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Summary. Objective: Hyperglycemia-stimulated oxidative stress in diabetes mellitus impairs gene expression
and activity of endothelial nitric oxide synthase (eNOS). Goat-soy milk kefir has potential to reduce hyper-
glycemia. This study is to investigate the benefit of kefir from goat and soy milk on eNOS gene expression and
nitric oxide (NO) levels. Mezhods: Twenty five male Wistar rats were grouped as: 1) normal rats; 2) diabetic
rats; 3) diabetic rats + goat milk kefir; 4) diabetic rats + combination of goat-soy milk kefir; 5) diabetic rats +
soy milk kefir. After kefir intervention for 4 weeks, eNOS gene expression was determined using q-PCR and
NO levels was analyzed by ELISA methods. Resuits: There were significantly differences of the NO levels
among group after intervention of kefir for 4 weeks, and the highest NO level was found the diabetic rats
with combination of goat-soy milk kefir (p<0.05). However, the eNOS gene expression was found highest in
the diabetic rats with soy milk kefir. Conclussion: The combination of goat-soy milk kefir had good effects on

expression of eNOS, NO levels and plasma glucose levels in diabetic rats.
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Introduction

Diabetes mellitus is characterized by hyperglyce-
mia, which induces oxidative stress through increasing
reactive oxygen species (ROS) generation (1), which
has a role in development of endothelial dysfunction
(2). According to Hadi and Suwaidi (3), hypergly-
cemia is the major causal factor the endothelial dys-
function development that may be a consequence or
cause of changing in NOS expression and activity. The
abundance of ROS can inhibit endothelial nitric oxide
synthase (eNOS) mRNA expression, and as an inhibi-
tor to activity of nitric oxide (NO) (4). Reduction of
eNOS expressions can lead decrease of NO bioavail-
ability (5), that can as a risk factor for cardiovascular
disease, one of the complications, in patients with type

2 diabetes mellitus (T2DM) (6). Therefore, controlling
of hyperglycemia and oxidative stress are very impor-
tant in T2DM patients.

Harmful effect of oxidative stress in cardiovascu-
lar function related with endothelial dysfunction lead
to new development of pharmacotherapies strategy.
Antioxidants have been reported can ameliorate hy-
perglycemia (7). Antioxidants remove free-radical by
being oxidized themselves, and inhibit other oxida-
tion reactions to stop the harmful chain reactions for
all living cells. Nowadays, most food & pharmaceutical
products contain synthetic antioxidants to enhance the
stability of therapeutic agents. However, the synthetic
antioxidants could have carcinogenic effects on hu-
man cells (8), so that natural antioxidants are the best
choices. Several studies showed that fermented milks,
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such as kefir, has radical scavenging activities, which
can be used as natural antioxidant supplement for im-
proving human health. Balakrishnan and Agrawal (9)
reported that fermentation increases antioxidant activ-
ity of milks, and the increase in antioxidant activity of
goat milk is highest compared to -cow or -camel milks
after fermentation. Ostadrahimi et al. (10) and Nurli-
yani et al. (11) showed that kefir can improve glycemic
control and increase glutathione peroxidase activity in
T2DM. Kefir is a fermented milk product that can be
made from cow’s milk, goat’s milk, sheep’s milk, soy
milk or other milk (12).

The previous studies showed that soy milk
kefir has high ability to inhibit ascorbate autoxidation
(13), reduce blood glucose levels, inflammatory marker
levels, and increase number of Langerhans and beta
cells in diabetic rats (14;11). Soy contains several nu-
trients such as isoflavones, protein, and phytoestrogens
(15). Isoflavones are estrogen-like compounds that
have estrogenic ability and antioxidant (12). Dajanta
et al. (16) showed that fermentation process could
increase antioxidant activity of soy milk. Therefore, in
this study, we evaluate the effects of combination ke-
fir of goat milk and soy milk on nitric oxide level and
endothelial nitric oxide synthase (eNOS) gene expres-

sion on diabetic rats.

