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ABSTRACT
Hepatocellularcarcinoma (HCC), a highly aggressive form of solid tumor, has been increasing in South East Asia. The lack of effective therapy
necessitates the introduction of novel chemo preventive strategies to counter the mortality associated with the disease. Towards this goal, the
present study evaluates the chemo preventive potential of T.chebula aqueous extract (TCE) by estimating the levels of lipid peroxidation and
assaying activities of various marker enzymes in diethylnitrosamine (DEN) induced liver cancer bearing rats. The daily oral treatment of TCE (50
mg/kg bwt) to liver cancer bearing rats demonstrated a significant (p<0.05) decline in lipid peroxidation, pathophysiological marker enzyme (AST,
ALT, ALP, LDH, γ-GT and 5’NT) levels and increase in enzymic antioxidants (SOD, CAT, GPx, GR and GST) status. HE (Hematoxylin and eosin)
staining suggesting that the maintenance of cell structure and integrity by TCE in experimental rats. Transmission electron microscope (TEM)
results support the stimulation of apoptosis by TCE. These findings confirmed the chemo preventive potential of TCE in DEN induced experimental
liver carcinoma.
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INTRODUCTION
The plants of genus Terminalia, comprising of 250 species, are
widely distributed in tropical areas of the world1. Fruits of
Terminalia chebula Retzius (T.chebula Retz.) (Combretaceae),
commonly known as black Myroblans in English Harad in Hindi and
Kadukkai in Tamil, indigenous in India and Pakistan. Among many
Asian and African countries, is a popular folk medicine and has been
studied for its homeostatic, laxative, diuretic and cardiotonic
activities2,3. Atleast seven Terminalia species were traditionally used
for the treatment of cancers. The fruit powder of Terminalia chebula
is used in India to treat several diseases ranging from digestive,
coronary disorders to allergic and infectious diseases like cough and
skin disorders4.
Primary hepatocellular carcinoma (HCC) is one of the most
frequently occurring forms of a solid tumor. It exhibits a high
prevalence with 620,000 cases per year reported worldwide of
which more than eighty percent of cases are reported from China,
Africa and South East Asia5. It is highly aggressive, as shown by the
mortality of 595,000 cases per year that nearly matches the
incidence of this tumor type6. HCC presents with limited therapeutic
options. Hence, a thorough understanding of the biological bases of
this malignancy might suggest new strategies for effective
treatment7. Hepatocarcinogenesis induced by DEN is an ideal animal
model to investigate liver tumor formation because it proceeds in
stages similar to that of human liver cancer i.e., formation of
preneoplastic foci, neoplastic nodules and HCC nodules8.
Oxygen free radicals generated by a number of processes in vivo are
highly reactive and toxic9. However, biological systems have evolved
an array of enzymic and non-enzymic antioxidant defense
mechanisms to combat the deleterious effects of oxygen free
radicals. It is a well known fact that oxidative stress arises when
there is an imbalance between oxygen free radicals formation and
scavenging by antioxidants. Excessive generation of oxygen free
radicals can cause oxidative damage to biomolecules resulting in
lipid peroxidation (LPO), mutagenesis and carcinogenesis. In this
connection, oxygen free radicals induced LPO has been implicated in
neoplastic transformation10.
Experimental investigations as well as clinical and epidemiological
ﬁndings have provided evidence supporting the role of reactive
oxygen species (ROS) such as singlet oxygen (1O2), superoxide
anions (O2•−), hydrogenperoxide (H2O2), and hydroxyl radical (•OH)
in the etiology of cancer11. In addition, certain aldehyde such as
malondialdehyde (MDA), the end product of LPO arising from the
free radical generation leading to the degradation of

