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Abstract 

 Hyperlipidemia and obesity are risk factors that contribute to cardiovascular diseases, diabetes, and 
hypertension among the world’s population. The present study aimed to investigate the effects of green 
tea (Camellia sinesis) and Garcinia (Garcinia atroviridis) extracts in high-fat diet mice. The mice were 
fed with a high-fat diet and orally administrated extracts once daily. The extracts displayed a significant 
decrease in body weight, triglyceride, low-density lipoprotein (LDL) cholesterol, total cholesterol, 
atherosclerosis index (AI), and glucose levels in blood. High-density lipoprotein (HDL) cholesterol 
significantly increased. Treatment with the extracts reduced the lipid peroxidation marker, 
malondialdehyde (MDA), and indicated the pathohistology of lower fat cells deposited in liver tissues. In 
in vitro studies, the extracts have been identified to be capable of inhibiting the activity of amylase and 
glucoside enzymes and scavenging free radicals. Moreover, both green tea and Garcinia extracts showed 
non-toxicity as presented by the activity of aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), and blood urea nitrogen (BUN). In conclusion, the pathogenic factors involved in atherosclerosis 
were reduced by green tea and Garcinia extracts, and both extracts could be useful for better prevention 
and treatment of atherosclerosis and cardiovascular diseases. 

Keywords: Anti-hyperlipidemia, Anti-glycemic, Atherosclerosis, Camellia sinensis, Garcinia atroviridis, 
High-fat diet mice, Cardiovascular disease 
 
 
Introduction  

 Hyperlipidemia and obesity are defined as abnormal or excessive cholesterol in blood and fat 
accumulation in tissues, which increase the risk of cardiovascular disease and stroke, the major cause of 
morbidity and mortality of the global population. Low-density lipoprotein (LDL) cholesterol is 1 of the 
most important atherogenic lipoprotein, and oxidation of LDL to Ox-LDL indicates the 1st step of 
atherosclerosis in cardiovascular diseases [1]. Malondialdehyde is well-known as the indicator of 
lipoperoxidation and is a sign of increased oxidative stress. The high-fat diet studies in animals, such as a 
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diet with a high consumption of saturated fat and cholesterol, can influence the prevalence of metabolic 
syndrome, which increases the risk of developing type 2 diabetes and cardiovascular diseases. 
Hyperlipidemia and hyperglycemia affect antioxidant status and related to increased oxidative damage. 
The usage of natural products from plant origin in treating hyperlipidemia can reduce blood lipids [2,3]. It 
is well-known that lipid-lowering drugs have an adverse effect to long-term consumption in liver and 
muscle toxicity [4].  
 Green tea (Camellia sinensis) is a famous and widely consumed beverage worldwide. Green tea has 
been shown to have significant health-promoting effects. It contains an abundant source of polyphenolic 
flavonoid known as catechin. There are some major isomers of this compound, which are catechingallate 
(CG), gallocatechingallate (GCG), epicatechingallate (ECG), epigallocatechin, and 
epigallocatechingallate (EGCG). Normally, 10 - 20 % of the catechins in green tea leaves are 
epigallocatechin and EGCG [5]. Drinking green tea can induce antioxidant [6], antiviral [7], antiplaque 
forming [8], and anticancer [9] activities, as well as decrease blood pressure [10], blood glucose levels, 
and body weight [11]. Lipid metabolism studies in animals have found that green tea reduces triglyceride 
and total cholesterol concentrations [12] and inhibits hepatic and visceral fat accumulation [13]. Recent 
studies suggest that EGCG reduces the development and progress of various diseases, such as cancer and 
cardiovascular diseases [14,15]. 
 Garcinia (Garcinia atroviridis) is a large rainforest tree that is mostly found in the southern part of 
Thailand and the northern part of Malaysia. Garcinia has been used in healthy diets for centuries in many 
areas of tropical Asia. Sun-dried slices of the fruits are usually used as a seasoning in curries or soups to 
give a sour taste. Garcinia contains tartaric, citric, and ascorbic acid, which have antioxidant activities and 
play a role in anti-microbial, anti-tumor, and anti-inflammatory activities [16]. However, the most 
important bioactive compound is hydroxyl citric acid (HCA) [17]. This compound is a competitive 
inhibitor of adenosine triphosphate citrate lyase [18]. The action of HCA exerts as an inhibitor of fatty 
acid synthesis [19]. HCA is usually used as a weight loss supplement either alone or in combination with 
other supplements [20]. Moreover, consumption of HCA can promote weight loss and reduce fat 
accumulation [21,22]. 
 The present study aimed to investigate the effects of green tea and Garcinia aqueous extracts on 
anti-glycemic in vitro study, anti-hyperlipidemic and atherosclerosis index, and glucose in high-fat diet 
mice (HFD). It is hypothesized that green tea and Garcinia will attenuate the development of obesity and 
can be used in potential diets for health promotion. 
 
