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ABSTRACT

The effects of curcumin and its nano-micelle form on body weight, insulin resistance, adiponectin, and blood bio-
chemical parameters of streptozotocin-induced diabetic rats were studied. Diabetes was induced in fifty male Wistar
rats which were divided into five groups treated with 1) no dietary supplements, 2 and 3) 40 and 80 mg curcumin/kg of
feed, and 4 and 5) 40 and 80 mg nano-micelle curcumin/kg of feed. A group of ten untreated male Wistar rats was also
considered a healthy control group. The serum concentrations of AST, ALT, glucose, insulin, triglycerides, cholesterol,
HDL-C, LDL-C, and adiponectin, as well as insulin resistance, were assessed. Body weight and weight of liver, heart, and
pancreas were also evaluated. Induction of diabetes increased the serum concentrations of AST, ALT, glucose, triglyc-
erides, cholesterol, LDL-C, and insulin resistance and decreased the serum levels of insulin, adiponectin, and HDL-C,
as well as body weight and weight of the heart and pancreas (p < 0.05). Nano-micelle form of curcumin alleviated the
negative effects of glucose, lipid profile, and liver enzymes in diabetic rats (p < 0.05). In conclusion, the nano-micelle
form of curcumin showed better efficiency compared to curcumin for improving the adverse effects of diabetes. It can
be suggested that the nano-micelle form of curcumin at specific doses might be useful for diabetes treatment.
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Introduction
Diabetes is a big challenge for most people in
the world and T2DM is known for insulin
resistance, faulted glucose, lipid metabolism, and defi-
cient insulin production [1]. Therefore, increased lev-
els of fasting glucose and postprandial glucose are its
consequences [2]. Insulin resistance is the first sign of
T2DM in most individuals. For maintaining normal
glucose levels, beta cells raise insulin secretion and
the response is observed as hyperinsulinemia. When
hyperinsulinemia in patients cannot maintain normo-
glycemia, fasting blood glucose and glucose tolerance
are faulted [3]. Faulted fasting blood glucose progress-
es to T2DM [4]. Several factors, such as glucotoxic-
ity, lipotoxicity, inflammation, and accumulation of
amyloid disturb beta-cell function [2]. Problematic
lipid and glucose metabolism promote the pathogen-
esis of T2DM [4]. Adiponectin, an insulin-sensitizing
hormone with anti-apoptotic and anti-inflammatory
effects, is produced in adipose tissues and its levels de-
cline in patients with T2DM [5]. The serum concen-
trations of AST and ALT increase in diabetes [6]. Aug-
mented levels of these enzymes show hepatic injury in
both the hepatocellular cytosol and mitochondria [7].
Increased ALT and AST are strongly correlated with
insulin resistance and T2DM [8].

The control and management of diabetes are chal-
lenges for the medical system. Different manipula-
tions are used for the treatment of diabetes, such as
anti-diabetic medications and lifestyle intervention
[9] (healthy nutrition and daily physical activity). The
use of synthetic compounds may induce severe side
effects, including hypoglycemic coma and hepatore-
nal disorders [9]. Medicinal plant supplements are
recommended with high potency for preventing and
managing T2DM [10-13]. Curcumin is an active mol-
ecule in the rhizome of turmeric. It has antioxidant,
anti-inflammatory, anti-microbial, immunomod-
ulatory, hypoglycaemic, and anti-rheumatic effects
[14, 15]. Curcumin controls glycemia and lipidaemia
in the body [16] and can be used as an appropriate
compound for diabetes treatment. The use of natural
isolates from plants is an appropriate strategy for the
treatment of different disorders. However, curcumin
users face major limitations due to formulation, ap-
plication, and degradation during processing [17,
18]. Using the nano-micelle form of curcumin may
prevent its degradation during processing and diges-
tion and helps to increase its efficiency. Therefore,
this study was conducted to investigate the effects of
curcumin and its nano-micelle form on body weight,
insulin resistance, adiponectin secretion, and blood
biochemical parameters of streptozotocin-induced
diabetic rats.
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Results

The effects of treatments on the serum concen-
trations of glucose, insulin, adiponectin, and insulin
resistance of the rats are shown in Figure 1. The results
showed that diabetes induction increased the serum
concentration of glucose (p < 0.0001) and decreased
the serum levels of insulin (p < 0.0001), HOMA-IR (p
< 0.0001), and adiponectin (p < 0.0001). Our findings
indicated that the administration of curcumin at the
level of 40 mg/kg of rat diet and nano-micelle curcum-
in in both doses reduced the serum concentrations of
glucose (p < 0.05) and raised insulin (p < 0.05), HO-
MA-IR (p < 0.05), and adiponectin (p < 0.05). The best
responses were observed in nano-micelle curcumin
groups, especially in the rats which received 80 mg/kg
of diet (p < 0.05).

