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Abstract
Objective: Epigallocatechin-3-gallate (EGCG) is a fundamental polyphenol compound present in green tea. Green tea has 
been credited for centuries with providing significant health benefits. The aim of this study was to test whether the antioxidant 
component of EGCG can enhance hepatic antioxidant enzyme activity and consequently increase endogenous antioxidant 
defense in mice exposed to cardiovascular disease.

Groups of male mice were subjected to different diet (standard fat diet, high fat diet and low-fat diet), exercise (voluntary, 
chronic and sedentary lifestyle) and EGCG supplementation. EGCG powder was dissolved in 4 ml of drinking water to 
deliver a daily dose of 30 mg/kg.Mice were anesthetized with isoflurane (Abbott, Cham, Switzerland) 2% (v/v) in a 20% O2 
and 80% air mixture by inhalation in a closed container, then euthanized by manual cervical dislocation and were put on 
the animal's bed to collect liver tissue for analysis of antioxidant enzyme activities.We compared the variation in antioxidant 
enzyme activity between the control and treated groups using one-way analysis of variance (ANOVA) for𝑝-value ˂ 0.05% 
was considered statistically significant.

Results: In this study we showed that mice on a high-fat diet and sedentary lifestyle had significantly decreased superoxide 
dismutase 1 (p-value = 0, 001 after diets treatment, p-value = 0, 009 after exercise treatment), glutathion peroxidase 1 
(p- value = 0, 016 after diets treatment, p-value = 0, 0022 after exercise treatment), catalase (p- value = 0, 019 after diets 
treatment,p-value = 0,005 after exercise treatment) and thioredoxin reductase 1(p- value = 0,000 after diets treatment, p-value 
= 0,027 after exercise treatment) activities. EGCG enhanced the activity of antioxidant enzymes in mice subjected to high 
fat diet or subjected to sedentary lifestyle.

Keywords: High Fat Diet, Sedentary lifestyle, cardiovascular disease, Antioxidant, Epigallocatechin-3-gallate.

Introduction 
Tea (Camellia sinensis) has become one of the most consumed 
beverages in the world, not only because of its special flavor, but 
also for its potential benefits to human health[1, 2]. Epigallocat-
echin-3-gallate (EGCG) is a fundamental polyphenol compound 
present in green tea (GT) [3]. GThas been credited for centuries 
with providing significant health benefits, including use as a stim-
ulant, a diuretic, or an astringent to promote wound healing [4]. 

A subacute toxicity study report of green tea extract stated that 
drinking green tea every day is safe and has no adverse effects in 
mice [5]. Green tea has been proven to have many useful biolog-
ical effects that are attributed to its rich polyphenolic active sub-
stances, especially catechins and catechin derivatives, including 
(−) -epigallocatechin-3-gallate (EGCG), epigallocatechin (EGC) 
and epicatechin-3-gallate (ECG) [6]. A number of epidemiologi-
cal and experimental studies showed that green tea catechins have 
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been provided with a variety of physiological and medicinal prop-
erties and can be used not only a health-preserving beverage, but 
also a raw material for health foods and nutritional supplements in 
traditional diets. Many scientific documents have confirmed many 
medicinal effects of green tea catechins, such as antioxidant, an-
tibacterial, anti-inflammatory and anti-tumor activities [7–8]. The 
benefits of GThave been associated with cancer prevention weight 
management and lowering cholesterol level and cardiovascular 
risk [9-13]. EGCG has strong antioxidant activity and works as 
a free radical scavenger as well as an inducer of phase II enzyme 
activities [14]. The strong antioxidant capacity of GTmay help to 
slow the initial development of atherosclerosis [15]. Regulation of 
free radicals generated by mitochondria seems to be dependent on 
a variety of antioxidant enzymes including, Superoxide dismutase 
2 (SOD2), Glutathione Peroxidase 1(GPX1), Catalase (CAT) and 
Thioredoxin (TRX) [16]. Antioxidant enzymes neutralize free rad-
icals to help restore cell function and prevent further damage to 
cell membranes [17]. Catalase enzyme inactivates reactive oxygen 
species, GPX enzyme by regulating the availability of nitric ox-
ide and selenium by increasing glutathione peroxidase activity and 
protects against CVD [18]. TRX is a multifunctional stress-induc-
ible protein, which protects cells from various types of stresses and 
plays an important role in maintaining a reduced environment in 
cells through thiol-disulfide exchange reactions [19, 20]. 

