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The effect of tomato juice on the expression of matrix
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Background: Aging is a multifactorial phenomenon that is
characterized by a decrease in physiological functions that increases
with age. Free radicals cause oxidative stress, which plays a role in
the aging process. The accumulation of reactive oxygen compounds
increases matrix metalloproteinase-2. Collagen can be directly
destroyed by reactive oxygen compounds or through the induction
of MPPs. Tomato fruit is an antioxidant, which acts as a binder and
damper of free radicals that activate collagen damage. This study
aims to assess the effect of tomato juice on the expression of MMP2 and type-1 collagen on the vaginal wall of the menopausal rat.
Methods:This was a true experimental study, using Sprague-Dawley
rats and tomato juice (Solanum lycopersicum). Expression of MMP2 and type-1 collagen was examined using immunohistochemistry
staining. Twenty-four healthy female rats, aged 4 months weighing
150-200 grams, were divided into 4 groups, each group as many
as 6 rats. The negative control group (NC) was a group of rats with
a sham procedure, given aquades for 28 days. The positive control
group (PC) was bilaterally ovariectomized rats, given aquades for 28
days. The first treatment group (P1) was bilaterally ovariectomized
rats, given tomato juice with a dose of 11 g / 200 g BW / day. The
second treatment group (P2) was bilaterally ovariectomized rats,
given tomato juice with a dose of 15 g / 200 g BW / day. Data
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analysis used the One-way ANOVA statistical test (α = 0.05) and
different tests between groups using Games-Howell and Tukey HSD.
The association between tomato juice and the expression of MMP-2
and type-1 collagen used regression tests.
Results: This study found that the lowest expression of MMP-2 was
NC group (2.07 ± 0.84), and the highest was the PC group (5.72
± 1.91). The mean MMP-2 expression in the treatment groups was
lower than the PC group but still higher than the NC group. There
was a significant difference in MMP-2 expression between groups
(p = 0,000). There was a negative correlation between tomato juice
administration and MMP-2 expression (b = -0.592). The lowest
type-1 collagen expression was PC group (3.83 ± 1.44), and the
highest was the P2 group (7.27 ± 2.21). The mean type-1 collagen
expression in the treatment groups was higher than the PC group.
There were significant differences of type-1 collagen expression
between groups (p = 0.012). There was a positive correlation
between tomato juice administration and type-1 collagen
expression (b = 0.682).
Conclusions: Tomato juice administration can reduce the
expression of MMP-2 and increase the expression of type-1 collagen
on the vaginal wall of the menopausal rat. The higher the dose of
tomato juice, the higher the expression of type-1 collagen.

Menopause is a period of life that is passed by all
women who have a long life. Improved welfare
and better economic standards bring a higher life
expectancy for women.1 Aging is a multifactorial
phenomenon that is characterized by a decrease
in physiological functions that increases with age.
This decrease in function is also associated with the
accumulation of damage to the metabolic pathway.
The aging process is expressed in various theories,
and the most popular is the theory of free radicals.2
Free radicals are chemical compounds in the form
of atoms or molecules that have unpaired electrons
in the outer layer. These chemical compounds have
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one or more free electrons so that in large quantities
can cause oxidative stress. Oxidative stress occurs
because of an imbalance between oxidants and
antioxidants, which then has the potential to cause
cell damage. Damage to these important molecules
plays a role in degenerative changes in the aging
process.3,4,5
Normal conditions, free radicals can be muted
by the body, because naturally, the body produces
antioxidants, such as catalase and superoxide
dismutase. Antioxidants functions to prevent the
growth of free radicals in the body, by donating
one or more electrons to free radicals so that free
radicals that were originally very reactive become
stable.6,7
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Tomatoes contain lycopene, ß-carotene, and
vitamin C, which function as antioxidants, which act
as binders and silencers of free radicals that activate
collagen damage.8,9 Vitamin C plays a role in collagen
biosynthesis. Collagen synthesis from fibroblasts
requires oxygen, and vitamin C.10,11 Collagen can be
directly destroyed by reactive oxygen compounds
or through induction of a group of enzymes
that play a role in the degradation of collagen,
namely matrix metalloproteinases (MMPs).3,4 The
accumulation of reactive oxygen compounds will
increase the matrix metalloproteinase-1 (MMP-1)
and matrix metalloproteinase-2 (MMP-2). Matrix
metalloproteinase-1 will break down collagen type1, while MMP-2 can break down gelatin, elastin,
fibronectin, collagen types I, IV and V. This damage
to collagen type I and IV will result in a decrease in
collagen products.3,12
Research on premenopausal women with
uterine prolapse, which measured gelatinase
enzyme activity using zymography showed an
increase in MMP-2 activity.13 Prasetya (2015)
found that administration of tomato juice on postovariectomy rats was shown to increase estrogen
levels in the blood and induce proliferation of
fibroblasts, thereby increasing collagen synthesis
in the vaginal wall.14 Wahyono (2008) in his study
proved that the administration of tomato fruit
extracts caused an increase in the expression of
collagen type-1 and decreased MMP, such as MMP1 and MMP-3, on skin of rats which was allowed to
experience additional age.5 Increased MMP causes
increased degradation of collagen, so that collagen
produced decreases.3,15
This study aimed to assess the effect of tomato
juice on the expression of MMP-2 and type-1
collagen on the vaginal wall of the menopausal rat
model, to assess the relationship between the dose
of tomato juice and the expression of MMP-2 and
type-1 collagen.

