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 Abstract 

Background: Acute liver failure (ALF) can be defined as rapid loss of liver functions even 
in the absence of pre-existing liver disorders. ALF is a medical emergency that necessitates 
hospitalization and, if not properly treated, a liver transplant may be the only cure. Herein, 
we studied the potential therapeutic effects of exogenous glutathione on drug-induced ALF. 
Materials: Thirty male Wistar albino rats were used in the present study. Rats were divided 
(10/group) into: control group (received only intra-peritoneal injection of distilled water), 
ciprofloxacin-treated group (received intra-peritoneal injection of 800 mg/kg/day 
ciprofloxacin for 15 consequent days with concomitant intra-peritoneal injection of distilled 
water), and ciprofloxacin + glutathione-treated  group (received intra-peritoneal injection of 
800 mg/kg/day ciprofloxacin for 15 consequent days with concomitant intra-peritoneal 
injection of 200 mg/kg/day glutathione).  Measurement of serum ALT, AST, GGT and LDH 
enzymes activities were performed, and hepatic gene expression of CYP3A, GPx, GSR and 
Nrf2 mRNA was assessed. Results: Treatment with ciprofloxacin resulted in significant 
increase in ALT, AST, GGT and LDH enzymes activities when compared to the control 
group. Ciprofloxacin also induced significant down-regulation of CYP3A, GPx, GSR and 
Nrf2 mRNA gene expression when compared to the corresponding values in the control 
group. Glutathione administration significantly normalized ALT, AST, GGT and LDH 
enzymes activities and up-regulated CYP3A, GPx, GSR and Nrf2 mRNA gene expression. 
Conclusion: Glutathione could play potential therapeutic roles in the treatment of acute liver 
failure by preventing oxidative stress-induced disruption of hepatocyes cell membranes and 
alteration in cytochrome P450 and the antioxidant genes.  
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INTRODUCTION 

The liver plays a wide array of vital functions in 

order to maintain homeostasis. Acute liver failure 

(ALF) is a complex ,and often catastrophic, 

condition  manifesting as altered mental status due 

to rapid decline of liver function without pre-

existing liver disease (1). Drugs account for over 

50% of acute liver failure cases  followed by viral 

hepatitis (2). Antibiotics are the drugs class most 

frequently associated with idiosyncratic drug-

induced liver injury (3). 

Liver is a major organ attacked by reactive oxygen 

species (ROS). Kupffer cells, hepatic stellate cells 

and endothelial cells are potentially more sensitive 

to oxidative stress-related molecules (4). A variety 

of cytokines such as tumor necrosis factor (TNF)-α 

can be produced in Kupffer cells in response to 

oxidative stress, which may boost inflammation 

and apoptosis (5). Oxidative stress not only 

triggers hepatic damage by inducing irreversible 

damage of lipids, proteins and DNA, but it also 

plays  a role in altering pathways that control 

biological functions. Ever since these pathways 

regulate gene transcription, protein expression, cell 

apoptosis and hepatic stellate cell activation; 

oxidative stress is considered as one of the most 

vital pathophysiological mechanisms that underlie 

the initiation and progression of various liver 

diseases (6). 

Fluoroquinolones are a series of synthetic 

antibacterial agents used for the treatment of 

bacterial infections. Ciprofloxacin, an active 

quinolone carboxylic acid, is a widely prescribed 

fluoroquinolone that has broad antimicrobial 

coverage and high oral bioavailability (7). 

Ciprofloxacin-induced acute hepatitis resembles in 

many aspects symptoms of non-drug-induced 

acute hepatitis (8). Fluoroquinolones-induced 

hepatotoxicity was marked by elevated levels of 

alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), alkaline phosphatase, 

direct and total bilirubin, and prolonged 

prothrombin time (9). Fluoroquinolones-induced 

hepatotoxicity has been suggested as a result of the 

generation of oxidative radicals with subsequent 

liver damage (10).  

