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Abstract

Background: This study investigates the effects of nano-curcumin on gene expression of insulin and insulin
receptor in diabetic rats. Forty female rats were divided into four groups (ten rats for each). The first group was
non-diabetic rats acting as negative control and rats of the second group were rendered diabetic by STZ served as
positive controls. The third one was induced diabetic and received oral Diamicron for 3 weeks. The fourth was
rendered diabetic and administrated oral nano-curcumin for 3 weeks.

Results: A significant increase of blood glucose was showed in diabetic rats with significant reduction of insulin
level compared to non-diabetic controls. The gene expression of insulin and insulin receptor were more significant
in diabetic untreated rats compared to the control non-diabetic group. The induction of curcumin as well as
Diamicron to diabetic rats normalized significantly their blood sugar level. Also, curcumin-treated rats indicated
significant higher in gene expression of insulin and insulin receptor than positive and negative controls.

Conclusion: The results suggest that nano-curcumin could be used as antidiabetic therapy, induced hypoglycemia,
and increase the gene expression of insulin and insulin receptor in STZ-induced diabetic rats. More studies are
needed to illustrate the definite mechanism of action of nano-curcumin concerning the upregulation of gene
expression of the above-mentioned genes.
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Introduction
The incidence of diabetes is increasing rapidly through-
out the last three decades, which is being one of the
main epidemic non-communicable diseases. The Inter-
national Diabetes Federation evaluates that the number
of diabetic people reaches 425 million over the world in
2017 and it will increase to 629 million by 2045, indicat-
ing a 45% raise worldwide (Zheng et al. 2018). Globally,
type 2 diabetes mellitus (T2DM) and its complications
have contributed incredibility to the burden of mortality
and health cost all over the world (Cai and Kang 2003).
Management of diabetes with no side effect is as yet a

challenge to the medical system. Nowadays, available
synthetic antidiabetic agents cause severe side effects
such as hypoglycemic coma and hepatorenal disorders
(Gupta et al. 2008). Furthermore, they are not safe

throughout pregnancy (Abo et al. 2008). Therefore, the
more efficient and safer anti-diabetic agents are still
under research. Currently, numerous plant metabolites
are being effectively intended for the recovery of various
diseases. Regarding to estimation, 80% of the world’s
populace depended on plants for their medication. The
utilization of the medicinal plants is rising in several
countries where 35% of drugs have natural products
and ethno botanical information shows that plant
species played a role in the diabetic management
(Van Huyssteen et al. 2011).
Curcumin, the active ingredient from the spice turmeric,

is an effective anti-inflammatory and antioxidant agent
with antimicrobial, hepatoprotective, and anticarcinogenic
characteristics (Rahmani et al. 2018). Moreover, curcumin
has a valuable effect on blood glucose in diabetics and ele-
vates gastric mucosal production (Nasri et al. 2014). The
turmeric rhizomes have been demonstrated to induce
antidiabetic properties as its alcohol extract have active in-
gredients lowering blood glucose in alloxan rendered
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diabetic rats. Although, the curcumin antidiabetic effects
have been studied extensively, the research studies are still
contradictory. Also, the molecular researches concern-
ing the curcumin effect on the gene expression of
insulin and insulin receptors have not been clearly
elucidated (Yu et al. 2013). Upon this basis, our
work aims to develop a powerful natural antidiabetic
agent using nanotechnology. This can be fulfilled via
studying the effect of nano-curcumin in treating
streptozotocin (STZ)-induced diabetic rats to evalu-
ate its effect on gene expression of insulin and insu-
lin receptor.

Materials and methods
Experimental animals
A total of 40 adult female albino rats weighing between
200 ± 20 g were maintained as performed by national
guidelines and protocols, approved by the National Re-
search Centre Ethics Committee. They were classified
into four groups and housed in clean and disinfected
cages. Commercial basal diet and water were provided
ad libitum. Rats were subjected to natural photoperiod
of 12 h light:dark cycle throughout the experimental
period (3 weeks). All rats received basal diet for 1 week
before the start of the experiment for adaptation and to
ensure normal growth and behavior.

