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Abstract Hydroxychloroquine (HCQ) is supposed to
have favorable effects in diabetes mellitus (DM). However
no previous experimental studies had investigated its effect
on the structure of the endocrine pancreas, islets of
Langerhans (IOL), in DM. In addition, the mechanism by
which HCQ acts in DM is not well understood. In this
study, we hypothesized that the possible favorable effects
of HCQ in DM at the structural as well as at metabolic
levels could be accomplished, in part, by its anti-inflam-
matory action. A total of 45 rats were divided equally into;
control, DM and HCQ + DM groups (received citrate
buffer, 27.5 mg/kg single ip STZ and STZ + HCQ
200 mg/kg/w respectively). After 4 weeks, samples from
pancreas were histologically studied for the resulting
changes. The HCQ + DM group showed preservation of
IOL structure, a significant increase (p < 0.05) in the B-cell
area, %, mass, IOL proliferation and neogenesis as well as
correction of the significantly increased (p < 0.05) a-cell
area, %, disturbed glucose homeostasis and lipid profile
compared with the DM group. The significantly elevated
inflammatory cytokines in the latter were lowered in the
HCQ + DM group. Therefore, HCQ showed definite
favorable effects on the histological as well as the meta-
bolic profiles in DM which may be partly attributed to its
anti-inflammatory action. This notable improvement of
DM by HCQ deserves further studies to distinctly approve
HCQ as a promising oral hypoglycemic agent.
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Introduction

The high prevalence of diabetes mellitus (DM) is consid-
ered a global health problem (Guzman-Flores and Lopez-
Briones 2012; Richardson et al. 2013). In particular, type 2
diabetes mellitus (T2DM) that frequently accompanied
with obesity (Odegaard and Chawla 2012), results from
pancreatic B-cell failure to supply sufficient insulin along
with decreased sensitivity to insulin (Nugent et al. 2008;
Zou et al. 2014).

The relationship between changes in B-cell mass, func-
tion, and insulin action leading to T2DM remains unclear
(Matveyenko and Butler 2006). B-cell apoptosis and a-cell
proliferation are key players in the dysfunctional remod-
eling of the islets of Langerhans (IOL) and consequent
hyperglycemia in T2DM (Guardado-Mendoza et al. 2009).

Additionally, previous studies have proposed that
chronic low grade inflammation plays a crucial role in the
pathogenesis of T2DM and in insulin resistance (IR),
which is considered as the early stage of T2DM (Fresno
et al. 2011; Guzman-Flores and Lopez-Briones 2012;
Garcia et al. 2015). While proinflammatory cytokines have
been studied in T2DM (Herder et al. 2013), further
investigation is demanded to establish their exact role
(Barbarroja et al. 2012).

Hydroxychloroquine (HCQ), an antimalarial drug with
anti-inflammatory properties, is widely used in rheumatic
diseases such as rheumatoid arthritis (RA) and systemic
lupus erythematosus (SLE) (Mercer et al. 2012). HCQ has
been reported to have therapeutic effects in a wide range of
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other non-rheumatic conditions such as DM, dyslipidemias,
coagulopathies, infectious diseases and malignancies
(Olsen et al. 2013; Costedoat-Chalumeau et al. 2014). It
has no serious adverse effects (Wasko et al. 2015) apart
from retinal toxicity which is very rare to occur (Costedoat-
Chalumeau et al. 2014).

Treatment with HCQ reduces the risk to develop DM in
patients with rheumatic diseases (Mercer et al. 2012;
Wasko et al. 2015). Although HCQ has a positive effect on
insulin sensitivity and B-cell function, the mechanism by
which it acts remains unexplained (Wasko et al. 2015). Its
considerable metabolic effects, particularly in disorders of
glucose homeostasis, deserve further investigation (Pareek
et al. 2009; Wasko et al. 2015).

The aim of the current study was to investigate the
structural changes occurring in the endocrine pancreas,
IOL, in T2DM treated with HCQ and whether these
changes are accompanied with alteration in the levels of
inflammatory cytokines.

Materials and methods
Experimental animals

Adult Sprague-Dawley rats (245 £ 35 g) were obtained
from Mansoura faculty of Pharmacy animal house, where
the experiment was performed. Animals (n = 45) were
divided equally into 3 groups (n = 15 each) and were
maintained on 12/12 h light/dark cycle at 24 + 2 °C. The
experimental procedures were approved by the Institutional
Laboratory Animal Care and Use Committee of Mansoura
Faculty of Medicine and were performed in accordance
with their guidelines.

