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Abstract: 

Background: Hepatic fibrosis is an extreme buildup of extracellular matrix (ECM) proteins like collagen in liver 

tissues. Imatinib was proven to have promising antifibrotic activity in experimental models through the suppression 

of platelet-derived growth factor and transforming growth factor. Tyrosine kinases have a principal role in hepatic 

stellate cells (HSCs) stimulation which finally enhances liver fibrosis. Imatinib as one of the Tyrosine kinases 

inhibitors family exhibits a great inhibition capacity in controlling HSC activation. On the other hand, Platelet-

rich plasma (PRP) represents an autologous product that contains growth factors, immune system messengers, 

enzymes, and additional factors that have an important role in tissue regeneration. In this report, we studied the anti-

fibrotic efficacy of PRP and Imatinib alone or in combination on ameliorating liver fibrosis in an animal model. 

Methods: In this study, Hepatic fibrosis was promoted in rats by the carbon tetrachloride (CCl4) chemical induction 

method, then rats were subjected to PRP and Imatinib alone or in combination and finally, liver fibrosis was 
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evaluated using Masson's Trichrome stain to evaluate collagen fibers quantity in liver tissues. Moreover, hepatic 

hydroxyproline content was used as a marker for collagen deposition in liver samples. The liver homogenate was 

also, used for the assessment of different hepatic oxidative stress parameters and MCP-1 inflammatory markers. Cell 

viability was evaluated using PI stain and the expression of IL6, HGF, and ASMA was detected by RT-PCR. 

Results: Our results showed that the combined therapy of PRP with imatinib was more effective and safer 

antifibrotic candidate compared to monotherapy as revealed by a significant reduction (p < 0.001) in liver 

hydroxyproline content,fibrosis score, apoptosis, inflammation markers, ASMA, and IL6 gene expression, tissue 

oxidative stress parameters as well as by the significant increase in HGF gene expression and antioxidant enzymes 

activity, with minimal changes in liver functions moreover the histopathological examination using Masson's 

trichrome stain further support our results. Conclusion: we suggest that PRP in combination with Imatinib might be 

a safe and more potent anti-fibrotic combination for liver fibrosis that may allow its use in clinical trials. 

Keywords: Liver, Fibrosis, Platelet-rich plasma, Imatinib, Antifibrotic. 



Platelets Rich Plasma and Imatinib for Ameliorating Liver Fibrosis  
                                                                                                                                            Section A-Research paper 
 

1840 
Eur. Chem. Bull. 2023,12(5), 1838-1857 

Graphical Abstract:

 

 

 

 

 



Platelets Rich Plasma and Imatinib for Ameliorating Liver Fibrosis  
                                                                                                                                            Section A-Research paper 
 

1841 
Eur. Chem. Bull. 2023,12(5), 1838-1857 

Introduction: 

             Liver fibrosis is originated from the activation 

and proliferation of myofibroblasts that activate the 

Extracellular Matrix (ECM) in the damaged liver. In liver 

fibrosis, fibroblasts and fibrocytes leads to formation 

myofibroblasts [1]. Liver transplantation is the most 

appropriate therapeutic choice for patients suffering from 

liver failure. However, it is strictly limited by graft 

rejection, high expense, the shortages of the organ, and 

needs long-term immunosuppression [2]. Thus, we need a 

new therapeutic approach to control liver fibrosis. 

PRP is defined as a fraction of plasma that 

contains platelet concentration more than its concentration 

in the whole blood (1.5 - 8 folds higher than normal 

platelet count in the blood)[3]. Platelets contain many 

types of proteins, cytokines, and growth factors, ADP, 

and ATP. Moreover, PRP contributed to the morpho-

functional improvement of damaged organs, maintaining 

inflammation, enhancing the regeneration mechanisms, 

and stimulating revascularization [4]. Also, PRP limits 

fibrosis in many damaged tissues and organs like liver 

fibrosis by preventing the transition of fibroblast to 

myofibroblast through downregulation of VEGF-

A/VEGFR-1-mediators of TGF-β1/Smad3 signaling 

pathway [5]. So, PRP seems to have a strong potential for 

improving the healing and regeneration of body tissues 

[6], hence PRP is widely used in many areas of 

regenerative medicine and serves as a promising era for 

researchers and clinicians. 

