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ABSTRACT 
Potent hepatotoxic chemicals such as thioacetamide (TAA) are used to evaluate hepatoprotective 
agents. Here we investigate the antifibrotic potential of quercetin (QU) as antioxidant and Erythro-9-
(2-hydroxy-3-nonyl) adenine (EHNA) as adenosine deaminase inhibitor against thioacetamide- induced 
liver fibrosis in male rats. Fifty mature male rats divided into 5 groups: Group I: served as a control was 
intraperitoneally (IP) injected with Dimethyl sulfoxide (DMSO) by 0.5 ml/rat. Group II: rats were 
injected IP with TAA (200 mg/kg) twice a week for 3 months. Group III: rats were injected IP with QU 
(100 mg/kg) 30 min before TAA injection Group IV: rats were injected IP with EHNA (150 µM/kg) 30 
min before TAA injection. Group V: rats were injected IP with QU (100 mg/kg) and EHNA (150 
µM/kg) 30 min before TAA injection. TAA administration causes hepatic necrosis, increases in liver 
function enzymes, increases in hepatic lipid peroxidation, decrease in glutathione level and increase in 
the gene expression of tumor protein (P53) and Nuclear Factor-kappa Beta (NF-kβ). With administration 
of QU alone, EHNA alone or the combination of both significantly attenuated liver fibrosis induced by 
TAA through decrease of liver biomarkers, improving the redox state of the tissue as well as hindered 
the expression of inflammation and apoptosis-related genes. Finally, it can be concluded that QU alone, 
EHNA alone or the combination of both have protective effects against TAA-induced hepatic fibrosis. 
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1. Introduction 

 
The liver is the largest vital organ that plays an important role in metabolism and detoxification 

events (Kaur et al., 2017). Many causative agents that lead to chronic liver damage includes viral 
hepatitis B and C infections, radiation and alcohol abuse causes liver lobule necrosis, cirrhosis 
(Friedman, 2000), preneoplastic lesions (Zargar et al., 2017), biliary duct proliferation and multiple 
sites of cholangiocarcinoma with stromal desmoplasia as seen in humans and rodents (Seki et al., 2009). 

Thioacetamide (TAA) as a source of hydrogen sulfide to precipitate metal sulfides is a severe 
hepatotoxic agent that causes liver fibrosis (Kadir et al., 2011), cirrhosis and liver cancer (De Minicis 
et al., 2013). TAA is a white crystalline solid, soluble in water and alcohol used in leather processing, 
laboratories and as a stabilizer of motor fuels (Lee et al., 2003). Liver cytochrome (Cyt-P450) 
transforms TAA to thioacetamide S-oxide (TAASO) and then to thioacetamide S,S-dioxide (TAASO2) 
(Amali et al., 2006). TAASO caused enlargement of nucleoli, change in cell permeability, and inhibited 
the activity of mitochondrial (Gupta and Dixit, 2009; Prabha et al., 2012), whereas, TASSO2 enhanced 
biomarkers of tissue necrosis and inflammation such as (inducible Nitric Oxide Synthase) iNOS and 
(Nuclear Factor-kappa Beta) NF-kβ (Chen et al., 2008). Accordingly, inflammation and necrosis of 
liver tissue were observed one week after a single injection of TAA (Luo et al., 2015). Oxidative stress 
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is known to be involved in the TAA induced chronic and metabolic liver disease (Li et al., 2015). In 
chronic liver diseases and fibrosis, administration of antioxidants may ameliorate or prevent this 
condition (Casas-Grajales and Muriel, 2015).  

Quercetin (QU) is one of the most common flavonoids which is found in fruits and vegetables 
such as blueberries, onions and broccoli (Manach et al., 1999). These flavonoids have pharmacological 
activities as anti-inflammatory, antioxidant ( Tieppo et al., 2009; Granado-Serrano et al., 2012) and 
immuno-regulatory (Barreca et al., 2016; Eid and Haddad, 2017). The cytoprotective effect of QU may 
be due to its ability to react with the lipid membrane of the cell, it can decrease the expression of the 
pro-inflammatory cytokines and down-regulation the activation of NF-kβ. (Madhavan et al., 2006). 
Moreover, QU exerts strong antitumor activities in vitro and in vivo (Massi et al., 2017) and reduces 
the risk of oxidative stress in chronic diseases (Wu et al., 2011). 