Experimental design

The animals were divided equally into three groups. The
control group (received ip citrate buffer alone), diabetic
(DM) and HCQ + DM groups. The latter received HCQ at
a dose of 200 mg/kg/week orally (hydroquine 200 mg
tablet, Minapharm, Egypt) during the whole period of the
experiment (4 weeks).

Induction of T2DM in the DM and HCQ + DM groups
was done by a single i.p. injection of streptozotocin (STZ)
(Sigma, St. Louis, MO; 27.5 mg/kg ip in 0.1 mol/L citrate
buffer, pH 4.5) as previously described (Ti et al. 2011).
1 week after STZ administration, rats with FBG >
160 mg/dl in 2 consecutive analyses were considered dia-
betic animals and were included in the study. Rats of the
second and third groups were fed a high-fat diet (34.5 %
fat, 17.5 % protein, 48 % carbohydrate) during the whole
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period of the experiment. On the other hand, the control
ones received standard laboratory animal’s chow. In
addition, all rats received water ad labitum during the
period of the experiment. At the end of the experiment,
resection of the pancreas was carried out under strict sterile
conditions.

Histological procedure

The resected pancreas was immediately fixated in 10 %
formol solution, from which paraffin blocks were prepared.
The latter were cut at 4-5 pm thickness for the routine
hematoxylin and eosin (H&E) as well as for immunohis-
tochemical staining.

All histological evaluations were performed in a blind-
fold manner by a light microscope mounted to digital
camera connected to a computer.

Immunohistochemical study

Paraffin sections from specimens of the pancreas were
immunohistochemically stained by guinea pig anti-insulin
(polyclonal, 1/100, A0564, Dako, Glostrup, Denamark),
rabbit anti-glucagon antibody (polyclonal, 1/50, ab8055,
Abcam, Cambridge, MA) and mouse anti-Ki-67 (mono-
clonal, 1/20, Clone MIB-5, Dako, Glostrup, Denmark)
antibodies according to instructions provided by the
manufacturer.

Isolation of the IOL

Isolation of the IOL from pancreata (3 animals in each
group) was performed as described by Carter et al. (2009)
and Pae et al. (2013). Briefly, the pancreas was perfused
directly by a collagenase, as tissue dissociating enzyme,
through a cannula inserted in the common bile duct. The
removed pancreas was placed into a tube (for digestion at
37 °C for 8 min) and washed by G-solution (1 % BSA
containing Hank’s balanced salt solution, HBSS, Cat#
14065056, ThermoFisher Scientific Inc.). Afterwards, the
tissue was filtered through a Netwell Polyester Mesh (Cat#
3480, Corning Life Sciences). Then, centrifugation was
performed and the pellet was re-suspended with Histopa-
que 1100 solution (Cat# 10771, 11191, Sigma—Aldrich) for
gradient separation. The supernatant was transferred into a
new tube and washed with G-solution. The pellet was re-
suspended in RPMI 1640 media (Cat# 11875093, Ther-
moFisher Scientific Inc.), supplemented with 10 % FBS
and 1 % Penicillin-Streptomycin mixture and cultured at
37 °C and 5 % CO2 incubator for 4 h. After centrifuged
for 5 min at 3000 rpm, supernatant was taken from IOL of
each group for cytokines, capspase-3 and Bcl-2 assay.
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Islets morphometry
p-cell and o-cell morphometric assessment

IOL from six sections/animal were photographed using a
digital camera coupled to a microscope (CX 31, Olympus,
Tokyo, Japan). The islet, B-cell and o-cell areas were
analyzed using a professional software (Image J. version
1.43, NIH, Bethesda, Maryland). B-cell area % in the islet
was measured by dividing the area of all insulin™ cells by
the islet area and by multiplying by 100. Similarly, a-cell
area % in the islet was measured by dividing the area of all
glucagon™ cells by the islet area and by multiplying by
100.

While the islet mass (in mg) was assessed by multi-
plying the pancreas weight by the % of the total islet
area/pancreatic section, the B-cell mass (in mg) was eval-
uated by multiplying the islet mass by the % of B-cells/
islet.

Assessment of f-cell proliferation and neogenesis

The rate of B-cell proliferation was assessed by counting
the number of Ki67-positive cell nuclei (Ki67 ") in the core
IOL (X100) and dividing it by the total number of IOL
nuclei. In addition, the frequency of islet cells, immunos-
tained by anti-insulin, that sprout from pancreatic ducts
was used as an index of B-cell neogenesis according to the
previously reported (Montanya and Tellez 2009).

