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ABSTRACT 

Hepatocyte growth factor (HGF) has an essential role during liver development and it plays an 

important role in the regeneration and repair of injured tissues and acting as a mitogen, motogen and 

morphogen for a variety of epithelial cells. The role of HGF in carcinogenesis is in straggle and so, the 

present study aimed to through light through the level of HGF during different steps of carcinogenesis. 

Forty male rats were given diethylnitrosamine (DEN) in drinking water (100mg/l) for up to 16 weeks. 

Eight rats were sacrificed at 8, 12 and 16 weeks. Besides, 8 hepatoma bearing rats were exposed to a 

single dose gamma irradiation (3 Gy) were sacrificed after 2 weeks from exposure (2 rats died, 36 hrs 

post irradiation) and  8 hepatoma bearing rats were sacrificed after 4 weeks from receiving a combined 

antioxidant (N-acetylcysteine and L-methionine). Serum HGF was assayed by enzyme linked 

immunosorbent assay (ELISA). Serum HGF level in DEN treated rats and in exposed hepatoma 

bearing rats was significantly higher than in control rats whereas, serum HGF level after treatment 

with N-acetylcysteine and L-methionine for 4 weeks was significantly decreased than DEN treated rats 

and concluded that serum HGF may play a role during promotion and progression of hepatocellular 

carcinoma (HCC) and during treatment. 

Key words: Hepatocyte growth factor, diethylnitrosamine, Hepatocellular carcinoma,   irradiation, 

N-acetylcysteine, L-methionine, antioxidant, rats

 

INTRODUCTION 

Attention has been focused on hepatocyte growth factor (HGF) as a major candidate factor in liver 

regeneration because it is the most potent known mitogen for hepatocyte in vitro. However, HGF also 

plays diverse activities in vitro as scatter factor, as an epithelial morphine, as a pluripotent mitogen 

and as a growth inhibitor
(1)

. HGFs are shown to have the character of cytokines
(2)

. In 1983, HGF was 

isolated from rats after partial hepatectomy and initially called hepatopoietin A
(3)

. HGF is one of the 

major agents that promote hepatocyte proliferation, also, functions as aplietropic factor, acting as a 

mitogen, motogen and morphogen for a variety of epithelial cells (e.g. kidney, intestinal and bronchial 

cells) as well as endothelial cells by ligation of the C-Met receptor at the cell membrane
(4-6)

. HGF is 
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present in measurable amounts in normal plasma
(7)

. Increased amounts of HGF present in serum led to 

the isolation of HGF from platelets
(8)

. HGF mRNA was found in northern blots from the adult rat 

organs, lung, kidney, brain, liver, thymus and submandibular gland
(9)

. In addition, HGF mRNA was 

found in human fetal liver
(10)

, placenta
(11)

, and embryonic lung fibroblasts
(12)

. Another study show that 

the main cell type-producing HGF in the liver is Ito cells
(13)

.  Endothelial cells and kupffer cells as the 

source in normal and damage livers
(14). 

Human ova, kidney (distal tubules and collecting ducts), cells 

of exocrine pancreas and in several embryonic tissues
(15)

.  It remains unknown whether HGF protein is 

actually produced or merely taken up by the cell. However, HGF is found to be produced only by 

mesenchymal cells in cultures
(12)

. 

Michalopoulus et al.,
(16)

 reported that, the early findings shows that HGF is the only protein 

mitogen for hepatocytes, which detected in the plasma that makes HGF the most likely candidate for 

the cross-circulating mitogen stimulating proliferation of hepatocytes in non-hepatectomized rat. On 

the other hand, Tomiya et al., 
(17)

 found that the parabiotic circulation partnera of hepatectomized rat 

and in grafted hepatic tissue as well as transplanted isolated hepatocytes in extrahepatic sites is an 

indicator for HGF activities. 

HGF has an essential role during liver development
(18)

. Although Tsunoda et al., 
(19)

 reported that 

HGF participates in hepatocarcinogenesis but the role of HGF in carcinogenesis has not yet been 

determined. HGF may also suppress or enhances hepatocarcinogenesis
 (19, 20)

. Radiation-induced liver 

damage is the end stage of acute liver injury. The damage caused by radiation is characterized by the 

development of anicteric ascites approximately 2 wk to 4 months after hepatic irradiation. 

