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ABSTRACT

Tumor necrosis factor-alpha (TNF-) has been suggested to play a key role in insulin resistance (1R),
in obesity and may contribute to the development of type 2 diabetes wetlitus. Erythramiycin, one of the
macrolide antibiotics was found £o exert various pharmacological effects including suppression of TNF-a
and oiher cyickines levels as well as antioxidant activity in various studies in human and animals. The
present study was designed to investigate the beneficial effect of erythromycin on insulin sensitivity in rats
fed high fructose diet. Albino rats of boih sexes were divided into four groups containing 10 rats each.
Conirol rats received the standard diet, while fruciose fed rats received high fructose diet. Fructose and
erythromycin treafed rats received high fructose diet and erythromycin 40 mgtkg/day orally, while controf
and eryifivomycin reated rats received standard diet and erythromycin. After the treatment period of 30
days insulin resistance index, by homeostasis model assessment (HOMA) was determined. The levels of
lipid per-oxidation. TNF-ct and lipogram were measured. Rats feeding high fructose diet developed a sig-
nificant insulin resisrance assaciated with increased TNF-a, lipid per-oxidation products, TG-LDL and
decrease in HDL and no change in total cholesterol level. Administration of erythromycin to Ligh fructose
Jed rats produced beneficial effect on insulin sensitivity, dystipidemia, TNF-o. and lipid per-oxidation.
A falt in TNF-0 concentration and lipid per-oxidation products by erythromycin sigaify the potential utili-

ty of erythromycin as an adjunct in treatment of insulin resistance.

INTRODUCTION

15

Feeding rats with high fructose diet af-
fects both glucose and lipid metabolism
which result in cluster of metabolic abnor-
malities such as glucose intolerance, hy-
pertension, dyslipidemia and reduced in-
sulin action (Dai et al.,1994) thus fructose-
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fed rats form a useful experimental model
for insulin resistance.

Tumor necrosis factor-alpha (TNF-a) is
a peptide constitutively expressed and se-
creted by adipose tissue (Erosy et al,
2004). It has been demonstrated that TNE-
o may be a mediator of insulin resistance
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in obese subjects by inhibiting tyrosine ki-
nase activity at the insulin receptor. Phos-
phorylation of the insulin receptor by ty-
rosine kinase is critical for the binding of
insulin to its receptor (Hotamisligil et al.,
1994).

Fructose feeding is also reported to
facilitate oxidative damage and has del-
eterious effects both due to reduction
in antioxidant defense and enhanced
free radical production (Busserolles et al.,
2002).

Macrolide antibiotics are active against
gram-positive bacteria, Mycoplasma spp.,
Legionella spp., Chlamydia spp., and Hae-
mophilus influenza (Barry et al.,, 1987). A
part from their anti-bacterial activity,
these agents exhibit a broad spectrum of
pharmacological effects including anti-
inflammatory activity in humans and ani-
mals (Tarayre et al., 1987; Mikasa et al.,
1992; Sanz et al., 2005).

Macrolides have been shown to affect
several pathways of the inflammatory
process, such as the migration of neu-
trophils. The oxidative burst in phagocy-
tes and the production of pro-
inflammatory cytokines such as TNF-ct
production (Takeshita et al., 1989; Hand
et al,, 1990; Mikasa et al.,, 1992; Konno et
al., 1994).

Furthermore, erythromycin mimics the
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effect of the gastrointestinal hormone mot-
ilin by binding to its receptor and acting
as motilin agonist which recently was
found to stimulate insulin secretion at
lower doses than that required to stimu-
late gastric contractile activity (Ueno et al,,
2000).

This study was carried out to determine
whether erythromycin could improve in-
sulin resistance and the related abnormali-
ties induced by high fructose feeding in
rats.

MATERIAL AND METHODS

Drugs:
Erythromycin: (Eromycin tab. Julphar
Co.).

Animals grouping;:

Forty Albino rats of both sexes were
used throughout this study. Their
weight ranging from 170 gm to 190
gm.They were kept under the same hous-
ing condition and were divided into the
following groups consisting of 10 rats
each.

1) Group I: "Control group™ Each rat in
this group received the control diet and
tap water ad libitum.

2) Group II: "High fructose fed-
rats":Each rat received a diet in which
fructose composed 33.64% of total carbo-
hydrate (Faure et al.,1999).
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3) Group III: Each rat received control
diet and erythromycin 40 mg/kg/day
orally in water (lanaro et al., 2000).

4) Group IV: Each rat received high
fructose diet and erythromycin in the
same dose. The diet composition was pre-
scribed in table (1). Data are given in
grams per 100 grams of dry weight.

The animals were maintained in their
respective groups for 30 days, food intake
and fluid intake were measured regularly.