The effects of treatments on the serum lipid pro-
file of the rats are presented in Table 1. The results of
the present study revealed that the induction of dia-
betes significantly increased the serum concentrations
of triglycerides (p < 0.0001), cholesterol (p < 0.0001),
and LDL-C (p < 0.0001) and diminished HDL-C (p <
0.0001). Administration of curcumin had no signifi-
cant effect compared to the control group (p > 0.05).
The administration of nano-micelle curcumin de-
creased the serum levels of triglycerides (p < 0.0001),
cholesterol (p < 0.0001), and LDL-C (p < 0.0001) and
increased HDL-C (p < 0.0001). No significant differ-
ence was observed between the nano-treatments (p >
0.05).

The effects of treatments on body weight and rel-
ative percentages of pancreas, heart, and liver of the
diabetic rats are shown in Table 2. Our results showed
that diabetes induction reduced body weight (p <
0.0001) and the relative weight of pancreas (p < 0.05)
and heart (p < 0.05), but did not have any significant
effect on the liver weight (p > 0.05). The results did
not show any significant differences between diabetic
treatments for the relative weight of the pancreas and
heart. Supplementing 40 mg curcumin/kg of feed de-
creased body weight compared to the diabetic control
group (p < 0.05).

The effects of treatments on serum levels of the
liver enzymes of diabetic rats are shown in Table 3.
Induction of diabetes raised the serum concentrations
of ALT and AST (p < 0.0001). The current research
demonstrated that nano-curcumin administration
at both doses decreased the serum concentrations of
ALT and AST (p <0.0001). Serum ALT was not affect-
ed by 40 and 80 mg curcumin/kg of feed (p > 0.05).

Dietary curcumin in diabetic rats
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Effects of experimental treatments on the serum concentrations of glucose, insulin, adiponectin, and insulin resistance of the diabetic
rats. *, ¥, ***, and **** show significant differences at 0.05, 0.01, 0.001, and 0.0001, respectively. Cur: Curcumin; Nano: nano-curcumin;
Healthy Con: Healthy control rats; Diab Con: Diabetic Control rats with no dietary supplement; Diab Cur40, Diab Cur80, Diab Nano40,
and Diab Nano80 are 40 and 80 mg curcumin and nano-micelle curcumin/kg of feed, respectively.
HOMA-IR: Homeostatic model assessment of insulin resistance index was measured based on the product of fasting serum glucose
concentration (mmol/l) and fasting blood serum insulin concentration (uU/ml) divided by the constant 5.22x18 as reported by Mat-

thews et al. [20].

Table 1.

Effects of treatments on the serum lipid profile (mg/dl) of the diabetic rats

Triglycerides Cholesterol HDL-C LDL-C
Healthy Control 50.20 + 5.49¢ 116.60 £ 4.21°¢ 52.80 + 3.96* 53.76 £ 7.08¢
Diabetic Control 89.60 + 3.64° 185.60 £ 8.56* 26.75 £ 1.50°  142.10 + 8.41*
Diabetic Cur40 89.00 + 3.74* 182.40 £ 2.51* 26.20 +£2.28°  138.40 + 4.36*
Diabetic Cur80 88.60 £ 3.78* 179.80 £ 2.58* 28.60 £ 2.60¢  133.50 + 4.50°
Diabetic Nano40 82.80 + 3.56" 171.60 + 2.07° 32.75+2.07° 12220 +£2.12°
Diabetic Nano80 81.20 +2.77° 166.40 + 2.96" 34.20 £2.68°  116.00 + 3.90°
P-value 0.000 0.000 0.000 0.000
SEM 2.640 4.420 1.850 5.960

*< Means in each column with different superscripts are significantly different (p < 0.05). SEM: Standard error
of means. Curcumin (Cur) and nano-micelle curcumin (Nano) with specified doses of 40 and 80 mg/kg diet.
HDL-C, high density lipoprotein-cholesterol, LDL-C, low density lipoprotein-cholesterol.