Materials and methods 

 Sample preparation 
 Garcinia fruits were purchased from a local supplier in Nakhon Si Thammarat, Thailand. The fruits 
were prepared by air-drying, cutting them into small pieces (100 g), and using heat pressure water 
extraction (800 ml). Then, the extract was filtrated by using 0.45 micron filter. The resultant solution was 
freeze-dried using lyophilizer, and then the extract powder was kept in an air-tight container and stored in 
a freezer (-20 °C) until further analysis. Green tea leaves were purchased from Chiang Rai, Thailand. 
Green tea leaves were prepared by air-drying, grinding them into small pieces (100 g), and using heat 
pressure water extraction (800 ml). Then the extract was filtrated using 0.45 micron filter. The resultant 
solution was freeze-dried using lyophilizer, and then the extract powder was kept in an air-tight container 
and stored in a freezer (-20 ºC) until further analysis.  
 
 Determination of total phenolic content 
 The total phenolic content was determined using the Folin-Ciocalteu reagent followed by a previous 
method [23] with a minor modification. Briefly, 10 μl diluted extract solution was mixed with 10 μl of 
tenfold diluted Folin-Ciocalteu’s phenol reagent and allowed to react for 5 min. Then 100 μl of 7.5 % 
sodium carbonate (Na2CO3) solution was added, and the final volume was increased to 200 μl by adding 
deionized water. After the reaction for 15 min at room temperature, the absorbance at 765 nm was 
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determined. The calibration curve was obtained with gallic acid, and the results were expressed as mg of 
gallic acid equivalents per gram of dry weight (mg GAE/g dry weight). 
 
 Determination of free radical scavenging activity on DPPH 
 The antioxidant activity of the extracts was determined in terms of radical scavenging ability using 
the stable radical DPPH. The protocol was modified from the method of Blios (1958) [24]. Briefly, 50 μl 
of prepared sample extracts at various concentrations was added to 200 μl of a 100 μM ethanolic solution 
of DPPH and allowed to stand for 20 min at room temperature. The absorbance of the sample was 
measured at 517 nm. Radical scavenging activity was expressed as the inhibition percentage of free 
radical by the sample and was calculated using the formula [1 - (Asample/Acontrol)]×100, where Asample is the 
absorbance of the extracts or standards mixed with DPPH and Acontrol is the absorbance of the DW mixed 
with DPPH. 
 
 Determination of free radical scavenging activity on ABTS 
 The total antioxidant activity of the samples was measured by ABTS radical cation decolorization 
assay and was performed with a slight modification from the method of Re et al. [25]. ABTS was 
produced by reacting 7 mM ABTS aqueous solution with 2.4 mM potassium persulfate in the dark for 12 
- 16 h at 4 °C. Prior to assay, this solution was diluted in DW to give an absorbance at 734 nm of 0.700 ± 
0.02. Free radical scavenging activity was performed by adding 20 μl of the extracts or standard solution 
and mixed with 180 μl of the working ABTS cation radical reagent. The absorbance was measured at 734 
nm after 3 min incubation at room temperature. The antioxidant capacity of the extracts was calculated 
using the formula [1 - (Asample/Acontrol)]×100, where Asample is the absorbance of the extracts or standards 
mixed with ABTS and Acontrol is the absorbance of the DW mixed with ABTS. The result was expressed 
as Trolox Equivalent Antioxidant Capacity (TEAC). 
 
