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Abstract  Objectives: Hepatocellular carcinoma (HCC) is the fifth most common cancer worldwide. We aimed to test the 
role of aqueous olive leaf extract (AOLE) in modulating metabolic disorders occurring in hepatic malignancy induced by 
trichloroacetic acid (TCA). Design: Eight groups of rats were assigned as follows: First, untreated normal control. Second, 
treated with 5-fluorouracil (5-FU), (75mg/kg), intraperitoneally (IP) once weekly for 3 weeks. Third, treated with oral 
AOLE (500mg/kg) once daily for 28 days. The 4th group co-treated with AOLE and 5-FU as mentioned above. The 5th 
group treated with oral daily doses of TCA (500mg/kg) for five days. The 6th group treated with TCA for 5 days, from the 
sixth day with 5-FU for 3 weeks. Group 7 given TCA then, with AOLE. Group 8 received TCA, 5-FU and AOLE. Blood 
samples were withdrawn after 28 days from carotid vein. Liver tissues were histologically studied. Results: TCA showed 
neoplastic tissue features, greatly improved by treatment with AOLE and 5-FU combination. TCA significantly increased 
blood ALT, AST, alkaline phosphatase (ALP) and acetyl CoA synthase (fatty acid synthase , FAS) activities, total bilirubin 
(T Bil) , triglycerides (TG), total glycosaminoglycans (TGAGs), alpha-fetoprotein (AFP), reduced serum total lipoprotein 
lipase (TLPL) activity. AOLE, combined with 5-FU produced a pronounced improvement in most of studied parameters. 
Conclusion: AOLE showed promising hepatoprotective and adjuvant anticancer properties if combined with 5-FU. 
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1. Introduction 
Hepatocellular carcinoma (HCC) is the fifth most com-

mon cancer worldwide, and the third most common cause 
of cancer-related death[1]. Chemotherapy for cancer is as-
sociated with side effects that include myelosuppression and 
its consequent risks of infection, anemia and bleeding[2]. 
For patients with advanced cancer, traditional herbal medi-
cine is frequently prescribed in Taiwan, either in conjunc-
tion with or, as an alternative, to mainstream medicine. 
However, the efficacy of this therapy hasn't been studied 
systematically[3]. Trichloroacetic acid (TCA) is a common 
organic contaminant of drinking water formed as a by-
product during chlorine disinfection[4]. It affects liver as a 
primary target tissue and may induce cancer[5]. Olive tree 
(Olea europaea), is a species belonging to the family Olea-
ceae, native to the Mediterranean basin, Asia and parts of 
Africa[6]. The aqueous extract of olive leaf contains poly- 
phenols with an antioxidant potential, the major constituents 
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of the leaf extract are oleuropein and its hydrolysis product, 
hydroxytyrosol. The antioxidant capacity of olive leaf con-
tributes to many health benefits. The in vitro antioxidant 
action of olive has been documented and linked to such 
benefits as chemoprotection, anti-inflammatory action and 
prevention of atherosclerotic plaque formation[7]. Hydrox-
ytyrosol and oleuropein scavenge free radicals, inhibit low-
density lipoprotein cholesterol (LDL-C) oxidation, prevent 
DNA damage, mutagenesis and carcinogenesis. Hydroxyty-
rosol, however, has biological activity beyond its antioxi-
dant capacity, it can affect some enzymes, including cyc-
looxygenase and NAD(P)H oxidase and reduce platelet 
aggregation[8]. It has been found to protect cells from hy-
drogen peroxide damage and DNA from peroxynitrite-
induced damage, blocking cell cycle progression at the G1 
phase, inducing apoptosis[9]. Oleuropein showed, in addi-
tion to antioxidant properties, anti-angiogenic and anti-
invasiveness properties. It disrupts purified actin filaments, 
providing direct antitumor effects through mitotic disrup-
tion[10]. There is growing evidence that reactive oxygen 
species are involved in the etiology of fat-related neoplasms 
such as breast and colorectal cancers. Hydroxytyrosol 
showed potent inhibition of both cancers[11]. 

Currently, serum AFP is useful for diagnosis and as a 
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predictive marker for tumor invasiveness and recurrence. 
Patients with high AFP levels at diagnosis mostly have 
greater tumor size, bilobar involvement, massive or diffuse 
types, and portal vein thrombosis. AFP is also an important 
prognostic factor for recurrent HCC[12]. The specificity of 
AFP is very high, only when the levels are above 400ng / 
ml and patients are without testicular tumor[13] . 