Preparation of curcumin nanoparticles
Nanoparticles loaded with curcumin were prepared by
a modified emulsion–diffusion–evaporation method,
previously reported (Shirsath et al. 2017). Briefly, cur-
cumin (4 g) were dissolved in 100 ml of acetone and
allowed to ultrasonication for 30 min at 65 °C covered
by aluminum foil and stirred at 85 rpm for 1 h on
55 °C in fuming hood then put in an oven for 30 min
at 50 °C to ensure the complete evaporation of the
organic solvent (Soetikno et al. 2013).

Induction of diabetes
Diabetes was induced by administering intraperitoneal
injection of a freshly prepared solution of streptozotocin
(STZ) (sigma, St. Louis, MO, USA) (50 mg/kg b. wt.) in
0.05 M cold citrate buffer (pH 4.5) to the overnight
fasted rats. Because of the instability of STZ in aqueous
media, the solution was made using cold citrate buffer
immediately before administration (Wei et al. 2003).
Control rats were injected with saline alone. Every 2 days,
fasting blood glucose levels were monitored using an
accu-check blood glucose meter (Roche Diagnostics).
Animals having blood glucose levels 145 mg/dl were
excluded from the experiment and animals having
blood glucose values above 200 mg/dl for seven con-
secutive days after STZ injection were considered as
diabetic rats.

Experimental design
Rats were divided into four groups (ten rats for
each). The first group (group I) served as negative
control, non-diabetic rats, fed standard diet. Rats of
the second group (group II) served as positive con-
trol, rendered diabetic by administering intraperito-
nial injection of a freshly prepared solution of STZ
(50 mg/kg b. wt.) in 0.05 M cold citrate buffer (pH
4.5). Rats of the third group (group III) rendered
diabetic and received nano-curcumin at a dose of
15 mg/5 ml/kg b. wt. The fourth group (group IV)
rendered diabetic and treated with Diamicron at a
dose of 15 mg/5 ml/kg b.wt. All formulations were
given orally for 3 weeks using an oral gavages
needle.

Samples collection and estimation of glucose and insulin
levels
After 21 days from diabetes induction, blood samples
were collected from the fasted rats of four groups by
snipping tail with sharp razor and were centrifuged
at 3000 rpm for 10 min to measure glucose and in-
sulin levels and this called (Start). Blood glucose
level was then measured immediately by the glucose
oxidase method using kit purchased from Stanbio
(TX, USA). Blood samples were collected and serum
was separated and stored at − 80 °C until further
analysis of kidney and liver functions by using ALT/
SGPT Liqui-UV® and AST/ SGOT Liqui-UV® (Rate)
purchased from Stanbio (TX, USA). Serum insulin
concentrations were assayed by an enzyme-linked
immunosorbent assay (ELISA) according to the
method of Temple et al., using kit purchased from
DRG international, Inc. (NJ, USA). At the end of the
experiment, two samples of liver and pancreas tis-
sues were collected from all groups; the first sample
was fixed in 10% buffered neutral formalin solution,
blotted, weight, and processed for immunohisto-
chemical and histological study. The second sample
was stored in liquid nitrogen till real-time PCR
analysis.

Histological study
The collected specimens from the pancreas and liver were
fixed in 10% buffered neutral formalin solution, dehy-
drated in gradual ethanol (70–100%), cleared in xylene,
and embedded in paraffin. Five-micron thick paraffin sec-
tions were prepared then stained with hematoxylin and
eosin dyes for microscopic examination.

Total RNA isolation
Liver tissues (approximately 50 mg of tissue per
sample) were immediately added to 1 ml of TriZol
reagent (Invitrogen, Germany) and homogenized.
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One milliliter of the tissue homogenate was trans-
ferred to a microfuge tube and total RNA was
extracted by adding 0.2 ml chloroform. Afterwards,
samples were vortexed vigorously for 15 s and incu-
bated at room temperature for 3 min. After centrifu-
gation (12,000×g/15 min) at 4 °C, the aqueous phase
containing RNA was transferred into new tubes.
RNA was precipitated by mixing the aqueous phase
with 0.5 ml isopropyl alcohol and incubated at room
temperature for 10 min. After centrifugation at 12,
000×g for 10 min at 4 °C, RNA pellets were washed
by mixing and vortexing with 1 ml of 75% ethanol.
After centrifugation (7500×g/5 min) at 4 °C, RNA
pellets were resuspended in nuclease-free water
(Invitrogen, Germany). The purity of RNA at 260/
280 OD ratio and RNA integrity was evaluated
spectrophotometrically. Only high purity samples
(OD 260/280 > 1.8) were subjected to further
manipulation.

