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ABSTRACT

Insulin resistance (IR) is a conse-
quence of high fructose fed diet in
rats. The current study was carried
out to declare if tumor necrosis factor-
alpha (TNF-c) exerts a partial role in
the development of IR in non-obese
rat model; fructose fed rats (FFR) like
that happens in obese rat models.
We evaluate the influence of valsar-
tan (a selective blocker of angiotensin
receptor type-1) in comparison to
metformin (a known insulin sensitizer)
on enhancement of insulin sensitivity
in FFR. Rats were divided into 2
equal groups (36 rats /group), one
group received high fructose diet to
induce insulin resistance and the oth-
er included standard diet fed rats.
Each group is further divided into 3
equal subgroups, (standard diet+ sa-
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line), (FFR+ saline), (Standard diet +
metformin), (FFR+ metformin), (stan-
dard diet+ valsartan) and (FFR+ val-
sartan). In all rats, body weight, fast-
ing serum glucose, fasting serum
insulin, insulin sensitivity test, fasting
glucose insulin ratio (FGIR), serum
TNF-a. and serum malondialdehyde
(MDA) were measured. Results re-
vealed that administration of valsar-
tan to FFR produced a comparable
improvement of insulin resistance. In
addition valsartan treatment in FFR
produced significant decrease in ser-
um TNF-o. and MDA. It could be con-
cluded that TNF-a and angiotensin |l
might regulate insulin sensitivity in
non-obese FFR.

INTRODUCTION

Insulin resistance occurs in a wide
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variety of pathological states and is
commonly associated with obesity,
type-2 diabetes mellitus, accelerated
atherosclerosis and hypertension
(1.2). Henriksen et al. (3), reported
that angiotensin receptor blocker
(ARB), irbesartan either acutely or
chronically improves glucose toler-
ance in the obese Zucker rats, at
least in part through enhancement of
skeletal muscle glucose transport,
and the effect of chronic Ang Il recep-
tor antagonism on skeletal muscle
glucose uptake is associated with in-
crease in GLUT4 protein expression.
There have been some reports that
Ang |l upregulates TNF-a. in many tis-
sues including kidneys (4), cardiac
fibroblasts(®  and  monocytes
(6). Though the mechanisms of in-
sulin resistance are not yet fully un-
derstood, many studies indicate that
TNF-o plays a major role in the path-
ogenesis of obesity-induced insulin
resistance, resulting from an interac-
tion with insulin signaling pathway (7).
Though TNF-o was discovered as an
inflammatory cytokine, it is now
known that TNF-o is produced not
only in macrophages and lympho-
cytes but also in adipocytes (8) and
skeletal muscle cells (®) and that its
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expression increases in obesity-
induced insulin resistant states.
Therefore, the present work tried to
answer the question does TNF-a play
a similar role in non-obese insulin re-
sistant FFR model? Furthermore, the
present study was undertaken to in-
vestigate the effect of blocking the re-
nin angiotensin system (RAS) by val-
sartan on the pathogenesis of insulin
resistance.

MATERIAL & METHODS
Drugs used :

s Valsartan; Diovan tablets (160mg/
tablet) supplied by Novartis Co.

« Metformin; Gluophage tablets (500
mg/ tablet), supplied by Cid Co.

e Animals used :

The present study was carried out
on 72 healthy male albino rats. At the
beginning of the study, the rats were
aging 2 weeks; their body weights
were monitored weekly. They were
put under similar housing conditions.
They were divided into 2 main equal
groups (36 each), the first group fed
standard diet and the second fed high
fructose diet (table, 1) to induce hy-
perinsulinemia and insulin resistance
according to Faure et a | (10), Diets
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(Standard and high fructose were giv-
en throughout the whole study (9
weeks). The rats of each group fur-
ther divided into 3 equal sub-groups
(12 rats each )as the following:
-Sub-group (1) : served as a control,
received standard diet for 9 weeks
and treated in the last 3 weeks of
the experiment with intragastric
0.5ml of normal saline (the vehicle
used to dissolve drugs).
-Sub-group (2) : Received high fruc-
tose diet and treated with saline
(insulin resistant control).
-Sub-group (3) : Comprised rats that
fed standard diet for 9 weeks and
treated intragastrically with metfor-
min in a dose of 200 mg/kg/day in
the last 3 weeks of the experiment
(10).

