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ABSTRACT

Diabetes mellitus type 2 (DM type 2) is a metabolic disorder caused by a decrease in
tissue sensitivity to insulin. This leads to hyperglycemia and increases free radicals. The increase
of free radicals in tissues lead the decrease of insulin sensitivity. It takes an antioxidant to
neutralize free radicals in DM type 2. Tomato (Solanum lycopersicum) contains many antioxidants
in which the highest antioxidant lies in the tomato skin, such as -carotene, lycopene, cryptoxanthin
B, vitamin A, vitamin C, and vitamin E. This research aimed at determine the effect of tomato skin
extracts towards the insulin sensitivity in rat (Rattus norvegicus), Wistar, strain male model of DM
type 2. This research used a Randomized Post Test Controlled Group Design. The samples were
divided into five groups, consisting of 4 animals, namely the negative control, the positive control
(model DM type 2), and 3 treatment groups of rat with DM types 2, were given of 50mg / kg of
tomato skin extracts, 100 mg / kg, and 150 mg / kg for 4 weeks. The insulin sensitivity was
measured by using the formula QUICKIE = 1/ [log (I (0)) + log (G (0))]. The statistical test results,
One Way ANOVA and Post-Hoc showed that there were significant differences (P = 0.037)
between the negative and positive control group, but there was no significant difference between
the treatment group and negative and positive control group. It can be inferred that there is a
significant decrease of insulin sensitivity in rat models of DM types 2 compared with normal rat, and
the treatment groups with tomato skin extracts have higher insulin sensitivity than the positive
control. However, statistically, it is not significant.
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INTRODUCTION

Diabetes mellitus (DM) is a disease or a decrease in tissue sensitivity to insulin
that is in fourth rank based on the priority of [2].
public health problems and regularly leads to
fatal complications, such as coronary, heart
disease, kidney disease, and amputation
due to gangrene. Diabetes mellitus type 2

Hyperglycemia in DM type 2 causes
compensation pancreatic 8 cell by secreting
more insulin, thus insulin levels increase

(DM type 2) is a form of diabetes in which it
is the most common disease with
approximately 20 million people prevalence
[1]. DM type 2 is a syndrome disruption of
the metabolism of carbohydrates, proteins,
and fats, caused by the secretion decrease

(hyperinsulinemia). These conditions lead to
insulin receptor to strengthen themselves
(self regulation) by reducing the decrease
impact in receptor response,and lead to
insulin resistance or the decrease of insulin
sensitivity. Hyperinsulinemic conditions also



lead to desensitization of insulin receptors
that cause the decrease of insulin sensitivity

[3].

Hyperglycemia leads to an increase
of free radical production in large quantities,
such as reactive oxygen species (ROS) [4].
The free radicals trigger oxidative stress, a
conditon when the oxidant or ROS
production exceeds the antioxidants capacity
in the body [5] or leads to imbalance
between the amount of free radicals and
antioxidants [6].

Antioxidants are compounds that
neutralize free radicals [7] and as inhibitors
that inhibit oxidation. It aims at protect cells
from damage and inflammation [8].

The use of a number of plants and
extracts have been commonly used for
diabetes. Tomato is one of the plants that is
easily found and cultivated [9]. Tomato
contains some antioxidants and essential
elements for the body, such as potassium,
phosphorus, magnesium, iron, vitamin A,
vitamin B, vitamin C, vitamin E, B-carotene
or pro-vitamin A, folic acid and lycopene.
Tomato’s skin contributes a lot to the
concentration of carotenoids, such as B-
carotene, lycopene, lutein, and
cryptoxanthin [10]. Tomato’s skin contains
very high lycopene and the lycopene
configuration is able to deactivate free
radicals [11.9].

Some results of the research above
encourage the researchers to investigate the
effect of tomato skin extracts (Solanum
lycopersicum) on insulin sensitivity in rat
models of DM Type 2.

RESEARCH METHOD
Research design

Research design that he researcher
used is true experimental design in vivo. The
research design used was Randomized Post
Test Controlled Group. The sampling
technique used is Simple Randomized study
Sampling [12].

Research subject

The subjects of the research were
white rat Raftus norvergicus male Wistar
aged 6-8 weeks with 150-200 grams weight
[13]. The subjects were divided into 5 groups
after adaptation in the 1st week, KN group
(negative control: normal diet and not given
STZ); KP (positive control: normal diet, the
induction of STZ, untreated); KP1 (treatment
group 1: a high-fat diet, induced STZ, and 50
mg/kgBW of tomato skin extracts); KP2 (2
treatment groups: high fat diet, induced STZ,
and 100 mg/kgBW of tomato skin extracts);
KP3 (3 treatment groups: high fat diet,
induced STZ, and 150 mg/kgBW of tomato
skin extracts) (the treatment of animals
experiment is corresponding to “Ethical
Clearance” No. 142 | EC | KEPK / 05/2016).

