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The effects of resveratrol on biochemical changes in fructose-induced insulin resistance

Fruktoz ile indiiklenen insulin direncinde resveratroliin biyokimyasal degisiklikler iizerine

etkileri

Nevin ilhan, Dilara Kaman, Necip ilhan

Firat University Medical Faculty, Department of Medical Biochemistry, Elazig, Turkey

ABSTRACT

Objectives: The present study aimed to evaluate the in-
fluence of resveratrol (RSV) administration on biochemi-
cal parameters, free fatty acids (FFAs), cytokines and
chemokines of rats administered high dose of fructose.

Materials and methods: Rats fed with fructoses that form
an experimental animal model of the metabolic syndrome.
Adult Wistar rats were divided into three groups of 5 rats
each. In Groups 1, animals received starch-based control
diet, while groups 2 and 3 rats were fed a high-fructose
diet. Groups 3 animals additionally received RSV (10
mg/kg) daily for 20 days after 40 days fed with fructose.
The levels of glucose, insulin, cholesterol and triglyceride
were measured by using an enzymatic assay on an Auto
analyzer. Serum levels of FFAs were measured by Gas
Chromatography and cytokines such as MCP-1, IL-10,
RANTES and eotaxin levels were measured by ELISA.

Results: Fructose-fed rats exhibited increased levels
of glucose, insulin, HOMA-IR index and FFAs. Eotaxin,
RANTES and TNF-a levels were also increased in fruc-
tose fed rats. RSV administration improved biochemical
parameters as well as FFAs in an experimental animal
model of the metabolic syndrome.

Conclusion: The benefits of RSV observed in this model
suggest that therapeutic use of RSV may be thought in
metabolic syndrome. J Clin Exp Invest 2011; 2 (4): 339-
346

Key words: fructose diet, resveratrol, free fatty acids, cy-
tokines, chemokines

INTRODUCTION

In recent years much research in humans and
experimental animal models have focused on as-
sociation between obesity, insulin resistance, dis-
lipidaemia and hypertension, and has been closely
linked to the development of diabetes and cardio-
vascular disease." The increased prevalence of
insulin resistance is linked to the western diet and

OZET

Amag: Bu calismada, fruktozun yiksek dozu verilen si-
¢anlarda resveratrolun (RSV), serbest yag asitleri (SYAle-
ri), sitokinler ve kemokinler gibi biyokimyasal parametre-
ler Uzerine etkisinin degerlendiriimesi amaglandi.

Gere¢ ve yontem: Metabolik sendromun bu deneysel
hayvan modelinde siganlar fruktozla beslendi. Erigkin
Wistar cinsi sicanlar her birinde 5 sigcan olacak sekilde
Uc gruba ayrildi. Grup 1, nisasta bazli kontrol diyeti ald1.
Grup 2 ve 3 siganlar yiksek fruktoz diyeti ile beslendi.
40 gln fruktoz ile beslenen Grup 3 siganlara daha sonra
20 guin boyunca gunlik resveratrol (10 mg / kg) uygula-
masi yapildi. Otoanalizérde enzimatik analiz yéntemleri
kullanilarak glukoz, insulin, kolesterol ve trigliserid diizey-
leri 6lguldu. SYA'leri Gaz Kromatografisi ile MCP-1, IL-10
RANTES ve eotaksin gibi sitokinlerin serum dizeyleri ise
ELISA yontemi ile dl¢lldu. Fruktoz ile beslenen siganlar-
da artmis glukoz, insulin, HOMA-IR indeksi ve FFAs sevi-
yeleri tespit edildi.

Bulgular: Eotaksin, RANTES ve TNF-a dizeyleri de
fruktozla beslenen siganlarda artmisti. Resveratrol uygu-
lamasi, metabolik sendromun bu deneysel hayvan mode-
linde biyokimyasal parametrelerin yani sira SYA'lerini de
olumlu etkiledi.

Sonug: Bu modelde gdzlenen yararli etkileri nedeniyle
metabolik sendromda RSV'un tedavide kullanimi dusu-
nalebilir.