Basic and clinical studies on human cancer have found 
high levels of de novo fatty acid synthase (FAS). It has been 
identified immunohistochemically in cancers of the 
breast[14,15,16], colon[17], prostate[18], ovary[19] , and 
endometrium[20]. Lipoprotein lipase (LPL) catalyses the 
hydrolysis of the triacylglycerol component of circulating 
chylomicrons and very low density lipoproteins, thereby 
providing non-esterified fatty acids and 2-monoacylglycerol 
for tissue utilization. Research carried out over the past two 
decades have not only established a central role for LPL in 
the overall lipid metabolism and transport but have also 
identified additional non-catalytic functions for the enzyme. 
Furthermore, abnormalities in LPL function have been 
found to be associated with a number of pathophysiological 
conditions, including atherosclerosis, chylomicronaemia, 
obesity, Alzheimer’s disease, and dyslipidaemia associated 
with diabetes, insulin resistance, and infection[21]. In tu-
mor-bearing mice and rats, the earliest change was a decline 
in the activity of adipose tissue LPL that may be the cause 
of cancer-induced hypertriglyceridemia[22].. 

Both glycosaminoglycans (GAGs) and proteoglycans 
play major roles in multiple cancer-related processes. 
Changes in expression of these molecules, as well as of 
enzymes involved in their biosynthesis and degradation, 
contribute to the different steps of tumor progression[23]. 
The role of GAGs on tumor growth has been reported for 
few years before. GAGs, through their binding and regula-
tion of a large number of ligands and receptors, are impor-
tant mediators of normal and tumor cell behaviors, such as 
proliferation, differentiation, migration, and adhesion 
[24,25,26]. Fluoropyrimidines, particularly5-fluorouracil 5-
FU, have been widely used in the treatment of HCC. 5-FU 
is characterized by a high hepatic extraction rate and a rela-
tively low hepatic and systemic toxicity[27]. Chemotherapy 
for cancer is associated with side effects that include mye-
losuppression and its consequent risks of infection, anemia 
and bleeding, nausea and vomiting, hair loss, gastrointestin-
al irritation, fatigue and an accelerated menopause in wom-
en[2]. 

In the present study, we aimed to examine the anticancer 
and hepatoprotective properties of aqueous olive leaf ex-
tract (AOLE), which is a cost effective herbal treatment 
with well known benefits, hoping to be used either alone or 
in combination with conventional chemotherapy in order to 
reduce its side effects. 

2. Material and Methods 
2.1. Materials  

2.1.1. Chemicals and Drugs 

Aqueous extract was prepared by boiling olive leaves 
(300g ) in water (3000 ml ) for 60 minutes then filtered 
through Whatman filter paper No.2 and the filtrate was 
dried, the yield of dried extract was about 30gm when dis-
solved in 300ml water (final concentration was 0.1gm\ml). 
Rats were given (AOLE) orally by gavage as (0.5gm\kg 
bw), given daily for continuous 28 days[28]. 5-FU was pur-
chased from Roche Int. Co as ampoules (250mg\5ml) and 
rats were given 5-FU by intraperitoneal injection (IP) of 
as75mg/kg once per week for 3 successive weeks[2,29,30]. 
This is a standard dose that is well-tolerated showing mi-
nimal weight loss, as higher doses caused weight loss or 
death of animals. 

Trichloroacetic acid (TCA) was purchased from (El-
Gomhorya Co, ARE). Rats were given TCA by gavage as 
500mg/kg once a day for 5 days[31]. TCA was chosen be-
cause it has been reported to increase liver growth, cell pro-
liferation, and lipid peroxidation in mice[32-35]. All other 
chemicals used are of analytical grade obtained from Sigma 
(USA). 