Making Normal Feed

Normal feed is made from a mixture
of BR1, corn flour, mung bean flour, wheat
flour, palm olein, and water that is printed
and then dried [14]. The normal feed is given
as much as 25 grams each day. The normal
feed is given to all groups at the 1st week of
adaptation period, until the end of the
research only in the negative control group.



Animal Experiment of DM Type 2
Making High-Fat Feed

High-fat feed is made from a mixture of
BR1, corn flour, mung bean flour, wheat
flour, palm olein, water, and pork oil that
is printed and then dried [14]. Hifh-fat
diet is given as much as 25 grams were
replenished each day. High-fat feed is
given to the KP, KP1, KP2, and KP3
from 2nd week until the end of the
research.

Injection of STZ solution

STZ (Streptozotocin) is injected
in intraperitoneal as much as
30mg/kgBW in rat at the 7th week [15].

Making Tomato Skin Extracts

Fresh tomato is weighed and
washed first, then put it in a saucepan
contains of water, and steamed up until the
skin and tomato’s flesh are separated. Then,
tomato’s skin is peeled, and laid on a baking,
then dried. Next, the skin is mashed in a
blender. Then, mix the skin with acetone,
and stored in glass bottles coated by
aluminum foil. After that, do the filtration and
evaporation to separate antioxidants and
acetone by using a rotatory evaporator [16].
Then, mixed tomato skin extract with cortina
to make it more soluble with fat, then put it in
a capsules. Each mouse in each group got a
dose of two capsules every day starting from
the 8th week until the end of the research.

Fasting-Blood Glucose Measurement

The  Dblood-glucose level s
measured by using a stick from Easy Touch
brand. Rats are held use a cloth to prevent
too much movement. Rat’s tail dipped into
warm water to ease the vein more visible.

Then, disinfected the tail is by using alcohol,
then pinned with a needle. After that,
attached the blood to digital-blood-glucose
stick and the results will be displayed on the
screen in mg/dL unit [17].

Serum Insulin Level Measurement

Serum level of insulin is measured
by using the Enzyme-Linked Immunosorbent
Assay (ELISA). Rat Insulin ELISA Kit
(RayBio), No. Catalog ELR-Insulin. Reagent
and sample are placed at room temperature
(18-25°C). Mix it with a 100 mL standard
reagent, and incubated for 2.5 hours at room
temperature. Then, the solution is washed
and filled with 300 mL of a buffer solution by
using a multi-channel pipette. Next, combine
100 mL of biotinylated antibody, shaken, and
incubated for 1 hour at room temperature.
Get rid of the solution and washed. Then,
add 100 mL of streptavidin solution, shaken,
and incubated for 45 minutes at room
temperature. Get rid of the solution and
washed. Add 100 mL of TMB substrate
reagent, shaken, and incubated for 30
minutes at room temperature. Add 50 mL of
stop solution and read at A = 450 nm [18].

The Measurement of Insulin Sensitivity

Insulin sensitivity measurement is
conducted at the end of the research by
using the formula of QUICKIE =1/ [log (I
(0)) + log (G (0))]. This formula need insulin
serum level that symbolized with (1(0)), and
blood-glucose level that symbolized with (G

(0)) [(19].
Data analysis

All of the data in this research were
analyzed by using SPSS prgram for windows
version 16.0. The normality test is tested by
using the Shapiro-Wilk test. Homogenity test
is tested by using Levene’s test. If the data



are distributed normally, and homogeneous
(p>0.05), the comparative analysis is
measured by using One Way ANOVA and
Post-hoc test to determine the significant
differences in each group. The statistical test
is significant when p<0.05.

RESEARCH FINDING
Rat’'s Weight

Weighing the rat is started from the
1st week until 11th week. Then, the rat's
weight in each group is averaged each week
to determine the rat's weight growth. The
mean results of rat's weight growth per week
are as follow.
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Fasting-Blood Glucose of Rats

Fasting-blood glucose level is
measured at the 8th week that taken from
the rat’s tail to determine whether the rats
have DM type 2 or not. The rats are
categorized to suspect DM type 2 when their
fasting-blood glucose levels are >140mg / dL
with typical complaints of DM type 2 such as
polyuria , polyphagia, polydipsia, and weight
loss. The mean results of rat’s fasting blood
glucose are as follow.
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Insulin Sensitivity of Rats

Insulin sensitivity of rats can be
measured by using the formula of QUICKIE
=1/ log (I (0)) + log (G(0))]. The mean
results of rat's insulin sensitivity are as
follow.
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Then, the data are analyzed. The
normality test is tested by using Shapiro-Wilk
showed significance results P > 0.05 (P =
0792) which means that the data are
distributed normally. Homogeneity test is
tested by using Lavene test, showed
significance results P > 0.05 (P = 0428)
which means that the data are from a
homogenous population. If the data are
homogeneous and distributed normally, then
analysis is performed by using One Way
Anova which results P < 0.05 (P = 0.037)
which means that there was a difference
treatment effect to the rat’s insulin sensitivity.