Biochemical assays

Oral glucose tolerance test (OGTT) and area
under the curve (AUC)

Baseline fasting venous blood samples were collected from
each rat to perform the OGTT. Glucose was administrated
(2.5 g/kg, orally) then blood samples were collected at 30,
60, 90, and 120 min. In addition, area under the curve
(AUC) was determined according to the previously
described (Psyrogiannis et al. 2003).

Assessment of glucose homeostasis and lipid profile
parameters

At the end of the experiment, the fasted animals were
anaesthetized using diethyl ether and their sera were sep-
arated from the blood collected by cardiac puncture for
biochemical evaluations.

While fasting blood glucose (FBG) was measured by
Randox kits (Antrim, UK), insulin level was evaluated by
ELISA kit purchased from Abnova (Jhongli, Taiwan).
Additionally, homeostatic model assessment for [-cell

function (HOMA-%) was calculated according to the
previously reported (Akarte et al. 2012).

For lipid profile evaluation, serum levels of triglycerides
(TG) and total cholesterol (TC) were determined using
Boehringer Mannheim kits (Mannheim, Germany) and that
of free fatty acids (FFA) by kit purchased from Abcam
(Cambridge, UK). In addition, the level of HDL-C was
assessed according to previously reported (Lopes-Virella
et al. 1977) using the Boehringer Mannheim kit (Man-
nheim, Germany) and that of LDL-C was calculated
according to the previously described (Friedewald et al.
1972).

Assessment of IOL inflammatory cytokines

Pancreatic IOL supernatant was prepared from the freshly
isolated IOL for detection of their levels of interleukin
(IL)-1B, IL-6, IL-10, tumor necrosis factor-o (TNF-a) and
transforming growth factor-B1 (TGF-B1) by ELISA Kits
according to the manufacture instructions (eBioscience;
Vienna, Austria).

Assessment of serum monocyte chemoattractant protein-1
(MCP-1)

Separated sera of the blood samples of each animal were
used for determination of MCP-1 by ELISA kit purchased
from RayBiotech Inc. (Norcross, USA).

Assessment of pancreatic IOL caspase-3 and Bcl-2

The pancreatic IOL caspase-3 was assayed by a caspase-3
colorimetric assay kit (BF3100, R&D Systems, Min-
neapolis, MN, USA) according to guidelines of the man-
ufacturer’s. The pancreatic IOL supernatant (50 pl) was
added in a 96-well flat-bottom microplate. Caspase cleaves
caspase-3 colorimetric substrate (DEVD-pNA) and relea-
ses the chromophore pNA. The latter was evaluated spec-
trophotometrically by a microplate reader (at a wave length
of 405 nm). The results were expressed as fold increase in
caspase-3 activity according to the corresponding alter-
ations in the optical density (OD).

Additionally, the level of Bcl-2 in the pancreatic IOL
supernatant was evaluated by an ELISA kit according to
the instructions provided by the manufacturer (R&D Sys-
tems Inc., Minneapolis, MN, USA). The levels were
expressed as ng/mg of tissue protein.

Statistical analysis
Values were presented as mean == SEM. One-way

ANOVA test was employed for comparisons between
groups followed by Tukey test by using SPSS 16 software
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(Chicago, IL, USA). A value of p < 0.05 was considered as
statistically significant.

Results
Histological results

The control group showed the typical view of the islets of
Langerhans (IOL) which were formed of anastomosing
cords of epithelial cells surrounded by the exocrine pan-
creatic acini (Fig. la). Disrupted appearance of the IOL
was obviously demarcated in the DM group in the form of
cellular as well as nuclear degeneration. The cytoplasm of
many cells was heterogeneous and vacuolated along with
appearance of hyperchromatic enlarged nuclei which
occasionally disappeared in some cells. In addition, the
matrix in between cells was widened by hyaline deposition
and was infiltrated by mononuclear cell infiltrate mostly at
the periphery of the islets (Fig. 1b). However in the group
treated with HCQ (Fig. 1c), preservation of the IOL
structure was observed to a wide degree. While almost all
the cellular component of the IOL was intact, the matrix in
between showed a minimal hyaline deposition and nearly
absent inflammatory cells compared with the DM group.

Immunohistochemical results

Most of the cells of IOL of the control group (Fig. 2a)
showed an intense widely distributed insulin immunoex-
pression all over the islets. On the other hand, the IOL of
the DM group (Fig. 2b) exhibited fewer less intense insulin
expressing cells. Minimal affection of the IOL was denoted
in the HCQ + DM group (Fig. 2c) with preservation of
most of their insulin expressing cells which appeared
numerous and had intense reaction compared with the DM
one.