Radiotherapy traditionally had a limited role in the treatment of unresectable primary or metastatic 

intrahepatic cancers primarily due to the low liver tolerance to radiotherapy. Radiation-induced liver 

damage had been observed in 5-10% of patients who had received whole liver radiation dose 

exceeding 30 Gy
(21)

. 

Banerjee and Bagchi 
(22)

 reviewed that health is our most important asset and one of the most 

effective means of protecting health is by taking a complimentary combination of antioxidants. The 

finest antioxidant formula provides an excellent combination of antioxidants that are highly effective 

in guarding our bodies from a wide spectrum of illnesses caused by toxic chemicals, poisons, poor 

diet, polluted air and water, stressors, and free radicals. It stimulates the body’s immune response to 

help overcome existing disorders.  

N-acetylcysteine (NAC) is a thiol-containing antioxidant which has been utilized to mitigate 

various conditions of oxidative stress. Its antioxidant action is believed to originate from its ability to 

stimulate glutathione (GSH) synthesis, therefore maintaining intracellular GSH levels and scavenging 

reactive oxygen species
 (23)

. L-methionine is a sulfur containing amino acid with nonpolar group. After 

loosing its methyl group, it yields homocysteine which combines with the amino acid serine to yield 

cystathionine that undergoes breakdown to cysteine which itself, is a component of glutathione. 

Glutathione is an antioxidant that protects the cells from oxidative damage and plays vital role in 

detoxification
(24)

.  

Fayka
Text Box
299



2nd International Conference on Radiation Sciences and Applications, 28/3 - 1/4/2010 

224 

 

In this study, induced liver cancer in rats was carried out by administration of DEN in drinking 

water, suggested hepatoma bearing rats were treated with radiation at a single dose (3 Gy) and 

combined antioxidants (N-acetylcysteine and L-methionine) and the changes in serum HGF levels 

during different experimental periods were estimated. 

MATERIALS AND METHODS 

Seventy male rats weighting 250-300g obtained from Animal Resources Unit, Biological 

Application Department, NRC, Egyptian Atomic Energy Authority, Cairo, were used in the present 

study and were divided into two groups. The experimental animals (40 rats) were given 100 mg/l 

diethylnitrosamine in the drinking water, which were ad lib for up to 16 weeks. The control rats (30 

rats) were given drinking water without DEN, beside the same standard diet for the same period. 

Beside, 8 rats hepatoma bearing exposed to a single dose gamma irradiation (3 Gy) were sacrificed 

after 2 weeks from exposure (2 rats died after 36 hrs from exposure). Eight HCC rats were exposed to 

combined antioxidant (N-acetylcysteine and L-methionine) ad lib for 4 weeks. N-acetylcysteine was 

obtained from Sedico Pharmaceutical Co., Egypt for preparing a dose of 100 mg/l and L-methionine 

was obtained from ADWIA Pharmaceuticals Co., Egypt for preparing a dose of 45 mg/l. Eight and 5 

rats from treated and control groups, respectively were scarified at 8, 12, 16, 18 and 20 weeks from the 

beginning of the experiment. To evaluate the changes in serum HGF levels during DEN induced 

hepato-carcinogenesis and treatment, about 7-10 ml blood samples were obtained from rats at different 

time intervals 8, 12, 16, 18 and 20 weeks from the left ventricle. Serum was isolated from each blood 

samples and stored at –20 
o
C and the serum levels of HGF were assayed using an enzyme linked 

immunosorbent assay (ELISA), Biosource Immunoassay Multispecies kit, Belgium. Liver of 

sacrificed rats were obtained at  8, 12, 16, 18 and 20  weeks, cut into small pieces and fixed in 10% 

formalin embedded in paraffin and sliced into 4µm section and stained with hematoxalin/eosin 

staining and examined by a specialist. The results were statistically assayed using ANOVA one-way 

statistical analysis and Bonferroni test for compare all pairs of means. 

