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ABSTRACT

Insulin resistance or compensatory
hyperinsulinemia has been associat-
ed with dyslipidemia. Tumour necro-
sis factor-( (TNF-&) may be an impor-
tant circulating cytokine which may
provide a potentially reversible mech-
anism for mediating insulin resis-
tance.

The present study was carried out
to compare the ke =ficial effect of
either the oral antidiabetic (metformin)
or the angiotensin converting
enzyme inhibitor (captopril) on
insulin sensitivity in rats fed high-
fructose diet for 9 weeks. Other
contribution of this work is to find
if the improving effect of metformin
or captopril on insulin resistance
occurs through modulation of TNF-«
or not.
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108 male albino rats were used
throughout this study. The animals
were divided into 6 equal groups
(n=18). Group (1) served as a control
received standard diet for 9 weeks.
Group (2) received high fructose diet
for 9 weeks. Group (3) received stan-
dard diet for 9 weeks and metformin
treatment in a dose of 200 mg/kg/day
in the last 3 weeks. Group (4) re-
ceived high fructose diet for 9 weeks
and metformin treatment in the last 3
weeks. Group (5) received standard
diet for 9 weeks and captopril treat-
ment in a dose of 2 mg/kg/day in the
last 3 weeks. Group (6) received high
fructose diet for 9 weeks and captopril
treatment in the last 3 weeks. Insulin
sensitivity test, intravenous glucose
tolerance test (IVGTT), fasting serum
insulin were all used to determine in-
sulin sensitivity. In addition lipogram
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and serum TNF-o were measured.
Rats fed high fructose diet developed
a significani insulin resistance as evi-
denced by impaired response to IP in-
jection of insulin in a dose of 1 u/kg
body weight. Also these rats showed
impaired response to IVGTT. Further-
more these rats showed a significant
increase in fasting serum insulin,
TNF-q, trigiycerides (TG), low density
lipoproteins (LDL) with a significant
decrease in high density lipoprotein
(HDL) and no change in serum glu-
cose and cholesterol levels.
Administration of metformin or capto-
pril to rats fed high fructose diet pro-
duced a beneficial comparable effect
on insulin resistance, dyslipidemia &
restored fasting serum insuiin &
TNF-a to control levels. A fall in
TNF-a concentration may contribute
to the restoration of insuiin sensitivity.
Furthermore these results suggest
that metformin or captopril treatrnent
could improve insulin resistance &
dyslipidemia induced by a diet high in
fructose & that these drugs might
prove useful in the treatment of non-
hyperglycaemic insulin resistant
states.

INTRODUCTION
Insulin resistance is a systemic
phenomenon associated with several
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diseases including chronic infection
(1), cancer (2), obesity and especially
non-insulin dependent diabetes mellit-
us (NIDDM) (3). Insulin resistance or
hyperinsulinemia has been consis-
t2ntly associated with dyslipidemia in
tne ferm of hypertriglyceridemia and a
decreased serum HDL and increased
cholesterol level in cross sectional
studies (4,5).

Tumour necrosis factor ( (TNF-a)
is a peptide constitutively expressed
and secreted by adipose tissue (6). It
has been demonstrated that TNF-a
may be a mediator of insulin resis-
tance that is known to occur in obese
mice (7). TNF-a interferes with insulin
action, prokably by inhibiting tyrosine
kinase activity of insulin receptors (8).
Phosphorylation of the insulin recep-
tor by this tyrosine kinase is known to
be a cardinal step in the post receptor
events that follow the binding of insu-
lin to its receptor (9). Furthermore, it
has been shown that, in adipocytes
from cbese subjects, the expression
of TNF-a message and protein fails
markediy after weight loss (10).

Metformin is a biguanide used ex-
tensively in type 2 diabetes. It inhibits
hepatic glucose production & increas-
es peripheral insulin sensitivity, but
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doesn't cause hypoglycazmia (11).
The mode of action of metformin
is still incompletely understood;
however, it appears that its major
effects involve decreasing hepatic
glucose cuizui and thus lowering the
insulin requirement (11). Metformin
also may improve insulin sensitivity
and decrease insulin levels by
decreasing gut absorption of glucose,
improving glucose uptake by tissues
& increasing the number of insulin
receptors (12 & 13).

