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ABSTRACT

Objective(s): One of the most important neurotrophins is brain-derived neurotrophic factor (BDNF) that is
closely associated with insulin resistance and Type 2 Diabetes Mellitus (T2DM). This study was done under
the objective of investigating the effects of curcumin (CUR) and nano-curcumin (nCUR) on serum levels of
BDNE fasting blood sugar (FBS), water and food intake, and body weight in T2DM rats.

Materials and Methods: Our work required the division of 48 male Wistar rats into the 6 groups of Control,
diabetic, diabetic treated with two doses of CUR and nCUR (100 and 200 mg/kg), T2DM induced rats by
intraperitoneal injection of Streptozotocin, and nicotinamide in the fasting state. Once the rats received
nCUR and CUR doses through gavage for 28 days, their Serum level of BDNF was measured at the end of
intervention period, while their body weight, FBS, and food and water intake were also examined at both
onset and ending of this period.

Results: Considering the effect of curcumin and nano-curcumin administration on the induced significant
increase in serum BDNF and decrease in FBS, food, and water intake in T2DM rats (P<0.05), we can confirm
the superior effectiveness of nano-curcumin 100 in serum BDNF elevation than curcumin (P<0.05). It is also
notable that the body weight of intervention groups did not face any significant reduction when compared
to that of diabetic control group.

Conclusion: These findings provide evidence for the beneficial effects of CUR and nCUR as an antidiabetic
agent, which can be potentially considered as an adjunct for the available diabetes therapies.
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INTRODUCTION

Reported with a death rate of over one million
per year, Diabetes is the ninth leading cause of
mortality worldwide [1] and Type 2 diabetes
(T2DM) is known as one of the multifactorial
expanding burdens on the health system due
to being reported in 5-8% of adults. Many well-
defined complex etiologies are responsible for
hyperglycemia, as the hallmark of this disease,
and probably macrovascular and microvascular
complications [2]. It is believed both genetic
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and environmental factors including obesity and
excessive energy intake, inactive lifestyle, and also
pancreatic beta-cell dysfunction are responsible
for T2DM, which consequently lead to metabolic
disorders and glucose homeostasis impairments [3].

A number of human and animal model studies
are investigating the effect of nutritions on the
management of T2DM [4]. An increasing range of
evidences has raised the interest of many in regards
to the probable role of some medicinal plant
supplements on the prevention and management
of T2DM, while curcumin (CUR) stands as the most
leading option [5]. The data of a published review
in 2020 introduced the antidiabetic effects of CUR
and also discussed its ability to protect patients
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against macro and microvascular complications [6].
In addition to the probable improvement in beta-
cell function and reducing inflammation, CUR can
lower the number of prediabetics that progress
into T2DM as well [7].

Nowadays, the decreased levels of brain-
derived neurotrophic factor (BDNF), which is
already known to implicate Alzheimer’s and
depression pathogenesis, seem to be also linked to
T2DM [8]. Several studies approved the probable
advantageous impacts of BDNF on fasting,
postprandial glucose, hyperinsulinemia [8,9]. and
some other conditions, and mentioned the the
positive impact of CUR on serum BDNF levels [10].

Currently, there is an expanding preference
for investigating the association of CUR with
insulin resistance and also some glycemic control
indices such as FBS [11]. It seems that CUR can
have a potential effect on the reduction of insulin
resistance [12] and act as a modifier for FBS as well
[11]. For instance, curcuminoids supplementation
can significantly decrease the fasting blood
glucose and HOMA-IR of overweight and obese
T2DM patients [13]. A systematic review and
meta-analysis conducted on human randomized
controlled trials in 2018 revealed the significant
impact of CUR supplementation on reducing FBS
three times in a day for 10 weeks [14]. According
to a wide array of animal model studies, the
application of various doses of CUR with different
intervention periods can reduce the glucose levels
and improve the rate of insulin resistance [15].
In addition, an assessment on the connection
of CUR and weight as an anthropometric index
was indicative of its potential effects on reducing
obesity and overweight [16].