On the other hand, the glucagon secreting cells were
located mainly in the periphery of the IOL of the control
group (Fig. 3a) and were obviously fewer than those
expressing insulin. However in the IOL of the DM group
(Fig. 3b) the distribution and the intensity of the reaction of
the glucagon expressing cells were obviously increased.
Nonetheless, the typical appearance of the few peripheral
glucagon expressing cells were restored in the HCQ + DM
group (Fig. 3c).

In addition, the DM group showed a relatively decreased
Ki67 expression compared with the control and
HCQ + DM groups (Fig. 4c). Interestingly the IOL of the
latter, containing increased Ki™ cells, were seen sprouting
from the nearby pancreatic ducts.
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Fig. 1 Representative photomicrographs of the pancreas in various
groups. Obvious degenerative changes in the islets of Langerhans
(IOL) are distinct in the DM group (b) compared with the normal
appearing ones in the control group (a). The cellular component of the
IOL in DM shows abnormal cytoplasmic vacuoles and nuclear
abnormalities in the form of karyomegaly, dense nuclei or complete
disappearance of the nuclei. The intercellular matrix is condensed by
hyaline deposits (arrow heads) and is infiltrated by mononuclear
inflammatory cells (arrows) particularly at the periphery of the islets.
On the other hand in the group administrated HCQ (c), preservation of
the IOL structure is seen together with normal appearance of both the
cellular and matrix components of the islets which are nearly similar
to those of the control group. (H&E a—c¢ x400, Scale bar = 20 pm)
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Fig. 2 Representative photomicrographs of the pancreas in various
groups. The insulin expressing cells are the predominant ones seen in
the islets of the control group (a) showing an intense positive stain of
wide distribution all over the islets. However in the DM group (b), they
appear obviously fewer in number and less intensely stained than the
control ones. On administrating HCQ + DM group (Fig. ¢), more
numerous insulin expressing cells are observed compared with the DM
group. (Anti-insulin immunostaining, a—¢ x400, Scale bar = 20 pum)

IOL morphometric results

The favorable effect of HCQ was noticeably demarcated on
almost all the morphometric parameters of the islets. The

Fig. 3 Representative photomicrographs of the pancreas in various
groups. The IOL show that glucagon expressing cells are mostly in
the periphery of the islets and are less predominant in the control
(a) and HCQ + DM (c) groups unlike those in islets of the DM group
(b), which are noticeably more numerous and more intensely stained.
(Anti-glucagon immunostaining, a—¢ x400, Scale bar = 20 pum)

total B-cell area, % and mass as well as the total a-cell area
and % were reversed in the HCQ + DM group to
approximate the control levels without detectable change in
the total islet area or mass (Fig. 5a, b; Table 1). In addition,
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Fig. 4 Representative photomicrographs of the pancreas in all
groups. Relatively decreased Ki67" cells are observed in the IOL
of the DM group (b) compared with the control (a) and HCQ + DM
(c). In the latter, a pancreatic duct (arrow) is seen close to the nearby
sprouting IOL. (Anti-Ki67 immunostaining, a—c %400, Scale
bar = 20 pm)

the significantly decreased % Ki67" cells/total islet cells
and islets neogenesis frequency were corrected in the
HCQ + DM group (Fig. Sc, d).
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Biochemical assay results

Although they did not reach the control levels, a noticeable
improvement in the parameters of glucose homeostasis and
lipid profile was detected in the HCQ + DM group com-
pared with DM one. The OGTT curve became more flat-
tened in the HCQ + DM compared with the diabetic
OGTT curve (Fig. 6a). Similarly, the levels of FBG and
AUC decreased significantly in the HCQ 4+ DM group
compared with the DM ones. On the other hand, the insulin
levels and % of B-cell function, which decreased in the DM
group, were raised in the HCQ + DM group to approxi-
mate those of the control (Fig. 6b, c).

In addition, the favorable effect of HCQ on the lipid
profile was observed by lowering of the significantly ele-
vated serum levels of TG, TC, FFA, LDL-C in the DM
group, unlike the level of HDL-C which increased by HCQ
but did not reach control one (Fig. 6d).

Inflammatory cytokines results

Significant increase (p < 0.05) in the level of IOL cytoki-
nes; IL-1pB, IL-6, TNF-a and TGF-1, as well as the serum
level of MCP-1 were detected in the DM group compared
with the control and HCQ 4+ DM groups. On the other
hand, the nearly detectable IL-10 remained unchanged in
all groups (Fig. 7).