Angiotensin converting enzyme
inhibitors (ACEls) have well docu-
mented effects in reducing blood
pressure and improving other cardio-
vascular parameters in hypertensive
individuals. The influence of ACE in-
hibitors, such as captopril, on glucose
metabolism has also been studied.
several clinical studies have shown
that short and long term administra-
tion of captopril results in an in-
creased insulin stimulated glucose
disposal in diabetic or hypertensive
individuals (14,15,16). The short term
oral administration of captopril at dos-
ages that have no effect on blood
pressure has been reported to im-
prove peripheral glucose utilization
(17). However, it is currently unclear
whether this captopril induced im-

prcvement in whole body disposal re-
stlts from an alteration in skeletal
muscle insulin signaling pathways,
from improved muscle blood flow, or
even from the combination of both
(18). It has been suggested that ACE
inhibitors may exert their effect on in-
sulin sensitivity not only by blocking
the renin angiotensin and kinin sys-
tem but also by inhibiting production
and/or release of endothelin (19).
Rats fed with high dosages of fruc-
tose developed insulin resistance
therefore, this study was undertaken
to determine whether metformin or
captopril could improve insulin resis-
tance and the related abnormalities
induced by high fructose diet feeding
in normal rats.

MATERIALS & METHODS

Drugs used:

Metformin: Glucophage tablets,
500mg supplied by Cid Co.

Captopril: Capoten tablets, 25mg
supplied by Squip Co.

Animals used:

108 male albino rats were used
throughout this study. At the begining
of the experiment, the rats were aged
2 weeks. Food intake was recorded
daily & their weight was monitored
weekly, they were put under similar
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housing condition. They were divided
into 6 experimental groups (n=18

per group)..

Group (1) : Control group, these
animals received standard diet.

Group (2) : High fructose-fed rats.
Rats received a diet in which fructose
composed 33.64% of total carbohy-
drates (20).

Group (3) : Received standard
diet & metformin in a dose of 200 mg/
kg/day intragastric in water in last 3
weeks of the study (20).

Group (4) : Received high-
fructose diet for 9 weeks and metfor-
min treatment with the previous dose
in the last 3 weeks.

Group (5) : Received standard
diet for 9 weeks and captopril treat-
ment in a dose of 2 mg/kg/day intra-
gastric in the last 3 weeks (21).

Group (6) : Received high-
fructose diet for 9 weeks and captopril
in the previous dose in the last 3
weeks. The diets composition are de-
scribed in (Tab.1)

Data are given in grams per 100g
of dry weight. The salt mixture is ex-
pressed in grams per kilogram: CaH-
PO4, 30g; KCL, 100g; NaCL, 100g;
MgO, 10.5g; MgS04, 50g; Fe203,
3g; and FeS0O4 7H20, 5g. Vitamins
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are expressed per kilogram of the
vitamin mixture: retinol, 539mg;
cholecalciferol, 6.250mg; thiamine,
2,000mg; riboflavin, 1,500mg; niacin,
7,000mg; pyridoxine, 1,000mg;
cyanocobalamin, 5mg; menadione,
1,000mg/kg; nicotinic acid, 10,000mg;
o-choline, 136,000mg; folic acid,
500mg; p-aminobenzoic acid,
5,000mg; and biotin, 30mg/kg.

Insulin sensitivity assay:

In 6 animals of each group, insulin
sensitivity was performed according
to Surwit et al. (22). Rats fed either
the standard diet or the high fructose
diet fasted for 4 hours & injected intra-
peritoneally with regular insulin at 1U/
kg body wt. Insulin was diluted in
sterile saline for a final injected
volume of 100 pL. Plasma was col-
lected for glucose quantification be-
fore injection & at 15,30,90 minutes
after insulin injection.

Intravenous glucose toler-
ance test (IVGTT):

In 6 animals of each group IVGTT
was done according to Rizk et al.
(23). Rats were fed standard diet or
high-fructose diet, fasted over night
(18hs) and injected IV glucose in a
dose of 1 gm/kg body wt. Plasma was
collected for glucose quantification
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before injection & at 0,15,30,60 mi-
nuts after glucose injection.

At the end of the experiment the
remaining 6 rats of each group
were decapitated after 14 hours
of starvation and blood collected.
Blood samples were allowed to clot
& were centrifuged. Serum was sep-
arated & frozen at- 70°C until
time of the assay of the following
parameters:

Serum glucose: according to the
enzymatic glucose oxidase method of
Trinder (24).

Fasting serum insulin: according to
Morgan & Lazarow (25) by radioim-
munoassay using iodinated kit, manu-
factured by diagnostic production cor-
poration.