Adenosine deaminase, (ADA), is an important enzyme distributed in all mammalian cells that 
converts adenosine to inosine irreversibly (Lupidi et al., 1997). It is activity is high in the lymphoid 
system, brain and gastrointestinal tract (Sauer et al., 2012). Erythro-9-(2-hydroxy-3-nonyl) adenine 
(EHNA) is a crystalline solid soluble in organic solvents such as ethanol, Dimethyl sulfoxide (DMSO), 
and dimethylformamide (DMF). Moreover, EHNA keeps the cellular capacity for the deamination of 
purines so it is less toxic than other ADA inhibitors (Barankiewicz et al., 1997). EHNA prevents 
adenosine breakdown so it can raise adenosine concentrations that is following its release from cells to 
the plasma membranes of surrounding cells, where it binds to specific cell surface receptors (A1, A2A, 
A2B, and A3) adenosine receptors caused production of either pro-inflammatory or anti-inflammatory 
effects (Fredholm et al., 2001; Hasko and Cronstein, 2004) and also produce antitumor effects against 
a variety of cancer cells (Nakajima et al., 2015). 
 
2. Materials and Methods 
2.1. Drugs and Chemicals 

Thioacetamide (TAA), Quercetin (QU) and adenosine deaminase inhibitor erythro- 9-(2-hydroxy-3-
nonyl) adenine (EHNA) were obtained from Sigma Chemical Co. (St. Louis, MO, USA). Kits used for 
measurement of plasma aspartate transaminase (AST), alanine transaminase (ALT), gamma glutamic 
transpeptidase (GGT) were purchased from Agappe diagnostics Switzerland, GMBH. and total bilirubin 
(TB) was purchased from Diamond diagnostic, Egypt. Kits for estimation of hepatic malondialdehyde 
(MDA) and glutathione (GSH) were purchased from Biodiagnostic, Egypt), (TP53) antibody was 
obtained from (Santa Cruz Biotechnology, INC) and (NF-kβ) antibody was obtained from (Cell Signaling 
Technology), also the high purity chemicals and reagents were available. 

  

2.2. Animals  
Fifty adult male albino rats weighting (120-150 g) were purchased from the animal house of the 

Faculty of Medicine, Assuit University, Assuit, Egypt. Rats were housed in cages, five rats each and 
were kept in a room temperature (30±30C) with normal 12 h light/ 12 h dark cycle. All of animal 
procedures were performed in accordance with the guidelines for the care and use of experimental 
animals established by the Committee for the Purpose of Control and Supervision of Experiments on 
Animals (CPCSEA) and the protocol of the National Institutes of Health (NIH).  

 

2.3. Treatment groups  
Animals were divided into 5 groups of 10 animals each. Group I: served as a control was 

intraperitoneally (IP) injected with (DMSO) by 0.5 ml/rat. Group II: rats were injected IP with TAA 
(200 mg/kg) twice a week for 3 months (Nazmy et al., 2019). Group III: rats were injected IP with QU 
(100 mg/kg) 30 min before TAA injection (El-Nekeety et al., 2014). Group IV: rats were injected IP 
with EHNA (150 µM/kg) 30 min before TAA injection (Junqueira et al., 2010). Group V: rats were 
injected IP with QU (100 mg/kg) and EHNA (150 µM/kg) 30 min before TAA injection. 

 

2.4.  Collection of samples  
Animals of different groups were killed after anesthesia with ether. From the optic nerve the 

blood was collected into a sterilized tube containing EDTA (100 mg/ml). For the histological studies, 
pieces of liver were fixed in 10% neutral buffered formalin. The liver was quickly removed and washed 
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in 100 mM phosphate buffer (pH 7.4) and then stored at -20 °C for biochemical studies. 
 