RESULTS AND DISCUSSION  
Seventy adult male rats, 40 hepatoma-bearing rats and thirty control group rats were used in this 

study. The serum levels of HGF in treated rats at 8, 12, 16, 18 and 20 weeks were 29.7±1.6, 48.2±1.1, 

69.7±1.2 and 37.7±1.7 pg/ml, respectively versus serum HGF levels in control rats which were 12±0.2, 

12.2±0.4, 12.6±0.3, 12.6±0.31, 12.1±0.2 and 21.3±0.52 pg/ml, respectively. The current results 

indicate the valuable role of the combined effect of N-acetylcysteine and L-methionine in reduction of 

oxidative stress, increasing viability, life span and may improve quality of life. This is evidenced by 

significant decrease in serum enzyme activities, increase in albumin, total serum protein concentration 

and reducing the serum levels of HGF in comparison to control group 

  Table (1): Serum levels of HGF during different time intervals.  

Item 

 

(n) 

Experimental period 

8 weeks 12 weeks 16 weeks 

Control  

(5) 
Treated  

(8) 
Control  

(5) 

Treated  

(8) 

Control  

(5) 

Treated  

(8) 

HGF (Pg/ml) 12
d
±0.2 29.7

c
 ±1.6 12.2

d
±0.4 48.2

b
 ±1.1 12.6

d
±0.3 69.7

a
 ±1.2 

P<0.0001 considered extremely significant in comparing all groups with control and in-between.  

number of samples are between parenthesis 
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Table (2): Serum levels of HGF in treated groups with antioxidants and gamma irradiation.  

Item 

 

 

(n) 

Treated groups 

18 weeks 20 weeks 

Control 

(5) 

Control 

irradiated 

(5) 

HCC 

irradiated 

(6) 

Control 

(5) 

HCC 

antiox. 

(8) 

HGF 

(Pg/ml) 

12.6
d
±0.31 21.3

 

c
±0.52 

70.4
 a
±1.6 12.1

d
±0.2 37.7

 

b
±1.7 

number of samples are between parenthesis 

Table (1) shows that, serum HGF levels among the control group and HCC groups after 8, 12 

and 16 weeks from receiving DEN. There are significant increases in the average serum HGF levels 

compared to control group and treated groups. Also Table (2) illustrated significant increase in serum 

HGF levels in control, control irradiated, HCC irradiated and significant decrease in antioxidant 

treated groups. Tables (3 and 4) show the biochemical parameters throughout the experiment. Fig (2) 

shows numerous vacuoles and oval cells were seen in the midzonal and peripheral areas of hepatic 

lobules in a rat liver treated for 8 weeks with DEN and fig. (3) shows; vacuolated small or large 

eosinophilic hepatocytes in peripheral areas of hepatic lobules in a rat liver treated with DEN for 12 

weeks where fig. (4): shows several foci and nodules on the peripheral areas in a rat treated with DEN 

at 16 weeks. Fig. (5): shows more damaged effect of radiation on liver tissues in irradiated hepatoma 

bearing rats. Fig (6): shows that serum level of HGF of control, control irradiated, irradiated HCC and 

antioxidants treated groups. 

Till now the role of HGF in hepatocarcinogenesis is in debate. In this study, serum HGF in 

tumor bearing rats induced with chemical hepatocarcinogen was detected at different intervals 8, 12 

and 16 weeks. Serum HGF levels were significantly higher in DEN treated rats than the control rats. In 

addition, there are significant differences between serum HGF levels of the treated groups due to 

experimental period. 

Table (3): Biochemical parameters during hepatocarcinogenesis. 