 Determination of hydroxyl radical scavenging assay 
 The hydroxyl radical scavenging activity was performed by the method from Omwamba et al. [26] 
with a slight modification. Briefly, 90 μl of extracts or standard solution diluted with DMSO was mixed 
with 45 μl of 8 mM FeSO4·7H2O, 63 μl of 5.7 mM salicylic acid, and 72 μl of 6 mM H2O2. The reaction 
plate was kept in 37 °C for 30 min, and then absorbance was measured at 562 nm. The scavenging 
activity was calculated using the formula: % OH-scavenging activity = [1 - (Asample - Asample blank/Acontrol -  
Acontrol blank)]×100, where, (Asample - Asample blank) is the difference in the absorbance of the extracts or 
standards (with or without salicylic acid) and (Acontrol - Acontrol blank) is the difference in the absorbance of 
DMSO (with or without salicylic acid). 
 
 Determination of α-amylase inhibitory activity 
 The α-amylase inhibitory activity of the extracts was determined following the method of Ranilla et 
al. [27] with a minor modification. Briefly, a total of 250 μl of the sample and 125 μl of 0.02 M sodium 
phosphate buffer (pH 6.9 with 6 mM NaCl) containing α-amylase solution (0.5 mg/ml) was incubated at 
25 °C for 10 min. After pre incubation, 250 μl of 1 % starch solution in 0.02 M sodium phosphate buffer 
(pH 6.9 with 6 mM NaCl) was added to each tube at timed intervals. The reaction mixtures were then 
incubated at 25 ºC for 10 min. The reaction was stopped with 0.5 ml of dinitrosalicylic acid color reagent. 
The test tubes were then incubated in a boiling water bath for 5 min and cooled to room temperature. The 
reaction mixture was then diluted after adding 5 ml of distilled water, and absorbance was measured at 
540 nm. The α-amylase inhibitory activity was calculated using the formula: % inhibition = (1- 
Asample/Acontrol)×100, where Asample and Acontrol were defined as absorbance of the sample and the control, 
respectively. 
 
 Determination of α-glucosidase inhibitory activity 
 The α-glucosidase inhibitory activity of the extracts was determined following the method of 
Apostolidis and Lee [28] with a minor modification. Briefly, a mixture of 50 μl of sample and 100 μl of 
0.1 M phosphate buffer (pH 6.9) containing α-glucosidase solution (1 U/ml) was incubated in 96 well 
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plates at 25 °C for 10 min. After preincubation, 50 μl of 5 mM pNPG solution in 0.1 M phosphate buffer 
(pH 6.9) was added to each well at timed intervals. The reaction mixtures were incubated at 25 °C for 5 
min. Before and after incubation, absorbance was recorded at 405 nm by a microplate reader. The α-
glucosidase inhibitory activity was expressed as EC50 and was calculated using the formula: % inhibition 
= (1 - Asample/Acontrol)×100, where Asample and Acontrol were defined as absorbance of the sample and the 
control, respectively. 
 
 Animal studies 
 Male IRC mice (n = 48), 16 weeks of age, were divided into 8 groups with 6 animals in each group. 
Group I (control) consisted of animals fed with commercial chow. Group II was fed with a high-fat 
control diet containing 60 % (w/w) commercial chow, 12 % (w/w) lard oil, 12 % (w/w) sucrose, 8 % 
(w/w) egg yolk powder, 6 % (w/w) peanuts powder, and 1 % (w/w) milk powder [29]. Group III was fed 
with a high-fat diet plus 250 mg/kg body weight (kgBW) of green tea extract (GT). Group IV was fed 
with a high-fat diet plus 500 mg/kgBW of GT. Group V was fed with a high-fat diet plus 250 mg/kgBW 
of G. atroviridis (GN). Group VI was fed with a high-fat diet plus 500 mg/kgBW of GN. Group VII was 
fed with a high-fat diet plus GT 250 mg/kgBW combined with GN 250 mg/kgBW. Finally, Group VIII 
was fed with a high-fat diet plus Simvastatin 50 mg/kgBW. The animals were housed in cages maintained 
under standard conditions (temperature 24 °C, light/darkness cycles of 12 h) with free access to food and 
water. The extract was forced fed with a gastric lavage. The experiment was approved by the Animal 
Ethical Committee of Walailak University (WU). The mice were maintained on these diets for another 8 
weeks. Body weight and food intake were monitored once a week. After 2 months of the diet, the animals 
were made to fast from food overnight in preparation for plasma and tissue collection. The animals were 
weighed and anesthetized with a lethal dose of pentobarbital at 65 mg/kg body weight, and the thoracic 
abdominal cavity was opened. Blood was collected by cardiac puncture, and plasma was separated by 
centrifugation at 3000 rpm for 10 min. Plasma was collected and kept in a refrigerator at -20 °C until 
used. The liver of each animal was perfused with 10 % (v/v) cold phosphate buffer saline (PBS, pH 7.4) 
and stored at -80 °C for cryosection and hematoxylin and eosin (H& E) staining analysis.  
 