In this study, we have investigated the protective or ameliorating 
effects of EGCG in enzymatic activity of antioxidant enzymes in 
mice against the fat rich diet (HFD) and sedentary lifestyle (SL). 
The aim of our study was to test whether the antioxidant compo-
nent of EGCG can enhance hepatic antioxidant enzyme activity 
in mice exposed to CVD risk.Our findings demonstrated that epi-
gallocatechin-3-gallate (EGCG) can enhance the activity of anti-
oxidant enzymes in mice on a high fat diet and in mice under a 
sedentary lifestyle. Our findings demonstrated that EGCG can be 
used as a functional food additive that can improve liver damage 
caused by high fat diet and a sedentary lifestyle by renewing the 
activities of antioxidant enzymes.

Main text 
Materials and Methods
Ethics Statement
The procedures and protocols of our study were approved by the 
Animal Ethics Committee of Kampala International University 
and Uganda national council of science and technology, Approval 
number is NS 645. Animals were cared for in accordance with the 
Guiding Principles in the Care and use of experimental animals of 
the European Council of the animal and the US National Institutes 
of Health Guide to the Care and Use of Laboratory Animals (NIH 
Publication No. 85-23, revised 1996) [21].

Animals and Experimental Groups 
A total of sixty, three-month-old Albino swiss male mice used 
for experimentation were acquired from animal facility of Col-
lege of Veterinary Medicine, Animal Resources and Biosecuri-
ty (COVAB) of Makerere University. The mice were housed in 

standard cages, maintained at a normal temperature (27 ± 2°C) 
and humidity (55 ± 5%), and exposed to a 12-h light/dark cycle. 
Mice were divided into twelve groups of 5 mice each. The first 
six groups were exercised with normal diet and the other six re-
ceived diet treatment as follows: (1) voluntary exercise (VE), (2) 
chronic exercise (CE), (3) sedentary lifestyle (SL), (4) VE+EGCG, 
(5) CE+EGCG, (2) SL+EGCG, (7) normal diet (ND) (3% fat), (8) 
high fat diet (HFD) (16% fat); (9), low fat diet (LFD) (0.2% fat), 
(10) ND+ EGCG, (11) HFD+EGCG and (12) LFD+EGCG (Fig-
ure 1 and Table S1)[22]. EGCG powder was dissolved in 4 ml of 
drinking water to deliver a daily dose of 30 mg/kg. For sedentary 
lifestyle, one mouse was reared in its own cage. For chronic and 
voluntary exercise, mice from each group were housed together in 
their respective cages.

Animals, Preparation, Anesthesia, Euthanasia, Liver 
Tissue SamplesandMeasurement of Activities of Hepatic 
Antioxidant Enzymes
The experiments were carried out in compliance with European 
animal protection laws. A three-month-old male Swiss Albino 
mouse for each group was studied after 0, 2, 4 and 6 weeks of the 
experiment. These mice were anesthetized with isoflurane (Abbott, 
Cham, Switzerland) 2% (v/v) in a 20% O2 and 80% air mixture 
by inhalation in a closed container, then euthanized by manual-
cervical dislocation and were put on the animal's bed to take liver 
sample[23-25]. A total of 48 mice were sacrificed (12 mice after 
0, 2, 4 and 6 weeks).Hepatic tissues were collected in tubes and 
were used to determine the activities of the antioxidant enzymes: 
SOD2, Gpx1, Cat and TrxR1. SOD2 activity was measured using 
the SOD2 Typed Colorimetric Assay Kit (Elabscience, Catalog 
Number: E-BC-K022) according to the manufacturers’ instruc-
tions as cited by Hu and coleagues;Fanand colleagues [26, 27].
The activity of GPx1 was determined by the Mouse Glutathione 
Peroxidase 1(GPX1) ELISA Kit; Catalog Number: E-EL-M0950 
(96T)] from Elabscience as recommended by the manufacturer's 
protocoland as cited by Fan and colleagues; Bilgiç and colleagues 
[27, 28].Catalase Activity was determined by Catalase (CAT) As-
say Kit; Catalog Number: E-BC-K031 from ElabScience. Steps 
were performed as recommended by the manufacturer's protoco-
linstructions and as cited by Marcusand coleaguesand as cited by 
Mbiantchaand coleagues [29, 30]. Theactivity of TrxR1 was deter-
mined by the Mouse Thioredoxin Reductase 1 (TrxR1) ELISA Kit, 
Catalog Number: SEA 703Mu (96T)] and steps were performed 
as recommended by the manufacturer's protocol] and as cited by 
Marcusand coleagues [29]. 