polyunsaturated fatty acids (PUFAs) can cause cross-linking in
lipids, proteins and nucleic acids. Human body is equipped with
various antioxidants viz. superoxide dismutase (SOD), glutathione
peroxidase (GPx), catalase (CAT), glutathione (GSH), ascorbic acid
(Vitamin C), α-tocopherol (Vitamin E), etc., which can counteract the
deleterious action of ROS and protect from cellular and molecular
damage12. Antioxidants act as radical scavengers inhibiting LPO and
other free radical-mediated processes thereby protecting the human
body from various diseases13, 14.
Lipid peroxidation (LPO) may result in several scream, including
structural and functional membrane modiﬁcations, protein
oxidation and generation of oxidation products such as acrolein,
crotonaldehyde, malondialdehyde (MDA) and 4-hydroxy-2-nonenal
(HNE), which are considered strong carcinogens15, 16. For many years
cancer chemotherapy has been dominated by potent drugs that
either interrupt the synthesis of DNA or destroy its structure once it
is formed. Unfortunately, their toxicity is not limited to cancer cells
but also normal cells are also harmed17. Efforts to develop less toxic
drugs that affect antioxidant system, malignant cells and
mechanism-based approach are necessary in prevention and
therapy of cancer. The present study deals with the status of serum
marker enzymes, liver tumor markers and antioxidant enzymes for
prevention of DEN-induced hepatocarcinogenesis by T.chebula
aqueous extract (TCE).The results are presented here.
MATERIALS AND METHOD
Preparation of T.Chebula aqueous extract
The finely powdered fruits of T.Chebula were mixed with eight parts
of distilled water at about 70-80° C for two hours. The liquid extract
was filtered through sieve. The filtrate was concentrated up to two
parts on a rotary vacuum evaporator. The concentrated liquid was
dried to get the dry powder of the extract.
Animals
Male wistar albino rats, weighing 150 – 180g, procured from the
Small Animal Breeding Centre, Agricultural University, Mannuthy,
Kerala were used. Animals were acclimatized under standard
laboratory conditions at 25°± 2°C and normal photoperiod (12 h
light: dark cycle). The animals were fed with standard rat chow and
water ad libitum. The food was withdrawn 18–24 h before the
experiment. The care and use of laboratory animals were done
according to the guidelines of the Council Directive CPCSEA, India
(No: 659/02/a) about Good Laboratory Practice (GLP) on animal
experimentation. All animal experiments were performed in the
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laboratory according to the ethical guidelines suggested by the
Institutional Animal Ethics Committee (IAEC).
Hepatocarcinogenesis initiation using diethylnitrosamine (DEN)
The experimental hepatocarcinogenesis was induced by using DEN
(Sigma, USA). DEN is the most important environmental carcinogen
among nitrosamines and primarily induces tumors of liver18, 19. The
presence of nitrosamines and their precursors in human
environment, together with the possibility of their endogenous
formation in human body from ingested secondary amines and
nitrites, have led to the suggestions of their potential involvement in
HCC20. It is now widely used as a standard experimental model for
HCC21.
Experimental design
The experimental animals were divided into four groups, each group
containing six animals, analyzed for a total experimental period of
16 weeks as follows: Group1, normal control rats fed with standard
rat chow and pure drinking water. In Group 2 (TCE alone), rats were
orally given TCE (50 mg / kg body weight) in the form of aqueous
suspension daily once a day for 16 weeks. This dose of TCE is set
based on the effective dosage fixation studies. Group 3 rats were
induced with DEN (0.01%) alone in drinking water for 16 weeks.
Group 4 rats were administered DEN (0.01%) in drinking water for
the ﬁrst 10 weeks followed by post-treatment with TCE as in group
2 for the remaining 6 weeks. At the end of 16 weeks, experimental
rats (n =6 per group) were sacrificed. Blood was collected and
serum was separated for the assays.
Biochemicalstudies.
The macromolecular damage such as LPO22, the activities of
aspartate transaminase (AST), alanine transaminase (ALT), alkaline
phosphatase (ALP), lactate dehydrogenase (LDH)23-25, gamma
glutamyl transpeptidase (γ GT)26, 5’-nucleotidase (5’NT)27 and the
activities of the antioxidant enzymes superoxide dismutase (SOD)28,
catalase (CAT)29, glutathione peroxidase (GPx)30, glutathione
transferase (GST)31, glutathionereductase (GR)32 were estimated in
liver.
Enzyme linked immunosorbent assay (ELISA) of AFP and CEA
Quantitative estimation of tumor markers α-fetoprotein (AFP) and
carcino embryonic antigen (CEA) were based on solid phase enzyme
linked immune sorbent assay (ELISA) using the UBIMAGIWELL
(USA) enzyme immune assay kit33,34.
Histopathological studies
A portion of the liver was cut into two to three pieces of
approximately 6mm3 size and ﬁxed in phosphate buffered 10%