 Blood analysis 
 The plasma levels of glucose (FBS), aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), blood urea nitrogen (BUN), total cholesterol, high-density lipoproteins (HDL), and triglyceride 
(TG) were determined by an automated analyzer (Konelab 20i, Thermo Fisher Scientific). Plasma low-
density lipoprotein (LDL) cholesterol was calculated by the formula of Friedewald et al. [30], and the 
atherogenic index was calculated from Log (TG/HDL-C) [31]. 
 
 Determination of lipid peroxidation marker  

The malondialdehyde (MDA) levels of plasma and liver tissue were measured as a lipid 
peroxidation marker according to a previously described method [32]. Lipid peroxidation (MDA) was 
quantified by measuring the formation of thiobarbituric acid reactive substances (MDA-TBA). Briefly, 
150 μl of each sample was added to 25 μl 0.2 % BHT and 600 μl 15 % aqueous. The mixture was 
centrifuged at 4,000 g for 15 min at 4 ºC. 300 μl of the deproteinized supernatant was transferred in a 2 
ml screw cap test tube and added with 600 μl of TBA (0.375 % in 0.25 M HCl). Samples were then 
heated at 100 °C for 15 min in boiling water. After cooling, sample absorbance was determined 
spectrophotometrically at 535 nm and compared to standard MDA (1, 1, 3, 3-tetramethoxypropane) 
solutions.  

 
 Liver histopathology 
 Livers were embedded on cryosection blocks, cut into 5-micron sections, and stained with 
hematoxylin and eosin. Mounting medium and cover slips were placed on the slides, and then left to dry 
overnight. A diagnosis of fatty liver was made based on the presence of macro or micro vesicular fat in       
5 % of the hepatocytes in a given slide. 
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 Statistical analysis 
 Results are shown as mean ± SEM. Significant differences among the groups were evaluated using 
1-way ANOVA, and the differences between the means were assessed using Duncan’s multiple‐range 
test. A Mann‐Whitney nonparametric test was used for comparing the scores in the histopathological 
analysis between the control and supplementation groups. Statistical analyses with p-value smaller than 
0.05 were considered significant.  
 
Results and discussion 

 In recent years, the number of the world’s population with obesity that has led to diseases including 
diabetes mellitus, hypertension, hyperlipidemia, cardiovascular diseases, non-alcoholic fatty liver 
diseases, and cancers has increased worldwide. It has been reported in many countries that consuming 
lipid-lowering drugs, including statin, have led to liver and muscle damage [33,34]. Therefore, anti-
obesity agents from natural products have been used instead of using drugs excessively [35]. In this study, 
we investigated the anti-glycemic, anti-hyperlipidemic, and anti-atherosclerosis properties of Garcinia 
(Garcinia atroviridis) and green tea (Camellia sinensis) extracts in high-fat diet mice. The present study 
suggested that these 2 herbs are potential candidates as anti-obesity medicinal plants. As we know from 
many studies on high phenolic plants prevent obesity has been reported worldwide [36,37]. In this study, 
green tea and Garcinia were obtained from the aqueous extract of dried green tea leaves and dried 
Garcinia fruits. We reported the total phenolic content of green tea and Garcinia as 252.44 and 5.42 
mgGAE/g dw, respectively, which was determined by the Folin-Ciocalteu method (Table 1). 
 
