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Introduction
From 1975 to 2016, the global prevalence of obesity almost tripled. 

In 2016, approximately 13% of the global adult population (11% for 
men and 15% for women) were obese [1]. According to data from the 
Nutrition and Health Survey in Taiwan (NAHSIT), the overweight and 
obesity rate among adult men over 19 years old in Taiwan from 2013 
to 2016 was 52.1%, a figure 14.7% higher than that of women [2]. These 
rates increased by 18.7% (male) and 4.4% (female) between 1993 and 
1996, with a much higher rate increase among men [3]. Between 2013 
and 2016, the prevalence of people classified as overweight was 25.3% 
(male) and 19.4% (female), increasing 6.3% and 2.2% over the 2005-
2008 statistics. The number of people moving from the overweight to 
obese categories increased [2, 3].           

An analysis of the top ten causes of death in Taiwan found that 
more than half of the causes of death are related to obesity, including 
heart disease, cerebrovascular disease, and diabetes. Changes in 
lifestyle and habits, diet, and environmental factors are affecting 
people's health. Rich diets and insufficient exercise are common 
causes of the accumulation of body fat, which is the leading cause of 
obesity and a risk factor for chronic diseases like myocardial infarction, 
diabetes, hypertension, gallstones, and bone and joint degeneration [4]. 
It also contributes to increased cancer rates, accelerates Alzheimer’s 
and gallbladder disease, and shortens life expectancy. There are clear 
reasons why reducing excessive body fat to avoid obesity should be a 
goal for most people.     

In 2002, Taiwan spent approximately 16.2 billion on obesity and 
metabolic syndrome care, accounting for 2.9% of the total healthcare 
expenditure (National Health Expenditure, NHE) [5]. This amount 
does not include medical treatment due to illness, time lost to 
hospitalization, and the economic loss caused by reduced productivity. 
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For comparison, the medical cost of obesity-related diseases in the 
United States in 1998 was US $78.5 billion. The increased to US$147 
billion per year in 2008, an increase of 87% over the 10 years [6]. When 
BMI is higher than 30 kg/m2, it is related to a 2% decrease in income, 
a 3% increase in social transfer payments, and a 4% increase in health 
care costs. A BMI higher than 30 points is also associated with increased 
comorbidities, which explains the increase in direct and indirect costs. 
As we touched on above, in addition to increasing health and medical 
expenses, obesity is also related to absenteeism and unemployment. 
The decline in productivity and income causes socio-economic shocks 
[7]. Therefore, obesity causes not only personal health problems but 
also leads to national economic loss. The factors affecting the increase 
in obesity rates in Taiwan in recent years are at the (1) family level 
(family socioeconomic status, family life quality, parent size, changes in 
eating habits, and growth in static activities); (2) school level (reduced 
exercise time and the pressure of entering school cause a reduction in 
sleep time); and (3) social level (Western-style fast food, sugary drinks, 
media advertising influence, and obesity tax) [8].     

Oxidative stress is positively related to the occurrence of 
cardiovascular disease, type 2 diabetes (2TDM), high blood pressure, 
stroke, cancer, and osteoarthritis. Being overweight increases 
cardiovascular disease, type 2 diabetes, high blood pressure, stroke, 
cancer, and osteoarthritis [9]. A large-scale experiment conducted by 
the American Cancer Society found that men who are 40% overweight 
are more likely to get prostate, rectal, and colon cancer. Incidents of 
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Abstract
Oxidative stress plays a vital role in human diseases. GABA tea and mulberry leaves show antioxidant effects 

and scavenge free radicals. The mulberry leaf-GABA tea (ML-GABA tea) product has the effect of reducing body fat. 
Therefore, this study evaluates the effect of ML-GABA tea on antioxidant activity and obese-related gene expression. 
We analyzed 27 subjects, including 18 female and 9 men subjects. The results showed that malondialdehyde (MDA) 
in plasma and erythrocyte catalase enzyme activity decreased significantly (p <0.05) after the subjects consumed ML-
GABA tea for 6 weeks. There was no significant difference (p> 0.05) in the enzyme activity of superoxide dismutase 
(SOD), glutathione peroxidase (GPx), and glutathione reductase (GR). Additionally, we found no significant change (p> 
0.05) of adiponectin, leptin, IL-6, and visfatin gene expressions in the obese group after consuming ML-GABA tea for 
6 weeks. In summary, our findings indicate that ML-GABA tea inhibits MDA formation in the body, reducing the activity 
of catalytic enzymes. ML-GABA tea is a healthy food that inhibits the formation of body fat and has antioxidant effects.
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breast, ovarian, uterine, gallbladder, cervical, and endometrial cancers 
increase in obese women. There is a high correlation between oxidative 
stress and body weight. When the body produces too many oxidizing 
substances, the damage caused when the antioxidant system cannot 
remove these oxidizing substances promptly is called oxidative stress 
[10]. When we put our bodies through tension, stress, smoking, 
hemodialysis, and intense exercise, it releases oxidative stress factors in 
large quantities, harming human health [9]. Therefore, the problem of 
excessive oxidative stress caused by obesity is an important research topic.     

