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Abstract
Obesity is one of major risk factors increasing chronic diseases including type II diabetes,

cardiovascular diseases, and hypertension. The effects of epigallocatechin gallate (EGCG),

the major active compound in green tea, on reduced obesity and improved metabolic

profiles are still controversial. Furthermore, the effects of EGCG on human adipocyte lipol-

ysis and browning of white adipocytes have not been elucidated. This study aimed to

investigate the effects of EGCG on obesity, lipolysis, and browning of human white adipo-

cytes. The results showed that, when compared to the baseline values, EGCG significantly

decreased fasting plasma triglyceride levels (P <0.05), systolic blood pressure (P<0.05),

diastolic blood pressure (P< 0.05), and serum kisspeptin levels (P<0.05) after 8 weeks of

supplement. On the other hand, supplement of EGCG in obese human subjects for 4 or

8weeks did not decrease body weight, body mass index, waist and hip circumferences, nor

total body fat mass or percentage when compared to their baseline values. The study in

human adipocytes showed that EGCG did not increase the glycerol release when compared

to vehicle, suggesting that it had no lipolytic effect. Furthermore, treatment of EGCG did not

enhance uncoupling protein 1 (UCP1) mRNA expression in human white adipocytes when

compared with treatment of pioglitazone, the peroxisome proliferator-activated receptor c

(PPAR-c) agonist, suggesting that EGCG did not augment the browning effect of PPAR-c on white adipocytes. This study revealed

that EGCG reduced 2 metabolic risk factors which are triglyceride and blood pressure in the human experiment. We also showed

a novel evidence that EGCG decreased kisspeptin levels. However, EGCG had no effects on obesity reduction in humans,

lipolysis, nor browning of human white adipocytes.
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Introduction

For more than a decade, obesity is clearly identified as a
common factor contributing to increased risks of morbid-
ities including hypertension,1 cardiovascular diseases,2 dia-
betes mellitus,3 and dyslipidemia.4 The prevalence of
obesity was rapidly increased worldwide from 1980 to
2015.5 Obesity is also known as a major risk of metabolic

syndrome, high blood glucose levels, insulin resistance,
dyslipidemia (high triglyceride and cholesterol levels),
and high blood pressure.6,7 Obesity is associated with
growth of adipocytes (adipocyte hypertrophy with excess
fat accumulation in the cytosol) and hyperplasia (increased
preadipocyte proliferation and differentiation).8 The adi-
posity reduction is revealed via diverse mechanisms
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including decreased adipogenesis, increased adipocyte
lipolysis,9,10 and increased thermogenesis through brow-
ning of white adipocytes.11 Lipolysis is a process that tri-
glycerides stored in adipocytes are hydrolyzed into 1
glycerol, a marker of lipolysis, and 3 free fatty acids12 caus-
ing a decrease in lipid accumulation in adipocytes.
Browning of white adipocytes is the conversion of white
adipocytes, which appear as spherical shape with unilocu-
lar lipid droplets and flattened nuclei,13,14 to beige adipo-
cytes or brown-like adipocytes, characterized by polygonal
shape with multilocular lipid droplets, high mitochondria
content, and increased expression of uncoupling protein 1
(UCP1).15–17 The presence of UCP1, the marker of brown
adipocytes,15,16 leads to heat production for thermoregula-
tion,18 resulting in increased body energy expenditure.

Green tea is a famous beverage, made from Camellia
Sinensis leaves and was reported as a preventative agent
for obesity,19,20 tumor,21 inflammation, and oxidative
stress.22 Green tea has been shown to prevent weight gain
in rats fed with high-fat diet;23 reduce body weight, body
mass index (BMI), body fat, waist circumference, hip cir-
cumference, and waist-to-hip ratio; and increase resting
energy expenditure in obese human subjects.24 The major
compounds in green tea are composed of caffeine, flavo-
nols, catechins, epigallocatechin (EGC), epicatechin gallate
(ECG), epicatechin (EC), and epigallocatechin gallate
(EGCG).25 EGCG is an active ingredient of green tea26

which was shown to decrease visceral fat area, abdominal
fat mass, total body fat mass, waist circumference, and
waist-to-hip ratio in overweight and obese postmenopausal
women.27 On the other hand, another study in obese
women showed that EGCG did not have any effects on
body weight, waist circumference, BMI, lean mass, fat
mass, and resting metabolic rate.28 Furthermore, EGCG
had no effects on blood glucose, insulin, total cholesterol,
high-density lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol,27,28 the Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR),28 adiponec-
tin, and leptin.27

Leptin is the well-known hormone predominantly pro-
duced by adipose cells29 and plays a major role in appetite
regulation30,31 by increasing energy expenditure and
decreasing food intake.32 Leptin levels are positively corre-
lated with BMI,33 total body fat mass,34 fasting insulin, and
HOMA-IR.33 Furthermore, leptin is also shown to activate
sympathetic nervous system.35 Leptin injection significant-
ly increased systolic blood pressure (SBP) in Sprague-
Dawley rats36 but had no effect in humans.37

Furthermore, leptin is reported to have a positive correla-
tion with kisspeptin in human subjects.38 Kisspeptin is a 54-
amino acid peptide39 that plays a key role in reproductive
regulation40 and was also associated with metabolic41–43

and cardiovascular parameters.44,45 Previous studies
revealed that kisspeptin was a potent vasoconstrictor of
the coronary artery, umbilical veins,44 and peripheral
microvasculature.46 Leptin and kisspeptin might be
involved in obesity, metabolic, and cardiovascular
regulations.

