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MenunumHckunin dpakynbteT, YHUBepcuteT bpasuakai, Mananr, iHgoHe3nA

BBELAEHUE. CaxapHblii anabet 2-ro tuna (C[12) - metabonumueckoe 3aboneBaHue, xapakTepuayloLleecs runeprivkemmen
BCNiencTBme fedekta cekpeumm MHCynMHa u GopMUpPOBaHNEM PE3UCTEHTHOCTM TKaHe opraHn3ma K MHCynuHy. 3abonesa-
Hie Bbi3blBaeT HapyLUeHre paboTbl Pa3NNUYHbIX OPraHOB, BKJIIOUas rnasa, Nouku u cepaue. O4HUM 13 anbTepHATUBHbIX NPO-
LYKTOB, MOAXOAALLMX AnA ynoTpebneHus nauveHtamm ¢ C12, ABNsAeTCA CMeCb COEBOro MooKa U umbupsa (Susu kedelai dan
jahe (Sulehe), nHpoHe3wniickun). Sulehe conepXuUT N30PpNaBoOHbI, NOIMHEHACbILWEHHble XUpHble KucnoTsl (MHXKK) u ruHrepo-
Nbl, KOTOPbIE BANSAIOT Ha MHCYNIMHOPE3NCTEHTHOCTD.

Llenbto faHHOro nccnenoBaHmA 6bino n3yyeHre BIMAHUA Sulehe Ha SKCNpeCccuio peLenTopoB, aKTUBUPYEMbIX MEPOKCUCOM™
HbIMK NponudepaTopamn TMNa y (aHrn. peroxisome proliferator-activated receptors-y, (PPAR-y)), npu 3kcneprMeHTanbHoOM
WHCYNIMHOPE3NCTEHTHOCTU Y KPbIC

METO[DbI. [laHHOe nabopaTopHoOe 3KCNepuUMEHTaNIbHOE 1CCNefoBaHMe in Vivo 6b110 NpoBefeHO Ha 24 Kpblcax, KoTopble
6b11Y pasfeneHbl Ha 6 rpynn: (1) rpynna oTpuuaTeNibHOro KOHTPONS, (2) rpymnna NoNoXMUTeNbHOro KOHTpons, (3) rpynna Kpbic
nuHun BioBreeding (BB), nonyuaBLumx coeBoe Monoko no 5 r/kr, (4) rpynna BB kpbic, nonyyaswmnx umbrpb no 500 mr/kr,
(5) rpynna BB kpbic, nonyyaswumx Sulehe (coeBoe monoko 2500 mr/Kr + umbupb 250 mr/kr), (6) rpynna BB Kpbic, nonyvas-
wux Sulehe (coeBoe monoko 5000 mr/Kr + nmbupb 500 Mr/Kr). Bce »KMBOTHble GbINN NpefBapUTeSIbHO PaHAOMU3MPOBAHDI.
MbI NpYMEHANN MOAeNb UTOFOBOFO UCCNIeOBaHMA C UCMONb30BaHNEM KOHTPObHOW rpynmnbl (6e3 npeaBapuTenbHOroO Mc-
cnefoBaHuA).

PE3YJIbTATbI. CpegHuii ypoBeHb akTuBHOCT PPAR-y B KOHTpOnbHOW rpynne coctaBun 578+82,02. [lob6aBneHune B nuily
Sulehe (coeBoe Monioko 5000 mMr/Kr + umbrpb 500 mMr/Kr) nosbilwasno skcnpeccuto PPAR-y o 1158+53,74. CpaBHeHWE NMoOKa-
3aTesiet NPOBOAMIIM C MOMOLLbIO AncrnepcroHHoro aHanmsa (ANOVA); pa3nuuna mexay rpynnamv c4mTany JOCTOBEPHbIMM
npwu p <0,05. Hamu 661510 O6Hapy»KeHa JOCTOBEPHAs Pa3HULA B YPOBHSX 3Kcrpeccun PPAR-y Mmexay »KMBOTHbIMU, MONyYaB-
LUINMIY COEBOE MOJIOKO + UMOMPb 500 Mr, U KOHTPOJIbHBIMM XNBOTHBIMY, COCTaBUBLLasA —345,5.

3AKNKIOYEHUE. Taknm o6pa3om, Sulehe aBnaeTca NoTeHUMaNbHbIM CPeACTBOM, CMOCOOHBIM OKa3blBaTb BAMAHME Ha KC-
npeccuio PPAR-y.

