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ABSTRACT
Background: Highly Active Antiretroviral Therapy (HAART) has significantly enhanced the life 
expectancy of HIV-infected patients. However, utilization of HAART has been identified with 
adverse events including nonalcoholic fatty liver disease (NAFLD). Objectives: The Objective 
of this experiment was to explore the conceivable protective effect of green tea (Camellia 
sinensis) hydro-methonolic extract (GTE) on highly active antiretroviral therapy-induced NAFLD 
in albino Wistar rats. Methods: Thirty adult rats of comparative weights were chosen and 
divided into 5 groups of six rats each. Group-1 was a control group, Group II was given HAART 
and served as negative control, Groups III, IV and V were given HAART and 100, 200 and 
400 mg/kg of GTE, respectively for sixty days. At the end of experiment day, the rats were 
fasted overnight sacrificed by cervical dislocation and blood was taken via cardiac puncture. 
Serum was separated and liver function test was assessed. Liver were excised from the rats, 
histopathological studies and lipid profiles were also investigated. Results: Elevated levels of 
serum TGL, total cholesterol, ALT, AST and liver TGL, TBARS and decreased levels of TAC was 
seen in HARRT treated rats. The amelioration potential of GTE was observed in a dose-dependent 
manner, the highest dose 400mg/kg more potently ameliorated HAART affected parameters 
near to the normal control. Conclusion: This consequence of HAART induced NAFLD may be 
due to oxidative stress by mitochondrial ROS that leads to increased hepatocellular oxidative 
damage. This may progress to hepatic inflammation and the development of NAFLD. The 
effect of GTE against NAFLD and oxidative stress might be due to its antioxidant activity and 
scavenging of reactive oxygen species induced by HAART.

Key words: Camellia sinensis, Green tea, NAFLD, Oxidative stress, TBARS, Total antioxidant 
capacity.
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INTRODUCTION
The introduction of highly active antiretroviral 
therapy (HAART) in 1996 has been found effective 
in increasing life expectancy and the immune status 
of HIV positive patients and has prompted a decrease 
in AIDS-related morbidity and mortality.1,2 However, 
non-AIDS illnesses are increasing progressively due 
to imperative sources of morbidity and mortality 
in the HIV-infected population. Around 50% of 
mortality was noticed in HAART receiving HIV 
positive patients due to liver-related diseases.3,4 
Specifically, in HIV-infected patients, 30%– 40% of 
patients may display indications of non-alcoholic 
fatty liver disease (NAFLD) as one of the main 
sources of non-AIDS-related diseases representing 
13% to 18% of all-cause of mortality.5-7 Characteristic 
of liver diseases in HAART regimens incorporates 
oxidative stress, mitochondrial damage, lipotoxicity, 
immune-mediated damage, cytotoxicity, lethal 
metabolite amassing, gut microbial translocation, 
systemic inflammation, senescence and nodular 
regenerative hyperplasia.8 The pathophysiology 
of NAFLD is intricate, with an amassing of free 

fatty acids (FFAs) in the liver prompting metabolic 
dysregulation bringing about the development of 
insulin resistance, dyslipidemia and obesity, which 
are highlights of the metabolic syndrome that are 
usually, yet not generally, related with NAFLD.9 
Also, antiretroviral drugs, specifically older NRTIs 
and protease inhibitors (PIs), can straightforwardly 
cause mitochondrial damage. On account of the 
more established NRTIs, this is fundamentally 
through a system of increased lipid substance of cell 
membranes prompting (endoplasmic reticulum) ER 
stress and consequent mitochondrial dysfunction.10 

The PIs, principally indinavir and ritonavir, diminish 
in sacroplasmic/ER calcium ATPase that can prompt  
ER stress by diminishing levels of Ca2+ inside the 
ER.11 PIs have been noted to modify the hepatic 
free fatty acids (FFA) composition by an assortment 
of components, for example, promoting insulin 
resistance and dyslipidemia. PIs-intervened 
modification of adiponectin and Resistin levels 
prompts increased muscle to fat ratio and diminished 
insulin sensitivity, bringing about increased 
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interleukin (IL) -6 and also production of ROS.12 Additionally, indinavir 
may increase the action of hydroxymethyl glutaryl coenzyme A (HMG 
CoA) synthase, prompting increased cholesterol in cell membrane and 
also increased action of fatty acid synthase, which prompts increasing 
levels of unsaturated fats in hepatocytes.10 A considerable lot of these 
responses appear because of mitochondrial dysfunction.
Green tea (Camellia sinensis, Thecaceae) was discovered in China in 3000 
BC or prior, with dark green sparkly leaves and white blooms that were 
utilized for the preparation of tea and has been known to have different 
therapeutic roles.13 The well-being roles of green tea are mostly credited 
to its polyphenol content,14 especially flavanols and flavonols, which 
represent 30% of the fresh leaf dry weight. Most part of these polyphenols 
in tea is flavanols usually called catechins.15 Polyphenols apply to an 
expansive range of remedial well-being impacts against various chronic 
pathological conditions and sicknesses related to oxidative stress.16 The 
fundamental catechins in green tea are epicatechin (EC), epicatechin gal 
late (ECG), epigallocatechin (EGC) and epigallocatechin gallate (EGCG). 
These catechins account 30-42% of the dry weight of green tea and 
EGCG accounts 50-80% of the total catechins.17 EGCG has been widely 
examined for its gainful impacts on cardiovascular diseases, cancer and 
inflammations, with insignificant side effects and is relatively economical 
contrasted with conventional pharmaceutical drugs. Past investigations 
have demonstrated a solid connection between the utilization of green 
tea and the counteractive action of NAFLD. Different investigations have 
demonstrated that EGCG decreased the seriousness of liver damage 
by diminishing circulating insulin, enhancing insulin sensitivity and 
weakening insulin resistance in type 2 diabetes mellitus or NAFLD 
mice.18-20 But so far, no research was done regarding the amelioration 
potential of green tea against HAART induced NAFLD. Hence the 
present study was designed to investigate the effect of hydro-methonolic 
extract of Camellia sinesis (GTE) on HAART - induced NAFLD. 