Antioxidants provide a promising therapeutic 

strategy to prevent and cure liver diseases. In vivo 

animal studies demonstrated the potentiality of 

antioxidants in protecting the liver from oxidative 

stress insults (11). Glutathione (GSH), a cysteine-

glutamic acid-glycine tripeptide, is the most 

abundant hepatic antioxidant. GSH is synthesized 

by the hepatocytes, thereby, protecting the liver 

from oxidative stress. GSH serves as a cofactor for 

the enzyme glutathione peroxidase (GPx) in 

metabolizing hydrogen and lipid peroxides (12). 

GSH may conjugate to electrophilic endogenous 

compounds and xenobiotics via glutathione S-

transferase (GST) family of enzymes, allowing 

safe and efficient elimination from the body (13). 

Moreover, GSH is able to regenerate other 

antioxidants such as vitamins C and E back to their 

active forms (14). Disruption of GSH homeostasis 

is evident in chronic alcoholic liver disease, 

hepatitis C infection, hypoxic/ischemic and/or 

reperfusion injury, and non-alcoholic fatty liver 

disease (15). Several studies have shown the 

therapeutic efficiency of oral or intravenous GSH 

administration in paracetamol-induced liver injury, 

alcoholic liver cirrhosis and chronic fatty liver 

diseases (16, 17).  
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A family of transcription factors, including the 

nuclear factor erythroid 2 (NFE2)-related factor 

(Nrf2), controls the biosynthesis of many of the 

naturally occurring antioxidants (18). Nrf proteins 

bind to a specific DNA sequence; the 

antioxidant response element (ARE) which could 

be found in the promoters of many 

chemoprotective genes including those involved in 

the response to oxidative stress. Binding of Nrf to 

ARE enhances the transcription of many 

antioxidants’ genes including GPx and GST (18, 

19). The cytochrome P450 (CYPs 1-4) enzymes 

family are highly expressed in mammalian 

hepatocytes and strongly linked to pharmaceutical 

metabolism. Precisely, CYP3A4, CYP2D6, 

CYP2C9 and CYP1A2 might be responsible for 

50%, 25%, 15% and 5% of human drug 

metabolism respectively (20). It is during the 

direct redox cycling of an agent, or its metabolism 

by cytochrome P450 where the generation of free 

radicals occurs (21). 

Herein, we tested the therapeutic effects of 

glutathione on ciprofloxacin-induced acute liver 

injury. We also explored the possible underlying 

molecular mechanisms.  

METHODS 

All experiments were conducted in adherence to 

the Guiding Principles in the Use and Care of 

Animals published by the National Institutes of 

Health (NIH Publication No 85–23, Revised 

1996). Animal care and use were approved by the 

Faculty of Medicine Menoufia University Ethics 

Committee. 

Animals and experimental design 

Thirty male Wistar rats weighing 150-200 g were 

purchased from a local laboratory animal 

providing facility. Rats were acclimatized for 10 

days before the start of experiments. Rats were 

given free access to normal chow diet and water in 

an air-conditioned room with a 12 hour light-dark 

cycles. At the end of the study, all rats were 

scarified by cervical dislocation.  

After acclimatization, rats were randomly divided 

(10 rats per group) into the following 3 groups:  

1- Control group: received intra-peritoneal 

injection of distilled water for 15 

consecutive days. 

2- Ciprofloxacin (Cipro)-treated group: 

received concomitantly intra-peritoneal 

injection of 800 mg/kg/day ciprofloxacin 

(Ciproxin solution for infusion, Bayer plc, 

Reading Berkshire, United Kingdom) for 

15 consecutive days plus intra-peritoneal 

injection of distilled water.   

3- Ciprofloxacin + glutathione (Cipro + 

Glut)-treated group: received 

concomitantly intra-peritoneal injection of 

800 mg/kg/day ciprofloxacin for 15 

consecutive days plus intra-peritoneal 

injection of 200 mg/kg/day glutathione 

(Advanced Glutathione, Rex Pharma 

Group, Budapest, Hungary).  