Materials and Methods
Soy milk preparation

Soy milk prparation was done according to
Kasenkas et al.(13) with slight modification. Soy bean
was washed and cleaned, then soaked in water for ap-
proximately 18 hours. After that, soy milk was sepa-
rated from the soaking water and add water as much as

2 times the weight of soy milk that have been soaked.
Then, it was blendered and filtered.

Kefir preparation

Kefir preparation was done according to Kasen-
kas et al. (13) with slight modification. Goat milk, soy
milk, and combination of goat and soy milk (50% goat
milk-50% soy milk) were pasteurized at 85°C for 10

min, then cooled at temperature. After that, each milk
were inoculated by kefir grain as much as 2% and incu-
bated at room temperature for 18h. At the end of fer-
mentation process all fermented milk were stirred and
filtered. Before used all of kefir were storage at 4°C.

Animal study

Twenty five (25) male Wistar rats (250-300 g, 3
months old) were obtained from the Faculty of Veteri-
nary Medicine, Bogor Agricultural University (IPB).
They were housed individually in cages and main-
tained under standard condition (22-25°C room tem-
perature and 12-hour daylight cycle). They were accli-
matized for 7 days by standard diet (AIN 93 M) (17)
with slight modification. The diet consisted of cf corn
starch 461g, 200g casein, corn oil 180g, DL-Methio-
nine 3g, choline bitartat 1g, mineral mix 35¢, vitamin
mix 10g, to 50g, and sucrose 11 g (Percentages in diet
composition means total% in 100g diet). This protocol
was approved by The Ethics Committee for Health
Research, Faculty of Medicine, Universitas Gadjah
Mada, Yogyakarta.

Induction of diabetes

Induction of diabetes was done according to
Shirwaikar et al. (18). Diabetes was induced after
overnight fasting by intraperitoneal injection of 60
mg/kg BW streptozotocin (STZ) (Nacalai, Tesque,
Inc., Japan), 15 min after intraperitoneal injection of
120 mg/kg BW nicotinamide (NA) (Sigma-Aldrich,
USA). Blood glucose was measured after 5 days of
induction, and rats were considered as diabetic if they

had fasting blood glucose levels > 126 mg / dL.
Experimental study

Rats divided into 5 groups after induction of dia-
betes, each group consist of 5 rats : 1) normal rats; 2)
diabetic rats; 3) diabetic rats with goat milk kefir; 4)
diabetic rats with combination of goat-soy milk ke-
fir; 5) diabetic rats with soy milk kefir. Kefir was given
by gavage 2 mL/day for 4 weeks. Blood glucose were
measured before and after kefir administration. At the
end of the study, the blood was taken under anesthe-
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sia to measure NO levels. Aorta tissues also taken to
measure eNOS gene expressions. Tissues for RNA
preparation were stored in freezer at -80°C after being
snap-frozen liquid nitrogen.

Biochemichal analysis

Blood glucose was enzimatically analyzed using
commercial kit (DiaSys, Germany). NO levels was
analyzed by enzyme-linked immunosorbent assay
(ELISA) method using commercial kit (R & D Elisa
kits Systems’ Total Nitric Oxide).

Isolation of RNA and quantitative polymerase chain reac-
tion (9-PCR)

Total RNA was extracted from frozen aorta using
Trizol reagent (Invitogren, USA). Reverese transcrip-
tation was done according to iScript cDNA synthesis
kit (Bio-rad, UK) protocol. The g-PCR was used by
SsoFastEvaGreenSupermix (Bio-rad, United King-
dom) and total reaction for q-PCR was 10pL. Specific
primers is that eNOS forward: 5’- TGT CAC CAT
GGA AAG ACA AG -3¢ eNOS reverse: 5- ACC
AAGTGG ATC TCT TGA AC -3’ (223 bp), 3-actin
sense: 5 - AAC AAC CGT CCT GAA GCC AAG
AAG-3 ‘and B-actin antisense: 5’-TCA TGA CTG
AGT GGT GGT TCA-3" (241 bp). Detection of
eNOS expression was done by running with Bio-Rad
CFX96TM real-time PCR system. The protocol starts
with an initial denaturation at 95 °C for 30 seconds,
then 40 thermal cycles of denaturation at 95 °C for 5