An oral glucose tolerance test was car-
ried out two days before the sacrifice of
the animals, for this the rats were fasted
overnight and glucose (2g/kg B.w) was
given from 30% solution orally. Blood
samples were collected before glucose
load and, sequentiaily for every half an
hour after glucose load up to 90 min and
were immediately analysed for glucose.
At the end of the experimental period, the
rats were sacrificed by cervical decapita-~
tion ,blood samples were allowed to clot
and were centrifuged,serum was separat-
ed and frozen at -70°C until time of the as-
say of the following parameters :

Sertm glucose: according to the enzy-
matic glucose oxidase method of Trinder,

(1969).

Fasting serum insulin: by enzyme
linked immunosorbent assay kit, using hu-
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man insulin as standard.

Homeostasis model assessuient
(HOMA) was used as an index to meas-
ure the degree of insulin resistance and
was calculated by the formula: {insulin
(um/ml) glucose in mmol/1)/22.5)] (Pick-
avance et al., 1999).

Total sernum cholesterol : Using Kits of
Biomerieux Company according to Rich-
mond (1973); HDL and LDL according to
Burstein (1970) using Kits of Biomerieux
Company and TG according to Fassati and
Prencipe (1982} .

Serum TNF-ot concentration was meas-
ured by TNF-o enzyme immune assay kit
{Aderka et al., 1992).

Thiobarbituric acid reactive substance
(TBARs) was determined as described
earlier (Nandhini et al., 2002). In brief, the
concentration of TBARs was estimated by
measuring the pink- coloured chromo-
phore upon reaction with thiobarbituric
acid at 535 nm a standard curve was pre-
pared using tetra methoxy propane as the
standard.

Statistical Analysis:

All the values were expressed as means
+ SE and statistically evaluated by two-
way analysis of variance considering diet
and treatment as two factors. The means
were tested for significance by Tukey’s
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test (Zar, 1984) for multiple comparison. A
value of p < 0.05 was considered signifi-
cant.

RESULTS

The level of plasma glucose, insulin and
insulin resistance index of control and ex-
perimental animals are listed in table (2).
The levels are significantly elevated in
fructose-fed rats as compared to control
rats. Erythromycin treatment to fructose
fed rats prevented such increase. The de-
gree of insulin resistance as measured by
HOMA is higher in fructose fed rats while
in erythromyecin treated rats the values are
normal.

Table (3) shows the influence of high
fructose diet and erythromycin on the lev-
els of serum TG, LDL, HDL and choleste-
rol. Fructose fed rats show significant in-
crease in serum TG and LDL associated
with significant decrease in HDL with no
change in total serum cholesterol. Eryth-
romycin treatment shows significant de-
crease in serum TG and LDL associated
with increase in serum HDL and no
change in total serum cholesterol level.

Table (4) shows the influence of high
fructose-diet and erythromycin on the lev-
els of TBARs and serum TINF-o.. Fructose
fed rats show significantly higher per-
oxidation as compared to control rats, fur-
thermore there is significant increase in
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serum TNF-0. compared to control rats.

Erythromycin treatment  significantly
reduced the levels of lipid per-oxidation
and TNF-a.

The result of oral glucose tolerance test
in experimental animals are depicted in
(Fig ). The fasting glucose level is higher
in fructose-fed rats as compared to control
rats and the level is significantly lower in
fructose fed rats treated with erythromy-
cin. Significant elevations are observed in
the glucose levels after the oral glucose
load at all the time points in fructose fed
rats. The response is similar to control in
erythromycin treated rats.

DISCUSSION

In the present study high fructose-fed
rats showed significant increase in serum
insulin, glucose and increase in insulin re-
sistance. Insulin resistant has been attrib-
uted to low level of insulin-stimulated glu-
cose oxidation due to modification in the
post receptor cascade of insulin action
(Catena et al., 2003). High levels of dietary
fructose and severe hyperglycemia may
have interactive effects which contribute
to the progression and development of pa-
thology. Furthermore, high fructose feed-
ing showed significant increase in TNF-o
which may mediate insulin resistance by
inhibiting tyrosine kinase activity at the
insulin receptor (Dan Dona et al,1998).
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Phosphorylation of the insulin receptor by
tyrosine kinase is critical for the binding of
insulin to its receptor (Hotamisligil et al.,
1994). In addition TNF-a rray cause insu-
lin resistance in vivo by raising free fatty
acid concentration which in tum impairs
muscle glucose metabolism (Garg, 1996).
High fructose feeding showed significant
increase in LDL and TG associated with
significant decrease in HDL and no
change in total cholesterol. The increased
TG level is derived from the increased
production of VLDL and decrease its ca-
tabolism via decrease in lipoprotein lipase
activity, also the decreased serum HDL
may be due to decrease synthesis of HDL-
cholesterol from LDL-TG due to low lipo-
protein lipase activity elevating fractional
catabolic rate of apolipoprotein A-I (Laak-
so, 1993; Faure et al, 1997; Ding et al,
2005).