Gamma-amino butyric acid (GABA) is a significant 
neurotransmitter, expressed from the embryonic stage until death. 
It is the primary inhibitory neurotransmitter in the adult brain [11]. 
Together with the excitatory neurotransmitter glutamate, GABA 
regulates the inhibitory-excitatory balance necessary for the normal 
brain function of the mature brain [12, 13]. Therefore, pure, natural 
foods rich in GABA are considered contemporary health foods and 
daily nutritional supplements for modern people. Foods rich in GABA  
include Jiayelong tea (GABA tea), red yeast rice, germinated rice, 
fermented soybeans, fermented dairy products, mulberry leaves, soft-
shelled turtle, and Huangqi (a traditional Chinese medicine). Aside 
from containing the highest amounts of GABA, Jiayelong tea also 
helps lower blood pressure, reduces cancer and oxidization risks, and 
is antibacterial [14 ].

Mulberry leaf is the leaf of the mulberry tree [15]. Communities 
worldwide have used this raw material in sericulture for thousands 
of years. Traditional Chinese Medicine practitioners use mulberry 
leaf to nourish the blood, clear wind, dissipate heat, invigorate the 
liver, provide ventilation, lower blood pressure, and increase urine 
production (diuresis). This versatile botanical is rich in nutrients, 
including 17 amino acids, carbohydrates, dietary fiber, vitamins, and 
trace elements such as zinc, iron, and calcium [16].  Mulberry leaves 
also contain flavonoids, such as isoquercetin, achyranthes sterol, 
adenine, GABA, choline, alkaloids (GAL-DNJ and Fagomine); total 
polysaccharides; and other physiologically active ingredients [16, 
17]. Recent pharmacological studies have found that consumption of 
mulberry leaves lowers blood sugar levels, blood pressure, and blood 
lipids [18, 19]; has anti-aging, anti-inflammatory, and anti-viral effects; 
and prevents cancer cell formation [20]. Researchers have extracted 
mulberry leaf components for use in human or mammalian cultured 
cells. For example, they use mulberry leaf extract to conduct safety 
and anti-mutation experiments using the chromosomal abnormality 
test and somatic mutation methods. These results confirm the safety of 
mulberry leaves [21].     

Our past studies found that 150 mg of GABA per 100 g of GABA 
tea can regulate blood pressure, blood lipids, and blood sugar [22], 
and improve heart muscle cell apoptosis in rats [23]. GABA also has 
an excellent antioxidant stress effect. In addition, mulberry leaves 
lower blood pressure and blood lipids. By researching a combined 
mulberry leaf-GABA health food, we can understand the effect of the 
two products on the oxidative stress of weight control subjects. This 
research aims to learn more about the relationship between mulberry 
leaf GABA tea on oxidative stress factors and antioxidant enzymes. 
We will observe the changes in oxidative stress factors and antioxidant 
enzymes and the effect on the expression of obesity genes in subjects 
during weight control.               

Materials and Methods
Participants

We selected 27 participants for this study. As shown in Table 2, 

the average age was 32.48±12.08 years old, and the average BMI value 
was 32.63±4.10 kg/m2 (obesity is ≥ 27 kg/m2). The subjects, classified 
as obese, were selected from the outpatient and community screening 
activities of the Family Medicine Department of the Chung Kang 
Branch of Cheng Ching General Hospital. The entire participant 
completed and signed a human trial consent form (HP110014). They 
took a self-administered GABA tea formula containing mulberry leaves 
orally once a day (1.5 g / 3 capsules) in the morning and after dinner 
for 6 weeks. The subjects maintained their typical lifestyle, diet, and 
exercise habits for the duration of the trial period. We collected blood 
samples and testing data in the 0th and 7th weeks of the experiment.

The inclusion criteria were: (1) healthy adults over 18 years of age 
with BMI ≥ 27 kg/m2; (2) no heart, liver, kidney, endocrine, or other 
organ diseases; (3) non-psychiatric patients; and (4) no not on any 
medication.