METHODS
Study design
This was a true experimental study using SpragueDawley rats. The research material was tomatoes
fruits (Solanum lycopersicum) which had been
certified by the Indonesian Institute of Sciences,
Plant Conservation Center, Purwodadi Botanical
Garden in East Java Indonesia. Maintenance and
treatment of experimental animals were carried
out at the experimental animal cage Faculty
of Veterinary Medicine, Universitas Airlangga
Surabaya. Immunohistochemical staining for
the expression of MMP-2 and type-1 collagen
in the vaginal wall were carried out at Veterinary
Pathology Laboratory, Faculty of Veterinary
592

Medicine Universitas Airlangga Surabaya.
The ethical clearance was obtained from
the Ethics Committee of Faculty of Veterinary
Medicine, Universitas Airlangga, with number:
2.KE.024.02.2018.
Treatment of Rats
The study was conducted on twenty-four healthy
female rats, aged 4 months and weighing 150-200
grams, starting with acclimatization for two weeks.
The rats were randomly divided into 4 treatment
groups, each group as many as 6 mice. The negative
control group (NC) was a group of rats with a sham
procedure, which was done in the abdomen incision
but not ovariectomy and then sewn again, given
aquades for 28 days. The positive control group
(PC) was a group of rats with bilateral ovariectomy
and given aquades for 28 days. The first treatment
group (P1) was a group of rats with bilateral
ovariectomy and given tomato juice at a dose of
11 grams / 200 grams of rats body weight/day. The
second treatment group (P2) was a group of rats
with bilateral ovariectomy and given tomato juice at
a dose of 15 grams / 200 grams of rats body weight/
day. The menopausal condition was confirmed by
the results of vaginal swabs that show diestrus on
the 21st day after bilateral ovariectomy. Rats were
sacrificed on the 29th day for tissue retrieval.
Immunohistochemistry staining of MMP-2
and type-1 collagen
Immunohistochemistry staining of MMP-2 and
type-1 collagen were started by soaking the glass
of the paraffin block in xylol 2 times for 5 minutes
each. After that, rehydration was done using serial
alcohol (absolute, 96%, 80%, 70%, 30%, and 5%) for
5 minutes, respectively. Then rinse in dH2O for 5
minutes. The slides were washed with PBS pH 7.4
once for 5 minutes. Endogenous peroxide blocking
used 3% H2O2 for 20 minutes. Washed using PBS
pH 7.4 three times, for 5 minutes. Specific protein
blocking used 5% FBS containing 0.25% Triton
X-100. Washed using PBS pH 7.4 three times, for
5 minutes. Incubated by using MMP-2 monoclonal
antibody (MMP-2 (8B4): sc-13595 (Santa
Cruz Biotechnology, Inc.)) and type-1 collagen
monoclonal antibody (COL 1A (COL-1): sc-59772
(Santa Cruz Biotechnology, Inc.)) for 60 minutes.
Washed using PBS pH 7.4 three times, for 5 minutes.
It was incubated using conjugated anti-rabbit HRP
for 40 minutes and washed using PBS pH 7.4 three
times, for 5 minutes. Dripped with DAB (Diamino
Benzidine) and incubated for 10 minutes. Washed
using PBS pH 7.4 three times, for 5 minutes. It was
washed using dH20 for 5 minutes. Counterstaining
used Hematoxylin-Mayer that was incubated for 10
minutes and washed using tap water. Rinse using
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dH2O and dry air. Mounting uses an entanglement
and covers with a glass cover. The observation was
using a microscope at 400x magnification.
Statistical analysis
Statistical analysis using One-way ANOVA
statistical test at a confidence level of α = 0.05,
followed by a different test between groups using
Games-Howell and Tukey HSD. The association
between various doses of tomato juice with MMP-2

Figure 1. Expression of MMP-2 on the vaginal wall

expression and type-1 collagen in the vaginal wall
of the menopausal model using a regression test.