Dietary curcumin in diabetic rats
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Table 2.

Effects of treatments on body weight (g) and the relative weights (w/w*100) of the pancreas, heart, and

liver of the diabetic rats

Body weight Pancreas Heart Liver

Healthy Control 308.80 £ 16.65* 0.51 £ 0.35* 1.18 £ 0.04 10.04 £ 0.45
Diabetic Control 224.60 + 3.71° 0.23 £ 0.02* 0.98 +£0.03" 10.22 £ 1.16
Diabetic Cur40 191.00 + 27.48¢ 0.36 + 0.06® 0.90 +0.13° 10.37 £2.50
Diabetic Cur80 243.40 + 53.90° 0.40 +0.19® 0.89 £0.10° 10.59 £ 1.13
Diabetic Nano40 209.00 + 15.17* 0.35 + 0.04° 0.87 + 0.06" 11.13 £0.90
Diabetic Nano80 225.00 + 15.00% 0.42 + 0.09® 0.85 +0.03° 10.34 £ 1.07
P-value 0.000 0.013 0.000 0.848

SEM 8.250 0.023 0.024 0.023

*< Means in each column with different superscripts are significantly different (p < 0.05). SEM: Standard
error of means. Curcumin (Cur) and nano-micelle curcumin (Nano) with specified doses of 40 and 80

mg/kg diet.

Discussion

The results of the present study showed that the
induction of diabetes increased the level of glucose
and decreased insulin. The latter findings have already
been reported by others [1-3]. Diabetes destroys be-
ta-cells and hereby increases blood glucose levels and
decreases insulin concentrations. Our results revealed
that the oral administration of 80 mg curcumin and
nano-curcumin/kg of feed reduced the glucose lev-
el and raised serum insulin concentration. The dif-
ference between curcumin 40 and control diabetic
groups was not significant. It means that nano-cur-
cumin can alleviate the adverse effects of diabetes on
glucose and insulin levels. Curcumin is known to have
an anti-hyperglycaemic effect in diabetic subjects [21-
23]. Previous studies indicated that the administration
of curcumin improved insulin sensitivity by reducing
glycemia and dyslipidemia in rats when they are fed a
high-fat diet [24-26]. In agreement with the results of
the current study, Lu et al. [27] showed that curcum-
in supplementation improved glucose and insulin
intolerance by activating the 5'-adenosine monophos-
phate-activated protein kinase pathway in diabetic
animals. Administration of nano-micelle curcumin
showed a better response compared to curcumin. Low
absorption rate and rapid degradation of curcumin in
the intestinal system have been reported [28]. utiliz-
ing the nano-micelle structure of curcumin prevents
rapid degradation and promotes absorption in the in-
testinal system, leading to better anti-hyperglycaemic
function. Diabetes may destroy pancreas function and
insulin secretion because it disturbs the oxidant-anti-
oxidant balance. It seems that using the nano-micelle
form of curcumin increases antioxidant properties
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Table 3.
Effects of treatments on the serum levels of the liver
enzymes of the diabetic rats

Treatments ALT AST
Healthy Control ~ 22.11+0.84c 320.90£0.97e
Diabetic Control ~ 37.58+0.49a 381.60+5.90a
Diabetic Cur40 36.62+0.49a 370.60+5.39b
Diabetic Cur80 36.02+0.44a 363.80+2.55b
Diabetic Nano40  35.36+0.83b 350.20+4.71c
Diabetic Nano80  34.64+1.14b 334.60+1.14d
p-value 0.000 0.000
SEM 0.980 3.930

¢ Means in each column with different superscripts are
significantly different (p < 0.05). SEM: Standard error
of means. Curcumin (Cur) and nano-micelle curcum-
in (Nano) with specified doses of 40 and 80 mg/kg diet.
ALT: alanine aminotransferase; AST: aspartate amino-
transferase.

and prevents pancreas injury. Therefore, the admin-
istration of nano-micelle curcumin decreases the level
of glucose and subsequently reduces the serum con-
centration of insulin. As observed in the current study;,
insulin resistance improves following improved insu-
lin concentration and pancreas injury.