The exclusion criteria were: (1) Type 1 diabetes (or later-born 
diabetes caused by pancreatic damage) or secondary diabetes (such as 
Cushing’s syndrome and acromegaly). Severe complications of acute 
diabetes have occurred in the past 6 months, such as ketoacidosis or 
high osmotic pressure non-ketoacidosis state (coma). (2) Significant 
signs of diabetic complications, including symptomatic autonomic 
neuropathy, retinopathy, or gastro paresis. (3) In the four weeks before 
the first visit, the patient has an acute infection that may affect blood 
sugar control and has other medical conditions that may hinder the 
interpretation of the efficacy and safety data during the trial period. 
(4) Any of the following conditions occurred in the past six months: 
myocardial infarction, unstable angina or stroke, coronary artery 
bypass surgery, or percutaneous coronary intervention. (5) Congestive 
heart failure requiring medical treatment. (6) Any of the following 
ECG abnormalities: Torsade de Pointes, persistent, clinically relevant 
ventricular tachycardia, sick sinus syndrome or atrial fibrillation 
(flutter), second-level atrioventricular conduction block, first Tertiary 
atrioventricular conduction block, or QTc prolongation (over 500ms). 
(7) Chronic respiratory diseases requiring oxygen supply or long-term 
medication. (8) Suffered from leukemia and lymphoma (excluding 
basal cell carcinoma) and other malignant tumors in the past five years. 
(9) Liver diseases, such as cirrhosis or chronic active hepatitis. (10) One 
unit (500ml) or more of blood donation, loss of at least one unit of blood 
in the past two weeks, or blood transfusion in the past eight weeks. (11) 
Long-term insulin therapy in the past six months (under the condition 
that no other diseases occur in the meantime or receiving treatment for 
more than four weeks). (12) Treatment with Ia, Ib, and Ic or class III 
antiarrhythmic drugs. (13) Treatment with any drugs (i.e., cytostatic) 
with known and frequent toxicity to vital organ systems in the past 
three months. (14) Significant laboratory abnormalities, including: 
ALT and AST values ​​at first assessment were three times higher than 
the upper limit of the normal range; the direct bilirubin value at the 
first assessment was 1.3 times higher than the upper limit of the normal 
range; serum creatinine value ≥ 2.0 mg/dL; a laboratory abnormality 
confirmed to be clinically significant after repeated measurements in 
the first evaluation; or the oleic ester of fasting triadic was greater than 
500 mg/dL in the first evaluation. (15) A history of substance abuse 
(including alcohol), mental illness, or untrustworthiness in the past 
two years. (16) Pregnancy. (17) Congenital metabolic diseases.

Samples

Both the mulberry leaf and the GABA tea come from the Alishan tea 
area in Chiayi, Taiwan. The raw materials are anaerobically fermented 
three times, dried, and crushed (60 mesh) before being encapsulated. 
There is a 1:50 ratio of mulberry leaf to GABA tea, and each capsule 
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weighs 0.5 g. Before the test began, all samples were stored at-80 [22].

Experimental measurements 

The participants’ body fat, height, weight (calculated body mass 
index, BMI), and waist and hip circumference (calculated waist-to-hip 
ratio, WHR) were measured in weeks 0 and 7 of the study. An Omron 
BP 742 monitor (Omron Healthcare, Inc., Bannockburn, and IL., USA) 
was used to measure systolic and diastolic blood pressure and pulse 
and calculate the mean arterial pressure (MAP) of all participants. A 
24-hour diet recall record method was used to collect the participants’ 
3-day (2 days of the week and one holiday) food intake data. The daily 
dietary intake included total calories and calculated macronutrients 
(proteins, lipids, carbohydrates) [24].

