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ABSTRACT

Introduction: Carcinoma of the liver is the most frequently noticed
malignant neoplasm of the liver and it occupies the third position in
cancer-related deaths. Epicatechin-3-gallate, Epigallocatechin-3-gallate,
abbreviated as EGCG, constitutes about 50-75% of the catechins.
Administration of EGCG inhibits the proliferation of cancerous cells
and encourages cell death (apoptosis). Sorafenib is an oral multikinase
inhibitor that exerts its inhibitory effects on tumours through
angiogenesis inhibition. So, the present study was undertaken to
analyse the beneficial effects of naturally occurring agents, EGCG and
sorafenib, on carcinoma of the liver.

Materials and Methods: 40 adult male Wistar albino rats were procured
and divided into five equal groups. Control animals were in Group 1
and negative controls were in Group 2 Sorafenib treatment was given
to Group 3 and EGCG alone was given to Group 4 Group 5 received
both sorafenib and EGCG.

Results: We have found that the combined treatment group of EGCG
and sorafenib had low levels of AFP, increased levels of mitochondrial
enzymes, Phase Il enzymes and showed a decrease in enzymes of Phase
I and a fall in glycoprotein components level.

Conclusion: Epigallocatechin-gallate (EGCG) when given with sorafenib
has shown enhanced cytoprotective effects.
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Introduction

Hepatocellular carcinoma has become one of the most
common malignant tumours in the world.? The incidence
of hepatocellular carcinoma (HCC) in India for males ranges
from 0.7 to 7.5 and for females from 0.2 to 2.2 per 100,000
people per year.® The incidence of HCC in cirrhotic liver in
India was observed to be 1.6% per year.*

Green tea is the most commonly consumed beverage
worldwide. It has an important chemical component called
epigallocatechin gallate (EGCG) which is the catechin (GTC)
and it possesses anticancer and cancer chemopreventive
properties.>® EGCG inhibits the activation of receptor tyrosine
kinases (RTK) and related downstream signalling pathways
which in turn prevents the proliferation of cancerous cells
and induces cell death (apoptosis).”® EGCG exhibits its
inhibition of tumorigenesis by delivering antioxidant,
proapoptotic and antiproliferative properties.®!! Sorafenib
is an inhibitor that targets vascular endothelial growth
factor receptor (VEGF). Sorafenib acts by suppressing the
proliferation of tumour cells and angiogenesis. It also
promotes the death of tumour cells.!? Past studies have
reported the antiproliferative effect of sorafenib that hinders
cell growth and promotes apoptosis. It has been noted that
EGCG supplementation along with sorafenib was able to
restore hepatic activities of Glutothione S-transferase (GST),
Glutothione peroxidase (GPx), and Glutothione (GSH).
The possible aetiology behind this could be the potential
antioxidant properties of EGCG and free radical quenching

activities in restoring the glutathione metabolising enzymes
along with sorafenib. The aim of the study was to analyse
the protective effect of the naturally transpiring agent EGCG
along with sorafenib in carcinoma of the liver by assessing
the oxidative and antioxidative activities.

Materials and Method
Animals under Experimentation

The study was initiated after the approval of the Institutional
Animal Ethics Committee of Sri Ramakrishna Institute of
Paramedical Sciences, College of Pharmacy (id: IAEC:1599/
PO/Re/S/11CPCSEA). The study duration was of 120 days,
from 14th November 2018 to 15th March 2019.

Forty adult male albino Wistar rats were obtained from the
lair (animal house) of the Pharmacology Department of Sri
Ramakrishna Institute of Para Medical Sciences, College of
Pharmacy, and were subjected to our experimentation. The
animals taken for the study were roughly about 3 months
old and their weights were between 150 and 200 grams.
They were carefully housed in a well-organised (12 hours
light/ 12 hours darkness) and clean wire cage where the
temperature was ideally maintained at about 20-25 °C. They
were provided free water ad libitum with a normal pellet
diet for animals during the period of the experimental study.

Experimental Design

These exploratory animals were haphazardly divided into
five (5) symmetric groups each of eight rats as shown in
Figure 1.