The results showed that diabetes decreased ad-
iponectin. However, curcumin administration at a
higher dose and nano-micelle form as 40 and 80 mg/
kg of feed raised the level of adiponectin, and the best
response was observed in the rats fed nano-micelle
curcumin. Adiponectin is produced in the adipose tis-
sue, and its tissue levels directly correlate with its func-

Dietary curcumin in diabetic rats
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tion. Adiponectin is an insulin-sensitizing hormone
with anti-apoptotic and anti-inflammatory effects.
Adiponectin declines in the adipose tissues of patients
with T2DM [5]. Curcumin corrects the improper
function of the nuclear factor kappa-light-chain-en-
hancer of activated B-cells (NF-kB) in adipocytes and
may improve adiponectin levels [29]. NF-kB links to
cancer, inflammatory conditions, autoimmune dis-
eases, and improper immune development. It controls
the transcription of DNA, cytokine production, and
cell survival. It is well-known that NF-kB regulates in-
flammatory responses [30]. Our findings showed a di-
rect relationship between insulin and adiponectin. It
means that the administration of curcumin increases
insulin levels and subsequently augmented adiponec-
tin levels. Diabetes increased the concentration of
triglycerides, cholesterol, and LDL-C, and decreased
HDL-C. Exclusively the administration of nano-cur-
cumin could improve the serum lipid profile of rats.
Diabetes disturbs lipid metabolism [1] and nano-cur-
cumin improved blood lipid profile in diabetic rats
compared to the control group. These results are con-
sistent with the previous findings [29, 31]. Improved
lipid profile could be attributed to the rise in lipopro-
tein lipase activity that reduces serum triglycerides.
Moreover, diabetes induces lipid peroxidation and
increases triglycerides, cholesterol, and LDL-C. Cur-
cumin diminishes lipid peroxidation by normalizing
the levels of antioxidant enzymes, such as superoxide
dismutase, catalase, and glutathione peroxidase [31].
The administration of the nano-structure of curcumin
spares antioxidant enzymes and improves antioxidant
properties, thereby improving the lipid profile.

Induction of diabetes increased the level of liver
enzymes, and administration of curcumin decreased
their activities. The increased levels of transaminase
enzymes, namely ALT and AST, are directly associated
with liver cell damage. Augmented levels of these en-
zymes show hepatic injury in the hepatocellular cyto-
sol and mitochondria [7]. On the other hand, a rise in
ALT and AST by curcumin has already been reported
in T2DM [8]. Curcumin protects liver hepatocytes
against oxidative injuries and decreases the level of
antioxidant enzymes.

The current study showed that diabetes decreased
body weight, as well as pancreas and heart weight, and
administration of curcumin at the level of 80 alleviat-
ed the adverse effects of diabetes on pancreas weight.
It has been reported that diabetes reduces body weight
[32, 33]. Diabetes decreases energy and body weight,
increases urinary excretion and catabolic processes
[34], and damages the pancreas. Curcumin in any
form could not alleviate the adverse effects of diabetes
on body weight. Hodaei et al. [35] showed that cur-
cumin supplementation did not improve body weight

Dietary curcumin in diabetic rats
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in patients with T2DM. Consumption of curcum-
in decreased body weight in patients with metabolic
syndrome [36]. It seems that more time was needed
to recover the body weight or organ weights disrupt-
ed by streptozotocin injection in rats. However, the
weight of the pancreas partly improved. It might be
needed to optimize the level and time of curcumin or
nano-micelle curcumin administration, or diabetes
inducers, such as streptozotocin. It is urgently need-
ed to lower the glucose level of diabetic subjects, and
protect their endocrine/exocrine secretion balance
and curcumin in all cases showed positive effects on
adiponectin, ALT, or AST levels. Further research is
required to clarify the suitable doses of curcumin and
nano-micelle curcumin along with other nutrients in
diabetic subjects.

In conclusion, diabetes-induced damage to the
pancreas increased the serum glucose, lipid profile,
and insulin resistance and decreased adiponectin, liv-
er enzymes, body weight, and pancreas weight. Ad-
ministration of the nano-micelle form of curcumin
improved insulin resistance and the serum concen-
trations of glucose, insulin, lipid profile, adiponec-
tin, and liver enzymes. It is suggested that curcumin
nano-micelle might be effective for diabetic patients
with special attention to doses.

