
60 
This is an open access article under the CC BY 4.0 license   

 
  Research Article 

 BASRAH JOURNAL OF VETERINARY RESEARCH, 2024, 23(4):60-75. 
https://bjvr.uobasrah.edu.iq/  

Fampridine Ameliorates Hepatic Oxidative Stress Caused by Cisplatin in a 
Rat Model 

Roz Salih Hama Rashid1, Hiewa Othman Dyary1. Michael Hughson2. 
 
1-Department of Basic Sciences, College of Veterinary Medicine, University of Sulaimani, Iraq. 
2- Shorsh General Teaching Hospital, Qirga Road, Sulaimani, Iraq. 

Corresponding Author Email Address: dyary.othman@univsul.edu.iq 
ORCID ID: https://orcid.org/0000-0002-9227-4281 
DOI: https://doi.org/10.23975/bjvr.2024.153193.1136 
  Received:  6 September 2024 Accepted: 21 September 2024. 
 
Abstract 

Cisplatin is one of the most potent and commonly used anticancer compounds to treat various 
tumors, but it causes many unwanted side effects that restrict its use. Hepatotoxicity is one of the 
common adverse effects that occur even when small amounts of cisplatin are used for short 
times. This study tested the ameliorative effect of fampridine, a compound used to treat multiple 
sclerosis, against cisplatin-induced hepatotoxicity. Forty rats were divided into four groups; 
Group 1 served as the negative control and did not receive any treatment; Group 2 was a positive 
control and administered a single intraperitoneal dose of cisplatin (5 mg/kg); Group 3 was given 
oral fampridine at 4 mg/kg for three consecutive days, starting from the day cisplatin was 
injected; Group 4 was given fampridine (4 mg/kg for three days) and cisplatin (5 mg/kg, single 
dose). After the experiments, animal weights, liver weights, serum creatinine, and levels of 
malondialdehyde (MDA) and oxidized (GSSG) and reduced glutathione (GSH) in the liver 
tissues were measured after three and five days of treatment. Cisplatin caused hepatotoxicity 
manifested by decreased body weight, liver weight, and liver-to-body weight ratios. It also 
elevated creatinine concentrations in the serum and MDA and GSSG in the liver tissue, while 
GSH concentrations decreased. Fampridine treatment ameliorated these toxic impacts from 
cisplatin. Hence, people who are taking cisplatin as an anticancer therapy and fampridine as a 
treatment for multiple sclerosis may benefit from the latter's protective effect against cisplatin-
induced hepatotoxicity. 
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Introduction 
Cisplatin is a potent anticancer compound 
that has been extensively used to treat 
various cancers in humans (1) and animals, 
such as cats (2), dogs (3), and equines (4), 
for many decades. It has been proven 
effective against many cancers, including 
bladder, blood, breast, esophagus, ovary, 
testes, bones, neck, and sarcoma (5). It is 
commonly used as a first-line treatment in 
cancer patients (6).  

Cisplatin exerts its anticancer cytotoxic 
effects by interfering with deoxyribonucleic 
acid (DNA) synthesis and cell growth. It 
forms intra-strand adducts and inter-strand 
links between purine bases, inhibiting the 
G2 phase in the cell cycle and inducing 
apoptosis (7). 

Cisplatin has been used for over four 
decades, effectively treating many cancers 
and improving the life expectancy of the 
treated individuals. It is one of the most 
commonly used anticancer compounds in 
40–80% of cancer patients (8). However, it 
has been shown to cause toxicity to various 
tissues, such as hepatotoxicity and 
nephrotoxicity (9). Hepatotoxicity has been 
reported in about one-third of the treated 
individuals, and it has even been reported to 
occur in patients receiving low doses of 
cisplatin (10).  

After administration, cisplatin rapidly 
distributes in the tissues, entering the cells 
by passive diffusion, and high 
concentrations reach the liver, where most 
metabolic reactions of drugs and xenobiotics 
occur (11). In the hepatocytes, cisplatin 

causes vacuolation, dilation of sinusoids, 
and cytoplasmic changes near the central 
vein (12). The cytochrome P450 (CYP450) 
enzyme complex metabolizes it in the 
hepatocytes, especially CYP2E1 (13). 
CYP2E1 is mainly expressed in hepatocytes, 
with lesser amounts in the brain, kidney, 
lungs, lymphocytes, and gastrointestinal 
tract. Cells overexpressing CYP2E1 show 
increased oxidative stress (14). Additionally, 
cisplatin generates reactive oxygen species 
(ROS). The combined effect of increased 
ROS by cisplatin and oxidative stress by 
CYP2E1 causes increased release of 
hydrogen peroxide (H2O2), superoxide 
radical (O2.-), and hydroxyl radical (.OH), 
adding to tissue damage, apoptosis, and 
hepatic failure (15). 