formaldehyde solution. After embedding in parafﬁn wax, thin
sections of 5 µm thickness of liver tissues were cut and stained with
haematoxylin–eosin. The thin sections of liver were made into
permanent slides and examined under high resolution microscope
with photographic facility and photomicrographs were taken.
Transmission electron microscopy (TEM)
The liver samples were ﬁxed in Karnovsky’s ﬁxative immediately
after euthanization of rats for 6–8h at 4°C. These were post-ﬁxed in
1% osmium tetroxide in 0.1 M phosphate buffer for 2h at 4 °C,
dehydrated in ascending grades of acetone, inﬁltrated and
embedded in araldite CY212 and polymerized at 60°C for 72 h. Thin
(60–70nm) sections were cut with an ultra-microtome.The sections
were mounted on copper grids and stained with uranyl acetate and
lead citrate and observed under a transmission electron
microscope35.
Statistical Analysis
Data were analyzed by Analysis of Variance (ANOVA) and groups
were compared by least signiﬁcant difference [LSD] test using
SPSS/10 software. P <0.05 was considered as signiﬁcant. All the
results were expressed as mean±S.D.
RESULTS
LPO mediated by free radical is considered to be a primary
mechanism in the cell membrane destruction and cell damage. The
effect of T.chebula aqueous extract on LPO in serum of control and
experimental rats are given Figure 1. The level of LPO significantly
(p<0.05) increased in DEN induced group 3 animals when compared
to control group of animals. On the contrary, the administration of
TCE (group 4) significantly reduced the LPO level when compared to
group 3 animals.
Effect of TCE on tumor markers (AFP and CEA) in serum of control
and experimental animals are shown in Figures (2 and 3). The level
of tumor markers significantly increased (p<0.05) in group 3
animals when compared to control group of animals. On the other
hand, the administration of TCE significantly reduced the tumor
markers in group 4 experimental animals and it was compared with
group 3 animals.
The analysis of marker enzymes can be used as an indication of
neoplastic condition and therapy. The effects of TCE on the levels of
pathophysiological marker enzymes are given in table 1. The levels
of key marker enzymes significantly increased (p<0.05) in DEN
induced group 3 animals when compared to control group of
animals. Contrarily, TCE administration significantly reduced the
key marker enzyme level and it was compared with cancer bearing
group 3 animals.

Fig. 1: Effect of TCE on the levels of lipid peroxide in the serum of control and experimental groups of rats.
Statistical signiﬁcance P <0.05. LPO levels are expressed as nmol MDA formed/(minmgprotein). a Comparisons are made with group1 (control). b
Comparisons are made with group3 (NDEA-induced).
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Fig. 2: Effect of TCE on the level of AFP in the serum of control and experimental rats.
Values are expressed as mean ± S.D. (n =6). Statistical signiﬁcance p <0.05. Comparisons are made with a group1(control) and b group 3 (DENinduced). AFP and CEA levels are expressed as ng/ml.

Fig. 3: Effect of TCE on the level of CEA in the serum of control and experimental rats.
Values are expressed as mean ± S.D. (n =6). Statistical signiﬁcance p <0.05. Comparisons are made with a group1 (control) and b group 3 (DENinduced). AFP and CEA levels are expressed as ng/ml.
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Fig. 4: H and E stained section of liver from a normal (group1) and TCE alone (group 2) rats showing normal hepatic cells with well
preserved cytoplasm Prominent nucleus and nucleolus.
H and E stained section of liver from DEN treated group3 rat showing loss of architecture, granular cytoplasm and neoplastic cells. H and E stained
liver section from TCE treated group4 rat showing normal architecture with few neoplastically transformed cells.

Fig. 5: Ultra-structural changes in liver cells viewed under transmission electron microscope in control and experimental animals.
A and B depict the normal structure of nucleus(N), mitochondria(M), endoplasmic reticulum(ER) and cytoplasm in the liver cells of control and EA
alone treated animals (7,000×). C depicts the presence of multiple dysplastic nuclei close to each other with irregular cytoplasm in the liver cells of
DEN administered rats (7000×). D depicts the liver cell nuclei with apoptotic bodies (AP), chromatin condensation, mitochondrial swelling and signs
of apoptosis in DEN + EA post-treated rats (10,000×).
Table 1: Effects of TCE on the activities of marker enzymes in the serum of control and experimental group of rats
Groups
Control
EA alone
DEN
EA+DEN