In in vitro experiments, EGCG stimulated lipolysis in
isolated primary adipocytes of male rats;47 reduced lipid

accumulation, increased glycerol release, and increased
mRNA expression of hormone-sensitive lipase (HSL) (a rate-
limiting enzyme of lipolysis12) in 3T3-L1 mouse adipo-
cytes;48 and reduced cytosol lipid contents and increased
lipophagy, a form of autophagy specialized for lipid drop-
lets degradation, in mature mouse adipocytes differentiat-
ed from C3H10T1/2 cells.49 Furthermore, EGCG increased
UCP1 protein in mature mouse adipocytes differentiated
from C3H10T1/2 cells,49 suggestive of its effect on adipo-
cyte browning.

Collectively, the effects of EGCG on obesity reduction
and metabolic parameters are still controversial.
Furthermore, there is no study regarding EGCG effects on
blood kisspeptin levels in human subjects as well as lipol-
ysis and browning of human white adipocytes. This study
aimed to (1) study the effects of EGCG on obesity reduction
and improvement of metabolic parameters in obese human
subjects, (2) investigate the effect of EGCG on human adi-
pocyte lipolysis, and (3) investigate the effect of EGCG on
browning of human white adipocytes.

Materials and methods

The study in obese human subjects

Subjects. Thai obese subjects (BMI� 25 kg/m2), whowere
older than 18 years, were recruited in this study. BMI equal
or more than 25 kg/m2 in Asian-Pacific populations50,51 or
equal or more than 30 kg/m2 in Caucasian populations is
categorized as obesity.52 The recruited subjects (n¼ 30)
were randomly allocated into 2 groups (n¼ 15 per group)
consisting of the EGCG-supplemented group and the pla-
cebo (starch capsule)-supplemented group. Thirty drawing
cards generated from the researchers (15 cards per group)
were placed in a bottle and were randomly picked from all
subjects. EGCG with 95% purity was produced by the
Shaanxi Jiahe Phytochem Co., Ltd, Ki’an, China (Lot. No
STP-QCP-133–091) and was pharmaceutical packed in cap-
sules by the Bangkok Lab & Cosmetic Co., Ltd, Ratchaburi,
Thailand. The exclusion criteria included subjects who had
metabolic diseases (e.g. hypo- or hyperthyroidism, diabetes
mellitus, or Cushing syndrome), a medical condition caus-
ing weight gain known as secondary obesity (e.g. hypotha-
lamic disorders, endocrine disorders, and some congenital
conditions), and history of hypersensitivity to caffeine or
tea; were menopausal, pregnant, or lactating; used weight-
reducing medications in any forms and any kinds; and did
regular exercise (at least 30min per session with 3 times per
week).53 There were no subjects who withdrew from the
research experiment.

The study protocol. This study, a double-blind, placebo-
controlled clinical trial, was done at the Department of
Physiology, Faculty of Medicine Siriraj Hospital. A capsule
of EGCG at a dose of 150mg or a starch capsule was given
to subjects allocated in the EGCG-supplemented group or
the placebo-supplemented group, respectively, twice a day
after breakfast and dinner for 8weeks without any dietary
restriction. All supplement capsules were undistinguish-
able in shape and appearance with neither participants
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nor the researchers knowing which supplement was taken
by the subjects. All subjects attended laboratory experiment
for 3 times which were at baseline or week 0, week 4, and
week 8 for clinical assessment and anthropometric data
measurements. The 8-h fasting blood samples were collect-
ed at week 0 and week 8 of the experiment. Female subjects
participated each experiment on days 1–3 (the early prolif-
erative phase) of their menstrual cycle to control the effects
of sex steroids which could be the confounding factors of
this study. Male subjects could participate the experiment
at any available days. Throughout the entire study, all sub-
jects were instructed to maintain their physical activity pat-
terns and normal diet. Furthermore, all subjects received a
designed calendar to mark when each supplement capsule
was taken as well as record their diet 3 days before the next
visit and the side effects of the intervention. For drug com-
pliance checking, all subjects had to bring both the medi-
cation and calendar at the end of week 4 and week 8.

Demographic and anthropometric data and blood
pressure measurement. The clinical data including age,
body weight, height, BMI, waist circumference, hip circum-
ference, total body fat percentage, and total body fat mass
were collected. Total body fat mass and total body fat per-
centage were estimated by TANITA

VR

. Waist circumference
was measured at the umbilicus level of subjects in the
standing position with silent breathing.54 A previous
study showed that measurement of waist circumference
by technicians at midpoint between the superior borders
of the iliac crest and the last rib (World Health
Organization standard)55 was comparable with at the
umbilicus, and there was no significant clinical advantage
in terms of blood pressure of waist circumference measure-
ment between these sites.54 However, measurement of
waist circumference at the umbilicus was considered as
the easier site54 and could be consistently measured
among different visits. In this study, the measurement of
waist circumference at the umbilicus was selected because
it is the most noticeable landmark and could be assured
that the same location was measured in every visit. Hip
circumference was measured at the widest region of the
buttocks.55 SBP and diastolic blood pressure (DBP) were
assessed by a sphygmomanometer in the supine position
after a 30-min bed rest.