 
Table 1 The Antioxidant Properties of Extracts. 
 

Extracts 
Phenolic content 

GAE 
(mg/g extract) 

DPPH scavenging 
SC

50
 

(μg/mL) 

ABTS scavenging 
TEAC 

(mg/g extract) 

Hydroxyl radical 
scavenging 

SC
50

 
(μg/mL) 

Green tea 252.44 ± 38.66 75.33 ± 5.77 669.71 ± 37.29 1049.09 ± 98.54 
Garcinia 5.42 ± 0.67 4404.96 ± 86.60 2.23 ± 0.15 902.56 ± 37.84 
Data of mean + SEM of 3 independent experiments. GAE, Gallic Acid Equivalent; TEAC, Trolox 
Equivalent Antioxidant Capacity; SC50, 50 % of Scavenging Free Radical. 
  
 
 The results disclosed the same range of total phenolic content as previous reports [38,39]. The 
radical scavenging abilities of the 2 extracts were performed by the ABTS and DPPH method. However, 
ABTS assay measures the abilities of extracts to scavenge free radicals that are generated in the aqueous 
phase. In contrast, DPPH is a stable, synthetic radical from organic nitrogen radicals [40] that are 
measured from the ability of extracts to scavenge radicals. The results of the ABTS radical scavenging 
assay revealed that the antioxidant activity of green tea was 669.71 mg TEAC/g dry weight and Garcinia 
was 2.23 mg TEAC/g dry weight, indicating that the ability to scavenge the radicals in the aqueous phase 
of green tea was greater than Garcinia. In the same way, the results of DPPH were expressed as 50 % 
scavenging capacity (SC50) and showed that the ability of green tea was greater than Garcinia (75.33 and 
4404.96 μg/mL, respectively). However, there were other potent reactive oxygen species in the biological 
system called hydroxyl radicals, which are highly reactive and short-lived radicals from hydroxide ion 
(OH-) and have highly destructive effects on cellular components which can cause peroxidation of lipids 
and attack cellular molecules such as RNA, proteins, and DNA. In our study, hydroxyl radicals were 
generated by the Fenton reaction [41], and the reaction was measured by the Griess Illosvoy reaction [42]. 
The result indicated that the ability of Garcinia to scavenge the hydroxyl radicals was greater than green 
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tea. These results follow the previous reports from preceding studies that Garcinia, which is rich in HCA, 
can attribute to the ability of hydroxyl radical scavenging, stronger than green tea catechin [43]. 

In the animal study, the effects of green tea and Garcinia treatment on high-fat diet mice were 
determined. After the induction of obesity in mice and treatment for 8 weeks, there was a significant 
increase in body weight of the mice in the high-fat diet group when compared to the normal diet group 
and the extracts-treated groups after 2 weeks (p < 0.05). Moreover, the high-fat diet group had a 
significant increase (1.3 - fold) when compared to the treated group and statin group (p < 0.05). However, 
there was no significant difference in body weight among the treated and statin group (p < 0.05) (Figure 
1). In the experiments, no significant differences were observed in the food intake between the control 
diet-fed mice and the high-fat diet mice (data not shown). These observations indicated that extracts did 
not cause an anorectic effect responsible for the prevention or reduction of the high-fat diet induced in 
body weight and adipose tissue mass. 

 
 

 
 
 
Figure 1 Body Weight of Mice Fed with High-Fat Diet and Co-Treated with Green Tea and Garcinia for 
8 weeks. 
 
 

The effects of green tea and Garcinia extracts on the development of diet-induced obesity in IRC 
mice were examined. The results showed that dietary green tea and Garcinia extracts successfully reduced 
blood cholesterol, triglyceride, LDL levels, and glucose levels. Meanwhile, the same extracts improved 
HDL levels (Table 2). These results confirm that green tea and Garcinia plays a critical role in the 
reduction of atherosclerosis index. In addition, it has been reported that consuming green tea catechins, 
including EGCG, markedly reduced blood sugar and body weight [44,45]. It has also been previously 
reported that HCA in Garcinia could reduce serum triglyceride and cholesterol, resulting in the inhibition 
of lipogenesis via blocking acetyl-CoA, which is the required binding molecule for fatty acid and 
cholesterol biosynthesis [46,47]. 