Anahtar kelimeler: Fruktozlu diyet, resveratrol, serbest
yag asitleri, sitokinler, kemokinler

reduced physical activity. These metabolic changes
are similar to metabolic syndrome described in hu-
mans by Reaven? and fructose-fed rats are often
used to evaluate drugs or treatments of metabolic
syndrome. Managing the disorders clustered in this
syndrome is of great relevance to prevent and to
reduce the risk of all of these pathologies. In animal
models, diets high in fructose have specifically been
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shown to contribute to a metabolic disturbance lead-
ing to insulin resistance.®

Obesity and insulin resistance have recently
been linked to a low-grade chronic inflammatory
response characterized by increased macrophage
infiltration, altered cytokine production, and activa-
tion of the inflammatory signaling pathway in adi-
pose tissue.* Several studies have demonstrated
that chronic inflammation is an important pathogen-
ic factor in the development of insulin resistance.®
An excess energy intake leads to obesity and hy-
perglycemia, which can cause oxidative stress and
inflammatory changes (increased levels of tumor
necrosis factor [TNF] alpha and interleukin [IL]).®
These inflammatory changes inhibit insulin signal-
ing and can lead to insulin resistance. Moreover, the
inflammatory state induces beta cells dysfunction,
which in combination with insulin resistance leads
to type 2 diabetes.”® Thus, pharmacological agents
and natural products able to reduce inflammatory
activity possess anti-diabetic properties. Free fatty
acids (FFAs), the product of adipose tissue lipoly-
sis, are elevated in abdominal obesity and artificial
elevations of FFA can induce insulin resistance in
non-obese persons, it is natural to link enlarged
intra-abdominal fat stores with FFA-induced insulin
resistance.®

Resveratrol (RSV; trans-3,5,4’-trihydroxystil-
bene), a naturally occurring phytoalexin found in
juice, peanuts, groundnuts, Itadori tee, grapevines
and red wines, has been reported to exert a variety
of biological and pharmacological activities, such
as anticarcinogenesis, cardiovascular protection,
and antiinflammatory properties including an inhibi-
tory effect on the production of various cytokines.
Recently, studies have shown resveratrol to protect
against the metabolic changes associated with hy-
percaloric diets in mice with induced insulin resis-
tance, hyperglycemia, and dyslipidemia.®'?In obese
Zucker rats, administration of resveratrol resulted in
a significant reduction in triglycerides, free fatty ac-
ids, cholesterol and liver triglycerides.* Apart from
natural sources, this compound is recently available
in tablets and is recommended as a dietary supple-
ment. In the last years, the interest in resveratrol
substantially increased and its broad biological ac-
tivity at the cellular level has been demonstrated.™
The most recent data indicated that resveratrol play
a crucial role in cardiovascular protection provided
by grapes and wines.™ Although it is known that in
humans resveratrol is rapidly absorbed after its oral
administration and is detected in both plasma and
urine, data concerning the potential beneficial ef-
fects of the pure compound in humans are still very

limited.”* However, the most recent data derived
from animal studies open a new, promising perspec-
tive of the potential use of resveratrol in preventing
and/or treating serious metabolic disorders such as
obesity and diabetes. The prevalence of both these
diseases is very high, especially in Western coun-
tries, and tends to be increased."

Resveratrol has been demonstrated to sup-
press macrophage activation, which would account
for the anti-inflammatory effect of the compound.'®
The fructose fed-rat represents a model for the met-
abolic syndrome, including insulin resistance, hy-
pertension and dyslipidemia, and growing evidence
suggests arole for inflammation and oxidative stress
in this model. Therefore, in this study, we used a
metabolic syndrome animal model to examine the
hipolipidemic and anti-inflammatory effects of res-
veratrol in fructose induced insulin resistance. The
main aim of the present study was to examine the
effects of daily administration of resveratrol on the
disturbances present in metabolic syndrome, was
allow to use this group of rats as an integrative ex-
perimental model to analyze the effects of fructose
diets on free fatty acids, inflammatory cytokine and
beneficial effects of resveratrol on these parameters
of metabolic syndrome and to analyze the mecha-
nisms involved in its effects. The dose of resveratrol
used is equivalent to that used by humans as a diet
supplement.

