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Abstract  Hepatocellular carcinoma (HCC) accounts for 80% to 90% of primary liver cancer and it is a major health 
problem worldwide, ranking the fifth most common cancer in the world. In the present study we aimed to explore new or 
highly pertinent rapid and sensitive markers for early diagnosis of hepatocellular malignant changes. Two groups of rats were 
used in this study, one served as control, the second as trichloroacetic acid (TCA) challenged group (0.5 g/kg/d for 5 days, 
sacrificed after 4 weeks). The results showed that TCA group had a significant increase in blood alanine transaminase (ALT), 
aspartate transaminase (AST), alkaline phosphatase ( ALP), and acetyl CoA synthase (ACAS) activities, total bilirubin, 
triglycerides, total glycosaminoglycans (TGAGs), parallel with alpha-fetoprotein (AFP). On the other hand, it induced a 
significant reduction in serum total lipoprotein lipase (TLPL) activity. The histopathological investigations of hepatic tissue 
confirmed these neoplastic changes induced by TCA. The three parameters (TGAGs level, TLPL and ACAS activities) can 
be added as new markers for early diagnosis of hepatocellular carcinoma and elevation of the sensitivity and specificity of 
AFP. 
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1. Introduction 
Hepatocellular carcinoma (HCC) accounts for 80% to 90% 

of primary liver cancer. HCC is a major health problem 
worldwide, it is the fifth most common cancer in the world, 
and the third most common cause of cancer-related death[1]. 
The diagnosis of HCC is typically made by radiological liver 
imaging in combination with serum AFP. The later is a tu-
mor marker that is elevated in 60%-70% of patients with 
HCC. 

The specificity of AFP is very high when the levels are 
above 400 ng/ ml[2]. In the few cases where diagnostic doubt 
persists, biopsy may be indicated. However, difficulty still 
exists in recognizing very small (<1 cm) HCCs[1]. 

The serum levels of AFP may also vary widely from one 
patient to another[3] and although the importance of AFP as 
diagnostic marker for HCC has been emphasized in clinical 
practice, there are very limited studies to look into the 
mechanism by which AFP levels among patients seem in-
sensitive. HCC model in this study was induced by tri-
chloroacetic acid (TCA) which is a common organic con-
taminant of drinking water formed as by-products during 
chlorine disinfection[4], Also TCA is a metabolite of  
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trichloroethylene, a common industrial, commercial solvent 
and an environmental contaminant found in ground water at 
hazardous waste sites[5]. TCA affects liver as a primary 
target tissue for induction of cancer[6]. It was proposed that 
TCA generates free radicals during hepatic cytochrome 
P450- mediated dehalogenation reaction forming dichloro- 
and monochloroacetic acids that mediate its carcio- 
genicity[7]. In the present study, we aimed to explore new or 
highly related rapid and sensitive markers for early diagnosis 
of HCC, as most of known tumor markers appear at late 
stages of the disease. Acetyl CoA synthase, total lipoprotein 
lipase enzymes and glycosaminoglycans will be monitored 
along with AFP in a trial to raise its sensitivity and specific-
ity in assessing HCC. 

2. Material and Methods 
2.1. Chemicals and Drugs 

Trichloroacetic acid (TCA) was purchased from 
(El-Gomhorya Ph. Co. ARE) and rats were given TCA by 
gavages as 500 mg/kg /day for 5 days[8]. TCA was chosen 
because it has been reported to increase liver growth, cell 
proliferation, and lipid peroxidation in mice[7; 9-11]. All 
other chemicals used are of analytical grade obtained from 
Sigma (USA). 

2.2. Animals and Experimental Design 
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Sixteen adult, male Wistar rats weighing 150-200 g, sup-
plied from animal house of National Research Center (Dokki, 
Giza, Egypt) were used for experimental investigation in this 
study, according to the Ethics guidelines in the University 
committee of Experimental Animals. They were kept for 2 
weeks to accommodate on laboratory conditions, under 
constant environmental and nutritional conditions with free 
access to food and water. Rats were classified into 2 groups 
(8 per each),group I: untreated normal healthy group and 
group 2: received single oral daily doses of TCA for five 
days. 

The blood was withdrawn from the carotid vein by cutting 
with fine scissors after 4 weeks. The blood was collected by 
dripping into centrifuge tubes, sera were separated by cen-
trifugation and samples were stored frozen at –80 ºC. Liver 
tissue pieces were preserved in 10% formalin solution for 
histological study. 