Animals Under
Experimentation

Quintet Groups
Group 5
Simultaneous
Group 1 administration of
. — — sorafenib (10
Control animals . mg/ke) and
l EGCC (100
mg/kg) after the
Group 2 Group 3 Group 4
Negative control (200 Sorafenib (10 mg'kg)
mg of DEN/kg) after the induction EG(_:‘G (10_0 mg/ kg) after
the induction

Figure |.Division of Animals into Five Groups for the Study
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Collection of Blood and Organs

The probing period lasted for about 4 months after which
the subjects were deprived of nutrients overnight followed
by cervical decapitation. Their blood was collected followed
by the removal of organs which were used for the following
parameters:

Estimation of a-Fetoprotein

The quantitative measurement of alpha-fetoprotein
in ng/dl (AFP) was done by solid-stage enzyme-linked
immunosorbent assay (ELISA).

Estimation of Protein-bound Carbohydrates in
Tissues

Estimation of Hexose and Hexosamine by Acid Hydrolysis
in Tissues

The estimation of hexose levels was done by employing
the methodology formulated by Neibes.** The hexosamine
level was estimated using the systemic steps advised by
Wagner.* Sialic acid levels were calculated by applying the
sequential method by Warren.*

Estimation of Mitochondrial Enzymes

The powerhouse of the cell was isolated using the method of
Johnson and Lardy.'® The enzyme activity ICDH was assayed
as per King’s method.' a-ketoglutarate dehydrogenase

Results

activity was assayed using Reed and Mukkerjee’s method.*®
Slater and Bonner’s method?® was used for determining the
activity of succinate dehydrogenase. The enzyme activity
MDH was assayed by Mehler et al.'s method.?

Assessment of Phase-l Enzymes

The method formulated by Omura and Sato?! was used for
the estimation of Cytochrome P450 and for the calculation
of the amount of cytochrome b5. An assay for determining
the activity of NADPH-cytochrome P450 reductase was
done using Phillips and Langdon’s method.??

Phase-Il Enzymes Estimation

Estimation of glutathione-S-transferase was done using
Habig et al’s method?® and that of UDP-glucuronyl
transferase was done using Issalbacher et al’s method*
which was modified by Hollman and Touster.?®

Markers of Membrane Integrity
Isolation of Erythrocyte and its Membrane

Dodge’s method? was used to isolate erythrocyte
membranes. Fiske and Subbarow’s method?*” was used
to calculate phosphorous and Kuijpers and Bonting’s
method® was used to estimate Na*K*ATPase. The activity of
Ca**ATPase was determined by Hjerten and Pan’s method®
while Ohinishi et al’s method®® was used for the activity
of Mg?*ATPase.

AFP Level in Serum of Experimental and Control Animals

bt
b @ b*

GROUPI GROUP II

GROUPII

GROUP IV GROUPV

Figure 2.Alpha-fetoprotein (AFP) Level in the Animals
a: as compared with Group |, b: as compared with Group Il, c: as compared with Group llI
Statistical significance: *: p < 0.001; @ p<0.01 NS: Not significant
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The level was raised (p < 0.001) in hepatocellular carcinoma
(HCC)-bearing rats as compared to normal control rats. In
the sorafenib group, post-treatment, the level of AFP was
visibly (p < 0.001) reduced as compared to the animals
with cancer. The level of AFP was highly reduced (p <0.01)
post-treatment in the animals treated with EGCG (Group
IV and Group V) (Figure 2).

Serum Uric Acid, Blood Urea and Serum Creatinine

Decreased levels (p < 0.001) were noticed in HCC-bearing
rats. The urea, uric acid, and creatinine levels returned to
near normal (p < 0.001) after treatment with sorafenib
(Group 1), EGCG (Group IV) and sorafenib and EGCG (Group
V), as compared to animals with cancer (Group Il) (Figure 3).

Hepatic Mitochondrial Enzymes of Control and
Experimental Rats

Figure 4 shows the effect of EGCG on liver mitochondrial
enzymes in control and experimental animals. The
activities of isocitrate dehydrogenase (ICDH), succinate
dehydrogenase (SDH), malate dehydrogenase (MDH)
and alpha-ketoglutarate dehydrogenase (aKDH) were
substantially reduced (p < 0.001) in Group Il animals.
Treatment with sorafenib (Group IlI) improved the level
of these enzymes (p < 0.001). However, treatment with
EGCG (Groups IV and V) greatly increased (p < 0.001) these
levels as compared to Group Ill.