Tyrosine kinases (TKs) play regulatory functions 

in many cellular physiological pathways and they are 

considered promising targets in the liver fibrosis drug 

discovery field [7]. TKs have a principal role in hepatic 

stellate cells (HSCs) stimulation. So, TKs targeting by its 

inhibitors Tyrosine kinase inhibitors (TKIs) seems to be 

the best approach to limit HSC activation and manage 

liver fibrosis [8]. TKIs are therapeutic candidates divided 

into 3 different generations, which suppress a various 

types of tyrosine kinases that bind to the tyrosine kinase 

binding site and decrease its phosphorylation leading to 

inhibition of stellate cells proliferation [9,10]. 

Imatinib as one of the TKIs family exhibits a 

great inhibition capacity in controlling HSC activation. 

Imatinib mesylate (STI-571) inhibits Bcr-Abl in chronic 

myeloid leukemia (CML) patients. Many clinical studies 

demonstrated Imatinib safety in CML treatment and c-

Kit-positive gastrointestinal tumors [11]. Moreover, 

Imatinib inhibits cyclins and cyclin-dependent kinases 

(CDKs) and stops AKt and ERK phosphorylation, which 

ameliorates liver fibrosis [12]. So, the purpose of this 

study is to show the antifibrotic effect of PRP and 

Imatinib alone or in combination on liver fibrotic rats. 

Materials and Methods: 

Animals: 

Fifty male Sprague–Dawley rats, were used in 

this study. Their weight was from 170 to 220 gm. Rats 

were purchased from Medical Experimental Research 

Center (MERC), Faculty of Medicine, Mansoura 

University, Egypt. Animals were kept at 8-10 weeks of 

age at 21°C, 50% relative humidity. Also, housed for 1 

week to adapt to the new environment and supplied with 

water ad-libitum and food. All the animal care procedures 

and treatments firmly compatible with the Guide for the 

laboratory Animals usage and care which were published 

by the US National Institute of Health (Publication 

No.85–23, revised 1996). 

Study design: 

        These rats were divided into the following groups 

using SPSS program (Standard version 21). Rats were 
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divided into 5 groups (10 rats in each group) in a random 

manner as follows: Group I (Control group): Rats were 

intraperitoneal injected with corn oil (1 ml/kg) for 9 

weeks (2 times per week).  Group II (CCl4 group): Rats 

were intraperitoneal injected with a solution of 50% (v/v) 

CCl4 in Olive Oil (1 ml/kg) for 9 weeks (2 times per 

week). Group III (CCl4+ Imatinib mesylate (STI-571)):  

Rats were intraperitoneal injected with 50% (v/v) CCl4 in 

Olive Oil (1 ml/kg) + Imatinib (supplied by Novartis 

Pharma, Basel, Switzerland) 10 mg/kg per day I.P. at the 

fifth week of fibrosis induction. Group IV (CCl4+ PRP):  

Rats were intraperitoneal injected with 50% (v/v) CCl4 in 

Olive Oil (1 ml/kg) + PRP (0.5 mL/kg, twice per week 

S.C. at the fifth week of fibrosis induction. Group V 

(CCl4+ combination): Rats were intraperitoneal injected 

with 50% (v/v) CCl4 in Olive Oil (1 ml/kg) + Imatinib 10 

mg/kg per day I.P. & PRP (0.5 mL/kg, twice per week 

S.C.at the fifth week of fibrosis induction.  

The rats from the 5 groups were sacrificed with using 

thiopental anesthetictic agent followed by a laparotomy 

and hepatectomy. Blood samples were collected by 

puncturing the heart followed by centrifugation for 15 min 

(2000 g) for blood serum isolation. The liver tissues were 

split into 2 halves. One half was preserved in liquid 

nitrogen and the other half was preserved in HCHO. 

Assessment of liver functions: 

Serum alanine aminotransferase (ALT) and Albumin 

(ALB) levels were determined by using kits obtained 

from Biomed Diagnostics, Cairo, Egypt. 

Histopathological analysis: 

From each experimental group, histopathological 

examinations were achieved. After 9 weeks of 

CCl4 administration, liver tissues were collected for 

estimating the score of liver fibrosis. These liver tissues 

were fixed and cut into sections (10 μm thick), and stained 

with H & E staining. After that, slides were stained with 

Masson trichrome for scoring the percentage of collagen 

and other ECM proteins. Images were prepared from all 

sections in a random manner, then the percentages of the 

fibrosis were assessed using the ImageJ software (version 

1.6.0_20) [13]. 

