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Abstract

Purpose: To evaluate the e昀昀ects of chronic consump琀椀on of green tea on body weight and 
distribu琀椀on of visceral fat by Computed tomography in female Wistar rats. 
Methods: Wistar rats were divided into control group (n = 5), which received water and feed 
ad libitum, and green tea group (n = 8), in which water has been replaced by green tea. The 
animals were weighed weekly and Computed Tomography was used at the beginning (1st week) 
and end (18th week) of the experiment for evalua琀椀ng the distribu琀椀on of visceral fat. The animals 
were followed for 18 weeks.
Results: There was no signi昀椀cant di昀昀erence in body weight between the groups. However, 
there was signi昀椀cant di昀昀erence in visceral fat area. The green tea group had less visceral fat 
area at the end of the experiment, 3.67 ± 1.2 cm2, while the control group showed an area of 
6.25 ± 2.2 cm (p = 0.00).
Conclusions: Chronic consump琀椀on of green tea leads to decreased visceral adipose 琀椀ssue area.
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the intes琀椀ne1-3,5-9.

 The increased energy expenditure 

and fat oxida琀椀on is caused by s琀椀mula琀椀on of 
β-adrenergic receptors in adipose 琀椀ssue. Choo 
et al.10 demonstrated an increased metabolic 
rate in rats with high fat diet which began 
to consume green tea, that this increase 
was prevented by the use of blocking beta-
adrenergic receptors. ]

 It has been shown that green tea also 
acts on body weight reduc琀椀on promo琀椀ng 
absorp琀椀on of lipids. Modula琀椀on of dietary 
fat absorp琀椀on was observed a昀琀er treatment 
with GEGC, genera琀椀ng increase in fecal 
weight and fecal lipid content in mice which is 
dose-dependent11-13.

 There is also the possibility that the 
green tea promotes change in ea琀椀ng habits. 
Studies showed reduced food intake resul琀椀ng 
from inges琀椀on of tea or intraperitoneal 
administra琀椀on GEGC14,15. However, most 
studies showed no change in feeding prac琀椀ces 
in mice or humans11-13,16.

 Despite some di昀昀erences regarding 
the mechanisms involved in the e昀昀ects of 
green tea on body fat, most studies showed 
its e昀케cacy in reducing body fat or preven琀椀on 
of its increase6,8-15,17,18.

 The body fat can be divided in visceral 
adipose 琀椀ssue and subcutaneous adipose 
琀椀ssue. Visceral adipose 琀椀ssue presents a 
greater associa琀椀on with metabolic diseases, 
is considered an independent risk factor for 
cardiovascular disease and is related to some 
cancers, such as breast, colon and prostate19,20.

 Computed tomography (CT) 
is considered a gold standard for the 
measurement of subcutaneous adipose 琀椀ssue 
and in par琀椀cular visceral adipose 琀椀ssue19-21.

 This study aimed to assess changes 
body weight and in the distribu琀椀on and 
volume of visceral fat resul琀椀ng from the 
chronic consump琀椀on of green tea in Wistar 
rats.

 ■ Introduc琀椀on

 Green tea is widely consumed in 
the world and has a琀琀racted a琀琀en琀椀on from 
the scien琀椀昀椀c community and the general 
public for its bene昀椀cial health e昀昀ects. 
Among the e昀昀ects a琀琀ributed to the green 
tea are included preven琀椀on of cancer and 
cardiovascular disease, an琀椀-in昀氀ammatory 
ac琀椀ons, an琀椀oxidant, an琀椀bacterial, an琀椀viral, 
neuroprotec琀椀ve e昀昀ects, cholesterol reducer, 
body fat reducer and assistance in the 
treatment and preven琀椀on of obesity and 
associated diseases, such as diabetes and 
dyslipidemia1,2.

 From the Camellia sinensis plant are 
extracted the green tea and also the black tea 
and Oolong tea. Green tea is not fermented, 
unlike the other two, allowing the conserva琀椀on 
of polyphenol, the main responsible for their 
bene昀椀cial e昀昀ects1-4.

 The polyphenolic components make 
up 30% of the green tea composi琀椀on, and 
include 昀氀avanols, 昀氀avandiols, phenolic acids 
and 昀氀avonoids1,5. The main polyphenol found 
in green tea and catechins are the predominant 
昀氀avonoids, corresponding to about 7% of their 
compounds. Catechins and 昀氀avonoids are 
known for their an琀椀oxidant, an琀椀-in昀氀ammatory, 
an琀椀-allergic and an琀椀carcinogenic e昀昀ects3,6. 

There are four major catechins found in green 
tea: (-) - epicatechin (EC), (-) - epicatechin 
3-gallate (GEC), (-) - epigalatocatequina 
(EGC) and 3-gallate epigalotequina (GEGC). 
The biggest tea polyphenolic cons琀椀tuent is 
GEGC (11% of the total composi琀椀on) and this 
substance has the highest an琀椀oxidant ac琀椀vity 
among the aforemen琀椀oned catechins1-4,6.