Some studies explained the poor bioavailability
of CUR through certain reasons, including poor
absorption, rapid metabolism, and rapid systemic
elimination, and proclaimed “nanotechnology”
as a solution for minimizing these challenges.
Apparently, the exertion of nanoparticles may
increase the therapeutic role of CUR to some
extent [17], while nano-curcumin (nCUR) can
perform deliveries with more potential biological
and pharmacological advantages [18]. Considering
these facts, we preferred to examine both cases of
CUR and nCUR in our study. Despite the invested
interest in the role of CUR on diabetes management
among researchers, the results are not still clearly
elucidated. Upon this basis, we decided to design
this animal model study to investigate the role of
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CUR as an antidiabetic agent under the objective
of determining the probable impact of both
conventional CUR and nCUR on BDNF and some
other diabetes complications.

MATERIALS AND METHODS
Study details

In this experimental study, three-month-
old male Wistar rats (200-250 g, N=48) were
purchased from Zahedan University of Medical
Sciences research center. All stages of the research
were carried out in 2020 in accordance to the
instructions of Ethics committee recommendations
for laboratory animals in Zahedan University of
Medical Sciences (IR.ZAUMS.REC.1397.357). All
animals were fed through a normal diet along
with water ad libitum in the course of the study.
Rats were exposed to dark/light cycle, suitable
environmental conditions (temperature 24 + 2°C
and 60 + 5% of humidity), and fine ventilation [19].

Induction of T2DM

The induction of T2DM in rats was completed
by the intraperitoneal injection of 110 mg/kg
Nicotinamide (NA) (Merck, Germany) and 45 mg/
kg Streptozotocin (STZ) (Sigma Aldrich, USA) in a
fasting state. STZ was dissolved in 0.1 mol/I cold
citrate buffer (pH = 4.5) and subsequent to 72 hr,
their blood glucose was measured through the
tail vein by the usage of a glucometer (Accu-Chek
Performa, USA). Every rat with non-fasting blood
glucose greater than 250 mg/dL was considered to
be diabetic [19].

Experimental protocol and dietary regimen

The rats were divided into six equal groups of
eight rat members. Subsequent to acclimatization
for 2 weeks, the rats were treated daily with 100 or
200 mg/kg of CUR or 100 or 200 mg/kg of nCUR by
oral gavage (using Needle Gavage) for 28 days. The
control and diabetic control groups received equal
volumes of normal saline.

Preparation of curcumin and nanocurcumin
Despite the insoluble characteristic of CUR in
water, it can be easily dissolved in organic solvents
such as dimethyl sulfoxide (DMSO). A stock solution
of CUR (Sigma Aldrich, USA, batch No: C7727) and
Nano-micelle of curcumin (Exir Nano Sina, Iran,
batch No: 1,228,225,765) was prepared at 100
mmol/L in DMSO. Thereafter, two different doses
of CUR and nCUR (100 and 200 mg/kg of body
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weight) were selected as the designed treatment
[19, 20].

Blood collection and measurement of variables

At the end of intervention period, the rats were
anesthetized with Ketamine (60 mg/kg, Alfasan,
Woerden, Netherlands) and Xylosine (5 mg/kg,
Alfasan, Woerden, Netherlands) after 12 hr of
overnight fasting [19]. Then, Blood samples were
collected via cardiac puncture and centrifuged at 3000
rpm for 10 min. Serum samples were immediately
stored at 75 °C for the upcoming evaluation of
biochemical indicators [19].

At the beginning and end of intervention, the
body weight was also measured by the digital scale
(EK610i; A&D, Tokyo, Japan), while the average water
(CC) and food consumption (gr) were evaluated at
the first and fourth weeks of intervention.

Plasma biochemical assays

The biochemical assessment required the
measurement of serum BDNF (Bioassay Technology
Laboratory, Shanghai, China) by using the rat ELISA
kit and ELISA reader (Stat Fax 2100; Awareness
Technology, Palm City, FL, USA) [21]. To evaluate
the FBS, blood samples were taken from the tail
vein in the fasting state at the beginning and ending
of intervention period, which was followed by
measuring the blood glucose through the exertion
of a glucometer (Accu-Chek Performa, USA) [22].