Hormonal assay. Blood levels of fasting insulin, glucose,
HDL cholesterol, LDL cholesterol, total cholesterol, trigly-
cerides, creatinine, blood urea nitrogen (BUN), direct bili-
rubin, total bilirubin, aspartate aminotransferase (AST),
and alanine aminotransferase (ALT) were measured by
the central laboratory at the Department of Clinical
Pathology, Faculty of Medicine Siriraj Hospital, Mahidol
University, Thailand. The enzymatic hexokinase method
was used to determine fasting blood glucose, and the sand-
wich immunoassay technique using electrochemilumines-
cence immunoassay was used to analyze fasting blood
insulin. The enzymatic colorimetric method was used to
measure levels of total, HDL, and LDL cholesterols, triglyc-
eride, and total and direct bilirubin. The urease/glutamate

dehydrogenase-coupled enzymatic technique and the
modification of the ultraviolet enzymatic method by
Oliver and Rosalk were used to determine BUN and creat-
inine, respectively. The enzymatic reaction method was
used to measure ALT and AST. The HOMA-IR (the insulin
resistance index)56 was calculated as the following formula:
HOMA-IR¼ (fasting glucose (mg/dL)� fasting insulin
(mU/mL))/405. The quantitative insulin sensitivity check
index (QUICKI) (the insulin sensitivity index)56 was calcu-
lated as the following formula: QUICKI¼ 1/((log(fasting
insulin mU/mL)þ log(fasting glucose mg/dL)).

Analysis of serum leptin, kisspeptin, and adiponectin
levels. Serum leptin and adiponectin levels were deter-
mined by commercial enzyme-linked immunosorbent
assay kits, while serum kisspeptin was measured by com-
mercial enzyme immunoassay kits (Phoenix
Pharmaceuticals, CA, USA) as per the protocol recommen-
dation. The range of detection was 0.313–20 ng/mL for
leptin, 0–100 ng/mL for kisspeptin, and 0.15–10 ng/mL
for adiponectin. The minimum detectable concentration
was 0.313 ng/mL for leptin, 0.05 ng/mL for kisspeptin,
and 0.15 ng/mL for adiponectin. Serum samples were
diluted with assay buffer with 1:5 dilution for leptin, 1:2
dilution for kisspeptin, and 1:5,000 dilution for adiponectin.
The intra-assay and interassay variations were 6.66% and
6.74%, respectively, for leptin; 6.38% and 7.85%, respective-
ly, for kisspeptin; and 2.33% and 3.55%, respectively, for
adiponectin. The optical density (O.D.) was read by the
Synergy HT Multi-Detection Microplate Readers (BioTek
Instruments, Inc., Winooski, VT, USA) at 450 nm.

The study in human adipocyte culture. Human preadipo-
cytes (HPAd) (Cell Applications, CA, USA) were used in
this study. Then, HPAd were cultured with preadipocyte
growth medium (Cell Applications, CA, USA) with 1%
penicillin/streptomycin (Corning, NY, USA) supplementa-
tion in 5% CO2 humidified incubator at 37 �C. The medium
was changed every 2 days until 100% confluent was
reached. Then, the HPAd were induced differentiation by
adipocyte differentiation medium (Cell Applications, CA,
USA) with 1% penicillin/streptomycin supplementation
which was changed every 3 days for 15 days. The cells
were differentiated into mature human adipocytes (HAd)
at day 15 which was shown with lipid droplets accumulat-
ed in the cells. We confirmed preadipocyte differentiation
by detecting lipid filling into adipocytes by Oil Red O stain-
ing and measuring mRNA expression of peroxisome
proliferator-activated receptor c (PPAR-c), an adipocyte differ-
entiation marker,57,58 by real-time polymerase chain reac-
tion (PCR) before starting experiments (the data are not
shown).

The lipolysis experiment. HPAd (55,000 cells) were grown
and treated with adipocyte differentiation medium on
round cover glass in 12-well plates. Before starting the
experiment, mature HAd were treated with serum-free
medium without phenol red (Corning, NY, USA) for 2-
h starvation. Then, the cells were treated for 24 h with
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vehicle (0.01% dimethyl sulfoxide [DMSO]), the positive
control (10 mM isoproterenol), and EGCG (0.001, 0.01, 0.1,
1, and 10 lM). Each experiment was performed in triplicate.
Glycerol release, the marker of lipolysis, was measured in
the medium by the Lipolysis Colorimetric Assay Kit
(Sigma-Aldrich, MO, USA). The range of glycerol detection
was 0–10 nmol/lL. The O.D. was read at 570 nm by the
Synergy HT Multi-Detection Microplate Readers (BioTek
Instruments, Inc., VT, USA). The fat area assay (the actual
fat levels determined with Oil Red O) measured by the total
area of fat droplets determined with Oil Red O staining of
adipocytes per image was used to represent the lipid con-
tent in adipocytes because it was the accurate and quick
method and had a very strong positive correlation
(R¼ 0.8787, P< 0.0001) with fat accumulation in differenti-
ated adipocytes.59 The round cover glass was removed out
of the culture plate after Oil Red O staining, placed on glass
slides, and then scanned with 20� magnification by the
ScanScope

VR

XT machine for the whole slide. The
AxioVisionVR software Release 4.8.2 (Carl Zeiss AG,
Oberkochen, Germany) was used to analyze total fat area
of the scanned images. Then, the glycerol concentrations in
samples normalized by total fat area (glycerol concentra-
tions/total lipid) were used to represent the glycerol release
for each experiment.

Browning of human white adipocytes. HPAd (100,000
cells) were cultured and treated with differentiation
medium in 6-well plates. Mature HAd were treated with
vehicle (0.01% DMSO), 3 mM pioglitazone (PPAR-c ago-
nist), 0.1 lM EGCG, 1 lM EGCG, 3 mM pioglitazone com-
bined with 0.1 lM EGCG, and 3 mM pioglitazone combined
with 1 lM EGCG, together with the serum-free medium for
7days. The medium was changed every 3 days. Each exper-
iment was done in triplicate. RNA of the harvested cells
was extracted and kept at –70 �C until analysis.