20 mL of blood was collected from the participants and analyzed 
in the 0th and 7th weeks of the experiment. Blood sugar, blood lipid 
parameters (triglyceride, total cholesterol, low-density lipoprotein 
cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C), 
liver function parameters (glutamic oxaloacetic transaminase (SGOT), 
glutamic pyruvic transaminase (SGPT), kidney function parameters 
(blood urine nitrogen (BUN), creatinine, uric acid) were automatically 
analyzed using blood biochemistry instruments (Kit, Randox 
Laboratories Ltd, United Kingdom). Oxidative stress factor plasma 
malondialdehyde (MDA) was analyzed. Antioxidant enzyme analysis 
items included superoxide dismutase (SOD), catalase (CAT), and 
glutathione peroxidase (GPx) [25]. The enzyme immunoassay method 
was used to analyze the serum with a kit of reagents using an ELISA 
Reader to quantify the gene protein. The known specific antibody was 
used to bind the solid phase, and then after the test substance was added, 
the excess was washed away. The second enzyme-labeled antibody 
was added. After washing off the second antibody, the substrate was 
added, and a colorimeter was used to estimate the enzyme activity. This 
concentration was related to the concentration of the antigen in the 
test substance. We used the test reagents produced by R&D System to 
analyze the quantification of leptin and adiponectin. The minimum 
concentration of leptin was 0.15 ng/mL, and adiponectin was 1 ng/mL. 
The quantification of IL-6 [26] and visfatin, adiponectin [27, 28] was 
analyzed with a test reagent produced by Phoenix Pharmaceuticals. 
Blood cell information (Complete Blood Count, CBC) was analyzed 
using an automated blood cell counter (Cell-Dyne 3700, Abbott, 
USA) to analyze the number of red blood cells and white blood cells, 
hemoglobin, hematocrit ratio, average red blood cell volume, platelets, 
and other blood cell analysis factors in the all participants.

Statistical analysis

The data for all participants was analyzed using SPSS version 
22.0.0 (IBM; Chicago, IL, U.S.A.) and are reported as mean ± standard 
deviation (SD) and the number of people (%). The differences between 
the two groups are analyzed using Student’s t- test. Comparison of the 
data before and after the test in the same group (week 0 and week 7) 
was analyzed by paired t- test. If p <0.05, it is statistically significant.

Results and discussion
The average age of the 27 participants in this study was 32.48±12.08 

years, and there was no significant difference between men and women 
(p = 0.80). Table 2 shows the participants' average BMI value (≥ 27 
kg/m2), waist circumference (male ≥ 90 cm; female ≥ 80 cm), WHR 
value (male ≥ 0.9; female ≥ 0.85), and body fat percentage (male ≥ 25%; 
female ≥ 30%), all at higher than normal values. However, the average 
blood pressure (< 135/85 mmHg), pulse (60-100 beats per minute), 
blood lipids, liver function, kidney function, CBC, serum minerals, 

and urine test data of all participants was within the normal range. 
Therefore, the participants in this study are described as simple obese 
patients.

Obesity is a complex disease that involves excessive body fat. It is 
not only a cosmetic problem but also a medical problem. Obesity often 
causes heart disease, diabetes, cardiovascular disease, and high blood 
pressure, increases cancer incidence, accelerates Alzheimer's disease, 
gallbladder disease, and shortens life expectancy [29]. Furthermore, as 
the degree of obesity increases, the severity of diabetes, hypertension, 
hyperlipidemia, hyperuricemia, and pulmonary dysfunction also 
increases. Table 2 shows that after 6 weeks of ML-GABA intervention 
in this study, the average body weight, BMI, waist cycle, hip cycle, 
MAC, and TSF values ​​of the simple obese patients reduced significantly 
(p<0.05). The body weight, BMI, BFR, waist and hip cycle, MAC, and 
TSF of the female participants and the waist and hip cycle of male 
participants also reduced significantly (p<0.05). The value decrease 
among the male participants (-3.83 cm, -4.41 cm) was higher than that 
of the female participants (-3.47 cm, -3.00 cm). On the whole, the WHR 
values ​​of the female participants (body weight, waist cycle) before and 
after the experiment (week 7) were significantly lower than those of the 
male participants (p <0.05), and their body weight, BMI, BFR, MAC, 
and TSF values decreased more than those of the men. The male BMI 
value of the participants in this study was 2.06 kg/m2 higher than that 
of the women. While there was no significant difference (p = 0.52), the 
body fat rate of females was higher than that of the males (6.44% more, 
p <0.001). The results showed that ML-GABA had a better effect on 
improving body weight, BMI, BFR, MAC, and TSF of simple obese 
women than simple obese men.

According to the 1996-2007 death records of the Taiwan Health 
Insurance Database, body mass index (BMI) has a U-shaped relationship 
with the overall mortality rate. At the lowest mortality rate, the average 
BMI is 22-26 kg/m2 [30]. From 1989 to 1992, people over 40 years of 
age underwent medical examinations to analyze the overall mortality 
rate. The rate of overweight / first-degree obese / second-degree 
obese patients and cardiovascular disease mortality trended upward 
gradually [31]. The Six-Community Hypertension Intervention Project 
(SCHIP) conducted from 1982 to 1983 studied males and females aged 
20-65. After 24 years of follow-up evaluation, researchers found that 
the mortality rate of obese people was higher than that of non-obese 
people. In addition, the odds ratio of diabetes, cardiovascular disease, 
cancer, and overall mortality gradually increased in the overweight and 
obesity groups [32]. ML-GABA improves the body weight, BMI, BFR, 
MAC, and TSF of women with simple obesity, reducing comorbidities 
caused by simple obesity.