Few mechanisms have been identified for 
cisplatin-induced hepatotoxicity, and it was 
shown to start as the generation of ROS in 
excess amounts, leading to oxidative stress, 
inflammation, DNA damage, and apoptosis 
(9). 

Cellular membrane transporters mainly 
mediate the entry and toxicological effects 
of cisplatin. The organic cation transporters 
(OCTs) have been shown to mediate 
cisplatin's entry into cells (1). For example, 
OCT2 is mainly involved in cisplatin's entry 
into renal cells, causing nephrotoxicity (16). 
Another example is the involvement of 
OCT6 in cisplatin entry into the pulmonary 
tissue cells (17). Moreover, OCT3 mediates 
cisplatin entry into hepatocytes (18). Hence, 
compounds that inhibit these transporters 
potentially reduce cisplatin's entry into cells 
and, consequently, reduce its toxic impacts. 
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Fampridine, also called dalfampridine or 4-
aminopyridine, was approved by the United 
States Food and Drug Administration in 
2010 for use in patients with multiple 
sclerosis to improve their walking ability 
(19). Fampridine inhibits many voltage-
dependent potassium channels on cell 
membranes (20) and is a substrate and 
inhibitor of OCT2 (21). Based on 
fampridine's mechanism of action, it was 
used in this study to assess its ameliorative 
effect on cisplatin-induced hepatotoxicity in 
a rat model. 

Materials and Methods 
Animals and housing: Male albino Wistar 
rats aged 8–12 weeks and weighing 170–180 
g at arrival were used in the study. They 
were kept at the Research Center's Animal 
House in the College of Veterinary 
Medicine, University of Sulaimani. The rats 
were put in polypropylene cages with 
dimensions of 40 × 30 × 20 cm3, with water 
and feed provided ad libitum. Wood shaving 
was used for the cages' bedding, which was 
changed once every three days or as 
required. The room temperature was around 
25°C, ventilation was controlled, and a 12-
hour light/dark cycle was followed. The rats 
were kept for ten days before starting the 
experiment to adapt to the new environment, 
and each rat was tagged on its tail by a 
permanent marker when the experiment 
began. 

Treatment procedures: Forty rats were 
divided equally into four groups as follows: 
Group 1 served as the negative control and 
was left without treatment throughout the 
study; Group 2 (cisplatin) was a positive 

control, and the rats were given cisplatin 
(produced by Pfizer, Canada) as one 
intraperitoneal dose at 5 mg/kg (22); Group 
3 (fampridine) rats were given fampridine 
(produced by Sigma-Aldrich, USA) by oral 
gavage at 4 mg/kg daily for three days (23, 
24); and Group 4 (fampridine + cisplatin) 
rats were intraperitoneally injected with 5 
mg/kg cisplatin and orally given fampridine 
at 4 mg/kg for three days, one hour before 
and 24 and 48 hours after cisplatin 
administration. 

The rats were weighed daily during the 
experiment, and the drugs were given 
according to the weight of each rat. The rats 
of each group were then divided into two 
subgroups, each containing five. The first 
subgroup was sacrificed after three days of 
treatment, while the second subgroup was 
killed after five days. 

Animal euthanasia and collection of 
organs: The rats were anesthetized with 75 
mg/kg ketamine (produced by Alfasan, 
Woerden-Holland, Netherlands) and 2 
mg/kg xylazine (produced by Interchemie, 
Holland Co., Netherlands) (25). After 
opening the chest cavity, blood was taken 
from the heart and put into plain test tubes to 
collect serum samples to determine 
creatinine levels. 

The livers were soaked with normal saline, 
dried with sterile gauze, and weighed using 
a digital balance. The liver samples were 
then frozen at -80°C until used to determine 
the levels of reduced glutathione (GSH), 
oxidized glutathione (GSSG), and 
malondialdehyde in the hepatic tissue. 
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Serum creatinine: The serum samples were 
centrifuged with a microcentrifuge (by 
Neuation iFUGE M24PR, India). Then, the 
serum creatinine levels were measured with 
Cobas c 311 (Roche/Hitachi, Switzerland). 