Caspase-3 and Bcl-2 assay results

The DM group showed a significant increase (p < 0.05) in
the IOL cleaved capsase-3 accompanied with a significant
decrease (p < 0.05) in the Bcl-2 level compared with the
other groups (Fig. 8).

Discussion

In this study, there were degenerative changes in the IOL
accompanied with a significant decrease in the total B-cell
area, % and a significant increase in the total o-cell area and
% in the DM group compared with the other groups. While
B-cell mass deficit can reach up to 70 % in T2DM (Mat-
veyenko and Butler 2006; Tomita 2010), a-cells become the
predominant cells in diabetic IOL (Tomita 2012).

Early changes in T2DM include IOL hypertrophy/hy-
perplasia followed by degenerative changes, their atrophy
and infiltration by inflammatory cells particularly macro-
phages (Jones et al. 2010; Katsuda et al. 2014). This sup-
ports our finding of the matrix infiltration by mononuclear
cells in the DM group.
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Fig. 5 A graph of the measurements of pancreatic morphometric
parameters including: % of B-cell/islet, % of o-cell/islet (a), islet
mass, B-cell mass mg/islet (b), % Ki67™ cells/total islet cells (c¢) and
islets neogenesis frequency (d) in various groups. p < 0.05 is

significant. “Significant versus the control, Psignificant versus the
HCQ + DM, Ssignificant versus the DM. Values are represented as
mean + SEM in each group (n = 12 rats)

Table 1 Measurements of the
total islet, B-cell and o-cell

areas (umz) evaluated in various
groups

Control DM HCQ + DM
Total islet area (um?) 6958 + 384.6 6938 + 452.7 6947 £+ 426.4
Total B-cell area (um?) 5009 + 352.3 2248 + 172.4%° 4835 + 312.6°
Total a-cell area (um?) 988 + 68.5 4045 + 346.3%° 889 + 74.2°

Values are represented as mean = SEM in each group (n = 12 rats). p < 0.05 is significant

 Significant versus the control

b Significant versus the HCQ + DM

¢ Significant versus the DM

In addition, Tomita (2010) has showed that IOL in
T2DM contain amyloid deposits in the stroma displacing
the residual islet cells. This may explain the increased
hyaline deposits in the matrix of the IOL observed in the
DM group in our study. Amyloid deposit is a characteristic
feature seen in more than 70 % of T2DM (Hayden 2002)
and its main component is the islet amyloid polypeptide
(Tomita 2012).

Similar to our findings, Tomita 2010 has demonstrated
that IOL in T2DM have a higher caspase-3 expression
accompanied by increased amyloid deposits which initiate
B-cell apoptosis or even necrosis to form interstitial
deposits that signify end-stage IOL in T2DM (Matveyenko
and Butler 2006; Tomita 2012). The latter is characterized
not only by IOL degeneration but also by impaired insulin
secretion and action resulting in hyperglycemia
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Fig. 6 A graph of the measurements of various serum biochemical
markers including: OGTT (a), AUC (b), FBG (mg/dl), insulin (pU/
ml), % B-cell function (c) as well as lipid profile parameters (d): TG
(mg/dl), TC (mg/dl), FFA (uM), LDL-C (mg/dl) and HDL-C (mg/dl)

(Matveyenko and Butler 2006; Nugent et al. 2008). This
was manifested in our study by the significantly impaired
glucose homeostasis that accompanied the histological
findings.

Butler et al. (2003) have demonstrated that B-cell mass
responds to IR by increasing IOL neogenesis and replica-
tion as well as by decreasing their apoptosis. Failed com-
pensatory expansion of B-cell mass in DM might be
attributed to the increase in B-cell apoptosis (Butler et al.
2003). This supports our finding of the upregulated cap-
sase-3 expression accompanied with a significant decrease
in the Bcl-2 levels in DM group which can overwhelm the
futile compensatory mechanisms. The latter were clearly
denoted in the significantly decreased B-cell mass, area, %,
Ki67" cells %, and islets neogenesis in the DM group
compared with the other ones.

In the current study, there was an obvious improvement
in the histological structure of IOL and OGTT curve in the
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in various groups. p < 0.05 is significant. *Significant versus the
control, bsigniﬁcant versus the HCQ + DM, Ssignificant versus the
DM. Values are represented as mean £ SEM in each group (n = 15
rats)

HCQ + DM group accompanied with a significant
decrease in the FBG and AUC compared with the DM
group. In addition, the decreased insulin levels and % of B-
cell function in the DM group were adjusted in the
HCQ + DM group to approximate those of the control
state.