2.5.  Tissue and plasma preparation 
10% homogenate of the liver was prepared by homogenization of 250 mg of each tissue in 2.5 

ml phosphate buffer using a homogenizer (IKA Yellow line DI 18 Disperser, Germany). The 
homogenates were centrifuged at 6,000 rpm for 1 hour at 4°C and the supernatant was kept frozen at -
20°C for the subsequent biochemical assays. The supernatant was divided into two parts; the 1st part 
was used for the measurement of lipid peroxidation (LPO) as MDA according to the method of (Ohkawa 
et al., 1979) and the 2nd part was used to measure glutathione (GSH) according to the method of (Beutler 
et al., 1963). Blood samples were centrifuged at 4000 rpm for 10 min to separate plasma and stored at 
-20°C to be used for the determination of liver function tests. 

 

2.6.  Determination of DNA fragmentation 
Apoptotic and damage changes in the hepatic tissue were determined calorimetrically of a known 

amount of DNA according to the method of (Perandones et al., 1993).  
 

2.7.  Histopathological methods and quantification of liver fibrosis  
Pieces of liver were dissected out rapidly from the killed animals and were fixed immediately in 

10 % neutral buffered formalin for histopathological studies according to (Drury and Wallington, 1980). 
Staining by Masson’s trichrome was used for the quantification of liver fibrosis (Casas-Grajales et al., 
2017). 

 
2.8.  Western blotting analysis  

The expression of P53 and NF-kβ were determined by western blot analysis according to the 
method of Badr et al. (2010). 

 
2.9.  Statistical analysis   

Data were expressed as mean ± SE (standard error of the mean), all results were statistical 
analyzed using one-way analysis of variance (ANOVA), the Tukey-HSD test was used to find if there 
was any significant difference between groups at p<0.05. These analyses were performed using 
Statistical Package for Social Sciences (SPSS) version 16. 
 
3. Results 
3.1. TAA disrupted liver morphology 

Gross examination was performed on liver specimens after anesthesia and sacrificed from each 
group. In control rats the liver has a regular smooth surface (Fig .1A), in TAA-treated rats the liver has 
a rough nodular surface (micro and macro nodules) (Fig .1B), while the rats co-treated with (TAA+QU), 
(TAA+EHNA) and (TAA+QU+EHNA) have a normal smooth surface and nearly normal anatomical 
shape and appearance compared to TAA-treated group (Fig .1C-E). 

 
Fig. 1: Gross examination of the liver shows the effect of TAA toxicity on the liver morphology. Control 

group (A), TAA-treated group (B), TAA+QU group (C), TAA+EHNA group (D) and 
TAA+QU+EHNA group (E). Liver shown are representative samples where n = 6. 
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3.2. Administration of quercetin and EHNA improved the liver functions tests  
As compared to control rats the level of ALT, AST, GGT activities and TB level were 

significantly elevated in liver of TAA-treated group. Groups of rats co-treated with QU alone or EHNA 
alone and the combination of both showed improvement in the ALT, AST, GGT activities and TB level 
in comparison to TAA-treated group but still higher than control (Table 1). 
 
Table 1: Effect of QU and EHNA on the activities of ALT (alanine transaminase), AST (aspartate 

transaminase), GGT (gamma glutamic transpeptidase) and the level of TB (total bilirubin) in 
plasma of control and different treated groups. Results presented as mean ± SE, the different 
letters (a, b, c and d) means significant difference at p<0.05 between different group, where 
n=6. 

  G 
P  

Control TAA TAA +QU TAA+ EHNA TAA+QU+EHNA 

ALT (U/L) 37.5±3.24a 191.43±10.43c 115.71±10.00b 143.71±9.50b 117.14±6.88b 

AST (U/L) 38.00±0.60a 114.25±3.70d 60.50±3.50b 74.58±2.84c 54.83±3.76b 

GGT (U/L) 2.00±0.18a 7.33±0.43d 4.83±0.46bc 3.50±0.33ab 5.67±0.70cd 

TB (mg/dl) 0.12±0.01a 0.26±0.01d 0.19±0.003c 0.14±0.01ab 0.16±0.01b 

 