 One of the main posi琀椀ve e昀昀ects of 
green tea on health, and the subject ma琀琀er 
of this ar琀椀cle, its e昀昀ect on body fat. Catechins 
are responsible for this e昀昀ect and promote 
fat loss by increasing energy expenditure, fat 
oxida琀椀on and decreased lipid absorp琀椀on by 
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 ■ Methods 

 Legal and ethical aspects were observed 
as the determina琀椀on of Law 11.794 of October 
8, 2008 which provides for procedures for the 

scien琀椀昀椀c use of animals and Ethical Principles 
for the Use of Experimental Animals and 
the experiment was approved by the Ethics 
Commi琀琀ee and Animal experimenta琀椀on 
(CETEA) of the Universidade Federal de Minas 
Gerais (cer琀椀昀椀cate 149/2011).
 The animals were obtained from 
the Animal Facility of the UFMG Ins琀椀tute of 
Biological Sciences and the work was performed 
at the Animal Experimental Center of the UFMG 
University of Medicine. 
 Were used 13 female Wistar rats 
lineage, weighing between 150 to 180g ini琀椀ally. 
The animals were iden琀椀昀椀ed by dashes in the tail 
with a dermatographic pen and were placed in 
polypropylene cages with stainless steel lid. The 
ambient temperature, rela琀椀ve humidity and 
photoperiod (6am to 6pm) were controlled.
 The animals were randomly assigned 
into two groups:

 - Group 1: control (n = 5)
 - Group 2: Green tea (n = 8)
 Both groups received standard rat chow 

at ease. The control group received unlimited 
water and green tea group received green tea 

instead of water, also at ease. 
 Dried leaves of Camellia sinensis were 
used to prepare the tea, the brand Love to Life 
Natural Products Ltda®. The prepara琀椀on was 
carried out as follows: 10 g of dried leaves of 
Camellia sinensis were added to one liter of 
room temperature water being at rest for one 
hour. Then the tea was brewed and o昀昀ered 
to animals in the green tea group in suitable 
containers (bo琀琀les) properly sani琀椀zed and 
intended exclusively for this use. The tea was 
prepared and changed daily.
 For analysis of visceral adipose 琀椀ssue, 
the rats were subjected to CT in the 昀椀rst and 

the eighteenth week of the experiment. Before 
the procedure the rats were anesthe琀椀zed with 
ketamine (60mg / kg) and xylazine (9 mg / kg) 
intramuscular injec琀椀on. The animals were then 
posi琀椀oned supine in the device table.
 Then we carried out the protocol for 
image acquisi琀椀on. We used the CT scanner device 
BrightSpeed GE® 16 detectors, Wisconsin, USA. 
The images were obtained via helical acquisi琀椀on 
protocol, through axial slices of 0.6 mm without 
contrast. The axial sec琀椀ons of the caudal region 
at the bilateral renal lower pole in abdominal 
retroperitoneal topography were used since 
this is the region where it is observed fa琀琀y 
琀椀ssue and the mesenteric fat appears sparse. 
The selected image, delimited up area with fat 
density represen琀椀ng the a琀琀enua琀椀on range in 
Houns昀椀eld units (HU), considered between -120 
to -80 HU. The OsiriX so昀琀ware was used.
 Body weight of the animals was 
monitored weekly, using digital electronic scale 
CEF - Fernando Filizola Balanças®, C15 model. 
Weighing was always held on the same day of 
the week and at the same 琀椀me.
 Sta琀椀s琀椀cal analysis was performed using 
Prism 4.0 so昀琀ware. Results were expressed as a 
measure ± standard devia琀椀on (SD). We used the 
Kolmogorov-Smirnov test to evaluate normality. 
Comparisons between groups were performed 
using Student’s t test. Sta琀椀s琀椀cal analysis was 
performed with a 95% level of signi昀椀cance, 
therefore, the values of p <0.05 were assumed 
to be sta琀椀s琀椀cally signi昀椀cant.

 ■ Results

 All animals survived  the 18  weeks of 
the experiment.
 In the 昀椀rst week of the experiment, 
as the animals have been distributed among 
groups randomly, there was no signi昀椀cant 
di昀昀erence in body weight between the 
groups. At the end of eighteen weeks of 
the experiment, it was also no signi昀椀cant 
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di昀昀erence in body weight, and the animals of 
the control group showed a weight of 274.8 ± 
21.2 g (mean ± SD) and the animals of green 
tea group 259 g ± 13.2 (mean ± SD) (p = 0.06) 
(Figure 1).