Wasko et al. (2015) have proposed that HCQ has a
favorable effect on insulin sensitivity and B-cell function.
This effect is demonstrated on FBG, glucose tolerance and
glycated hemoglobin (HbAlc) (Gerstein et al. 2002;
Wasko et al. 2015). The positive glycemic outcome of
HCQ has been also displayed in SLE and RA cases (Penn
et al. 2010; Rekedal et al. 2010).

Interestingly, HCQ improves glycemic control in DM
without rheumatic disease (Rekedal et al. 2010) and in
sulfonylurea-refractory T2DM cases (Gerstein et al. 2002).
Unexpectedly, combining insulin therapy with HCQ in
decompensated, refractory T2DM reduces the daily insulin
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dose and provides a better management of the disease
(Quatraro et al. 1990).

Pareek et al. (2009) have shown that HCQ synergism by
its combination with atorvastatin affords a better glucose
homeostasis in a dose-response fashion. In addition,
Wasko et al. (2007) have demonstrated that the incidence
of DM is reduced by increasing the duration of HCQ use.

In our study, the positive effect of HCQ on the lipid
profile was observed by lowering of the significantly ele-
vated levels of TG, TC, FFA and LDL-C in the DM group.
Although some studies have revealed small improvement
in the lipid profile by HCQ use (Solomon et al. 2014), other
ones have established the favorable effect of HCQ on lipid
profile which accompanies that on glucose homeostasis
(Araiza-Casillas et al. 2013) and can add a benefit of car-
diovascular risk reduction (Penn et al. 2010).

Our data indicated that HCQ lowered the pancreatic
levels of IL-1B, IL-6, TNF-o. and TGF-B1, as well as the
serum level of MCP-1 which were significantly elevated in
the DM group. The main cytokines involved in the

Fig. 8 A representative graph of the ELISA assay of the cleaved
caspase-3 (a) and Bcl-2 (b) (ng/mg protein) in the pancreatic IOL of
various groups. p < 0.05 is significant. *Significant versus the control,
bsigniﬁcant versus the HCQ + DM, Ssignificant versus the DM.
Values are represented as mean £ SEM in each group (n = 3 rats)

pathogenesis of T2DM are IL-1, TNF- o, IL-6, and others
such as MCP-1(Spranger et al. 2003; Alexandraki et al.
2006). TNF-a and IL-6 are demonstrated to alter insulin
sensitivity by affecting crucial steps in its signaling path-
way (Bastard et al. 2000).

Although some studies have proposed that the circulat-
ing levels of IL-1p, IL-6, and TNF-o may not be affected in
DM (Wasko et al. 2015), others have displayed the
important role of IL-1f and IL-6 in IR (Wieser et al. 2013)
and in T2DM (Spranger et al. 2003; Wang et al. 2013). The
expression of these inflammatory cytokines increases in
obese diabetics and is accompanied by systemic inflam-
mation, IR (Wieser et al. 2013; Garcia et al. 2015) and
progression of the diabetic nephropathy (Navarro-Gonzalez
and Mora-Fernandez 2008).

Of activated innate immune cells, macrophages release
these cytokines and create a pro-inflammatory environment
that blocks insulin action, contributing to the development
of IR, B-cell damage and eventually T2DM (Galic et al.
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2010; Harford et al. 2011; Odegaard and Chawla 2012).
Besides, other immune cells such as T and B cells can be
involved in the resulting low grade inflammation (Guzman-
Flores and Lopez-Briones 2012).

Additionally, the exact role of IL-10, an anti-inflam-
matory cytokine produced from macrophages (Harford
et al. 2011), is not clearly distinct in T2DM (Herder et al.
2013). In our study, we did not detect significant changes in
IL-10 Ievel in various groups. On the other hand, the sig-
nificant increase in TGF-B1 in the DM group may indicate
a compensatory counter-regulation against the proinflam-
matory environment (Herder et al. 2013).

Conclusion

It could be concluded that hydroxychloroquine has a
favorable effect on the structure of endocrine pancreas as
well as on the metabolic profile in a type 2 diabetic model.
This outcome may be accomplished by its anti-inflamma-
tory action along with suppression of B-cells apoptosis.
However, further studies are required to establish hydrox-
ychloroquine as an efficient hypoglycemic agent.
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