Measurement of Hydroxyproline content: 

Liver tissues were minced in hydrochloric acid at 

100°C for 24 hours. The hydrolysate cooled, neutralized 

with NaOH, and centrifuged for 10 mins. The supernatant 

was added to chloramine T soln and incubated at Room 

Temperature (RT) (25°C) for 10 mins, then Ehrlich's 

solution was added. After that, it was incubated at RT for 

10 mins, and the optical density (O.D) was assessed at 

wavelength 560 nm [14]. 

Estimation of Malondialdehyde (MDA): 

1-methyl-2-phenyl-indole was added in acetonitrile 

which was diluted with CH3CHO containing FeCl3 to the 

liver homogenate. After adding 37% (v/v) HCl, samples 

were mixed and locked with a tight stopper. Then, it was 

cooled on ice and centrifugation for 10 mins, and the 

optical density was estimated by using a 

spectrophotometer at 586 nm [15]. 

 

Estimation of Nitric oxide (NO):  

The liver homogenate was added to NaOH (0.3 N). 

For deproteinization, 5% of zinc sulfate was added after 

incubation for 5 mins at RT. This mixture was got 

centrifugation for 20 mins, and the then the supernatant 

was added to 8 mg/ml of VCl3 with Griess reagent and 

HCl. Samples were estimated at 540 nm 

spectrophotometrically, after incubation. The nitric oxide 
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content in samples was determined from NaNO3 standard 

curve[16]. 

Estimation of superoxide dismutase (SOD) activity: 

The liver homogenate was added with Tris-HCl and 

pyrogallol. The optical density alteration per 1 minute 

was measured by checking the raise in the optical density 

at wavelength (420 nm). We calculated the percentage of 

inhibition for the samples with the help of a blank tube in 

the same conditions [17]. 

Estimation of catalase (CAT) activity: 

The liver homogenate was incubated with methanol 

and H2O2 in KH2P04-NaOH buffer in Polystyrene test 

tubes. The enzymatic reaction started with the addition of 

a sample containing catalase enzyme. Standard samples 

consisted of formaldehyde solutions in KH2P04-NaOH 

buffer. The reaction mixture was incubated for 20 mins at 

20°C. The enzymatic reaction ended with the addition of 

KOH solution to each tube. Then, the tubes were supplied 

with Purpald in HCl (480 mM) to each tube, and 

incubated for 10 mins at 20°C. The reaction product was 

oxidized between Purpald and formaldehyde by addition 

of potassium periodate in KOH to each tube for obtaining 

a colored compound. The absorbance was estimated by 

using a spectrophotometer at 550 nm[18]. 

 

Estimation of nitric oxide synthase (NOS) activity:  

The liver homogenate was added to L-arginine, 

NADPH, and hydroxyethyl piperazine ethane sulfonic 

acid (HEPES) and incubated under constant air bubbling 

(1 ml/min) for 120 minutes at 37°C. The blank sample 

contained all the components of the reaction except 

NADPH.  NOS activity was estimated from the difference 

between blank and samples [19]. 

Estimation of reduced glutathione (GSH) content: 

The liver homogenate and GSSG (or K•PO4 for 

sample Blank) were added in a cuvette. Place the cuvette 

in the spectrophotometer. The reaction mixture should be 

at a specific temperature for the estimation. Add NADPH 

and mix then read the absorbance at 340 nm. Using the 

curve linear portion, estimate the rate of decrease and 

estimate the net rate of the sample by subtracting it from 

the Blank, where K•PO4 was used instead of GSSG[20]. 

Estimation of Monocyte Chemoattractant Protein 1 

(MCP-1) content: 

MCP-1 levels were estimated by using ELISA 

according to themanufacturer’s instruction. The ELISA 

plates were measured at 450 nm by subtracting 

background at 570 nm. The MCP-1 concentration was 

determined from a standard curve and normalized using 

the values of the respective cell monolayers total protein 

[21]. 

