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ARTICLEINFO ABSTRACT

Article type: Introduction: Green tea is a well-known source of polyphenol catechins, which possess strong

Research Paper antioxidant properties. However, the impact of green tea polyphenol catechins on biological markers of
atherosclerosis, namely oxidized low-density lipoprotein (ox-LDL) and homocysteine (Hcy), following

Article History: resistance exercise (RE), has not been studied in obese individuals.

isgs;‘igz zzf]\?g\tzzz(())zzi Methods: In this study, ten obese untrained men (age 43-45 y, BMI 32-33) participated voluntarily.

Published: 29 Nov 2023 They were randomly assigned to receive either green tea extract (GTE) capsules (th) capsules of 500
mg per day) or placebo (PL) capsules (two capsules of 500 mg per day maltodextrin) in a double-blind,
placebo-controlled crossover design. The supplementation period lasted for two weeks, followed by a

Keywords: two-week washout period. Afterward, the participants performed a RE protocol at 75% of their one-
Hey . repetition maximum (1RM). Blood samples were collected before and after the RE session to measure
Polyphenol catechins the serum concentrations of Hcy and ox-LDL.

Obesity

Ox-LDL Results: In the placebo condition, there was a significant increase in serum Hcy and ox-LDL levels from
Resistance exercise pre- to post-RE. However, GTE supplementation mitigated the exercise-induced rise in serum Hcy and

ox-LDL concentrations in obese men.

Conclusion: These findings suggest that a two-week supplementation of GTE may offer protection
against exercise-induced elevation of Hcy and ox-LDL levels in obese men.
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Introduction these cells. Consequently, macrophages
In today's world, obesity has become a significant transform into foam cells as a result of this
health concern due to physical inactivity and process [7, 8]. Therefore, preventing LDL
excessive energy intake, leading to abnormal oxidation may be the initial step in inhibiting
accumulation of fat in adipose tissue. This their binding and accumulation by macrophages,
condition poses a major threat to human health thereby preventing their transformation into
[1]. Obesity can result in oxidative stress, foam cells.

characterized by an increase in the production of Apart from ox-LDL, homocysteine (Hcy) is
reactive oxygen and nitrogen species (ROS, RNS) another risk factor for the development of
and a decrease in antioxidant levels. Oxidative atherosclerosis. Hey is an amino acid containing
stress induced by obesity is primarily attributed a thiol group and is produced during methionine
to the oxidation of low-density lipoprotein (LDL) metabolism in the liver [9]. Increased Hcy levels
[2]. This oxidation is associated with endothelial can be influenced by various physiological,
dysfunction, atherosclerosis, and cardiovascular genetic, and nutritional factors [10]. Hcy has been
disease (CVD) [3]. Oxidized low-density implicated in endothelial dysfunction through
lipoprotein (ox-LDL) serves as a reliable clinical several —mechanisms, including increased
biomarker for oxidative stress [4] and is production of pro-inflammatory cytokines,
considered a risk factor for CVD [5]. Previous impaired vasodilation, platelet accumulation,
studies have demonstrated that ox-LDL plays a and elevated oxidative stress [11]. Additionally,
crucial role in the initiation and progression of Hey has been shown to contribute to the
atherosclerosis [6]. Macrophages' scavenger oxidation of LDL and the production of ox-LDL
receptors detect the produced ox-LDL, leading to [12]. Elevated Hcy levels have also been
the uptake of a large amount of cholesterol by associated with reduced physical performance in
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adults and may play a role in morphological
changes in skeletal muscle [13].

In recent years, numerous studies have indicated
that plasma levels of Hcy increase following acute
exercise [14, 15]. Previous research has observed
an elevation in Hcy levels after acute circuit
resistance exercise (RE) at 40% of one repetition
maximum (1RM) in overweight women [16] as
well as after acute circuit RE at 35% of 1RM in
untrained men [17]. The mechanism proposed
for the exercise-induced increase in Hcy
production is likely related to the enhanced
methionine methylation and subsequent Hcy
synthesis triggered by exercise. While there is
currently no research on the impact of acute RE
on ox-LDL concentration, recent findings have
demonstrated higher circulating levels of ox-LDL
in overweight and obese individuals compared to
those with normal weight [18]. Furthermore,
these findings have shown an increase in LDL
oxidation due to the generation of free radicals
[19]. Therefore, it is evident that the most
effective strategy to counteract LDL oxidation
and Hcy production involves incorporating an
antioxidant-rich diet to reinforce antioxidant
systems and prevent the production of reactive
oxygen species (ROS).