Real-time PCR analysis. Real-time PCR was used to
quantify mRNA expressions of PPAR-c, UCP1, and
GAPDH. In short, the TRIzol

VR

reagent (Invitrogen, CA,
USA) was used to extract total RNA as per the protocol
recommendation. One mg of total RNA was converted to
complementary DNA (cDNA) by reverse transcription
using the iScript cDNA Synthesis Kit (Bio-Rad, CA, USA).
Real-time PCR was carried out using the reagents from the
biotechrabbit QPCR Green Master Mix LROX, 2� kit (bio-
techrabbit, Berlin, Germany). As GAPDH mRNA expres-
sion in human adipocytes was not changed under various
experimental conditions,60 it was used as the reference gene
in this study. The primer sequences, which were designed
by authors and blasted to check primer specificity by using
nucleotide sequences published in PubMed database, are
shown as follows:

PPAR-c (NM_015869)
Forward 50-AAAGTGCAATCAAAGTGGAGCC-30

Reverse 50-CAAACCTGATGGCATTATGAGAC-30

UCP1 (NM_021833)
Forward 50-GCTCCAGGTCCAAGGTGAATG-30

Reverse 50-CAATGAATACTGCCACTCCTCCA-30

GAPDH (NM_002046)
Forward 50-GCCAGCCGAGCCACATC-30

Reverse 50-GCTCCTGGAAGATGGTGATGG-30

The CFX96 Real-Time PCR Detection System (Bio-Rad,
CA, USA) was used to perform real-time PCR amplification
under the following conditions: Uracil DNA glycosylase
(UDG) treatment at 50 �C for 2min, Taq DNA polymerase
activation at 95 �C for 3min, 40 cycles of DNA denaturing
at 95 �C for 15 s, annealing for 30 s at 57 �C for UCP1 and
GAPDH and 54 �C for PPAR-c, and extension at 65 �C for
30 s. Each condition was performed in duplicate. No tem-
plate control was used as a negative control. The 2–DCT

method was used as a comparative technique of
quantification.

Statistical analysis. The Shapiro–Wilk test was performed
to test for normality. In the human study, data were shown
as the percentile 25th, median, percentile 75th, and boxplot
since the mean values of parameters of the control subjects
were presented in another study. Comparisons of body
weight, BMI, waist circumference, hip circumference,
total body fat percentage, total body fat mass, SBP, and
DBP among at baseline, week 4, and week 8 in the same
treatment were performed by the repeated-measures anal-
ysis of variance (ANOVA) followed by the Fisher’s Least
Significant Difference (LSD) analysis. For normal distribut-
ed data including total bilirubin and creatinine of the
EGCG-treated group; plasma AST, BUN, estimated glomer-
ular filtration rate (eGFR), cholesterol, LDL, glucose, and
QUICKI of the placebo- and EGCG-treated groups; and
plasma HDL and serum leptin of the placebo-treated
group, comparisons between at baseline and at week 8 of
the same treatment were performed by the paired sample t-
test (as shown with t values in Table 2, Figures 1to 3). For
non-normal distributed data including total bilirubin, ALT,
creatinine of the placebo group; direct bilirubin, plasma
triglyceride, insulin, HOMA-IR, serum kisspeptin, and
serum adiponectin of the placebo- and EGCG-treated
groups; and plasma HDL and serum leptin of the EGCG-
treated group, comparisons between at baseline and at
week 8 of the same treatment were performed by the
non-parametric test (Wilcoxon Signed-Rank Test).
Comparisons between EGCG and placebo at week 8 were
performed by the analysis of covariance adjusted for the
baseline values of each treatment. In the human adipocyte
experiments, data are expressed as mean� standard error
of the mean (SEM). Comparisons between groups of treat-
ments were performed by the one-way ANOVA after
checking for homogeneity of variance, followed by the
LSD analysis. P value< 0.05 was considered as statistical
significance.

Results

The effects of EGCG on obesity and clinical parameters
in obese subjects

The effects of EGCG on obesity and clinical parameters in
obese subjects are shown in Table 1 and Figure 1. Age was
comparable between placebo- and EGCG-supplemented
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subjects (Table 1). Body weight, BMI, waist circumference,
hip circumference, total body fat percentage, and total fat
mass were comparable between the placebo- and EGCG-
supplemented groups as well as among at baseline, week 4,
and week 8 time points in the same supplement (Table 1).
Interestingly, EGCG supplement had a trend to decrease
SBP at week 4 (P¼ 0.08) (mean� SEM¼ 117.08�
2.45mmHg) and significantly decreased SBP at week
8 (P< 0.05) (mean� SEM¼ 115.85� 1.99mmHg) when
compared to the baseline value (mean� SEM¼ 122.77�
2.46mmHg) (F value, P value)¼ (4.55, 0.036) (Figure 1a).
EGCG also significantly decreased DBP (P< 0.05) at week
8 (mean� SEM¼ 80.00� 1.79mmHg) but not at week 4
(mean� SEM¼ 82.00� 2.24mmHg) of supplementation
when compared to the baseline value (mean�
SEM¼ 84.67� 1.05mmHg) (F value, P value)¼ (4.33,
0.044) (Figure 1b).

The effects of EGCG on peripheral metabolic factors in
obese subjects

The effects of EGCG on peripheral metabolic factors in
obese subjects are shown in Figures 1 and 2. Interestingly,
EGCG supplement for 8weeks significantly decreased fast-
ing plasma triglyceride levels (mean� SEM¼ 105.42�
10.56mg/dL) when compared to the baseline levels (mean-
� SEM¼ 135.00� 21.52mg/dL) (P< 0.05) (Figure 1c).
However, levels of fasting plasma glucose, insulin,
HOMA-IR, QUICKI (Figure 2a to d), total cholesterol,
HDL cholesterol, and LDL cholesterol (Figure 1d to f) of
the EGCG-treated group were not different between at
baseline and week 8.