 
 
 
 
 
 
 

Weeks 
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Table 2 The Effects of Green Tea and Garcinia Extracts on Blood Levels of Cholesterol, Triglyceride, 
LDL, HDL, Glucose, and Atherosclerosis Index (AI) in High-Fat Diet (HFD) Mice Fed for 8 Weeks. 
 

Treatment Cholesterol 
(mg/dl) 

Triglycerides 
(mg/dl) 

LDL 
(mg/dl) 

HDL 
(mg/dl) 

Glucose 
(mg/dl) 

Atherosclero
sis index 

Normal Control 110.57 ± 5.90 53.71 ± 4.20 41.38 ± 4.80 69.21 ± 3.60 163.15 ± 9.80 0.63 ± 0.04 

HFD 147.32 ± 12.80a 73.54 ± 8.60a 58.00 ± 6.90a 63.50 ± 3.10a 191.25 ± 9.50a 0.91 ± 0.09a 

HFD + GT 250 mg/kgBW 126.41 ± 3.50b 30.86 ± 13.40b 55.30 ± 6.00 62.59 ± 3.90 196.76 ± 5.20 0.87 ± 0.02 

HFD + GT 500 mg/kgBW 139.62 ± 13.20 52.73 ± 10.20b 56.84 ± 2.70 68.64 ± 6.90b 165.83 ± 10.20b 0.83 ± 0.03b 

HFD + GA 250 mg/kgBW 137.85 ± 8.30 43.41 ± 13.50b 54.40 ± 6.00 66.51 ± 3.90 141.51 ± 5.70b 0.81 ± 0.02b 

HFD + GA 500 mg/kgBW 106.57 ± 7.40b 52.67 ± 9.10b 44.05 ± 5.60b 69.10 ± 5.60b 171.69 ± 6.90b 0.76 ± 0.13b 
HFD + GT 250 mg/kgBW 
plus GA 250 mg/kgBW 125.68 ± 7.10b 48.19 ± 7.80b 47.94 ± 7.10b 67.25 ± 9.40b 124.73 ± 25.10b 0.61 ± 0.06b 

HFD + Statin 50 mg/kgBW 128.49 ± 10.20b 59.29 ± 5.90b 46.28 ± 4.90b 72.07 ± 11.90b 178.93 ± 7.40 0.60 ± 0.05b 
Data of mean ± SEM of 3 independent experiments. HDF, high-fat diet; GT, green tea extract; GA, Garcinia 
atroviridis extract.  ap < 0.05; HFD mice compared to control normal diet group. bp < 0.05; HFD-treated group with 
extracts compared to HFD-treated group in the same column. 
 