MATERIALS AND METHODS

Experimental procedure

Adult Male Wistar albino rats (8 weeks old) weighing
150-180 g maintained in a 12 h light/dark, tempera-
ture- and humidity-controlled environment, were
used in this study. All rats were fed a standard rat
chow before beginning the study and continued to
consume standard rat chow composed of 21% pro-
tein, 4% fat, 50% carbohydrate (vegetable starch),
and 4.5% cellulose for the entire study duration.
Both diets contained a standard mineral and vitamin
mixture. All protocols described were reviewed and
approved by the Local Institutional Committee for
the Ethical Use of Animals.

After a habituation period, rats were divided
into three groups of 5 animals each. The first group
served as control received the control diet contain-
ing starch and tap water during 40 day. At the end of
this period was given a daily intraperitoneally injec-
tion of ethanol (3 g/kg body weight) prepared as a
35% (v/v) solution in 0.9% (w/v) NaCl once a day
for 20 days. The second group (10 rats) was giv-
en fructose-fed animals received the high fructose
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diet and water ad libitum. 10% fructose (prepared
every 2 days) was given in their drinking water for
40 days."” The animals given the high-fructose diet
were then divided randomly into two groups of five
animals. One of them (the fructose plus RSV group)
received a daily intraperitoneally injection of etha-
nol (3 g/kg body weight) prepared as a 35% (v/v)
solution in 0.9% (w/v) NaCl, while the other one re-
ceived a daily dose of RSV once a day for 20 days.
Resveratrol was given intraperitoneally at a dose of
10 mg /kg day, which is reported to cause a marked
antioxidative effect.” The fructose plus RSV group
received 10 mg/kg RSV (99% purity; Sigma Chemi-
cal Co., St. Louis, MO, USA) intraperitoneally once
a day throughout 20 days. To eliminate complica-
tions arising from the diurnal effects, all rats were
sacrificed under anesthesia at the same time of day.
Body weights of animals were recorded at the base-
line and after the treatment. At the end of the experi-
mental period, rats were fasted overnight, animals
were sacrificed by exsanguination and blood was
collected in routine biochemical test tubes and cen-
trifuged, and serum was frozen at -70°C in aliquots
until biochemical analyses were performed.

Biochemical analyses

Serum samples analyzed for glucose, TG, total
cholesterol (TC) and insulin. Glucose and lipid pro-
file measurement: TC and TG were determined us-
ing enzymatic assay on an Auto analyzer (Olympus
AU 600, Hamburg, Germany). Quantitative determi-
nation of serum insulin concentration was performed
with rat/mouse ELISA kit (Linco research, USA).
Insulin levels were expressed as ng/mL in ELISA
kit and they were converted to mU/ml. Homeostatic
model assessment as a measure of insulin resis-
tance (HOMA-IR) was calculated by the formula: in-
sulin (mU/ml) X [glucose (mmol/I/22.5)].1°

For determination of FFA in serum, GC analy-
sis was carried out on a Shimadzu model GC 2010
gas chromatography (Shimadzu, Milan, Italy). Prior
to injection, all samples were transesterified and
then diluted with n-heptane. Helium was used as
the carrier gas 20 ZIVAK ® FA commercial kit used
for sample preparation of FFA from serum and for
determination of 20 fatty acid by GC, according to
kit prosedure.

Serum levels of Eotaxin, MCP1, RANTES, IL-
10 and TNF-a were analyzed with ELISA kits. All of
kits were purchased from Biosource International,
Inc, USA.

Statistical analysis

Results were expressed as the arithmetical mean
for each group with its standard deviation (mean
+ SD). Statistical significance was evaluated by
analysis of variance (ANOVA). Spearman’s correla-
tion coefficients were used to analyze associations
between chemokine concentrations and metabolic
variables. A value of P < 0.05 was considered sta-
tistically significant.

