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Artic{e history: It is well established that, upon changing their natural desert low caloric (succulent
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henotypic changes depending on their genetic background and including obesity and
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various degrees of insulin resistance. Our aim was to investigate the acute effects of
Interleukin-1f (IL-13) and Interferon-y (IFN-y) on glucose-induced insulin secretion in
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fed either a low or a high caloric diet; after 9 months, pancreatic islets were isolated and
incubated in the presence of increasing cytokine concentrations. At the end of the high-
energy diet, animals were all over-weight, and probably due to a different genetic
background, they displayed either insulin resistance, hyperinsulinemia and normogly-
cemia or a marked type-2 diabetic state. Pancreatic islets from obese insulin resistant
normoglycemic animals were much more sensitive and responsive to IL-13 when
compared to lean controls. The cytokine was inefficient in diabetic islets. In conclusion, the
markedly increased insulinotropic effect of IL-1f3 in obese diabetes-resistant sand rat
could participate and be involved in pancreatic 3-cell hyperactivity that compensates for
insulin resistance and thereby prevent the development of type 2 diabetes in these
animals.

© 2012 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

RESUME

Dans son biotope désertique normal, Psammomys obesus, une gerbille communément
appelée rat des sables, se nourrit de plantes succulentes halophiles (Chénopodiacées)
riches en sel et pauvres en calories. Soumis a un régime hypercalorique de croquettes pour
rongeurs de laboratoire, Psammomys obesus va devenir progressivement obése et évoluer
vers une insulinorésistance de plus en plus marquée. Selon leur fond génétique, certains
animaux seront capables de compenser l'insulinorésistance par une hypersécrétion
d’insuline et rester normoglycémiques, d’autres non, qui vont évoluer vers un diabéte de
type 2. L'obésité est bien connue pour étre associée a un état inflammatoire a bas bruit et le

E-mail addresses: rene.gross@univ-montp1.fr (R. Gross), Yasmina_dahmani@hotmail.com (Y. Dahmani).

1631-0691/$ - see front matter © 2012 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

doi:10.1016/j.crvi.2012.03.003


http://dx.doi.org/10.1016/j.crvi.2012.03.003
mailto:rene.gross@univ-montp1.fr
mailto:Yasmina_dahmani@hotmail.com
http://www.sciencedirect.com/science/journal/16310691
http://dx.doi.org/10.1016/j.crvi.2012.03.003

272

A. Khalkhal et al./C. R. Biologies 335 (2012) 271-278

but de cette étude a été d'étudier et de comparer les effets de deux cytokines
proinflammatoires sur la sécrétion d’insuline induite par le glucose, chez des animaux
normaux minces maintenus sous leur régime naturel et chez des rats des sables soumis a
un régime hypercalorique pendant neuf mois. A la fin de ce dernier, les animaux étaient
tous obéses, hyperinsulinémiques et présentaient soit une normoglycémie soit un état
diabétique trés marqué. Dans tous les cas, les Tlots de Langerhans ont été isolés et incubés
en présence de quantités croissantes de cytokines. Les ilots pancréatiques de rats des
sables obéses insulino-résistants normoglycémiques se sont avérés a la fois plus sensibles
et plus répondeurs aux effets insulinotropes de I'lL-13 que les animaux normaux minces.
La cytokine était inefficace chez les animaux diabétiques. L'amplification trés marquée de
l'effet insulinotrope de IL-1 chez les rats des sables obéses insulino-résistants
normoglycémiques, apparemment « protégés » contre le diabéte, pourrait étre impliquée
dans I'hyperactivité sécrétoire de la cellule 3 pancréatique compensatrice de
l'insulinorésistance, et ainsi participer a la protection contre le développement de la

pathologie.

© 2012 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.

1. Introduction

Type 2 Diabetes is a multifactorial disease that results
from the interaction of environmental factors and genetic
predisposition leading to two major abnormalities:
insulin resistance and defective pancreatic $-cell func-
tion. During the long lasting silent phase that precedes the
onset of type-2 diabetes, known as prediabetes, hyper-
insulinemia compensates for insulin resistance. Hyper-
glycemia then develops with a progressive (3-cell failure
but the mechanisms involved remain to be determined.
From epidemiological studies, it appears that lifestyle
related overweight and a familial history are major risk
factors. Persistent imbalance between energy intake and
expenditure, with the likely consequence of obesity, can
lead to overt diabetes when associated to genetic
predisposition.