Blood and liver samples collection 

After 15 days, rats were fasted overnight after the 

last injection and anaesthetised by sodium 

thiopental (STP, 60 mg/kg intraperitoneal 

injection). Blood was collected via cardiac 

puncture. Blood samples were allowed to 

coagulate for 30 minutes at room temperature, and 

were then centrifuged at 3000 rpm for 15 min. The 

serum was separated, collected and samples were 

stored at -20 °C for further investigations. The liver 

was removed and stored at -80 or freshly used for 

https://07101nuhr-1104-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/biochemistry-genetics-and-molecular-biology/transcription
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real time quantitative reverse transcription-

polymerase chain reaction (RT-PCR) experiments. 

Biochemical analysis 

Serum levels of alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), lactate 

dehydrogenase (LDH) and gamma-glutamyl 

transferase (GGT) (MyBioSource Inc, San Diego, 

CA, USA) enzymes activities were determined by 

ELISA technique using an automatic optical reader 

(SUNRISE Touchscreen, TECHAN, Salzburg, 

Austria). 

Analysis of gene expression quantitative RT-PCR 

(qRT-PCR)  

Gene specific primers were designed using Primer 

Express Software version 2.0 (Applied 

Biosystems, USA).  Glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH) was used as the 

housekeeping control gene (Table 1). RT- PCR 

assays were performed in duplicate for all target 

and housekeeping genes using Applied Biosystems 

7500 FAST 96-well PCR machine (USA). To 

evaluate the effects of glutathione on 

ciprofloxacin-induced ALF, the mRNA expression 

levels of cytochrome P450-family 3- subfamily A 

(CYP3A), glutathione peroxidise (GPx), 

glutathione reductase (GSR) and nuclear factor 

(erythroid-derived 2)-like 2 (Nrf2) genes were 

evaluated by RT-PCR assay as described 

previously (22-24). Total RNA was extracted 

following homogenizing frozen or fresh liver 

specimens using TRI reagent (Sigma-Aldrich, 

UK). Reverse transcription of hepatic RNA was 

performed using high-capacity RNA-to-cDNA kit 

(Applied Biosystems, CA, USA). Afterwards, the 

generated cDNA was used to measure mRNA 

expression for the target genes. With GAPDH 

serving as the endogenous housekeeping gene 

control, relative mRNA expression of the target 

gene of interest was calculated using the 

comparative Ct (2−ΔCt) method. Data were 

expressed as a ratio (target gene/GAPDH) and 

were shown as the mean ± standard error of mean 

of at least three independent experiments. 

Statistical analysis 

Analyses of Variances (ANOVA) with Tukey’s 

post hoc tests were used for statistical analysis of 

the data using Origin® software. Results are 

expressed as mean ± standard error (SE), and p 

values < 0.05 were considered significant. 

RESULTS 

The serum levels of the liver enzymes ALT, AST, 

GGT and LDH were significantly higher (P<0.05) 

in the ciprofloxacin treated rats (88.96 ± 5.58, 

130.29±19.93, 87.72±12.53, and 5.28±1.01 IU/l 

respectively), when compared to the corresponding 

values in the control group (4.48±0.75, 3.47±0.30, 

1.97±0.49 and, 0.41±0.14 IU/l respectively). 

Treatment with glutathione resulted in significant 

decrease (P<0.05) in the mean values of ALT, 

AST, LDH and GGT enzymes (4.56±0.35, 

3.18±0.22, 2.47±0.32 and 0.50±0.21 IU/l 

respectively) in the ciprofloxacin + glutathione 

treated group when compared to the corresponding 

values in the ciprofloxacin treated group. There 

was no significant difference (P>0.05) when 

comparing the corresponding values in the 

ciprofloxacin + glutathione and control groups 

(Figure 1). 