Reverse transcription reaction
cDNA was prepared from RNA samples according to
RevertAid™ First Strand cDNA Synthesis Kit (Fermentas,
Germany) by using Thermal Cycler. Briefly, total RNA
were activated at 70 °C for 10 min and 20 μl reaction
mix were made of 4 μl MgCl2, 2 μl of reverse transcrip-
tion 10× buffer, 2 μl of dNTP mixture (10 mM), 0.5 μl
of oligo-dT primers, 50 IU of MuLV reverse transcript-
ase enzyme, 5 μg RNA and nuclease-free water to a final
volume of 20 μl. Then the reaction was incubated at
42 °C for 60 min followed by incubation at 99 °C for
5 min. cDNA was diluted up to 100 μl with nuclease-
free water for PCR amplification.

Real-time PCR
Real-time RT-PCR was performed using SYBR® Premix
Ex TaqTM (TaKaRa, Biotech. Co. Ltd.). The 25 μl re-
action for each examined gene was prepared from
12.5 μl of master mix; 0.5 μl forward primer (0.2 μmol);
0.5 μl revers primer (0.2 μmol); 5 μl cDNA of the sam-
ple; and 6.5 μl of nuclease-free water. The reaction
program was 95 °C for 3 min, 40 cycles of 95 °C for
15 s, followed by 55 °C for 30 s and 72 °C for 30 s with
final step consisted of 71 cycles which started at 60 °C
and then increased about 5 °C every 10 s up to 95 °C.
For each gene examined samples from each cDNA an-
alyzed by RT-PCR using StepOne Real-Time PCR Sys-
tem (Applied Biosystems™, USA). At the end of each
qRT-PCR, a melting curve analysis was performed at
95 °C to check the quality of the used primers. Each
experiment included a distilled water control. The se-
quences of specific primers for qRT-PCR amplification
of the insulin and insulin receptor genes used are
listed as follow:

Gene Primer sequences (5′–'3)

Insulin F-CCT GTT GGT GCA CTT CCT AC

R-TGC AGT AGT TCT CCA GCT GC

Insulin receptor F-TTCATTCAGGAAGACCTTCGA

R-AGGCCAGAGATGACAAGTGAC

β-actin F-GGTATGGAATCCTGTGGCATCCATGAAA

R-GTGTAAAACGCAGCTCAGTAACAGTCCG

Statistical analysis
All data was presented as mean ± standard deviation.
One-way ANOVA was used for multiple post-hoc
comparisons. All tests were performed using the
statistical package for the social science program (SPSS
version 17.0). Percentage difference, representing the
percentage of the variation with respect to the
corresponding control group, was also calculated using
the following formula: %change = treated − control
value / control value * 100. The relative gene expression
of target genes (insulin and insulin receptor) in
comparison to the β-actin reference gene was calculated
using the 2−ΔΔCT method as follows:

ΔCT testð Þ ¼ CT target;testð Þ−CT reference;testð Þ;ΔCT calibratorð Þ
¼ CT target;calibratorð Þ−CT reference;calibratorð Þ;ΔΔCT
¼ ΔCT Testð Þ−ΔCT calibratorð Þ