The effects of EGCG on serum leptin, kisspeptin, and
adiponectin levels

The effects of EGCG on serum kisspeptin, leptin, adiponec-
tin levels are shown in Figure 3. Serum leptin levels were
comparable between before (mean� SEM¼ 30.15�
5.37 ng/mL) and after 8weeks (mean� SEM¼ 37.34�
6.30 ng/mL) of the EGCG treatment (Figure 3a).
Remarkably, serum kisspeptin of the EGCG-treated group
was significantly decreased at week 8 (mean�
SEM¼ 0.43� 0.02ng/mL) when compared to the baseline
levels (mean� SEM¼ 0.48� 0.02ng/mL) (P< 0.05) (Figure
3b). Serum adiponectin levels of the EGCG-treated group
were comparable between at baseline (mean�
SEM¼ 4,014.90� 664.78ng/mL) and week 8 (mean�
SEM¼ 3,466.96� 479.38ng/mL) (Figure 3c).

The effects of EGCG on blood chemistry of kidney and
liver functions in obese subjects

The effects of EGCG on blood chemistry of kidney and liver
functions in obese subjects are shown in Table 2. Kidney
function tests including BUN (mean� SEM¼ 12.77�
0.96mg/dL at baseline vs. 13.14� 1.04mg/dL at week 8),
creatinine (mean� SEM¼ 0.93� 0.08mg/dL at baseline vs.
0.92� 0.07mg/dL at week 8), and eGFR (mean�
SEM¼ 97.76� 5.31mL/min at baseline vs. 98.53�
5.04mL/min at week 8) as well as liver enzymes including
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total bilirubin (mean� SEM¼ 0.52� 0.06mg/dL at
baseline vs. 0.45� 0.04mg/dL at week 8), direct
bilirubin (mean� SEM ¼ 0.19� 0.02mg/dL at baseline
vs. 0.16� 0.01mg/dL at week 8), AST (mean�
SEM¼ 20.6� 1.42 U/L at baseline vs. 20.40� 1.70 U/L at
week 8), and ALT (mean� SEM¼ 29.13� 4.24 U/L at base-
line vs. 30.53� 4.43 U/L at week 8) were in normal ranges
and comparable between at baseline and at week 8 time
points (Table 2).

The effect of EGCG on human adipocyte lipolysis

The effect of EGCG on human adipocyte lipolysis is shown
in Figure 4. The results showed that glycerol release of the
isoproterenol-treated group was significantly higher

(P< 0.001) than the vehicle-treated group (Figure 4).
However, glycerol release of different doses of EGCG treat-
ments was comparable with the vehicle group but was sig-
nificantly lower than that of the isoproterenol-treated
group (P< 0.05 all, Figure 4).

The effect of EGCG on browning of human white
adipocytes

The effect of EGCG on browning of human white adipo-
cytes is shown in Figure 5. The results showed that UCP1
mRNA was significantly higher in the pioglitazone alone
(P< 0.05) and pioglitazone combined with 0.1lM and 1 lM
EGCG (P< 0.05 all)-treated groups when compared with
vehicle (Figure 5). EGCG treatment at doses 0.1 and 1lM

Figure 1. The boxplots of clinical parameters before and after supplemented with placebo or EGCG for 4 and 8 weeks in obese human subjects including SBP (panel

a), DBP (panel b), fasting plasma triglyceride (panel c), total cholesterol (panel d), HDL cholesterol (panel e), and LDL cholesterol (panel f). *P< 0.05.

NP: non-parametric test; EGCG: epigallocatechin gallate; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL: high-density lipoprotein; LDL: low-

density lipoprotein.
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did not increase UCP1 mRNA compared with the
vehicle-treated group. EGCG at doses 0.1 and 1 lM com-
bined with pioglitazone treatments did not enhance UCP1
mRNA expression when compared to pioglitazone treat-
ment alone (Figure 5).

Discussion

This study investigated the effects of EGCG on obesity, met-
abolic profiles, and adipokines in obese human subjects as
well as on lipolysis and browning of human white adipo-
cytes. The study in humans showed that supplement of

Figure 2. The boxplots of plasma glucose levels (panel a), plasma insulin levels (panel b), HOMA-IR (panel c), and QUICKI (panel d) before and after supplemented with

placebo or EGCG for 8weeks in obese human subjects. *P< 0.05.

NP: non-parametric test; EGCG: epigallocatechin gallate; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; QUICKI: Quantitative Insulin Sensitivity

Check Index.

Figure 3. The boxplots of serum levels of leptin (panel a), kisspeptin (panel b), and adiponectin (panel c) before and after supplemented with placebo or EGCG for

8weeks in obese human subjects. *P< 0.05.

NP: non-parametric test; EGCG: epigallocatechin gallate.
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EGCG at the dose of 150mg twice a day or 300mg per day
in obese human subjects for 4 and 8weeks did not decrease
body weight, BMI, total body fat mass, waist circumfer-
ence, and hip circumference when compared to their base-
line levels or the control group. As a result, these data
suggest that EGCG had no effect on obesity reduction.
These results were consistent with previous studies show-
ing that EGCG did not decrease body weight and BMI after
12weeks of treatment in obese postmenopausal women27

or could not prevent body weight and fat gains after treat-
ment less than 12months (3 and 6months) in Down syn-
drome obese subjects.61 However, a previous study showed
that after 12months of treatment in Down syndrome obese
subjects, EGCG was effective in preventing body weight
and body fat gains which were observed in the placebo
group.61 These results indicate that EGCG supplement for
8weeks could not be effective in obesity reduction; howev-
er, a longer period of supplement might have a beneficial

effect. Furthermore, our results of EGCG treatment on body
composition were different from results of green tea treat-
ment in previous studies showing that green tea extract
(GTE) could reduce body weight,24,62 BMI,62 waist circum-
ference,24 hip circumference,24 and waist-to-hip ratio24 in
obese subjects after 8weeks of treatment. The different find-
ings might be because green tea has other compounds that
can reduce body weight and body composition including
caffeine63,64 or flavonoid65 causing more pronounced effect
on obesity reduction.