Even if there is no animal model that reproduces the
natural history of human type 2 diabetes, the gerbil
Psammomys obesus, also known as the sand rat deserves
special attention. This small rodent eats essentially low
caloric succulent halophilic plants (Chenopodiaceae fami-
ly) and remains normoglycemic in its biotope. However,
when the low energy diet is switched to regular rodent
laboratory chow, they rapidly gain weight, become obese
and develop progressively the heterogeneous pattern of
metabolic defects that occur in human metabolic syn-
drome and type-2 diabetes [1,2]. In addition, it must be
emphasized that, after 6 months, about 25% of them
display type 1 insulin-dependent diabetes with severe
hyperglycemia and a drastic drop in plasma insulin levels
as a result of inappropriate insulin production and
depleted insulin stores [3-5], later shown to be associated
with insulitis [6]. In this respect, IL-18 is a pro-
inflammatory cytokine acting during the autoimmune
process [7] of type 1 diabetes. Furthermore, upon
prolonged exposure of purified human or rodent (3 cells
to a combination of IL-13 and IFN-y, about 50% of these
cells undergo apoptosis after 6-9 days [8]. If type-1
diabetes is typically caused by an autoimmune assault
inducing progressive [3 cell death, the importance of 3-cell
mass reduction in insulin secretion defect in type 2
diabetes is not established [9]. In contrast, there is now

growing evidence that obesity is characterized by a chronic
systemic low grade of inflammation and that biomarkers of
inflammation predict the development of type 2 diabetes
[10]. Therefore, we were interested to study the in vitro
effects of 2 cytokines, IL-18 and IFN-y in Psammomys
obesus fed a high energy laboratory chow during 9 months.
In our experimental conditions we did not observe the
occurrence of insulin-dependent diabetes but in accor-
dance with observations in humans consuming hyperca-
loric diets and probably due to the heterogeneous genetic
background of our animals, we obtained 2 clearly distinct
groups, obese and non-insulino dependent type-2 diabetic
animals in which we tested and compared the effects of
increasing concentrations of the 2 cytokines. We also
compared the sensitivity to IL-13 and IFN-y in Psammomys
obesus and Wistar rats.

2. Materials and methods
2.1. Animals

In our study, we used wild sand rats trapped in
collaboration with the Algiers Beni-Abbes research station
in the South of Algeria and transferred to our laboratory’s
breeding farm in Algiers. A 15-day adaptation period was
allowed and animals had free access to their natural food
and water. Thereafter, two experimental groups were
isolated. Control animals were maintained on their natural
food, i.e. halophilic plants (Chenopodiaceae family) poorly
caloric (0.4 kcal/g fresh weight), rich in water and salts;
each of them ate about 50 g/day. A second group received
10g/day of normal (3.25kcal/g) laboratory chow for
rodents for 9 months. Wistar rats (Rattus Norvegicus) were
obtained from the Pasteur Institute in Algiers and fed the
regular laboratory chow (Table 1).

2.2. Biochemicals

Collagenase (Cl histolyticum, 0.1 pz U/mg), Bovine
Serum Albumin (fractionV), and D-glucose were pur-
chased from respectively Serva, Sigma and Pacreas. Human
Synthetic Interleukin-13 and Interferon-y were obtained
from Boehringer Mannheim.
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Table 1
Diet compositions.

(%) Natural halophilic Standard rodent
plants chow

Water 80.8 9

Minerals 6.9 6

Lipids 0.4 13

Proteins 3.53 22
Carbohydrates 8.42 44

Other non specified - 3

materials

2.3. Plasma assays

Blood was sampled from the retro-orbital sinus. Plasma
aliquots obtained after centrifugation (10 min at 3000 rpm)
were frozen (-25 °C) until plasma determinations. Glucose
was measured by a colorimetric enzymatic method using
the Boehringer kit. Plasma triglycerides and total cholesterol
were determined by enzymatic colorimetric methods using
respectively Ames and Boehringer kits. Insulin was mea-
sured in plasma and incubation media using the radio-
immunological assay kit developed by CIS (ORIS INDUS).

2.4. Pancreatic islets experiments

Each animal was killed by decapitation, its pancreas
was dissected out and islets isolated using the collagenase
method previously described by Lacy et al. [11]. They were
then hand-picked under a stereomicroscope and batches of
5 islets incubated in 2 mL Krebs-Ringer bicarbonate buffer
supplemented with Bovine Serum Albumin (2 g/L) and
glucose and interleukins at the appropriate concentrations.