Total serum cholesterol: using kits
of biomerieux Co. according to Rich-
mond (26), HDL & LDL according to
Burstein (27) using kits of Biomerieux
Co. and TG according to Fassati &
Prencipe (28) using TG kits of Bio-
merieux.

Serum tumour necrosis factor
alpha (TNF-a): according to Carti
et al. (29) using a kit from immuno-
tech (A Cloulter Co.) by enzyme

linked immunosorbent assay
method.
Statistics:

Statistical analysis of the resuit
were carried «  zccording to Pipkin
(30) using students "t" test. P is signif-
icant at < 0.05.

RESULTS
Food consumption and weight of
the rats: Throughout the experiment,
all groups had similar food intake.
After 6 weeks, the body weight of the
rats was similar in all groups.

Insulin sensitivity (Tab. 2): Rats re-
ceived high fructose diet developed a
significant insulin resistance as evi-
denced by impaired response to IP.
insulin dose of 1u/kg BW. On the oth-
er hand rats fed standard diet showed
a significant reduction in plasma glu-
cose in response to IP. injection of in-
sulin in a dose of 1u/kg BW.

IVGTT (Tab. 3): Rats fed high fruc-
tose diet showed a significant impair-
ment in response to IV glucose ad-
ministration compared to rats fed
standard diet. Administration of either
metformin or captopril for 3 weeks to
rats fed high fructose diet significantly
improved the IVGTT.
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Effect of either metformin or capte-
pril on fasting serum glucose, insufin,
cholesterol, HDL, LDL, & TG in rats
fed either standard diet or high fruc-
tose diet (Tab. 4): Rats fed high fruc-
tose diet for 9 weeks showed a signifi-
cant increase in fasting serum TG,
LDL & fasting serum insulin. On the
other hand there was a significant de-
crease in HDL and no change in fast-
ing serum glucose and cholesterol
level.

Administration of metformin to rats
fed high fructose diet in a daily dose
of 200 mg/kg BW intragastric in the
last 3 weeks produced a significant

Table (1): Diet composition of standard and hi

P T T vty

decrease in serum fasting TG, LDL &
insulin & TNF-( but it produced a sig-
nificant increase in HDL & no change
in fasting serum glucose and choles-
terol level (Tab.4).

Administration of captopril In daily
dose of 2mg/kg body wt. intragastric
in the last 3 weeks to rats fed high
fructose diet induced a significant
decrease in fasting, LDL, TG insulin
& TNF-o but it induced no change
in serum cholesterol and glucose
levels. On the other hand captopril
in the previous dose & duration
induced a significant increase in
serum HDL (Tab.4).

h fructose diet (20).
High fructose diet |

Vitamins
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Glucose 38 13.96
Fructose % 33.64
Wheat starch 20 8.40 |
Casein 23 23 4‘
Cellulose 6 j 6 |
- = —
Corn oil . d [
Salt mixture 7 :
|

—lwd | th




227

Somaia A. Mokbel & Karawan M. Abdel Rahman

U

P SO P e sisaas pedopded g pa
P DSORNYTI] PA) SR SNSIIA 121D S0 -YFIY pa) 3y (udoided ua pajea) siel uaamiag oueaij

A0 paepuely
1y

A8«

JUEDL LIS uou

1S

SN«
I PA) SIEL UMY DIUEDLIUTIS JO 183 ] 9]

JosaL sd

121 PIBPURIS PAJ SIR1 SNSIAA 1IP paepurls 3 (udoided paa1aias s1es UaaAaq 2IUBIIUTIS JO 153]
JOIP PIRPURIS PA] PUE SIRS PIIEII] UILLIOJIOW SNSIIA 11D PIRPURIS PI) 3P SIS PAIEII UILLOJIIW UIIAI] 2DUEILIUTIS JO 183 (]
1P PIZPURES PA] SIS SUSIIA WIRLIOJIAW (IA PIIRIY 3 1DIP PIRPURIS PA) S1ES UdamIaq asuedyiudis jo 1sa] zd
19U PARPURIS D) 2P 121 DSOIDL) T Pa) 1YL SIS UaOAG 2oURDL IS J0 150 1 d