METHODS
Green tea and extraction
Green tea was obtained from Ethio Agri-CEFT private organization 
in Ethiopia. The coarse powder of 1kg of green tea (C. sinesis) was 
macerated in 80% methanol (W/V) with a proportion of 1:10 for three 
days (72 hr) by mechanical shaking and then the extract was filtered 
using Whatman filter paper No.1 and dried using rotavapor at 40°C. The 
last sticky extract was lyophilized, weighed, put in tight glass and kept in 
a refrigerator until use.

Determination of in vitro antioxidant activity 
Rapid screening of antioxidant by dot-blot staining was done using 2, 
2-diphenyl-1- picrylhydrazyl (DPPH) scavenging activity according 
to Soler-Rvastal et al.21 DPPH scavenging activity was measured 
photometrically according to the method of Gyamfi et al.22

Experimental Animals
Thirty adult albino rats of the same age group weighing about 200-250 
g were obtained from Pharmacology Department, School of Medicine, 
College of Health Sciences, Addis Ababa University and housed in 
polypropylene cages, maintained at standard laboratory condition. They 
were given standard pellet rat diet (supplied by Kality Animal Nutrition 
Production Ltd., Addis Ababa, Ethiopia) and water ad libitum.

HAART dose extrapolation to experimental rats
The rat proportion of HAART medication was obtained through 
extrapolation by the equation proposed by Nair and Jacob.23

Animal grouping and drug dose
Group- I: positive control, given drinking water
Group- II: negative control, given HAART only
Group- III: given HAART + 100 mg/kg of green tea extract/every 
day/60days 
Group- IV: given HAART + 200 mg/kg green tea extract/every day/60 
days 
Group- V: given HAART + 400 mg/kg of green tea extract /every day/60 
days

Sample collection 
The weight of the rats was recorded at week intervals and the body 
weight changes were calculated based on the adjusted doses of HAART 
and green tea extract accordingly. At the experiment day, the rats were 
fasted 8 hr and sacrificed by cervical dislocation after anesthetizing 
using di-ethyl ether and blood was collected from each rat via cardiac 
puncture and serum was separated. The liver from each experimental rat 
was removed carefully and part of it was placed in normal saline in the 
cooling system for total fat extraction and the rest of the part was fixed in 
10% formalin for histopathological examination.

Biochemical Analysis
The serum lipid profile and liver function tests were investigated using 
an auto analyzer machine (Humastar300 Germany). The total liver 
lipids were extracted according to Folch et al.24 and triglyceride levels 
were measured from the liver total lipids according to Hiroshi and 
colleagues25 using spectrofluorophotometer (CM-Solar 2203, Ukraine). 
Liver Thiobarbituric Acid Reactive Substances (TBARS) were measured 
according to Messarah et al.26 total antioxidant capacity (TAC)was 
measured according to Koracevic et al.27

Histopathological analysis of liver and nonalcoholic fatty 
liver disease activity score
Liver samples were fixed in 10% neutral buffered formalin prepared with 
paraffin, which was imbedded and cut in 2– 4 µm segments. Steatosis 
was assessed in every sample with Mayer’s Haematoxylin and Eosin on 
paraffin area and affirmed by Oil Red O-stain.28 Nonalcoholic fatty liver 
disease active score was done according to Brunt et al.29

Statistical Analysis
All data are expressed as mean ± standard deviation (SD) and statistical 
significance was carried out using one way analysis of variance (ANOVA) 
followed by post hoc-Tukey test where P < 0.05 was considered as 
statistically significant, employing SPSS statistical software package 
version 22.0. 

RESULTS
Parameters measured to evaluate the adverse effect of HAART and 
ameliorative effect of GTE is presented below.

Percentage yield of green tea extract
The amount of crude extract which was obtained from 1kg of C. sinensis 
leaf using 80% methanol was 159 g and the percentage yield of this 
extraction was 15.9 ( w/w).

