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Wax Gourd Reduces Adipose Depots and Fat Cell Sizes
without Affecting the Levels of Leptin in Rats Fed Medium Fat”

Keum Jee Kang§
Department of Food and Nutrition, DukSung Women's University, Seoul 132-714, Korea

The purpose of this study was to investigate the effects of wax gourd on body weight, body fat, triglyceride,
leptin and fat cell size in rats fed medium fat. Male Sprague Dawley rats were fed with experimental diet containing
total dietary fat at 20% of calorie with wax gourd (WG) for 4 weeks. Forty rats were divided into 4 groups including
control, 5, 10, and 15% (w/w) WG supplement. The results showed that weight gain was significantly higher in
5% WG than that in control (p<0.05), but was not different among the WG supplement groups. Total fat weight
was significantly decreased in both 10 and 15% WG supplement groups than that of confrol. The levels of triglycerides
and free fatty acids in the plasma were significanfly decreased, particuladly in 15% WG supplement group (p<0.05).
The levels of leptin was not significantly different among the experimental groups. Fat cell size was significantly
decreased in WG supplement groups compared to that of control group (p<0.05). Correlation among the parameters
demonstrated that weight gain comrelated positively with total fat weight, the levels of leptin and triglycerides.
Taken these results together, 15% WG supplement diet substantially reduces total fat weight, triglycerides and

free fatty acids levels and fat cell size in the rat fed midium fat.
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INTRODUCTION

Obesity is considered as one of risk factors for many
diseases such as diabetes mellitus, hypertension,
hyperlipidemia and cardiovascular diseases.”™ According
to 2001 National Health and Nutrition Survey,” it has
been reported that 26.3% of Korean people are considered
to be obese. Thus, the prevention and treatment of obesity
are becoming important issues, and should deserve more
attention than they do now.

The increase and decrease in the body fat depend on
the number and size of adipocytes.” Thus the increases
in the number and size of adipocyte lead to the increase
in adipose tissues. Once the number and size of fat cells
increase, they increase exponentially with the excess
energy taken. Thus, it would be difficult to reduce the
number of fat cells through the diets and exercise,
although it is possible to reduce the size of the fat cells
through the same efforts.*”
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leptin is reported as closely associated with controling
body weight in human.® Leptin is produced and secreted
in fat cells. The levels of leptin varies according to
individual nutritional status. It has been reported that
leptin also increases thermogenesis and physical
activities, and decreases food intakes and body fat.*'"

In obese people, the triglyceride level of the plasma
and the activities of lipogenic enzymes in the liver are
expected to be high."”'” Due to the high levels of
activities of lipogenic enzymes, the biosynthesis of fatty
acids increases, leading to higher levels of triglyceride
in the plasma.'? Although the levels of free fatty. acids
released into the blood stream from the fat pads are
controlled by lipases present in the adipose tissues, the
efflux of free fatty acids is proportional to total lipid
contents present in the adipose tissues.'>'® Therefore,
they could increase fat biosynthesis and storage in the
liver.

The prevention and medical treatment of various
diseases have been possible by using plant resources
traditionally without causing any harmful effects although
the scientific basis is not established. It is now high time
that we should establish any functional roles of plant
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resources used traditionally at various levels of chemistry
and physiology. Wax gourd (WG) is an annual plant and
the taste of oval fruits as a pumpkin is good and has
been used for folk medicine.'™' Phytochemical screening
of wax gourd using bioassay-guided separation has shown
the presence of 4 triterpenes and 2 sterols together with
a flavonoid C-glycoside, an acylated glucose and a benzyl
glycoside.'” It is said that WG leads to warm body
temperature and has effect in stimulating urination,
alleviating cough, detoxification and constipation.”” Lim
et al.”” demonstrated the effect of WG on diabetes
mellitus. According to the reports from Kang et a1
and Hong et al.,” WG supplementation reduced body
fatness in rats and human, respectively.

In the previous study, we reported the effects of WG
on the anti-obesity in rats fed high fat (40%/Kcal). Also,
we questioned how the same levels of WG influence on
the body fat in rats fed on a medium fat diet (20%).
Therefore, we investigated the effects of WG on the
anti-obesity in rats fed medium fat diet.