2.5. Statistics

In text and figures data are expressed as means = SD.
The statistical difference between means was determined
using Student’s t test for paired values.

3. Results

3.1. Effects of the 9-month hypercaloric diet on plasma
glucose and insulin levels in Psammomys obesus

On day 0, just before the onset of the hypercaloric diet,
plasma insulin and glucose levels were similar in the three
experimental groups (data not shown). A control group was
maintained on the normal herbal diet. In the hypercaloric
diet group, at the end of the 9-month diet, all animals were
clearly overweighed; they were divided into 2 groups
according to their fasting plasma glucose levels. Normogly-
caemic sand rats were considered as obeses and clearly
hyperglycaemic ones as diabetics. From Fig. 1 it appears that
at the end of the hypercaloric diet in the obese group, plasma
glucose was slightly but not significantly increased, reach-
ing 55.2 +2.0 versus 48.4+2.2mg/100mL at O time. This
slight increase was paralleled by a drastic rise in plasma insulin
from 27.5+ 1.6 wUl/mL at the beginning of the diet to
113.4+5.7 and 269.0 + 18.6 pUI/mL after 3 and 9 months
(Fig. 2). In contrast in diabetic animals, plasma glucose was
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Fig. 1. Evolution of plasma glucose during a 9-month high caloric diet
with regular laboratory rodent chow in obese normoglycemic (n =15) and
obese diabetic (n = 12) Psammomys obesus. Lean controls (n=11) received
low caloric halophilic plants. *: p < 0.05 and *** p < 0.001 versus controls.

already significantly increased by about 62% at time 3 months
(p < 0.05), reaching 260.9 + 35.7 mg/100 mL after 9 months
(p<0.001 versus O time value). Simultaneously, plasma
insulin increased by respectively 590, 1035 and 840% after
3, 6 and 9 months.

3.2. Effects of the 9-month hypercaloric diet on body weight
plasma triglycerides and cholesterol in Psammomys obesus

Both obese and diabetic sand rats developed a
progressive but clear overweight reaching respective-
ly+60 and +52% (p < 0.001) after 9 months of the high
caloric diet (Table 2). Hyperlipidemia developed in both
groups. The increase in plasma cholesterol was moderate
in obese and diabetic animals (+ 30 and + 81%; Fig. 3), but
the increase in plasma triglycerides was clearly more rapid
and more marked in diabetic Psammomys obesus, reaching
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Fig. 2. Evolution of plasma insulin during a 9-month high caloric diet
with regular laboratory rodent chow in obese normoglycemic (n=15)and
obese diabetic (n = 12) Psammomys obesus. Lean controls (n=11) received

ko

low caloric halophilic plants. ***: p < 0.001 versus controls.
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Table 2

Changes in body weight during a 9-month high caloric diet with regular laboratory rodent chow in Psammomys obesus. Control animals received low caloric

halophilic plants.

Body weight (g)

Time (months) 0 3 6 9

Control [6] 94.5+7.4 98.3+6.1 1022 +5.1 1012435
Obese [15] 823+38 1024+36 " 117.7+£32 77 131.0+19 7
Diabetic [12] 82.3+3.8 1146 +4.8 " 1266+26 " 1246+42""

*p < 0.05; ***p < 0.001 versus O time values.

after 9 months + 64 and + 180% in respectively obese and
diabetic animals (Fig. 4).

3.3. Effect of IL-13 and IFN-y on insulin release by isolated
islets from lean control, obese and diabetic Psammomys
obesus

IL-13 was tested at increasing concentrations: 1, 5, 10
and 20 UI/mL in the presence of 5 mM glucose (Fig. 5). In
control sand rats, a significant 32% increase in insulin
release was observed at the low 1 Ul/mL concentration. At
5 Ul/mL, insulin secretion further increased to
75.4+4.5 pUl insulin/islet/90 min (+ 107% versus basal
value; p < 0.001) a maximal value that remained stable for
10 and 20 UI/mL IL-13. In obese sand rats, a maximal insulin
release was already achieved at 1 Ul/mL and a plateau
occurred with values ranging between 112.1+6.3 and
96.1 £6.4 wUI insulin/islet/90 min for respectively 5 and
20 UI/mLIL-1f3. In insulinopenic diabetic Psammomys obesus,
the cytokine was no longer able to affect the low basal insulin
release at any of the concentrations tested. Concerning IFN-y,
no major effect could be observed in the three experimental
groups at either 50, 100, 200 or 500 UI/mL (Fig. 6). It should
however be noticed that a trend to a decrease occurred for the
highest 400 UI/mL concentration in obese animals.
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Fig. 3. Evolution of plasma cholesterol during a 9-month high caloric
diet with regular laboratory rodent chow in obese normoglycemic
(n=15) and obese diabetic (n=12) Psammomys obesus. Lean controls
(n=11) received low caloric halophilic plants. **: p<0.01 and ***:
p <0.001 versus controls.