mg fdl

GROUP |

GROUP I

GROUP 111

bFg* B UREA
bEc* B URIC ACID
W CREATININE

GROUP IV GROUP WV

Figure 3.Levels of Urea, Uric Acid, and Creatinine in the Experimental Animals
a: as compared with Group |, b: as compared with Group Il, c: as compared with Group IlI
Statistical significance: *: p < 0.001; @: p < 0.01

W ICDH W SDH

i

Units / mg protein
TR

GROUP I

GROUP I

GROUP I

mMDH a-KGDH

GROUP IV GROUPV

Figure 4. Effect of EGCG on Liver Mitochondrial Enzymes in Control and Experimental Animals
a: as compared with Group |, b: as compared with Group Il, c: as compared with Group IlI
Statistical significance: *: p < 0.001; #: p < 0.05; NS: Not significant
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Table 1.Phase | Enzymes in Liver of Control and Experimental Animals

. Group 1 Group 2 Mean Group 3 Group 4 Group 5
Hepatic Parameter Mean  SD +SD Mean  SD Mean + SD Mean  SD
Cytochrome P450 0.94 £ 0.09 1.26 £ 0.11a* 0.62 + 0.07b* 0.76 + 0.09b*c* 0.89 £ 0.07
Cytochrome b5 0.78 £ 0.05 0.53 £ 0.06a* 0.67 £ 0.05b* 0.63 + 0.06bNSc* 0.58 £ 0.05
NADPH cytochrome C 1.27£0.09 | 1.48+0.14a* | 1.24+0.10b* | 1.07 +0.12bNSc* | 1.08 +0.09
reductase
a: as compared with Group |, b: as compared with Group I, c: as compared with Group IlI
Statistical significance: *: p < 0.001; NS: Not significant
Values are expressed as mean + SD for 8 rats in each group.
Table 2.Phase Il Enzymes in Liver of Experimental and Control Animals
Parameters Group | Group Il Group Il Group IV Group V

UDP-glucuronyl
transferase

148.39+12.84

56.71 £ 6.28a*

94.64 + 10.07b*

78.63 + 8.56b*c*

126.39+11.18

Glutathione
S-transferase

1.98+0.14

0.96 + 0.09a*

1.66 + 0.14b*

1.23 £ 0.10NSc*

2.12+0.18

a: as compared with Group |, b: as compared with Group I, c: as compared with Group IlI
Statistical significance: *: p < 0.001; NS: Not significant
Values are expressed as mean + SD for 8 rats in each group.

Table 1 shows the outcome of sorafenib and EGCG on stage
I enzymes in the liver in rats. The level of cytochrome p450,
cytochrome b5, and NADPH cytochrome p450 reductase
were found to be increased in cancer-bearing rats (p <
0.01). The level of stage | enzymes was brought down by the
treatment of sorafenib and EGCG in cancer-bearing animals.

Table 2 shows the impact of EGCG and sorafenib on Phase

Il enzymes in the liver of control and experimental rats. The
level of glutathione S transferase, as well as UDP-glucuronyl
transferase, was seen to decrease in cancer-bearing rats (p
<0.01). The level of Phase Il enzymes was increased by the
treatment of sorafenib and EGCG in animals with cancer
(Groups Ill and 1V). The combined treatment of sorafenib

and EGCG was more effective in bringing down the level of

stage Il enzymes in comparison with Group Il (p < 0.001).

Table 3.Glycoprotein Components in Serum of Control and Experimental Animals

Hepatic Group 1 Group 2 Group 3 Group 4 Group 5
Parameter Mean * SD Mean * SD Mean * SD Mean * SD Mean + SD
Hexose 2.55+0.21 3.52 + 0.34a* 2.45 + 0.18b* 2.54 £ 0.24b*c* 1.98+0.18
Hexosamine 1.86+0.13 4.83 + 0.39a* 2.74 £ 0.19b* 2.46 £ 0.24b*c* 1.64+0.14
Sialic Acid 1.76 £0.12 3.92 +0.31a* 1.54 + 0.16b* 2.62 +0.22b*c* 1.49+0.11

a: as compared with Group |, b: as compared with Group I, c: as compared with Group IlI
Statistical significance: *: p < 0.001
Values are expressed as mean + SD for 8 rats in each group.