RESULT
The Effect of tomato juice on the MMP-2
expression
Figure 1 showed that the lowest expression of
MMP-2 was NC group (2.07 ± 0.84), and the highest
expression was PC group (5.72 ± 1.91). The mean
MMP-2 expression of P1 group was lower than the
P2 group. The mean of the treatment groups (P1
and P2) was lower than the PC group but still higher
than the NC group. In the Kolmogorov-Smirnov
normality test, the data were normally distributed
(p> 0.05). One-way ANOVA test (α = 0.05) found
a significant difference in the average number of
MMP-2 expression between study groups (p =
0,000). It showed that the administration of tomato
juice could reduce MMP-2 expression even though
it did not reach normal conditions as NC group.
The variance homogeneity of MMP-2
expression data was not homogeneous, so multiple
comparisons were conducted using Games-Howell,
it appears that there are differences in MMP-2
expression between NC group and PC group, and
differences in MMP-2 expression between PC
group and P1 group (p <0.05). The linear regression
test showed a negative correlation with a standard
coefficient of b = -0.592; it means an increase in
tomato juice administration would reduce MMP-2
expression by 0.592.
Figure 2 shows the MMP-2 expression.
The red arrow shows the expression of MMP-2,
which is indicated by the brown color of chromogen
in the cytoplasm (Figure 2). The results showed that
MMP-2 expression in PC group was higher than the
treatment groups (P2 and P1) and the NC group.
The effect of tomato juice on type-1 Collagen
expression

Figure 2. Expression of MMP-2 (chocolate chromogen) in the vaginal wall
between groups (IHC staining, 400x magnification; Nikon H600L
microscope; 300-megapixel DS camera Fi2)
Published by DiscoverSys | Bali Med J 2019; 8(3): 591-596 | doi: 10.15562/bmj.v8i3.1277

Figure 3 shows that the lowest average type-1
collagen expression is PC group (3.83 ± 1.44), and
the highest is the P2 group (7.27 ± 2.21). The type1 collagen expression in the P1 group was lower
than the P2 group but higher than the PC group. In
the Kolmogorov-Smirnov normality test, the data
were normally distributed (p> 0.05), and the oneway ANOVA test showed significant differences
between groups (p = 0.012). It shows that tomato
juice administration significantly increases the
expression of type-1 collagen. The higher the dose
of tomato juice, the higher the expression of type-1
collagen.
The variance homogeneity test of type-1
collagen expression was homogeneous so that the
593
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In Figure 4, the red arrow shows the expression
of type-1 collagen, which is characterized by the
brown color of chromogen in the cytoplasm. The
results showed that type-1 collagen expression in
the NC group was higher than the treatment groups
(P2 and P1), as well as the PC group.

DISCUSSION

Figure 3. Expression of type 1 collagen in the vaginal wall

Figure 4. Expression of type-1 collagen (chocolate chromogen) in the vaginal
wall between groups
(IHC staining, 400x magnification; Nikon H600L microscope;
300-megapixel DS camera Fi2)
different tests between groups were carried out
using Tukey HSD, showed there were differences in
type-1 collagen expression between PC group and
P2 group (p <0.05). The regression test shows that
the standard coefficient (b = 0.682), which means
that an increase in tomato juice administration
will increase the expression of type-1 collagen by
(0.682).
594

