function. 

In conclusion, the present study suggests that CCl4 

significantly increases apoptosis, bax 
immunoreactivity, and MDA levels, that 
administering benfotiamine as treatment decreases 
these parameters, and that further and more detailed 
studies to be conducted in the future can investigate 
treatment approaches that involve benfotiamine in 
conditions associated with liver damage, primarily 
cirrhosis. Small number of rats in the study group can 
be seen as the most important limitation. Therefore, 
our findings must be supported by a larger rats 
groups. 
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