Table 4. Glycoprotein Constituents in Liver of Control and Animals under Experimentation

Hepatic Group 1 Group 2 Mean Group 3 Group 4 Group 5
Parameter Mean + SD +SD Mean = SD Mean * SD Mean * SD
Hexose 1.84+£0.11 3.41 £0.32a* 1.62 £0.15b* 2.14 + 0.19b#c* 1.56+£0.12
Hexosamine 1.18£0.13 2.21+0.19a* 1.83 £+0.17b* 1.92 + 0.20b*cNS 1.57+0.11
Sialic acid 0.86 £ 0.07 1.56 + 0.16a* 1.13 £ 0.10b* 1.22 + 0.12b#c* 0.92 +0.08

a: as compared with Group |, b: as compared with Group Il, ¢c: as compared with Group IlI
Statistical significance: *: p < 0.001; #: p < 0.05; NS: Not significant
Values are expressed as mean + SD for 8 rats in each group.
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Table 5.Membrane-bound ATPases in Red Blood Cell Membrane of Control and

Experimental Animals

Hepatic Group 1 Group 2 Group 3 Group 4 Group 5
Parameter Mean +SD Mean * SD Mean * SD Mean = SD Mean * SD
Na*K*ATPase 3.78+£0.29 2.74 £ 0.25a* 3.59 £ 0.31b* 2.46 + 0.25b#c# 3.77£0.29
Ca**ATPase 2.24+0.27 1.84 +0.17a* 2.52 £ 0.26b* 2.35+ 0.21bNSc# 2.84+£0.31
Mg**ATPase 2.18+0.18 1.36 +£0.11a* 1.84 £+ 0.16b* 1.34 £ 0.15b*c* 1.74+£0.18
Total ATPase 5.12+0.56 4.56 + 0.46a* 5.14 + 0.54b* 6.49 + 0.65b*cNS 6.78 £ 0.66

a: as compared with Group |, b: as compared with Group I, c: as compared with Group IlI

Statistical significance: *: p < 0.001; #: p < 0.05; NS: Not significant
Values are expressed as mean + SD for 8 rats in each group.

Tables 3 and 4 show the effect of sorafenib and EGCG on
glycoproteins in the serum and liver of rats. The levels of
sialic acid, hexose and hexosamine were notably (p < 0.001)
increased in HCC rats (Group Il), and were brought down by
the treatment of sorafenib and EGCG in animals with cancer
(Groups Il and 1V). The combined treatment of sorafenib
and EGCG was more effective in bringing down the level of
glycoproteins (p < 0.001) than the other treatment.

Table 5 shows the influence of sorafenib and EGCG on
the levels of ATPases in the erythrocyte membrane of the
animals under study. The levels of Na*K*, Ca**, and Mg**
were noticed to be decreased in cancerous animals. The
levels of ATPases were slightly heightened (p <0.001) in rats
treated with sorafenib (Group IIl). However, the treatment
of EGCG in Group IV and Group V greatly increased (p <
0.05) the levels as compared to Group Il.

Discussion

The results of our study clearly indicate that EGCG
supplementation along with sorafenib was able to restore
hepatic functions. Alpha-fetoprotein (AFP) works as an
effective marker in distinguishing between carcinoma and
cirrhosis of the liver.

In our study, we noticed a raised level of AFP in the
carcinogen-induced animals which confirms the presence
of HCC. The treatment of animals with sorafenib and EGCG
significantly lowered the elevation of AFP, implying a better
health outcome. The reduction in the level of AFP after
the combined therapy prevents neoplastic growth and
reduces liver dysfunction, which shows that sorafenib and
EGCG have an excellent role in preventing carcinoma. Past
studies have shown that EGCG can efficaciously lower AFP
secretion and is important in regulating AFP secretion and
in modulating the autophagic activities of HepG, cells.*!

We have observed that there was a fall in the level of
renal parameters such as blood urea, serum uric acid and
creatinine in HCC-bearing rats and it was brought back to
near normal after the combined treatment of sorafenib with

ISSN: 2278-2044

EGCG. Wayner et al. have demonstrated a decreased status
of uric acid in HCC. The probable reason behind this could
be due to the increase in the uptake of uric acid against
spiked production of free radicals.?? Our result shows that
EGCG along with sorafenib helps in the quenching of free
radicals by the production of antioxidants.