The mRNA gene expression of the CYP3A, GPx, 

GSR and Nrf2 proteins in the ciprofloxacin treated 

group (0.54±0.03, 0.21±0.02, 0.29±0.05 and 

0.35±0.02 respectively) was significantly down-

regulated (P<0.05) when compared to the 

corresponding values in the control group (1). 
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Glutathione administration resulted in significant 

up-regulation (P<0.05) of the expression of 

CYP3A, GPx, GSR and Nrf2 mRNA genes 

(2.01±0.21, 1.69±0.02, 2.30±0.17 and 1.7±0.1 

respectively), when compared to the corresponding 

values in the ciprofloxacin treated group. All the 

genes were significantly up-regulated (P<0.05) in 

the ciprofloxacin and glutathione treated group 

when compared to the corresponding values in the 

control group (Figure 2). 

Table 1: Primers used for measuring the expression of CYP3A, GPx, GSR and Nrf2 genes. 
 

CYP3A Forward GAAACTGCAGGAGGAGATCG 
 Reverse TCACAGTATCATAGGTGGGAGGT 
GPx Forward AGTTCGGACATCAGGAGAATGGCA 
 Reverse TCACCATTCACCTCGCACTTCTCA 
GSR Forward GGAAGTCAACGGGAAGAAGTTCACTG 
 Reverse CAATGTAACCGGCACCCACAATAAC 
Nrf2 Forward CACATCCAGACAGACACCAGT 
 Reverse CTACAAATGGGAATGTCTCTGC 
GAPDH Forward TGCACCACCAACTGCTTAGC 
 Reverse GGCATGGACTGTGGTCATGAG 

 

 
Figure 1: Glutathione normalizes liver enzymes in ciprofloxacin induced acute liver failure. (A) Serum ALT levels 
in control (white column), ciprofloxacin-treated (black column) and ciprofloxacin + glutathione-treated (light grey 
column) groups. (B) Serum AST levels in control (white column), ciprofloxacin-treated (black column) and ciprofloxacin 
+ glutathione-treated (light grey column) groups. (C) Serum GGT levels in control (white column), ciprofloxacin-treated 
(black column) and ciprofloxacin + glutathione-treated (light grey column) groups. (D) Serum LDH levels in control 
(white column), ciprofloxacin-treated (black column) and ciprofloxacin + glutathione-treated (light grey column) groups. 
(Significant = p < 0.05, * significant when compared to the control group, • significant when compared to the Cipro-
treated group. Number of rats = 10/group). 
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Figure 2: Gene modifying effects of glutathione in ciprofloxacin induced acute liver failure. (A) CYP3A mRNA 
gene expression levels in control (white column), ciprofloxacin-treated (black column) and ciprofloxacin + glutathione-
treated (light grey column) groups. (B) GPx mRNA gene expression levels in control (white column), ciprofloxacin-
treated (black column) and ciprofloxacin + glutathione-treated (light grey column) groups. (C) GSR mRNA gene 
expression levels in control (white column), ciprofloxacin-treated (black column) and ciprofloxacin + glutathione-treated 
(light grey column) groups. (D) Nrf2 mRNA gene expression levels in control (white column), ciprofloxacin-treated 
(black column) and ciprofloxacin + glutathione-treated (light grey column) groups. (Significant = p < 0.05, * significant 
when compared to the control group, • significant when compared to the Cipro-treated group. Number of rats = 
10/group). 

 

DISCUSSION 

Liver remains the principal organ for maintaining 

homeostasis. Drugs are considered as a central 

cause of liver failure; the majority of idiosyncratic 

drug reactions results in deleterious effects ending 

by even liver transplantation (25). Oxidative stress 

has been suggested as an underlying mechanism 

mediating ciprofloxacin-induced ALF. Indeed, 

oxidant/antioxidant imbalance is the principal 

signal in the progression of different liver 

disorders (26). Therefore, synthetic molecules, 

plant derived compounds, herbal preparations or 

GSH itself were vastly studied as potential 

therapeutic strategies for liver diseases. The main 

aim was to restore the oxidative stress to 

antioxidants level balance. Above all, the fact that 

replenishment of GSH, a major determinant of 

cellular antioxidant-potential, could deliberate the 

progress severity of various oxidative stress-

induced liver insults remains of great interest (26, 

27).  