The aging process causes free radicals to increase
continuously. As a result, there is an imbalance
between free radicals and antioxidants, causing
the formation of ROS.4,5,6 Free radicals can destroy
collagen and induce matrix metalloproteinases
(MMPs). Matrix metalloproteinase (MMPs) is
a group of enzymes that is responsible for the
degradation of collagen.3,4 The accumulation of
reactive oxygen compounds will increase the
number of MMPs, including MMP-2. Matrix
metalloproteinase-2 can break down gelatin, elastin,
fibronectin, collagen types I, IV and V. This damage
to collagen type I and IV results in a decrease in
collagen products.3,12 Oxidative stress conditions
induce the formation of Hsp-70. Increased Hsp70
causes an increase in p38 pathway activation.16
Increased ROS activates the pathway of the mitogenactivated protein kinase (MAPK) thereby reducing
extracellular signal-regulated kinase (ERK) and
increasing cJun Kinase (JNK / p38), then activating
an increase in anti-protein 1 (AP-1). An increase
in AP-1 causes an increase in MMPs, including
collagenase. Increased collagenase activates a
decrease in procollagen-1, causing decreased type1 collagen expression.3,5
This study found that the highest average
MMP-2 expression and the lowest type-1 collagen
expression were the menopausal groups given
by aquades. This result was similar to Alarab’s
study (2014), which found an increase in MMP-2
activity in premenopausal women who had uterine
prolapse.13
Tomatoes are a source of antioxidants because
they are rich in vitamin C, vitamin E, β-carotene
and lycopene. Lycopene can function as a powerful
antioxidant and react with free radicals.8,9 Lycopene
can also interact with ROS, such as H2O2 and NO2.
Consumption of beta carotene with vitamins C
and E has been shown to improve antioxidant
abilities. Vitamin C can help stabilize free radicals.17
Antioxidants can reduce free radicals so that ROS
is not formed. Antioxidants activate nitrides oxide
synthase (NOS) and the mitogen-activated protein
kinase (MAPK), which increases extracellular
signal-kinase (ERK) and decreases c-Jun Kinase
(JNK / p38), resulting in a decrease anti-protein-1
(AP-1). A decrease in AP-1 will reduce the
expression of MMP, including MMP-2.5,15
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This study found that the administration
of tomato juice can reduce MMP-2 expression
in menopausal rats, even though it does not
arrive at normal conditions. It indicates that the
administration of tomato juice in menopausal
conditions can reduce MMP-2 expression. This
study found that administration of tomato juice, as
an antioxidant, increases the expression of type-1
collagen in menopausal rats.
This results study are similar to the study
of Wahyono (2008), which found that the
administration of tomato extracts had the effect of
decreasing MMP-1 and MMP-3 on the mice skin that
had a change in age from 4 to 7 months.5 However,
Wahyono (2008), found that the administration of
various doses of tomato extract showed a tendency
to be negatively correlated, increasing the dose
would reduce the number of MMP-1 and MMP3.
In the normal conditions, the extracellular
matrix is 
physiologically remodeling, through a
balance of synthesis and degradation. This balance
is maintained mainly by cytokine stimulators and
growth factors, as well as degradative MMP and
tissue inhibitors of metalloproteinases (TIMPs).
The synthesis and secretion of MMP and TIMPs
are regulated by complexes of signaling factors,
cytokines, growth factors, and hormones. This
process will regulate cell and extracellular matrix
interactions on physiological and pathological
conditions that will cause a turnover. In estrogen
deficiency conditions at menopause, balance shifts
towards increasing MMP activity, which causes
degradation of collagen.12,18 Changes in the balance
between synthesis and degradation affect tissue
formation and changes in mechanical properties
in connective tissue.19,20 Connective tissue consists
of the extracellular matrix, including collagen and
elastin as the main proteins and glycoproteins and
proteoglycans. The two main fiber components
of this connective tissue are the vaginal support;
collagen is responsible for the strength of the strain
and elastin is responsible for the resilience and the
ability to return from stretching.19,21 Postmenopausal
estrogen receptors in the vaginal wall and sacrouterine ligament are reduced, causing atrophy of
connective tissue and thinning of the urogenital
tract epithelium, including the vaginal mucosa.22,23
Decreased of estrogen during menopause results in
vaginal atrophy due to epithelial atrophy decreased
collagen and elastin fibers.24,25 Vaginal atrophy has
a significant impact on sexual activity, disrupting
household harmony, and affecting the quality of life
of menopausal women. That affects the physical and
psychological postmenopausal women.26
Tomato fruit is one source of phytoestrogen,
which is cheap and easy to obtain, has a high
Published by DiscoverSys | Bali Med J 2019; 8(3): 591-596 | doi: 10.15562/bmj.v8i3.1277

content of phytoestrogens, especially in the fruit
water.27 Tomatoes contain lycopene which can
react with free radicals and function as a powerful
antioxidant.9 Vitamin C is known as the main
body compound needed in a variety of important
processes, ranging from collagen biosynthesis, fat
transport, electron carriers from various enzymatic
reactions, regulating cholesterol levels, and boosting
the body’s immunity. Collagen synthesis from
fibroblasts requires oxygen and vitamin C.10,11,17
This study found that administration of tomato
juice in menopausal conditions significantly
reduced MMP-2 expression, but the reduction of
MMP-2 expression was not significantly associated
with increased type-1 collagen expression. Tomato
juice administration can significantly increase the
expression of type 1 collagen. There is a positive
correlation between the dose of tomato juice and
the increasing of collagen type-1 expression. The
higher the dose of tomato juice will increase of
type-1 collagen expression in menopausal rats.
Increasing the dose of tomato juice will increase the
expression of type-1 collagen by 0.682.

CONCLUSION
The tomato juice reduces the expression of MMP2 and increases the expression of type-1 collagen
on the vaginal wall of the menopausal rats. There
was a negative correlation between increasing the
dose of tomato juice and MMP-2 expression with a
standard coefficient of b = -0.592, which means that
an increase in the dose of tomato juice will reduce
MMP-2 expression by 0.592. There was a positive
correlation between increasing the dose of tomato
juice and expression of type-1 collagen with a
standard coefficient of b = 0.682, which means that
increasing the dose of tomato juice will increase the
expression of type-1 collagen by 0.682.
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