Item 
8 weeks 12 weeks 16 weeks 

Control  Treated Control   Treated Control HCC 

Albumin (g/ml) 3.8±0.09 3.6±0.08 3.8±0.09 3.4±0.09 3.7±0.07 2.9±0.06 

T.  protein (g/ml) 7.1±0.22 6.7±0.15 7±0.2 6.4±0.3 6.9±0.18 6.1±0.16 

AST (U/l) 30±1.5 61±4 30.5±3 95±6 30.8±3.1 110±9.2 

ALT (U/l) 25.8±2 67±8 26±1 75±4 26.3±2.1 96±8 

Alp (U/l) 39±3 55±8 41±6 59±6.8 41.5±7 66±10.5 

Bilirubin (mg/dl) 0.3±0.01 0.4±0.02 0.3±0.02 0.7±0.1 0.3±0.02 0.9±0.06 

Table (4): Biochemical parameters in treated groups with antioxidant-ants and gamma 

irradiation. 

Item 
18 weeks 20 weeks 

Control Control 

irradiated 

HCC 

irradiated 

Control Antiox. 

Albumin (g/ml) 3.7±0.1 3.8±0.1 2.9±0.1 3.7±0.08 3.2±0.07 

T. protein (g/ml) 6.7±0.13 6.8±0.11 6.2±0.14 7±0.25 6.3±0.3 

AST (U/l) 31.2±2.9 40.4±5.6 140±17.5 30.3±3.1 83±7 

ALT (U/l) 26.5±1.8 35.6±4.2 104±9.5 25.9±1.1 77.2±3.9 

Alp (U/l) 41.5±8.1 55.2±8.9 75.2±10.5 41.3±5 51.6±9.5 

Bilirubin (mg/dl) 0.3±0.02 0.4±0.03 1.0±0.05 0.3±0.02 0.7±0.01 
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The increase in serum HGF concomitant with an increase in dysplastic progression may be 

attributed at least in part to decreased clearance of HGF by the liver
(25)

 and partial hepatectomy
(26)

 , 

although the biological half life time of exogenous HGF in vivo is about 3-5 minutes in blood 

circulation
(27)

. Therefore, this short half-life time may be responsible for the dysfunction of HGF 

despite of the distortion or inactivity during HGF expression. The decrease in hepatic HGF clearance 

has been attributed also to down regulation of C-Met protein receptor
(28)

. Although in some HCC 

studies, an up-regulation of the C-met receptor has been noted 
(29)

. The expression of HGF mRNA by 

non-hepatic organs
(30)

 may explain the discrepancies between the detected levels of liver tissue HGF 

and serum HGF in individual rats before week 16.  

After 8 week of DEN intake, significant elevation in serum HGF levels was observed. The 

increase of serum HGF levels may be attributed to extra-hepatic endocrine production and release of 

HGF combined with a possible down regulation in hepatic clearance. In addition, levels of HGF 

increase in the plasma of rats following either a partial hepatectomy of two thirds or CCl4 

administration and immediately before the wave of DNA synthesis
(31)

. Previous findings have 

suggested the possibility that HGF may act as a tumor promoter during hepatocarcinogenesis via its 

receptor. The C-met proto-oncogene product and plasma levels of HGF have also been found to rise 

when liver tumor promoters are administered in experimental animals
(32)

. The possible explanation in 

this study is that HGF may play a role in promotion in the early stage of carcinogenesis and inhibitory 

in the late stage. 

These results are in agreement with the previous study by Burr et al., 
(33)

 and in disagreement 

with Okuba et al., 
(34)

 who found that the differences between the HGF levels of the DEN-treated 

group and control group were not statistically significant at any time point during the observation 

period. Although their results suggested that cancer cells produce HGF. It is possible, that HGF may 

induce cell proliferation in the presence of DEN as a hepatocarcinogen and may enhance the incidence 

of tumor formation. The elevation of HGF levels noted at 12 weeks may be important for tumor 

promotion, as the role of HGF in progression of HCC. However, HGF has been shown to have 

mitoinhibitory effect for a number of transformed HCC lines
(35)

.  