KJTIOYEBDIE CJTOBA: um6vpb; HCYynMHOpesncTeHTHOCTb; PPAR-y; coeBoe MONoKo

SOY MILK AND GINGER (SULEHE) INCREASE PPAR-y EXPRESSION IN A RAT MODEL OF INSULIN
RESISTANCE
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BACKGROUND: Diabetes mellitus type 2 is metabolic disease characterized by hyperglycemia due to a defect in insulin se-
cretion resulting in insulin resistance. This disease leads to dysfunction of various organs including eyes, kidneys, and heart.
One of the alternative diets which can be consumed is a mixture of soy milk and ginger (Indonesian: Susu kedelai dan jahe
(Sulehe)). Sulehe contains isoflavones, PUFAs, and gingerols that are affected by insulin resistance.

AIM: This study was aimed to discover the effect of Sulehe on peroxisome expression proliferator-activated receptor gamma
(PPAR-y) in a rat model of insulin resistance.

METHODS: Twenty-four rats were divided into six study groups: (1) negative control, (2) positive control, (3) soy milk 5 g/kg BB
diet, (4) ginger 500 mg/kg BB diet, (5) Sulehe (soy milk 2500 mg/kg BB + ginger 250 mg/kg BB) diet, (6) Sulehe (soy milk 5000
mg/kg BB + ginger 500 mg/kg BB) diet. This research belonged to experimental in vivo laboratory study with all replications
of each treatment across all subjects is completely randomized, and data retrieval with a post-test only control group design.

RESULTS: The mean PPAR-y activity in normal (control) rats was 578 + 82.02. Sulehe (soy milk 5000 g + ginger 500 mg) diet
can increase rat PPAR-y activity up to 1158 + 53.74. The significant different result achieved when p-value on ANOVA analysis
is less than 0.05 (p<0.05). According to the ANOVA analysis, there was a significant difference in PPAR-y in the combination

of soy milk + ginger 500 mg, with a difference of —345.5, compared with control. —®@@
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CONCLUSION: In summary, Sulehe may be a potential agent to influence PPAR-y expression.

KEYWORDS: ginger; insulin resistance; PPAR-y; soy milk

Diabetes mellitus (DM) is one of the significant human
health threats of the 21st century [1]. Indonesia ranks sev-
enth out of the ten countries with the highest prevalence of
DM in the world, [2]. Among cases of DM, almost 90-95% is
diabetes mellitus type 2 (DMT-2). DMT-2 is a metabolic dis-
ease characterized by chronic hyperglycemia. DM is closely
related to the condition of insulin resistance. Medical efforts
to improve insulin resistance in DMT-2 can be made phar-
macologically and non-pharmacologically [3]. Pharmaco-
logic improvement is achieved by administering drugs to
improve insulin sensitivity, while a non-pharmacological
improvement, in the form of lifestyle changes, physical ex-
ercise, and nutritional therapy, can improve the body’s met-
abolic system. Nutritional therapy in DMT-2 can be achieved
using a mixture of soy milk and ginger (Sulehe) as an alter-
native diet which contains isoflavones, PUFAs, and gingerol,
and can lower blood glucose levels. Research conducted by
[4] showed the giving of soybean milk and ginger 430 ml/
day with 25gram protein content and addition of 3 gram of
powdered ginger for 14 days in prediabetic women could
significantly decrease fasting blood glucose levels with an
optimal decrease of 12 mg/dl.

In DMT-2, peroxisome proliferator-activated receptor
(PPAR) -1 specific ligand is an antidiabetic component that
can decrease hyperglycemia primarily in fatty tissue [5]. The
activation of PPAR-y will increase the free fatty acids entry
into adipose tissue. It can decrease the concentration of
fatty acids in the plasma, causing the Tumor necrosis factor
gamma (TNF-y) response to decrease, resulting in increased
transmission of insulin signals through increased activity of
tyrosine kinase on insulin receptors. Reduced availability of
free fatty acids can reduce insulin resistance. Several stud-
ies have shown that isoflavones, polyunsaturated fatty ac-
ids (PUFAs), and gingerol compounds can increase PPAR-y
expression [6,7,8]. PPAR has three isoforms: a, 3/6, and .
PPAR-y is the main regulator of adipogenesis which plays an
important role in the storage of fat and glucose and choles-
terol metabolism. PPAR-y is most widely expressed in adi-
pose tissue [9].