Results
Curcumin nanoparticles characterization
Nanoparticles with encapsulated curcumin have been
prepared successfully using the emulsion diffusion
evaporation method. X-ray diffraction (XRD) pattern of
the curcumin nanoparticles reveals single phase with no
extra peaks indicating the high purity of the sample
under investigation. The particle average size of
curcumin-encapsulated nanoparticles was 32 nm
(Fig. 1). The electron micrographs indicated the clear
platelets with hexagonal shape, slightly agglomerated in
a chain like network (Fig. 1). This result agrees well with
that calculated from XRD.
The effect of nano-curcumin on blood glucose

concentration of STZ diabetic rats was shown in
Table 1. After injection of STZ, the mean values of
blood glucose levels in untreated diabetic rats (group II)
were remained high 348.8 mg/dl during the entire
period of the study, which were significantly higher (P <
0.05) than those of the non-diabetic controls
(102.58 mg/dl). The high level of glucose in diabetic rats
was reduced as result of Diamicron and curcumin
administration (149.5 mg/dl and 158.75 mg/dl)
respectively. In addition, the effect of nano-curcumin on
blood insulin level of STZ diabetic rats was significantly
different from diabetic untreated rats.
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In Table 2, the induction of nano-curcumin to diabetic
rats indicated that AST, ALT, urea, and creatinine were
not statistically significantly (P > 0.05) different when
compared to diabetic untreated rats and control non-
diabetic rats.

Histopathological examinations
The histopathological changes of female rats treated
with STZ showed marked reduction and deformity
in the size and shape of islets of Langerhans with
marked alterations in the histoarchitecture of the
islets exhibited remarkable necrotic modifications
with minimal cells and infiltration of connective
tissue, also the exocrine part of pancreas indicated
swelling of acini cells with noticeable vacuolization

and fatty changes. After the administration of nano-
curcumin; the histoarchitecture of pancreatic islets
exposed well developed with marked cellular
regeneration and mild central necrotic modifications
and peripheral fatty changes (Fig. 2). Moreover, the
liver indicated mild necrotic changes, moderate fatty
and balloon alterations, dilated blood sinusoids, and
normal appearance and distribution of Kuppfer cells
(Fig. 3).

Immunohistochemical insulin staining
Immunohistochemical insulin staining showed marked
reaction with negative control and nano-curcumin-
treated groups, although indicated mild positive reaction
with rendered diabetic group by STZ (Fig. 4).

Fig. 1 Pancreas pathology. X-ray diffraction pattern of curcumin particles after annealing at 25 °C (left panel) and transmission electron
microscopy images (right panel) of curcumin nanoparticles

Table 1 Effects of nano-curcumin and Diamicron on glucose, insulin, and glycated hemoglobin of Streptozotocin-induced diabetic
rats

Variables NC (group I) DC (group II) Diab-Diam (group III) Diab-Cur (group IV)

Glucose (mg/dl)

Start 104.67 ± 8.4 243a ± 12.6 241.67a ± 6.5 244.75a ± 8

Final 102.58 ± 4.9 348.8a ± 11.3 149.5ab ± 5 158.75ab ± 5.08

Insulin (mIU/ml)

Start 13.26 ± 0.22 9.04a ± 0.23 9.39a ± 0.27 9.04a ± 0.37

Final 13.6 ± 0.29 7.95a ± 0.54 11.22ab ± 0.28 10.92ab ± 0.38

HbA1C (%) 5.97 ± 0.36 8.96a ± 0.28 7ab ± 0.40 7.25ab ± 0.27

Values are expressed as mean ± SD for each group, n = 10 for each group
NC negative control, DC diabetic control group, Diab-Diam treatment group (fed a normal diet plus diamicron), Diab-Cur treatment group (fed a normal diet
plus curcumin)
aValues are significantly different from negative control (P < 0.05)
bValues are significantly different from diabetic control group (P < 0.05)
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Effect of curcumin nanoparticles on expression of insulin
and insulin receptor genes
The insulin and insulin receptor gene expressions in
liver and pancreas tissues of diabetic rats induced by
STZ are illustrated. Additionally, effect of curcumin
nanoparticles on the expression of insulin and insulin
receptor genes was determined using quantitative RT-
PCR (Figs. 5 and 6).
The results showed that liver and pancreas tissues of