Previous research has highlighted the positive
impact of beta-carotene, alpha-tocopherol, and
green tea catechins on LDL oxidation and Hcy
production [20-23]. Green tea, in particular, has
gained significant attention as a herbal
antioxidant [24]. It contains polyphenol
catechins such as (-)-epigallocatechin gallate
(EGCG), (-)-epicatechingallate (ECG), (-)-
epigallocatechin (EGC), (-)-epicatechin (EC), and

epigallocatecanine (EGCG), which exhibit potent
antioxidant properties and have been shown to
inhibit LDL oxidation [23, 25, 26]. Intense
exercise can lead to an increase in free radicals
like reactive oxygen species (ROS) and reactive
nitrogen species (RNS), surpassing the body's
antioxidant capacity and resulting in oxidative
stress that can damage cellular structures such as
proteins, lipids, and DNA. Earlier studies have
demonstrated that green tea extract (GTE)
containing 250 mg of catechins enhances
antioxidant capacity and prevents oxidative
damage in healthy individuals [27]. However,
there is currently no research on the effects of
GTE on atherosclerosis biomarkers following RE
in obese individuals. Therefore, the present study
aimed to investigate the impact of GTE on Hcy
and ox-LDL levels, which serve as biological
markers for atherosclerosis, after RE at 75% of
one repetition maximum (1RM) in obese men.

Material and Methods

Study Design and Participants

Ten obese men (BMI above 30 kg/m?) who were
apparently healthy volunteered to participate in
this study (Table 1). The participants were non-
smokers, free from any diseases, not taking any
medications or antioxidant supplements, and had
not consumed any polyphenolic-rich foods for
the past four months. Additionally, none of them
had engaged in regular exercise training within
the previous six months. The protocol followed
the guidelines set by the Human Ethics
Committee of the institutional review board, and
all participants provided written informed
consent before participating in the study.

Table 1. Physical characteristics of the subjects (n=10) in GTE and PL conditions.

Variables Group MeanSD

Age ) GTE 43.45%32
ge ly PL 45.80+4.12
. GTE 1.75+0.02
Height (m) PL 1.78+0.01
. GTE 110.25+7.5
Weight (kg) PL 112.5£5.5
) GTE 32.42+1.70

BMI (kg.m2) PL 33.06+2.25

Experimental Procedure

The study employed a randomized, double-blind,
placebo-controlled, crossover design, which
included two 14-day supplementation periods
followed by a RE protocol and a subsequent 14-
day washout period [28]. One week prior to the
supplementation, participants visited the human
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performance laboratory for familiarization,
completion of the Par-Q Health History
questionnaire, and measurement of their one-
repetition maximum (1RM) in various exercises
such as bench press, lat pull down, biceps curl, leg
flexion, leg extension, and leg press. Throughout
the study, participants were instructed to
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maintain their regular diets and refrain from
engaging in any additional physical activity.
Before each testing session, participants
recorded their food intake for three consecutive
days (Saturday, Monday, and Wednesday) to
ensure consistency in their dietary patterns
during the two RE protocols, based on the
information provided in their dietary record
sheets.

In a randomized, double-blind, crossover design,
participants ingested either green tea extract
(GTE) or a placebo (PL) for 14-day periods, with
each consisting of 2 capsules per day. Both the
GTE (250 mg GTE gelatin capsules, Olimp Labs,
Poland) and PL (250 mg Maltodextrin) capsules
were identical in shape, size, and color. The
participants took the GTE and PL capsules twice
a day, during breakfast and dinner, with an
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adequate amount of water. Each GTE capsule
(55% EGCG) contained 249 mg of polyphenols,
including 200 mg of catechins (137.5 mg EGCG).
On the 15th day of each supplementation period,
participants returned to the human performance
laboratory. They took one capsule of either GTE
or PL in the morning and an additional capsule
one hour before the RE protocol [28]. The RE
protocol consisted of three sets to exhaustion for
exercises such as bench press, lat pull down,
biceps curl, leg flexion, leg extension, and leg
press, with a weight equivalent to 75% of their
one-repetition maximum (1RM) and a 2-minute
rest between sets and exercises [28]. Prior to the
RE protocols, all subjects performed a warm-up,
which included a 3-minute run, 5-10 repetitions
at 50% of their perceived maximum, and a
stretching period (Figure 1).