AST
4.31±0.12
4.62±0.18
9.83±0.85a
6.72±0.32b

ALT
23.01±0.79
23.43±0.81
50.31±1.32a
33.36±0.97b

ALP
30.31±0.65
30.26±0.60
55.08±1.06a
32.16±0.71b

LDH
3.65±0.13
3.78±0.13
7.46±0.47a
4.16±0.23b

γ GT
4.12±0.12
4.01±0.10
11.63±0.68a
7.22±0.31b

5’NT
4.06±0.10
4.03±0.10
10.63±0.58a
6.12±0.27b

Values are expressed as mean ± S.D (n =6).Statistical signiﬁcance p <0.05. Activity is expressed as IU/L for AST, ALT, ALP, LDH, γGT and 5’NT.
a

Comparisons are made with group1 (control).

b

Comparisons are made with group3 (DEN-induced).
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Effect of TCE on the levels of antioxidants in serum of control and
experimental rats are shown in table 2. In group 3 cancer bearing
animals, the levels of antioxidants were found to be decreased
significantly (p<0.05) when compared to control group of animals.
Conversely, these decreased levels were significantly increased in TCE
administered group 4 animals when compared to group 3 animals.
Histological examination of liver sections from control group1
(Figure 4A) and TCE alone (Figure 4B) group2 animals revealed
normal architecture and cells with granulated cytoplasm and
uniform nuclei. DEN induced group 3 (Figure 4C) animals showed
loss of architecture with granular cytoplasm and larger

hypochromatic nuclei, whereas group 4 (Figure 4D) animals treated
with EA maintained near normal architecture with fewer
neoplastically transformed cells.
The ultra-structural analysis of experimental animals is shown in
figure 5. Control and TCE alone group 2 animals showed normal
nuclei and cytoplasm with similar architecture. The presence of
multiple nuclei with irregular cytoplasm were noted in DEN induced
group 3 animals.In group 4 the occurrence of cell shrinkage,
apoptotic bodies, chromatin condensation and mitochondrial
swelling were observed.This clearly substantiated the initiation of
apoptosis in group 4 animals.

Table 2: Effects of TCE on serum enzymic antioxidant status in control and experimental group of rats
Groups
Control
EA alone
NDEA
EA+NDEA

SOD
2.31±0.09
2.27±0.08
0.71±0.85a
1.95±0.43b

CAT
6.15±0.52
6.32±0.58
1.58±1.06a
5.93±0.73b

GPx
13.36±1.18
13.09±1.16
5.87±0.51a
11.84±0.91b

GR
9.75±0.26
9.70±0.24
3.38±0.75a
8.07±0.38b

GST
5.14±0.18
5.19±0.19
0.96±0.56a
4.03±0.36b

Values are expressed as mean ± S.D. (n =6). Statistical signiﬁcance p <0.05.
Activity is expressed as µmol of GSH Oxidized per min per mg of protein for GPx; units per min per mg of protein for GST; 50% inhibition of
epinephrine auto oxidation for SOD; µmole Of hydrogen peroxide decomposed per min per mg of protein for CAT and µmole of NADPH
oxidized/(min mg protein) for GR.
a

Comparisons are made with group1 (control).

b

Comparisons are made with group3 (NDEA-induced).