Although EGCG had no effects on body weight and
body fat, it reduced fasting plasma triglyceride levels
after supplement for 8weeks when compared to the base-
line levels around 30mg/dL (with mean� SEM of 135.00�
21.52 at baseline to 105.42� 10.56mg/dL at week 8). Our

Table 2. The effects of EGCG on liver and kidney functions in obese subjects.

Variables

Placebo (n515) EGCG (n515)

Baseline Week 8
(t values/NP,

P values)

Baseline Week 8
(t values/NP,

P values)P25 Med P75 P25 Med P75 P25 Med P75 P25 Med P75

Total bilirubin (mg/dL) 0.35 0.40 0.70 0.32 0.39 0.51 (NP, 0.589) 0.32 0.48 0.60 0.30 0.45 0.59 (1.70, 0.112)

Direct bilirubin (mg/dL) 0.11 0.14 0.17 0.10 0.13 0.20 (NP, 0.648) 0.12 0.17 0.20 0.12 0.15 0.21 (NP, 0.150)

AST (U/L) 14.00 17.00 22.00 15.00 20.00 27.00 (–0.99, 0.336) 15.00 22.00 26.00 14.00 21.00 26.00 (0.21, 0.840)

ALT (U/L) 14.00 17.50 24.25 15.00 18.00 29.00 (NP, 0.342) 16.00 22.00 44.00 14.00 30.00 45.00 (–0.72, 0.483)

BUN (mg/dL) 8.60 10.70 12.40 9.00 10.70 14.60 (–0.80, 0.435) 9.60 12.10 15.60 9.80 12.90 15.40 (–0.63, 0.535)

Creatinine (mg/dL) 0.60 0.69 1.01 0.62 0.75 1.08 (NP, 0.362) 0.65 0.94 1.15 0.69 0.86 1.20 (0.35, 0.730)

eGFR (mL/min) 93.55 105.81 117.30 96.57 103.51 114.76 (1.11, 0.285) 87.47 98.63 114.36 78.92 103.03 114.36 (–0.48, 0.640)

EGCG: epigallocatechin gallate; NP: non-parametric test; AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN: blood urea nitrogen; eGFR:

estimated glomerular filtration rate.

The liver and kidney functions of obese human subjects supplemented with placebo or EGCG at baseline and week 8 including total bilirubin, direct bilirubin, AST,

ALT, BUN, creatinine, and eGFR.

Figure 4. Mean (�SEM) glycerol concentrations normalized to total lipid after

supplemented with different doses of EGCG for 24 h, #P< 0.05, ##P< 0.01,
###P< 0.001 compared with the isoproterenol-treated group.

EGCG: epigallocatechin gallate.
Figure 5. Mean (�SEM) UCP1 mRNA expression normalized to GAPDH

(reference gene) in different conditions of supplements for 7 days. *P< 0.05,

**P<0.01.

EGCG: epigallocatechin gallate; UCP1: uncoupling protein 1.
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result was consistent with previous studies showing that
green tea catechins or EGCG alone decreased triglyceride
levels in overweight and obese adults after 12weeks of con-
sumption,66 in high-fat diet fed mice for 20weeks treat-
ment,67 and in Caenorhabditis elegans for 2 days
treatment.68 However, the effect of EGCG supplement on
triglyceride reduction was different from GTE supplement
in some previous studies showing that plasma triglyceride
levels were increased after supplementation of GTE (com-
posed of 207.5mg of EGCG, 181.1mg of EGC, 55.1mg of
gallocatechin, 47mg of EC, 31mg of gallocatechin gallate,
25.6mg of ECG, 11.9mg of catechin, and 120.4mg of caf-
feine) twice a day for 8 days in healthy male subjects69 and
GTE capsules (composed of 4mg caffeine, 843mg of EGCG,
202mg of ECG, 107mg of EGC, and 107mg of EC) twice a
day for 12months in healthy postmenopausal subjects.70

The different findings might be because of different ingre-
dients, doses of EGCG in green tea supplement, duration
of treatment, and subject characteristics. There are some
possible mechanisms that could explain how EGCG
decreases triglyceride levels. A study in rats showed that
tea catechins inhibited the activity of pancreatic lipase
dose-dependently, thereby suppressing triacylglycerol
absorption and postprandial hypertriglyceridemia.71

Furthermore, another study in rat hepatoma cells revealed
that EGCG decreased apoB-100 very-low-density lipopro-
tein (VLDL) assembly and secretion as well as reduced tri-
glyceride secretion72 which could probably result in
reduced plasma triglyceride levels but increased develop-
ment of a fatty liver. As a result, we hypothesized that a
decrease in triglyceride levels in the EGCG group after
treatment for 8 weeks might be caused from decreased tri-
glyceride absorption at the gastrointestinal tract and/or
VLDL assembly and secretion at the liver.

Despite lower triglyceride levels were found after EGCG
treatment, this did not contribute to a reduction in body
weight or fat mass in these subjects. This might be because
energy input of the EGCG-treated subjects was not signif-
icantly reduced enough to decrease their body weight
which might be due to increased ingestion/absorption of
other nutrients including carbohydrate and/or protein
and/or a small degree of reduction of fat absorption com-
pared to their energy input.