2.1.2. Animals  

Adult male Wistar rats weighing 150-200gm, supplied 
from animal house of National Research Center (Dokki, 
Giza, Egypt) were used for experimental investigation in 
this study. They were kept for 2 weeks to accommodate 
with laboratory conditions, under constant environmental 
and nutritional conditions with free access to food and wa-
ter 

2.1.3. Experimental Design 

The rats were classified into eight groups (8 per each ), 
group I, untreated normal control group, group II, treated 
with 5-fluorouracil (5-FU) once weekly for 3 successive 
weeks, group III, treated with AOLE once daily for 28 con-
tinuous days, group IV, treated with AOLE and 5-FU for 
same periods as mentioned above for each drug, group V, 
received daily doses of TCA for five days, group VI, re-
ceived daily doses of TCA for 5 days then the next day 
treated with 5-FU for 3 weeks , group VII, received daily 
doses of TCA for 5 days then the next day treated with olive 
leaf extract and group VIII, received daily doses of TCA) 
for 5 days then the next day treated with 5-FU and AOLE as 
before. 

Animals were sacrificed after 28 days, the blood was 
withdrawn from the carotid vein, collected into EDTA con-
taining and non-EDTA tubes. Plasma and sera were stored 
in aliquots and frozen at –80ºC. Sections from lobes of the 
livers were preserved in 10% formalin solution for histolog-
ical study. 

2.2. Methods 

Serum ALT, AST[36] , and ALP[37,38] activities were 
investigated as biochemical markers for the early hepatic 
damage using commercial Kits (Biodiagnostic, ARE), total 
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bilirubin was determined[39,40], using Randox Diagnostic 
kits (USA). Serum total glycosaminoglycans (TGAGs) de-
termination depends on the formation of soluble complex 
with Alcian blue 8GX dye according to[41]. Serum triglyce-
rides(TG) was determined according to the method 
of[42,43] using Diamond kits (ARE). Total LPL (TLPL) 
activity was determined according to the method of[44,45] 
using Biostc kits (Italy). Serum alpha-fetoproein (AFP) was 
determined according to the method of[46,47,48] using 
ELISA Biocheck kits (USA) following the instructions of 
the manufacturer. Serum Acetyl CoA synthase (fatty acid 
synthase, FAS) activity was determined as a possible new 
marker for hepatic cancer. The assay is based on the estab-
lished pyrophosphate (PPi) detection system. FAS activity 
is indexed by the amount of PPi released from reaction- 
utilized ATP after its conversion into ADP, with ACAS ca-
talysis[49]. 

2.3. Statistical Analysis 

All statistical analysis, including the calculations of mean 
± SE., the Student's t-test, and the simple linear regression 
analysis, were carried out using SPSS and Graph Pad Prism 
programs. Significance was set at P< 0.05 level. 

3. Results 
3.1. Effect of AOLE on liver functions and serum trigly-
cerides (TG)  

TCA administration showed an increase in the activity of 
serum ALT, AST and ALP, in addition to total bilirubin (T 
Bil) and TG at (P<0.001). After treatment with AOLE, a 
significant reduction in these parameters was observed. 5-
FU treatment of TCA-intoxicated rats reduced these ele-
vated values. The most significant reduction was observed 

in-group VIII, which was treated with AOLE plus 5-FU 
(Table 1). 

3.2. Effect on Serum Total Lipoprotein Lipase (TLPL) 
Activity 

TCA administration produced a significant decrease in 
serum TLPL activity at (P<0.001) compared to control. 
Administration of 5-FU or AOLE individually has non sig-
nificant effect on serum TLPL activity but the combination 
of both produced a significant increase at (P<0.001) com-
pared to TCA treated group (Table 1). 

3.3. Effect on Serum Total Glycosaminoglycans (TGAGs) 
Concentration 

Serum total GAGs level in TCA-intoxicated rats showed 
a significant increase than normal control (P<0.001), after 
treatment of TCA-intoxicated rats with AOLE, a significant 
reduction was observed (P<0.001) and the best reduction 
was observed in AOLE plus 5-FU rats (Table 1). 

3.4. Serum Alpha-Fetoprotein (AFP) Concentration 

Serum AFP level of TCA-intoxicated rats was signifi-
cantly increased, compared to normal (P<0.001). After 
treatment with 5-FU, a significant reduction in serum AFP 
was observed at (P<0.001). AOLE a significantly reduced 
serum AFP (P<0.001), the reduction by the combination of 
5-FU and AOLE was more pronounced (Table 1). 

3.5. Serum FAS Activity 

Serum FAS activity of TCA-intoxicated rats showed a 
significant increase compared to control (P<0.001), 5-FU 
and AOLE significantly reduced this activity, their combi-
nation showed a more significant reduction (P<0.001), (Ta-
ble 1). 