Statistical analysis

The data were analyzed by PRISM GraphPad
version 8 (GraphPad, San Diego, CA, USA). One-way
ANOVA was performed to assess the significancy
(P<0.05) and then, Tukey’s test was applied in order to
examine the differences among groups. P<0.05 was
considered as statistically significant and the sign of a
significant difference between the group means [19].

Once again, the data analysis was completed by
PRISM GraphPad version 8 (GraphPad, San Diego,
CA, USA). One-way ANOVA was used to compare the
multiple data sets and when the P. value obtained
from ANOVA was significant (P<0.05), Tukey’s test
was applied to assay the differences among groups.
P<0.05 was considered as an indicator of significant
differences between group means [19].

RESULTS

Effects of CUR and nCUR on serum levels of BDNF
The effects of different doses of CUR and nCUR

on the serum levels of BDNF were measured and

the results were provided in Fig. 1. The Serum
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level of BDNF was significantly increased in the
intervention groups when compared to diabetic
controls (P<0.05). According to outputs, nCUR
is more preferable than CUR due to its superior
capability to ameliorate the BDNF levels (P<0.05).

Effects of CUR and nCUR on FBS

In conformity to the exhibited effects of different
doses of CUR and nCUR on FBS in Fig. 2, there was
a lack of any significant difference in FBS before the
intervention, which was significantly decreased at
the end of intervention period when compared
to the diabetic control group (P <0.05). However,
there was no significant difference between CUR
and nCUR groups.
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Fig. 1. Effects of curcumin and nano-curcumin on BDNF in
studied rats $$$P<0.001 in comparision with control group.
###P<0.001, ##P<0.01 and #P<0.05 in comparision with
STZ group. ***P<0.001 Nano-curcumin in comparision with
curcumin group. Data are expressed as Mean * SD (n=8), and
analyzed by the One-way ANOVA and Tukey's post hoc tests
Ctrl: Control group, STZ: Diabetic control group, CUR: Curcumin,
nCUR: Nano-curcumin
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Fig. 2. Effects of curcumin and nano-curcumin on FBS in studied
rats $$$P<0.001 and $$P<0.01 in comparision with control
group. ###P<0.001 in comparision with STZ group. Data are
expressed as Mean * SD (n = 8), and analyzed by the One-way
ANOVA and Tukey's post hoc tests
Ctrl: Control group, STZ: Diabetic control group, CUR: Curcumin,
nCUR: Nano-curcumin
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Effects of CUR and nCUR on body weight

According to the presented data on the effects of
CUR and nCUR on body weight in Fig. 3, there was no
significant difference in this factor among the results
of experimental groups in prior to study initiation.
However at the end of intervention period, the rates
of body weight in diabetic control and intervention
groups were significantly decreased when compared
to the control group (P<0.05). Also, the body weight
of intervention groups was not significantly reduced
when compared to the diabetic control group. The
significant weight loss was observed in the nCUR
200 group (P<0.05).

Effects of CUR and nCUR on food intake

Considering the provided information on food
intake in response to our intervention in Fig. 4, the
mean food intake in the first week of intervention
faced a significant increase in diabetic control
group when compared to the control group, CUR
100 and 200 (P<0.05), while there was a lack of any
notable difference between the nCUR group 100
and 200. Besides, the food intake of intervention
groups (CUR 100 and 200 and nCUR 100 and 200)
was significantly reduced in contrast to the diabetic
control group (P<0.05)at the end of the intervention
period (fourth week). Also, a significant increase in
food intake was observed in nCUR group 100 when
compared to nCUR groups 200 and CUR 100 and
200 (P<0.05).