RESULTS

Effect of fructose and resveratrol on the blood
glucose and insulin

The mean final body weights of experimental ani-
mal groups were as follows - bodyweight: group
1 (Control group, CON), 311.00 g+34.35; group 2
(Fructose group, FRU), 323.00+ 23.34 g and group
3 (Resveratrol group, RSV), 302.00 + 20.49 g.
Body weight gain was observed in the experimental
animals. Body weights were higher in fructose-fed
group compared with controls and treatment group
but not statistically significant.

In fructose-fed rats group, hyperinsulinaemia
and hyperglycemia was developed. Resveratrol
treatment restored the blood parameters of glu-
cose and insulin. Glucose and insulin levels were
significantly higher in fructose-fed rats compared
with controls (p<0.001, p<0.05 respectively). Insu-
lin level was significantly lower in resveratrol-treat-
ment group compared with only fructose-fed group
(group 2) (p<0.001). Although glucose level was
lower in resveratrol treatment group compared with
fructose-fed group, this was statistically not signifi-
cant. HOMA-IR values were significantly different
between three groups (Table 1).

Effect of fructose and resveratrol on the blood
free fatty acids

All serum free fatty acids were higher in fructose-
fed group compared with controls (Table 2). But, in
decanoic acid, myristic acid, pentadecanoic acid,
stearic acid, oleic acid, linoleic acid, arachidonic
acid and eruric acid, these higher levels were statis-
tically significant (p<0.05, p<0.05, p<0.05, p<0.05,
p<0.05, p<0.05, p<0.05, p<0.05 respectively). In
resveratrol treatment rats, there was a significantly
reduce in decanoic acid, pentadecanoic acid, stear-
ic acid, oleic acid, cis-11-eicosenoic acid and eru-
ric acid levels compared with only fructose fed rats
(p<0.05, p<0.05, p<0.05, p<0.01, p<0.05, p<0.05
respectively).
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Table 1. Metabolic parameters characteristics of groups.

Group 1 (CON) Group 2 (FRU) Group 3 (FRU+RSV)

Insulin (mU/ml) 471436 72.2+1.47 52.9+4.1b¢
Glucose (mg/dL) 75.447.5 130.4+36.8° 103.4£33.9
HOMA 8.740.7 23.2+6.6° 13.644.8°
Triglyceride (mg/dL) 118.6+12.1 175.2413.7° 139.4215.909
Cholesterol (mg/dL) 75.0+4.5 114.8+10.4° 84.4+4.7°

aP<0.0001, compared with group 1; °P<0.05, compared with group 1; °P<0.0001, compared with group 2; “P<0.01,
compared with group 2

Table 2. Levels of serum fatty free acids in groups (nmol/mL)

Group 1 (CON) Group 2 (FRU) Group 3 (FRU+RSV)

Decanoic Acid 197+40 256+18 @ 207+17°
Undecanoic Acid 732+203 774+108 746172
Lauric Acid 179463 196+26 178+50
Tridecanoic Acid 577190 546180 473£115
Myristic Acid 254+18 210+21 ¢ 178+42¢
Pentadecanoic Acid 446+41 576£74° 436+£113°
Palmitic Acid 353166 396+48 3444722
Palmitoleic Acid 84+45 110+39 97+28
Stearic Acid 494+49 585462 ° 493+55°
Oleic Acid 262+24 333123 @ 270+43¢
Linoleic Acid 895155 1169+112¢ 1034+248
Arachidic Acid 1429+373 1816+158 17161349
Cis-11-Eicosenoic Acid  1045+178 1182497 938+209 ®
Cis-5,8,11,14,17-EA 1403+307 15161543 1656626
Arachidonic Acid 1271£127 1603+124 © 1416+348
Heneicosanoic Acid 17061242 1760+£123 16351404
Eruric Acid 30521649 39744567 © 29104617 ®
Cis-4,7,10,13,16,19-DA  6971+£1159 7404576 6823+1513