Statistical Analysis 
The values are expressed as mean ± standard deviation (SD). Dif-
ferences between groups were assessed by a one-way analysis of 
variance (ANOVA). Comparison of variances for the expression 
of activities of antioxidant enzymes was used to analyze the sig-
nificance of differences between control and treated groups using 
ANOVA (GraphPad Prisms Software version 6, San Diego, CA, 
USA). 
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Results
Effect of Egcg And Diet on Enzyme Activity of Antioxi-
dant Enzymes in Mice
We observed marked differences in the trendof the enzymatic ac-
tivities of Sod2, Gpx1, Cat and TrxR1in the liver of mice treated 
with EGCG under different diets (Figure 2, Fig S1).In comparison 
to the normal diet (ND) and low-fat diet (LFD), the high fat diet 
(HFD) showed lowest levels of Sod2 (Fig 2A) and highest levels 
of Gpx1 (Fig 2B) by the 6th week. However, mice treated with 
EGCG showed reverse effect of increased levels of Sod2 and de-
creased Gpx1.

After analyzing the results by One Way ANOVA analysis with 
Tukey multiple comparisons of all pairs in the columns, our results 
showed that a high fat diet decreases the enzymatic activities of 
antioxidant enzymes. This decrease in enzymatic activity is ob-
served for all the antioxidant enzymes. Our results on the enzy-
matic activities showed that the enzymatic activities of Sod2 and 
TrxR1 (Figure 2 A and D) are more expressed compared to the 
enzymatic activities of Gpx1 and Cat when we compare the values 
of their p-value (Figure 2 B and C).

When EGCG is supplemented,results have shown that the enzy-
matic activities of all antioxidant enzymes are increased especial-
ly for HFD compared to HFD without EGCG. For HFDwithout 
EGCG, Figure 2 gives the linesgraphsin descending while for HF-
Dwith EGCG we have line graphs that start to decrease from 0 to 2 
weeks but start to increase at from 2 weeks of the experiment. For 
the enzymatic activities of Sod2 and Gpx1 of the HFDwith EGCG, 
the linear increase started from two weeks while for the enzymatic 
activities of Cat and TrxR1, the increase started at 0 weeks.Results 
also showed that there is a statistically significant relationship be-
tween diets without EGCG supplementation and the enzymatic ac-
tivity of all antioxidant enzymes except catalase where its p-value 
is greater 0.05 (Table 1: A and Figure S4). 

Effect of EGCG and Exercise on Enzyme Activity of An-
tioxidant Enzymes in Mice
Figure 3 shows the evolution of the effect of EGCG and exercise 
for the enzymatic activities of Sod2, Gpx1, Cat and TrxR1 and 
Figure S3 shows the averages of the effect of EGCG on the enzy-
matic activities of these antioxidant enzymes.Results of the activ-
ities of antioxidant enzymes in the liver have shown that there are 
significant relationships between enzymatic activities and various 
treatments in mice subjected to exercise before and after EGCG 
supplementation at a level of 5% significance since the p-value is 
less than 0.05 (Table 1: B and Figures3 and S3). Results showed 
that a sedentary lifestyledecreases the enzymatic activities of anti-
oxidant enzymes. This decrease in enzymatic activity is observed 
for all the antioxidant enzymes, (Figure 3, S2 and S5).When 
EGCG is supplemented, Results have shown that the enzymatic 
activities of all antioxidant enzymes are increased especially for 
SL compared to SL without EGCG. For a sedentary lifestylewith-
out EGCG, the enzymatic activities of Sod2 and TrxR1 showed 
a dramatic decrease from 4 weeks. For a sedentary lifestyle with 

EGCG supplementation, results showed that the enzymatic activ-
ities of all antioxidant enzymes began to increase linearly (Figure 
3).Our results on the enzymatic activities showed that all the enzy-
matic activities of all antioxidant enzymes are more expressed but 
the enzymatic activity of TrxR1 is less expressed compared to the 
enzymatic activities of Sod2, Gpx1 and Cat (Figure 3).