B Green Tea

*T O Placebo

0
Pre

Figure 1. Serum ox-LDL concentrations in pre- and post-RE
* Significant difrences with pre-RE (p<0.05).
T Significant difrences with GTE (p<0.05).

Biochemical Analysis

Forearm vein blood samples were collected from
the participants before (pre) and immediately
after (post) performing the resistance exercise
(RE) to determine the serum concentrations of
Hcy and ox-LDL. The serum was obtained by
centrifuging the blood samples at 3000 rpm for
10 minutes at 42C and then stored at -802C for
later analysis. The serum concentrations of Hcy
(Cat.No. FHCY100, Axis-Shield, UK) and ox-LDL
(Cat.No: CK-E10869, HANGZHOU
EASTBIOPHARM CO.,LTD) were measured using
commercially available ELISA kits.

Statistical Methods
The data are presented as Mean * SD. Statistical
analysis was conducted using SPSS 21 (SPSS,

J Nutr Fast Health. 2023; 11(3): 237-245.

Post

in GTE and PL condition in obses men (Mean+SD).

Chicago, IL) for Windows. The changes in serum
levels of ox-LDL and Hcy were analyzed using a
repeated-measures  analysis of variance
(ANOVA) with a 2 (treatments) x 2 (times)
design. Post hoc analysis was performed using
the Bonferroni test. In cases where significant
interaction effects were observed (p<0.05),
independent and paired t-tests were used to
assess simple main effects. The significance level
was set at p < 0.05.

Results

The serum concentrations of ox-LDL and Hcy
were analyzed using a 2-way ANOVA. The
supplementation (green tea vs. placebo) was
considered as the between-subjects factor, and
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the time of measurement (pre and post) was
considered as the within-subject factor.

The results showed a significant main effect of
time (F=19.40, n2=0.58, p=0.001) and treatment
(F=5.95, n2=0.48, P=0.029) on serum ox-LDL
concentration. However, there was no significant
interaction between treatment and time (F=1.28,
1n2=0.08, p=0.28).

After the RE, the post-RE ox-LDL concentrations
significantly increased in the placebo condition
(p=0.003), but there was no significant change in
the GTE condition (P=0.078). The post-RE serum
ox-LDL concentration was significantly higher in
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the placebo condition compared to the GTE
condition (p=0.029) (Figure 1).

The results regarding Hcy concentrations were
presented in Figure 2. The analysis showed a
significant main effect of time (F=10.02, n2=0.41,
p=0.007), indicating that there was a difference
in Hcy concentrations between pre and post
measurements. However, there was no
significant main effect of treatment (F=2.91,
1n2=0.17, p=0.11) or interaction between
treatment and time (F=1.85, 1n2=0.11, P=0.19;
Figure 2).

B Green Tea
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Figure 2. Serum Hcy concentrations in pre- and post-RE in GTE and PL condition in obses men (Mean+SD).

* Significant difrences with pre-RE (P<0.05).

Specifically, the serum concentrations of Hcy
were significantly higher in the post-RE
measurement compared to the pre-RE
measurement in the placebo condition
(p=0.014), but there was no significant change in
the green tea extract (GTE) condition (p=0.247).