DM rats exhibited significantly higher expression levels
of insulin mRNAs (P < 0.01) in comparison to other
treated rats (Fig. 5). Moreover, the pancreas tissues
revealed higher expression of insulin genes than the liver
tissues of DM rats. On the other hand, treatment of DM
rats with curcumin nanoparticles decreased significantly
(P < 0.05) the expression levels of insulin in liver and
pancreas tissues compared with those in DM rats.
Regarding the insulin receptor gene, the results

indicated that the expression levels in pancreas tissues
were significantly higher than those in liver tissues
(Fig. 6). Moreover, the expression levels of insulin
receptor gene in liver and pancreas tissues of DM rats
were highly increased than those in other treated
groups. However, treatment of DM rats with curcumin
nanoparticles decreased significantly (P < 0.05) the
expression levels of insulin receptor in liver and
pancreas tissues compared with those in DM rats.

Discussion
Diabetes mellitus (DM) is a group of syndromes
recognized by hyperglycemia, alteration of proteins,
lipids and carbohydrates metabolism, and elevated the
risk of vascular complications that are owing to an
insufficient of insulin secretion. Additionally, it could
take place when the insulin receptors are resistant to the
circulating insulin functions (ADA 2010).
Curcumin is nearly water-insoluble and has low

bioavailability (Modasiya and Patel 2012); a possible
solution to this problem would be the development of
formulations of curcumin nanoparticles to enhance its
stability (Mohanty and Sahoo 2010). The higher water-
solubility might be due to a larger surface area in contact
with the solvent. Both the curcumin and the nano-
curcumin have the same chemical structure. The nano-
curcumin aqueous dispersion had an antimicrobial effect
stronger than the curcumin (Bhawana Basniwal et al.
2011). At the start of the experiment, the mean values of
blood glucose levels in untreated diabetic rats were still
high (348.8 mg/dl) through the entire period of the study,
which were significantly higher than those of the non-
diabetic controls (102.58 mg/dl). At the end of the
experiment, the elevated level of glucose in diabetic rats
was reduced as a result of Diamicron and nano-curcumin
administration (57.1% and 54.5%) respectively (Table 1).
Additionally, the effect of nano-curcumin on insulin level

Table 2 Effects of nano-curcumin and Diamicron on liver and kidney functions of Streptozotocin-induced diabetic rats

Variables NC (group I) DC (group II) Diab-Diam (group III) Diab-Cur (group IV)

AST (U/L) 22.83 ± 6.45 22.91 ± 4.59 20 ± 4.89 19.66 ± 5.93

ALT (U/L) 22.08 ± 5.7 21.58 ± 3.9 20.5 ± 5.76 19.91 ± 5.66

Urea (mg/dl) 21.91 ± 4.57 23.33 ± 4.04 22.58 ± 3.04 22.08 ± 3.30

Creatinine (mg/dl) 0.74 ± 0.11 0.70 ± 0.14 0.70 ± 0.14 0.69 ± 0.13

Values are expressed as mean ± SD for each group, n = 10 for each group
NC negative control, DC diabetic control group, Diab-Diam treatment group (fed a normal diet plus Diamicron), Diab-Cur treatment group (fed a normal diet
plus curcumin)

Fig. 2 Liver pathology. Histopathological graphs show a photomicrograph showing the normal histological architecture of the control rat
pancreas, normal acinar structure with normal islets. b Pancreas of positive control group induced diabetic with STZ, showing marked reduction
in islets of Langerhans with marked degenerative changes and necrotic tissue; all the islets acini showing marked atrophy degenerative and
vaculation changes. c Pancreas of Diamicron-treated group showing restoration of normal size of islets of Langerhans with normal endocrine cell
distribution with mild necrotic tissue. d Photomicrograph of pancreas of nano-curcumin-treated group showing moderate restoration of cells of
islets of Langerhans with mild necrotic changes
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of STZ diabetic rats was significantly different from
diabetic untreated rats. Similar to the present findings,
hyperglycemia could be related to improvement of
gluconeogenesis due to insulin deficiency (Hussain 2002;
Yao et al. 2006; Sellamuthu et al. 2009). Prior studies have
reported that plant extracts enhanced hypoglycemic
properties which consecutively reversed STZ-induced
hyperglycemia (Okonkwo and Okoye 2009; Luka and
Tijjani 2013). Mafulul et al. (2013) suggested that the
possible mechanism by which curcumin gives its
hypoglycemic effect could be through stimulation of
pancreatic insulin production from β cells of islets of
Langerhans or as a result of enhancement of blood glucose
transport to peripheral tissue. Also, other possible
mechanisms revealed by Youn et al. (2004) and Xi et al.
(2007) that reducing insulin resistance and suppression of
intestinal glucose intake are demonstrated. Curcumin
might include biomolecules that was capable of
modification or stimulation of insulin receptors, alteration
of glucose transport protein structure, and could suppress
insulin antagonist in the body (Igbakin and Oloyede 2009).