The isoflavones genistein and daidzein can bind direct-
ly and activate PPAR-a and PPAR-y, thus causing increased
beta-oxidation and insulin sensitivity; consequently, the
concentration of fat in the blood and liver will decrease [10].
Kim et al. [11] also concluded that genistein and daidzein
could increase PPAR-y expression. Besides that, isoflavones
turn out to work not only through bonds with Endoplas-
mic Reticulum (ERs) but also bind to PPAR-y [9-13]. PUFAs
consisting of omega-3 fatty acids can increase adiponectin
levels due to suppression of inflammatory mediators, by de-
creasing Nuclear Factor kappa-light-chain-enhancer of acti-
vated B cells (NF-kB) activation and PPAR-y activation, thus
decreasing liver glucose production, and increasing glucose
uptake and free fatty acid oxidation in muscle [14-16]. Also,
omega 3 (n-3) is a ligand for PPAR-y that regulates expres-
sion of genes involved in glucose homeostasis. Activation of
PPAR-y causes an increase in expression of the gene encod-
ing glucose transporter type 4 (GLUT4), resulting in up-regu-
lation of GLUT4. GLUT4 is required to transport glucose into
muscle cells. PPAR activation (PPAR-Ak) of insulin resistance
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results in an increase of insulin sensitivity in the liver, causing
suppression of glucose production in the liver, and insulin
sensitivity in skeletal muscle that causes increased glucose
uptake [9].

Gingerol provides pharmacological and physiological
activity such as antioxidant, anti-inflammatory, analge-
sic, anticarcinogenic, and cardiotonic effects [17]. Gingerol
compounds can lower blood glucose levels by decreasing
apoptosis of B-pancreatic cells, by increasing production
and insulin sensitivity or by decreasing intestinal glucose
absorption in hyperglycemia [18]. Based on these circum-
stances, this study will test in vivo the interaction of active
compounds contained in Sulehe, and protein activity in in-
sulin resistance conditions.

AIM

This research aims to discover the effect of active com-
pounds in Sulehe in the form of isoflavones, PUFAs, and
gingerol against PPAR-y expression in a rat model of insulin
resistance.

METHODS

This test of the potential of Sulehe diet for improving in-
sulin resistance to PPAR-y expression is a true experimental
laboratory in vivo study with a post-test only group design
approach. This study used 24 healthy male Sprague Dawley
rats aged 12 weeks and weighing 150-200 g. Rats were di-
vided into six experimental groups: (1) negative control (C-),
(2) positive control (C+), (3) soy milk 5000 mg/kg BB diet, (4)
ginger 500 mg/kg BB diet, (5) Sulehe (soy milk 2500 mg/kg
BB + ginger 250 mgq) diet, 6) Sulehe (soy milk 5000 mg/kg BB
+ ginger 500 mgq) diet.

Insulin resistance was induced in rats using a high-fat
and fructose diet (DTLF) method; their blood glucose levels
were measured using a glucometer (Onetouch Ultra 2 (Lifes-
can Inc, USA) to confirm insulin resistance. Measurement
of insulin resistance using HOMA-IR method (homeostatic
model assessment - insulin resistance) which obtained by
multiplying fasting glucose (mg/dL) with fasting insulin lev-
el (ng/mL)/405. Rats were insulin resistance if the value of
HOMA-IR is 2. HOMA 3 was obtained by the formula (360 x
Insulin levels): (Fasting glucose (mg/dl) - 63) x %.

A small drop of blood, obtained by pricking the skin with
alancet, was placed on a disposable test strip glucometer to
calculate the blood glucose level. Level of glucose was dis-
played in units of mg/dl or mmol/I.

