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Abstract: Fibrosis of hepatic cells is a consequence of various etiologies of serious liver injury. 

Antifibrotic properties of quercetin extracted from broccoli were detected in mice with liver fibrosis 

induced by CCl4. These activities were assessed by investigating the liver enzymes ALT, AST, and Alb. 

Also, biochemical markers: TGFβ-1, HA, IL-6 level, and immunohistological markers PCNA and α –

SMA analysis were observed and then compared and statically represented. A randomized controlled 

trial was applied on 21 mice that were grouped into 3 groups. The control group received water and 

standard feed. A positive control group took CCl4 (0.5μl/g) only. Therapeutic group took CCl4 (0.5μl/g) 

then quercetin (50mg/kg). Increases in ALT, AST, and biochemical markers (TGFβ-1, HA, IL-6) 

activities and decrease in Alb were observed in mice who received CCl4 only, in contrast to mice that 

took quercetin after CCl4 administration with statistically significant value p<0.001. After receiving 

quercetin, the immunohistological investigation assessed α –SMA downregulation, which certain ECM 

accumulation, but a renewal of fibrotic liver cells was detected with the raise of the regenerative marker 

PCNA within the liver cells. Quercetin extracted from broccoli may assist in the therapy and improving 

the recovery of the fibrotic liver.  
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1. Introduction 

The fibrotic liver is a dangerous disease, being categorized as the main reason for 

mortality. It often ends with aggressive diseases like ascites, cirrhosis, and hepatocellular 

carcinoma [1]. Liver fibrosis results from chronic pro-inflammatory injuries that cause 

hepatocellular damage and triggering distorted liver parenchymal regeneration and fibrous 

tissue accumulation [2]. Liver viruses B and C, fatty hepatopathy, autoimmune hepatitis, 

excessive drinking of alcohol are the most common causes of liver fibrosis in the whole world 

[3]. Egypt has 15%-25% of the population in adults who suffered from hepatopathy due to 

virus C infection, mostly in fibrosis of hepatic cells [4]. Although the main method for detecting 

and staging liver fibrosis is liver biopsy, which is expensive, invasive, and with a high risk of 

complications, we urgently need different techniques to diagnose hepatic fibrosis, such as 

serum biomarkers "noninvasive technique" [5]. The liver is involved in oxidative and 
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detoxifying processes mainly and free radical reactions. Therefore, as in various diseases, 

oxidative stress biomarkers are high in hepatopathy [6]. Carbon tetrachloride (CCl4) is a potent 

hepatotoxic that mimics oxidative stress in various diseases [7]. CCl4 treatment causes severe 

hepatopathy through a substantial increment in the blood levels of hepatic biochemical markers 

like ALT and AST [8,9]. The fibrosis of hepatic cells is marked with increased extracellular 

matrix(ECM) accumulation in the interstitial, resulting in stiffness and loss of the liver's 

function and architecture [10]. Many growth factors, chemokines, cytokines contribute to the 

progress of fibrosis, such as transforming growth factor beta-1 (TGFβ-1), Interleukin-6 (IL-6), 

and Hyaluronic acid( HA). TGFβ is a ubiquitous and potent pro-fibrogenic cytokine raised in 

almost all fibrotic diseases in experimental fibrosis models. 

Any disturbances in the production of TGFβ induces liver fibrosis [11,12]. Quercetin 

is a common flavonoid widely present in different plants, including broccoli [13], apples, citrus 

fruits, onions, berries, and tomatoes [14]. Quercetin helps living organisms due to its 

antifibrotic, -antioxidant, and anti-inflammatory effects [15]. In general, any chemical agents 

that target liver fibrosis can achieve their activities in three different ways; Fibro-preventive 

agent reduces hepatic cell damage by protecting liver cells from damage and inducing the 

removal of the noxious agent. Fibrostatic agents induce interfering with HSCs 

transdifferentiation and result in the reduction of the undesired new matrix formation. The last 

fibrinolytic agent promotes fibrosis resolution by inducing necrosis and apoptosis of MFBs 

[16]. In our research, we have the antifibrotic quercetin as a fibro-preventive agent to reduce 

liver cell damage and as a fibro-static agent to suppress the new matrix's production. Quercetin 

contributes to improving liver diseases due to their anti-inflammatory properties [17]. In our 

research, we detected the antifibrotic quercetin extracted from broccoli by investigating related 

alteration in biomarkers, and immunohistological markers confirmed by statistical analysis. 