Discussion

The primary result of this study showed that
consuming a short-term dose of 500 mg of GTE
significantly reduced ox-LDL levels after a
resistance exercise session at 75% of 1RM in
untrained men with obesity. Obesity is widely
acknowledged as a condition linked to elevated
levels of inflammatory markers, ROS, RNS, and a
decrease in antioxidant capacity. These factors
are considered significant contributors to the
development of various diseases, including
atherosclerosis, type 2 diabetes, hypertension,
and certain types of cancer [3]. Additionally,
research has shown that obese individuals
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experience higher levels of exercise-induced
oxidative stress compared to those with normal
weight [29]. Therefore, it is reasonable to suggest
that obese individuals should consider
implementing dietary interventions, including
the consumption of antioxidant-rich foods,
before engaging in exercise training programs to
counteract the detrimental effects associated
with obesity. In this study, obese untrained men
were given a daily dose of 500 mg of green tea
extract (GTE) for two weeks prior to
participating in a resistance exercise (RE) session
at 75% of their one-repetition maximum (1RM).
The results showed no significant differences in
Hcy levels between the GTE and PL conditions
following the short-term supplementation
period. However, there was a notable trend
indicating a greater percentage change in Hcy
concentration in the PL condition (26.14%)
compared to the GTE condition (11.53%) in
response to RE. This suggests that GTE led to a

J Nutr Fast Health. 2023; 11(3): 237-245.
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14.61% reduction in the Hcy response to RE in
obese men. To the best of our knowledge, no
previous studies have investigated the effect of
GTE on serum Hcy levels after exercise, not only
in individuals with normal weight but also in the
obese population.

Hcy is widely recognized as an independent risk
factor for cardiovascular diseases (CVD) [13]. A
meta-analysis conducted by Boushey et al.
(1995) concluded that Hcy is an independent risk
factor for atherosclerosis in coronary, cerebral,
and peripheral arteries. They found that every 5
pmol/L increase in total plasma Hcy level
increases the risk of coronary artery disease by
60% in males and 80% in females [13].
Furthermore, a decrease of 3 pmol/L in Hcy has
been reported to reduce the risk of ischemic
heart disease by 16% [30]. Elevated levels of
circulating Hcy pose a risk for CVD through
various mechanisms. These mechanisms include
inhibiting anticoagulant reactions associated
with the endothelium, promoting platelet
accumulation and thrombosis through oxidative
stress, and activating signal transmission
pathways that lead to inflammation and
apoptosis [6]. These factors contribute to the
increased risk of CVD associated with elevated
Hcy levels.

A previous study reported that consuming green
tea for one month resulted in a notable decrease
in Hcy levels and a significant increase in
antioxidant levels among patients with coronary
artery disease [22]. However, our findings are
inconsistent with this study [22]. The disparity in
results could be attributed to variations in the
duration of supplementation (one month vs. two
weeks) and differences in the participant
populations (CVD patients vs. obese individuals).
It appears that the beneficial effects of green tea
supplements may require a longer duration of
use to be observed effectively.

Previous studies have reported an increase in
Hcy levels following acute circuit resistance
exercise (RE) with 40% and 35% of one-
repetition maximum (1RM) in overweight and
untrained men and women [16, 17]. In our
present study, we observed increases of 11.53%
and 26.14% in Hcy density after a resistance
exercise session in obese males who consumed
green tea and a placebo for 14 days, respectively.
These findings indicate that resistance exercise
has an impact on increasing Hcy levels, which is
consistent with previous research [16, 17]. In a
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study conducted by Iglesias et al. (2012), an
increase of 25.7% in Hcy levels was observed in
8 untrained males after cycling at 85% of their
VO:Peak. This increase is somewhat similar to
the Hcy response (26.14%) observed in our study
after resistance exercise under placebo
conditions [31]. Other studies examining the
acute effects of exercise on Hcy levels in trained
participants have shown diverse results. Some
studies found no effects [32-34], while others
observed significant increases [11, 31, 35, 36] or
decreases in circulating Hcy levels after intense
exercise [37].

The increase in Hcy levels after exercise has been
attributed to various mechanisms [38, 39]. One
proposed mechanism suggests that the
temporary decrease in renal blood flow during
exercise is associated with an elevation in Hcy
concentration [39]. Another potential
mechanism is related to energy metabolism and
substrate utilization, which can vary based on the
intensity and duration of exercise [38].
Additionally, several studies have suggested a
role for Hcy in energy metabolism [38, 40].
During intense exercise, such as resistance
exercise (RE), there is a high demand for creatine
to support energy production. This process of
creatine synthesis in the liver may contribute to
the formation of Hcy. It has been previously
reported that approximately 75% of daily Hcy
production is attributed to creatine synthesis in
the liver [41].