DISCUSSION
LPO has long been known and has been suggested to be responsible
for numerous deleterious effects observed in biological systems,
especially after initiation, it concurrently proceeds by a free radicals
reaction mechanism and it is regarded as one of the basic mechanism
of cellular damage caused by free radical36. It is initiated by the
obstruction of a hydrogen atom from the side chain of poly
unsaturated fatty acids in membrane lipids. Increased LPO alters
membrane ﬂuidity and membrane potential and thereby leads to loss
of cellular function and cell death37. However, the administration of
TCE decreased the LPO levels in drug treated animals which may be
due to the free radical scavenging activity of the TCE.
α-fetoprotein (AFP) an oncofetal serum protein, is progressively lost
during development, such that it is virtually absent from the healthy
adult38. It has long been recognized that exposure of rats to certain
carcinogens like DEN causes an elevation of circulating AFP levels 39.
Carcino embryonic antigen (CEA), a member of the immunoglobulin
supergene family, is a 180–200kDa heavily glycosylated protein
used clinically as a tumor marker to detect recurrence of many types
of tumors40. It functions as an adhesion molecule that can form both
homotypic and heterotypic aggregates between cells. CEA is cleared
from the circulation by the liver with signiﬁcant traces taken up by
the spleen and lungs. In this study, increase in serum AFP and CEA
levels upon DEN induction associated with increase in tumor
growth. The decrease in tumor markers after TCE administration
might due to decrease in the production rate of tumors.
Biochemical marker enzymes are used to screen particularly cancer
conditions for differential diagnosis, prognosis, monitoring the
progress and for assessing the response to therapy41. These enzymes
are more unique and changes in their activities reﬂect the effect of
proliferation of cells with growth potential and its metabolic turnover.
The rise in their activities is shown to be a good correlation with the
number of transformed cells in cancer conditions42. In cancer
conditions, there will be a disturbance in the transport function
carried out by cell organelles including hepatocytes, resulting in the
leakage of enzymes due to altered permeability of plasma membrane,
and thereby causing a decreased level of these marker enzymes in the
cells and increased level in serum. The structural integrity of the cells
has been reported to be damaged in toxicity induced animals and this
results in cytoplasmic leakage of enzyme into the blood stream43. In
this study, increase in pathophysiological marker enzyme levels upon
DEN induction might due to disturbance in the transport function and
the leakage of the enzyme. TCE administration rectified the
disturbance and enzyme leakage.

SOD is said to act as the ﬁrst line of defense against sduperoxide
radical generated as a by-product of oxidative phosphorylation44.
Further, CAT or GPx converts H2O2 to H2O. Depletion in the activities
of these antioxidant enzymes can be owed to an enhanced radical
production during DEN metabolism. Glutathione is required to
maintain the normal reduced state of cells and to counter act all the
deleterious effects of oxidative stress. GSH is said to be involved in
many cellular processes including the detoxiﬁcation of endogenous
and exogenous compounds45. Decreases in the activities of SOD, CAT,
GPx, GR, GSH and GST are seen in tumor bearing animals this might
be due to increased tumor growth rate. Rate of increase in
antioxidants after TCE administration suggesting that the
scavenging of excessive free radicals in the body and hinder process
of carcinogenesis by TCE.
Ultra-structural studies showed that the animals induced with
DEN have multiple irregular shaped nuclei close to each other with
irregular cytoplasm and with metastatic potential were seen
which might be due to the excessive free radical generation during
DEN administration46. Control and experimental groups showed
similar kind of architecture whereas, DEN induced animals
showed altered morphological structures such as dysplastic nuclei,
membrane changes with irregular cytoplasm. The signs of
stimulation of apoptosis were noted by the presence of liver cell
with shrunken nucleus, condensed chromatin, membrane blebbing
and formation of apoptotic bodies in TCE treated rats. Thus the
results confirmed the stimulation of apoptosis by TCE. Therefore,
in this study, TCE might render protection to macromolecules to
avoid damage from xenobiotic such as DEN by maintaining the
redox balance thereby exhibit anticancer activity during DEN
induced liver cancer.
CONCLUSION
The results of the present study demonstrate that TCE attenuates
LPO, normalizes pathophysiological marker enzymes and nucleic
acid levels and increases antioxidant status. Further, TCE provides
evidence for induction apoptosis. Thus the results of the present
investigation have confirmed the efficacy of TCE as an effective
chemotherapeutic agent.
REFERENCES
1.

Fabry W, Okemo PO, Ansorg R. Antibacterial activity of East
African medicinal plants. Journal of Ethnopharmacology 1998;
60: 79-84.

444

Jayraaz et al.
Int J Pharm Pharm Sci, Vol 4, Issue 2, 440-445
2.

3.

4.
5.

6.

7.

8.

9.
10.

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

21.

22.
23.
24.

25.