MATERIALS AND METHODS

1. Experimental Design and Diets

Forty male Sprague Dawley rats weighing about 70
g were used in this study. After adapting the rats to the
environments and chow diet for one week, they were
divided into 4 groups consisting of 10 rats each by the
random method and fed with experimental diet for 4 weeks.
The experimental diets were composed of 60% of
carbohydrate, 20% protein and 20% fat in terms of their
calories (Table 1). The calorie and nutrients of the dried
wax gourd powder were calculated on the basis of raw

Table 1. Diet composition of experimental groups (g/kg diet)
Dietary groups Control 5% WG 10% WG 15% WG

Ingredients @ (an an - av
Corn starch 385 358 331 304
Casein 200 196 192 188
Dextrinized corn starch 128 128 128 128
Sucrose 97 97 97 97
Beef tallow 72.5 72.5 72.5 72.5
Com oil 17.8 16.8 15.8 14.7
Fiber .50 38 26 14
Mineral mix” 35 29 23 17
Vitamin mix” 10 10 10 10
L-Cystine 3.0 3.0 3.0 3.0
Choline bitartrate 2.5 2.5 2.5 2.5
Tert-buthylhydroquinone ~ 0.014  0.014 0.014 0.014
Wax gourd 0 50 100 150

Y AIN 93 mineral mixture
? AIN 93 vitamin mixture

WG presented in the Food Composition Table of Korean
Dietary Allowances (2000). WG was obtained in a form
of freshly-dried powder from a market in Chungdo-gun,
Kyungsangbuk-do in 2001. After purchasing the wax
gourd powder, it was stored at 4°C until use. The WG
powder was supplemented at O (control), 5, 10 and 15%
(w/w) of the AIN 93 maintenance diet, respectively. Five
percent WG level was determined according to previous
reports.”™ The rest of groups included 2-fold (10%) and
3-fold of (15%) the concentration.

2. Sample Collections

After 4 weeks on their respective experimental diets,
the animals were fasted for 12 h. The animals were
anesthetized with ethyl ether, and blood was collected
from the inferior vena cava into test tubes pre-treated with
heparin. The blood was centrifuged at 3000xg for 15 min
at 4C and the plasma was then collected from the
supernatant and was stored at -70°C for further analysis.
Epididymal fat pads, abdominal and perirenal fats were
removed and washed in saline solution (0.9% NaCl). After
washing and blotting the remaining saline for dryness,
the pads were weighed. One gram of epididymal fat pads
was kept in 4% formalin in phosphate buffered saline
(PBS) in order to determine the sizes of fat cells.

1) Body weight, Food Intake and Food Efficiency

Body weights were measured at the same designated
time once a week. Food intakes were measured at a fixed
time daily and the food efficiency was obtained by dividing
the increase in the body weight by total intake during the
experimental period.

2) Triglyceride, Free Fatty Acid and Leptin Levels in
Plasma

Triglyceride was analyzed by using a kit provided by
Youngdong Pharmaceutical Company (Seoul, Korea).
Free fatty acid was also analyzed with a kit (Shin Yang
Co, Seoul, Korea) using SICDA-NEFAZYNE method.
Leptin was measured by using the RIA kit (Linco
Research, INC).

3) Size of Fat Cells in the Epididymal Fat Pads

The epididymal fat pads in paraffin were stained with
hematoxylin-eosin (HE) after sectioning in 1 mm thickness
section, and the images were recorded and analyzed by
an Image Analyzer (Bioquant RND, Nashiville, TN, USA)
to determine the fat cell size.”
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3. Statistical Analysis

All the results were analyzed by using the general
linear model (GLM) of the Statistical Analysis System
(SAS) program. Duncan’s multiple range tests were used
to determine the statistical differences at p<0.05. All
results were expressed by using mean % standard
deviation. The correlations between the parameters were
tested by Pearson’s correlation coefficient.

RESULTS

1. Food Intake, Body Weight Gain and Food
Efficiency

Table 2 showed the average daily food intakes, food
efficiency and body weight gains of the rats after 4
weeks on their respective diets. Food intake was
significantly lower in 15% WG group than those in
control and 5% WG groups (p<0.05). Food efficiency
was the highest in both 10 and 15% WG groups, while
it was the lowest in control group. The weight gain was
significantly higher in 5% WG (7.42+0.55g) than those
in the control group (p<0.05).

Table 2. Effects of wax gourd on food intake, body weight gain
and food efficiency in rats fed on a medium-fat diet for

4 weeks
Di . weight ¢ Food
glz?;z Food intake ]nitialBOdy é’:mwmmW efficiency
(g/day) ® ® (g/day) (g/day)
I 1736:118%0 7110:330° 2642521580 6.89:053 0.000+0.004°
I 17874132 71504314  27922:1751 7424055 0.103+0003°
II  1665:052" 71154283 267.85+12.03  7.03:041™ 0.105:0003°
IV 16074092 71258260 26540t17.83  694056" 0.107+0.004°

V1, fat 20Cal%; 11, fat 20Cal% + wax gourd 5%;
1, fat 20Cal% + wax gourd 10%; 1V, fat 20Cal% + wax gourd 15%
Number of rats: 9~10 in each group

? Values sharing common superscripts in the same column are not significantly
different at p<0.05