3.4. Comparison of the effects of IL-13 and IFN-y on insulin
release by isolated islets from control Psammomys obesus and
normal Wistar rats

Table 3 presents various parameters recorded in control
lean Psammomys obesus and normal Wistar rats. Interest-
ingly, the small rodent living in the desert displays a 50%
lower glycaemia than Rattus norvegicus, together with a
41% lower plasma insulin level. In contrast, triglycerides
and cholesterol levels were found slightly higher, respec-
tively+11 and+29% in the sand rat. Pancreatic islets
isolated from control lean Psammomys obesus and Wistar
rats were incubated with either 1, 5, 10 and 20 Ul/mL IL13
(Fig. 7) or 50, 100, 200 and 400 UI/mL IFN-vy (Fig. 8). In the
Wistar rat, IL-13 was ineffective at 1UI/mL. At 5 Ul/mL, a
significant 62% increase could be observed. At higher
concentrations, a very slight further increase occurred with
a plateau reaching 51.6 +2.8 and 52.0 + 2.9 pUI insulin/
islet/90 min (p < 0.001), versus 29.2 + 2.4 in the absence of
the cytokine. As concerns Psammomys obesus, IL-13 stimu-
lating effect occurs earlier at 1 UI/mL and at the plateau level
it reaches values+125% higher than basal ones
(36.5 £ 2.9 pUI insulin/islet/90 min in the absence of cyto-
kine). Whatever the concentration tested, [IFN-y did not affect
insulin release in the two experimental groups.
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Fig. 4. Evolution of plasma triglycerides during a 9-month high caloric
diet with regular laboratory rodent chow in obese normoglycemic (n=15)
and obese diabetic (n=12) Psammomys obesus. Lean controls (n=11)
received low caloric halophilic plants. ***: p < 0.001 versus controls.
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Fig. 5. Effect of increasing concentrations of IL-13 on insulin secretion in
pancreatic islets isolated from obese normoglycemic, obese type 2
diabetic and control lean Psammomys obesus after a 9-month high caloric
diet with regular laboratory rodent chow. Lean control animals received
low caloric halophilic plants. Each value is the mean of (n=11 to 15)
experiments; for each experiment 2 batches of 5 islets were performed for
each experimental condition. *: p < 0.05, **: p<0.01 and ***: p < 0.001
versus values obtained in the absence of IL-1f3.

4. Discussion

In our study, switching the natural low caloric diet of
Psammomys obesus to normal rodent laboratory chow
resulted into a progressive weight gain and after 3 months
all animals were clearly obese. However, from 3 months, 2
different phenotypes developed. Part of the animals
remained normoglycemic, whereas the others, probably
due to a different genetic background, displayed a
progressively increasing drastic hyperglycemia. In obese
animals, plasma insulin levels strongly increased after 3
months of hypercaloric diet, and they further increased
during the 9 months study, pointing to the worsening of a
well-known and marked state of insulin resistance, which
appeared fairly compensated by [3 cell hyperactivity.
Interestingly, evidence has been reported that in these
obese normoglycemic animals, resistance to diabetes is
conferred by one major gene [12]. By contrast, in the
diabetic group, despite an increase in apparent circulating
insulin, plasma glucose rose to impressive levels. The
extent of hyperglycemia, ascribed to the interplay of
environmental factors with several genes [12] also
indicates that the similar increase in insulin-like
immuno-reactive material was unable to counteract
insulin resistance. This is probably due to the fact that,
in diabetic Psammomys obesus, a large proportion of
circulating insulin consists in fact of proinsulin and split
products that are biologically inactive [13]. These high
levels of insulin, circulating in vivo, also contrast with the
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Fig. 6. Effect of increasing concentrations of IFN-y on insulin secretion in
pancreatic islets isolated from obese normoglycemic, obese type 2
diabetic and control lean Psammomys obesus after a 9-month high caloric
diet with regular laboratory rodent chow. Lean control animals received
low caloric halophilic Plants. Each value is the mean of (n=11 to 15)
experiments; for each experiment, 2 batches of 5 islets were performed
for each experimental condition.