In vitro antioxidant activity and IC50 calculation 
Based on the dot-blot Staining method of antioxidant assessment 
method, GTE demonstrated that the strength of antioxidant potential 
was directly proportional to the concentration of the extract. The extract 
showed huge antioxidant activity compared to the reference standard 
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antioxidant ascorbic in a dose-dependent manner. In DPPH, scavenging 
assay the IC50 estimation of the concentrate was observed to be 0.16mg/
ml while the IC50 estimation of the reference standard ascorbic corrosive 
was 0.08 mg/ml.
The activity of amino transferases (AST and ALT) and ALP in the control, 
HAART and different doses of GTE administered rats are presented in 
Figure 1. Administration of HAART – induced a significant increase 
(P≤0.001) in serum AST, ALT, but only numerical differences appears 
in ALP compared to control. Treatment for different doses of green tea, 
especially the group 5 rats (400 mg/kg of CTE) significantly (P≤0.01) 
decreased serum ALT, AST, near to the control.
The thiobarbituric acid reactive substances (TBARS), total antioxidant 
capacity (TAC) and liver triglyceride (TGL) levels are presented in 
Figure 2. The HAART significantly elevated TBARS and TGL and 
considerably decreased TAC in the liver. The ameliorative potential of 
GTE was in a dose-dependent manner; the lowest dose (100mg/kg) did 
not have amelriotive effect like the high doses of GTE (300mg/kg and 
400mg/kg). The highest dose (400mg/kg) reduced TGL and increased 
TAC near to the control values, but TBARS were reduced significantly 
but could not reach to the control values. The liver triglyceride in group 

II rats demonstrated a huge increment (p<0.05) compared to the group I 
rats. The triglyceride lowering effect of GTE is dose-dependent. The rats 
that received the highest dose of GTE showed more reduction in liver 
triglyceride.
As shown in Figure 3, the HAART treated rats showed a critical increment 
in their serum level of total cholesterol (TC), triglyceride (TG) and low- 
density lipoprotein cholesterol (LDL-C). Moreover, the serum level of 
high-density lipoprotein cholesterol (HDL-C) demonstrated numerical 
decrement but not statistically significant. In the GTE treated groups, 
serum level of TC, TG and LDL-c demonstrated a decrement however 
measurably noteworthy decrease was seen in group V rats, which were 
treated with the 400mg/Kg of GTE aside from the serum level of TG 
which demonstrated a critical decrease for all dosages of GTE. With 
regards to HDL-C however, it showed a slight non-significant increase 
in all GTE treated groups.

Histopathology of Liver
As shown in Table 1, 13 (33.3%) rats developed steatosis from which 9 
of them developed grade-I steatosis and 4 of them developed grade-II 
steatosis. From those rats, which developed steatosis, group-II rats took a 
larger proportion followed by group-III rats. From a total of 30 rats, only 

Figure 1: The effect of HAART and GTE on serum AST, ALT and Alkaline phosphate. The values are mean ± SD (n = 6).

Figure 2: The effect of HAART and GTE in Liver TBARS, TAC and TGL.
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2(6.7%) developed microvesicular steatosis (1 from group-II and 1 from 
group-III) and only 6(20%) rats developed inflammation most of them 
from group-II rats. Among those rats, which developed inflammation, 
only 3 rats developed advanced liver cell injury (ballooning), i.e., 2 from 
group-II and 1 from group-III. Histopathological pictures are shown in 
Figure 4.

DISCUSSION
In this study, there was significant elevation of TGL in liver and serum, 
serum cholesterol and liver TBARS was significantly elevated and total 
antioxidant capacity was drastically reduced in the HAART treated rats. 
Recent researches indicated that extensive parts of these changes are 
attributed to mitochondrial dysfunctions. Mitochondria are essential 
for the well-being of the cell. They are important in many ways to the 
cell, especially as the power house of the cell. In addition, it is important 
for up keeping of the intracellular calcium level, reactive oxygen species 
(ROS) homeostasis and apoptosis.30 An expansive rundown of clinical 
signs of mitochondrial lethality has been portrayed inside HAART-
related antagonistic occasions, which is a noteworthy worry likely due 
to increased mitochondrial DNA (mtDNA) mutations, oxidative stress, 
mitochondrial structural abnormalities and a decline in mitochondrial 
energy metabolism. The changed mtDNA brings cell senescence, 
ageing and apoptosis of the cell. The nucleoside reverse transcriptase 
inhibitors (NRTIs) of HAART initiate mtDNA harm and untrustworthy  
replication through inhibition of DNA polymerase-γ of the 
mitochondria resulting in decline in quality and amount of the  
mtDNA.31 This result prompts irregular mitochondrial respiratory  
chain protein complex expression and changes the electron transport 
chain pursued by oxidative phosphorylation, diminished ATP generation 
and increased ROS manufacture.32 Hence the mitochondria are the most 
influenced cell organelle by HAART toxicities. Moreover, PIs can advance 
the arrangement of the farnesylated pro-senescence protein prelamin 
A. Prelamin A can instigate genomic instability, oxidative stress and 
lipodystrophy symptoms.33,34 Antiretroviral medications, for example, 
AZT and PIs are found to modify morphology and layer potential of 
the mitochondria.35,36 Moreover, Mallon et al. announced that HIV-
pessimistic groups getting double NRTIs treatment demonstrated an 
extensive diminishing respiratory chain component expression in 