In the present study, ciprofloxacin-induced 

hepatotoxicity was characterized by elevation of 

liver damage hallmarks; ALT, AST, LDH and 

GGT. Amino-transferases are the most specific 

and routinely utilized indicators of hepatocellular 

necrosis (9). ALT is primarily localized in the 

liver, while AST is present in a wide range of 

tissues such as the heart, skeletal muscle, kidney, 

brain, and the liver. High levels of AST may 

indicate liver damage, as well as myocardial 

infarction and muscle injury. Whereas, ALT is 
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more specific to liver damage  (28). GGT is a 

membrane-bound glycoprotein enzyme. GGT is 

mainly derived from hepatocytes, biliary epithelial 

cells, renal tubules, pancreas and intestine (9). 

Elevated levels of serum GGT activity has been 

considered as a sensible marker of hepatic 

disorders. Interestingly, the biological function of 

GGT at physiological concentrations mainly lies in 

the maintenance of the intracellular levels of GSH 

and the metabolism of GSH conjugates (29). The 

production of LDH increases under  low oxygen 

concentrations, therefore, LDH is considered as a 

hallmark  of hepatic hypoxic conditions (30). In 

our hands, administration of glutathione resulted in 

restoration of the liver functions profile in the 

glutathione- treated group. The glutathione system 

plays a central role as an antioxidant protecting 

hepatocytes from the detrimental effects of free 

radicals. In this system, reduced glutathione (GSH) 

is utilized to detoxify organic and inorganic 

peroxides via glutathione GPx activity, whereas 

GSR mediates the reduction of oxidized 

glutathione (GS) by using NADPH (26, 31). It has 

been reported that ciprofloxacin could induce 

hepatic oxidative stress with an associated rise in 

serum ALP, acid phosphatase (ACP), AST, ALT, 

LDH and GGT enzymes activity. Our data 

suggested clearly that the elevated liver enzymes 

could be a sign of oxidative stress-dependent 

disruption of the hepatocyte’s lipid bilayer. The 

lipid bilayer is made up of polyunsaturated fatty 

acids, oxidation of which could result in 

membrane disruption with subsequent escape of 

detectable quantity of hepatic enzymes (32). 

Interestingly, vitamin C (ascorbic acid) countered 

ciprofloxacin-dependent effects in a mice model of 

ALF most probably via an antioxidant mechanism 

(33). The antioxidant capacity of vitamin C is well 

documented in the liver as well as other tissues 

(18, 33). We concluded then that ciprofloxacin-

induced oxidative stress and its resultant hepatic 

damage were countered by restoring normal liver 

GSH storage level. The restoration of normal GGT 

activity rationally supported this assumption. 

Supporting our idea, GSH was more effective than 

N-Acetyl-Cystein in the treatment of 

acetaminophen (APAP)-induced ALF in mice. 

This was probably due to the higher amino acids 

content which could be utilized for the re-

synthesize of hepatic GSH itself, as well as an 

energy substrates in the Krebs cycle (17).  

In an attempt to elucidate possible underlying 

mechanisms, we studied changes that may have 

occurred on the mRNA level. Our results 

demonstrated that the mRNA expression levels of 

CYP3A, and the protective antioxidants genes 

GPx, GSR and Nrf2 were significantly down-

regulated in the ciprofloxacin treated group when 

compared to the corresponding values in the 

control group. Ciprofloxacin has been reported to 

reduce hepatic CYP3A expression (34).The down 

regulation of CYP3A in response to ciprofloxacin 

treatment could be explained by the exhaustion of 

the enzyme in response to the overwhelming drug 

metabolism. Ciprofloxacin-induced generation of 

free radicals frequently occurs during either direct 

redox cycling of the drug or its oxidative 

metabolism by CYP3A (35). Accordingly, the 

possible poor coupling of CYP3A catalytic cycle 

may have resulted in incessant production of ROS. 