Propidium iodide (PI) staining assay: 

Portions of liver biopsies were decellularized and the 

cells (1 to 2×10
6
 cells ml

˗1
) were suspended in PBS and 

got centrifugation at 200g for 5 minutes at RT and the 

PBS was filtered. The cell pellet was resuspended gently 

in fluorochrome solution. The tubes were placed at 4°C in 

the dark for at least 1 hour and at most 24 hours. Cells 

distribution was analyzed by flow cytometry analysis. For 

excitation, a 488 nm laser line was used. Red fluorescence 

(4600 nm) was measured and Gate-out the residual debris. 

Diploid and hypodiploid DNA peaks were measured [22]. 

Gene expression of IL6, HGF and ASMA: 

A real-time quantitative PCR array was used for the 

screening. The system of PCR reaction was: 102 μL 

cDNA synthesis reaction, 1.248 μL RNase, and 1.350 μL 

2 × RT2 SYBR Green Master Mix. The conditions of 

PCR reaction were: 95°C for 10 minutes; 95°C for 15 

seconds and 60°C and 1 minute for 40 cycles. After 

completing the reaction, the melting curve was examined, 
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at 95°C for 15 seconds, 60°C-95°C for 1 minute [23]. 

cDNAs were synthesized and followed by RT- PCR 

reactions. The sequences of PCR primers were shown in 

(Table 1). 

Results: 

Effects of Imatinib, PRP mono-therapies, and in 

combination on liver function tests: 

A severe liver injury was caused by CCl4 

administration for 9 weeks which was characterized by a 

significant hyperactivity of ALT and a significant 

reduction in ALB concentration. A significant decrease in 

ALT activity and increase of ALB concentration was 

observed in the groups treated with PRP, Imatinib, and 

combined therapy in comparison with group II (CCl4 

group). The treatment with combined therapy showed the 

most significant reduction in ALT activity and increase in 

ALB concentration than the other treated groups 

(Table 2). 

Effects of Imatinib, PRP mono-therapies and 

combination on the fibrotic score, hydroxyproline 

content, and liver histopathology: 

Marked inflammation, necrosis, and 

macrovesicular/microvesicular steatosis were caused by 

CCl4 administration for 9 weeks caused. According to the 

section which was stained by Masson's trichrome stains 

(Fig. 1), the fibrotic area score was significantly increased 

in group II compared to the control group. Fibrosis was 

significantly reduced in the groups which were treated 

with PRP, Imatinib, and combined therapy. The treatment 

with combined therapy showed a significant decrease in 

the score of the fibrotic area than the other treated groups 

(Fig. 2A). 

A significant elevation in hydroxyproline content was 

caused by CCl4 administration compared to the control 

group. PRP, Imatinib, and combined therapy significantly 

reduced the hydroxyproline content compared to the CCl4 

group. The treatment with combined therapy showed a 

significant decrease in the content of hydroxyproline than 

the other treated groups (Table 2). 

Effects of Imatinib, PRP mono-therapies, and 

combination on the apoptotic marker (PI staining): 

Propidium iodide (PI) marker showed that CCl4 

administration caused a significant elevation in necrotic 

cell percentages in comparison with the control. PRP, 

Imatinib and combined therapy treatments significantly 

decreased necrotic cell percentages compared with the 

CCl4 group. Combined therapy treatment showed a more 

significant decrease in the necrotic cells’ percentage than 

in the other treated groups (Fig. 2B). 

 

Effects of Imatinib, PRP mono-therapies and 

combination on IL6, ASMA, and HGF gene 

expression: 

The administration of CCl4 caused a significant 

elevation in ASMA and IL6 levels and a significant 

reduction in HGF levels in comparison with the control 

group. PRP, Imatinib and combined therapy treatments 

significantly decreased ASMA and IL6 levels and 

significantly increased HGF levels in comparison with the 

CCl4 group. The treatment with combined therapy showed 

a more significant decrease in ASMA and IL6 levels and 

a more significant increase in HGF levels than the other 

treated groups (Fig. 3). 
 