Previous studies have shown that 100 g of GABA tea containing 
150 mg of GABA can help regulate blood pressure, blood lipids, and 
blood sugar [22] and improve heart muscle cell apoptosis in rats [23].  
The tea also contains theanine, EGCG, total polyphenols, caffeine, 
reducing sugars, and free amino acids similar to those found in black 
and green tea, as shown in Table 1. Table 2 shows that all participants' 
average blood pressure and pulse were within the normal range (< 135 
/ 85 mmHg). After 6 weeks of ML-GABA intervention, the average 
systolic blood pressure decreased by 2.96 mmHg: 1.78 mmHg (male) 
3.56 mmHg (female). However, there was no significant difference. 
According to the results of Selmer et al., when reducing systolic blood 
pressure by 4% or lowering it by 2 mmHg, coronary artery death can 
be reduced. The mortality rate of sudden death can be reduced by 6%, 
and the death rate of all deaths can by 5% [33]. A 5 mmHg reduction 
in diastolic blood pressure can reduce coronary artery mortality by 
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Samples Contents
GABA (mg/100g) 171.95± 2.41
Theanine (mg/g) 40.25 ± 1.37

EGCG (mg/g) 28.07 ± 0.34
Total polyphenol (mg/100g) 2.71 ± 0.05

Caffeine (mg/g) 19.67 ± 3.63
Reduced sugar (mg/100g) 5.94 ± 0.38

Free amino acids (mg/100g) 11.78 ± 0.67
* Values are presented as mean ± SD.

Table 1: The contents of components in GABA tea/mulberry leave extract.

Variance All subjects P value Man, N=9 P value Females, N=18 P value M-F  P value
Age (year) 32.48±12.08 33.44±10.70 32.00±12.98 0.8

Body weight( kg) W0 87.19±17.27 100.17±11.91 80.71±15.99 0.02
W7 86.03±17.10 0 99.34±11.51 0.11 79.38±15.62 0.01 0.02

BMI (kg/m2) W0 32.63±4.10 34.00±3.04 31.94±4.46 0.52
W7 32.20±4.06 0 33.73±3.07 0.12 31.43±4.35 0.01 0.48

BFR (%) W0 36.46±4.97 32.17±4.82 38.61±3.50 0
W7 35.74±5.31 0.21 31.62±5.89 0.74 37.80±3.66 0.05 0

WC (cm) W0 100.81±10.48 109.39±8.71 96.53±8.59 0.01
W7 97.22±10.11 0 105.56±9.04 0 93.06±7.92 0 0.02

HC (cm) W0 113.76±9.08 118.94±7.18 111.17±8.97 0.09
W7 110.29±8.23 0 114.53±6.56 0 108.17±8.31 0 0.17

WHR W0 0.89±0.05 0.92±0.04 0.87±0.05 0.06
W7 0.88±0.05 0.3 0.92±0.04 0.82 0.86±0.04 0.19 0.03

MAC(cm) W0 34.19±3.14 35.58±2.04 33.50±3.41 0.45
W7 33.25±2.96 0.01 35.03±1.71 0.09 32.36±3.08 0.02 0.15

TSF(mm) W0 35.02±5.54 32.28±5.12 36.39±5.35 0.08
W7 30.81±6.47 0.01 28.94±3.71 0.11 31.75±7.40 0 0.18

SBP(mmHg) W0 126.85±11.38 132.00±11.49 124.28±10.71 0.21
W7 123.89±10.78 0.16 130.22±13.47 0.51 120.72±7.78 0.23 0.06

DBP(mmHg) W0 78.00±9.30 81.11±8.64 76.44±9.46 0.35
W7 78.59±7.61 0.66 80.11±7.08 0.6 77.83±7.95 0.45 0.35

MAP (mmHg) W0 93.47±10.19 98.33±8.43 91.04±10.33 0.16
W7 95.89±10.80 0.3 99.96±12.76 0.56 93.85±9.42 0.39 0.22

Pulse W0 79.07±11.91 78.22±11.01 79.50±12.63 0.48
W7 78.41±9.62 0.8 75.22±8.01 0.39 80.00±10.17 0.89 0.26

FBS (mg/dL) W0 98.78±28.18 117.44±43.49 89.44±6.91 0.01
W7 96.92±16.97 0.78 107.13±25.81 0.57 91.81±6.88 0.33 0.03