Results are meanst SD, n = 5. EA:Eicosapentaenoic Acid, DA: Docosahexaenoic Acid; 2P<0.005, compared with group
1; °P<0.05, compared with group 2; °P<0.05, compared with group 1; ¢P<0.001, compared with group 2; °P<0.01, com-
pared with group 2

Table 3. Correlation of cytokines and chemokines levels with metabolic parameters

Eotaxin MCP-1 RANTES IL-10 TNF-a

r P r P r P r P r P
Insulin 045 0.09 0.75  0.001 0.68  0.005 0.37 0417 0.55 0.035
Glucose 0.48 0.07 0.37 017 035 0.17 0.1 068 0.24 0.38
HOMA 0.55 0.035 0.56  0.029 0.50 0.05 0.21  0.06 0.38 0.15
Triglyceride 041 012 0.68  0.005 0.62 0.015 0.48 0.07 0.49 0.085
Cholesterol 0.38 0.16 0.68  0.005 0.73  0.002 025 037 0.47  0.076
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Effect of fructose and resveratrol on the blood
chemochines

Serumlevels of Eotaxinis; CON (pg/mL):50.23+6.55,
FRU (pg/mL): 65.19+30.33 and FRU+RSV (pg/
mL): 51.44+6.68. Although there were statistically
no significant difference among groups, serum eo-
taxin level was higher in group 2 compared with
groups 1 and 3. Serum levels of MCP-1 is; CON
(pg/mL): 46.34+6.83, FRU (pg/mL): 72.13+5.52
and FRU+RSV (pg/mL): 44.23+14.32. MCP-1 level
was significantly higher in group 2 compared with
group 1 and group 3 (p<0.001). RANTES levels in
groups were: CON (pg/mL): 681.86+354.48, FRU
(pg/mL): 1713.58+697.71 and FRU+RSV (pg/mL):
831.10£90.63. RANTES level was significantly
higher in group 2 compared with group 1 and group
3 (p<0.005, p<0.01 respectively). Serum levels of
IL-10 is; CON (pg/mL): 27.80+8.67, FRU (pg/mL):
36.00+8.06 and FRU+RSV (pg/mL): 32.00+2.91.
There was statistically no significant difference
among groups. Serum levels of TNF-a is; CON (pg/
mL): 35.27+6.46, FRU (pg/mL): 44.49+3.45 and
FRU+RSV (pg/mL): 39.30+6.87. TNF-a level was
significantly higher in group 2 compared with group
1 (p<0.05) (Figure 1).

200,00 -1

B Eotaxin

@ MCP1

S RANTES
¢ mIL10

& TNF-e

150,00

100,001

Mean (pg/mL)

50,00

T
T
R

KRR
b
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Group 2 Group 3
(FRU) (FRU+RSYV)

Figure 1. Serum levels of cytokines and chemokines [Eo-
taxin, MCP1, RANTES (Rantes levels divided to 10), IL-
10, TNF-a]

¥p<0.001, compared with group 1; ®p<0.001, compared
with group 2; ¢p<0.005, compared with group 1; ¢p<0.01,
compared with group 2; %p<0.05, compared with group 1

Correlations

By Spearman’s analysis, we performed to define
the independent relationship between eotaxin,
MCP-1, RANTES, IL-10, TNF-a and various meta-
bolic markers (Table 3). As shown, eotaxin was re-
lated to insulin (p=0.09), glucose (p=0.07) and HO-
MA-IR index (p= 0.002) but not to triglyceride and
cholesterol. The MCP-1 and RANTES levels were
significantly related to insulin (p=0.001 for MCP-1,
p=0.005 for RANTES), HOMA-IR index (p=0.029 for
MCP-1, p=0.05 for RANTES)), triglyceride (p=0.005
for MCP-1, p=0.015 for RANTES) and cholesterol
(p=0.005 for MCP-1, p=0.002 for RANTES) but not
with glucose level. The IL-10 level was not correlat-
ed with metabolic markers. There was a significant
positive correlation between TNF-a and insulin level
(p=0.035).