We have also found that the powerhouse enzymes of the
liver cells such as ICDH, SDH, MDH and KDH were greatly
improved due to EGCG (Groups IV and V). It has been
evident that mitochondrial damage due to DEN-induced
oxidative stress may affect the activities of enzymes of
the TCA cycle.® Our study is in accordance with previous
studies which have also recorded the protective effect of
EGCG on mitochondrial enzymes.3*

Past researchers have shown an elevation in the status
of components of plasma proteins. It has been proposed
that the presence of outgrowth (tumour) in hepatic cells
triggers the synthesis of glycoproteins, which consequently
increases circulation. We have also noticed similar increased
levels of glycoproteins in DEN-induced hepatic carcinoma
in Group Il animals. The combined treatment of sorafenib
and EGCG was more effective in bringing down the level of
glycoproteins (p < 0.001) than the other treatment when
compared to Group lIl.

The combined treatment of sorafenib and EGCG was more
effective in bringing down the level of stage Il enzymes
as compared to the other treatment (p < 0.001). Raza
and John showed that catechins in tea inhibit molecular
degradation in oxidative stress by directly changing the ROS
formation, metabolism of glutathione and cytochrome P450
2E1 activity.* We have also found similar results.

Conclusion

Based on our findings, it can be concluded that the
unification of Epigallocatechin-gallate (EGCG) and sorafenib
reveals better cytoprotective effects. We have shown that
sorafenib along with EGCG had a higher beneficial effect
than the customary dose of sorafenib alone, which is
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clarified on the basis of membrane integrity, glycoproteins,
mitochondrial and phase I and Il enzymes in in vivo animal
models.

Source of Funding: None

Conflict of Interest: None

References

1.

10.

Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S,
Palmer D, Verslype C, Zagonel V, Fartoux L, Vogel A,
Sarker D, Verset G, Chan SL, Knox J, Daniele B, Webber
AL, Ebbinghaus SW, Ma J, Siegel AB, Cheng AL, Kudo
M; KEYNOTE-224 investigators. Pembrolizumab in
patients with advanced hepatocellular carcinoma
previously treated with sorafenib (KEYNOTE-224):
a non-randomised, open-label phase 2 trial. Lancet
Oncol. 2018;19(7):940-52. [PubMed] [Google Scholar]
Yoo C, Kang J, Lim HY, Kim JH, Lee MA, Lee KH, Kim
TY, Ryoo BY. Phase | dose-finding study of OPB-
111077, a novel STAT3 inhibitor, in patients with
advanced hepatocellular carcinoma. Cancer Res Treat.
2019;51(2):510-8. [PubMed] [Google Scholar]
Acharya SK. Epidemiology of hepatocellular carcinoma
in India. J Clin Exp Hepatol. 2014 Aug; 4(Suppl 3):527-
33. [PubMed] [Google Scholar]

Paul SB, Sreenivas V, Gulati MS, Madan K, Gupta AK,
Mukhopadhyay S, Panda SK, Acharya SK. Incidence
of hepatocellular carcinoma among Indian patients
with cirrhosis of liver: an experience from a tertiary
care center in northern India. Indian J Gastroenterol.
2007;26(6):274-8. [PubMed] [Google Scholar]

Yang CS, Wang X, Lu G, Picinich SC. Cancer prevention
by tea: animal studies, molecular mechanisms and
human relevance. Nat Rev Cancer. 2009;9(6):429-39.
[PubMed] [Google Scholar]

Yang CS, Maliakal P, Meng X. Inhibition of carcinogenesis
by tea. Annu Rev Pharmacol Toxicol. 2002;42:25-54.
[PubMed] [Google Scholar]

Shimizu M, Weinstein IB. Modulation of signal
transduction by tea catechins and related
phytochemicals. Mutat Res. 2005;591(1-2):147-60.
[PubMed] [Google Scholar]

Khan N, Afaqg F, Saleem M, Ahmad N, Mukhtar H.
Targeting multiple signaling pathways by green tea
polyphenol (-)-epigallocatechin-3- gallate. Cancer Res.
2006;66(5):2500-5. [PubMed] [Google Scholar]
Mandel S, Youdim MB. Catechin polyphenols:
neurodegeneration and neuroprotection in
neurodegenerative diseases. Free Radic Biol Med.
2004;37(3):304-17. [PubMed] [Google Scholar]

Xiao J, Ho CT, Liong EC, Nanji AA, Leung TM, Lau TY,
Fung ML, Tipoe GL. Epigallocatechin gallate attenuates
fibrosis, oxidative stress, and inflammation in non-
alcoholic fatty liver disease rat model through TGF/