Effects of Imatinib, PRP mono-therapies, and 

combination on hepatic oxidative stress parameters: 

A significant elevation in MDA, NO, NOS, and 

MCP-1 was caused by the administration of CCl4 

compared to the control group. Treatment with PRP, 

Imatinib and combined therapy significantly decreased 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5356945/table/T01/
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the hepatic NO, NOS, MDA, and MCP-1 in comparison 

with the CCl4 group. The combined therapy showed a 

more significant decrease in NO, MDA, NOS, and MCP-

1 than the other treated groups (Table 2). Also, CCl4 

caused a marked reduction in the activity of SOD and 

catalase and a decrease in the content of GSH compared 

to the control group. PRP, Imatinib, and combined 

therapy treatment significantly elevated hepatic SOD, 

GSH, and catalase compared to CCl4 group. The 

combined therapy showed a more significant elevation in 

SOD and catalase activity and a more significant increase 

in GSH content than the other treated groups (Table 2). 

Discussion: 

Our study revealed that Imatinib and PRP 

combination had a significantly superior antifibrotic eff ect 

than each treatment alone. There was a significant 

decrease in hydroxyproline, IL-6 and ASMA gene 

expression, MCP-1, ALT, MDA, NO, NOS, and 

significant increase of ALB, SOD, GSH, CAT, and HGF 

gene expression in the combined therapy group compared 

to each treatment alone. A possible mechanism by which 

Imatinib may synergize with PRP to execute more 

antifibrotic activity against the activated HSCs in rats 

(Fig. 4). 

Our study revealed that CCl4 administration 

cause elevation in oxidative stress, hepatic 

hydroxyproline, caspase 3, MDA, NO, MCP-1, and NOS 

levels in addition to the decrease of GSH, SOD, and 

catalase levels. The change severity was associated with 

the hepatic injury degree and confirmed by the increase of 

liver function tests (ALT & albumin), and by the 

deviations in liver histopathology. This study also 

revealed that the administration of CCl4 caused elevation 

of IL-6 and ASMA gene expression and reduction of 

HGF gene expression and increase of PI staining. 

The mechanism of hepatic oxidative stress which 

is caused by CCl4 is started by trichloromethyl radical 

(•CCl3) [24]. •CCl3 forms a covalent bond to cell 

components, such as GSH, inhibits the secretion of 

lipoprotein, so steatosis occurs. Agreed with our results 

•OOCCl3 starts the lipid peroxidation with the formation 

of byproducts such as 4-HNE and MDA leading to loss of 

cell membrane integrity and cell death [25]. 

Some studies reported that NO and NOS have a 

role in hepatic fibrosis. NO stimulates guanylyl cyclase 

leading to formation of cGMP, that binds to cGMP-

dependent protein kinases and stimulates a series of 

reactions that enable numerous biological mechanisms 

like platelet aggregation and vasodilation. iNOS-derived 

NO acts through these several pathways leading to the 

development and maintenance of several liver diseases 

[26] Parallel to our results the activities of SOD, CAT 

were showed to be lower in liver cirrhosis than normal 

liver tissue [27]. Those changes were associated with a 

decrease in GSH levels in cirrhotic liver tissue than 

healthy liver tissue. 

A variety of parallel studies reported that the 

macrophages triggered by MCP-1 to the tissue injury site 

and the adhesion molecules, IL-1β, TNFα, and IL-6 are 

regulated by MCP-1 [28]. Moreover, MCP-1 had a role in 

the early liver injury or hepatic steatosis. There are other 

studies also established that MCP-1 stimulates lipid 

aggregation in cultures of hepatocytes. Overall, MCP-1 

appears to have a significant role in liver steatosis and 

inflammatory responses during tissue damage [29]. 

Our results were parallel with others’ reports 

who informed that the hepatocytes apoptosis causes the 

enrollment of inflammatory cells to the damaged liver 

tissues and the release of cytokines such as IL-6 and TGF-

β1. TGF-β1 is vital to activate the myofibroblasts, which 



Platelets Rich Plasma and Imatinib for Ameliorating Liver Fibrosis  
                                                                                                                                            Section A-Research paper 
 

1846 
Eur. Chem. Bull. 2023,12(5), 1838-1857 

leads to upregulation of α-smooth muscle actin (α-SMA) 

and the release of extracellular matrix proteins (e.g. 

collagen type I) [30]. HGF act as an effective mediator of 

cellular migration, proliferation, survival, and tissue 

regeneration. Additionally, HGF lowers the TGF-β1 

expression and helps ECM degradation cause anti-

fibrogenic properties [31]. 