During biotransformation, ciprofloxacin could be 

converted to quinone metabolites. Consequently, 

this could lead the formation of GSH adducts, 

depletion of the antioxidants pool and generation 
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of excessive ROS (36). Raising the possibility of 

viscous cycle formation, free radicals can inhibit 

CYP3A activity via heme degradation (37). 

CYP3A-mediated metabolism under GSH 

depletion conditions aggravated ALF (38). 

Generation of ROS would possibly have 

overwhelmed the innate antioxidant defences, 

particularly and of our interest GSH. The activity 

of GPx and GSR reached the maximum level at 

first 96 hours in a rat model of 

tetrachloromethane (CCL4)-induced ALF. GPx 

and GSR activities significantly declined 

afterwards (31). These pro-oxidizing cellular 

conditions could in turn cause lipid 

peroxidation, DNA and protein damage, 

interruption altered  gene expression  or 

of signalling pathways (19). The antioxidant 

response element (ARE)-mediated transcription of 

the genes involved in the regulation of both the 

synthesis and conjugation of glutathione is 

controlled by the master transcription factor Nrf2 

(39). Nrf2 also regulates the gene expression of 

GPx and GSR (40, 41). It wasn’t a surprise then 

that Nrf2 mRNA level was also down-regulated in 

the ciprofloxacin treated group. Restoration of the 

hepatic GSH level was then a sensible strategy. 

Firstly, GSH is the most abundant cellular anti-

oxidant, and secondly GSH is primarily 

synthesized in liver and plays vital roles in 

detoxification and antioxidant systems. Moreover, 

GSH has been used to treat acute and chronic liver 

diseases (42). In the present study, glutathione 

treatment was associated with significant up-

regulation of CYP3A, GPx, GSR and Nrf2 genes 

expression levels. It was reported previously that 

treatment with S-ally glutathione (SAG) resulted 

in significant increase in GPx activity in CCL4-

induced ALF in rats. Not only SAG has quenched 

the oxidative stress markers,  it also preserved the 

endogenous antioxidants including GSH (27). GPx 

itself reduces lipid hydroperoxides which require 

GSH, thus increasing GPx activity will in turn 

preserve the GSH stores. The up-regulation of 

Nrf2 gene by GSH therapy played an important 

role in the restoration of the liver functions in our 

study. Exogenous GSH was able to increase the 

activity Nrf2 and protected RAW 264.7 cells 

against oxidative stress-induced mitochondria-

mediated apoptosis via with the activity of the 

Nrf2/HO-1 mediated pathway (43). Convincingly, 

we proposed that GSH increased Nrf2 expression. 

The up-regulated Nrf2 increased the expression of 

GPx and GSR which in turn preserved the GSH 

cellular content. The CYP3A results indicate 

restoration of hepatic metabolic capabilities was 

achieved following alleviation of the pro-oxidative 

condition by GSH. 

CONCLUSION 

Glutathione could serve as a potential therapeutic 

molecule for liver diseases. Exogenous glutathione 

normalized the liver functions enzymes; ALT, 

AST, GGT and LDH, possibly by protecting 

hepatocytes membranes from disruption by 

oxidizing metabolites. Moreover, glutathione had 

gene modifying potentials on the antioxidant genes 

GPx, GSR and Nrf2, as well as preservation of 

CYP3A activity denoting the restoration of hepatic 

metabolic capabilities oxidative stress conditions. 

ABBREVIATIONS 

Acute liver failure (ALF), acetaminophen (APAP), 

acid phosphatase (ACP), alanine aminotransferase 

(ALT), antioxidant response element (ARE), 

aspartate aminotransferase (AST), The cytochrome 

P450 (CYP), cytochrome P450-family 3- 
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subfamily A (CYP3A), glutathione (GSH), 

glutathione reductase (GSR), glutathione S-

transferase (GST), glyceraldehyde 3-phosphate 

dehydrogenase  (GAPDH), nuclear factor 

erythroid 2 (NFE2)-related factor (Nrf2), reactive 

oxygen species (ROS), reverse transcription-

polymerase chain reaction (RT-PCR), tumor 

necrosis factor (TNF)-α. 
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