In the contrary, several investigators illustrated that
curcumin has insignificant effect on blood glucose.
Nishizono et al. (2000) found that the intragastric intake
of curcumin (200 mg/kg. b. wt.) has no effect on serum
glucose and insulin levels in STZ-induced diabetic rats
for 14 days. Furthermore, Majithiya and Balaraman
(2005) stated that oral administration of curcumin from
4 to 24 weeks (200 mg/kg b. wt.) with no significant
effect on blood glucose in STZ diabetic rats. The cause
for these contradictory findings from different studies
may be possibly attributable to different induction
diabetes rodent models or various administration of
curcumin or nano-curcumin.
In the present study, the results showed that liver and

pancreas tissues of DM rats displayed significantly
higher expression levels of insulin mRNAs as compared
to other treated rats), the pancreas tissues revealed
higher expression of insulin genes than the liver tissues
of DM rats (Fig. 5). On the other hand, treatment of
DM rats with curcumin nanoparticles decreased
significantly the expression levels of insulin gene in liver

Fig. 3 Histopathological graphs showing a liver of normal rat (negative control) with normal blood sinusoids, normal histoarchitecture, and
hepatic cords with normal appearance and distribution of Kuppfer cells (KC). b A photomicrograph of liver of diabetic rat showing Kupffer cells
activation and cytoplasmic vacuolization of hepatocytes, dilatation of liver sinusoids, and some necrotic changes of liver tissue. c Liver of
Diamicron-treated group showing moderate blood sinusoids (BS) with mild increased of Kupffer cells, mild necrotic changes, normal tissue
histoarchitecture, and normal hepatic cords. d Liver of curcumin-treated group showing normal tissue histoarchitecture with mild dilatation of
blood sinusoids, mild increase in number and distribution of Kuppfer cells, moderate fatty changes (FCH), and moderate necrotic changes (NT)

Fig. 4 Immunohistochemical graphs showing a negative control which shows marked immunohistochemical insulin positive reaction. b Diabetic
model induced with STZ shows mild immunohistochemical insuline positivity distributed in the islets. c STZ-induced diabetic model treated with
curcumin extract shows marked immunohistochemical insulin positivity
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and pancreas tissues compared with those in DM rats.
Regarding the insulin receptor gene, the results
indicated that the expression levels in pancreas tissues
were clearly higher than those in liver tissues. The
expression levels of insulin receptor gene in liver and
pancreas tissues of DM rats were highly elevated than

those in other treated groups. However, induction of
DM rats with curcumin nanoparticles decreased
significantly the expression levels of insulin receptor in
liver and pancreas tissues compared with those in DM
rats (Fig. 6). In the same line, a recent study by Hussein
et al. (2014) evaluated the potential therapeutic effect of

Fig. 5 The alterations of insulin-mRNA in liver and pancreas tissues collected from female DM rats treated with curcumin nanoparticles. a,b,cMean
values ± standard deviation within tissue with unlike superscript letters were significantly different (P < 0.05)