mitochondria,37 result the reduction of mitochondrial β-oxidation of 
fatty acid and promotes fat accumulation in the liver.
HAART can increase oxidative stress, (increased oxidant and decreased 
antioxidant levels in serum), has habitually been related with in HIV 
patients.38 For example thymidine analogues are instigated mitochondrial 
damage and increase in oxidative stress in human fibroblast cell lines 
and in subcutaneous fat tissue of HAART receiving patients,39 similarly 
protease inhibitors prompt oxidative stress at the mitochondrial level.40 
The mitochondria are initiating the inflammasome by means of either 
ROS or Mitochondrial ‘damage’-associated molecular patterns (DAMPs) 
organelle, for example, mtDNA, cardiolipin, or dynamin-related 
protein 1.41 The activated NLRP3 inflammasome initiation prompts the 
development of caspase-1.42 The activated caspase-1 downregulation 
of Peroxisome Proliferator-Activated Receptor (PPAR) expression 
in gene levels and inactivates the PPAR at the protein level.43,44 The 
down-regulation of PPAR affected impaired lipids and carbohydrate 
metabolism and develops dyslipidemia.45 In addition activated caspase-1 
is increased expression of Sterol Regulatory Element Binding Protein 
(SREBP) and Stearoyl-CoA Desaturase (SCD) expression. SREBP, a key 
lipogenic transcription factor and initiates the translation of lipogenic 
genes expression and promotes acetyl-CoA to fatty acids, triglyceride 
and cholesterol synthesis. SCD has increased lipid synthesis and worse 
lipid oxidation, thermogenesis and insulin sensitivity in different 
tissues including liver, muscle and adipose tissue.46 HAART medicates 
particularly the protease inhibitors treatment increments 5.5-overlay 
increment in SREBP gene articulation in tissues, advances the 
amassing of more activated SREBP in the nucleus results the 
constitutive acceptance of lipid biosynthesis through an increased 
expression of lipogenic enzymes. Moreover PIs inhibits proteasome-
mediated digestion of the sterol regulatory element binding proteins 
(SREBP) in the liver and adipocytes, which are transcription factors in 
charge of fatty acid and triglyceride production in the liver and adipose 
tissue and control a many steps of cholesterol synthesis. The suppression 
advances nSREBP aggregation in the liver and an expansion in the 
biosynthesis of total cholesterol and triglycerides.47 The literature review 
brings new insight into the HAART related all maladies of metabolic 
disorders are related to mitochondria damage.48,49 Reliable with the job 
of mitochondria in metabolism, an impeded mitochondrial work is 
thought to contribute to NAFLD. Surely, mitochondrial dysfunction 

Table 1: Non Alcoholic Fatty Liver Disease Activity Score (NAS).

Evaluation Criteria Number of rats G-I G-II G-III G-IV G- V

Steatosis Grade
- <5%

 - 5%-33%
- ≥33-66%

- ≥66%

17(56.67%)
9(30%)

4(13.33%)
0

5(29.4%)
1(11.1%)

-
-

1(5.9%)
3(33.3%)
2(50%)

-

2(11.8%)
3(33.3%)
1(25%)

-

4(23.5%)
1(11.1%)
1(25%)

-

5(29.4%)
1(11.1%)

-
-

Microvesicular steatosis 2(6.7%) - 1(50%) 1(50%) - -

Inflammation
(200X )

- No foci
 - <2 foci
- 2-4 foci
- >4 foci 

24(80%)
5(16.67%)
1(3.33%)

-

5(20.8%)
1(20%)

-
-

4(16.7%)
1(20%)

1(100%)
-

5(20.8%)
1(20%)

-
-

5(20.8%)
1(20%)

-
-

5(20.8%)
1(20%)

-
-

Liver cell injury
(Ballooning)

 -None to rare
 - Many 

27(90%)
3(10%)

6(22.2%)
-

4(14.8%)
2(66.7%)

5(18.5%)
1(33.3%)

6(22.2%)
-

6(22.2%)
-
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and impaired mitochondrial respiratory chain have been described 
in patients with NAFLD.50,51 This consequence molecular mechanism 
is oxidation of biomolecules may leads to hepatic inflammation and 
progression of NAFLD. This all molecular and biochemical mechanism 
consider for the HAART actuate dyslipidemia and NAFLD [Figure 5,6].
The present study demonstrated that the administration of GTE 
improves dyslipidemia, liver function, reduce the TGL and TBARS 

Figure 3: Effect of HAART and GTE on serum lipid profile.

Figure 4: Effect of HAART and GTE on liver histopathology of rats. A-Group 
I normal liver not showing any fat infiltration; B-Group-II liver showing high 
fat infiltration;-Group-III liver showing moderate fat infiltration; D-Group-
IV liver showing less fat infiltration; E-Group-V liver showing normal no fat 
infiltration.

Figure 5: The connection between HAART medication and Mitochondrial 
damage, damage-associated molecular patterns, triggered Nod-like receptor 
3 (NLRP3) activation of inflammation pathway and Caspase-1 activation and 
responsible for hyperlipidemia, lipodystrophy and NAFLD through down 
regulation of PPAR and up regulation of SREBP.
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Figure 6: The role of HAART in oxidative stress NF-κB initiation pathway. 
The inactive form of NF-kB is activated by oxidative stress by removing of 
inhibitory protein (IκBα) and discharging active segment of NF-kB (p50, RelA). 
After its activation, it can active transcription of different genes and thereby 
regulation of inflammation.