Also, in the present study high fructose
feeding induced increase in free radical
formation “"as indicated by increase in
TBARs levels". Fructose feeding can in-
duce free radical formation by down regu-
lation of hexose monophosphate (HMP)
shunt enzymes that generate reduced en-
vironment in the form of NADPH and
NADH (Nandhini et al., 2005). Further-
more, an increase in catabolism of fructose
would result in energy depletion in cells,
making them more susceptible to per-
oxidation (Oda et al.,1994). Enhanced lipid
per-oxidation in fructose fed rats could be
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associated with high circulating glucose,
which enhances free radical production
from glucose autoxidation and protein
glycation.

Erythromycin treated rats showed sig-
nificant decrease in blood glucose, serum
insulin levels associated with improve-
ment of insulin sensitivity. Erythromycin
mimics the effects of gastrointestinal hor-
mones motilin by binding to its receptor
and acting as motilin agonist (Ueno et al,,
2000). It was found that motilin stimulates
insulin secretion and decreases blood glu-
cose level at lower doses than that re-
quired to stimulate gastric contractile ac-
tivity (Suzuki et al., 1998).

The improvement of insulin sensitivity
by erythromycin may be attributed to its
potential antioxidant effects (Miyachi et
al., 1986; Labro et al., 1989) as evidenced
by decrease in TBARs. In addition eryth-
romycin decrease TNF-a (Iino et al., 1992;
Mahgoub et al., 2005) which may explain
the improvement of insulin sensitivity.
The finding of Dan Dona et al. (1998) sup-
ports this result as they reported that a
fall in TNF-o. concentration may be attrib-
uted to the restoration of insulin sensi-
tivity.

Erythromycin administration in rats
produced significant decrease in TG, and
LDL and increase in HDL associated with
no changes in total cholesterol levels.
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These result are in agreement with others
(Ueno et al. 2000) and it could be ex-
plained on the basis that erythromycin im-
prove insulin sensitivity.

On the light of this study it could be
coricluded that erythromycin treatment
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has a beneficial effect in the reversal of in-
sulin resistant and might prove useful in
the treatment of non-hyperglycemic insu-
lin resistance states such as obesity and
impaired glucose tolerance as well as in
the treatment of established non insulin
dependant diabetes mellitus.
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Table (1) : Diet composition of standard and high fructose diet(gm/100gm of dry

weight)

Glucose 38 15.56 '

Fructose - 33.64
Wheat starch 20 8.40

Casein 23 23

Cellulose 6 6

Corn oil 5 5 I
Salt mixture 7 7 n

Vitamins 1 l

Table (2) : Levels of serum glucose, insulin, insulin sensitivity index of control

and experimental animals.

r——— e e

Glucose (mg/dl) | 81.22 + 7.79

97.35+2.37"

Insulin (u U/ml) | 54.21 +4.03 | 90.70 + 4.00* | 59.63 + 5.49%" | 57.40 + 8.04

[Insulin resistance
index (HOMA)

1252 +1.24 | 21.59 + 1.08™" | 13.56 + 0.67°" | 12.7 + 1.56

Values are means + SE from 10 animals in each group. a- compared with CON.
b- compared with FRU. (P < 0.05).

HOMA= Insulin (u U/L) x glucose {(m mol/L)
225
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Table (3): Levels of serum cholesterol, HDL, LDL and TG of control and

experimental animals.

Erythromycin

1- Cholesterol NS NS
(mg/dl) 80.5+08 | 81.2+09% | 79.9 +0.9° 80.5+0.7

2-HDL (mg/dl) | 493+04 | 25+03% 46.9 + 0.7 47.9+0.6

3-LDL (mgid) | 37.8+08 | 507409 | 359+0.7" | 369+05 .

4-TGmg/dl) | 946+07 | 1352+1% | 96.9+0.6" 94,5+ 0.8

Values are mean + SE. a- compared with CON  b- compared with FRU.

NS = Non - significant. (P <0.05)

Table (4) : Levels of serum TBARs and TNF-& in conirol and experimental

animals.

(n moles/ml) | 1.64 +0.04 | 2.15+0.10° | 1.66 +0.09" 1.66 + 0.04

ZEEJ,E{? 0.91+0.1 |3.84+025* [ 098+03% | 0.95+0.23

Values are mean + SE. a- compared with control b~ compared with FRU (P<0.05)
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