Correlation Between Diet and Exercise, Diet and Exer-
cise Supplemented by Egcg On Enzyme Activity of Anti-
oxidant Enzymes in Mice
The study of the correlation between diet and exercise, diet and ex-
ercise supplemented with EGCG on the enzyme activity of SOD2, 
GPx1, Cat and TrxR1 in mice, revealed that it exists a significant 
association between diet and exercise in mice when treated with or 
without EGCG supplementation for antioxidant enzyme activities 
in the liver at the 5% level of significance since the p-value is less 
than 0.05 except for Cat (Figure 4C) for the association between 
diet and exercise and GPx1 for the association between diet and 
EGCG-supplemented exercise (Figure 5B).

Discussion
In this study, we hypothesized that human metabolic diseases such 
as obesity, nonalcoholic steatohepatitis (NASH), and metabolic 
syndrome can be mimicked in rodents using genetic, dietary, and 
physical inactivity interventions and would lead to a decrease in 
the endogenous defense capacity of antioxidant enzymes. This hy-
pothesis led us to study the effect of EGCG in mice subjected to a 
high-fat diet and a sedentary lifestyle to assess the activity of an-
tioxidant enzymes SOD2, GPX1, CAT and TRXR1 and therefore 
assess the ability to endogenous antioxidant defense. The three 
strategies mentioned above lead to body weight gain, hypergly-
cemia, hyperinsulinemia, hepatic steatosis and heart failure [31]. 
Dietary patterns are considered to be more similar to metabolic 
diseases in humans and in rodents such as mice, but there is cur-
rently no standard composition and duration for these diets. In our 
last publication, we showed that a high-fat diet and a sedentary 
lifestyle lead to an increase in total cholesterol, LDL cholesterol, 
triglycerides and glucose [32]. James and coworkers claimed that 
nutrient overload generated by HFD in laboratory animals resem-
bles conditions of overeating and physical inactivity that are major 
risk factors for the development of metabolic syndrome in humans 
[33]. These conditions, when combined, are able to overwhelm 
the ability of adipose tissue to handle excess energy, resulting in 
increased efflux of non-esterified fatty acids (NEFA) and release 
of pro-inflammatory cytokines and adipokines that can lead to ec-
topic fat deposition in the liver, muscle, and heart [34]. In the liv-
er, the accumulation of fat can be toxic [35]. Non-alcoholic fatty 
liver disease (NAFLD) includes several liver abnormalities related 
to the accumulation of fat in hepatocytes, including simple fatty 
liver disease, a benign condition that can progress to severe liver 
cirrhosis [35]. Non-alcoholic fatty liver disease (NAFLD) is char-
acterized by excessive hepatic fat accumulation via lipid and/ or 
carbohydrate intake [36]. Metabolic disorders including dyslipi-
daemia, obesity, and type 2 diabetes often comorbid with NAFLD 
[37]. In fact, increased occurrence of NAFLD has paralleled recent 
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increases in the prevalence of obesity and diabetes [38]. Clinical-
ly, NAFLD shares similar risk factors with cardiovascular disease 
and is associated with the development of hepatocellular carcino-
mas [39-41]. NAFLD livers exhibit an infiltration of inflammatory 
macrophages and other myeloid cells in the hepatic parenchymal 
area, implicating these mechanisms in the pathogenesis of NAFLD 
[42]. Hepatic lipid elevation and inflammation has also been asso-
ciated with NAFLD, however, the precise mechanism by which 
hepatic lipid accumulation and inflammation contribute to NA-
FLD remains poorly understood[43].

Currently, the accepted pathophysiological model for NAFLD is 
the “two-shot” model. First, there is accumulation of triglycerides 
(TAG) and free fatty acids (FFA) in the liver as a result of changes 
in fatty acid influx, synthesis, oxidation and transport. The sec-
ond hit, triggered by the first hit, includes oxidative imbalance, 
decreased hepatic ATP production, insulin resistance, and induc-
tion of pro-inflammatory cytokines as a result of mitochondrial 
dysfunction, lipid peroxidation and activation of inflammatory 
pathways [44]. 