Soy milk, ginger, and Sulehe were given once a day using
a feeding tube, for 30 consecutive days. PPAR-y activity was
examined using a western blot method with rat skeletal mus-
cle tissue samples. Each tissue samples was suspended with
a buffer containing 20mM Tris-HCl, TmM EDTA, and 0.1 mM
PMSF. The cell suspension was centrifuged at 12,000 rpm for
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Table 1. Descriptive statistics analysis

PPAR-y
Group Mean SD
Negative control (normal) 578 82,02
Positive control 81.5 119.50
Soy milk (only) 5 g 711 123.04
Ginger (only) 500 mg 499.5 118.09
Soy milk + ginger (Sulehe) 250 mg 864 172.53
Soy milk + ginger (Sulehe) 500 mg 1158 53.74

5 minutes, at 4°C then centrifuged again at 15,000 rpm for
1 hour at 4°C. The sample was reconstituted with 15% SDS-
PAGE gel. The electrophoresis gel was washed with distilled
water and soaked in a blotting buffer. The nitrocellulose (NC)
membrane was soaked with Phosphate Buffer Saline (PBS)
for 10 minutes at room temperature and immersed in blot-
ting buffer before blotting process. The further transfer was
carried out for 12 hours at 25 volts at 4°C. The membrane
was then blocked in PBS-T Skim milk 5% for 1 hour while
shaking and washed 3x5 minutes in PBS-T. The membrane
was incubated with primary antibodies in PBS-T Skim 5% (1:
200) overnight at 4°C and washed 3x5 minutes with TBS. The
membrane was then incubated with secondary antibody
Alkaline Phosphatase (AP) conjugated (1: 2500 in TBS) for 1
hour at room temperature and washed with PBS-T for 4x5

minutes. Further protein or antigen bands detection was
conducted with the addition of Western Blue substrate (in
dark room) to the membrane overnight. The reaction was
stopped by washing the membrane with distilled water.

Ethical review

This study has been approved by Animal Care and Use
Committee University of Brawijaya No. 687/KEP/UB signed
onJan 20, 2017.

Statistical analysis

The data were analyzed for normality and homogeneity.
The data used to conclude are group data with Shapiro-
Wilk normality test values > 0.05 and with homogeneity of
variance test values > 0.05. Data were analyzed by one-way
ANOVA, followed by a least significant difference (BNT) test
to determine the significant differences between treatments
(p < 0.05).

RESULTS

The results of this study are presented below: (1) descrip-
tive statistical analysis, (2) homogeneity test results, (3) nor-
mality test results, and (4) one-way ANOVA test results.

Descriptive statistics analysis
The results of analysis of PPAR-y descriptive statistics are
presented in Table 1.

1400
1200+
1000
800+
600
400+
200+
0,
K+ Soy Milk500 mg  Ginger 500 mg  Soy Milk: Ginger Soy Milk : Ginger
(2500:250) (5000:500)
Fig. 1. Histogram of GLUT4, PPAR-gamma, and serine expression for each experimental treatment.
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Fig. 3. Western blotting results for PPAR-y, GLUT4, and serine for each treatment group.
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Table 2. Normality test

Variable Sig Status
PPAR-y 0.960 Normal
Table 3. Homogeneity test

Variable Sig Status
PPAR-y 0.000 Not homogenous

Table 4. ANOVA test results

Sum of Mean Si
squares square ?
BEWeeNn 160465000 4 115116250 7.572 .024
groups
Within = 26010000 5 15203.800
groups
Total 536484.000 9

Table 5. Summary of ANOVA test results

Status
Significantly different

Variable Sig
PPAR-y 0.024

The PPAR-y level in normal rats was 578 + 82.02. The Sule-
he diet given to group 6 (soybean milk 5000 mg/kg BB + gin-
ger 500 mg/kg BB) yielded the highest mean level of PPAR-y,
1158 + 53.74.The lowest average, 449.5 + 118.09, was found
in the group given only 500 mg ginger (Figure 1).

Table 6. Descriptive statistics analysis

OPUTMHAJIbHOE NCCNEAOBAHNE

KN A B C D KP

44kD PPAR-y
Fig. 2. Western blot of GLUT4, PPAR-y, and Ser-636 for each treatment group

a. Normality test results

A Shapiro-Wilk test was used because of n < 50. The re-
sults obtained are shown in Table 2.

The results of the normality test on the PPAR-y variable
show a sig value > 0.05, concluding that the data have a nor-
mal distribution.

b. Homogeneity test results

This test used Levene's test, and results are shown in Table 3.

The homogeneity results indicate that the PPAR-y vari-
able is not homogeneous (p-value < 0.000).

c. One-way ANOVA test results

Normality of terms was fulfilled, and the variety of data
already known. The test was continued to determine wheth-
er there were differences in overall results based on the
treatment provided (Table 4 and 5).

Based on the ANOVA test results, there were differences
in all four treatments (sig ANOVA < 0.05). The significant dif-
ferences for each treatment can be seen in the following LSD
post hoc results (Table 6).