 

HGF treatment did not accelerate HCC development in rat model of endogenous 

hepatocarcinogenesis, however; further in vivo investigations are required to clarify the risk of 

carcinogenesis induced by rh-HGF in both the liver and non-hepatic organs
(36)

. The α-chain of 

hepatocyte growth factor (HGF), which contains four kringle domains and the NH2-terminal hairpin 

domain (NK4), reportedly functions as an antiangiogenic molecule. NK4 has been shown to be 

bifunctional, as it acts as both an HGF antagonist and an angiogenesis inhibitor
(37)

. Shen, et al., 
(38)

 

suggested that for the first time that Kringle 1 Domain of Hepatocyte Growth Factor (HGFK1) exerts 

both antiangiogenic and antitumor cell activities mainly through EGF/EGFR signaling, and may thus 

be considered as a novel therapeutic strategy for the treatment of HCC. The results of this study 

indicated that both AST and ALT are sensitive enough to detect radiation-induced liver damage 

through out the first 2 wk and this agrees the results of Chi et al.,
(39)

 who reported that Apoptosis 

occurs early after irradiation, which may be a better indicator of radiation damage. 
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During the past 10 years, there has been a shift away from a totally DNA-centric approach to 

include models that invoke complex signaling pathways in cells and between cells within tissues 

(membrane mediated signaling and bystander effect). Specific signal molecules are transmitted 

between cells or the junctions are specifically opened as part of a bystander response needs further 

studies. The mechanisms of cell death, which is the main driver of tumor therapy, has undergone a 

change from a view locked into the notion of direct DNA damage and repair to one that encompasses 

the important intracellular and intercellular signaling pathways present at the cell and tissue level
(40)

.   

Under normal conditions, liver, kidney and spleen produce low amounts of HGF, following 

damage such as ischemia, toxic injury or tissue loss, HGF and its tyrosine kinase receptor c-Met 

increase during early stage after injury(27) suggest that radiation acts directly on the plasma 

membrane of several cell types, activating acid sphingomyelinase, which generate ceramide by 

enzymatic hydrolysis of sphingomyelin. Ceramide, then, acts as a second messenger in initiating an 

apoptotic response via the mitochondrial system. Radiationinduced DNA damage can also initiate 

ceramide generation by activation of mitochondrial ceramide synthase and de novo synthesis of 

ceramide
(41).

 

As it is well known HGF acts to stabilize the cell membrane in capillary endothelial cells it 

may play an important role in the prevention of radiation induced apoptosis. In addition to the direct 

anti-apoptosis effect of HGF during radiation, professionals need to incorporate a therapeutic strategy 

focused on the promotion of liver regeneration and the prevention of subsequent fibrosis after 

radiation damage
(42)

. HGF is a well known hepatotropic factor for liver regeneration and has been 

reported to increase hepatic collagenase activity, which promotes degradation of the extracellular 

matrix components
(43)

. 

It is clear that the use of antioxidants as a prophylaxis considered better than its use as a 

treatment. The previous results may explain the values of the combined effect of L-methionine and N-

acetylcysteine in the short period of treated groups exposed to the antioxidants (4 weeks). These 

results are in accord with the studies of Dhawan et al.,
(44)

. In disagreement of the present results
(45)

, 

stated that excess L-methionine intake may induce oxidative stress in the liver if used in a high dose. 

Abdelgawad, et al.,
(46)

 reported that the sustained decrease in level of serum HGF after antioxidants 

supplementation may be factor related to a possible improve in tumor state, liver regeneration and 

generally HGF metabolism by liver. In agreement of the current study, Christen
(47)

 stated that 

antioxidants work best in combination. Although there is value in supplementing with extra amounts 

of one or two antioxidants, better results are always obtained when a "cocktail" is administered. The 

reason is that different antioxidants neutralize different free radicals. 

In this study, serum HGF levels were higher in DEN treated and irradiated rats than in control 

rats and antioxidants may improve the liver state. The differences between treated groups increased 

significantly due to the experimental period. Therefore, it could be concluded that, serum HGF may 

play a dual and opposite role during initiation, promotion and progression of HCC, could be used as a 

non-invasive marker for hepato-carcinogenesis and the role of combined antioxidant (N-acetylcysteine 

and L-methionine) in late stage hepato-carcinogenesis reduce serum levels of HGF, may increase life 

span and may improve quality of life. 
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Fig. 1: Control rat liver H-E stain, 100. Fig. 2: Numerous vacuoles and oval cells were 

seen in the midzonal and peripheral 

areas of hepatic lobules in a rat liver 

treated for 8 weeks with DEN. H&E 

stain, 200. 