Total, oxidized, and reduced glutathione 
levels in the hepatic tissue: GSH and 
GSSG concentrations were determined in 
livers using the Total Glutathione (T-
GSH)/Oxidized Glutathione (GSSG) 
Colorimetric Assay Kit (by Elabscience 
Co./USA). The procedure was conducted 
following the manufacturer's instructions. 

Determination of malondialdehyde 
concentrations in the liver tissues: MDA 
(Malondialdehyde) ELISA Kit (Elabscience 
Co./USA) was used to measure the 
production of thiobarbituric acid-reactive 
substances (TBARS) to assess lipid 
peroxidation. The kit manufacturer's 
instructions were followed to conduct the 
experiment. 

Ethical statement: The scientific and 
ethical committees at the College of 
Veterinary Medicine, University of 
Sulaimani, approved the study protocol. 

Statistical analysis: Data were represented 
as means of five rats per group ± standard 
error of the mean (SEM). Differences 
between groups were analyzed using a one-
way analysis of variance (ANOVA), 

followed by Duncan's post hoc, and the 
differences at different times within the 
same group were compared using 
independent samples t-test. IBM's Statistical 
Package for Social Sciences (SPSS) 
software (version 24.0, USA) was used to 
conduct the analyses. Differences were 
considered statistically significant if the 
probability value was larger or equal to 0.05. 

Results 
The weights of the groups sacrificed after 
three days ranged between 194.0 g and 
196.0 g when the experiment started, with 
no significant differences between the 
groups (Figure 1). After three days, the 
weights decreased in the positive control 
from 195.4 ± 2.2 g to 190.8 ± 2.4. In 
contrast, the rats' weights of the negative 
control increased from 195.5 ± 1.7 g to 
198.5 ± 1.5 g. However, the differences 
between the positive and negative controls 
were not statistically significant (p > 0.05). 

After five days, the pretreatment weights of 
the sacrificed rats ranged between 191.2 ± 
3.4 g to 193.7 ± 1.3 g before treatment. 
After five days, the weights of the positive 
control rats decreased to 187.0 ± 3.4 g, 
while the negative control rats averaged 
199.2 ± 1.4 g, significantly higher than the 
positive control (Figure 1). This outcome 
indicated that cisplatin treatment negatively 
impacted the rats' health. 
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Figure 1. Weights of the rats after three and five days of cisplatin administration. Values represent 
the means of five rats (columns) per group ± SEM (error bars). Different letters denote significant 
differences between groups within the same time at p < 0.05 (test = one-way ANOVA, followed by 
Duncan's post hoc), while the asterisk indicates a significant difference between the values of before 
and after treatment (test = independent samples t-test). No differences were observed between the 
groups before and after three days of treatment. 

The negative control rats' livers weighed 
6.17 ± 0.07 g after three days, but the 
positive control weighed 5.72 ± 0.12 g, 
significantly lower than the former. In the 

groups treated with fampridine and 
fampridine + cisplatin, the weights averaged 
6.18 ± 0.14 g and 6.06 ± 0.09 g, respectively 
(Figure 2). The differences were not 
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significant compared to the negative control. 
This indicated the harmful effect of cisplatin 
on the rats' livers and that fampridine 
treatment reduced this negative impact. 
After five days, the negative control livers 
averaged 6.25 ± 0.05 g, while the positive 
control averaged 5.60 ± 0.03 g, significantly 
lower than the former. In contrast, there 
were no significant differences regarding 
liver weights between the fampridine-treated 
groups and the negative control (Figure 2). 

When comparing the toxic effects of drugs 
and toxicants, the liver-to-body weight ratio 
offers a more accurate comparison. In this 
study, the ratio in the negative control three 
days posttreatment averaged 3.11% ± 0.01, 
but it was 3.00 ± 0.03% in the positive 
control. The positive control was 
significantly lower than the negative control, 
about 3.5%, indicating that cisplatin 
administration was harmful to the rats' 
livers. Fampridine-treated groups had liver-
to-body weight ratios that were significantly 
higher than the positive control, confirming 
that the drug ameliorated the toxic effects of 
cisplatin, preventing a significant reduction 
in liver size (Figure 2). The same pattern 
was observed in the sacrificed rats after five 
days, confirming the preventive effect of 
fampridine. 