Barthakur NN, Arnold NP. Nutritive value of the chebulinic
myrobalan (Terminalia chebula Retz.) and its potential as a
food source. Food Chemistry 1991; 40: 213-219.
Singh C. 2a-hydroxy micromeric acid,a pentacyclic triterpene
from Terminalia chebula. Phytochemistry 1990; 29: 23482350.
Chattopadhyay RR, Bhattacharyya SK. Terminalia chebula: an
update. Pharmacognosy Reviews 2007; 1: 151–156.
Ribes J, Cleries R, Esteban L, Moreno V, Bosch FX. The inﬂuence
of alcohol consumption and hepatitisB and C infections on the
risk of liver cancer in Europe. J.Hepatol 2008; 49: 233–242.
Parkin DM, Bray F, Ferlay J, Pisani P. Estimating the world
cancer burden: Globoscan 2000. Int.J.Cancer 2000; 94: 153–
156.
Alessandro ND, Poma P, Montalto G. Multifactorial nature of
hepatocellular carcinoma drug resistance: could plant
polyphenols be helpful?. World J Gastroenterol 2007; 13:
2037–2043.
Peto R, Gary R, Brantom P, Grasso P. Dose and time
relationships for tumor induction in the liver and esophagus of
4080 inbred rats by chronic ingestion of Nnitrosodiethylamine or N- nitrosomethylamine. Cancer Res
1991; 51: 6452–6469.
Marnett LJ. Oxyradicals and DNA damage. Carcinogenesis 2000;
21: 361–70.
Hristozov D, Gadjeva V, Vlaykova T, Dimitrov G. Evaluation of
oxidative stress in patients with cancer. Arch Physiol Biochem
2001; 109: 331–6.
Ray G, Batra S, Shukla NK, Deo S, Raina V, Ashok S, et al. Lipid
peroxidation, free radical production and antioxidant status in
breast cancer. Breast Cancer Res Treat 2000; 59: 163–70.
Cotgreave I, Moldens P, Orrenius S. Host biochemical defence
mechanisms against prooxidants. Annu Rev Pharmacol Toxicol
1988;28:189–212.
Czinner E, Hagymasi K, Blazovics A, Kery A, Szoke E,
Lemberkovics E. The In vitro effect of Helichrysi ﬂos on
microsomal lipid peroxidation. J Ethanopharmacol 2001; 77:
31–5.
Jagetia GC, Rao SK. Evaluation of the antineoplastic activity of
guduchi (Tinospora cordifolia) in Ehrlich ascites carcinoma
bearing mice. Biol Pharm Bull 2006; 29: 460–6.
Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J.
Free radical and antioxidants in normal physiological functions
and humandisease. Int.J. Biochem.CellBiol 2007; 39: 44–84.
Bartsch H, Nair J. Chronic inﬂammation and oxidative stress in
the genesis and perpetuation of cancer: role of lipid
peroxidation, DNA damage, and repair. Langenbecks Arch. Surg
2006; 391: 499–510.
Jeena KJ, Joy KL, Kuttan R. Effect of Emblica ofﬁcinalis,
Phyllanthus amarus and Picrorrhiza kurroa on Nnitrosodiethylamine induced hepatocarcinogenesis. CancerLett
1999; 136: 11–16.
Archer MC. Mechanisms of action on N-nitroso compounds.
Cancer. Surv 1989; 8: 241– 250.
Brown JL. N-Nitrosamines. Occup. Med 1999; 14: 839–848.
Mittal G, Brar AP, Soni G. Impact of hypercholesterolemia on
toxicity of N- nitrosodiethylamine: biochemical and
histopathological effects. Pharmacol. Rep 2006; 58: 413– 419.
Sivaramakrishnan V, Devaraj SN. Morin regulates the
expression of NF-k B-p65, COX-2 and Matrix metalloproteinases
in diethylnitrosamine induced rat hepatocellular carcinoma.
Chem. Biol. Inter 2009; 180: 353–359.
Ohkawa H, Ohishi N, Yagi K. Assay of lipid peroxides in animal
tissues by
thiobarbituric acid reaction. Anal Biochem 1979; 95: 351–8.
King J. The transferases-alanine and aspartate transaminases,
in: D. Van (Ed.), In Practical Clinical Enzymology. Nostrand
Company Ltd, London 1965a pp. 191–208, pp. 121–128.
King J. The hydrolases-acid and alkaline phosphatases, in: D.
Van (Ed.), In Practical Clinical Enzymology. Nostrand Company
Ltd, London 1965b pp. 191–208.