 In the animals of both groups there 
was an increase of visceral fat in rela琀椀on to 
body weight. However, in the control animals 
there was a greater gain in visceral fat in 
propor琀椀on to body weight when compared to 
the green tea group, and this di昀昀erence was 
sta琀椀s琀椀cally signi昀椀cant (p = 0.01) (Figure 4).

Figure 1 - Body weight of mice (g) from the 
control group and green tea in the 昀椀rst, ninth 
and eighteenth weeks of experiment. The graphic 
shows the weight gain of both groups throughout 
the experiment, with no signi昀椀cant di昀昀erence in 
昀椀nal weight between groups (p = 0.06).

 In rela琀椀on to the area of visceral 
fat assessed by CT, there was no signi昀椀cant 
di昀昀erence between the groups at the 
beginning of the experiment. A昀琀er 18 weeks, 
green tea group showed lower area of adipose 
琀椀ssue, 3.67 ± 1.2 cm² compared to the control 
group, 6.25 ± 2.2 cm² (p = 0.001) and this 
di昀昀erence was signi昀椀cant (Figures 2 and 3).

Figure 2 - Area (cm²) of visceral fat from the control 
group and green tea on the 昀椀rst and eighteenth 
week of experiment, between the lumbar vertebrae 
L4 and L5. Both groups presented increased visceral 
fat area over 18 weeks, but the control group 
presented a more expressive increase, resul琀椀ng 
in a greater area of visceral fat at the end of the 
experiment (p = 0.001).

Figure 3 - Area (cm²) of visceral fat measured by 
CT scan Control Groups and Green Tea. Visceral fat 
area of a control group member in the 2nd week 
of experiment (A); Visceral fat area of a control 
group member in the 18th week of experiment (B); 
Visceral fat area of a Green Tea Group member in 
the 2nd week of experiment (C); Visceral fat area 
of a Green Tea Group in the 18th week of the 
experiment (D).

Figure 4 - Rela琀椀onship between visceral fat area 
(cm³) and weight (kg) from the control group 
and green tea at the beginning and end of the 
experiment, Showed that visceral fat gain in rela琀椀on 
to body weight gain was higher in the control group 
(p = 0.01).
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 ■ Discussion

 Many studies have shown the bene昀椀cial 
e昀昀ects of green tea on body weight reduc琀椀on 
as a result of its consump琀椀on or monitoring its 
polyphenolic compounds6,8-18.

 Vera-Cruz et al.8 showed signi昀椀cant loss 
of body weight in obese animals treated with 
Green. Monteiro et al.22 found that prolonged 
intake of green tea, adult Wistar rats gained less 
weight when compared with the control group. 
These studies, and others, showed the use of 

green tea in the treatment and preven琀椀on of 
overweight10-16. However, the change in fat 

distribu琀椀on has not been evaluated and the 
analysis of this parameter can contribute to a 
be琀琀er understanding of the mechanisms by 
which green tea acts. 

 In the present study, we evaluated not 
only the weight change, but the change in 
abdominal fat area promoted by the chronic 
use of green tea, by computed tomography.
 The obesity, characterized by excessive 
body fat, is an endemic disease and is related 
to several comorbid, such as cardiovascular 
diseases, diabetes mellitus, dyslipidemia, 
osteomuscular pains and cancers, especially 
breast, colon and prostate. Visceral adipose 
琀椀ssue is more related to these diseases when 
compared to subcutaneous adipose 琀椀ssue19,20.

 The measures most commonly used to 
diagnose excess body fat and risk assessment 
are associated with the Body Mass index (BMI) 
and abdominal circumference measurement. 
These are the most used methods by being 
easy to apply, innocuous and a昀昀ordable, but 
do not provide accurate measurement of the 
distribu琀椀on of body fat, in addi琀椀on to having 
other limita琀椀ons22. Other techniques allow 
the measurement of body fat, as a measure 
of the skin fold thickness, Bioimpedance 
analysis, Magne琀椀c Resonance and Computed 
Tomography (CT). CT is considered golden 
standard for assessing the distribu琀椀on of body 
fat, but use of CT in clinical prac琀椀ce and in 
epidemiological experimental studies is limited, 

especially due to radia琀椀on and to its cost.
 Computed tomography as a tool 
for assessing body fat distribu琀椀on has its 
own established use in humans, for which 
measurements of sensibility, degree of reliability 
and speci昀椀city, have been evaluated. For rats 
and mice these characteris琀椀cs are not yet well 
established, but there are studies that seek to 
validate the accuracy of CT in the evalua琀椀on 
of adipose 琀椀ssue in mice, primarily due to 
the need of using animal model for studies 
related to fat stores and the pathophysiological 
di昀昀erences related to them23.