In this study, we have investigated the protective or ameliorating 
effects of EGCG in enzymatic activity of antioxidant enzymes in 
mice against HFD and SL. The antioxidant enzymes Sod2, Gpx1, 
CAT and TrxR1 are involved in scavenge of free radicals, disposal 
of superoxide anions and hydrogen peroxide [45]. These activities 
constitute the first line of cellular defense against oxidative injury 
[46]. Dobrzynska and colleagues confirmed that green tea extract 
had a protective effect on ethanol-induced oxidative stress in dif-
ferent tissues (including brain, liver, and blood), which could be 
attributed its ability to strengthen the antioxidant defense system 
in laboratory animals[47]. In addition, a study conducted by Tsai 
and colleagues proved that green tea extract had a protective effect 
by decreasing oxidative stress, restoring the activity of antioxi-
dant enzymes and decreasing the incidence of hepatic fibrosis[48]. 
However, there are few animal models available for green tea to 
study high-fat diet and sedentary lifestyle damage in the liver.

The results showed thataHFD and a SL significantly decreased the 
enzyme activities of antioxidant enzymes. However, when EGCG 
is supplemented, anHFD and a SL significantly increased the en-
zyme activities. These results suggest that EGCG attenuates dis-
orders of lipid metabolism induced by HFD, a SL and excessive 
hepatic fat deposition. However, the detailed mechanism of lipid 
metabolism disorder induced by HFD, SL and excessive hepatic fat 
deposition needs to be investigated further in further studies. The 
antioxidant defense system would maintain the dynamic balance 
of free radical production and scavenging, so changes in free rad-
icals necessarily affect antioxidant function and therefore increase 
the enzymatic activity.Similar results have been reported in other 
studies in rats, mice, or fish species during antioxidant supplemen-
tation[49]. We also observed that the mean enzymatic activities of 
SOD2, GPX1, CAT and TRXR1 in liver tissue were significantly 
improved for mice fed aHFD and in mice under sedentary lifestyle 
during administration of EGCG. Administration of EGCG perhaps 

acted by regulating the activities of these antioxidant enzymes. 
Earlier studies reported that EGCG is a good scavenger of super-
oxide radicals, hydroxylradicals and peroxynitrite radicals [50].
Our study showed an increase in the activities of the antioxidant 
enzymes when there was supplementation of EGCG. Our results 
have been supported by other authors. Ramesh et al[51]. reported 
increased CAT, SOD, GPx, and GST activities in cardiac tissue 
and hemolysate of rats fed an atherogenic diet. Conversely, Khan 
et al[52]. discovered inconsistencies in enzyme activity dependent 
on the location of tissue extraction.Further research may be need-
ed to analyze the effects of antioxidant enzymes on muscle, heart 
and liver function.EGCG have been reported to increase antiox-
idant enzyme activities, which is consistent with our results. In 
this study, antioxidant activity was significantly higher in mice fed 
the HFD and in SL supplemented with EGCG[53]. Similar results 
have been reported in animal and human studies, suggesting that 
GT may be an effective treatment for the prevention of oxidative 
processes involved in atherosclerosis[54].

In conclusion, although additional studies are needed, it could 
be suggested thatGTP could partly protect hepatocytes through 
antioxidative, anti-inflammatory and antiapoptotic mechanisms 
against liver injury induced by HFD and a SL.

Conclusion
In this study, we investigated whether physiological levels of 
EGCG trigger changes in liver antioxidant enzyme activity re-
lated to cardiovascular health in a diet and exercise intervention 
study in mice. The study demonstrated that the antioxidant EGCG 
increased the activity of antioxidant enzymes. The study also re-
vealed that EGCG can be used as a functional food additive that 
can improve liver damage caused by HFD and sedentary lifestyle 
by renewing the activities of antioxidant enzymes.

Limitations
The limitations of this studywere mainly experimental. It was sug-
gested that the enzymatic activity depends on the site of tissue ex-
traction. Therefore it would have been interesting to compare the 
enzymatic activities of different tissues such as muscle tissue as 
well as cardiac tissue but this couldn’t be done with the limitted re-
sources. Further research may be needed to further analyze the ef-
fects of antioxidant enzymes on muscle, heart, and liver function.
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Figures

Figure 1: Experimental design for the study. 