2.3. Biochemical Investigations 

Serum ALT, AST, and ALP activities were determined 
according to method of[12; 13] and[14] for ALP using 
commercial kits ( Biodiagnostic ,ARE).Total bilirubin (T Bil) 
was determined[15] and[16], using Randox Diagnostic kits 
(USA).Total glycosaminoglycans determination depends on 
the formation of soluble complex between TGAGs and Al-
cian blue 8GX dye[17]. Triglycerides(TG) were 
determined[18; 19], using Diamond kits (ARE) .TLPL ac-
tivity was determined[20; 21] using Biostc kits (Italy). Se-
rum AFP was determined[22-24] using ELISA Biocheck kits 
(USA) following the instructions of the manufacturer. Serum 
acetyl CoA synthase (ACAS) activity was determined based 
on the established pyrophosphate (PPi) detection system[25]. 

2.4. Statistical Analysis 

The mean ± SEM and the Student's t-test were carried out 
using SPSS and Graph Pad Prism programs. Significance 
was set at P< 0.05 level. 

3. Results 
3.1. Biochemical Results 

A statistically significant increased activity in serum liver 
function enzymes, ALT, ALT and ALP, T Bil and TG in 
TCA-intoxicated rats (P<0.001), compared to healthy con-
trol values. Trichloroacetic acid (TCA) administration pro-
duced a significant decrease in serum TLP Activity at 

(P<0.001) compared to healthy control untreated value. 
Serum TGAGs and AFP levels as well as, ACAS activity of 
TCA-intoxicated rats showed a significant increase com-
pared to that of normal control group (P<0.001), as shown in 
Table 1: 

AFP was positively correlated to TGAGs and acetyl CoA 
synthase enzyme but negatively correlated to TLPL activity 
(Fig 1):  

 
Figure 1.  Pearson correlation coefficients of AFP versus TGAGs, TLPL 
and ACAS 

Pearson correlation coefficients showed that changes in 
AFP exhibited positive correlation with TGAGs and acetyl 
CoA synthase enzyme but negative correlation with TLPL 
activity. 

3.2. Histopathological Results 

Liver histopathology after TCA administration showed 
loss of normal architecture with oval- or irregular-shaped 
hepatocytes. Many transformed liver cells foci were sub-
stantially enlarged, vesiculated, frequently binucleated and 
clearly distinguishable from the surrounding normal paren-
chyma. The nuclei were mostly pleomorphic, hyperchro-
matic compared to normal healthy group ( Fig 2, 3): 

 
Figure 2.  Photomicrograph of liver section in normal control animals 

Table1.  Shows the measured serum parameters in TCA intoxicated group (HCC group) given 500mg/kg/day, orally for 5 days, compared to normal control 

Groups ALT 
(IU/L) 

AST 
(IU/L) 

ALP 
(IU/L) 

Bilirubin 
(mg/dl) 

TG 
(mg/dl) 

TLPL 
(IU/L) 

TGAGs 
(µg/ml) 

AFP 
(ng/ml) 

FAS 
(mU/ml) 

Control 12.375 ±2 16±1.14 20±1.4 1.07±4.9 67.7±2.7 36.5±0.4 83.8±6 7±1.6 17.6±1.5 

TCA 62 ± 3.56 
   *** 

55±6.3 
   *** 

100.3±7.0 
     *** 

9.3±0.36 
     *** 

114.1±4.0 
      *** 

19.8±0.9 
      *** 

364±12.1 
      *** 

510±69.4 
     *** 

170±5.5 
     *** 

Data are expressed as X-± SEM,  N=8. (*** P < 0.001: highly significant, compared to normal control) 
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Figure 3.  a and b: Photomicrograph of liver section in TCA-treated rats 

It revealed normal parenchymal cells with granulated cy-
toplasm and small uniform nuclei radially arranged around 
the central vein, normal sinusoids, and normal architecture. 

4. Discussion 
Although serum alpha-fetoprotein (AFP) level is still the 

most suitable tumor marker for the detection of early stage 
HCC, other HCC markers, such as des-gamma-carboxy 
prothrombin, alkaline phosphatase isoenzyme, and tissue 
polypeptide specific antigen, have been developed to im-
prove the sensitivity, specificity, early detection, and pre-
diction of prognosis; but the overall outcome seems to be 
unsatisfactory[26]. This is why HCC is a worldwide problem 
including Egypt. The need to explore new rapid and sensitive 
markers for early diagnosis of HCC is still a global concern. 