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

SMAD, PI3 K/Akt/FoxO1, and NF-kappa B pathways. Eur
J Nutr. 2014;53(1):187-99. [PubMed] [Google Scholar]
El-Mowafy AM, Al-Gayyar MM, Salem HA, El-Mesery
ME, Darweish MM. Novel chemotherapeutic and renal
protective effects for the green tea (EGCG): role of
oxidative stress and inflammatory-cytokine signaling.
Phytomedicine. 2010;17(14):1067-75. [PubMed]
[Google Scholar]

Morse MA, Sun W, Kim R, He AR, Abada PB, Mynderse
M, Finn RS. The role of angiogenesis in hepatocellular
carcinoma. Clin Cancer Res. 2019;25(3):912-20.
[PubMed] [Google Scholar]

Niebes P. Determination of enzymes and degradation
products of glycosaminoglycan metabolism in the
serum of healthy and varicose subjects. Clin Chim Acta.
1972;42(2):399-408. [Google Scholar]

Wagner WD. A more sensitive assay discriminating
galactosamine and glucosamine in mixtures. Anal
Biochem. 1979;94(2):394-6. [PubMed] [Google Scholar]
Warren L. The thiobarbituric acid assay of sialic acids. J
Biol Chem. 1959 Aug;234(8):1971-5. [PubMed] [Google
Scholar]

Johnson D, Lardy H. [15] Isolation of liver or kidney
mitochondria. In: Richard JP, Morgan GR, editors.
Methods in enzymology. Vol. 10. Academic Press;
1967. p. 94-6. [Google Scholar]

King J. Isocitrate dehydrogenase. In: King JC, Van D,
editors. Practical clinical enzymology. London: Nostrand
Co; 1965. 363 p.

Reed LJ, Mukherjee BB. [12] a-ketoglutarate
dehydrogenase complex from Escherichia coli. Methods
Enzymol. 1969;13:55-61. [Google Scholar]

Slater EC, Borner WD Jr. The effect of fluoride on the
succinic oxidase system. Biochem J. 1952 Oct;52(2):185-
96. [PubMed] [Google Scholar]

Mehler AH, Kornberg A, Gbisolia S, Ochoa S. The
enzymatic mechanism of oxidation-reductions between
malate or isocitrate and pyruvate. J Biol Chem. 1948
Jul;174(3):961-77. [PubMed] [Google Scholar]
Omura T, Sato R. The carbon monoxide-binding pigment
of liver microsomes. I. Evidence for its hemoprotein
nature. J Biol Chem. 1964;239:2370-8. [PubMed]
[Google Scholar]

Phillips AH, Langdon RG. Hepatic triphosphopyridine
nucleotide-cytochrome c¢ reductase: isolation,
characterization, and kinetic studies. J Biol Chem.
1962 Aug;237:2652-60. [PubMed] [Google Scholar]
Habig WH, Pabst MJ, Jakoby WB. Glutathione
S-transferases. The first enzymatic step in mercapturic
acid formation. J Biol Chem. 1974 Nov 25;249(22):7130-
9. [PubMed] [Google Scholar]

Issalbacher KJ, Charbas MF, Quinn RC. The solublization
and partial purification of glucuronyl transferase from