Table 1.  Levels of studied blood variables in 5-FU (75 mg/kg/week, I.P. for 3 weeks) and AOLE (500 mg/kg/day, orally for 28 days) treated rats after 
cancer induction by TCA (500 mg/kg/day, orally for 5 days) compared to normal control. Values are expressed as mean ± SE (N= 8) 

Groups ALT 
(IU/L) 

AST 
(IU/L) 

ALP 
(IU/L) 

T. Bil  
(mg/dl) 

TG  
(mg/dl) 

TLPL  
(IU/L) 

GAGs  
(µg/ml) 

AFP  
(ng/ml) 

FAS  
(mU/ml) 

1-Control 12. 4 ±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 

2-5-FU 13 ± 0. 9 19.5±1.5 23.8±1.9 1.2±0.11 85.6±2.6 
*** 37±0.8 101.7±2.6 

* 7.5±1.4 19.7±1.7 

3-AOLE 15± 1. 6 12.7±1.6 19.7±1.6 1.18±0.1 62.1±3.2 35.8±0.7 92.8±4.3 7.06±0.8 19.1±0.5 

4-5-FU+ 
AOLE 17.2 ± 1.4 18.6±1.0 18±0.8 0.91±5.8 73.2±2.1 35.4±0.8 96.7±2.6 8.4±0.9 20.6±1.2 

5-TCA 62± 3. 6 
*** 

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 
*** 

6-TCA+5-
FU 

37.8± 3 
# # # 

37.3±5.0 
#  

49.9±1.8 
# # # 

4.8±0.38 
# # # 125.6±4.1 19.1±1.3 252±7.9 

# # # 
118.3±4.6 
# # #  

110.12±3 
# # # 

7-TCA+ 
AOLE 

34.12±2 
# # # 

36.1±3.8 
# 

59.6±4.3 
# # # 

3.7±0.30 
# # # 

85.1±4.1 
# # # 20.6±2.6 224±6.4 

# # # 
131.5±4.6 
# # # 

123.2±1.9 
# # # 

8-TCA+5-
FU+ AOLE 

25.2±2.3 
# # # 

23.1±1.6 
# # # 

32.1±2.1 
# # # 

2.1±0.30 
# # # 

68.6±2.3 
# # # 

35.5±1 
# # # 

167. 8±6 
# # # 

90.75±4.4 
# # # 

61. 5±4.2 
# # # 

*P< 0.05: mildly significant,**P < 0.01: significant, ***P < 0.001: highly significant, compared to normal control. # P < 0.05: mildly significant, ## P< 
0.01: significant, ### P< 0.001: highly significant, compared to cancer control. 
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4. Histopathological Results 
Liver tissue after TCA administration showed loss of 

normal architecture with oval- or irregular-shaped hepato-
cytes. Many transformed liver cells of foci were substantial-
ly enlarged, largely vesiculated and frequently binucleated, 
which were clearly distinguishable from the surrounding 
normal parenchyma. The nuclei were mostly found to be 
pleomorphic and hyperchromatic. These changes were re-
duced by the treatment of 5-FU, AOLE and more by their 
combination as shown in Figures 1-8. 

 
(Figure 1)                (Figure 2) 

 
(Figure 3)                (Figure 4) 

 
(Figure 5)                (Figure 6) 

 
(Figure 7)               (Figure 8) 

Figure 1.  Liver section in control animals showing normal parenchymal 
cells with granulated cytoplasm and normal architecture. Figure 2.  
TCA-treated rats showing loss of normal architecture with oval- or irregu-
lar-shaped hepatocytes, denser nuclear chromatin, the ratio of nucleus to 
cytoplasm was increased, many transformed liver cells were frequently 
binucleated and hyperchromatic (basophilic). Figure 3.  The liver of 

5-FU-treated rats showing normal central vein and architecture, some liver 
cells around central vein showed ballooning that may be due to cyotoxic 
effect of 5-FU. Figure 4.  Liver section in TCA and 5-FU treated rats 
showing reversed changes as central vein congestion and ballooning but 
generally is less than TCA-treated group indicating some improvement 
Figure 5.  Liver section in AOLE-treated rats shows a normal central vein 
and blood sinusoids. Figure 6.  Liver section in TCA and AOLE treated 
rats showing a moderate improvement in hepatocellular structure, evi-
denced as a moderate improvement in vacuolation and compactness of 
hepatocytes compared to TCA treated group but dilated sinusoids are still 
present. Figure7.  Liver section in 5-FU and AOLE-treated rats shows a 
normal pattern of healthy hepatocytes. Figure 8.  Liver section in TCA, 
5-FU and AOLE-treated rats showed almost normal hepatocytes with small 
degree of central vein congestion as the cellular architecture of liver sec-
tions in this group seemed to be almost comparable to that of their normal 
counterparts. 