Most of known tumor markers appear at late stages of the 
disease and almost don't contribute efficiently to disease 
management. In the present study, liver function tests per-
formed for TCA-intoxicated rats showed an increase in the 
activity of serum ALT and AST. The elevation of both en-
zymes in serum is presumed to be due to leakage through 
damaged or necrotic cells[27]. Serum alkaline phosphatase 
(ALP) activity and total bilirubin level were significantly 
increased in TCA-intoxicated rats. This can be attributed to a 
mechanical obstruction of bile ducts and partial failure to 
excrete the enzyme and bilirubin through the relatively nar-
rower bile passages[28] and such elevation in HCC was 
reported elsewhere[29]. 

Serum hyperlipidemia is a well documented phenomenon 
associated with hepatoma-bearing rats[30]. It may be expli-
cated by the reduced activities of fat-splitting enzymes such 
as lecithin: cholesterol acetyltransferase (LCAT) and lipo-
protein lipase (LPL)[31, 30]. 

In the current results, a significant increase of serum TG 
associated with a down regulation of TLPL, may indicate 
that the hydrolysis of the triacylglycerol component of cir-
culating chylomicrons and very low density lipoproteins, 
providing non-esterified fatty acids and 2-monoacylglycerol 
for tissue utilization was possibly inhibited during hepato-
carcinogenesis[32]. 

Glycosaminoglycans and proteoglycans are involved in 
the pathophysiology of most stages of cancer progression. 
The ability of cancer cells to invade into surrounding tissues 
involves changes in expression of cell-surface molecules and 

the expression of extracellular matrix(ECM)- degradative 
enzymes[33]. Changes in expression of these molecules 
reduce cell adhesion and promote cancer cell invasion. For a 
cancer to grow beyond a diameter of 2 mm, primary tumors 
and metastases require nutrient support from the vascular 
system. Thus, angiogenesis is a crucial process that is tar-
geted in cancer therapy. Apart from growth factors such as 
vascular endothelial growth factors, fibroblast growth factors, 
and angiopoietins, glycosaminoglycans and proteoglycans 
are involved in angiogenesis[34]. In our work study, serum 
total glycosaminoglycans level of TCA-intoxicated rats 
showed a significant increase. Significant increase in GAGs 
have been demonstrated in many kinds of human cancers, viz, 
laryngeal[35], rectal[36], colon[37], gastric[38] and pancre-
atic[39]. 

Alpha-fetoprotein is a well-known tumor marker, useful 
not only for diagnosis, but also prediction of invasiveness 
and recurrence of HCC. Patients with high AFP levels at 
diagnosis are deemed to have greater tumor size, bilobar 
involvement, massive or diffuse types and portal vein 
thrombosis. AFP is also a significant prognostic factor for 
recurrent HCC[40]. Here, serum AFP level of 
TCA-intoxicated rats showed a significant increase proving 
the occurrence of HCC in intoxicated rats[29; 41]. 

There is a strong association between increased ACAS 
activities and the presence of other unfavorable prognostic 
indicators in primary breast, prostate, colorectal and ovarian 
cancers[42]. In our work, the significant up regulation of 
serum ACAS activity of TCA-intoxicated rats can be attrib-
uted to cellular proliferation and fatty acid synthesis, because 
fatty acid synthesis has been observed to be a prerequisite for 
cells to enter into proliferative phase in several systems[43]. 
This result is in agreement with findings of[42] in which 
ACAS activity was increased in breast and colorectal cancer. 

These biochemical derangements were confirmed by 
histological findings, that clearly showed that TCA treatment, 
led to all signs of malignant transformation and carcino-
genesis with the formation of neoplastic nodules and ulti-
mately HCC[44]. 

Conclusion: The present study produced convincing evi-
dence that combining serum TGAGs and TG levels, ACoAS 
and TLPL enzyme activities to AFP can be considered as 
new promising panel for early diagnosis of HCC. Taken 
together after experimental induction of HCC, it can be 
recommended to use this panel in patients having risk factors 
for HCC. Mostly, these results may assume more decisive 
and sensitive tool for HCC early assessment and follow-up. 
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