 
 The extracts of green tea and Garcinia were orally administered daily for 8 weeks, and the doses 
were in the non-hepatotoxic range for mice which showed no significant differences in the plasma 
activities of AST, ALT, and BUN when compared to the normal control groups. Obese mice fed with 
HFD showed a significant increase in AST and ALT liver enzyme activities (p < 0.05). Treatment with 
these extracts improved liver tissue damage indicated by reduced liver enzyme activities.  Moreover, the 
doses of these extracts showed a potently reduced MDA, the lipid peroxidation maker, in blood and liver 
tissues (p < 0.05) (Table 3).  
 The inhibitory effects of the extracts and their EC50 values on α-amylase and α-glucosidase are 
presented in Table 4. It can be observed that both of the extracts showed inhibition on α-amylase and α-
glucosidase. The concentration of the extracts was at 500 μg/mL to examine the α-amylase and α-
glucosidase inhibition. The result of α-amylase inhibition showed that Garcinia had a stronger ability than 
green tea to inhibit, showing the reduction of enzyme activity from 36.84 U/L (control) to 22.00 U/L and 
25.59 U/L by 40.12 and 30.06 %, respectively. The values of EC50 were 618.51 and 810.90 μg/mL for 
Garcinia and green tea, respectively. In the same way, the result of α-glucosidase inhibition showed that 
Garcinia also had a stronger ability than green tea to inhibit, showing the reduction of enzyme activity 
from 38.38 U/L (control) to 29.68 U/L and 31.73 U/L by 22.58 and 17.14 %, respectively. The values of 
EC50 were 1096.49 and 1453.49 μg/mL for Garcinia and green tea, respectively. Moreover, we observed 
that α-amylase and α-glucosidase inhibitory activities of green tea and Garcinia showed moderate 
inhibition of α-amylase and α-glucosidase, which correlated to the reduction of blood sugar and 
triglyceride in mice treated with a high-fat diet (Table 2). According to a previous study, it has been 
reported that the HCA isomer (2s, 3r) inhibits α-amylase activity and α-glucosidase activity [48], leading 
to the reduction of carbohydrate metabolism and absorption with significant reduction in blood glucose in 
diabetic patients [49]. In addition, it has been reported that the EGCG in green tea is a potent α-amylase 
and α-glucosidase inhibitor [50,51]. 
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Table 3 The Effects of Green Tea and Garcinia Extracts on Liver Enzyme, Kidney Function Marker 
(BUN),  and Lipid Peroxidation Product (MDA) in Blood and Liver Tissues. 
 

Group AST 
(U/L) 

ALT 
(U/L) 

BUN 
(mg/dL) 

MDA 
(nM/ml) 

MDA 
(nM/g potein) 

Normal Control 124.0 ± 8.4 22.0 ± 5.4 25.0 ± 0.9 1.5 ± 0.2 24.6 ± 3.1 
HFD control 172.0 ± 23.8a 36.0 ± 2.8a 26.0 ± 1.4 6.5 ± 0.8a 172.9 ± 13.6a 
HFD + GT  250 mg/ kgBW 77.0 ± 33.8a,b 18.0 ± 2.8 24.0 ± 1.4 2.7 ± 0.8b 77.1 ± 6.4b 
HFD + GT  500 mg/ kgBW 163.0 ± 34.8 40.0 ± 6.6 24 ± 1.3 1.6 ± 0.5b 28.7 ± 9.5b 
HFD + GA  250 mg/ kgBW 98.0 ± 33.8a,b 26.0 ± 2.3 26.0 ± 1.0 2.8 ± 0.7b 65.4 ± 9.2b 
HFD + GA  500 mg/ kgBW 112.0 ± 27.2 31.0 ± 4.6 20.0 ± 1.9 2.1 ± 0.6b 45.3 ± 6.8b 
HFD+GT 250 mg/kgBW+ 
GA 250 mg/kgBW 155.0 ± 27.8 33.0 ± 3.6 23.0 ± 1.6 1.9 ± 0.8b 32.6 ± 8.3b 

HFD+Statin 50 mg /kgBW 156.0 ± 27.9 25.0 ± 1.1 24.0 ± 1.0 2.85 ± 0.6b 52.8 ± 6.9b 
Data of mean ± SEM of 3 independent experiments. HDF, high-fat diet; GT, green tea extract; GA, Garcinia 
atroviridis extract.  ap < 0.05; HFD mice compared to control normal diet group. bp < 0.05; HFD-treated group with 
extracts compared to HFD-treated group in the same column. 
 
 
Table 4 The Inhibitory Effect of Green Tea and Garcinia Extracts on Pancreatic Enzyme α-Amylase and 
α-Glucosidase In Vitro. 
 

Extracts 

α-Amylase α-Glucosidase 

U/L % inhibition 
(500 µg/ml) 

EC50 
(μg/mL) U/L 

% 
inhibition 

(500 µg/ml) 

EC50 
(μg/mL) 

Control 36.84 ± 2.66 - - 38.38 ± 1.54 - - 
Green tea 25.59 ± 1.77a 30.06 810.90 31.73 ± 1.77a 17.14 1,453.49 
Garcinia 22.00 ± 0.09a,b 40.12 618.51 29.68 ± 0.09a,b 22.58 1,096.49 

Data of mean ± SEM of 3 independent experiments. HDF, high-fat diet; GT, green tea extract; GA, Garcinia 
atroviridis extract.  ap < 0.05; the extract compared to control. bp < 0.05; green tea extracts compared to Garcinia 
extracts on α-amylase and α-glucosidase inhibitory activities. 
  