In our current study, supplementation with GTE
resulted in a 14.61% reduction in the circulating
Hcy response to RE compared to a PL in obese
men. This finding suggests a beneficial effect of
GTE on this risk factor for cardiovascular disease.
The exact mechanism by which GTE decreases
Hcy levels is not fully understood. However,
several mechanisms have been suggested,
including the presence of folacin (folic acid) [42]
and the antioxidant properties of catechin
(EGCQG) found in green tea [43].

Elevated levels of Hcy in the bloodstream have
been linked to the oxidation of LDL and the
formation of ox-LDL, which contributes to the
early development of atherosclerosis lesions
[44]. Previous studies have demonstrated that
antioxidant supplements can inhibit LDL
oxidation, reduce LDL sensitivity to oxidation,
and decrease the production of ox-LDL [45, 46].
In our current study, the main finding was that
obese participants who consumed 500 mg of GTE
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daily for two weeks experienced a reduction in
LDL oxidation. This reduction occurred in
individuals who engaged in acute resistance
exercise at 75% of their 1RM. While there are no
specific studies on the effect of GTE on ox-LDL
levels after intense exercise, previous research
has shown that EGCG in green tea can inhibit LDL
oxidation induced by Cu+2 ions, leading to a
decrease in ox-LDL and an improvement in
cardiovascular function [25] [26].

Furthermore, various studies have confirmed the
role of lipoxygenase in LDL oxidation caused by
endothelial cells and macrophages [47, 48]. The
catechins present in green tea can inhibit
lipoxygenase enzymes and act as scavengers of
free radicals, functioning as chain-breaking
antioxidants [49, 50]. Additionally, a study
involving 12 healthy untrained men who
consumed 600 ml of green tea daily for four
weeks demonstrated a significant decrease in ox-
LDL levels [51].

Anaerobic activities, such as RE, can trigger the
production of ROS through various mechanisms,
including the xanthine-xanthine oxidase
pathway, neutrophilic respiratory burst, self-
oxidation of catecholamines, hypoxia-ischemia,
and conversion of superoxide to hydroxyl
radicals [52]. The production of ROS through
these pathways can lead to the oxidation of LDL.
In our current study, we observed that LDL
oxidation increased to a greater extent in the PL
condition compared to the GTE condition during
RE. This finding is consistent with previous
studies that examined the effect of intense
exercise on LDL sensitivity to oxidation, which
also demonstrated an increase in LDL oxidation
after acute exercise [53, 54]. Ox-LDL is taken up
by Lectin-Like Ox-LDL Receptor 1, which is
expressed on the endothelial cells of blood
vessels. This uptake leads to an increase in
intracellular ROS production, activating the NF-
B pathway [55]. Ox-LDL also enhances the
expression of  monocyte-chemoattractant
protein-1 (MCP-1) in macrophages [56] and
endothelial cells [57]. The expression of MCP-1
on endothelial cells plays a crucial role in the
migration of monocytes to the subendothelial
space [57]. During this process, monocytes
transform into macrophages, and a significant
amount of LDL-cholesterol is absorbed by
macrophages, leading to the formation of foam
cells.
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Conclusion

In summary, the short-term supplementation of
GTE containing 498 mg of polyphenols, including
275 mg of EGCG, in obese men resulted in a
reduction in LDL oxidation following acute RE.
This reduction in LDL oxidation has the potential
to delay the progression of atherosclerosis and
decrease the risk of coronary disease by
inhibiting LDL oxidation and foam cell formation.
Additionally, GTE supplementation showed a
tendency to improve circulating Hcy levels in
response to acute RE, with a reduction of 2.81
umol/L (14.61%). This reduction in Hcy level is
approximately equivalent to a 10% decrease in
the risk factor for cardiovascular disease [30].
Therefore, it is recommended that the obese
population, before engaging in intense acute
exercise, consider consuming GTE to reduce
cardiovascular disease risk factors. Overall, our
findings, combined with previous studies,
suggest the beneficial effects of GTE on
circulating ox-LDL and Hcy levels in obese
individuals participating in acute RE. However,
further research is needed to determine the long-
term effects of GTE supplementation and higher
doses on cardiovascular disease risk factors in
the obese population.
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