Table 1. Plasma glucose levels before and after kefir administration

seconds, annealing and extension at 60 °C for 5 sec-
onds, and followed by the last one cycle of melting
curve at a temperature of 65-95 °C increments of 0.5

°C for 5 sec / step.
Statistical analysis

All values were presented as mean * standard de-
viation (SD). One-way ANOVA was used to analyzed
the differences of plasma glucose levels, NO levels, and
eNOS gene expression between the groups. Differenc-
es were considered statistically significant at p<0.05.

Results
Plasma glucose levels

After induction of diabetes, plasma glucose levels
were similiar among diabetic control group and treat-
ment groups. After 4 weeks administration of kefir,
plasma glucose levels in all treatment groups signifi-
cantly reduced compared in diabetic control group
(p=0.006). Diabetic rats with combination of goat-soy
milk kefir has lower plasma glucose levels comapared
diabetic rats with goat milk kefir and soy milk kefir
(Table 1).

Nitric oxide levels

After kefir administration for 4 weeks, NO levels
in all treatment groups were significantly higher than

Groups Plasma glucose level (mg/dL)
Before After Mean difference p

Normal 73.21+1.19 116.36 = 1.0%a 43.14 0.001
Diabetic 258.34 + 1.60° 371.79 = 1.26° 113.45 0.090
Diabetic + goat milk kefir 208.55 + 1.42° 124.17 £ 1.29¢ -84.38 0.043
Diabetic + combination of goat -soy milk kefir 336.36 + 1.83 112.00 = 1.11* -224.36 <0.001
Diabetic + soy milk kefir 297.17 + 1.0°b 226.05 + 2.31# -72.81 0.456
P <0.001 <0.001

Values are presented as mean + standard deviation (8D), n=5. " Indicate $<0.05 according to One-way ANOVA test, followed by Games-

Howell test. * Indicate no difference either * nor’.
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diabetic control group. Diabetic rats with combina-
tion of goat-soy milk kefir has the highest NO levels
than diabetic rats with goat milk kefir or soy milk kefir
(Figure 1).

eNOS gene expressions

Analysis of eNOS gene expression showed that the
administration of goat kefir did not influence the
eNOS gene expression, but it was influenced by soy
kefir. Therefore, the highest eNOS gene expression
was found in diabetic rats with soy kefir (Figure 2).

Discussion

This study showed that the diabetic rats have plas-
ma NO levels lower than normal rats (Table 2). The
low NO levels in diabetic condition may be caused by
oxidative stress that is induced by hyperglycemia (Ta-
ble 1). NO is a gaseous lipophilic free radical, which is
produced by three different isoforms of NOS; neuronal
NOS (type 1 or nNOS), inducible NOS (type 2 or
iNOS), and endothelial NOS (type 3 or eNOS) (19).
According to Giacco and Brownlee (1), hyperglycemia
increases production of reactive oxygen species (ROS).
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Figure 1. Plasma NO levels (umol/L) after kefir administration
for 4 weeks according to One-way ANOVA test followed by
Games-Howell test. Normal: non diabetic rats (35.24 + 2.47);
Diabetic rats (3.64 + 1.23); Diabetic+GK: diabetic rats received
goat milk kefir (5.49 + 1.32); Diabetic combination: diabetic
rats received combination of goat-soy milk kefir (10.34 + 1.37);
Diabetic SK: diabetic rats received soy milk kefir (4.21 + 1.11).