Then, Post-hoc test is performed by using
Tukey test,. The result showed that there
was a significant difference between KN and
KP groups. While, there is no significant
difference between KP1, KP2, KP3 with KN
and KP groups.

DISCUSSION
Rat’'s Weight

Based on the results of
measurements of rats weight, it can be seen
that there is an increase of rats weight
starting from the 1st until 7th week. This is
because the consumption of a high
carbohydrate and fat diet leads to an
increasing the amount of fat deposited in
adipose tissue. The excessive fat and
carbohydrates will be stored in adipose
tissue in form of triglycerides. The fat excess
in form of triglycerides in adipose tissue is
the cause of weight gain [20]. At the 8th
week, rats in KP, KP1, KP2, and KP3 groups
lost the weight after getting the STZ
injection. This is caused by hyperglycemia in
DM type 2 which leads to the fat mobilities
and lipolysis increase which leads to the
weight loss [21].

After the 8th week, rats on unstable
weight. Rats undergo an enhancement and
weight loss phase which not similar with
each groups. This is due to the increase of
appetite (polyphagia) and lipolysis activity as
the result of DM type 2.

Fasting-Blood Glucose of Rats

Blood glucose level is measured
after rats injected with STZ 30mg/kgBW to
determine whether the rats already suffered
from DM type 2 or not. It is characterized by
fasting-blood glucose level =140mg/dL.
High-fat diet that given to the rats may cause
insulin resistance and low-dose of STZ

(30mg/kgBW) may cause a bit impairment of
insulin secretion. The combination of that will
effect on the pancreatic § cells fatigue in
secreting insulin and cause DM type 2 [15].

Insulin Sensitivity of Rats

Based on the results, the average
of highest insulin sensitivity index is KN
groups with 0:33. This result indicates that
the group with a normal diet, which not
induced by STZ and untreated (KN) has
higher insulin sensitivity than the KP group.
While lowest insulin sensitivity is the group
with a high-fat diet, and induced by STZ,
untreated (KP). It showes that insulin
sensitivity in a group with a high-fat diet and
STZ (DM type 2 model) is decrease. This
statement also correlates with Shridar’s
experiment, 2007 that high-fat diet is proven
to reduce insulin sensitivity [22].

Insulin sensitivity of treatment group
with  50mg/kgBW, 100 mg/kgBW, and
150mg/kgBW of tomato skin extracts has no
significantly difference with KN. However,
the treatment group 50mg/kgBW, 100
mg/kgBW, and 150mg/kgBW of tomato skin
extracts has a higher insulin sensitivity than
KP, but, statistically, it is not significantly
different. This indicates that there are
improvements or increase of insulin
sensitivity in rats after treatment of tomato
skin extracts. However, the increasing of
insulin sensitivity is not equivalent with the
average of insulin sensitivity of KN group.

The increasing of insulin sensitivity
after treatment of tomato skin extracts is
caused by antioxidants in tomatoes’ skin.
Antioxidants work by donating an electron to
the free radical molecules, thus they can
discontinue a chain reaction of free radicals
[23]. Antioxidants that can be found in
tomatoes’ skin, such as lycopene, B-



carotene, flavonoids, vitamin C, vitamin E,
and B-cryptoxanthin [10]. Tomatoes’ skin
contain very high lycopene [11]. Lycopene
has ability to neutralize free radicals,
especially free radicals that generated by the
cellular metabolic reactions (a highly-reactive
free radicals in the body). As antioxidants,
lycopene has ability to prevent the oxidation
by free radicals twice fill ten times than B-
carotene (vitamin A) and alpha-tocopherol
(vitamin E) [24].

Fibrous part in  tomatoes,
hemicellulose, which located on the skin and
seeds of the tomatoes is insoluble fiber. This
insoluble  fiber ~ can  reduce the
gluconeogenesis process. It can affect the
increase of insulin secretion, thus it will
reduce the increasing of blood-glucose
levels and increase insulin sensitivity [25].

However, it takes an antioxidant
compound which is classified as a powerful
antioxidant in reducing the blood-glucose
levels of rats model of DM type 2, improving
disorders of the {3 cells of the pancreas, and
increasing insulin sensitivity significantly [26].

CONCLUSION

1. There is a significant decrease of insulin
sensitivity in rats model of DM type 2
than normal rats (KN).

2. Tomato skin extracts with 50mg/kgBW,
100mg/kgBW, 150mg/kgBW dosage
have insulin sensitivity which no
significantly difference with normal rats
(KN).

3. Tomato skin extracts with 50mg/kgBW,
100mg/kgBW, 150mg/kgBW  dosage
have higher insulin sensitivity than the
rats model of DM type 2, however
statistically, it is not significant.

SUGGESTION

1. In the beginning of the research, insulin
serum level should measured to
compare the level of insulin sensitivity
before and after treatment in rats.

2. The measurement of the antioxidants
activity that contains in tomatoes’ skin
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