TG (mg/dL) W0 125.44±52.29 132.22±38.55 122.06±58.71 0.64
W7 117.25±45.67 0.56 106.75±16.69 0.1 122.50±54.59 0.98 0.44

TC (mg/dL) W0 189.26±29.39 193.00±29.00 187.39±30.24 0.65
W7 188.58±30.28 0.94 190.13±19.27 0.82 187.81±35.08 0.97 0.86

LDL-C (mg/dL) W0 115.50±27.53 122.22±26.91 112.14±27.97 0.38
W7 113.47±22.64 0.78 120.53±13.72 0.87 109.94±25.66 0.81 0.29

HDL-C (mg/dL) W0 48.67±9.08 44.33±6.48 50.83±9.56 0.08
W7 51.67±10.77 0.29 48.25±5.75 0.21 53.38±12.38 0.5 0.28

SGOT (U/L) W0 23.78±12.91 27.00±8.32 22.17±14.63 0.37
W7 22.58±10.05 0.72 29.38±13.97 0.67 19.19±5.18 0.45 0.02

SGPT (U/L) W0 26.19±13.71 33.78±15.30 22.39±11.46 0.04
W7 26.13±14.63 0.99 34.88±16.47 0.89 21.75±11.85 0.87 0.04

T-4 W0 6.95±1.31 6.59±1.93 7.13±0.88 0.32
W7 6.95±1.07 0.99 7.00±1.53 0.63 6.93±0.83 0.5 0.88

BUN (mg/dL) W0 11.11±3.95 11.67±1.32 10.83±4.77 0.61
W7 11.43±5.88 0.82 12.00±2.93 0.76 11.13±7.05 0.89 0.74

Creatinine  (mg/dL) W0 0.94±0.21 1.08±0.13 0.88±0.21 0.01
W7 0.95±0.28 0.94 1.04±0.11 0.5 0.91±0.33 0.76 0.29

Uric acid (mg/dL) W0 6.13±1.61 6.96±1.74 5.71±1.41 0.06
W7 5.96±1.36 0.7 6.71±1.58 0.77 5.59±1.11 0.78 0.05

Table 2: The parameter values estimated for participants.
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between 9% and 14% and eliminate 7% of all stroke deaths in Americans 
aged 45-64 years. The 2002-2007 Taiwanese Survey on Hypertension, 
Hyperglycemia, and Hyperlipidemia (TwSHHH) showed that obesity 
and blood pressure prevalence positively correlated with hyperglycemia 
and hyperlipidemia [34]. The results of this study indicate that after 
more than 6 weeks of ML-BABA intervention, the blood pressure of 
the simple obese participants decreased by > 2 mmHg. ML-GABA 
improves the systolic blood pressure of people with simple obesity, 
possibly preventing death from coronary artery disease and stroke.

   In addition, it is worth noting that the average blood pressure 
and plasma FBS, TG, TC, HDL-C values ​​, and LDL-C values ​​of all 
participants are within the normal range (Table 2). After 6 weeks of 
ML-GABA intervention, the participants' plasma FBS, TG, TC, and 
LDL-C values ​​decreased while the HDL-C value increased. 

Data are presented as mean ± SD. a Values are presented as mean ± 
SD. Non-parametric statistics. *P<0.05. **P<0.01. † Paired t-test result 
for two groups compared at weeks 0 and 7. ‡Independent test result for 
between-group difference comparison. BMR: body mass index; WC: 
waist circumference; HC: hip circumference; WHR: waist-to-hip ratio; 
BFR: body fat rate; SBP: systolic blood pressure; DBP: diastolic blood 
pressure; MAP: mean arterial pressure; FBS: fasting blood sugar; TG: 
Triglyceride; TC: total cholesterol; LDL-C: low-density lipoprotein 
cholesterol; HDL-C: high-density lipoprotein cholesterol; BUN: 
blood urea nitrogen; Hb: hemoglobin; Hct: hematocrit; PCT: Platelet 
hematocrit.