3.3. Treatment of TAA with quercetin and EHNA restored the high level of ROS and improved 
the antioxidant level 

As compared to control rats the GSH level was significantly decreased in the liver of TAA-treated 
group. On the other hand, co-treatment with QU alone, EHNA alone and combination of both caused 
significantly increased in GSH level in comparison to TAA-treated group, it also showed that no 
significant difference between the treatment with the QU alone, EHNA alone, the combination of both 
and control. As compared to control rats the LPO level was significantly increased in the liver of TAA-
treated group. On the other hand, co-treatment with QU alone, EHNA alone and the combination of 
both caused significantly decreased in LPO level in comparison to TAA-treated group but still higher 
than control. As compared to control rats the change in DNA fragmentation was significantly increased 
in the liver of TAA-treated group. On the other hand, co-treatment with QU alone, EHNA alone and 
the combination of both caused significantly decreased in the changed of DNA fragmentation in 
comparison to TAA- treated group but still higher than control (Table 2). 
 
Table 2: Effect of QU and EHNA on the level of GSH (glutathione), LPO (lipid peroxidation) and % 

of change in DNA fragmentation in hepatic tissue of control and different treated groups. 
Results presented as mean ± SE, the different letters (a, b, c and d) means significant difference 
at p<0.05 between different group, where n=6. 

TAA+QU+EHNA TAA+EHNA TAA+QU TAA Control 
                   G 

 P           

67.11±1.62a 79.00±2.70b 76.44±2.20b 56.67±2.30d 70.50±2.06ab GSH (µg/mg protein) 

14.37±0.35b 13.29±1.13b 16.26±0.28b 27.52±2.05c 7.39±0.68a LPO (nmol/mg protein) 

32±2.9b 36±2.1b 29±2.5b 53.3±1.2c 11±5.9a 
% of change of DNA 
fragmentation 

 

3.4. Treatment with quercetin and EHNA improved the histopathological alterations induced 
by TAA 

Liver of control rats showed normal architectural organization (Fig .2A). Liver of TAA-treated 
group showed complete loss of architectural organization with manifestations of necrosis, large fibrous 
septa or collagen deposition forming pseudobulbs extended from the central vein, damaged hepatic 
cells, hepatocytic vacuolation, scattered inflammatory cells, giant cell transformation, and biliary 
hyperplasia (Fig .2B), while the rats co-treated with (TAA+QU), (TAA+EHNA) and 
(TAA+QU+EHNA) showed marked improvement in hepatic morphology and architectural as the large 
fibrous septa or collagen deposition was reduced, no bridging necrosis, apoptotic and inflammatory 
cells were decreased compared with TAA-treated group (Fig. 2C-E). 
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Fig. 2: Effect of QU and EHNA on hepatic changes in H&E (X200) stained images of liver tissues of 

the control group (A), TAA-treated group (B), TAA+QU group (C), TAA+EHNA group (D) and 
TAA+QU+EHNA group (E). Abbreviation: (CV) Central Vein, (H) Hepatocyte, (FS) Fibrous 
Septs, (IR) Inflammation Reaction, (NP) Newly pseudo lobulation with thick fibrous septs. 

 

3.5.  Quercetin and EHNA administration decreased liver fibrosis induced by TAA 
Liver of the control group showed no collagen deposition and normal hepatic architecture (Fig 

.3A). Liver of rats treated with TAA showed extended collagen deposition (arrows) from central vein 
and large septa forming hepatic pseudo lobules compared with the control group (Fig .3B), while the 
rats co-treated with (TAA+QU), (TAA+EHNA) and (TAA+QU+EHNA) showed marked reduction in 
collagen deposition (arrows) and in the severity of hepatic fibrosis compared with TAA-treated group 
(Fig .3C-E). 