26. King J. The dehydrogenases or oxidoreductase-lactate
dehydrogenase, in: D. Van (Ed.), In Practical Clinical
Enzymology. Nostrand Company Ltd, London 1965c; pp: 83–
93, pp: 121–128.
27. Rosali SB, Rau D, Serum gamma-glutamyl transpeptidase
activity in alcoholism. Clin. Chim. Acta. 1972; 39: 41–47.
28. Luly P, Barnabei O, Tria E. Hormonal control in vitro of plasma
membrane bound Na+, K+-ATPase of rat liver. Biochim Biophys
Acta 1972; 282: 447–52.
29. Misra HP, Fridovich I. The role of superoxide anion in the
antioxidation of epinephrine and a simple assay for superoxide
dismutase. J. Biol. Chem 1972; 247: 3170–3175.
30. Sinha AK. Colorimetric assay of catalase. Anal. Biochem 1972;
47: 380–395.
31. Rotruck J, Pope AL, Ganther HE, Swanson AB, Hafeman DG,
Hoekstra WGO. Selenium, biochemical role as a component of
glutathione peroxidase puriﬁcation and assay. Science 1973;
179: 588–590.
32. Habig WH, Pabst MJ, Jakoby WB. Glutathione-S-transferase. The
ﬁrst enzymatic step in mercapturic acid formation. J. Biol.
Chem 1974; 249: 71130–71139.
33. Maron MS, Die ﬁerre JW, Mannervik KB. Levels of glutathione,
glutathione reductase and glutathione-S-transferase activities
in rat lung and liver. Biochem. Biophys. Acta 1979c; 582: 67–
78.
34. Sell S, Beckar FF. Alphafetoprotein. Natl.CancerInst 1978; 60:
19–26.
35. Macnab GM, Urbanowicz JM, Kew MC. Carcinoembryonic
antigen in hepatocellular cancer. Br.J.Cancer 1978; 38: 51–54.
36. Mori M. Electron microscopic and new microscopic studies of
hepatocyte cytoskeleton.physiological and pathological
relevance. J. Electron Microsc 1994; 43: 347–355.
37. Esterbauer H, Zollner H, Schaua RJ. Aldehydes formed by lipid
peroxidation: mechanisms of formation, occurrences and
determination. In: Vigo-Pelfrey C,editor. Membrance lipid
peroxidation. Boca Raton CRC 1990; p: 239–83.
38. Seckin S, Neclakocak-Toker N, Usal M, Buge O. The role of lipid
peroxidation and calcium in galactosamine induced toxicity in
the rat liver. Res Comm Chem Pathol Pharmacol 1993; 80: 117–
20.
39. Sell S, Becker F, Leffert HL, sborn KO, Salman J, ombardi BL,
Shinozuka H, Reddy J, oushlahti ER, Sala-Trepat J. α –
Fetoprotein as a marker for early events and carcinoma
development
during
chemical
hepatocarcinogenesis.
Environ.Sci.Res 1983; 29: 271–293.
40. Becker FF, Sell S. Differences in serum α –fetoprotein
concentrations during the carcinogenic sequences resulting
from exposure to diethylnitrosamine or acetaminoﬂuorene.
Cancer.Res 1979; 39: 1437–1442.
41. Zimmer R, Thomas P. Mutations in the carcinoembryonic
antigen gene in colorectal cancer patients: implications on liver
metastasis. Cancer.Res 2001; 61: 2822–2826.
42. Mc-Intrye N, Rosalki S. Biochemical investigation in the
management of liver diseases. In: Prieto J, Rodes J, Shafritz DA,
editors. Hepatobiliary Diseases. Berlin:Springer-Verlag 1992. p.
39–71.
43. Kamdem L, Siest G, Magdalou J. Differential toxicity of aﬂotoxin
B1 in male and female rats relationship with hepatic drug
metabolizing enzymes. Biochem Pharmacol 1982; 31 :3057–62.
44. Sallie R, Fredger JM, William R. Immunohistochemical study of
proteoglycans in D- galactosamne induced acute liver injury in
rats. J Gastroentrol 1991; 31: 46–54.
45. Robak J, Glyglewsi RJ. Flavonoids are scavengers of superoxide
anions. Biochem.Pharmacol 1988; 37: 837–841.
46. Ketterer B, Meyer DJ. Glutathione transferases: a possible role
in the detoxiﬁcation and repair of DNA and lipid
hydroperoxides. Mutat.Res 1989; 45: 1–8.
47. Batko J, Warchol T, Karon H. The activities of super oxide
dismutase, catalase, glutathione peroxidase and glutathione
reductase in erythrocytes of rats with experimental neoplastic
diseases. Acta. Biochim. Pol 1996; 43: 403–405.

445