Figure 7: GTE suppress NF-κB-mediated inflammatory responses by its 
strong antioxidant property. 

Figure 8: Effects of GTE on mitochondrial protection and prevent the 
inflammasome activations and reduce lipid accumulation in liver.

and increases the total antioxidant capacity in the liver in a dose-
dependent manner. These findings are lined with previous investigations 
which reported that GTE supplementation brought about significant 
improvement in metabolic and inflammatory parameters, as well as 
diminish liver enzymes in serum of non-alcoholic fatty liver patients.52,53 
In addition, Laura et al. reported that green tea polyphenols improved 

liver function, serum lipid profile and reduced inflammation in rats.54 

The molecular mechanism of GTE prevented the NAFLD through 
stimulation of lipid catabolism in the liver by enhanced hepatic gene 
expression of Peroxisome proliferator-activated receptors (PPAR), acyl-
CoA carboxylase and medium-chain acyl-CoA dehydrogenase, thus 
increasing hepatic β-oxidation activity and reducing fat accumulation55,56 

and suppress the expression of genes and proteins engaged with 
lipogenesis including SREBP.57,58 Moreover, previous studies indicated 
that green tea protects mitochondria damage, promotes the biogenesis 
of mitochondria59,60 and prevents inflammation through inhibiting the 
nuclear factor kappa B(NF-Kb).61,62 This all biochemical and molecular 
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mechanism contributes to the remedial action of green tea on NAFLD 
induced by HAART [Figure 7,8].

Limitation of Study
Financial and time constraints were limitations in this work, we were 
not able to measure inflammatory cytokines such as IL1β, IL6, IL18, 
all oxidative stress parameters including enzymatic and non-enzymatic 
antioxidants due to lack of resource and finance. 

CONCLUSION
Elevated levels of serum TGL, total cholesterol, ALT, AST and liver 
TGL, TBARS and decreased levels of TAC were observed in HARRT 
treated rats. This consequence of HAART induced NAFLD may be due 
to oxidative stress by mitochondrial ROS and increased hepatocellular 
oxidative damage. This may, in turn, lead to hepatic inflammation and 
progression of NAFLD. The antioxidant nature of GTE might protect the 
mitochondria and oxidative damage of the liver cell from ROS induced 
HAART. This prevents the inflammation in the liver and also prevents 
accumulation of fat in the liver.

ACKNOWLEDGEMENT
The authors thank Dr Mahlet Areyaselassie Ato Yeshiwas Abtie from 
the Department of Pathology, Addis Ababa University for reading and 
interpreting histopathology slides as well as Addis Ababa University and 
Jimma University for their support during the study.

CONFLICT OF INTEREST
The authors declare that they have no competing interests

ABBREVIATIONS 
ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; ER: 
Endoplasmic Reticulum; GTE: hydro-methonolic extract of green tea; 
HAART: Highly Active Antiretroviral Therapy; NAFLD: Nonalcoholic 
Fatty Liver Disease; PIs: Protease Inhibitors; PPAR: Peroxisome 
proliferator-activated receptors; ROS: Reactive oxygen species; TAC: 
Total Antioxidant Capacity; TBARS: Thiobarbituric acid reactive 
substances; TGL: Triglycerides.

DECLARATIONS 
Ethical Approval
Ethical approval was obtained from the Departmental Research 
Ethics Review Committee (DRERC) of the Department of Medical 
Biochemistry, School of Medicine, College of Health Sciences and 
Addis Ababa University, meeting number DRERC 03/15, protocol 
number 05/15, on 04 September 2015. All tenets applying to handling of 
animals were according to the rule set by the national academies press, 
Washington, D.C, USA.

Funding
The study was supported by Grants of Addis Ababa University. The 
funders had no job in the plan of the examination and collection, 
investigation and elucidation of information and in composing the 
original copy or choice to publish.

Authors’ contributions
This work was carried out in collaboration between all authors. Author 
TW carried out all kinds of experimental parts and statistical analyses of 
data and managed the literature searches. Authors NG and SG wrote the 
research protocol, worked in the analysis of data, wrote the first draft of 

the manuscript and managed the literature searches and also supervised 
the research work.

REFERENCES
1.  JrPalella FJ, Delaney KM, Moorman AC, Loveless MO, Fuhrer J, Satten GA, 

et al. Declining morbidity and mortality among patients with advanced human 
immunodeficiency virus infection. HIV outpatient study investigators. N Engl J 
Med.1998;338(13):853-60.

2.  Bhaskaran K, Hamouda O, Sannes M, Boufassa F, Johnson AM, Lambert PC, et 
al. Cascade Collaboration. Changes in the risk of death after HIV seroconversion 
compared with mortality in the general population. Jama. 2008;300(1):51-9.

3.  Bica I, McGovern B, Dhar R, Stone D, McGowan K, Scheib R, et al. 
Increasing mortality due to end-stage liver disease in patients with human 
immunodeficiency virus infection. Clin Infect Dis. 2001;32(3):492-7.