PRP releases many mediators like cytokines and 

growth factors into the injured areas for initiating their 

recovery by increasing the proliferation viable cells [32]. 

PRP possesses an antifibrotic effect on the liver and 

ameliorates hepatotoxicity by reduction of intracellular 

oxidation and up-regulation of phosphorylated ERK1/2 

and Akt pathways [33]. The platelets impact for 

regeneration in the liver includes three 

different mechanisms: a direct influence on hepatocytes, a 

favorable effect on liver sinusoidal endothelial cells, and a 

positive effect on Kupffer cells. Consequently, it is 

anticipated that the platelets expansion stimulated by 

platelet transfusion would improve liver functions in 

patients with chronic liver diseases [34]. Also, PRP 

suppresses HSCs activation and promotes HSCs apoptosis 

in the mice’s liver [35]. Furthermore, PRP has a high 

level of ATP and ADP which are got degradation by 

HSCs giving adenosine so increasing cAMP inside HSCs 

leading to HSCs inactivation [36]. 

PRP suppresses caspase-3 expression and 

secretes matrix metalloproteinase-9 (MMP-9) initiating 

HSCs apoptosis [37]. Previous studies showed that NO 

levels significantly decreased with PRP treatment [38]. 

PRP can reverse the oxidative stress by reducing the 

expression of iNOS leading to the inhibition of HSCs. In 

addition, NO can dilate the blood vessels leading to an 

increment of blood flow with low inflammatory cell 

infiltration [39]. 

This PRP antifibrotic outcome agrees with 

Watanabe et al. who proved that thrombocytosis, actuated 

with thrombopoietin, reduced the percentage of fibrosis 

and hydroxyproline content in liver fibrosis [40]. PRP 

highly decreased the fibrotic area and the levels of 

hydroxyproline in hepatic fibrosis in severe combined 

immunodeficiency mice [41]. Since the levels of 

hydroxyproline is a specific marker for deposition of 

collagen and fibrosis [42], PRP decreases collagen 

deposition. 

Our findings were in agreement with previous 

studies [43,44] who found that instant contact between 

hepatocytes and platelets could induce several cytokines 

and growth factors release like TGF-α, HGF, IL-6, TNF-

α, and IGF-1, which have essential roles in liver recovery. 

The growth factors induce hepatocyte mitosis, which 

finally causes liver recovery. PRP protects the liver 

against histological deformations and attenuated oxidation 

[44]. Furthermore, our results were inconsistence with 

[41] who reported that PRP could reduce a-SMA. Also, 

our findings were parallel with another report, that proved 

the liver functions improvement in mice that injected with 

PRP could be due to a reduction in liver fibrosis, 

amelioration of the oxidative status of the hepatocytes, 

and regeneration of injured hepatocytes [45]. 

On the other hand, Imatinib significantly prevents 

HSCs activation and proliferation as well as stimulates 

apoptosis of HSCs in vivo and in vitro, where 

mitochondrial activity and superoxide anion synthesis 

showed marked depletion with imatinib administration. 

Also, cDNA microarray showed a significant up-

regulation of interleukin-6 and mRNA genes, in addition 

to stimulation of IL-6 secretion.Our results agreed with 

previous findings by [46] who reported that Imatinib 

inhibited collagen type (I) gene expression, β-PDGFR, 

ASMA, MMP2, and TGFβ-1. 
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Our study strength was the usage of two different 

treatments which had a safe synergetic effect and can be 

used in clinical trials in further studies. Also, the image 

analysis of fibrotic areas in this study was a suitable proof 

for appropriate assessment of the antifibrotic effect of 

these treatments and enabled more precise evaluation. The 

limitation of this study was that it is an experience in a 

single centre that requires authentication in other centres. 

Conclusion:  

Eventually, we deduce that PRP synergized with 

Imatinib to perform a safer and more effective anti-

fibrotic effect against liver fibrosis with a minimum 

cytotoxic effect on normal cells. Hence, new strategies of 

therapeutics for the treatment of liver fibrosis including 

the combined therapy of PRP and Imatinib could be 

developed. As well, studies on long-term toxicity are 

required for discovering any long-term side effects 

regarding this combined treatment. 
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Figure legends 

 

Fig. 1. Histopathological examination of liver tissues among the studied groups (magnification ×400). (A) Control group: 

collagen fibers can’t be seen. (B) Collagen accumulation in the liver tissues of CCl4 group. A significant reduction in collagen 

was detected in rats treated with Imatinib (C), PRP (D) as monotherapy, and in combination (E) with the highest decrease in 

collagen content detected in the combination group. 