Serum creatinine concentrations in the 
negative control after three days averaged 
47.55 ± 1.61 mg/dL, but it was significantly 
higher in the positive control, averaging 
62.58 ± 3.44 mg/dL. The fampridine-treated 

groups had creatinine concentrations that 
were markedly lower than the positive 
control but with no significant difference 
from the negative control (Figure 3). The 
picture was a bit different five days post-
treatment. The serum creatinine increased in 
the fampridine + cisplatin-treated group to 
53.64 ± 1.89 mg/dL, significantly higher 
than the negative control but lower than the 
positive control. This outcome indicated 
fampridine's preventive effect on cisplatin-
induced toxicity, even if it did not prevent 
cisplatin's negative impact entirely. 

After three days, the oxidized 
glutathione (GSSG) concentration in the 
liver tissue of the negative control was 0.41 
± 0.03 µmol/g, but it increased significantly 
in the positive control to 0.59 ± 0.03 µmol/g. 
This outcome demonstrates cisplatin's 
oxidizing effect in the hepatic tissue. The 
GSSG concentration in the liver of 
fampridine and fampridine + cisplatin-
treated rats averaged 0.31 ± 0.03 µmol/g and 
0.37 ± 0.03 µmol/g, respectively (Figure 4). 
These concentrations were significantly 
lower than the positive control, indicating 
that fampridine administration reduces the 
oxidative stress posed by cisplatin. The 
same outcome was observed after five days; 
cisplatin administration increased GSSG 
levels, while fampridine significantly 
decreased the concentration, confirming the 
hepatoprotective effect of this drug against 
cisplatin-induced oxidative stress in the 
liver. 
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Figure 2. Liver weights and liver-to-body weight ratios. Values represent the means of five rats 
(columns) per group ± SEM (error bars). Different letters denote significant differences between 
groups within the same time at p < 0.05 (test = one-way ANOVA, followed by Duncan's post hoc), 
while no significant differences were observed between the same treatment group after three and 
five days (test = independent samples t-test). 
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Figure 3. Serum creatinine levels. Values represent the means of five rats (columns) per group ± 
SEM (error bars). Different letters denote significant differences between groups within the same 
time at p < 0.05 (test = one-way ANOVA, followed by Duncan's post hoc). No significant differences 
were observed between the treatment groups after three days. * Denotes a significant difference 
between the values of three and five days within the same treatment group at p < 0.01 (test = 
independent samples t-test). 

The reduced glutathione (GSH) 
concentration in the negative control's liver 
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days, but it was significantly lower,6.53 ± 
0.29 µmol/g, in the positive control (Figure 
4). The livers of the groups treated with 
fampridine and fampridine + cisplatin 

contained a GSH concentration of 9.31 ± 
0.44 µmol/g and 8.85 ± 0.19 µmol/g, 
significantly higher than that of the positive 
control. This outcome showed that 
fampridine prevents cisplatin-induced 
oxidative stress in the liver. 
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Figure 4. Concentrations of GSSG and GSH in the liver tissues. Values represent the means of five 
rats per group ± SEM (error bars). Different letters denote significant differences between 
treatment groups within the same time at p < 0.05 (test = one-way ANOVA, followed by Duncan's 
post hoc). No significant differences (p > 0.05) were observed when the values of three- and five-day 
post-treatment were compared (test = independent samples t-test).  NC = negative control; PC = 
positive control; FM = fampridine; FMCP = fampridine + cisplatin. 
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Figure 5. Malondialdehyde concentration in the liver tissues. Values represent the means of five 
rats per group ± SEM (error bars). Different letters denote significant differences between 
treatment groups within the same time at p < 0.05 (test = one-way ANOVA, followed by Duncan's 
post hoc). No significant differences (p > 0.05) were observed when the values of three- and five-day 
posttreatment were compared (test = independent samples t-test). NC = negative control; PC = 
positive control; FM = fampridine; FMCP = fampridine + cisplatin. 
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The MDA concentration in the negative 
control was 41.88 ± 2.50 nmol/g after three 
days and 41.68 ± 2.28 after five days. In the 
positive control, the concentrations after 
three and five days were 63.66 ± nmol/g and 
64.4 ± 3.69 nmol/g, respectively. These 
values were significantly higher than the 
negative control, indicating that cisplatin 
increased lipid peroxidation in the liver 
tissue. The fampridine-treated groups had a 
considerably lower MDA than the positive 
control, suggesting that lipid peroxidation 
was less in these groups. 

The results collected in this study, including 
animal and liver weights, serum creatinine, 
and the levels of GSH, GSSG, and MDA in 
the liver tissue, suggested that cisplatin 
administration increased oxidative stress in 
the treated animals and that treatment with 
fampridine ameliorated these effects even if 
they were not completely inhibited. 