4.  Martín-Carbonero L, Soriano V, Valencia E, García-Samaniego J, López M, 
González-Lahoz J. Increasing impact of chronic viral hepatitis on hospital 
admissions and mortality among HIV-infected patients. AIDS Res Hum 
Retroviruses. 2001;17(16):1467-71.

5.  Lemoine M, Serfaty L, Capeau J. From nonalcoholic fatty liver to nonalcoholic 
steatohepatitis and cirrhosis in HIV-infected patients. Curr Opin Infect Dis. 
2012;25(1):10-6.

6.  Data Collection on Adverse Events of Anti-HIV drugs (D:A:D) Study Group, 
Smith C, Sabin CA, Lundgren JD, Thiebaut R, Weber R, Law M, et al. Factors 
associated with specific causes of death amongst HIV-positive individuals in 
the D:A:D Study. AIDS. 2010;24(10):1537-48.

7.  Smith CJ, Ryom L, Weber R, Morlat P, Pradier C, Reiss P, et al. Trends in 
underlying causes of death in people with HIV from 1999 to 2011 (D:A:D): A 
multicohort collaboration. Lancet. 2014;384(9939):241-8.

8.  Kaspar MB, Sterling RK. Mechanisms of liver disease in patients infected with 
HIV. BMJ Open Gastroenterology. 2017;4(1):e000166.

9.  Machado MV, Diehl AM. Pathogenesis of nonalcoholic steatohepatitis. 
Gastroenterology. 2016;150(8):1769-77.

10.  Williams K, Rao YP, Natarajan R, Pandak WM, Hylemon PB. Indinavir alters 
sterol and fatty acid homeostatic mechanisms in primary rat hepatocytes by 
increasing levels of activated sterol regulatory element-binding proteins and 
decreasing cholesterol 7α-hydroxylase mRNA levels. Biochem Pharmacol. 
2004;67(2):255-67.

11.  Kao E, Shinohara M, Feng M, Lau MY, Ji C. Human immunodeficiency virus 
protease inhibitors modulate Ca2+ homeostasis and potentiate alcoholic stress 
and injury in mice and primary mouse and human hepatocytes. Hepatology. 
2012;56(2):594-604.

12.  Mastroianni C, Lichtner M, Mascia C, Zuccalà P, Vullo V. Molecular mechanisms 
of liver fibrosis in HIV/HCV coinfection. Int J Mol Sci. 2014;15(6):9184-208.

13.  Kuroda Y, Hara Y. Antimutagenic and anticarcinogenic activity of tea polyphenols. 
Mutat Res Rev Mutat Res. 1999;436(1):69-97.

14.  Naghma K, Hasan M. Tea polyphenols for health promotion. Life Sci. 
2007;81(7):519-33. 

15.  Balentine DA, Wiseman SA, Bouwens LC. The chemistry of tea flavonoids. Crit 
Rev Food Sci Nutr. 1997;37(8):693-704.

16.  Kim HS, Quon MJ, Kim JA. New insights into the mechanisms of polyphenols 
beyond antioxidant properties: Lessons from the green tea polyphenol, 
epigallocatechin 3-gallate. Redox Biol. 2014;2:187-95.

17.  Rahmani AH, Allemailem KS, Aly SM, Khan MA. Implications of green tea and 
its constituents in the prevention of cancer via the modulation of cell signalling 
pathway. Biomed Res Int. 2015.

18.  Li Y, Zhao S, Zhang W, Zhao P, He B, Wu N, et al. Epigallocatechin-3-O-gallate 
(EGCG) attenuates FFAs-induced peripheral insulin resistance through AMPK 
pathway and insulin signaling pathway in vivo. Diabetes Res Clin Pract. 
2011;93(2):205-14. 

19.  Jang HJ, Ridgeway SD, Kim JA. Effects of the green tea polyphenol 
epigallocatechin-3-gallate on high-fat diet-induced insulin resistance and 
endothelial dysfunction. Am J Physiol Endocrinol Metab. 2013;305(12):E1444-
51. 

20.  Ueno T, Torimura T, Nakamura T, Sivakumar R, Nakayama H, Otabe S, et al. 
Epigallocatechin-3-gallate improves nonalcoholic steatohepatitis model mice 
expressing nuclear sterol regulatory element binding protein-1c in adipose 
tissue. Int J Mol Med. 2009;24(1):17-22.

21.  Soler‐Rivas C, Espín JC, Wichers HJ. An easy and fast test to compare total free 
radical scavenger capacity of foodstuffs. Phytochem Anal. 2000;11(5):330-8. 

22.  Gyamfi MA, Yonamine M, Aniya Y. Free radical scavenging action of medicinal 
herbs from Ghana Thonningia sanguine on experimentally induced liver injuries. 
Gen Pharmacol. 1999;32(6):661-7. 

23.  Nair AB, Jacob S. A simple practice guide for dose conversion between animals 
and human. J Basic Clin Pharm. 2016;7(2):27-31.

24.  Folch J, Lees M, Sloane SGH. A simple method for the isolation and purification 
of total lipides from animal tissues. J biol Chem. 1957;226(1):497-509.