Effects of CUR and nCUR on water intake
Mean water consumption in the first week
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Fig. 3. Effects of curcumin and nano-curcumin on body weight
in studied rats. $$$P<0.001 and $$P<0.01 in comparision
with control group. #P<0.05 in comparision with STZ group.
**P<0.01 Nano-curcumin in comparision with curcumin group.
Data are expressed as Mean + SD (n = 8), and analyzed by the
One-way ANOVA and Tukey's post hoc tests
Ctrl: Control group, STZ: Diabetic control group, CUR: Curcumin,
nCUR: Nano-curcumin
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Fig. 4. Effects of curcumin and nano-curcumin on food intake
in studied rats. $$$P<0.001 and $$P<0.01 in comparision with
control group. ###P<0.001, ##P <0.01 and #P<0.05 in comparision
with STZ group. *P<0.05 Nano-curcumin in comparision with
curcumin group. Data are expressed as Mean + SD (n = 8), and
analyzed by the One-way ANOVA and Tukey's post hoc tests
Ctrl: Control group, STZ: Diabetic control group, CUR: Curcumin,
nCUR: Nano-curcumin

of intervention in the diabetic control group
was significantly increased when compared to
the control, CUR 100, and 200 groups (P<0.05),
however, there was no significant difference
between the nCUR 100 and 200 groups (Fig. 5).
According to our final data, the water consumption
of intervention groups (CUR 100, 200, and nCUR
100) faced a significant decrease in contrast to the
diabetic control group (P<0.05), while there was a
lack of any difference between the nCUR 200 and
diabetic control groups.
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Fig. 5. Effects of curcumin and nano-curcumin on water intake
in studied rats. $$$P<0.001 and $$P<0.01 in comparision
with control group. ###P<0.001, ##P<0.01 and #P<0.05 in
comparision with STZ group. **P<0.01 and *P<0.05 Nano-
curcumin in comparision with curcumin group. Data are
expressed as Mean + SD (n = 8), and analyzed by the One-way
ANOVA and Tukey's post hoc tests
Ctrl: Control group, STZ: Diabetic control group, CUR: Curcumin,
nCUR: Nano-curcumin
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DISCUSSION

The outcomes of this experimental study indicated
the positive effects of CUR and nCUR supplementations
on increasing the rates of BDNF and body weight.
Moreover, our intervention is capable of decreasing
the intake of FBS, food, and water in Streptozotocin-
nicotinamide-induced diabetic rats. Our study is the
very first to report the effects of CUR and nCUR on
serum levels of BDNF, food and water intake, and body
weight in T2DM rats.

According to several related studies, the
pharmacological effects of CUR on improving
serum levels of BDNF, FBS, and insulin resistance
in diabetes mellitus are generated by increasing
the PPARy activation, inducing NF-kB inhibition,
regulating the expression of AMP-activated protein
kinase (AMPK), triggering glucokinase activity in
the liver, and attenuating tumor necrosis factor-
alpha (TNF-a) [23, 24].

The considerable limitation of CUR after oral
administration is its poor bioavailability due to
containing a low gastrointestinal absorption, rapid
metabolism, and fast systemic elimination [24].
Nano micelles containing CUR (SinaCurcumin®)
were designed for oral administration to improve
the poor bioavailability of CUR, which are
prepared from GRAS (generally recognized as safe)
pharmaceutical excipients and C3-complex form of
CUR [19, 25]. The percentage of CUR encapsulation
in these nano micelles is about 100% and their sizes
are around 10 nm [19, 25]. The application of nCUR
instead of CUR seems to provide a significantly
higher bioavailability after oral administration
[24]. For example, some studies claimed that the
nanoencapsulation of curcumin can increase its
bioavailability by 9 times [26].

In the current study, the serum levels of BDNF
in CUR (200 mg/kg dose) and nCUR treated groups
were significantly increased when compared to
the diabetic control group, which is probably
due to the decreased insulin resistance and FBS.
Some clinical and experimental studies reported
a decrease in the BDNF serum levels of diabetes
and insulin-resistant cases [9, 27]. In addition to
its protective effects on central nervous system,
synaptic plasticity, learning, and memory, BDNF
has the potential to display protective behaviors
in obesity and diabetes as well [28, 29]. It is also
abled to play a role in metabolic control, especially
glucose metabolism and insulin resistance [8].
Numerous studies have confirmed the antioxidant,
anti-inflammatory neuroprotection, and anti-
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diabetic properties of CUR [19,24]. CUR and nCUR
can indirectly increase the serum levels of BDNF by
reducing hyperglycemia, hyperlipidemia, FBS, and
insulin resistance [24].