Furthermore, our study also found that SBP had a trend
to be decreased after EGCG treatment for 4weeks for
5.7mmHg and was significantly decreased after EGCG
treatment for 8 weeks for 6.9mmHg compared to the base-
line values (with mean� SEM of 122.77� 2.46mmHg at
baseline, 117.08� 2.45mmHg at week 4, and 115.85�
1.99mmHg at week 8). DBP was significantly decreased
after EGCG treatment for 8weeks for 4.7mmHg compared
to the baseline values (with mean� SEM of 84.67�
1.05mmHg at baseline to 80.00� 1.79mmHg at week 8).
Our results were in accordance with a previous study in
obese hypertensive subjects (BMI� 30 kg/m2) showing that
GTE including 208mg of EGCG a day significantly
decreased both SBP and DBP after treatment for 3months
when compared to their baseline values.73 The possible
mechanisms of EGCG on decreasing blood pressure were
demonstrated in many studies. EGCG was shown to

stimulate production of nitric oxide from endothelium in
spontaneously hypertensive rats leading to vasodilation
and decreased blood pressure.74 Furthermore, EGCG was
shown to counteract caffeine-induced increases in mean
arterial pressure, adrenaline, and noradrenaline levels in
the circulation of Wistar rats,75 indicating its properties in
preventing an increase in blood pressure. In addition,
EGCG and green tea polyphenols are widely recognized
as antioxidants.76,77 In male Sprague-Dawley rats, GTE con-
taining 59% EGCG decreased oxidative stress that caused
hypertension induced by a high dose of angiotensin II prob-
ably through the scavenging of superoxide anion genera-
tion.78 Taken together, EGCG could reduce blood pressure
effectively via many possible mechanisms.

We revealed a novel finding showing that EGCG treat-
ment in obese subjects for 8weeks significantly decreased
serum kisspeptin levels when compared to their baseline
levels and when compared to subjects treated with placebo.
In addition to its well-established role in regulating repro-
ductive function, kisspeptin may also regulate blood pres-
sure. Kisspeptin and kisspeptin receptor (GPR54)-like
immunoreactivity localizations were found in smooth
muscle and endothelial cells of human coronary artery,
umbilical vein, and within atherosclerotic plaque of
human coronary artery.44 Kisspeptin has been revealed to
be a potent vasoconstrictor of the coronary artery, umbilical
veins, and peripheral microvasculature.44,46 In addition,
study in rats found that kisspeptin injection decreased
sodium excretion and urine flow probably leading to an
increase in blood pressure.79 A previous result from our
lab in female adults showed that serum kisspeptin was sig-
nificantly higher in hypertensive subjects compared to non-
hypertensive subjects (unpublished data). Moreover, kiss-
peptin levels were shown to have positive correlations with
both SBP and DBP in the central precocious puberty girls45

and in female adults (unpublished data). Taken together,
kisspeptin might be considered as a vasoactive substance.
A reduction of kisspeptin in EGCG-treated subjects might
be possibly related to a decrease in blood pressure in these
subjects. However, we did not find a linear correlation
between kisspeptin levels and blood pressure which is con-
sistent with a study in pregnant women revealing that there
was no correlation between plasma kisspeptin levels and
both SBP and DBP.80 Moreover, a study in non-diabetic
subjects reported that plasma kisspeptin levels were
weakly significantly correlated with DBP (R ¼ 0.17,
P¼ 0.007) but not SBP (R ¼ 0.09, P¼ 0.09).81 The possible
mechanisms explaining a reduction in kisspeptin levels of
these subjects need to be investigated.

According to the National Cholesterol Education
Program Adult Treatment Panel III (NCEP/ATPIII), the cri-
teria for diagnosis of metabolic syndrome includes the
presence of any 3 of 5 conditions including (1) waist cir-
cumference equal or more than 102 cm for men or equal or
more than 88 cm for women, (2) triglyceride equal or more
than 150mg/dL, (3) HDL cholesterol less than 40mg/dL in
men or 50mg/dL in women, (4) blood pressure equal or
more than 130/85mmHg, and (5) fasting plasma glucose
equal or more than 100mg/dL or diabetes.82,83 For South
Asians populations, the cut-off points of waist
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circumference were considered at equal or more than 90 cm
for males or equal or more than 80 cm for females.83 From
our results, EGCG treatment had a beneficial effect on
decreases in triglyceride and blood pressure which are 2
risk factors of metabolic syndrome. It could be concluded
that EGCG might be able to reduce risks of metabolic syn-
drome even it did not have the effect on obesity reduction.

Our data showed that waist circumference, hip circum-
ference, body fat percentage, plasma glucose, insulin,
HOMA-IR, QUICKI, total cholesterol, HDL cholesterol,
LDL cholesterol, leptin, and adiponectin levels were not
different at week 4 or week 8 of EGCG supplement when
compared with their baseline levels or control subjects. Our
data suggest that EGCG had no effect on these metabolic
parameters which were in accordance with a previous
study.61 However, a previous study showed that EGCG
supplement for 12weeks significantly decreased waist cir-
cumference and total body fat mass27 when compared with
the baseline values. Our study protocol was different from
the previous study as subjects of the previous study were
postmenopausal women who performed regular aerobic
exercise at moderate intensity together with supplement
of 300mg per day EGCG for 12weeks.27 The inconsistency
might be from different period of treatment, exercise, age,
or hormonal status.