25.  Danno H, Jincho Y, Budiyanto S, Furukawa Y, Kimura S. A simple enzymatic 



Tesaka W, et al.: Green tea Ameliorate NAFLD induced by HAART 

84� Free Radicals and Antioxidants, Vol 10, Issue 2, Jul-Dec, 2020

quantitative analysis of triglycerides in tissues. J Nutr Sci Vitaminol. 
1992;38(5):517-21.

26.  Messarah M, Boumendjel A, Chouabia A, Klibet F, Abdennour C, Boulakoud MS, 
et al. Influence of thyroid dysfunction on liver lipid peroxidation and antioxidant 
status in experimental rats. Exp Toxicol Pathol. 2010;62(3):301-10.

27.  .Koracevic D, Koracevic G, Djordjevic V, Andrejevic S, Cosic V. Method for 
the measurement of antioxidant activity in human fluids. J Clin Pathol. 
2001;54(5):356-61.

28.  Jensen VS, Hvid H, Damgaard J, Nygaard H, Ingvorsen C, Wulff EM, et al. 
Dietary fat stimulates development of NAFLD more potently than dietary 
fructose in Sprague–Dawley rats. Diabetol Metab Syndr. 2018;10(1):4.

29.  Brunt EM, Janney CG, DiBisceglie AM, Neuschwander-Tetri BA, Bacon BR. 
Nonalcoholic steatohepatitis: A proposal for grading and staging the histological 
lesions. Am J Gastroenterol. 1999;94(9):2467-74.

30.  Trifunovic A, Larsson NG. Mitochondrial dysfunction as a cause of ageing. J 
Intern Med. 2008;263(2):167-78.

31.  Payne BA, Wilson IJ, Hateley CA, Horvath R, Santibanez-Koref M, Samuels DC, 
et al. Mitochondrial aging is accelerated by anti-retroviral therapy through the 
clonal expansion of mt DNA mutations. Nat Genet. 2011;43(8):806-10.

32.  Maagaard A, Kvale D. Long term adverse effects related to nucleoside reverse 
transcriptase inhibitors: Clinical impact of mitochondrial toxicity. Scand. J Infect 
Dis. 2009;41(11-12):808-17.

33.  Caron M, Auclair M, Donadille B, Bereziat V, Guerci B, Laville M, et al. Human 
lipodystrophies linked to mutations in A-type lamins and to HIV protease 
inhibitor therapy are both associated with prelamin A accumulation, oxidative 
stress and premature cellular senescence. Cell Death Differ. 2007;14(10):1759-
67.

34.  Reddy S, Comai L. Lamin A, farnesylation and aging. Exp Cell Res. 2012;318(1):1-
7.

35.  Pan-Zhou XR, Cui L, Zhou XJ, Sommadossi JP, Darley-Usmar VM. Differential 
effects of antiretroviral nucleoside analogs on mitochondrial function in HepG2 
cells. Agents Chemother. 2000;44(3):496-503.

36.  Apostolova N, Blas-García A, Esplugues JV. Mitochondrial interference by 
anti-HIV drugs: Mechanisms beyond Pol-γ inhibition. Trends Pharmacol Sci. 
2011;32(12):715-25.

37.  Mallon PW, Unemori P, Sedwell R, Morey A, Rafferty M, William K, et al. In 
vivo, nucleoside reverse-transcriptase inhibitors alter expression of both 
mitochondrial and lipid metabolism genes in the absence of depletion of 
mitochondrial DNA. J Infect Dis. 2005;191(10):1686-96.

38.  Mandas A, Iorio EL, Congiu MG, Balestrieri C, Mereu A, Cau D, et al. Oxidative 
imbalance in HIV-1 infected patients treated with antiretroviral therapy. Biomed 
Res Int. 2009.

39.  Caron M, Auclairt M, Vissian A, Vigouroux C, Capeau J. Contribution of 
mitochondrial dysfunction and oxidative stress to cellular premature senescence 
induced by antiretroviral thymidine analogues. Antivir Ther. 2008;13(1):27.

40.  Wang X, Chai H, Yao Q, Chen C. Molecular mechanisms of HIV protease 
inhibitor-induced endothelial dysfunction. J Acquir Immune Defic Syndr. 
2007;44(5):493-9.

41.  Zhou R, Yazdi AS, Menu P, Tschopp J. A role for mitochondria in NLRP3 
inflammasome activation. Nature. 2011;469(7329):221-5.

42.  He F, Doucet JA, Stephens JM. Caspase‐mediated Degradation of PPARγ 
Proteins in Adipocytes. Obesity. 2008;16(8):1735-41.

43.  Niu Z, Tang J, Zhang W, Chen Y, Huang Y, Chen B, et al. Caspase‐1 promotes 
monocyte–macrophage differentiation by repressing PPARγ. The FEBS Journal. 
2017;284(4):568-85.

44.  Barish GD, Narkar VA, Evans RM. PPARδ: A dagger in the heart of the metabolic 
syndrome. J Clin Invest. 2006;116(3):590-7.

45.  Gurcel L, Abrami L, Girardin S, Tschopp J, DerGoot FGV. Caspase-1 activation of 
lipid metabolic pathways in response to bacterial pore-forming toxins promotes 
cell survival. Cell. 2006;126(6):1135-45.