Several studies pointed put the effect of CUR
supplementation on significantly increasing the
serum concentrations of BDNF [10, 30], which has
animportant role in the functions of brain, synaptic
plasticity, and neurotransmission [31]. Wang et
al. reported the ability of CUR to develop some
neuroprotective impacts through the activation
of brain-derived neurotrophic factor/Tyrosine
kinase B (TrkB)-dependent Mitogen-activated
protein kinase (MAPK) and Phosphoinositide-3
kinase (PI-3K) cascades in rodent cortical neurons
[32]. Furthermore, the benefits of this product
on the improvement of BDNF level throughout
cAMP elevation and activation of extracellular
signal-regulated kinases (ERKs) and p38 kinase, or
decreasing the oxidative damage in obesity and
diabetes, were discussed by Sarraf et al [10]. In
line with our research, the outcomes of Osali et al
study on women with metabolic syndrome in 2020
indicated that taking 80 mg of nCUR per day for 6
weeks can increase the serum level of BDNF and
also decrease inflammatory indices. According to
their conclusions, nCUR increases the serum level
of BDNF by reducing the expression of Toll-like
receptor and inhibiting NF-kB [33].

Our observations implicated a significant
decrease in the serum FBS of CUR and nCUR
groups when compared to the diabetic control
group. These effects were probably induced by
the increased activation of PPARy, inhibition of
NF-kB, and the antioxidant and anti-inflammatory
properties of CUR and nCUR. Several studies
reported that different doses of CUR can decrease
the HOMA-IR and FBS of patients with diabetes and
metabolic syndrome [11, 14].

A randomized, double-blind, placebo-
controlled trial performed by Hodaei et al
investigated the effect of CUR supplementation
on HOMA-IR, FBS, body weight, and oxidative
stress of 53 T2DM patients. All participants were
randomly assigned to receive either 1500 mg/day
of CUR or placebo three times a day for 10 weeks.
In conformity to their data, the CUR-treated group
resulted in a lower FBS and body weight without
facing any alteration in its insulin resistance. This
study claims the capability of CUR in inhibiting the
gene expression of inflammatory cytokines such as
certain Interleukins (Interleukin-1, Interleukin-2,
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Interleukin-6, Interleukin-8, Interleukin-12) and
Tumor necrosis factor-alpha (TNF-a) through NF-
kB inactivation [11]. In another study, Flores et
al. revealed the effect of Standard diets with CUR
consumption for 8 weeks on increasing PPARy
throughtheactivation of AMPKand decreasinglipid
peroxidation in diabetic mice [23]. Also according
to the report of Sushil et al., the consumption of
100 mg/day of CUR for 7 weeks can decrease MCP-
1, HbA1C, TNF-a, IL-6, and lipid peroxidation [31].
Rahimi et al. attempted to determine the effects of
nCUR on diabetes treatment and discovered that
this supplementation can have a significant impact
on FBS reduction [25]. In another study conducted
on type 1 diabetic rats, a significant decrease
was observed in FBS by 32 and 37% in response
to the consumption of 10 and 50 mg of nCUR ,
respectively [34].

We also evaluated the factor of food and water
intake and observed a significant decrease in
CUR and nCUR groups in contrast to the diabetic
control group. Besides, the body weights of
intervention groups were not significantly reduced
in comparison to the diabetic control group.
These effects of CUR and nCUR are probably due
to the reduced FBS, HOMA-IR, urinary sugar, and
inflammatory reactions. Previous studies were
indicative of an increase in the water and food
intake of diabetic patients and also reported their
evident weight loss [35].