2. Materials and Methods 

2.1. Chemicals and KITS. 

Basal diets, analytical grade carbon tetrachloride (CCl4), were sourced from El-

Gomhouria Company, Zagazig, Egypt. Broccoli was from the local market in Zagazig, Egypt. 

The herbarium unit of Botany Department Faculty of Science, Zagazig University, proved and 

identified the plant. From Fisher Scientific, UK, we collected HPLC grade chemicals (Ethanol, 

Methanol, and HCl). Quercetin (standard for HPLC analysis) was sourced from Sigma (St. 

Louis, MO, USA). Chemical kits for ALT and AST were from Spectrum Diagnostic, 

Cairo/Egypt. Albumin kit was from Biodiagnostic company, Giza/Egypt, TGFβ-1and HA kits 

were from Cusabio, Wuhan, China, (IL-6) was from Beijing 4A Biotech Co., Ltd. China, α-

SMA and PCNA monoclonal antibodies were from Dako Ltd.(Glostrup, Denmark). 

2.2. Experimental design. 

2.2.1. Preparation of standard Quercitin solution. 

Quercetin standard solution (200 ug/ml) was made by adding an accurate mass of 

20  mg of quercetin into 100 ml methanol [18]. 
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2.2.2. Sample preparation and Quercitin extraction. 

The plant material (2kg of broccoli) was immediately deep-frozen at (-40°C), then 

freeze-dried and finely ground. Quercetin was extracted successfully from each 200 mg of 

broccoli plant in a freeze-dried form as following; at first, HCl solution (ethanol/water/HCl, 

50:20:8, v/v/v) (12 mL) at 90 °C for 60 min was added to the plant to be hydrolyzed. Every 15 

min shakes the sample solutions. The extract of broccoli was increased to 25 mL with methanol. 

We filtered a sample (15 ml) into a 0.45 μm polyvinylidene fluoride (PVDF) membrane filter 

Before the High-performance liquid chromatography (HPLC) analysis [19]. The liquid sample 

was poured into a (7 mm) Petri dishes, frozen at −20 °C, and lyophilized at −55 °C under 

vacuum for 48 h[20]. 

2.3. Animals in total. 

21 Swiss albino, adult male mice weighing around 20–25 g were sourced from Animal 

House of the National Research Center (NRC), Dokki, Giza, Egypt, were kept in a stable 

environment with relative humidity (80%± 5%), [temperature (23°C± 2°C), and light (12 h 

light/dark cycles)], and were put in cages with wire mesh. Mice were feeding on a common 

laboratory diet and drinking water. All experiments were done, likewise the guidelines for 

animal studies issued by the Faculty of Science Ethical Committee, ZAGAZIG University, as 

approved by the Institutional Animal Care and Use Committee (ZU-IACUC) Ethics Reference 

Number (ZU-IACUC /1/F/52/2018). 

2.4. Treatments of mice. 

The mice acclimatized for one week, then they were grouped into 3 groups (n=7). The 

control group was fed on water and standard feed for 8weeks; the positive control group CCl4 

got CCl4 (0.5μl/g) [21,22], i.p twice weekly in corn oil (1:3) only for the first 4 weeks and 

normal diet for the following 4 weeks; the therapeutic group(CCl4 +Q) received CCl4 (0.5μl/g) 

i.p twice weekly in corn oil (1:3) for 4 weeks, then got quercetin (Q) (50mg/kg) in saline daily 

by oral gavage for the following 4 weeks[17,23,24].  