Discussion 
Cisplatin is a potent anticancer compound 
used to treat various types of cancer despite 
having undesirable toxic effects on different 
tissues, especially the kidneys and liver (26). 
Many researchers have attempted to reduce 
these adverse effects by using drugs and 
natural compounds (27-29). This study 
demonstrated the hepatoprotective effect of 
fampridine when it was administered 
simultaneously with cisplatin in a rat model. 
Fampridine is an inhibitor of OCT2 (21) and 
several voltage-dependent potassium 
channels (20). OCT2 shares allosteric 
features with OCT1, which occurs 
abundantly on enterocytes and hepatocytes 
(30). High expression of OCT1 and OCT2 in 

the liver indicates their critical role in the 
hepatic elimination of many drugs, including 
cisplatin. Also, it was reported that cisplatin-
mediated injury is partly through OCT2 
(31). Hence, fampridine was selected based 
on its inhibitory effect on this transporter. 

The cisplatin-induced hepatotoxicity in this 
study was through increased release of free 
radicals, and this was manifested by reduced 
malondialdehyde and GSH levels, while the 
GSSG and serum creatinine increased. 
Cisplatin administration reduced body 
weight, and other research reported similar 
results (32, 33). Also, a decrease in the 
relative liver-to-body weight indicates organ 
toxicity. In our study, the relative liver 
weight decreased, which was compatible 
with the results of previous studies regarding 
cisplatin's toxic effects (33, 34). 

GSH is a crucial non-enzymatic antioxidant 
in mammalian cells. It is a tripeptide mainly 
concentrated in the liver, and the cysteine's 
thiol group mediates its biological activity 
(35).  GSH acts as a direct antioxidant and 
cofactor for other enzymes, like glutathione 
peroxidase, which reacts with peroxides; this 
reaction converts GSH to GSSG(36). 
Afterwards, glutathione reductase and 
nicotinamide adenine dinucleotide 
phosphate (NADPH) convert GSSG back to 
GSH (37). GSH has various antioxidant 
effects inside the cell. For example, it can 
regenerate vitamin E after the latter reacts 
with lipid peroxy radicals (LOO·) and 
detoxifies them (38).  GSH assists 
glutathione S-transferase in the 
detoxification of xenobiotics and 
electrophilic compounds(39). GSH 
participates in other cellular processes like 
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protein folding, protects the oxidation of 
protein thiols and crosslinking, regulates 
ascorbic acid's cell cycle and metabolism, 
and apoptosis (36). Cisplatin administration 
reduced the hepatic GSH concentration in 
this study, and other research reported 
similar results (29, 40). Glutathione is the 
most vital thiol-reducing compound in the 
liver involved in redox processes, and it is 
the most crucial defender against oxidative 
stress (35). Hence, reduced levels of GSH 
are indicative of cisplatin's oxidizing impact 
on the hepatic tissue. On the other hand, 
fampridine administration increased GSH 
and decreased GSSG concentrations, 
denoting the hepatoprotective effect of this 
compound by increasing the antioxidant 
levels. 

Lipids are very susceptible to oxidation, and 
MDA is one of the principal biomarkers to 
assess lipid peroxidation (41). 
Polyunsaturated fatty acids containing many 
carbon-carbon double bonds are vulnerable 
to oxidative stress-induced damage. 
Oxidants extract a hydrogen atom, forming 
unstable lipid radicals. An oxygen atom will 
then be inserted, forming lipid peroxyl 
radicals and extracting another hydrogen 
atom. The reaction continues, leading to the 
formation of more stable compounds known 
as lipid hydroperoxides, and this process is 
called lipid peroxidation (42).  

MDA is the most extensively studied lipid 
peroxidation-derived compound. It has 
mutagenic and toxic effects, and enzymes 
produce it as a byproduct when 
thromboxane A2 is synthesized (42). MDA 
can bind to proteins and nucleic acids by 
covalent bonds, forming DNA-protein 

crosslinks and compounds that impair 
biomolecules (43). It is used as a biomarker 
to evaluate oxidative stress caused by 
disease in different tissues, and its detection 
indicates that lipid peroxidation has a crucial 
role in this disease (44).  

Serum creatinine levels also increased 
following cisplatin administration. 
Creatinine is an essential conventional 
biomarker for renal injury, and its elevation 
is suggestive of renal injury (45). 
Fampridine administration reduced the 
creatinine levels, indicating that it also 
reduced renal toxicity with cisplatin in this 
study.  