DISCUSSION

From Table 7, it can be seen that there was a significantly
different PPAR-y result only for the combination of soy milk +

95% confidence interval

(I) group (J) group Mean difference (I-J)  Std. error Sig. Lowerbound _ Upper bound
P1 101.50000 123.30369 448 —215.4622 418.4622
Positive control P2 313.00000 123.30369 .052 -3.9622 629.9622
P3 —51.50000 123.30369 694 —368.4622 265.4622
P4 —345.50000% 123.30369 .038 —662.4622 —28.5378
Positive control —101.50000 123.30369 448 —418.4622 215.4622
P2 211.50000 123.30369 147 —105.4622 528.4622
Pl P3 —153.00000 123.30369 270 —469.9622 163.9622
P4 —447.00000*% 123.30369 015 —763.9622 —130.0378
Positive control —313.00000 123.30369 .052 —629.9622 3.9622
P1 —211.50000 123.30369 147 —528.4622 105.4622
P2 P3 —364.50000% 123.30369 .032 —681.4622 —47.5378
P4 —658.50000% 123.30369 .003 —975.4622 —341.5378
Positive control 51.50000 123.30369 694 —265.4622 368.4622
P1 153.00000 123.30369 270 —-163.9622 469.9622
& P2 364.50000* 123.30369 .032 47.5378 681.4622
P4 —294.00000 123.30369 .063 —610.9622 22,9622
Positive control 345.50000% 123.30369 .038 28.5378 662.4622
P1 447.00000*% 123.30369 015 130.0378 763.9622
& P2 658.50000% 123.30369 .003 341.5378 975.4622
P3 294.00000 123.30369 .063 —22.9622 610.9622
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Table 7. Summary of post hoc LSD results

PPAR-y
Difference 1K95%

C+ vs soy milk (only) 5g 101.5 0.448

C+ vs ginger (only) 500 mg 313 0.052

C+ vs Sulehe

(soy milk 2500 mg + ginger 250 mg) —15 0.694

C+ vs Sulehe 3455 0038

(soy milk 5000 mg + ginger 500 mg)

ginger 500 mg, with a difference value is —345.5. The results
of this study show that PPAR-y expression increased in insu-
lin resistance-modeled rats, but Sulehe (soy milk 5000 mg +
ginger 500 mg) showed a higher rate of PPAR-y than the in-
sulin resistance model. From these results, it is clear that the
treatment provided in this study up-regulates PPAR-y activity.
PPAR-y is important in the proliferation and differentiation of
adipocytes, through the activity of free fatty acid influx into
adipocytes, and decreases cytokine expression [19]. This state-
ment explains that the combination Sulehe therapy blocks
serine-636 phosphorylation and improves insulin sensitivity,
as evidenced by increased PPAR-y post-treatment activity in
the combination therapy group. This explains that Sulehe con-
sumption during treatment inhibits the access of inflammato-
ry cytokines through the PPAR-y activation pathway.

As described by Kintscher and Law, the loss of PPAR-y
activity in skeletal muscle results in insulin resistance condi-
tions through impaired insulin levels in adipose and liver tis-
sue [20]. This was validated by the results of this study, in that
the PPAR-y activity in the non-treated DM control group was
higher than that in the normal group (578). This could be ex-

plained by the brief induction of the high-fat diet during the
manufacture of insulin resistance models so that acute in-
duction will increase PPAR-y activity as a form of homeostat-
ic compensation [12], but there is no explanation regarding
the procedure of making an insulin resistance model. PPAR-y
agonist application gives a more direct effect on skeletal
muscle. This explains why the Sulehe diet affected PPAR-y in
skeletal muscle (rat insulin resistance model) compared to
other experimental groups. In fact, the expression of PPAR-y
in skeletal muscle is only about 5-10% of its expression lev-
el in adipose tissue, and PPAR deficiency in muscle causes
secondary insulin resistance in adipose and liver tissue. This
study suggests further study on the importance of looking
at the comparison of PPAR-y in adipose tissue and a liver pe-
ripheral resistance model after administration of Sulehe [20].

CONCLUSION

Based on the results of this study, it can be concluded
that Sulehe or combination of soy milk and ginger at certain
concentration could increase PPAR-y expression significant-
ly. Hence, Sulehe could be an alternative diet for people with
type 2 diabetes melitus to reduce the insulin resistence.
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