DISCUSSION

The rat model described in this article mimics a typi-
cal unhealthy Western diet as it featured high fruc-
tose intake, an insult that induced dyslipidemia and
insulin resistance. Fructose, found naturally in many
fruits, is now consumed by humans in large quanti-
ties due to the popularity of convenient, prepack-
aged foods and the consumption of soft drinks and
juice beverages containing sucrose or high-fructose
corn syrup. Mice allowed ad libitum access to wa-
ter containing fructose or to a soft drink showed in-
creased adiposity and specifically increased hepatic
lipid storage. High-fructose diets have been shown
to induce insulin resistance, weight gain, hyperlipi-
demia, and hypertension in several animal models
including rats, hamsters, dogs, and certain mice
species.?!

Raised levels of plasma FFAs may provide a
mechanistic link between increased fat mass and
insulin resistance, and ultimately metabolic syn-
drome. Acute elevations of plasma FFA levels raise
plasma insulin levels by stimulating insulin release
or by decreasing insulin clearance.?? In this study
serum levels of insulin and glucose were enhanced
and HOMA-IR index, indicating insulin resistance,
was higher in fructose fed rats. Serum fatty acids
also were higher in fructose fed rats compared with
controls. A key contributor to insulin resistance and
the metabolic syndrome appears to be the abun-
dance of TG and fatty acids that occurs in obe-
sity (perhaps in part due to high fructose intake),
exceeding the storage capacity of adipose tissue
and impairing adipocyte signaling. The end result
is ectopic fat storage, accompanied by modified se-
cretion of hormones and cytokines by adipose tis-
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sue and an inflammatory state, all of which cause
damaging abnormalities in signaling within insulin-
sensitive tissues.

Increased exposure of FFAs is thought to be
a primary cause of insulin resistance, at least in
skeletal muscle, but other mechanisms may also
contribute. In addition to FFAs, adipokines are pro-
duced by adipose tissue. Some of these inflamma-
tory cytokines (e.g. TNF-a), may activate compo-
nents of the inflammatory pathway such as NFkB,
and thereby inhibit insulin signaling. In this study
serum MCP-1, RANTES and TNF-a levels were sig-
nificantly higher in fructose fed rats but there were
statistically no significant in levels of serum IL-10
and eotaxin among groups. Free fatty acids seem
to be linked to inflammatory activity in overweight
subjects and in subjects with insulin resistance. In
rats, FFAs appear to be important in the early de-
velopment of insulin resistance, while TNF-a accel-
erates insulin resistance together with FFA in the
later stages.?* Experimental studies in humans and
animals have shown that treatment with pro-inflam-
matory cytokines induces hypertriglyceridemia and
insulin resistance.?*?®* TNF-a downregulates the ty-
rosine kinase activity of the insulin receptor, thereby
increases insulin resistance.?28 In addition, it has
been reported that insulin promotes numerous del-
eterious vascular effects by stimulating the actions
of various growth factors acting through the MAPK
signaling pathway.? Therefore, further investigation
is needed to clarify the expression of MCP-1 through
the MAPK pathway in the insulin-resistant state.

We have found a few studies about the effects
of cytokines and chemokines such as MCP-1, IL-
10, RANTES and eotaxin on fructose fed rats. But
it's known that pro-inflammatory cytokines have
earlier been associated with the development of
the metabolic syndrome and type 2 diabetes. In this
study there were no correlation between IL-10 and
HOMA-IR index. Exel et al.*® showed that an asso-
ciation between low IL-10 production capacity and
high serum glucose, high HbA1c, type 2 diabetes,
and dyslipidemia. Dancan and Schmidt *' suggested
that chronic activation of the innate immune system
can be related to metabolic syndrome. Forsythe et
al.®2 showed that low carbohydrate diet decreased
greatly TNF-a, and MCP1. RANTES appears to
have a causal role in atherosclerosis; since inac-
tivation of RANTES receptors in a hypercholester-
olemic mouse model prevented the progression of
disease.® Herder et al.** analyzed of subjects with
IGT and revealed that RANTES is strongly associat-
ed with IGT. Vasudevan et al.*® showed that circulat-
ing levels of eotaxin in serum/plasma are increased

in diet-induced obesity in both mice and humans.
Later studies will be needed to further evaluate the
relevance of RANTES, eotaxin, IL10 and MCP-1 in
the disease process and to clarify whether they can
be considered as an early risk factor for metabolic
syndrome.