ISSN: 2278-2044

DOI: https://doi.org/10.24321/2278.2044.202329


https://pubmed.ncbi.nlm.nih.gov/29875066/
https://scholar.google.com/scholar?q=Pembrolizumab+in+patients+with+advanced+hepatocellular+carcinoma+previously+treated+with+sorafenib+(KEYNOTE-224):+a+non-randomised,+open-label+stage+2+trial&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/29898591/
https://pubmed.ncbi.nlm.nih.gov/25755607/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Acharya+epidemiology+of+hepatocellular+carcinoma+in+India&btnG=
https://pubmed.ncbi.nlm.nih.gov/18431010/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Incidence+of+hepatocellular+carcinoma+among+Indian+patients+with+cirrhosis+of+liver%3A+an+experience+from+a+tertiary+care+center+in+northern+India&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cancer+prevention+by+tea%3A+animal+studies%2C+molecular+mechanisms+and+human+relevance&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Inhibition+of+carcinogenesis+by+tea&btnG=
https://pubmed.ncbi.nlm.nih.gov/15992833/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modulation+of+signal+transduction+by+tea+catechins+and+related+phytochemicals&btnG=
https://pubmed.ncbi.nlm.nih.gov/16510563/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Targeting+multiple+signaling+pathways+by+green+tea+polyphenol+%28%29-epigallocatechin-3-+gallate&btnG=
https://pubmed.ncbi.nlm.nih.gov/15223064/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Catechin+polyphenols%3A+neurodegeneration+and+neuroprotection+in+neurodegenerative+diseases&btnG=
https://pubmed.ncbi.nlm.nih.gov/23515587/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Epigallocatechingallate+attenuates+fibrosis%2C+oxidative+stress%2C+and+inflammation+in+non-alcoholic+fatty+liver+disease+rat+model+through+TGF%2FSMAD%2C+PI3+K%2FAkt%2FFoxO1%2C+and+NF-kappa+B+pathways&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Novel+chemotherapeutic+and+renal+protective+effects+for+the+green+tea+%28EGCG%29%3A+role+of+oxidative+stress+and+inflammatory-cytokine+signaling&btnG=
https://pubmed.ncbi.nlm.nih.gov/30274981/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+role+of+angiogenesis+in+hepatocellular+carcinoma&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Determination+of+enzymes+and+degradation+products+of+glycosaminoglycan+metabolism+in+the+serum+of+healthy+and+various+subjects&btnG=
https://pubmed.ncbi.nlm.nih.gov/37782/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+more+sensitive+assay+discriminating+galactosamine+and+glucosamine+in+mixtures&btnG=
https://pubmed.ncbi.nlm.nih.gov/13672998/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+thiobarbituric+acid+assay+of+sialic+acids&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+thiobarbituric+acid+assay+of+sialic+acids&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.%09Johnson%2C+Diane%2C+and+Henry+Lardy.+%22%5B15%5D+Isolation+of+liver+or+kidney+mitochondria.%22+In+Methods+in+enzymology&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D+%CE%B1-ketoglutarate+dehydrogenase+complex+from+Escherichia+coli&btnG=
https://pubmed.ncbi.nlm.nih.gov/13018205/
https://scholar.google.com/scholar?q=The+effect+of+fluoride+on+the+succinic+oxidase+system&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+enzymatic+mechanism+of+oxidation-reductions+between+malate+or+isocitrate+and+pyruvate&btnG=
https://pubmed.ncbi.nlm.nih.gov/14209971/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=SatoThe+carbon+monoxide-binding+pigment+of+liver+microsomes%3A+I.+Evidence+for+its+hemoprotein+nature+&btnG=
https://pubmed.ncbi.nlm.nih.gov/14486217/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hepatic+triphosphopyridine+nucleotide-cytochrome+c+reductase%3A+isolation%2C+characterization%2C+and+kinetic+studies&btnG=
https://pubmed.ncbi.nlm.nih.gov/4436300/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Glutathione+S-transferases.+The+first+enzymatic+step+in+mercapturic+acid+formation&btnG=

Neelamegam U et al.
Chettinad Health City Med. J. 2023; 12(2)

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

rabbit liver microsomes. J Biol Chem. 1962;237:3033-
6. [PubMed]

Hollmann S, Touster O. Alterations in tissue levels
of uridine diphosphate glucose dehydrogenase,
uridine diphosphate glucuronic acid pyrophosphatase
and glucuronyl transferase induced by substances
influencing the production of ascorbic acid. Biochim
Biophys Acta. 1962;62:338-52. [PubMed] [Google
Scholar]

Dodge JT, Mitchell C, Hanahan DJ. The preparation and
chemical characteristics of hemoglobin-free ghosts
of human erythrocytes. Arch Biochem Biophys. 1963
Jan;100:119-30. [PubMed] [Google Scholar]

Fiske CH, Subbarow Y. The colorimetric determination of
phosphorus. J Biol Chem. 1925;66:375. [Google Scholar]
Kuijpers W, Bonting SL. The cochlear potentials. Il. The
nature of the cochlear endolymphatic resting potential.
Pflugers Arch. 1970;320(4):359-72. [PubMed] [Google
Scholar]

Hjerten S, Pan H. Purification and characterization of two
forms of a low-affinity Ca2+-ATPase from erythrocyte
membranes. Biochim Biophys Acta. 1983;728:281-8.
[PubMed] [Google Scholar]

Ohnishi T, Suzuki T, Suzuki Y, Ozawa K. A comparative
study of plasma membrane Mg2+ -ATPase activities
in normal, regenerating and malignant cells. Biochim
Biophys Acta. 1982 Jan 4;684(1):67-74.