As0)any Yoy

121p paepue)y

asoponay ydigg

4 J91p paepueyy

sy yaiy|

e ____ _____.
SO0 9d
sO 0 owd SO0 bl SO0 -td s00 -Td SO0 -1d
0Ly P Orgy EAUDH Q0iLy LO0L 9048y 06
SO0 9d
SO0 s SO0 b SO0 -td SO0 T SO0 -1d
90479 S 09 S 0199 PO D 0IsL S 0%709 0t
C 500 od
SO0 -5d SO0 P SO0 SO0 -Cd SO0 «ld
ToriL Y O10L PorsL Lo Porsy £ 010L Sl
SN 9d |
SN s | SN bd SN td SN Td SN 1d
YOI L0108 v 0106 t O+88 Loilo $ 0H06
padoyde;) 4 yaip padoyde)y 4 | w0 pl+1p UILLIOJ) DI PIp

PIp paepueg

( soynuiwm)

(1p/8w) asoony)

auny

ST (9-u) ydiaas Apog m..,___: 1 JO 3s0p ¢ i uonpalut uynsur [eauojuadenu
J1019() SINOL |+ 10] PISE] A SYIIA ¢ 10J 121D SO TFIYI0 PAEPUERIS DD P S1E1 U Aesse Apamsuas wpnsup :(z) qey,

MANSOURA MEDICAL JOURNAL



COMPARATIVE STUDY OF METFORMIN etc...

228

puey
pdupuRly =

Juedj s _.. uou = SN &

i jap ..7.:::__4—_-._.:_ Paj eyl snsion 1 lojdea LAY _5: Al { op .J::_J:._—.-_J:.— P2 SIRL UM D .u_._—wdc_:J_r JOISd L 9

121D ASOIL YT PI) S1EL SNSIIA 1DIP S0 pay A (udonde i pajean S1es uddMIaY UBIIUTIS 0 153 ] o
121 PIRPUEIS Paj S1E1 $15194 121 paepueis 3 |Ldopded paaiadas sie udamiag aouedIuRIs jo 1531

1ip paepue

N —.-_J_ I

1 pajeatyt TULIQ] D SHS 198 DIP pigpuels paj 2y sier pajean) UIojjaur uaasvjaqg oun_mo_-__:mw_.m._c 1591 ‘€d

12IP PIEPURIS Paj S1E1 SNSIOA UIMLIONIDW LAY POIELN 33 1P PIRPURIS P SIEI UDDMIAY IURILJIUTIS JO 1S3 7

1DIP PIRpUEIS POj 3P 121D ISOIINL) YTIY PI) IRY) S1EI UDIAG AIURIJIUTIS JO 153 1 d

SO0 -9d
SO0 -vd SO0 b SO0 “td 00 >Td SO0 - 1d
s 019 Wl F Ot so QOFEEL 9018 101 FOig el FOTt Lo 09
SO0 -9d BRI ] Bl TGS | RS s
SO0 -sd SN el SO0 -t SO0 «Cd SO0 -ld
L0t 0sl SO0l SOTT 191 LT el S OrP LL] COrs Lel 0f
SO0 : i . ‘ T )
SO0 -sd SN Ind SO0 ~td 00 T S00 =~1d
6 OIZ 0T 0 0Fs11 L 0¥z 6Tl 60811 £0igorl SR e TR | T I
g 4 : ? : —
SN sd SN-rd SN-€d SN Td SN Id
0T 0+l 18 TOI89L 1 0T8'tY PO Y TO0H9 58 LOFIE8
padoyde)y 4 op | padoyde)y + [ uiwaopapy+o1p unuI0gd |y pip S st
S0P YBIPL | 1P papuely | ds0pnay gy | 4+ 1a1p paepumys | asopanay gy IR DIRPUMS ( $o)nunu)
(1p/8w) asoan|r) L

>)~_|.M,_\___,~_ Jo asop

1 UONAN ASOINET AT 210§ (SI001 g 1) WFI 200 PIISE] 212 SIEY SIELI0) 159) U0} 250IN[T SnoudARIu] i(g) qey

Vol. 32, No. 1 &2 Jan. & April, 2001



229

100D paepuely -GS, JED IS UOU = SN
WILLIOIDW ¢ 1P ASOINLTIY P IR SHS1aA prdopden (i paieas) y 191p SO PA) SIELUIDNIIY DDULDLPIUTS JO 15D | 0]
121 ANO IR PAJ SIEESNSIDA JDIP DSOINY- pag y (udorded Qi paadl s11 UM AUENPIUTIS JO 15D ] S
121 PARPURIS PA) SIEI SNSIDA 121D paepuels [udojpden pasianal s1e1 UM UEIJINTIS JO 18] g
JUP PARPURES PAJ PUE STET P2IEDT) UILLIOJ AW SHSIOA 1P PIEPUEIS Paj 33 SIES PAJEDL] UILLOJIIW H3IMIS(] 22U s Jo1say igd