-Sub-group (4) : Consisted of rats fed

high fructose diet for 9 weeks and
after confirmation of being insulin
resistant as determined from the
results of fasting serum insulin
(11), they treated intragastrically in
the last 3 weeks with metformin as
previously mentioned regimen.

-Sub-group (5) : Comprised rats fed

standard diet and treated with val-
sartan in a dose of 30 mg/kg/day,
intragastrically in the last 3 weeks
of the experiment (12).

- Sub-group (6): FFR treated with val-

sartan as previously mentioned.

Diet composition according to Fa-

ure et al. (10) is shown in the follow-
ing table ; (table 1):

Component ingredient | Standard diet High
fructose

Glucose 38 15.96

Fructose - 33.64

Wheat starch 20 8.40

Casein 28 23

Cellulose 6 6

Corn oil 5 5

Salt mixture F |

Vitamins 1 1

MANSOURA MEDICAL JOURNAL



366 EXPERIMENTAL STUDY OF THE POSSIBLE EFFECT etc..

All component ingredients were
given in grams /100 grams of weight.
The salt mixture is expressed in
grams/kg, it include CaHPoy4 (30g),
Kel (100g), Nacl (100g), MgO (10.5g),
Mg So4 (50g), FeoO3 (3g), FeSoy4
7H,0 (5g). Retinol (53 mg), chole-
calciferol (6.25mg), thiamine (2mg),
riboflavin (1.5mg), niacin (7mg), pyri-
doxine (img), cyanocobalamine
(5mg), menadione (1mg), nicotinic
acid (10mg), O-choline (135mg), Folic
acid (5mg) and biotin (30mg).

At the end of the experiment, insu-
lin sensitivity test was performed ac-
cording to Surwit et al. (13) in & rats
from each group. Rats were fasted for
4 hours and injected intra -peritonealy
(IP) with regular insulin in a dose of
1U/kg. Insulin was diluted in sterile
saline for a final injected volume of
100uL; blood samples were collected
for quantification of plasma glucose
immediately before insulin injection (0
time) and after 15 minutes, 30 min-
utes and 90 minutes after IP insulin
injection. Knifing decapitated the re-
maining 6 rats of each sub-group and
collected blood samples were allowed
to clot and then centrifuged. Serum
was separated and stored at-70°C
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until time of assay of the following pa-

rameters:

» Fasting serum glucose using the en-
zymatic glucose oxidase method
of Trinder (14).

Fasting serum insulin according to
Morgan and Lazarow by radioim-
muno- assay using iodinated kits
(11),

e Fasting glucose insulin ratio ac-
cording to Silfen et al. (15) as they
reported that a ratio > 7 is indica-
tive of insulin sensitivity while a ra-
tio <7 is indicative of insulin resis-
tance.

Serum malondialdehyde (MDA) as
an indicator of oxidative stress ac-
cording to Draper and Hadley (16)-

Serum tumor necrosis factor-alpha
(TNF-at) according to Carti et al.
(17) using a kit from immunotech
(Acloulter Co.) by enzyme- linked
immuno- sorbent assay method.

STATISTICAL ANALYSIS

The results were compared using
computer program (Stat.). The differ-
ence between two group means was
analyzed using Student "t" test. P
was statistically significant at value <
0.05.
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RESULTS
Animals fed high fructose diet
showed non-significant change in
body weight (BW) as compared to
rats fed standard diet. Either valsar-
tan or metformin treatment induced
no significant change in BW (tab 2).

FFR developed significant insulin
resistance as evidenced by impaired
response (reduction in plasma glu-
cose) to IP insulin administration and
also from fasting serum insulin and
FGIR (tab3, 4 &fig1, 2). Furthermore
FFR showed significant increase in
serum MDA and serum TNF-a levels
but they showed no change in fasting
serum glucose level. These findings
are in comparison to rats fed stan-
dard diet (tab 5 & fig 3). Daily intra-
gastric administration of either metfor-

min (200 mg/kg/day) or valsartan (30
mg/kg/day) in the last 3 weeks of the
experiment to FFR induced significant
enhancement of insulin sensitivity
and improvement of FGIR. In addi-
tion, these rats showed significant de-
crease in fasting serum insulin, serum
MDA, serum TNF-c. levels and no sig-
nificant change in fasting serum glu-
cose level. These results are in com-
parison to FFR untreated rats and
rats fed standard diet. Furthermore
administration of either metformin or
valsartan as in the previous regimen
to rats fed standard diet produced
non-significant changes in all parame-
ters as compared to that fed standard
diet untreated group (tab3, 4,5 figl,
2,3).