Previous studies of GABA tea show that it can effectively inhibit 
streptozotocin (STZ)-induced cardiac fibrosis, bring high fasting blood 
glucose back to normal values, reduce TC, TG, LDL-C values, and 
increase HDL-C values. GABA tea inhibits the mechanism of cardiac 
cell fibrosis by reducing FBS and weakening the expression of TNF-α 
and/or Fas/Fas ligand (FasL) protein, and further reducing the path 
of cardiac cell apoptosis [35]. These studies prove that GABA tea has 
potential anti-diabetic properties. Another study pointed out those 
flavonoids extracted from mulberry leaves play an important role in 
reducing blood lipids and that GABA and dietary fiber have similar 
effects [21]. GABA can also induce fatty acid oxidation, promote 
lipolysis, and inhibit lipid production [36]. Mulberry root bark 
alcohol extract intervention may inhibit LDL-induced atherosclerosis 
modification and lipid peroxide formation in hypercholesterolemia 
rats [37]. Andallu confirmed that mulberry leaf reduces the levels of 
triglycerides, cholesterol, and free fatty acids in serum in diabetic rats 
with STZ-induced hyperglycemia and hyperlipidemia. Mulberry leaf 
also promotes the conversion of cholesterol to cholic acid, reduces 
LDL- C and VLDL-C, and increases the value of HDL-C [38]. These 
studies indicate that interventional ML-GABA could lower blood 
pressure, blood lipids, and blood sugar in adults with simple obesity.

The ML-GABA tea tested in this study was found to reduce the 
lipid peroxidation index in the body and increase the activity of 
serum antioxidant enzymes (Figure 1). The serum malondialdehyde 

(MDA) value of the 27 simple obese patients decreased significantly 
after 6 weeks of ML-GABA intervention (p < 0.05). A decrease in 
MDA content (p > 0.05) was observed in males and females, but there 
was a difference between the two groups. There were no significant 
differences between before and after the test. There was an increase in 
serum antioxidant enzyme activities, including superoxide dismutase 
(SOD), glutathione peroxidase (GPx), and glutathione reductase (GR) 
activities, but there was no significant difference (p > 0.05). Catalase in 
vivo catalase enzyme activity decreased significantly and has statistical 
significance (p < 0.05). MDA is a peroxide produced by lipids attacked 
by free radicals and can be used to indicate oxidative damage. An 
increase in oxidative damage or a decrease in antioxidant capacity 
will cause an increase in oxidative stress [25]. With its medicinal 
properties, GABA has important anti-hypertension, anti-diabetic, 
anti-cancer, anti-oxidation, anti-inflammatory, anti-microbial, and 
anti-allergic effects on human health. It also protects the liver, kidneys, 
and intestines [39]. GABA tea and mulberry leaf slow down metabolic 
diseases and inhibit inflammation [19, 23, 35, and 40]. Mulberry leaf 
extract is rich in flavonoids, and it has been found to scavenge blood 
lipid free radicals in diabetic rats [21]. In addition, studies have found 
that mulberry leaf extract has antioxidant properties [18-21]. Goralski 
and Sinal found a significant decrease in serum catalase in Wistar rats 
after administering mulberry leaves for 8 weeks [41]. Duarte et al. also 
demonstrated the effect of mulberry leaves on the activity of catalase 
enzymes in patients with hypercholesterolemia [42]. Catalase activity 

Hb (mg/dL) W0 13.70±1.40 15.18±0.93 12.97±0.93 0
W7 13.99±1.36 0.47 15.30±0.95 0.79 13.33±1.02 0.28 0

Hct (%) W0 41.52±3.57 44.67±2.34 39.94±3.00 0
W7 42.44±4.02 0.39 46.28±3.18 0.25 40.52±2.88 0.57 0

Platelets (K/Ul) W0 290.46±99.98 210.04±87.02 330.67±81.17 0
W7 297.58±75.11 0.78 244.50±42.83 0.33 324.13±74.44 0.81 0.01

PCT (%) W0 0.22±0.07 0.17±0.07 0.24±0.05 0.01
W7 0.22±0.06 0.65 0.18±0.08 0.84 0.25±0.04 0.6 0.02

Figure 1: Measurements of MDA (A), CAT (B), SOD (C), GR (D) and GPx(E) 
before and after intervention. * P < 0.05, significantly different from baseline.

Week 0 Week 7 P Value
Protein (%) 16.33±4.20 14.95±2.82 0.08
Lipid (%) 20.28±8.85 21.44±7.47 0.48

Carbohydrate (%) 63.02±9.34 63.3255± 9.21 0.86
Total Calories (kcal) 1493.46±384.93 1528.67±415.37 0.11