2. Weights in the Epididymal Fat Pads, Abdominal
and Perirenal Fat

To analyze internal fats, the epididymal, abdominal and
perirenal fats that consist of large proportion of body
fat were isolated and measured for- weight/100g body
weight (Table 3). There was no significant difference
among groups in the epididymal fat pads and perirenal
fat. However, abdominal fat was significantly reduced
in the groups of both 10 (0.69+0.16g) and 15% WG
(0.70+0.14g) groups compared to that of control group

Table 3. Effects of wax gourd on the weight of epididymal fat
pad, abdominal fat and perirenal fat in rats fed on a
medium-fat diet for 4 weeks (g/100g BW)

Dietar¥ Epididymal Abdominal

Perirenal fat Total fat®

groups”  fat pad fat
I 1.42+029™ 1.18£0.59" 027+0.10"°  2.87+0.77°
I 1554036 0.87+0.23" 0.23+0.05 2.6540.58
M 1.35£026  0.69+0.16° 0.24+0.05 2.27+0.44°
IV 127+020 0.70%0.14° 0.23+0.05 2.20+0.26"

Dy, fat 20Cal%; II, fat 20Cal% + wax gourd 5%;
111, fat 20Cal% + wax gourd 10%; IV, fat 20Cal% + wax gourd 15%
Number of rats: 9~10 in each group

2 Total fat includes epididymal fat pad, abdominal fat and perirenal fat
Values sharing common superscripts in the same column are not significantly
different at p<0.05

(1.18+0.59¢g) (p<0.05). When all the epididymal,
abdominal and perirenal fats were considered together, they
were significantly increased in the control group
(2.87+0.77g) compared to 10 (2.27£0.44g) and 15% WG
(2.20£0.26g) groups (p<0.05).

3. The Level of Triglyceride, Leptin and Free
Fatty Acids in Plasma

The level of plasma triglyceride, leptin and free fatty
acids of rats are shown in Table 4. The level of triglyceride
was significantly decreased in wax gourd 15%
(42.38£15.93 mg/dl) as compared to other three groups
(p<0.05). There was no difference among control, 5 and
10% WG groups in the triglyceride level. Plasma free
fatty acid concentration was increased in control group
than those in all the WG supplement groups. Among the
WG supplement groups, it was significantly lower in 15%
WG  group (331.54+71.32 yEq/L) than those in 5
(444.891106.32 nEq/L) and 10% WG groups (463.39+86.44
HEq/L) (p<0.05). There was no significant difference in the
level of leptin among the experimental groups.

Table 4. Effects of wax gourd on the levels of plasma leptin,
triglyceride and free fatty acids in rats fed a medium-fat
diet for 4 weeks

Dietary  Triglyceride Free fatty acid Leptin
groups” (mg/dl) (Eq/L) (pg/ml)
1 65.93+22.36 591.16£12347°  226.6+96.82™
it 71.88+28.18° 444.89+106.32°  201.89%46.36
m 80.28+23.16" 463.39+86.44° 180.6+51.50
v 4238+15.93" 331.54+71.32° 185.4+41.59

V1, fat 20Cal%; II, fat 20Cal% + wax gourd 5%;
IMI, fat 20Cal% + wax gourd 10%; IV, fat 20Cal% + wax gourd 15%
Number of rats: 9~10 in each group

? Values sharing common superscripts in the same column are not significantly
different at p<0.05

P NS: not significant
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Fig. 1. Effects of wax ground on fat cell size in rats fed a medium-fat
diet for 4 weeks

V1, far 20Cal%; 11, fat 20Cal% + wax gourd 5%;
111, fat 20Cal% + wax gourd 10%; IV, fat 20Cal% + wax gourd 15%
Number of rats: 9~10 in each group

? Different superscripts are significantly different at p<0.05

4. Size of Fat Cells

Figure 1 shows the summarized results obtained by
histological analysis of epididymal fat pad to determine
fat cell size with the image analyzer. It was the largest
in control group, and the size of fat cells was significantly
decreased according to the increased concentration of WG
supplement (p<0.05) showing the effects of WG on the fat
cell sizing.

DISCUSSION

1. The Effect of Wax Gourd on Anti-Obesity

Recently, researches on the physiological activities of
plant materials are being actively carried out. Among the
materials, WG is, in particular, known to be effective
in diabetes and obesity.”'*”