  

Fig. 3: Vacuolated small or large eosinophilic 

hepatocytes in peripheral areas of 

hepatic lobules in a rat liver treated 

with DEN for 12 weeks. H&E stain, 

200. 

Fig. 4: Several foci and nodules on the peripheral 

areas in a rat treated with DEN at 16 

weeks. H&E stain, x100. 

 

 

Fig 6: Serum levels of HGF of control and 

treated groups. 

Fig. 5: More damaged effect of radiation on liver 

tissues in a rat H&E stain, x200. 
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  ارتفاع مستوى عامل ومو الخاليا الكبدية أثىاء عملية التسرطه في مصل الجرذانارتفاع مستوى عامل ومو الخاليا الكبدية أثىاء عملية التسرطه في مصل الجرذان

*
 

 

 

ٌُ أثُاء ًَى انكثِذ وهى ََْهعُة دوسًا يهًًا فٍ ذدذِد وصُاَِح األَسدِح انًصاتِح نهعذَذ  عايم ًَى انخالَا انكثذَح َنُه دوُس ضشوس

ٌّ يساهًح عايم ًَى انخالَا انكثذَح فٍ أثُاء عًهُح انرسشعٍ غُش واضحح انًعانى ونزا ُذهّذُف انذساسَح . يٍ انخالَا عالئُح انًُشأ إ

انحانَُح إنً إٌنقاء انضىِء عهً يسرىي عايم ًَى انخالَا انكثذَح أثُاء انًشاحم انًخرهفِح نعًهُح انرسشعٍ فٍ يصم ركىس اندشراٌ وانرٍ 

ٍْ ".  أسثىعا16نرش نًذج أقصاها /يُههُدشاو100أعغُد ُيشّكَة َُرشوصأيٍُ ثُائٍ اإلثُمْ فٍ انًاء انصانح نهششب تدشعح يقذاسها  ُضّح

وتاإلضافح إنً "  أسـثىعا16 و12, 8يٍ انًدًىعح انضاتغح تعذ "  خشرا15تانًادج انًسشعُح وكزنك تعذد " يعايال"  خشرا24تعذد 

 خالل 2 خشاي تعذ أٌ ياخ يُهى 3 خشراٌ حايهٍ انسشعاٌ انخهىٌ انكثذٌ ندشعح إشعاعُح يقذاسها 5رنك رتحد يدًىعح يكىَح يٍ

ٍْ تعذد  يُثاَىٍَُ كًضادٍَ نألكسذج وكزنك تعذد . أسرُم سُسرٍُ و ل.  خشراٌ يسـشعُح يعاندح تًخهىط يٍ  8ٌانردشتح وكزنك ُضّح

ٌَ .  أساتُع يٍ انعالج عهً انرىان4ٍ و2 خشراٌ يٍ انًدًىعح انضاتغح تعذ 5 ذى قُاط عايم ًَى انخالَا انكثذَح فٍ يصم اندشرا

ٌَ عانُا. تغشَقح اإلديصاص اإلَضًٍَ انًُاعٍ انًشذثظ خذًا فٍ انًدًىعاخ انًعاندح " نىحظ أٌ يسرىي عايم ًَى انخالَا انكثذَح َكا

تانًادج انًسشعُح وانًشععح يقاسَح تانًدًىعاخِ  انضاتغِح تًُُا نىحظ اَخفاض يسرىي عايم ًَى انخالَا انكثذَح تعذ فرشج انعالج 

ٌَ انًسشعُح . يقاسَح تانًدًىعاخ انًعاندح تانًادج انًسشعُح ٌّ عايم ًَى انخالَا انكثذَح فٍ يصم اندشرا ٌْ َسَرُرَح أ ٍُ َأ ًِْك ويًا سثق َُ

. أثُاء يشاحم انرشقُِح وانرعاقِة أثُاء ذغىس اإلصاتح تانسشعاٌ انخهىٌ انكثذٌ وكزنك أثُاء انعالج" يهًا"َقْذ ََْهعُة دوسا
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