 

3.6.The upregulation of the inflammatory and apoptotic markers induced by TAA were restored 
in quercetin and EHNA treated groups 

We measured the expression of P53 as an apoptotic marker and NF-kβ as an inflammation marker 
by Western blot analysis. In normal hepatic tissue, the expression of P53 and NF-kβ were very weak 
(Fig. 4A). In the hepatic tissue of TAA-treated group there were a significant increase in P53 and NF-
kβ expression compared with the control group (Fig .4B). On the other hand, in hepatic tissue of 
TAA+QU group (Fig .4C), TAA+EHNA group (Fig .4D), and TAA+QU+EHNA group (Fig .4E), the 
expression of P53 and NF-kβ were significantly decreased in comparison to TAA-treated group but it 
also showed that treatment with the combination of QU and EHNA gave a better result than treatment 
with QU alone and EHNA alone. 
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Fig. 3: Effect of QU and EHNA on hepatic changes in Masson’s trichrome (X100) stained images of 
liver tissues of the control group (A), TAA-treated group (B), TAA+QU group (C), 
TAA+EHNA group (D) and TAA+QU+EHNA group (E). Quantitative analysis of Masson’s 
trichrome staining as mean ± SE in liver tissue of control and different treated rats (F), the 
different letters (a and b) means significant difference at p<0.05 between different group, where 
n =6. 

 

 
Fig. 4: Western blot analysis of P53 and NF-kβ. Labeling is demonstrated in the control group (A), 

TAA-treated group (B), TAA+QU group (C), TAA+EHNA group (D) and TAA+QU+EHNA 
group (E), the expression levels of P53 and NF-kβ were normalized to those of β-actin in all 
groups 

   
4. Discussion 

Liver plays various roles in the metabolism of different nutrients, clearance of waste products 
and regulating physiological processes, on the other hand, liver diseases have become the major causes 
of deaths all over the world (Saleem et al., 2010; Zargar et al., 2017). TAA considered as strongly 
hepatotoxic compound could cause damage in liver that lead to the release of inflammatory cells, 
activation of Kupffer and hepatic stellate cells (HSC) which transdifferentiate into myofibroblast-like 
cells, secrete extracellular matrix proteins (ECM) and release of cytokines, growth factors and reactive 
oxygen species (ROS) (Kubo et al., 2016; Thuy le et al., 2017).  
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Our results showed that the administration of TAA (200 mg/kg BW) induced significantly 
elevated in the activities of liver enzymes ALT, AST, GGT and TB level. This elevation due to marked 
hepatic membrane damage (Bansal et al., 2005) or may be due to the possible effect of tumor on liver 
tissues leading to release of this enzymes into the blood (Abdo et al., 2015). The GGT enzyme is used 
as a tumor marker (Carrasco-Torres et al., 2017), so it has been analyzed for the identification of 
preneoplastic cells (Dragan and Pitot, 1992; Hanigan, 1998). Furthermore, the elevation of plasma TB 
level in the TAA group may be due to blockage of bile ducts so the secretion of TB was decreased from 
the liver (Afifi et al., 2016). The decrease of the plasma enzymes AST, ALT, GGT and TB level in rats 
co-treated with QU alone, EHNA alone and the combination of both due to they have the ability to 
reduce hepatic damage, helped in hepatocyte regeneration, and maintained cell membrane 
stabilization/integrity, therefore suppressed the release of this enzymes into the blood (Medhat et al., 
2017). Also, EHNA elevated endogenous adenosine concentrations which could provide the binding to 
(A2A adenosine receptor) results in anti-inflammatory effects, so the neutrophil decreased the ROS and 
reduced the hepatic membrane damage (Cavalcante et al., 2006).  

Injection by TAA significantly elevated liver MDA content reflecting increased lipid 
peroxidation duo to damage of the liver and also due to formation of excessive ROS (Aly et al., 2019). 
Also, significantly decreased in the GSH level may be due to the generation of ROS from metabolism 
of TAA and suppressed antioxidant defense mechanism (Zargar et al., 2015). In QU alone, EHNA alone 
and the combination of both, the LPO level was decreased because the inhibition of ADA with EHNA 
reduced free radical generation (Xia et al., 1996), also due to strong inhibitory effects of QU on Cyt-
P2E1 and a Cyt-P450 isoforms (Ryu et al., 2016), but in the groups of QU alone, EHNA alone and the 
combination of both the hepatic GSH level was elevated may be due to that the QU and EHNA 
suppressed the level of LPO and the formation of ROS then restoration of the antioxidant system of the 
liver (Sathya et al., 2014). 