According to the literature, the intake of CUR
promotes the weight loss of obese/overweight
patients [36] and fatty liver diseases [37] without
altering their water and food intake [36]. Moreover,
certain studies on diabetes reported the effect of
CUR on preventing diabetes-related weight loss
and reducing their other complications such as
overeating, polydipsia, and polyuria [15,35,38].

Another assessment investigated the effects of
curcumin and nanocurcumin on the body weight
of diabetic rats. Considering their outcomes, the
case of diabetes resulted in facing weight loss
while the intervention group with curcumin and
nanocurcumin did not affect the weight loss [39];
these observations were consistent with the data
of our study.

The study of Ejaz et al. on rats fed with high-
fat diet implicated the consumption of 500 mg/
BW of CUR for 12 weeks, which did not effect
the food intake while leading to the suppression
of weight gain, activation of AMPK (5-adenosine
monophosphate-activated protein kinase), up-
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regulation of impolitic genes, and suppression of
endoplasmic reticulum stress as the potential CUR-
mediated mechanisms of this treatment [40].

A meta-analysis study denoted that CUR
administration can significantly reduce body
weight, however, this result was insignificant in
the cases that involved an intervention duration of
fewer than 8 weeks. According to this assessment,
the underlying mechanism behind the effects of
CUR on body weight may be associated with the
down-regulation of Janus-kinase (JNK) enzyme by
CUR, which has been suggested to have a significant
role in obesity pathogenesis. Besides, CUR may
suppress 11B-hydroxysteroid dehydrogenase type
1 (11BHSD1) enzyme and contribute to cortisol
activation, as well as reduces obesity through the
inhibition of adipocyte differentiation in the early
stages by suppressing PPAR-y, enhancing MAPK,
and consequently inducing lipolysis [36]-

However, the intake of CUR in a randomized
crossover trial did not change the body weight of
obese adults [41]. In addition, another randomized,
double-blind, placebo-controlled trial revealed
the significant effect of this product on the body
weight of patients with metabolic syndrome [42].
Since the short duration of these two studies is
considered as a limitation, further long-term trials
are needed to clarify this issue.

The administration of CUR and nCUR to rats
with aluminium chloride toxicity did not cause any
significant changes in body weight and food and
water intake [43].

Furthermore, the report of Assis et al. claimed
that the anti-hyperglycemic effects of CUR-enriched
yogurt may increase the rates of peripheral insulin
sensitivity and glucose tolerance in STZ-diabetic
rats, which is probably due to the link between
AKT phosphorylation and GLUT4 transcription that
can improve glycaemic control and subsequently
ameliorate weight gain, food and water intake, and
urine volume [38].

The impact of CUR on type 1 diabetic rats
was investigated in another study and resulted in
reporting a notable lower body weight and blood
glucose levels in the CUR-treated samples. Also,
their outcomes was accompanied by an elevation
in food and water intake up to the 9™ day, which
was subsequently decreased after the 12%, 15™,
18th and 21 days [35].

Due to few available studies on the effect of
CUR supplementation on body weight, water and
food intake in diabetic rats and human, further
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researches are required to reach a firm conclusion
in these areas.

Next to the involvement of certain limitations in
our study, such as the unidentified histopathological
condition of the pancreas, our results also indicated
the necessity of considering lower doses of CUR
and nCUR (10, 25, and 50 mg/kg).

CONCLUSIONS

Based on our intervention data, it can be
concluded that the oral administration of CUR
and nCUR can potentially cause an increase in
serum BDNF and also decrease the FBS and food
and water intake in diabetic rats. Also, nCUR 100
seemed to be more effective on the elevation of
serum BDNF than CUR, which is possibly due to the
increased solubility and bioavailability. Our data
demonstrated the superior efficacy of nCUR 100
than nCUR 200 in improving these variables that
may be attributable to the dose-dependent effects
of nCUR. Although our findings provided evidence
for the antidiabetic potentials of CUR and nCUR,
yet the limited number of assessments on CUR
and nCUR as complementary therapies for diabetic
complications stands as a concern. Therefore, the
conduction of more research is recommended to
investigate the therapeutic effects of lower doses
of nCUR in diabetic rats.
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