2.5. Blood sampling. 

After the practical steps were completed, we used an intraperitoneal sodium 

pentobarbital injection to euthanize all mice for the autopsy. From the inferior vena cava of all 

mice, we collected the blood samples in normal glass tubes without heparin and kept them to 

clot at room temperature for 30 min. Then, for 20 min, the clotted samples' tubes were separated 

by centrifuging at 5000 rpm. After separation of all the blood samples' serum, we kept them at 

−80°C until required. Before assay, at room temperature, samples were liquefied to perform 

the analysis of the biochemical marker. 

2.6. Histopathological studies. 

Livers were taken from all mice. Then were washed with the normal saline solution and 

immediately preserved in neutral buffered formalin (10%) for 48 hours. Then they were 

processed in an automated tissue processor. After we purified the samples in various xylene 

changes, the samples were saturated with wax or paraffin, then were submerged and sealed. 

We stained paraffin sections (4–5 μm) with hematoxylin and eosin [25,26]. Finally, samples 
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were examined for inflammation, circulatory disturbances, degenerations, apoptosis, any 

pathological changes, and necrosis. 

2.7. Statistical analysis. 

We applied the Social Sciences SPSS 14.0 version using T-test (2- tailed) for 

performing our data to compare between groups and one-way analysis of variance (ANOVA) 

according to Levesque [28], followed by posthoc test using Graph pad Prism-5 software. 

Numerical data were expressed as mean ± SEM. P-value <0.001 was considered significant. 

3. Results and Discussion 

3.1.Results. 

3.1.1. Extraction of quercitin from broccoli. 

The total plant sample (2kg) gives us (220 mg) of quercetin as a powder, which is 

identified using High-Performance Liquid Chromatography (HPLC) (Figure 1). 

)a) 

 

(b) 

Figure 1. HPLC chromatogram for quercetin )a( HPLC chromatogram for extracted quercetine; )b (HPLC 

chromatogram for standard quercetin. 

3.1.2. Effect of quercitin on biochemical variables in all groups. 

There was a significant decrease in the level of ALT, AST, TGFB-1, IL-6 & HA, in 

addition to an increase in albumin level in the therapeutic group compared to the positive 

control group as shown in Table 1 & Figure 2.  
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Table 1. Effect of quercetin on biochemical variables in all groups for observation of therapeutic activity. 

Values are expressed as mean ± SEM., n = 7. 

Parameters 

Groups 

ALT 

(U/L) 

AST 

(U/L) 

IL-6 

(Pg/ml) 

TGFB1 

(Pg/ml) 

H.A 

(ng/ml) 

ALB 

(g/dl) 

Control 
50.79 

4.38 

66.68 

9.82 

0.142 

0.029 

0.113 

0.013 

0.133 

0.017 

3.847 

0.088 

Therapeutic (CCl4+Q) 8wk 
133.15 

23.39 

164.06 

16.74 

0.231 

0.011 

0.216 

0.014 

0.198 

0.019 

2.897 

0.078 

positive control (CCl4 )8wk 
272.26 

10.88 

285.60 

10.38 

0.333 

0.018 

0.398 

0.026 

0.338 

0.024 

2.087 

0.127 

F 49.408 46.774 15.082 49.082 22.303 50.378 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

- values of biochemical variables between control and positive control (CCl4) were compared to reveal the 

impact of CCl4 on the level of biochemical parameters; indicates 𝑝<0.001; 

- values of biochemical variables between positive control (CCl4)  and therapeutic (CCl4+Q) were 

compared to reveal the therapeutic impact of quercetin on CCl4-induced liver fibrosis to show a 

statistically significant value 𝑝<0.001. 

 
Figure 2. Activities of all biochemical variables in the groups; (a) AST activity in the groups; (b) ALT in 

groups activity; (c) Alb activity in the groups ; (d) TGFB-1 activity in the groups; (e) H.A. activity in the groups 

; (f) IL-6 activity in the groups. 
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3.1.3. Histopatological study. 