46.  DaCunha J, Maselli LM, Stern AC, Spada C, Bydlowski SP. Impact of 
antiretroviral therapy on lipid metabolism of human immunodeficiency virus-
infected patients: Old and new drugs. World J Virol. 2015;4(2):56. 

47.  Apostolova N, Blas-Garcia A, Esplugues JV. Mitochondrial toxicity in HAART: An 
overview of in vitro evidence. Curr Pharm Des. 2011;17(20):2130-44.

48.  Perez-Matute P, Perez-Martinez L, Blanco JR, Oteo JA. Role of mitochondria in 
HIV infection and associated metabolic disorders: Focus on nonalcoholic fatty 
liver disease and lipodystrophy syndrome. Oxid Med Cell Longev. 2013.

49.  García-Ruiz C, Baulies A, Marí M, García-Rovés PM, Fernández-Checa JC. 
Mitochondrial dysfunction in non-alcoholic fatty liver disease and insulin 
resistance: Cause or consequence?. Free Radic Res. 2013;47(11):854-68.

50.  Simões IC, Fontes A, Pinton P, Zischka H, Wieckowski MR. Mitochondria in non-
alcoholic fatty liver disease. Int J Biochem Cell Biol. 2018;95:93-9.

51.  Karin M, Lin A. NF-κB at the crossroads of life and death. Nat Immunol. 
2002;3(3):221-7.

52.  Hussain M, Habib-Ur-Rehman LA. Therapeutic benefits of green tea extract on 
various parameters in non-alcoholic fatty liver disease patients. Pak J Med Sci. 
2017;33(4):931. 

53.  Pezeshki A, Safi S, Feizi A, Askari G, Karami F. The effect of green tea extract 
supplementation on liver enzymes in patients with nonalcoholic fatty liver 
disease. Int J Prev Med. 2016;7.

54.  Paglicawan LQ, Yong D, Sanam S, Sahar B, Kamala V, Chandra M. Epigallocatechin-
3-gallate prevents Non-alcoholic fatty liver disease by modulating liver function, 
lipid profiles and M1/M2 macrophage polarization . J Immunol. 2018;170:15.

55.  Murase T, Nagasawa A, Suzuki J, Hase T, Tokimitsu I. Beneficial effects of tea 
catechins on diet-induced obesity: Stimulation of lipid catabolism in the liver. Int 
J Obes. 200;26(11):1459-64.

56.  Chen N, Bezzina R, Hinch E, Lewandowski PA, Cameron-Smith D, Mathai 
ML, et al. Green tea, black tea and epigallocatechin modify body composition, 
improve glucose tolerance and differentially alter metabolic gene expression in 
rats fed a high-fat diet. Nutr Res. 2009;29(11):784-93.

57.  Shrestha S, Ehlers SJ, Lee JY, Fernandez ML, Koo SI. Dietary green tea extract 
lowers plasma and hepatic triglycerides and decreases the expression of sterol 
regulatory element-binding protein-1c mRNA and its responsive genes in 
fructose-fed, ovariectomized rats. J Nutr. 2009;139(4):640-5.

58.  Yasui K, Paeng N, Miyoshi N, Suzuki T, Taguchi K, Ishigami Y, et al. Effects of a 
catechin-free fraction derived from green tea on gene expression of enzymes 
related to lipid metabolism in the mouse liver. Biomed Res. 2012;33(1):9-13.

59.  Rehman H, Krishnasamy Y, Haque K, Thurman RG, Lemasters JJ, Schnellmann 
RG, et al. Green tea polyphenols stimulate mitochondrial biogenesis and 
improve renal function after chronic cyclosporin a treatment in rats. PLoS One. 
2013;8(6):e65029.

60.  Reddyvari H, Govatati S, Matha SK, Korla SV, Malempati S, Pasupuleti SR, et al. 
Therapeutic effect of green tea extract on alcohol induced hepatic mitochondrial 
DNA damage in albino wistar rats. J Adv Res. 2017;8(3):289-95.

61.  Lagha AB, Grenier D. Tea polyphenols inhibit the activation of NF-κB and 
the secretion of cytokines and matrix metalloproteinases by macrophages 
stimulated with Fusobacterium nucleatum. Sci Rep. 2016;6:34520.

62.  Park HJ, Lee JY, Chung MY, Park YK, Bower AM, Koo SI, et al. Green Tea Extract 
Suppresses NFκB Activation and Inflammatory Responses in Diet-Induced 
Obese Rats with Nonalcoholic Steatohepatitis–3. J Nutr. 2011;142(1):57-63.



Tesaka W, et al.: Green tea Ameliorate NAFLD induced by HAART 

Free Radicals and Antioxidants, Vol 10, Issue 2, Jul-Dec, 2020� 85

GRAPHICAL ABSTRACT SUMMARY

•	 Characteristic of liver diseases in HAART regimens 
incorporates oxidative stress, mitochondrial damage, 
lipotoxicity, immune-mediated damage, cytotoxicity, free 
fatty acids in the liver prompting metabolic dysregulation 
bringing about NAFLD

•	 The effect of GTE against NAFLD and oxidative stress 
might be due to its antioxidant activity and scavenging of 
reactive oxygen species induced by HAART.
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