CAT is catalase, CE is chronic exercise, EGCG is epigallocate-
chin-3-gallate,GPX1 isglutathione peroxidase 1, HFD is high fat 
diet, LFD is low fat diet, M is mice, ND is normal diet, SL is sed-
entary lifestyle, SOD2 is Superoxide dismutase 2, TrxR1 is Thi-
oredoxin Reductase 1and VE is voluntary exercise
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Figure 3: Effect of EGCG and Exercise on the enzymatic activities of antioxidant enzymes in 

Mice. Sod2 Activity (mgprot/ml) in mice after treatment with various exercise supplemented with or 

without EGCG (A),Gpx 1 Activity results(pg./ml)in mice after treatment with various exercise 

supplemented with or without EGCG(B), Catalase Activity (mgprot/ml) in mice after treatment with 

various exercise supplemented with or without EGCG(C) andTrxR1 Activity results(ng/ml) in mice 

after treatment with various exercise supplemented with or without EGCG (D).
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Effect of EGCG and diet on the enzymatic activities of antioxidant enzymes in Mice.Sod2 

Activity (mgprot/ml) in mice after treatment with various diets supplemented with or without EGCG 

(A),Gpx 1 Activity results(pg. /ml)in mice after treatment with various diets supplemented with or 

without EGCG(B), Catalase Activity (mgprot/ml) in mice after treatment with various diets supplemented 

with or without EGCG(C) andTrxR1 Activity results(ng/ml) in mice after treatment with various diets 

supplemented with or without EGCG (D).
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Figure 4: Correlation between diet and exerciseon enzyme activity of antioxidant 
enzymes in mice. Sod2 Activity (mgprot/ml) in mice after treatment with diet and 
exercise(A),Gpx 1 Activity results(pg./ml)in mice after treatment with diet and exercise(B),

Catalase Activity (mgprot/ml) in mice after treatment with diet and exercise(C) andTrxR1

Activity results(ng/ml) in mice after treatment with diet and exercise(D).
 

 

 

 

 

Figure 4: Correlation between diet and exerciseon enzyme activity of antioxidant enzymes in mice. Sod2 Activity (mgprot/ml) in 
mice after treatment with diet and exercise (A),Gpx 1 Activity results(pg./ml)in mice after treatment with diet and exercise (B), Catalase 
Activity (mgprot/ml) in mice after treatment with diet and exercise (C) andTrxR1 Activity results(ng/ml) in mice after treatment with 
diet and exercise (D).

Gpx1+ EGCG 0,1020 Ns
Gpx1 with or without EGCG 0,0165 s
Cat 0,2131 ns
Cat+ EGCG 0,0346 s
Cat with or without EGCG 0,0198 s
TrxR1 0,0241 s
TrxR1+ EGCG 0,0160 s
TrxR1 with or without EGCG 0,0007 s
A. P-value of effect of EGCG on antioxidant enzymes activities after exercise treatment
Name of enzyme P-value Level of significant (s or ns)
Sod2 0,1505 ns
Sod2 + EGCG 0,0228 s
Sod2 with or without EGCG 0,0091 s
Gpx1 0,0320 s
Gpx1+ EGCG 0,0471 s
Gpx1 with or without EGCG 0,0022 s
Cat 0,1836 ns
Cat+ EGCG 0,0206 s
Cat with or without EGCG 0,0052 s
TrxR1 0,2746 ns
TrxR1+ EGCG 0,0968 ns
TrxR1 with or without EGCG 0,0207 s
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Figure 5: Correlation between diet and exercise supplemented by EGCG on 
enzyme activity of antioxidant enzymes in mice. Sod2 Activity (mgprot/ml) in mice after 

treatment with diet and exercise supplemented with EGCG(A),Gpx 1 Activity 

results(pg./ml)in mice after treatment with diet and exercise supplemented with EGCG(B),

Catalase Activity (mgprot/ml) in mice after treatment with diet and exercise supplemented 
with EGCG(C) andTrxR1 Activity results(ng/ml) in mice after treatment with diet and 
exercisesupplemented with EGCG(D).
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after treatment with diet and exercisesupplemented with EGCG (D).