Control group with normal parenchyma of liver cells, preserved lobular pattern, portal 

area, sinusoids, hepatic cords arrangement, and stroma (Plate 1).  

 
Plate 1. Photomicrograph of liver showing normal hepatic parenchyma with preserved lobular pattern (circle &  

squire) central veins (A), portal area, sinusoids (S), hepatic cords (H)arrangement and stroma. H&E X 100 (1), 

400 (2). 

 
A; 

 

curved arrow                                     C; 

          

stars 

B; 

 

open long arrow                                            D; 
 

closed short arrow   

Plate 2. Photomicrograph of liver showing moderate periportal degenerative and necrotic changes (3, curved 

arrows )A; accompanied by intense portal inflammatory reaction with fibroblastic hyperplasia (1,2 curved arrow, 

3,4,5,6 long open arrow )B; some hepatocytes showed compensatory regenerative changes (stars)C; besides 

adenomatous biliary hyperplasia (5, closed short arrow )D; H&E X 100 (1,3,6), 200 (4,5) 400(2). 
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The positive control (CCl4) group: Identical feature of sub-acute CCl4 toxicity 

represented by moderate periportal hepatocytes. Degenerative and necrotic changes 

accompanied by intense portal inflammatory reaction followed by fibroblastic hyperplasia 

formed strands enclosing hepatic lobules. Some hepatocytes showed compensatory 

regenerative changes as they were large in size with large hyperchromatic and/or double nuclei. 

Adenomatous biliary hyperplasia was also seen (Plate 2). The therapeutic (CCl4+Q) group liver 

showed a moderate inflammatory reaction in the portal area with mixed populations of cells, 

including lymphocytes, macrophages, and few neutrophils, besides mild biliary proliferation. 

The hepatocytes were normal with mild vacuolar and hydropic degenerations in a few of them 

(Plate 3). 

 
Plate 3. Photomicrograph of liver showing moderate inflammatory reaction in the portal area (star) with mixed 

cell populations including lymphocytes, macrophages, and few neutrophils (open arrow) besides mild biliary 

proliferation (curved arrow). Some hepatocytes showing vacuolar (arrowhead). H&E X 100 (1), 400 (2). 

3.1.4. Immunohistochemical study. 

3.1.4.1. Determination Alpha smooth muscle actin (α –SMA)  ( Fibrogenic marker). 

The Control group showed Mild to moderate reactivity( brownish stainability) for the 

alpha-smooth muscle actin in the perisinusoidal tissue. (Plate 4). A positive control group 

(CCl4) showed High reactivity for the marker in the perisinusoidal tissue and around portal 

blood vessels and capillaries. Proliferating fibroblasts in the portal area showed intense 

brownish reactivity to the collagen fibers (Plate 5). The therapeutic (CCl4+Q) group showed 

mild to moderate reactivity in the perisinusoidal tissue, contrary to the control free group (Plate 

6). 

 
Plate 4. Photomicrograph of control group liver showing (1) mild to moderate reactivity (brownish stainability) 

for the alpha-smooth muscle actin in the perisinusoidal tissue (arrows). (2) high magnification of fig.1. X 

100(A), 400( B).  
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Plate 5. Photomicrograph of positive control (CCl4) group: liver showing high reactivity for the marker in the 

perisinusoidal tissue(B, arrow), around portal blood vessels and capillaries the collagen of proliferating 

fibroblasts. (A, star). X 100(A), 400(B). 

 

Plate 6. Photomicrograph of therapeutic (CCl4+Q) group: liver showing mild to moderate reactivity in the 

perisinusoidal tissue contrary to the control free group (arrows). X 100(A), 400(B). 

3.1.4.2. Proliferating cell nuclear antigen (PCNA). 

The sections examined from the control group revealed negative nuclear and 

cytoplasmic reactivity in almost all hepatic and stromal cells. (Plate 7). The sections examined 

from the positive control (CCl4) group showed low reactivity in most hepatocytes. A few 

regenerating hepatocytes around the portal area appeared strongly positive for PCNA. (Plate 

8). The therapeutic (CCl4+Q) group appeared a moderate number of regenerating hepatocytes, 

particularly around the portal area, showing a strong positive cytoplasmic and/or nuclear 

brownish (Plate 9). 