Somaia A. Mokbel & Karawan M. Abdel Rahman

J3IP PAEPUEIS PA] S1R1 SNSIDA UILIOHAW YIA PDIEDIL 3 131D PIEPURIS PIJ SILI UMDY 2URILIIUTIS JO 15[, ‘T
1P PARPURIS PI) 3 1P ISOLI YTy Paj 1Ry SIS UIIMIAG IDURDLJIUTIS JO 153, 1] ]

SN 9d SN 9d SN 9d SO0 >9d SN-9d SO0 >0d SN9d sN2aM € 10) Ml
1000 >sd SO0 >8d s00 »sd SO0 >sd SNsd SO0 =54 SN-sd wawnean judoides
e 0iLo0 S0 50 089t S O011ob 90is08 t0E9l TOFTHL |+ WIp asopny udi
i $39aM ¢ 10}
SN td Lieard SN SN bd SN-Id SN SNibd Ml Fy/Awg waunean
1201960 oy 880 sO1Y LY L 01T 8k ERVIRRE $019¢1 LOF8 L judoides 4 ja1p prepueis
SR ke i . BRI S - s AT, W SY29M { 10) el By/Bw
1000 -td SO0 -td s00 -td SN-td SN -t SO0 -td SN €d 007 WaWEA1) LIULojIRu
t 01860 901690 LOI6SY LOF69Y 0010 6L 801938l T0i6 L + 191p asojonyy ysi|
; SYPaM € 10) Ml
SN'Zd SO0 ~Td SN'Td $0°0 > SN'Zd SO0 2T SN'Zd 0T IHdWIEL) UiuLojlaw
tZ0Fs6 0 g0Is 1o S016 9t Y0i0LE LOis 08 9078¢1 P OFSPL + 191p prepuei§
© 10070 ~1d 1000 >1d 5070 ~1d 500 >1d ; S00 >1d SNl (sy9am )
STOTPE 'L 1T st 6'01L 0% t'0+se 6 0FE bT 0T 9L 1a1p 2501y Yy |
AL BBl S DU e B, PR 2 Setbelietl o AR SISl R E)
107160 L OHOPO BO8 LY rofLov BOFS 08 LEL R S OFT'SL RIp pJepue)s
EE—
TR I R o 5 (quynu) " (pAwm)
qwad) | qpsw) | Gesw) | Gpsw) | (ppw) o i
D-INLL 91, i ‘1A 1042)89101: ) | winaas Bunsey | winaas Bunseyg | (9=u) dnoad jpwuy

CGISTIAD 191 9501004 Yd 1 10 191p pIepuRlS 191119 paj sje
W O-ANL Y DL I LG 103189104 “urnsu “as0an|d winias Funse) uo (udoides 1o uwopiaw 1o jo 193157 (p) qel

MANSOURA MEDICAL JOURNAL



230 COMPARATIVE STUDY OF METFORMIN etc...

DISCUSSION

In the present work, the effect of
either metformin or captopril on high
fructose diet induced insulin resis-
tance was studied. Insulin sensitivity
is based on intravenous glucose toler-
ance and insulin sensitivity test
(31,22). Furthermore fasting serum in-
sulin has been used as an index of in-
sulin sensitivity in several epidemio-
logical studies, assuming that
hyperinsulinaemia is a proxy of insulin
resistance (32).

Effect of high fructose diet on fast-
ing serum glucose, insulin, lipids and
TNF-a:

In the present study rats fed high-
fructose diet showed significant in-
crease in fasting serum insulin, TNF-
o, TG & LDL. On the other har.d there
was a significant decrease in HDL
and no change in fasting serum glu-
cose & cholesterol levels as com-
pared with rats fed standard diet. In-
sulin resistance has been proposed
to: [1] elevated serum TG through in-
creasing the production of very low
density lipoprotein (VLDL) & reducing
the catabolism of (VLDL) due to low
lipoprotein lipase activity and to [2]
lower serum HDL through decreasing
the synthesis of HDL-cholesterol frem
LDL-triglycerides due to low lipopro-

Vol. 32, No.1 &2 Jan. & April, 2001

tein lipase activity elevating fractional
catabolic rate of apolipoprotein A-1
(the major apoliporotein for HDL-
cholesterol) elevating hepatic lipase
concentration and increasing choles-
teryl ester transfer protein activity.
“ne results are in agreement with pre-
vious studies (5,6,35) which conclud-
ed that high-fructose diet produced in-
sulin resistance in rats within 6 weeks
due to decrease insulin receptor bind-
ing and post-receptor defects which
are the most underlying explanation
(36,37).