Fig. 2. Effects of Imatinib, PRP mono-therapies, and in combination on fibrosis score (Fig. 2A) and necrotic% (Fig. 2B). All 

samples were measured independently in triplicate. Significant differences are indicated as: a: significant compared to the 

control group; b: significant compared to CCl4 group; c: significant compared to CCl4+ Imatinib group; d: significant 

compared to CCl4+PRP group. 

Fig. 3. Effects of Imatinib, PRP mono-therapies, and in combination on ASMA (Fig. 3A), IL6 (Fig. 3B) and HGF (Fig. 3C) 

gene expression levels. Significant differences are indicated as: a: significant compared to the control group; b: significant 

compared to CCl4 group; c: significant compared to CCl4+ Imatinib group; d: significant compared to CCl4+PRP group. 

Fig. 4. The proposed mechanism by which PRP synergized Imatinib liver anti-fibrotic effect. 
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Table (1): PCR primer sequences for IL6, HGF, and ASMA 

Gene Symbol Primer sequence 

IL6 5'-CAAATTCGGTACATCCTC-3' (F) 

5'-CTGGCTTGTTCCTCACTA-3' (R) 

HGF TCT CGT TGT GAA GGT GAT AC (F) 

TGG TCC TGA TCC AAT CTT CT (R) 

ASMA 5′-GAGCGTGGCTATTCCTTCGTG-3′ (F) 

5′-CAGTGGCCATCTCATTTTCAAAGT-3′ (R) 

 

Table 2: Biochemical and oxidative stress parameters: 

Parameters Control CCl4 

CCl4+ 

Imatinib 

CCl4+ 

PRP 

CCl4+ 

combination 

P 

Serum: 

ALT (U/L) 26.6±3.1 70.2±11.9
a
 45.2±8.2

a,b
 40.2±8.9

b
 28.8±5.1

b, c
 <0.001** 

ALB (g/dL) 4.1±0.1 2.3±0.6
a
 3.3±0.7

b
 3.4±0.2

b 
 4±0.2

b
 <0.001** 

Homogenate: 
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Hydroxyproline (ug/mg 

tissue) 

20.7±2.1 89.6±11.5
a
 43.6±5.1

a,b
 61.3±9.2

a,b,c
 24.8±3.4

b,c,d
 <0.001** 

MDA (mmol/g tissue) 51.1±6.3 137.3±6.9
a
 76.3±8.1

a,b
 81.9±10.9

a,b
 58.2±7.9

b,c,d
 <0.001** 

GSH (μmol/g protein) 25.5±1.7 10.9±2.7
a
 20.4±2.5

b
 21.9±2.7

b 
 23.6±3.5

b
 <0.001** 

NO (μmol/g) 157.1±12.5 290.4±21
a
 184.5±18.7

b
 

178.2±13.5
b
 161.9±11.6

b
 <0.001** 

NOS (Pmol/min/mg 

protein) 

17.3±2.7 29.1±4.1
a
 18.8±4.7

b 
 19.7±3.2

b
 18.1±2.9

b  
 <0.001** 

SOD (U/mg protein) 22.4±2.3 11.2±2.9
a
 18.7±2.1

b
 19.4±2.5

b
 21.4±1.9

b
 <0.001** 

CAT (mol/min/gm) 1.11±0.18 0.54±0.14
a
 0.98±0.25

b 
 0.92±0.21

b
 1.07±0.24

b
 <0.001** 

MCP-1 (Pg∕ml) 462.6±67.3 760.1±107
a
 580.8±76.2

a,b
 

543±64
a,b

 471±75
b,c,d

 <0.001** 

P: Probability      **: High significance 

a
 Significant compared to the control group.                   

b
 Significant compared to CCL4 group. 

c 
Significant compared to CCl4+ Imatinib group.           

d
 Significant compared to CCl4+PRP group. 
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Fig. 2 

  

 
 

 

 

 

 

Fig. 3 

 

 
 

 

 

Fig. 4 
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