 
Plate.7. Photomicrograph of control group liver showing negative nuclear and cytoplasmic reactivity for PCNA. 

(arrows). X 100 (A), 400 (B). 
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Plate 8. Photomicrograph of positive control (CCl4) group liver showing low reactivity to PCNA as a few 

regenerating hepatocytes around the portal area appeared strongly positive (green star). Normal hepatocytes 

appear negatively stained (A, B, arrows) X 100 (A), 400(B). 

 
Plate 9. Photomicrograph of therapeutic (CCl4+Q) group: liver showing a moderate number of regenerating 

hepatocytes, particularly around the portal area with a strong positive cytoplasmic and/or brownish nuclear  

stainability. (arrows). X 100 (A), 400(B). 

3.2. Discussion. 

Fibrosis of liver cells is generated from wound healing, which is enhanced by liver 

injury and inflammation, it is related to remodeling of ECM [16,29]. CCl4 is a hepatotoxin used 

to stimulate chronic hepatopathy through two phases: The first is CCl4 metabolism using 

CYP450 to be converted to CCl3 and /or CCl3OO cause peroxidation of the lipid in the hepatic 

cellular membrane and finally result in necrosis of the hepatocytes. The secretion of important 

inflammatory stimulants such as TGFβ-1 and IL-6 is induced after the activation of Kupffer 

cells is considered the second phase [18,30]. This is compatible with our data in Table 1,  which 

showed that CCl4 treatment resulted in overexpression of TGFβ-1and IL-6, also matching with 

Ragb et al., who found that the reason for CCl4 oxidative stress resulted in changes of 

biochemical markers, hepatic cellular DNA, and antioxidant status [31]. Quercetin is a well-

known flavonoid available in natural plants, including broccoli [13]. Quercetin is known to 

have different activities, including antioxidant, antiviral, anti-inflammatory, anti-proliferative, 

and antifibrotic effects [17]. The impact of quercetin on the fibrotic liver was reported in 

various studies, which are compatible with our study findings, which investigated the hepatic 

antifibrotic impact of quercetin extracted from broccoli in experimental CCl4 fibrosis mice 

model [32,33]. In our research, we extracted quercetin from broccoli, according to Nishimuro 
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et al. and Cheaib et al. [19,20]. High-performance liquid chromatography (HPLC) indicated 

the extracted quercetin. This is like the previous studies that certain HPLC is the most important 

technique for Quercetin determination in various matrices [34,35]. The effect of any 

hepatoprotective agent is measured by its capacity to control the important physiological 

pathways which may found in the liver that perhaps be interrupted by different toxins or by its 

role in eliminating any possible damage in the liver. In our research, the hepatic antifibrotic 

impact of quercetin extracted from broccoli was obvious in modulating the value of 

biochemical markers characteristic of hepatic fibrosis. Liver enzymes, such as (AST) and 

(ALT), are common indicators for hepatic injury, but indirectly they show the functional status 

of the liver [9,36]. Our data in Table (1) presented a significant rise of (ALT and  AST) that 

assed CCl4 caused severe hepatopathy. The relief of these enzymes after treatment with 

quercetin is an indication of liver preservation. Also, Khodarahmi et al. found a raised level of 

AST and ALT in the bile duct ligation animals. However, they decreased after quercetin 

treatment [37]. The liver is responsible for producing the most serum proteins in the body, such 

as serum Albumin [38]. The decrease in Alb level usually appears because of direct arresting 

the liver pathway of Alb−synthesizing, inflammation, and impaired hepatic function [39]. CCl4 

decreases the total serum protein because of its role in inducing the apoptosis of normal liver 

cells, resulting in reducing the liver's ability to produce serum proteins [40]. Our present study 

showed a significant lowering in serum albumin due to hepatotoxicity by CCl4. It reflected the 

hepatic protective effect of extracted quercetin by increasing the albumin level. Also, found 

that quercetin increased the level of Alb in injured livers towards normal values [41]. TGFβ-1 

is an available fibrogenic mediator in response to cellular injury that induces ECM production 

and apoptosis[42]. Studies in which TGFβ-1 is overexpressed in the liver have revealed that 