Table 1: P-value of effect of EGCG on antioxidant enzymes activities

A. P-value of effect of EGCG on antioxidant enzymes activities after diets treatment
Name of enzyme P-value Level of significant (s or ns)
Sod2 0,0263 s
Sod2 + EGCG 0,0276 s
Sod2 with or without EGCG 0,0015 s
Gpx1 0,0413 s
Gpx1+ EGCG 0,1020 ns
Gpx1 with or without EGCG 0,0165 s
Cat 0,2131 ns
Cat+ EGCG 0,0346 s
Cat with or without EGCG 0,0198 s
TrxR1 0,0241 s
TrxR1+ EGCG 0,0160 s
TrxR1 with or without EGCG 0,0007 s
B. P-value of effect of EGCG on antioxidant enzymes activities after exercise treatment
Name of enzyme P-value Level of significant (s or ns)
Sod2 0,1505 ns
Sod2 + EGCG 0,0228 s
Sod2 with or without EGCG 0,0091 s
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Gpx1 0,0320 s
Gpx1+ EGCG 0,0471 s
Gpx1 with or without EGCG 0,0022 s
Cat 0,1836 ns
Cat+ EGCG 0,0206 s
Cat with or without EGCG 0,0052 s
TrxR1 0,2746 ns
TrxR1+ EGCG 0,0968 ns
TrxR1 with or without EGCG 0,0207 s

Supplementary data
Figures
Figures of enzymatic activities of antioxidant enzymes
Effect of EGCG and Diet on Enzyme Activity of Antioxi-
dant Enzymes in Mice 
Figure S1 shows the averages of the effect of EGCG and diet on 
the enzymatic activities of Superoxide dismutase 2 (Sod2), Gluta-

thione Peroxidase 1 (GPx1), Catalase (Cat) and Thioredoxin Re-
ductase (TrxR1) during the experimental period of 0 to 6 weeks. 
The results of the activities of antioxidant enzymes in the liver 
have shown that there are significant relationships between enzy-
matic activities and various treatments in mice subjected to diet 
before and after EGCG supplementation at a level of 5% signifi-
cance since the p-value is less than 0.05. 

TrxR1+ EGCG 0,0968 ns

TrxR1 with or without EGCG 0,0207 s

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1: Averages of the Effect of EGCG and Diet on Enzyme Activities of Antioxidant 
Enzymes in Mice.

Means of Sod2 Activity (mgprot/ml) in mice after treatment with various diets supplemented with or 
without EGCG (A),means of Gpx 1 Activity results(pg./ml)in mice after treatment with various diets 
supplemented with or without EGCG (B), means of Catalase Activity (mgprot/ml) in mice after 
treatment with various diets supplemented with or without EGCG(C) andmeans of TrxR1 Activity
results(ng/ml) in mice after treatment with various diets supplemented with or without EGCG (D)

Figure S1: Averages of the Effect of EGCG and Diet on Enzyme Activities of Antioxidant Enzymes in Mice.
Means of Sod2 Activity (mgprot/ml) in mice after treatment with various diets supplemented with or without EGCG (A),means of Gpx 
1 Activity results(pg./ml)in mice after treatment with various diets supplemented with or without EGCG (B), means of Catalase Activity 
(mgprot/ml) in mice after treatment with various diets supplemented with or without EGCG (C) andmeans of TrxR1 Activity results(ng/
ml) in mice after treatment with various diets supplemented with or without EGCG (D)
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Effect of EGCG and exercise on Enzyme Activity of An-
tioxidant Enzymes in Mice
Figure S2 shows the averages of the effect of EGCG and exercise 
on the enzymatic activities of Sod2, Gpx1, Cat and TrxR1 during 
the experimental period of 0 to 6 weeks. The results of the activ-

ities of antioxidant enzymes in the liver: Superoxide dismutase 2 
(Sod2), Glutathione Peroxidase 1 (GPx1), Catalase (Cat) and Thi-
oredoxin Reductase (TrxR1) have shown that there are significant 
relationships between enzymatic activities and various treatments 
in mice subjected to exercise before and after EGCG supplementa-
tion at a level of 5% significance since the p-value is less than 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2: Averages of the Effect of EGCG and exercise on Enzyme Activities of Antioxidant 
Enzymes in Mice.

Means of Sod2 Activity (mgprot/ml) in mice after treatment with various exercise supplemented 
with or without EGCG (A),means of Gpx 1 Activity results(pg./ml)in mice after treatment with 
various exercise supplemented with or without EGCG (B), means of Catalase Activity (mgprot/ml)
in mice after treatment with various exercise supplemented with or without EGCG(C) andmeans of 
TrxR1 Activity results(ng/ml) in mice after treatment with various exercise supplemented with or 
without EGCG (D) 

 

 

Figure S2: Averages of the Effect of EGCG and exercise on Enzyme Activities of Antioxidant Enzymes in Mice.
Means of Sod2 Activity (mgprot/ml) in mice after treatment with various exercise supplemented with or without EGCG (A),means of 
Gpx 1 Activity results(pg./ml)in mice after treatment with various exercise supplemented with or without EGCG (B), means of Catalase 
Activity (mgprot/ml) in mice after treatment with various exercise supplemented with or without EGCG (C) andmeans of TrxR1 Activity 
results(ng/ml) in mice after treatment with various exercise supplemented with or without EGCG (D)
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Figure S3:Averages of Enzyme Activities of Antioxidant Enzymes in Mice after diets treatment.