Table 3: Statistics of Clinical Trial of Mulberry Leaf GABA Tea-Diet (Obese Group).
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is regulated by the signal-transmitting molecules of growth factors and 
cytokines. When oxidative stress increases, catalase enzyme activity will 
compensatively increase; with the decrease of oxidative stress, enzyme 
activity also decreases [43]. Gusti et al study suggests that related 
oxidative stress genetic determinants could significantly associate with 
obesity risk [44]. Different oxidized lipoproteins can induce catalase 
performance, so under appropriate oxidative stress, catalase in the 
body can be induced to produce anti-oxidative damage [45]. In one 
study, the intervention of EGCG-rich green tea extract for 6 weeks 
significantly increased blood antioxidant capacity and moderately 
reduced lipid peroxidation in men undergoing Cross Fit training [46]. 
If an obese person with metabolic syndrome is treated with green tea 
(4 cups per day), control (4 cups of water per day), or green tea extract 
(2 capsules and 4 cups of water per day) for 8 consecutive weeks, 
serum antioxidant enzymes (glutathione) Peroxidase (glutathione 
peroxidase), glutathione (glutathione), catalase (catalase), and plasma 
antioxidant capacity (plasma antioxidant capacity) significantly 
improve [47]. Although the serum antioxidant enzyme activity of the 
participants in this study increased, there was no significant difference. 
This may be because the participants were simple obese patients and 
the test period was only 6 weeks long. We speculate that if the ML-
GABA were extended to 8 weeks or more, the effect of antioxidant 
damage would be more obvious.

After 6 weeks of ML-GABA intervention (Figure 2), the expression 
levels of serum leptin (pro-inflammatory) and visfatin in simple obese 
patients decreased. However, the expression levels of adiponectin (anti-
inflammatory) and IL-6 gene protein (pro-inflammatory cytokines) 
did not change significantly, and there was no significant difference 
between the male and female groups (p > 0.05). According to a study 
by Duncan et al., a low adiponectin value (normal: 5-30 μg/mL) can 
predict the development of T2DM [26], while a high concentration of 
adiponectin can reduce the risk of T2DM in healthy people, decrease 

the Triglycerides of the liver and muscles, stimulate the oxidation of 
tissue fatty acids, and regulate inflammation. Adiponectin negatively 
correlates with body fat mass and BMI, so in the serum of patients 
with hyperinsulinemia and T2DM, the adiponectin concentration is 
lower than in normal people [Spranger et al. 2003]. Adiponectin acts 
as an anti-hyperglycemia, anti-atherogenic, and anti-inflammatory 
in human physiology. Serum leptin is a neuroendocrine hormone 
secreted by adipocytes. It is related to weight control and regulates 
overeating, insulin resistance, hyperlipidemia, and high blood 
pressure. If the concentration of leptin increases by one standard 
deviation (SD), the relative risk of cardiovascular disease will increase 
by 1.18 times [28]. When fat cells absorb too many calories, they 
release leptin in the serum and act on the hypothalamus, reducing 
appetite and increasing metabolic efficiency. Generally speaking, the 
serum leptin of obese people is higher than that of normal people, 
and its concentration is proportional to body fat. This means that 
most obese people are less susceptible to endogenous leptin, leading 
to significant leptin production. A pro-inflammatory factor is the 
visceral fat hormone (visfatin) secreted by adipocytes, macrophages, 
and inflamed endothelial tissue. Like leptin, it is also a fat hormone 
involved in obesity-related diseases. Visfatin induces vacuities in obese 
and type 2 diabetes patients and leads to instability of atherosclerotic 
plaques in patients. Atherosclerotic foam cells contain high visfatin 
levels, proving that visfatin is involved in the physiological mechanism 
of atherosclerosis and is also a serious risk factor for obesity and 
cardiovascular disease [27]. The participants in this study were simple 
obese without metabolic syndrome. After 6 weeks of ML-GABA 
intervention, leptin and visfatin levels dropped. We speculate that if 
the ML-GABA intervention period continued for 8 weeks or more, 
the benefit of lower leptin and visfatin levels might be more evident.  
This makes ML-GABA a health food candidate for people with simple 
obesity looking to prevent cardiovascular disease, diabetes, or other 

Figure 2: Effect of ML-GABA tea on the expression of leptin (A), adeno cetin (B), IL-6 (C) and visfatin (D) in obese group.
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metabolic diseases.

Conclusion
This study found that ML-GABA tea is beneficial for simple 

obesity. After 6 weeks of ML-GABA intervention, obesity indicators 
(average weight, waist circumference, hip circumference, BMI, 
MAC, TSF values) and metabolic syndrome indicators (reduction of 
FBS, triglycerides, TC, and increased plasma HDL-C) improved in 
simple obese patients. In addition, oxidative damage in the body was 
reduced significantly, and participants maintained their antioxidant 
enzyme ability. Therefore, long-term use of ML-GABA may prevent 
increased metabolic syndrome indicators such as waist circumference, 
hypertension, hyperlipidemia, and lower HDL-C, thus preventing 
cardiovascular disease.
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