In this study, cisplatin significantly 
increased the MDA concentration in the 
liver of the treated rats, indicating that the 
drug administration increased lipid 
peroxidation. On the other hand, fampridine 
administration reduced MDA significantly, 
compared to the positive control, denoting 
its hepatoprotective potential. Other studies 
also reported that cisplatin treatment 
increases MDA concentration in the hepatic 
tissues (46, 47), confirming our study's 
outcome. 

Conclusions 
Cisplatin induces oxidative stress and 
hepatic injury, which manifests as increased 
levels of oxidized glutathione and 
malondialdehyde and decreased levels of 
reduced glutathione in the hepatic tissue. 
Fampridine administration protected against 
oxidative stress in the treated rats. Cancer 
patients receiving cisplatin and using 
fampridine as a treatment for multiple 
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sclerosis would benefit from the 
hepatoprotective effect of the latter against 
cisplatin-induced oxidative stress and tissue 
damage. 
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 الكبدي الناجم عن السیسبلاتین في نموذج الجرذانفامبریدین یخفف من الإجھاد التأكسدي  

 . ھیوا عثمان  دیاري، رشید روز صالح 

 .فرع العلوم الاساسیة، کلیة الطب البیطري، جامعة السلیمانیة، السلیمانیة، العراق

 الخلاصة

المختلفة، ولكنھ یسبب العدید السیسبلاتین ھو أحد أقوى المركبات المضادة للسرطان وأكثرھا استخدامًا لعلاج الأورام      
من الآثار الجانبیة غیر المرغوب فیھا التي تحد من استخدامھ. تعد السمیة الكبدیة واحدة من الآثار الضارة الشائعة التي تحدث  
وھو  للفامبریدین،  المحسن  التأثیر  الدراسة  ھذه  اختبرت  قصیرة.  لفترات  السیسبلاتین  من  صغیرة  كمیات  استخدام  عند  حتى 
أربع   إلى  جرذا  أربعین  تقسیم  تم  السیسبلاتین.  عن  الناجمة  الكبدیة  السمیة  ضد  المتعدد،  التصلب  لعلاج  یستخدم  مركب 

الأولى المجموعة  سلبیةمجموعات؛ عملت  كمجموعة سیطرة  مجموعة    ك  بمثابة  الثانیة  المجموعة  كانت  أي علاج؛  تتلق  ولم 
مجم/كجم)؛ أعطیت المجموعة الثالثة فامبریدین عن    5سیطرة إیجابیة وأعطیت جرعة واحدة داخل الصفاق من السیسبلاتین (

مجم/كجم لمدة ثلاثة أیام متتالیة، بدءًا من الیوم الذي تم فیھ حقن السیسبلاتین؛ أعطیت المجموعة الرابعة   4طریق الفم بجرعة  
) (  4فامبریدین  وسیسبلاتین  أیام)  ثلاثة  لمدة  أوزان   5مجم/كجم  قیاس  تم  التجارب،  إجراء  بعد  واحدة).  جرعة  مجم/كجم، 

) المالوندیالدھید  ومستویات  المصل  في  والكریاتینین  الكبد  وأوزان  (  تیونوالجلوتا)  MDAالحیوانات  )  GSSGالمؤكسد 
) في أنسجة الكبد بعد ثلاثة وخمسة أیام من العلاج. تسبب السیسبلاتین في سمیة الكبد التي تجلت  GSHوالجلوتاثیون المختزل (

وفي   المصل  في  الكریاتینین  تركیزات  رفع  كما  الجسم.  إلى  الكبد  وزن  ونسبة  الكبد  ووزن  الجسم  وزن   MDAانخفاض 
تركیز    GSSGو انخفض  حین  في  الكبد،  أنسجة  السیسبلاتین.  GSHفي  من  السامة  التأثیرات  ھذه  فامبریدین  علاج  خفف   .

وبالتالي، فإن الأشخاص الذین یتناولون السیسبلاتین كعلاج مضاد للسرطان والفامبریدین كعلاج للتصلب المتعدد قد یستفیدون 
 من التأثیر الوقائي للأخیر ضد السمیة الكبدیة الناجمة عن السیسبلاتین.

 . السمیة الكبدیة، جرذان ویستار، مضادات الأكسدة، الکلوتاثیون: مفتاحیةالکلمات ال
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