 Hillebrand et al.23 performed a series 
of experiments, including 琀椀ssue weight 
comparisons of connec琀椀ve abdominal and 
subcutaneous adipose dissected with the 
es琀椀mated by CT. Through these studies 
it was possible to verify some di昀昀erences 
between human and murine, for example, a 
poorer es琀椀ma琀椀on of visceral fat area when 
this is performed by automa琀椀c analysis, an 
overes琀椀ma琀椀on of adipose 琀椀ssue by 10% 
(and this di昀昀erence remained constant) and 
characteriza琀椀on erroneous of lung 琀椀ssue with 
the abdominal adipose 琀椀ssue. However these 
changes have proven amenable to simple 昀椀xes 
and other results of this series of experiments 
demonstrated that CT is an accurate method, 
reliable and sensi琀椀ve to evaluate adipose 琀椀ssue 
distribu琀椀on in rats and mice.
 Costa et al.24 also demonstrated that 
CT is an e昀昀ec琀椀ve method for quan琀椀fying the 
areas of visceral adipose 琀椀ssue, to evaluate 
mice pups malnourished. [24] Luburra et al.25, a 

study conducted to quan琀椀fy the adipose 琀椀ssue 
in lean and obese mice by CT showed that 
this method provides good result in measure 
the quan琀椀昀椀ca琀椀on of total adipose 琀椀ssue, 
visceral and subcutaneous 琀椀ssue, allowing 
the accomplishment of longitudinal studies of 
obesity in mice. 
 In the present study the axial caudal of 
the region to the bilateral renal inferior pole in 
abdominal retroperitoneal topography were 
used since this is the region where it is observed 
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fa琀琀y 琀椀ssue and the mesenteric fat appears 
sparse. At the beginning of the experiment, the 
analysis of CT showed no signi昀椀cant di昀昀erence 
in the area and in fat distribu琀椀on between 
the two groups (p = 0.25). At the end of 18 
weeks, CTshowed signi昀椀cant di昀昀erences in 
fat distribu琀椀on between the groups, and the 
animals who consumed green tea had a lower 
area of abdominal adipose 琀椀ssue (p = 0.01), 
sugges琀椀ng the e昀昀ect green tea in lowering of 
the fat compartment.
 During the 18-week period, the animals 
of both groups had an increase in weight 
and visceral fat, resul琀椀ng from the growth of 
the animals, which at the beginning of the 
experiment were young. However, the visceral 
fat gains propor琀椀onal to the weight of the 
animals were di昀昀erent between the groups. The 
green tea group had a smaller gain in visceral 
fat compared to body weight, resul琀椀ng in a 
smaller area of visceral fat per kilogram body 
weight at the end of the experiment compared 
to the control group (p: 0.01).
 Green tea acts on promo琀椀ng fat 
oxida琀椀on and increased metabolic rate. Sae-
tan et al.11 demonstrated that GEGC generates 
an increase in the expression of related genes 
in fa琀琀y acid oxida琀椀on in rats, which may 
explain the e昀昀ect of GEGC in reducing body 
weight by increasing fat oxida琀椀on. This e昀昀ect 
occurs through s琀椀mula琀椀on of the adrenergic β 
receptors by GEGC, as demonstrated by Choo 
et al.10.

 Visceral adipose 琀椀ssue is the body 
fat compartment considered as the most 
metabolically ac琀椀ve, when compared to 
subcutaneous adipose 琀椀ssue as it is the 
most sensi琀椀ve to the lipoly琀椀c ac琀椀on of 
catecholamines on β receptors adrenergic20. 

So that, the e昀昀ect of catechins green tea on 
β-adrenergic receptors is probably responsible 
for the signi昀椀cant reduc琀椀on of visceral fat 
observed in this study.
 In rela琀椀on to body weight, there was 
no signi昀椀cant di昀昀erence between the groups, 
demonstra琀椀ng that green tea did not act on the 

total weight reduc琀椀on in this study. However, 
the e昀昀ect of tea on the visceral fat may be 
more important than the reduc琀椀on of the 
body weight measured in an isolated manner, 
when trea琀椀ng obesity and associated diseases. 
Excess weight may be related to other 琀椀ssues 
and direct measurement of visceral fat can 
be琀琀er predict on risks associated with obesity.
 Demonstra琀椀ng the reduc琀椀on of visceral 
adipose 琀椀ssue in female Wistar rats performed 
in this study, contributes to knowledge about 
the e昀昀ects and mechanisms of green tea on body 
fat. However, many studies, especially related 
to bioavailability, absorp琀椀on, metabolism, 
toxicity and prolonged consump琀椀on of green 
tea and its polyphenolic compounds, especially 
in humans, are necessary to be able to use 
green tea as a treatment and preventa琀椀ve 
measure of obesity.

 ■ Conclusions

 Chronic consump琀椀on of green tea 
leads to decreased visceral adipose 琀椀ssue area 
analyzed by CT scan. 
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