ZhaoL, LiuS, Xu J, Li W, Duan G, Wang H, Yang H, Yang
Z, Zhou R. A new molecular mechanism underlying
the EGCG-mediated autophagic modulation of AFP in
HepG2 cells. Cell Death Dis. 2017 Nov;8(11):e3160.
[PubMed] [Google Scholar]

Wayner DD, Burton GW, Ingold KU, Barclay LR, Locke
SJ. The relative contributions of vitamin E, urate,
ascorbate and proteins to the total peroxyl radical-
trapping antioxidant activity of human blood plasma.
Biochim Biophys Acta. 1987 Jun 22;924(3):408-19.
[PubMed] [Google Scholar]

Sohal RS, Weindruch R. Oxidative stress, caloric
restriction, and aging. Science. 1996 Jul 5;273(5271):59-
63. [PubMed] [Google Scholar]

Kaviarasan S, Ramamurthy N, Gunasekaran P,
Varalakshmi E, Anuradha CV. Epigallocatechin-3-
gallate(-) protects Chang liver cells against ethanol-
induced cytotoxicity and apoptosis. Basic Clin Pharmacol
Toxicol. 2007;100(3):151-6. [PubMed] [Google Scholar]
Raza H, John A. In vitro protection of reactive oxygen
species-induced degradation of lipids, proteins and
2-deoxyribose by tea catechins. Food Chem Toxicol.
2007 Oct 1;45(10):1814-20. [PubMed] [Google Scholar]

ISSN: 2278-2044

DOI: https://doi.org/10.24321/2278.2044.202329



https://pubmed.ncbi.nlm.nih.gov/13956951/
https://pubmed.ncbi.nlm.nih.gov/13908462/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Alterations+in+tissue+levels+of+uridine+diphosphate+glucose+dehydrogenase%2C+uridine+diphosphate+glucuronic+acid+pyrophosphatase+and+glucuronyl+transferase+induced+by+substances+influencing+the+production+of+ascorbic+acid&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Alterations+in+tissue+levels+of+uridine+diphosphate+glucose+dehydrogenase%2C+uridine+diphosphate+glucuronic+acid+pyrophosphatase+and+glucuronyl+transferase+induced+by+substances+influencing+the+production+of+ascorbic+acid&btnG=
https://pubmed.ncbi.nlm.nih.gov/14028302/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+preparation+and+chemical+characteristics+of+hemoglobin-free+ghosts+of+human+erythrocytes&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09Fiske%2C+C.+H.%2C+and+Y.+Subbarow%2C+J.+Bioi.+Chern&btnG=
https://pubmed.ncbi.nlm.nih.gov/4249346/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.1007%2FBF00588214&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.1007%2FBF00588214&btnG=
https://pubmed.ncbi.nlm.nih.gov/6219703/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Purification+and+characterization+of+two+forms+of+low+affinity+Ca2%2B-ATPase+from+erythrocyte+membranes&btnG=
https://pubmed.ncbi.nlm.nih.gov/29095434/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+new+molecular+mechanism+underlying+the+EGCG-mediated+autophagic+modulation+of+AFP+in+HepG2+cells&btnG=
https://pubmed.ncbi.nlm.nih.gov/3593759/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+relative+contributions+of+vitamin+E%2C+urate%2C+ascorbate+and+proteins+to+the+total+peroxyl+radical-trapping+antioxidant+activity+of+human+blood+plasma&btnG=
https://pubmed.ncbi.nlm.nih.gov/8658196/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Oxidative+stress%2C+caloric+restriction%2C+and+aging&btnG=
https://pubmed.ncbi.nlm.nih.gov/17309517/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Epigallocatechin-3-gallate%28-%29protects+Chang+liver+cells+against+ethanol-induced+cytotoxicity+and+apoptosis&btnG=
https://pubmed.ncbi.nlm.nih.gov/17490800/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+vitro+protection+of+reactive+oxygen+species-induced+degradation+of+lipids%2C+proteins+and+2-deoxyribose+by+tea+catechins&btnG=