MANSOURA MEDICAL JOURNAL
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Table (2) : Effect of either metformin or valsartan treatment on body weight (BW) in
standard and high fructose fed rats. Mean + SEM

Animal groups
Standard High Standard diet High fructose | Standard diet (9 | High fructose
diet for 9 fructose diet | (9 wecks) + diet (9 weeks) | weeks) + dict (9 weeks) +
weeks (for 9 metformin + metformin valsartan (30 valsartan (30
+saline (in weeks) + (200mg/kg/day | (200mg/kg/day | mg/kg/day mg/kg/day
the last 3 saline (in the | ) in the last3 intragastric in intragastrically | intragastrically in
weeks) last 3 weeks the last 3 in the last 3 the last 3 weeks
weeks) intragastrically weeks. wecks
BW 31533 31844.1 31645.1 316£3.9 320£6.3 3185.6

P > 0.05 (Student "t" test).
SEM-= standard error of mean.

Table (3) : Insulin sensitivit
untreated) or

y test in rats fed either standard dict (drug treated and
high fructose diet (drug treated and untreated). Mecan +SE M.:

Plasma glucose (mg/dl)
Standard High Standard diet | High fructose | Standard High
diet + saline | fructose +IG +1G dict + 1G fructose
Time (1G, 0.5ml diet + saline | metformin metformin valsartan diet +1G
(minutes) | in thelast3 | (1G,0.5ml | (200mg/kg/da (200mg/kg/da | (30 valsartan
weeks) inthelast3 | yinthelast3 |yinthelast3 | mg/kg/day (30
weeks) weeks weeks) in the last 3 | mg/kg/day
weeks) in the last 3
wecks).
Immediate | 88£0.5 90+0.7 8610.4 89:0.4 9010.4 92+0.6
before IP
injection of
insulin
15 7210.1 8610.4° 700.1 73+0.3* 7010.2 T240.1+
30 61£0.2 7940.3" 60£0.4 6210.5* 60£0.3 6310.2+
90' 54+0.3 7740.4° 5610.5 55£0.3* 58+0.1 57+0.2+

SEM = Standard error of mean.

Significant difference =
* Significant difference
* Significant difference between (high fructose fed

+ saline).

+ Significant difference between

saline).

IG= intragastric

P <0.05.
between high fructose fed group and standard diet fed group.
+ metformin) and (high fructose fed

(high fructose fed + valsartan) and (high fructose fed +

Vol. 37, No. 1 & 2 Jan., & April, 2006
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Table (4): Fasting glucose insulin ratio (FGIR) in rats fed cither standard dict or high
fructose diet (drug treated and untreated), means £ SEM

Standard FFR for 9 Standard dict + | FFR+ Standard diet | FFR +
diet for 9 weeks and metformin (200 | Metformin + valsartan J0 | valsartan
Parameter | weeks and treated with | mg/kg/day 200mg/kg/day | mp/kg/day, J0mg/kg/day
treated with | intragastric | intragastricin ,intragastric | intragasiric intragastric,
saline in the | saline in the | the last 3 weeks) | in the last 3 In the last 3 in the last 3
last 3 weeks | last 3 weeks weeks weeks weeks
Fasting 98.3t1.1 100.2£1.7 96.5¢1.4 99.1£3.2 99.242.4 101.120.7
serum
glucose
(mg/dl)
Fasting 13.1£0.05 35.3£3.2= 13.310.1 14.110.3 13.8£0.06 14.1£0.01
serum
insulin
(nu/dl)
FGIR 7.5 23 73 7.03 7.1 TA7
IS IR 1S 1S IS IS

« P value is significant (< .0.05) between high fructose fed group treated with saline and
standard diet fed group treated with Saline
FFR = Fructose fed rats.
IS = Insulin sensitive (FGIR 2 7).
IR = insulin resistance (FGIR < 7).
SEM = Standard error of mean.