This study revealed that supplement of 300mg per day
of EGCG for 8weeks did not show any adverse effects on
liver and kidney functions. The liver chemistry parameters
including total bilirubin, direct bilirubin, AST, and ALTand
kidney chemistry parameters including BUN, creatinine,
and eGFR were within the normal ranges. Moreover, the
mean (� SEM) values of liver and kidney functions were
comparable between at baseline and week 8 time points of
the EGCG treatment. These data suggest the safety of
EGCG usage at the dose of 150mg twice a day for 2months.
Subjects reported some adverse effects including headache
(n¼ 1) and mouth ulcer (n¼ 1). However, previous studies
showed that long-term consumption of GTE caused an
increase in ALT and AST after 12months84 and triggered
toxic hepatitis after 6months85 of supplementation in
human subjects who had normal baseline levels of liver
enzymes. So, it should be noted that long-term supplemen-
tation of EGCG, which is the major compound of GTE,
might cause hepatic toxicity.85,86

The study in human adipocytes showed that the positive
control (10 lM of isoproterenol, a non-specific b adrenergic
receptors agonist) significantly increased glycerol release
into the medium when compared with the vehicle-treated
group, suggestive of its effect on increased lipolysis. The
different doses of EGCG treatment did not increase the
glycerol release in the medium after 24 h incubation, sug-
gestive of no lipolytic effect of EGCG. These findings are
consistent with data from previous studies showing that
EGCG or green tea catechins treatment in differentiated
3T3-L1 mouse adipocytes did not enhance the release of
glycerol into the medium after incubation for 4 or 24 h87,88

or free fatty acids after incubation for 24 h,88 indicating no
lipolytic effect of EGCG. However, while EGCG caused no
increase in PKA-mediated lipolysis, it increased autophagic
lipolysis in mature mouse adipocytes differentiated from

C3H10T1/2 cells.49 On the other hand, previous studies
revealed that EGCG stimulated lipolysis in isolated prima-
ry adipocytes of male Wistar rats via extracellular signal-
regulated kinases 1/2,47 reduced lipid accumulation,
increased glycerol release, and increased HSL mRNA
expression after incubation for 24 h in 3T3-L1 mouse
adipocytes.48 The different findings might be because
measurement of glycerol release of the previous studies
was normalized with protein concentration in the adipo-
cytes,47,48 while the glycerol release of our study and anoth-
er previous study that showed similar result was
normalized with lipid accumulation in the cells.87 In our
study, the cellular lipid accumulation was used to normal-
ize glycerol release between treatments because lipolysis
occurs according to the hydrolysis of triglyceride into glyc-
erol and free fatty acids.89 To directly determine lipolysis,
normalization with triglyceride accumulation might better
reflect lipolytic reaction than protein content as protein con-
tent could reflect amount of adipocytes in each culture plate
but could not represent triglyceride accumulation in
the cells. To determine triglyceride accumulation in our
study, we performed fat area assay of Oil Red O staining
per image in adipocytes to represent lipid content in adi-
pocytes. The glycerol concentrations normalized with pro-
tein concentrations in adipocytes might not be the good
method to represent glycerol release from adipocytes as
protein content in the cells does not present lipid accumu-
lation. Furthermore, we found that total area of fat droplets
per image stained with Oil Red O was not different among
experimental groups and had a very strong negative corre-
lation with glycerol concentrations in the medium (R ¼
–0.832, P< 0.001), suggestive of a negative correlation
between triglyceride content and glycerol release. As a
result, we conclude that EGCG had no lipolytic effect on
human adipocytes.

This study also investigated the effect of EGCG on brow-
ning of human white adipocytes by detecting mRNA
expression of UCP1, the marker of brown adipocytes.90

Our study showed that pioglitazone alone and pioglitazone
plus 0.1 and 1 lM EGCG increased UCP1 expression in
adipocytes when compared with vehicle. Pioglitazone,
which is the PPAR-c agonist, is the major regulator of adi-
pogenesis, insulin sensitivity, and lipid metabolism as well
as is involved in thermogenesis.91,92 On the other hand,
treatment of EGCG did not increase UCP1 mRNA when
compared with the control. Furthermore, EGCG plus pio-
glitazone treatment did not enhance UCP1 expression
when compared to pioglitazone treatment alone. Our
results indicate that EGCG did not augment the browning
effect of PPAR-c agonist on human white adipocytes. These
results were similar to a previous study in adipocytes dif-
ferentiated from C3H10T1/2 cells and 3T3-L1 mouse adi-
pocytes showing that EGCG did not significantly increased
UCP1 mRNA and other genes involved in mitochondrial
functions of brown adipocytes.49 As a result, EGCG might
not enhance the browning effect of PPAR-c agonist on
human white adipocytes. Taken together, results from the
human study and adipocyte experiments indicate that
EGCG had no effect on obesity reduction, lipolysis, nor-
white adipocyte browning.
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There were some limitations in our study including
(1) energy consumption and energy expenditure were not
controlled in the human study since we aimed to evaluate
the effect of supplement rather than treatment, (2) the dura-
tion and dose of EGCG supplement in the human study
might not be optimal, (3) the body composition was mea-
sured by TANITA

VR

which could only estimate total body fat
mass and percentage but could not measure the actual
values of these factors, and (4) the histological staining of
the browing experiment was not performed, so we could
not confirm that EGCG had no effect on white adipocyte
browning.

In conclusion, EGCG had a beneficial effect on reduction
of 2 metabolic risk factors including triglyceride and blood
pressure in the human experiment. We also showed a novel
evidence that EGCG decreased kisspeptin levels. This
study revealed that EGCG had no effects on obesity reduc-
tion in humans nor lipolysis or browning of white adipo-
cytes. Further studies are required to disclose the
association between the effect of EGCG on reduction of
blood pressure and kisspeptin.
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