low secretory activity of pancreatic islets in the presence of
glucose in vitro. This apparent paradox probably results
from differences in pancreatic islets environment. The
latter, much more complex in vivo, probably masks the
well known impairment of pancreatic 3 response to
glucose that occurs with the gradual loss of glucokinase
and GLUT2 glucose transporter [14]. It must also be
mentioned that the plasma lipid profile is modified;
indeed, both circulating triglycerides and cholesterol are
markedly increased in the 2 groups with a much higher rise
in the diabetic group; these data confirm previous ones
obtained by others, also reporting that both insulin
resistance and diabetes up-regulate the hepatic machinery
involved in intracellular VLDL assembly [15]. Taken
together, all the abnormalities we observed in Psammomys
obesus after a prolonged high caloric diet resemble those
occurring during the natural history of type-2 diabetes in
humans, and especially in PIMA Indians, as a consequence
of life style modifications [16] together with a specific
genetic susceptibility.

It is now well established that obesity and insulin
resistance are associated with a low-grade systemic
inflammation related to adipose tissue expansion and
where the expression of proinflammatory cytokines,
including IL-13, is increased [17,18] probably as a result
of an increase in macrophage population in this tissue
[19,20]. Hence, IL-18 has been considered as a valuable
target to address insulin resistance. Indeed, immuno-
neutralization of IL-13 with a high affinity monoclonal

Table 3
Plasma insulin, glucose, triglycerides, cholesterol and body weight recorded in control Wistar and lean sand rats.
Body weight (g) Plasma Plasma Plasma Plasma
insulin wUI/ml glucose (mg/100 ml) triglycerides (mg/100 ml) cholesterol (mg/100 ml)
Wistar rat [6] 239.50 +4.40 50.40 4+ 5.89 105.00 + 5.47 68.63 +3.15 47.00 +2.42
Sand rat [6] 94.50 +7.40" 27.00 +2.40° 47.83+456 " 67.00 + 0.04 59.00 +0.03"

*p <0.05; **p <0.01 and ***p < 0.001 when compared to Wistar rat values.
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Fig. 7. Comparison of the effects of increasing concentrations of IL-13 on
insulin secretion in pancreatic islets isolated from lean control Psammomys
obesus and Wistar rats. Each value is the mean of n=12 experiments; for
each experiment 2 batches of 5 islets were performed for each experimental
condition. *: p < 0.05, **: p < 0.01 and ***: p < 0.001 versus values obtained
in the absence of IL-1B3: p < 0.001 versus Wistar rats values.

antibody induces beneficial therapeutic effects on the
prevention of diabetes-related traits in hyperglycemic
mice with diet-induced obesity [21]. On the same line, IL-1
Receptor antagonist (IL-1Ra) is an anti-inflammatory
cytokine also produced by white adipose tissue and the
pancreas [22] that competitively binds to the IL-1 receptor
[23]. Interestingly, a recent study showed that blocking IL-
R1 with human recombinant IL-Ra improved glycemic
control and P-cell function and reduced markers of
systemic inflammation in obese and non-obese subjects
with type-2 diabetes [24].

The discordant data resulting from studies on the
expression and the effects of IL-1[3 directly at the 3 cell
level make it impossible to draw definite conclusions. IL-
1B gene and protein expression have been reported in
isolated islets from type 2 diabetic donors and in islets
from healthy donors upon exposure to high glucose during
72 hours [25,26]. These observations could not be con-
firmed in other studies [27]. Likewise, in islets from
hyperglycaemic Psammomys obesus, immuno-histochemi-
cal studies using a rodent specific antibody, pointed to the
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Fig. 8. Comparison of the effects of increasing concentrations of IFN-
gamma on insulin secretion in pancreatic islets isolated from lean control
Psammomys obesus and Wistar rats. Each value is the mean of n=12
experiments; for each experiment 2 batches of 5 islets were performed for
each experimental condition.

expression of IL-13 after one week of high carbohydrate
diet [28] which was not found in more recent studies by
RT-PCR experiments with gerbil specific primers and by
electron microscopy with immuno-gold staining [29] in
the same diabetic prone Psammomys obesus line after a 1
and 3-week high energy diet. Therefore, that IL-13 could
be implicated in the decrease of [3-cell mass remains a
matter of debate, all the more since IL-13 has been shown
to exert a dual effect; indeed, exposure of human islets to
low IL-1 concentrations stimulates (3-cell proliferation
and decreases apoptosis, whereas increasing amounts had
the reverse effects [30].