Table (5): Effect of administration of either metformin (200mg/kg/day) or valsartan
(30|:nglkg!day) in the last 3 wecks, intragastrically on fasting serum glucosc,
fasting serum insulin, serum MDA and serum TNF-a in FFR and in rats fed

standard diet. Mean + SEM.
Parameter | Standard FFR + Standard FFR+ Standard | FFR +
diet fed rats | saline diet + Metformin | diet + valsartan
+ saline treatment Metformin valsartan
treatment

Fasting 98.3% 1.1 100.2¢1.7 | 96.5¢1.4 99.1£3.2 993424 | 101.120.7
serum
glucose
| (mg/dl)
Fasting 13.1:0.05 | 35323.2¢ 13.320.1 1410.03 13.8£0.06 | 14.120.01°
serum
insulin
(nu/di)
::;-A- 4.740.03 183211 | 4.910.02 9.320.3 5.120.1 10.2:0.1°
(n mol/ml)
TNF-_°C | 0.9310.001 |4.120.05« | 0.9610.003 | 0.98:0.03 | 0.97£0.02 | 1.4£0.001°
(Pg/ml)

SEM = Standard error of mean.
FFR = fnictose fed rats.

® P value is significant (< .0.05) between (FFR treated with saline) & (standard dict fed
rats treated with saline).

: P value significant (<0.05) between (FFR + metformin) and (FFR+ saline).
Significant difference between (FFR + valsartan) and (FFR + saline).

MANSOURA MEDICAL JOURNAL
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Olmmediate before IP infection of i

Standard diet +  High fructose diet

High fructose + Standard diet+  High fructose diet

saline + saline metformin metformin valsartan (30 + valsartan.
200mg/kg/d 200mg/kg/day for 3 mg/kg/day for 3
weeks weeks

Fig (1): Insulin sensitivity test in rats fed either standard diet (drug treated and untreated) or high fructose diet
(drug treated and untreated). Mean +SE M. (n= 6 rats/group):

SEM = Standard error of mean.

Significant difference = P < 0.05.

* Significant difference between high fructose fed group and standard diet fed group.

* Significant difference between (high fruct fed + metformin) and (high fruct fed + saline).
+ Significant difference between (high fructose fed + valsartan) and (high fructose fed + saline).
1G= intragastric

OFasting serum glucose (mg/dl)
@ Fasting serum insulin (nu/dl)
1. BFGIR

LL

Standard diet for9 FFRfor 9 weeks Standard diet+ met FFR+ Metformin  Standard diets  FFR + valsartan
weeks and treated  and treated with formine (200 200mg/kglday for 3 valsartan 30 30mg/kg/day for 3
with saline in the saline mg/kg/day) weeks, intragastric mg/kg/day for3  weeks, intragastric
last 3 weeks intragastric weeks., intragastric

Fig (2): Fasting glucose insulin ratio (FGIR) in rats fed either standard diet or high fructose diet (drug treated and
untreated), means + SEM (n=6 rats/group).

* P value is significant (< .0.05) between high fructose fed group treated with saline and standard diet fed group
treated with Saline

FFR = Fructose fed rats.

IS = Insulin sensitive (FGIR X 7).

IR = insulin resistance (FGIR < 7). ¥
SEM = Standard error of mean.

Vol. 37, No. 1 & 2 Jan., & April, 2006
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O Fasting serum glucose (mg/dl)
@ Fasting serum insulin (nu/dl)
@ Serum MDA n mol/mi

O TNF-a pgiml

]
o Q
Standard diet fed FFR saline Standard diet + met FFR+ Metformin Standard diet + FFR + valsartan
rats + saline treatment formin valsartan
treatment

Fig (3): Effect of administration of either metformin (200mg/kg/cay) or valsartan (30mg/kg/day) in the last 3

weeks, intragastrically on fasting

rats fed standard diet. Mean: SEM. (n= 6 rats/group):

SEM = Standard error of mean.
FFR = fructose fed rats,

glucose, fasting serum i

lin, serum MDA and serum-a in FFR and in

* P value is significant (< .0.05) between (FFR treated with saline) & {standard diet fed rats treated with saline).
* P value significant {<0.05) between (FFR + metformin) and (FFR+ saline).