Furthermore, high-fructose fed rats
showed a significant increase in
TNF-a which may mediate insulin
resistance (7). TNF-o induces an ef-
fect antagonistic to insulin, through
the inhibition of insulin receptor tyro-
sine kinase (9). In addition, TNF-c
may cause insulin resistance in vivo
by raising free fatty acid concentra-
tion, which in turn impairs muscle glu-
cose metabolism (38).

Effect of metformin administration
in rats fed high-fructose diet:

The resuilts of the present study
showed that metformin therapy im-
proved insulin sensitivity, decreased
serum insulin, TG and produced no
change in serum cholesterol in high
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fructose fed rats. These findings were
in accord with Tobey et al. (39) and
Faure et al. (20) who reported that the
improvement of insulin sensitivity pro-
duced by metformin may be due ‘- iis
potential antioxidant effect.

Furthermore metformin improved
glucose uptake by the peripheral tis-
sues which could result from in-
creased insulin binding to its mem-
brane receptors, from the activation of
post-receptor metabolic pathways as
well as from a beneficial effect on lipid
metabolism (40,41,42).

Metformin administration in rats
fed high fructose diet induced a signif-
icant increase in HDL and a signifi-
cant decrease in LDL. These findings
were in agreement with Perrillo et al.
(43). This couid be explained on the
basis that metformin improved insulin
resistance. In addition, metformin in-
duced a significant decrease in TNF-
in high fructose-fed rats which may
explain the improving of insulin sensi-
tivty. The finding of Dan Don et al. (7)
supports this result as they reported
that a fall in TNF-a concentration con-
tributes to the restoration of insulin
sensitivity.

Effect of captopril administration in

rats fed high-fructose diet:

Administration of captopril to high
fructose fed-rats induced improve-
ment in insulin sensitivity associated
with a significant decrease in serum
TG, insulin and produced no change
in serum cholesterol levels. These
findings are in accordance with pre-
vious studies (14,15,16). They report-
ed that in human & animal models
of insulin resistance, ACE inhibitors
increase sensitivity to insulin. Most
previous investigations have attribut-
ed the influence of ACE inhibitors on
glucose disposal to improved capillary
blood flow & an accompanying
increased delivery of insulin & glu-
cose to muscle (44,45). Other investi-
gators indicated that the improvement
of insulin sensitivity following treat-
ment with ACE inhibitors was due
to increase in insulin-induced insu-
lin receptors and insulin receptor
substrate-1 phosphorylation (IRS-1)
as well as IRS-1 phosphatidylinositol
(PI-3) kinase association. Further-
more in the liver and muscle (21)
it has been suggested that captopril
induced improvement of insulin
sensitivity via endothelin-1 inhibi-
tion(19). Endothelin-1 has potent
glucogenolytic effect on hepatocytes
& may cause insulin resistance in rat
adipocyte.
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Furthermae, captopril induced a
significant decrease in TNF-a in high
fructose fed rats as compared to rats
fed standard diet treated with capto-
pril. As TNF-a induced an effect an-
tagonistic to insulin through the inhibi-
tion of insulin receptor tyrosine kinase

(9), so the normalization of TNF-a
levels can explain the improvement of
insulin sensitivity with capto pril treat-
ment.

Conclusions:

The present results provided addi-
tional evidence that feeding rats with
high dosage of fructose leads to insu-
lin resistance. On the light of this
study, it could be concluded that cap-
topril and metformin treatment has a
comparable beneficial effect in the
reversal of insulin resistance and its
accompanying metabolic changes.
TNF-o. may be an important circulat-
ing cytokine which may provide
a potentially reversible mechanism
for mediating insulin resistance.
Furthermore both captopril and
metformin might prove useful in the
treatment and/or preventing non-
hyperglycaemic insulin resistance
states such as obesity and impaired
glucose tolerance as well as in
the treatment of established
NIDDM.
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