5. Discussion 
HCC is a worldwide problem including Egypt. TCA is a 

powerful carcinogen produced during chlorination of drink-
ing water as a byproduct. We aimed in this study to examine 
the anticancer and hepatoprotective properties of AOLE, 
which is a cheap and available herbal treatment with many 
well known benefits hoping to be used either alone or in 
combination with chemotherapy in order to reduce its side 
effects. AOLE contains polyphenolic compounds, oleurope-
in and its hydrolysis product hydroxytyrosol, both are po-
tent antioxidants[7]. In the present study, liver function tests 
performed for TCA-intoxicated rats showed an increase in 
the activity of serum ALT and AST compared to their cor-
responding control values, The elevation of both enzymes is 
presumed to be due to leakage from damaged or necrotic 
cells[50]. After treatment with 5-FU, a significant reduction 
in liver enzyme activities was observed. These results were 
in accordance with that of[51] who showed that transami-
nase activities were reduced after 5-FU treatment. After 
treatment with AOLE, a significant reduction in both ALT, 
AST was observed and a highly significant reduction was 
after treatment with combination of 5-FU and AOLE. This 
decline in liver enzyme activities showed some proof about 
liver recovery and hepatoprotective effect of AOLE.  

Regarding serum alkaline phosphatase (ALP) activity, 
our results showed a significant increase in its level in 
TCA-intoxicated rats compared to the control group. Such 
elevated level may be due to a mechanical obstruction of 
bile ducts as failure to excrete the enzyme through the rela-
tively narrower bile passages results in its accumulation and 
increase in the blood that as in accordance with[52]. After 
treatment with AOLE, a significant reduction in ALP activi-
ty was observed and a highly significant reduction was seen 
after treatment with the combination. These observations 
may be explained by an assumption that the treatment de-
creased the mechanical obstruction in bile duct. T Bil level 
of TCA-intoxicated rats showed a significant increase than 
that of normal control group. Such elevated level may be 
due to hepatocellular or obstructive jaundice in hepatocellu-
lar carcinoma[53]. After treatment with AOLE a significant 
reduction in T Bil level was observed (P<0.001), These re-
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sult were in agreement with the findings of[51] and[54] in 
which low bilirubin level was related to longer survival of 
HCC patients after systemic therapy. Our results also con-
firm the therapeutic and hepatoprotective effecacy of 
AOLE.  

In the present work, a significant increase of serum TG in 
TCA-intoxicated rats was observed, in agreement with the 
previous findings of[55] and[56]. Administration of 5-FU to 
normal rats led to a significant increase in TG that may be 
due to the peroxidation of unsaturated membrane lipids by 
free radicals produced as a side effect following administra-
tion of cytotoxic drugs[57]. After treatment of TCA- treated 
rats with AOLE, a significant reduction in TG level was 
observed while treatment with 5-FU showed non-significant 
result. Treatment with combination led to significant reduc-
tion. The mechanism of the TG lowering effect of AOLE 
may be attributed to many factors such as reducing the 
oxidative stress (one of the factors causing lipid peroxida-
tion and hyperlipidemia) by the antioxidant activity of its 
polyphenols and it could be supported by the ability of 
AOLE to neutralize the harmful effect of 5-FU, this is in 
accordance with[58] and[59].  