The reduction of inflammation is an important
target in the treatment of metabolic syndrome. With
regard to inflammatory mechanisms, polyphenols
have been shown to inhibit pro-inflammatory en-
zymes including cyclooxygenase, lipoxygenase and
inducible nitric oxide synthase via activation of per-
oxisome proliferators-activated receptor gamma. In
addition, phenolic compounds have been shown to
inhibit phosphoinositide 3-kinases, tyrosine kinases,
nuclear factor-kappa B, the expression endothelin-1,
and the activation of sirtuin-1.3637

In the present study, we showed that RSV
possesses hypoglycemic, hypolipidemic and anti-
inflammatory activities in fructose fed rats. The
fructose fed rats in our study were characterized by
hyperglycemia, hyperlipidemia, high plasma insulin
levels and high HOMA-IR index as a predictor for
insulin resistance. Administration of RSV at 10 mg/
kg is associated with a moderate, yet persistent,
improvement of the hyperglycemic and hyperlipi-
demic conditions over an experimental period of 20
days. The administration of RSV was also associ-
ated with a prominent improvement of the cytokines
and chemokines such as MCP-1, RANTES and
TNF an exhibited fructose fed rats. Administration
of RSV to fructose fed rats resulted in a decline in
the blood glucose levels. It was of interest to note
that RSV administration also caused a reduction
in the plasma insulin level. The reduced plasma
insulin level is probably secondary to the reduced
plasma glucose level caused by RSV. However, it
is also possible that insulin sensitivity is improved
by RSV. HOMA-IR index as a measure of insulin re-
sistance was reduced in resveratrol treatment rats.
Olholm et al showed that anti-inflammatory effects
of RSV on adipokine expression and secretion in
human adipose tissue in vitro through the SIRT1
pathway. Thus, RSV was hypothesized to possess
beneficial effects and might improve the metabol-
ic profile in human obesity.®® The RSV effects ob-
served in the present study are mediated through
its anti-inflammatory properties. The present study
also shows that at the maximal dose of RSV is a
reduced MCP-1, RANTES and TNF-a level.

Resveratrol inhibits the activation of the pro-
inflammatory transcription factor, NF-kB, result-
ing in exhibits immunomodulatory effect by sup-
pressing overproduction of inflammatory cytokines
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like TNF-a, IL-1B, and IL-6.*® NF-kB activation in
macrophages may be of fundamental importance
in severity of inflammation and a target in stress
inflammation for resveratrol. It is possible that res-
veratrol will be considered as an agent for reducing
the severity of inflammation.

Hypertriglyceridemia is also associated with
the metabolic consequences of hyperinsulinemia,
insulin resistance, and glucose intolerance.*’ In our
study, administration of RSV to fructose fed rats sig-
nificantly improved some of these parameters. The
observed hypolipidemic effect by RSV may be due
to increased plasma lipid uptake or by decreased
fatty acid synthesis. Our study showed that there
was a moderate reduction in FFAs, especially in de-
canoic acid, pentadecanoic acid, stearic acid, oleic
acid, cis-11-eicosenoic acid and eruric acid levels.

In conclusion, RSV has an insulin-like effect in
fructose-induced metabolic syndrome rats. In our
fructose fed rats, plasma insulin, glucose as well as
HOMA-IR index were reduced via this dose resver-
atrol, suggesting that the RSV effect was due to re-
duction of insulin resistance and/or improved insulin
sensitivity. Also there was improving on serum FFAs
levels by RSV administration. The exact mechanism
underlying the activity of the RSV awaits further in-
vestigation.
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