TGFβ-1 contributes to HSCs activation and liver fibrogenesis. Furthermore, blocking of TGFβ-

1 signaling protected mice and rats against fibrosis of hepatic cells in several experimental 

models [12,43]. TGFβ is synthesized in the form of the inactive precursor as a large latent 

complex, which cannot bind to its receptors until being activated after hepatopathy, either by 

enzymatic proteolysis, executed by plasmin, integrin, or thrombin or through a conformational 

change [44]. Most liver cells produce the large latent TGF-beta complex, such as Kupffer cells, 

liver sinusoidal endothelial cells, dendritic cells, hepatic lymphocytes [45], and quiescent HSCs 

also myofibroblasts (MFBs) [12]. The large latent TGFβ complex will be deposited in the 

surrounding ECM [46]. During liver injury, TGFβ is triggered from deposits in the ECM, and 

become free from various liver cell types. Activated TGFβ target quiescent HSC to be activated 

and differentiated into MFB [29]. As it was reported in previous studies hepatocytes did not 

synthesis the large latent TGFβ complex, but they absorbed and released it into the immediate 

microenvironment by membrane injury in its active form [47,48]. When damaged hepatocytes 

release the activeTGFB-1, it starts the main signal for adjacent HSCs that result in their 

activation and transdifferentiation to MFBs Furthermore, TGF-β induces the fibrogenesis 

process [49,50].In this study, CCl4 elevated TGFβ-l  level in the positive control group but 

extracted quercetin had a significant decrease in the elevation of TGFβ-l in the therapeutic 

group because of its antifibrotic and anti-apoptotic effect. This is in concordant with those who 

declared that treatment with quercetin had significantly reduced the CCl4 elevated TGFβ-l [51]. 

Also, assert that quercetin inhibits the TGFB-1 pathway [52].  

Different kinds of hematopoietic somatic cells secrete a pleiotropic cytokine IL-6 [53]. 

CCl4 treatment induces IL-6 production from IL-6 producer cells such as Kupffer cells, 

fibroblasts, and endothelial cells. IL-6 affects liver cells, especially lipocytes, and increases 
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collagen synthesis extracellular matrix accumulation, leading to hepatic fibrosis [54-56]. IL-6 

also play important role in HSCs activation [57]. in our research work, Il-6 was raised in CCl4 

received group and decreased in extracted quercetin treated groups. Our outcomes are in line 

with those who stated that fibrosis was improved after quercetin's treatment by interrupting the 

release of IL-6 [33]. Activated HSCs form 5 %-8% of cells in the normal liver [58]. In the 

normal liver, quiescent HSCs are the major stocking site for a retinoid. After hepatopathy for 

any reason, HSC receives a sign of activation from profibrogenic cytokine such as TGFB-1 IL-

6, which is a change the latent cells into a myofibroblast-like cell secreting matrix proteins 

[59]. Overabundant and maladaptive generation of the matrix also connective tissue synthesis 

and deposition during fibrogenesis, are controlled by activated hepatic stellate cells [29,60]. α-

smooth muscle actin (α-SMA) is a microfilament intracellular protein produced by activated 

HSCs, so its presence represents evidence of activation of hepatic stellate cells [61,62]. In our 

present study, it was found that positive control staining for α-SMA was markedly positive 

immunostaining in CCl4-model mice in the perisinusoidal tissue, interestingly the cytoplasm 

of some periportal necrotic hepatocyte and collagen of proliferating fibroblasts and around 

portal blood vessels and capillaries when compared with a negative control that has no evidence 

of immunostaining for α-SMA. Our data also demonstrated that α-SMA significantly decreased 

by administering extracted quercetin there was weekly positive immunostaining for α-SMA. 