Superoxide is a ROS when reacting with NO produces
peroxynitrite that induces cellular damage through co-
factor depletion of eNOS (tetrahydrobiopterin) (19)
that cause reducing NO production in diabetes. The
results of this study are consistent with the theory that
showed the diabetic rats have low levels of NO. Be-
side as a result of low activity of eNOS, the low NO
levels can be caused also by changing of endothelial
eNOS. Endothelial eNOS is the major source of NO
in the vasculature, and expression of eNOS is reported
undergo alteration diabetes mellitus (19). Our re-
sults also supported by Felaco et al.(20) that showed
diabetic rats had lower eNOS gene expressions, which
contributes decreased NO production (21). The report
is consistent with the result in this study that diabetic
rats had low eNOS expression and NO levels.

\Your study result should supported by the results
of other researchs

The NO levels in diabetic rats with combination
of goat-soy milk kefir were higher than those in dia-
betic rats with goat milk kefir or with soy milk kefir,
although the eNOS gene expression was found high-
est in the diabetic rats with soy milk kefir. High NO
level in diabetic rats with combination of goat -soy
milk kefir may be caused by components in the goat
and soy that can reduce oxidative stress. According to
Matsunami et al. (22) superoxide dismutase (SOD)
activity decreased significantly in the erythrocytes and
all organs of diabetic rats, and goat milk has positive
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Figure 2. eNOS gene expression after 4 weeks kefir administra-
tion. p<0.05 according to One-way ANOVA test followed by
Games-Howell test. Diabetic + GK = diabetic + goat milk kefir;
Diabetic + Combination = diabetic + combination of goat-soy

milk kefir; Diabetic + SK = diabetic + soy milk kefir.
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effects on antioxidant defence through increased ac-
tivity of SOD (23). Fermentation process increases
antioxidant activity of the milks, that were 93 % of
fermented goat milk, 86 % of camel milk and 79 % of
cow milk (9).

In addition, soybean has been reported preventing
some abnormal changes in vascular reactivity in diabet-
ic rats through nitric oxide- and prostaglandin-related
pathways and via attenuation of oxidative stress in aor-
tic tissue and endothelium integrity (24). According
to Kwon et al. (15), soy contains several nutrients such
as isoflavones, protein, and phytoestrogens. Dietary
isoflavones have ability to activate signaling pathways
leading to increase NO bioavailability and antioxidant
enzyme expression (25;26) and induced increases in
eNOS gene expression lead to improved endothelial
function and reduced blood pressure in vivo (26). Soy
isoflavone can increase endothelial nitric oxide syn-
thase and decrease oxidative stress in ovariectomized
rats (27).

Conclusions

Is this paragraph a coclusion paragraph?

In this study showed that the effects of goat milk
kefir on plasma glucose and NO levels was slightly
higher than soy milk kefir, but soy milk kefir increased
significantly the expression of eNOS. However, the
combination of goat-soy milk kefir had good effects
on expression of eNOS, NO and plasma glucose levels.
According to Hadi and Suwaidi (3) and Silva et al.
(2) the hyperglycemia that is the major causal factor
the endothelial dysfunction development, which can
be related with the changing in expression and activ-
ity of eNOS. Hyperglycemia increase ROS production
(1), that can inhibit endothelial nitric oxide synthase
(eNOS) mRNA expression, and as an inhibitor to ac-
tivity of nitric oxide (NO) (4). Therefore, reduction of
eNOS expressions can lead decrease of NO bioavail-
ability (5), that can as a risk factor for cardiovascu-
lar disease, one of the complications, in patients with
T2DM (6). In conclusion, administration of combina-
tion of goat-soy milk kefir increase effectively eNOS
expression and NO bioavailability in diabetic rats.

Based on this study we suggested the type 2 diabetic

patients consume the combination of goat-soy milk

kefir to increase bioavailability of NO.Suggestions
should be added
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