We used a medium fat (20%) diet that is the amount
generally recommended daily in this study. As shown
in Table 2, the food intake was the lowest and food
efficiency was the highest in 15% WG supplement group,
respectively. However, there was no significant difference
found among the groups in the total weight gain. According
to Hong’s report,23) the rate of increase in body weight
was decreased in the rat fed with 1% WG powder, and
there was 3.6 kg of decrease found in body weight in
30 women who have been administered for 28 days with
30% WG powder and 24 g granules consisting of traditional
herbal mixture every day. It appears that our results are
not consistent with the Hong’s results that showed
decreasing effect in body weight although we used
comparatively higher proportion of WG powder in the

diet. This may reflect different fat types used in his (lard)
and our (beef tallow) study. In our study, the analysis
of adipose depots suggests that there was no significant
difference among groups between the epididymal fat pads
and perirenal fat in the adipose tissue mass (Table 3).
However, abdominal fat was significantly reduced in the
groups of both 10 (0.69+0.16 g) and 15% WG (0.70+0.14
g) groups compared to that of control group (1.18+0.59g)
(p<0.05). When all the epididymal, abdominal and
peri-renal fat were added, they were significantly increased
in the control group (2.87+0.77g) compared to 10 (2.27+
044¢g) and 15% WG (2.2020.26 g) groups (p<0.03).
Hong™ demonstrated a decreased body weight in the rats
fed with WG powder compared to that of control animals,
showing a consistent effect of WG on the body fat. In
our previous study, it was found that body weight increase
was the lowest without any difference in body fat of
rats fed 40% fat diet in 15% WG group. In this study,
15% WG supplement showed beneficial effect in
decreasing body fat but without affecting body weight
(Table 3). This suggests that the inhibitory effects of
WG supplement in de novo lipogenesis are more clear
when the fat content in the diet is relatively low as in
the medium fat diet.*®

It has been also reported that higher body weight shows
higher level of plasma triglyceride.”” The abdominal
adipocyte is relatively large and different from the
subcutaneous adipocyte. Therefore, abdominal adipocyte
maintains high lipoprotein lipase activity, leading to the
increase in the blood level of the free fatty acids by active
degradation of triglycerides. In turn, the increased free
fatty acids are taken by adipocytes, re-accumulating as
forms of triglyceride in adipose tissues.”® In our study,
the level of plasma triglyceride and free fatty acid in 15%
WG group was significantly lower than those in both
control and other WG groups (Table 4). It was suggested
that less lipogenesis occur in 15% WG group due to the
lower triglyceride level in the plasma. This is also another
evidence for the effectiveness of WG for anti-obesity.

It has been reported that the level of leptin increases
when the body fat increases.'” In our study, the plasma
leptin concentration was not significantly affected by
WG supplement (Table 4). However, leptin level was
slightly lower in 15% WG group than those in the other
groups. This may be another close association of 15%
WG with less accumulation of fat.

Fat cell size can be an indicator for energy accumulation
in adipose tissues.’® Although the number of fat cells,
once formed, would not decrease by weight reduction,
it is known that the size of fat cell could be controlled
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by the diet.’” The fact that the fat cell sizes shown by
an image analyzer were smaller in 15% WG group than
those in other groups (Fig.1) further indicates that wax
gourd may decrease triglyceride synthesis, leading to
accumulation of less fat.’® Our results demonstrate that
15% WG powder supplement in the diet are the most
effective in inhibiting hypertrophy of fat cells in rats.

2. Correlation of the Parameter

When we considered the correlations between the body
fat and the related factors, the weight gain was positively
correlated with total fat (epididymal fat, abdominal fat
and perirenal fat), leptin and TG (p<0.01, Table 5). This
suggested that the rate of increase in the body weight
becomes high if body fat increases. Also total fat was
positively correlated with the leptin level in plasma
(p<0.001). Although fat cell volume and leptin expression
showed a positive correlation,” we found no correlation
between them in our study (Table 5).

The inhibitory effect of wax gourd on body fat may
be caused by either the decreased activities of lipogenic
enzymes or the decreased activity of lipoprotein lipase
involved in the lipid efflux into tissues or the increased
activity of hormone-sensitive lipase. These possible
explanations should be addressed in separate experiments
to elucidate the biochemical mechanisms involved in the
inhibitory roles of wax gourd.

In conclusion, the findings in this study indicate that
medium fat diet containing 15% of wax gourd decreased
adipose depots and fat cell size. But, wax gourd
supplementation did not significantly affect the leptin
level. It might be emphasized that anti-obesity effect of
WG supplement was more apparent in rats fed medium
fat (20%) diet rather than 40% fat diet, and 15% of WG
supplement maximized the anti-obesity effect.

Table 5. Correlation coefficients between parameters of rats fed
experimental diets for 4 weeks

Weight Total” Leptin® Free faty Tri-  Fat cell
gain fat : acid  glyceride size

Weight gain 0.3681" 03554** 00115 04361** -0.0615
Total fat 0.6511"** 02034 01650  0.1955
Leptin” ) . . 0.1403 02468  0.1376
Proe, oy 00192 0.0349
Triglyceridep . . . . . 0.1140
Fat cell size

U Total fat include the epididymal, abdominal and perirenal fat
? The levels of leptin, free fatty acid and triglyceride (TG) are obtained from
the plasma
FEX p<0.001
¥ p<0.01
p<0.05
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