Fig. 6 The alterations of insulin receptor-mRNA in liver and pancreas tissues collected from female DM rats treated with curcumin nanoparticles.
a,b,cMean values ± standard deviation within tissue with unlike superscript letters were significantly different (P < 0.05)
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zinc oxide nanoparticles (ZnONPs) on STZ-rendered
diabetic rats in addition to its associated effect to insulin
treatment and the results pointed out that mRNA
expression levels of insulin and insulin receptor genes
appeared to rise in ZnONPs and insulin treated groups
as compared to the diabetic non-treated group.
Similarly, many studies exhibited the role of metals in
glucose metabolism and the associations of their
deficiencies with diabetes like Vanadium (Thompson
et al. 2009), chromium (Wang and Cefalu 2010), and
magnesium (Wells 2008) have been reported to act a
role in the maintenance of blood sugar and have
been involved in the treatment of diabetes.
Various experimental models of diabetes have been

used to explain the effect of nano-curcumin on
glycemia. In STZ-induced rats, oral administration of
nano-curcumin in various doses prevented weight loss,
reduced glucose and glycated hemoglobin A1c (HbA1c)
levels, improved insulin sensitivity, and hypoinsulinemia
(Peeyush et al. 2009; Na et al. 2011; Chuengsamarn et al.
2012). These findings are not surprising considering the
effect of nano-curcumin on pancreatic cells and insulin
sensitivity, which have been extensively studied
(Chanpoo et al. 2010; Shehzad et al. 2011). Curcumin
might increase islet viability by inhibiting the production
of reactive oxygen species. This may be mediated by the
inhibition of poly ADP-ribose polymerase-1 activation
and the normalization of pro-inflammatory cytokines
(tumor necrosis factor α (TNFα), interleukin 1β (IL-1β),
and interferon-γ) and their inducement of nuclear factor
kappa B (NF-kb) translocation without affecting normal
islet function, which results in increased pancreatic
glucose transporter-2 (GLUT 2) levels and glucose
clearance (Seo et al. 2008). As a consequence of these
two effects, pancreatic islet cell lymphocyte infiltration
and destruction are decreased (Ran et al. 2011). Finally,
curcumin increases the opening and motivation of anion
channels and depolarizes the pancreatic β cell membrane
potential, which results in electronic activity and insulin
secretion (Shimabukuro et al. 1998). In addition,
curcumin is involved in the abnormal misfolding of
human islet amyloid polypeptide and creation of
pancreatic amyloid deposits (Liang et al. 2008). These
stimulatory actions of curcumin might participate in
hypoglycemia in diabetes. Additional positive effect of
curcumin is the depression of circulating free fatty acids
(FFAs). FFA-induced lipotoxicity is an essential
contributor of insulin resistance. This mechanism has
been proposed to deteriorate pancreatic β cell function
and impair the insulin signaling pathway during
stimulation of NF-kb. Downstream products of the NF-kb
pathway interfere with the transcription of insulin
receptors and transporters thus impairing insulin
sensitivity (Forbes and Cooper 2013).

Furthermore, our results exhibited marked restoration
and regeneration of islets of Langerhans after induction
with curcumin; this may be described as STZ does not
destroy the intra-islet stem cell reserve in experimentally
diabetic animals (Banerjee and Bhonde 2003). In
support, Ianus et al. (2003) showed that bone marrow
cells can differentiate into functionally competent
pancreatic β cells; thereby rationalizing for the cell-
based approach in diabetic treatment. Since, staining
with insulin antibody showed many variable sized and
shaped islets with strong insulin positivity and no CD
105-positive cells in pancreatic tissue or fat, the
difference in the time of appearance of β cells and
insulin-positive cells may be due to there is no complete
destruction of islets so there is rapid regeneration of
islets of Langerhans after curcumin nanoparticles
administration. In addition, Abdelaziz et al. (2013) stated
that the histopathological and immunohistochemical
examination informed the appearance of stem cells in
the adipose tissue infiltrating the pancreatic tissues in
diabetic rat receiving the curcumin nanoparticles and
these cells were positive for CD105.

Conclusions
Given its valuable effects, safety, and cost-effectiveness,
we propose that nano-curcumin may be contributed in
diabetes treatment as natural hypoglycemic drugs. The
induction of nano-curcumin decreased glucose
concentration and increased the activities and gene
expression of insulin and insulin receptor. Further
researches are necessary to examine whether the cause
of gene expression activation was owing to a direct
effect of curcumin in the above-mentioned genes or
because of the general effect of curcumin that leads to a
chain of reactions that represent the observed variations.
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