Lipoprotein lipase (LPL) catalyses the hydrolysis of the 
triacylglycerol component of circulating chylomicrons and 
very low density lipoproteins, thereby providing non-
esterified fatty acids and 2-monoacylglycerol for tissue uti-
lization. In the present study, serum LPL activity of TCA-
intoxicated rats showed a significant decrease compared to 
that of normal control, as result in agreement with that 
of[22]. Treatment of TCA-intoxicated rats with 5-FU and 
AOLE each alone had no significant effect on LPL activity, 
while the combination of both showed significant elevation 
in LPL activity. Glycosaminoglycans and proteoglycans are 
involved in the pathobiology of all stages of cancer progres-
sion [60]. In the present study, serum TGAGs level of TCA-
intoxicated rats showed a significant increase compared to 
that of normal group. Such elevated level may be due to the 
induced premalignant changes confirmed by the histopatho-
logical results as GAGs are usually elevated in most types 
of cancer including human laryngeal carcinoma[61]. The 
elevated TGAGs level may be referred to an increased 
breakdown of liver tissue content, followed by escape into 
circulation[24]. After treatment with AOLE a significant 
reduction in serum TGAGs level was observed which was 
more significant by the combination of 5-FU and AOLE.  

Alpha-fetoprotein is a well-known tumor marker for 
HCC and its serum value is useful not only for diagnosis, 
but also as a predictive marker for tumor invasiveness and 
recurrence of HCC[62]. In the present study, serum AFP 
level of TCA-intoxicated rats showed a significant increase 
compared to that of control group, proving the occurrence 
of premalignant liver changes in intoxicated rats. The eleva-
tion of serum AFP in HCC was well documented[53,63]. 
Treatment with AOLE significantly reduced serum AFP and 
the best results were obtained by combination of AOLE and 
5-FU that may indicate the curative effect of AOLE attri-

buted to its polyphenol and flavonoid content having anti-
cancer properties. These result were similar to that of[64] in 
which flavonoids of Semecarpus anacardium nut milk ex-
tract reduced serum AFP level in aflatoxin-B1 induced HCC 
in rats into normal range.  

There is a strong association between increased FAS ac-
tivities and some other prognostic indicators in primary 
breast, prostate, colorectal and ovarian cancers[16]. In the 
present study, serum FAS activity of TCA-intoxicated rats 
showed a significant increase compared to that of normal 
control group. This elevation can be explained on a basis 
that there is a link between cellular proliferation and fatty 
acid synthesis, as fatty acid synthesis has been observed to 
be activated when cells enter into proliferative phase in sev-
eral systems[65]. This result is in agreement with findings 
of[16] in which FAS activity was increased in breast and 
colorectal cancer. Treatment with AOLE significantly re-
duced FAS activity, best results were achieved by combina-
tion that may indicate some anticancer properties of AOLE 
along with the anticancer drug 5-FU that can be referred to 
decreased FAS expression due to inhibitory effect of cellu-
lar proliferation by AOLE.  

Histological findings clearly showed that the normal ar-
chitecture of hepatic tissue was damaged due to TCA treat-
ment. The clear and acidophilic cells represent small pre-
neoplastic focal lesions, leading to malignant transforma-
tion in late stages of carcinogenesis with the formation of 
neoplastic nodules and ultimately HCC[66]. On the other 
hand, exposure to AOLE and 5-FU treatment reduced hepa-
tocyte aggregation and basophilicity with a reversal of hete-
rogeneity towards normal cellular architecture. 

6. Conclusions 
The present study produced convincing evidence that 

AOLE has a protective effect against chemically induced 
HCC, through these passages: 

a. It has a remarkable anticancer, hepatoprotective prop-
erties and can increase the sensitivity to 5-FU and decrease 
its side effects, so we recommend it as a combination with 
chemotherapy to minimize its side effects and possibly re-
duce its doses or even duration and it can be used as a pre-
vention and hepatoprotective in risk HCC people. 

b. Serum TGAGs, FAS and LPL activities can be consi-
dered as new promising markers for early diagnosis of 
HCC, in addition to AFP, we recommend the detection of 
these three parameters in addition to AFP in patients having 
risk factors for HCC. Mostly, the results will assume more 
decisive and sensitive tools for HCC early assessment and 
follow-up.  

c. TCA is a powerful carcinogen and so chlorination of 
drinking water is a critical process as chlorination bypro-
ducts as TCA are so harmful to human and strict measures 
have to be taken to control this process and find more safe 
water disinfection process. 

d. TCA induction of liver cancer may be through disturb-
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ing lipogenesis rate favoring TG accumulation by activating 
FAS and depressing LPL , an action greatly modulated by 
AOLE with or without 5-FU. 
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