0 Significant diff b

DISCUSSION

In the present study, the compara-
ble effect of either administration of
metformin or valsartan on insulin re-
sistance induced by high fructose diet
was examined. Insulin resistance was
evaluated on the basis of FGIR and
insulin sensitivity test (13.15), This is
in addition to fasting serum insulin
where hyper- insulinemia has been
used as an index of insulin resistance
(15), In the current study rats fed high
fructose diet showed a significant in-
sulin resistance as evidenced by im-
paired response to IP insulin injection
in comparison to rats fed standard

(FFR + valsartan) and (FFR + saline).

diet (table 3,4 & fig1, 2). These re-
sults are in consistent with previous
studies (18,19.20,21): a5 they conclud-
ed that high fructose diet induced in-
sulin resistance in rats within 6 weeks
due to post-receptor defects. These
defects inhibited transport of insulin,
which decreased the ability of insulin
to stimulate glucose uptake to muscle
and fat cells. In addition they reported
that this insulin resistance was ac-
companied by increased fasting ser-
um insulin but with production of non-
significant change in fasting serum
glucose, which is also in agreement
with the results of the current work.

MANSOURA MEDICAL JOURNAL
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Furthermore, in the present study
FFR showed significant increase in
serum MDA and TNF-a in compari-
son to rats fed standard diet (tab5 &
fig 3). The increase in serum MDA
level suggested the role of oxidative
stress in the development of insulin
resistance. In addition metformin ad-
ministration to FFR produced a signif-
icant enhancement of insulin sensitivi-
ty and elicited a significant decrease
in serum MDA. These findings are in
accord with Faure et al (10). They
documented that the improvement of
insulin resistance elicited by metfor-
min is due to its potential antioxidant
effect, which is supportive to our
work. Furthermore, in the present
study metformin administration to
FFR induced a significant decrease in
serum TNF-o (tab.5 & fig 3). This re-
duction of TNF-a produced by metfor-
min contributes to restoration of insu-
lin sensitivity. This finding is
supported by the study of Don-Dan et
al. (22), Metformin improved glucose
uptake by the peripheral tissue due to
increasing insulin binding to mem-
brane receptors, activation of post-
receptor metabolic pathways and also
due to the beneficial effect on lipid
metabolism (23.24.25),

Vol. 37, No. 1 &2 Jan., & April, 2006

In the present study intragastric
administration of valsartan to FFR
elicited significant enhancement of in-
sulin sensitivity as indicated from the
results of the insulin sensitivity test. In
addition valsartan treatment produced
improvement of FGIR , decreased
fasting serum insulin and MDA levels
in comparison to standard diet fed
rats either treated or untreated (tab
3,45 & fig 1,2,3). Valsartan (angio-
tensin receptor blocker; ARB) inhibit-
ed the action of Ang Il, which medi-
ates oxidative stress that involved in
the development of insulin resistance.
Furthermore,
TNF-a, which inhibits insulin signaling
linked to GLUT4 translocation to plas-
ma membrane. This explanation is

valsartan decreased

supported by other studies. Togashi
et al. (26) demonstrated that blockade
of Angll receptors decreased TNF-a
expression in skeletal muscle of FFR
and enhanced insulin sensitivity. Fur-
thermore, it was reported that activa-
tion of the (RAS) is thought to be one
of the factors up- regulating skeletal
muscle TNF-a (27), They concluded
that blockade of AT1-receptors re-
duced local production of TNF-a in
skeletal muscles of KK-Ay mice. Fur-
thermore, Schiuchi et al. (28) and Van
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et al. (29) found that AT1 receptors
blockade increased insulin sensitivity
in KK-Ay mice via stimulating insulin
signaling cascade and consequent
enhancement of GLUT4 translocation
to plasma membrane. In consistent
with the present study, Lau et al.,
Zhao et al., and Juan et al (30,31,32)
demonstrated that oxidative stress
plays an important role in Angll-
mediated insulin resistance. It has
been indicated that reactive oxygen
species (ROS) play a pivotal role in
the development of insulin resistance
and that Angll is involved in the regu-
lation of ROS production.

On the light of the present study, it
could be concluded that, TNF-a and
Ang Il might regulate insulin sensitivi-
ty in non-obese normoglycemic rats
as proved to exert such effect in
obese hyperglycemic rats. In addition
our results provide some information
to understand the clinical relevance of
the effect of angiotensin receptor
blocker (ARB); valsartan on insulin
sensitivity and the onset of diabetes,
thereby preventing cardio- vascular
events associated with insulin resis-
tance in normoglycemic non-obese.
We are in need to further human
studies to support this observation.
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