 
 H&E staining of liver tissue indicated the presence of high-fat diet-induced hepatic steatosis. The 
number of adipocyte significantly increased in the high-fat diet group when compared to the normal 
control group. The adipocyte size of the high-fat diet group was significantly bigger than the normal 
control group. The number of adipocyte was reduced in all green tea and Garcinia extracts-treated groups 
when compared to the high-fat diet control group. For all treated groups, their adipocyte sizes were 
significantly smaller than the high-fat diet group: their numbers of fat cells were significantly less than 
the high-fat diet group (Figure 2). 
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A. Normal control 

 
B. HFD control 

  

 
C. HFD + Green Tea 250 mg/kgBW 

 
D. HFD + Garcinia 250 mg/kgBW 

  

 
E. HFD + Green Tea 500 mg/kgBW 

 
F. HFD + Garcinia 500 mg/kgBW 
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G. HFD + Green Tea 250 plus Garcinia 

250 mg/kgBW 
 

H. HFD + Statin 50 mg/kgBW 

 
Figure 2 Liver Histopathology Effects of Green Tea and Garcinia Extracts in High-Fat Fed Mice for 8 
weeks. 
 
 
 A. Mice were fed with normal chow, B, Mice were fed with HFD, C. Mice were fed with HFD and 
co-treatment with green tea extract 250 mg/kgBW, D. Mice were fed with HFD and co-treatment with 
Garcinia extract 250 mg/kgBW, E. Mice were fed with HFD and co-treatment with green tea extract 500 
mg/kgBW, F. Mice were fed with HFD and co-treatment with Garcinia extract 500 mg/kgBW, G. Mice 
were fed with HFD and co-treatment with green tea extract 250 plus Garcinia 250 mg/kgBW, H. Mice 
were fed with HFD and co-treatment with statin 50 mg/kgBW. The arrow indicates the fat cell droplets. 
 Furthermore, green tea and Garcinia extracts could reduce fat cells in liver tissue as shown in 
Figure 2, consistent with similar decreases in cholesterol, LDL, and triglyceride (Table 2). The potential 
mechanism may involve the inhibition of intestinal lipid absorption by green tea, particularly EGCG [52]. 
Thus, it is probable that the decreased hepatic lipid accumulation may be associated with the decreased 
absorption of lipids at the intestinal level. In addition, HCA in Garcinia is known to inhibit the 
lipogenesis catalyzed by ATP citrate-lyase in the liver and peripheral tissues, as reported previously [53]. 
Our results also confirmed that both green tea and Garcinia showed potency in free radical scavenging 
and a reduction of MDA in blood and liver tissues. Taken together, these results suggest that the green tea 
and Garcinia extracts may have a beneficial role in improving hepatosteatosis induced by HFD, although 
the in-depth mechanism for the experimental model of this study needs to be clarified. 
 
Conclusions 

 In conclusion, this study has demonstrated the effectiveness of green tea and Garcinia in modulating 
the plasma lipid profile, hepatic lipid accumulation and blood glucose level with non-toxic to the body. 
The analysis results suggest that the use of plant extracts, both of Garcinia and green tea extracts, are 
viable alternatives to pharmaceutical inhibitors of dyslipidemia and hyperglycemia, thus exert the 
reduction of atherosclerosis risk. Therefore, this investigation has revealed the potential of green tea and 
Garcinia extracts to be used as a natural oral dietary supplement with both hypoglycemic and 
hypolipidemic effects. More clinical trials are needed to demonstrate the efficacy of these extracts in 
human volunteers to lower postprandial hyperglycemia and hyperlipidemia. Moreover, efficacy of 
provided evidence of this functional food formula may be developed as a new potential natural product 
for the prevention of hyperlipidemia and obesity in future. 
 
 
 
 

Blood vessel 
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