These findings are like those who elucidated that CCl4 treatment significantly increased α-

SMA, but the treatment of quercetin decreased α-SMA [63].  

As it was demonstrated, CCl4 treatment resulted in increased expression of TGFβ- 1 

and IL-6, which are pro-inflammatory cytokines, they are largely involved in the activation of 

portal fibroblasts, particularly hepatic stellate cells (HSCs), which have been identified as 

major cells that produce collagen in the injured liver, playing the main role in the synthesis of 

fibrous tissue and extracellular matrix components [64]. Hyaluronic acid (HA) is a 

glycosaminoglycan and is the basic component of ECM [65], mostly synthesized by HSCs. In 

a healthy liver HA most uptake and degradation take place in hepato-sinusoidal endothelial 

cells. Increased HA concentrations in serum are attributable to increased production or 

decreased hepatic elimination, or both [66]. Stages of fibrosis also necrosis of liver cells, and 

inflammation are closely linked with a rise in serum HA [67]. The liver fibrosis stage is more 

correlated with HA level contrary to AST, platelet count, ALT, albumin, total bilirubin, 

alkaline phosphatase, and prothrombin time [68]. In our findings, HA levels were increased in 

CCl4 fibrotic model mice but were decreased by extracted Quercetin treatment. Our outcomes 

were in accordance with [63]. These findings asserted that quercetin is collaborated to arrest 

the HSCs activation, which decreases the producer cells of profibrogenic cytokines and 

extracellular matrix, which is reflected as a decrease of fibrosis and decreased liver cell death.  

Proliferating cell nuclear antigen (PCNA) plays a significant role in cell regeneration 

because it contributes to important cellular physiological processes, such as DNA repair and 

replication [25]. Transforming growth factor beta-1 is a significant inhibitor of growth, 

regeneration, and proliferation of hepatic cells. TGFβ-1 plays two roles: at an early stage of the 

diseases such as liver fibrosis plays its tumor-suppressive role because of its apoptotic effect, 

but at a later stage of liver diseases such as hepatocellular carcinoma, it plays its tumor 

enhancing roles due to the presence of a defect in TGFβ- 1 receptor processing on the liver cell 

membrane [12,69]. In this study, groups that got CCl4 appeared low reactivity in most 

hepatocytes for proliferative cellular marker PCNA, meaning a reduction in numbers of 

regenerating hepatocytes due to the apoptotic effect TGFβ-1that was induced by CCl4. 
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However, groups treated with extracted quercetin exhibited medium reactivity in most 

hepatocytes for PCNA, which means an increase in numbers of regenerating hepatocytes. Our 

findings are compatible with the recent study, which showed that PCNA was less in the 

CCl4 group than  in the therapeutic group [70]. The previous study also reported that 

overexpression of TGFβ-1 inhibits growth in the cirrhotic liver could explain the lower PCNA 

immunopositivity observed as liver function decreases [71]. From these findings, we can say 

that quercetin extracted from broccoli contributed to improving liver regeneration. It increases 

the number of regenerating cells that show PCNA immunopositive staining. Histological 

findings of our research confirmed that quercetin improved all the pathological changes 

resulting from CCl4 induced hepatic fibrosis, which confirmed that quercetin improved hepatic 

cells regeneration and fibrosis also Li et al. stated that quercetin improved histological changes 

in hepatic fibrosis [33]. 

4. Conclusions 

 Quercetin extracted from broccoli played an anti-inflammatory, antifibrotic, and 

protective role in hepatopathy and liver fibrosis. Quercetin extracted from broccoli may be 

contributed to improving the hepatopathy by enhancing the renewal of the liver cells in fibrotic 

mice by repression of Transforming growth factor beta-1 and profibrogenic cytokines, involved 

in arresting the migration and activation of hepatic stellate cells (HSCs), also attenuate the liver 

function enzymes, and ameliorate carbon tetrachloride (CCl4 )induced hepatic fibrosis.  
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