Likewise, concerning insulin secretion, IL-1[3 is known
to induce a bimodal effect on [3-cell function: a stimulating
or a suppressive effect depending on IL-1[3 concentration,
duration of exposure and glucose concentration [31,32].
The secondary inhibitory phase is known for a long time
[33] and is accompanied by decreases in oxidative
metabolism and calcium uptake [34] secondary to nitric
oxide (NO) production after induction of the inducible
isoform of NO Synthase (iNOS) [35,36]. At the opposite, the
initial stimulatory effect of IL-13 has been shown to be
glucose-dependent and related to diacylglycerol formation
and stimulation of PKC [37].

Our study brings evidence for the first time that, in
addition to mice and rats, IL-1f3 exerts an acute stimulating
effect in a desert rodent belonging to the gerbil subfamily.
This effect is concentration-dependent with a maximum
already obtained at 5 Ul/mL. It must be emphasized that
Psammomys obesus appears to be more sensitive and
responsive to the stimulating effect of IL-1 than the
Wistar rat. Indeed this cytokine is already effective at 1UI/
mL, when no significant effect is observed in Wistar rats.
Furthermore the maximal stimulation reaches+62
and +125% of basal values in respectively Wistar and sand
rats. The reason for such an interspecific difference
remains to be determined. More interestingly, this effect
is retained after a 9-month hypercaloric diet in obese
normoglycemic, but not in diabetic animals. The absence of
effect in type-2 diabetic gerbils could be related to the
drastic decrease in insulin stores known to occur in these
animals. However a decrease in IL-R1 expression/activity
cannot be excluded, since the biologically inactive insulin-
like immuno-reactive material is totally irresponsive to IL-
1B. In contrast in diabetes-resistant animals, glycemia
remains normal thanks to the progressively increasing
circulating insulin that compensates for insulin resistance.
Persistence of normoglycemia throughout the very long
period of high caloric diet in this genetically low insulin-
responsive animal is remarkable, as is also the ability of 3-
cells to respond to an acute challenge with IL-13. As
specific gerbil antibodies are not available to estimate
circulating levels of the cytokine, it is difficult to propose
that IL-13 could at least partly account for [-cell
hyperactivity in diabetes-resistant animals. Nevertheless,
the IL-1f3 system is very complex and such an effect cannot
be excluded, all the more since IL1-R1 deficient mice
exhibit late onset obesity accompanied by insulin resis-
tance and decreased glucose tolerance [38].

At present no data are available concerning the effect of
IFN-y on pancreatic 3-cell; our study points to the absence
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of any significant acute effect of the cytokine on insulin
secretion in both Wistar rat and Psammomys obesus. That
IFN-vy intervenes in the pathogenesis of insulin resistance
and type-2 diabetes remains to be determined. Leukocytes
isolated from obese or type 2 diabetic patients display a
defective IFN-y production upon stimulation with IL-18
[39] and blood concentrations of IFN-y were found
unchanged in obese women [40]. The prototypical T-
helper cytokine has however been proposed to be involved
in the regulation of inflammatory response that occurs in
obesity. Indeed, obese IFN-y deficient mice present a
decrease in adipose tissue expression of mRNA encoding
inflammatory genes and also an improvement of glucose
tolerance [41].

To conclude, switching the natural low caloric diet of
Psammomys obesus to a high energy one provokes a marked
body weight gain with the appearance after 3 months of 2
distinct phenotypes, i.e. obesity associated with either
normoglycemia or type 2 diabetes. Throughout the 9
months of high caloric diet-induced low-grade inflamma-
tion state, insulin resistance is remarkably compensated by
an increase in 3-cell activity in normoglycemic animals.
Pancreatic islets of Psammomys obesus are highly sensitive
to IL-1f3 and the acute stimulating effect of this cytokine is
preserved after 9 months in these obese diabetes-resistant
desert rodents; we propose that IL-1f3 is a factor involved
in pancreatic [3-cell hyperactivity that compensates for
developing insulin resistance in these animals.
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