DNA fragmentation is as characteristic feature of apoptosis (Elmore, 2007). In TAA-treated 
group the change in DNA fragmentation was significantly increased supported by histopathological 
study. This increase may be due to increase the level of ROS that cause DNA damage and cell death 
via both apoptosis and necrosis (Chen et al., 2006). Co- treatment with QU alone, EHNA alone and the 
combination of both decreased the change in DNA fragmentation because they could reduce 
hepatocytes damage and decrease ROS-mediated DNA damage (Shalaby and Saleh, 2011). 

In TAA-treated rats the histopathological features showed severe liver cell damage in rats 
supporting the observed changes in biochemical assays, histological examination showed complete loss 
of architectural and centrilobular necrosis (Afifi et al., 2016). Our results are in agreement with 
(Yogalakshmi et al., 2010) that showed a large number of inflammatory and apoptotic cells with 
increased collagen fibers which lead to form pseudo lobules, also fatty degenerated and vacuolation in 
hepatocytes were observed (Li et al., 2014). Those observation are in agreement with Talluri et al. 
(2016) and Miguel et al. (2017) who reported that TAA induced hepatic damage and production of 
oxidative stress. After treatment with QU alone, EHNA alone and the combination of both the 
histological features was improved as reformed in architecture organization, decreased necrosis, 
apoptosis, inflammatory cells and the deposition of collagen fibers, these data are consistent with other 
studies of cirrhosis that used substances with antioxidant power such as silymarin (Tsai et al., 2008) 
and curcumin (Bengmark et al., 2009). 

The P53 plays an important role in cell cycle regulation, DNA repair and apoptosis (Ali et al., 
2019). In TAA-treated rats the P53 expression was significantly upregulated this may be due to gene 
products modulate biochemical pathways that regulate cells apoptosis and proliferation, these results 
came in accordance with Kartik et al. (2010) who reported that P53 expression was increased after TAA 
administration. Deregulation of signaling pathways during the development of HCC affects normal 
cellular processes such as cell cycle and apoptosis (Mukherjee, 2009). Somatic mutations in P53 gene 
are the most common genetic defects in human cancer and supports a high level of P53 expression in 
fibrosis and HCC (Gomaa et al., 2008). Our studies showed that co-treatment with QU alone, EHNA 
alone and the combination of both significantly downregulated the expression of P53 due to QU and 
EHNA have the ability to reduce hepatocyte damage and apoptosis and decrease the formation of ROS-
mediated DNA damage (Shalaby and Saleh, 2011). 
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NF-kβ transcriptionally regulates a large number of genes which have inflammatory effects 
(Ubeda et al., 2013). In TAA-intoxicated group showed a significant upregulated in NF-kβ expression 
due to the formation of the reactive metabolite of TAA that expresses proinflammatory molecules 
(Bahcecioglu et al., 2015). Also, by regulating hepatocyte, HSC, and Kupffer cell functions the NF-kβ 
activation is involved in the liver fibrosis (Bataller and Brenner, 2005). Treatment with QU alone, 
EHNA alone and the combination of both significantly downregulated the expression of NF-kβ due to 
QU could maintain NF-kβ in an inactive form and reduce the inflammatory cytokines through the 
inhibition of specific receptors (Toll-like receptor 2 (TLR2) and the Toll-like receptor 4 (TLR4)) (Ma 
et al., 2015), and EHNA elevated endogenous adenosine concentrations which could provide the 
binding to (A2A and A2B) adenosine receptors results in anti-inflammatory effects, like the decrease 
neutrophil inflammatory functions (Sands et al., 2004).  
 
5. Conclusion 

The data obtained suggest that any of QU alone, EHNA alone or the combination of both can 
protect against liver fibrosis by suppression of P53 and NF-kβ gene expression due to their anti-
inflammatory, antioxidant, and anti-apoptotic activities. According to our results, after more 
experimental and trials, QU alone, EHNA alone or the combination of both can be used to prevent the 
liver against TAA toxicity. 
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