Means of Sod2 Activity (mgprot/ml) in mice afterdiets treatment(A),means of Gpx 1 Activity 
results(pg./ml)in mice diets after treatment (B), means of Catalase Activity (mgprot/ml) in mice after 
diets treatment (C) andmeans of TrxR1 Activity results(ng/ml) in mice afterdiets treatment (D). 

 

 

 

 

 

 

 

Figure S3:Averages of Enzyme Activities of Antioxidant Enzymes in Mice after diets treatment.
Means of Sod2 Activity (mgprot/ml) in mice afterdiets  treatment (A),means of Gpx 1 Activity results(pg./ml)in mice diets after treat-
ment (B), means of Catalase Activity (mgprot/ml) in mice after diets treatment (C) andmeans of TrxR1 Activity results(ng/ml) in mice 
afterdiets treatment (D).

Effect of exercise on Enzyme Activity of Antioxidant En-
zymes in Mice 
Figure S4 shows the averages of exercise on the enzymatic ac-
tivities of Sod2, Gpx1, Cat and TrxR1 during the experimental 
period of 0 to 6 weeks. When considering the effect of physical 

exercise on the enzymatic activities of antioxidant enzymes, our 
results have shown that there are no statistically significant rela-
tionships between physical processing and enzyme activity for all 
antioxidant enzymes exceptGpx1 because their p- value is greater 
than 0.05.
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Figure S4: Averages of Enzyme Activities of Antioxidant Enzymes in Mice after exercise 
treatment.

Means of Sod2 Activity (mgprot/ml) in mice afterexercise treatment (A),means of Gpx 1 Activity 
results(pg./ml)in mice afterexercisetreatment (B), means of Catalase Activity (mgprot/ml) in mice 
after exercise treatment (C) andmeans of TrxR1 Activity results(ng/ml) in mice after 
exercisetreatment (D). 

 

 

Figure S4: Averages of Enzyme Activities of Antioxidant Enzymes in Mice after exercise treatment.
Means of Sod2 Activity (mgprot/ml) in mice afterexercise treatment (A),means of Gpx 1 Activity results(pg./ml)in mice afterexercise-
treatment (B), means of Catalase Activity (mgprot/ml) in mice after exercise treatment (C) andmeans of TrxR1 Activity results(ng/ml) 
in mice after exercisetreatment (D).

Tables 
Feed formulation and pallet preparation
The formulation of the feeds and the preparation of the pallets 
were carried out at the nutrition laboratory of COVAB, Makere-
re University. Three types of feeds were prepared: a high fat diet 
(16% fat), a normal diet (3% fat) and a low-fat diet (0.2% fat) as 
shown in table S1. To obtain the different food proportions, the 
following nutrients were mixed: maize bran which is rich in car-
bohydrate, soy bean-full which is rich in fat and protein, sunflower 

which is rich in fiber and protein, cotton seed cake which is rich in 
fat and protein, rice bran that is rich in carbohydrate and fiber, shell 
that is rich in minerals, fish that is rich in fat and animal protein 
and cassava that has a very low nutritional value. To obtain the 
rations/percentages of these three types of food, we weighed an 
amount for each nutrient, carefully mixed them and then proceed-
ed to extract the fat contained in the mixture. After formulation of 
the feeds, pellets were made with pallet making machine.
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Table S1: Percentage composition of the amount of nutrients used in feed formulation fed to mice

Nutrient name Quantity of nutrient for a diet 
containing 16% in fat

Quantity of nutrient for a diet 
containing 3% in fat

Quantity of nutrient for a diet 
containing 0.2% in fat

1. Maize Bran 39 80 80
2. Soya Bean-Full 45 4 0
3. Sunflower 5 4 0
4. Cotton Seed Cake 5 2 0
5. Rice Bran 3 2 0
6. Shell 1 4 6
7. Fish 2 4 6
8. Cassava 0 0 8
Total composition 100 100 100
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