Materials and Methods
Experimental animals

All the used procedures were approved by the Ethics Commit-
tee of Ferdowsi University of Mashhad, Iran (No: 3.44995). A total
number of 60 male Wistar rats with a mean weight of 180-200
g and 60 days of age were purchased from the Pasture Institute
(Tehran, Iran). The animals were kept in standard individual cag-
es for 49 days (7 days of adaptation and 42 days of study) under a
12L:12D lighting cycle at 20 °C-25 °C. The animals had free access
to standard pellet feed and fresh water. Feed was prepared from
Javaneh Khorasan Company (Mashhad, Iran).

Preparation of curcumin and nano-micelle
curcumin

Pure turmeric rhizome extract as the powder was purchased
from Sami Lab Limited (Bengaluru, Karnataka, India). The pow-
der contained 79.4% curcumin, 17.6% demethoxycurcumin, and
3% bisdemethoxycurcumin. Nano-micelle form of this extract as
nano-micelle curcumin was purchased from Exir Nano Sina Co.
(Tehran, Iran, IRC: 1228225765). The measured size of nano-mi-
celle curcumin was about 10 nm as described by Hatamipour et
al. [19].

Induction of diabetes

At the beginning of the study, diabetes was induced in 50
male Wistar rats by one dose of intraperitoneal streptozotocin
(Sigma, St. Louis, MO, USA) (60 mg/kg body weight) in 0.05 M
cold citrate buffer (pH 4.5) for the overnight fasted rats. To stabi-
lize streptozotocin in an aqueous media, cold citrate buffer was
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used. A group of 10 rats was not treated with streptozotocin and
considered healthy control animals. An Accu-chek blood glucose
meter (Roche Diagnostics) was used for monitoring fasting blood
glucose. The rats with fasting blood glucose higher than 250 mg/
dl for five consecutive days after the administration of streptozo-
tocin were considered diabetic rats.

Following diabetes induction, the animals were divided into
five groups and received no dietary supplement of curcumin or
nano-micelle curcumin (Diab-Con), 40 mg curcumin/kg of pel-
leted feed (Diab-Cur40), 80 mg curcumin/kg of pelleted feed
(Diab-Cur80), 40 mg nano-micelle curcumin/kg of pelleted feed
(Diab-Nano40), and 80 mg nano-micelle curcumin/kg of pelleted
feed (Diab-Nano80). A group of 10 rats was considered a healthy
control and did not receive any streptozotocin or curcumin forms
(Healthy-Con). All formulations were fed to rats for 42 days.

Body and organ weight

At the end of the experiment, the animals were weighed and
then euthanized by CO2. Weights of the liver, heart, and pancreas
were calculated as the percentage of live body weight.

Blood biochemical parameters

At the end of the study and after 12 h fasting, blood samples
were collected from the left ventricle, centrifuged at 2500 RPM for
15 min, stored at -20°C, and investigated for blood biochemical
parameters. The serum concentrations of AST, ALT, glucose, insu-
lin, triglycerides, cholesterol, HDL-C, and LDL-C were evaluated
by an enzyme-linked immunosorbent assay commercial kit (Pars
Azmoon, Tehran, Iran). HOMA-IR index was measured based on
the fasting serum glucose concentration (mmol/l) and the fast-
ing blood serum insulin concentration (uU/ml) divided by the
constant 5.22x18 as reported by Matthews et al. [20]. The level
of adiponectin was assessed by commercial kits (Otsuka Pharma-
ceutical Co., Tokyo, Japan).

Data analysis

The obtained data were analyzed by the SPSS software ver-
sion 24 and the significance was designated at p < 0.05 for the
differences between the six groups for all studied parameters. The
differences between all the studied groups were evaluated by a
one-way analysis of variance.

Authors' Contributions

H.D. performed the experiment and wrote the
main manuscript. H.K. contributed to the experiment
as supervisor and corresponding author. M.R.J. and
A.]. contributed to the manuscript as advisors.

Acknowledgements

The authors would like to express their gratitude
to the Ferdowsi University of Mashhad for their finan-
cial support. Authors are also thankful to Exir Nano
Sina company, Iran for providing the nano-micelle
curcumin..

Competing Interests
The authors declare that there is no conflict of in-

terest.

Dadgar et al,, IJVST 2022; Vol.14, No.3
DOI: 10.22067/ijvst.2022.76461.1142

43

RESEARCH ARTICLE

References

1.LiX,, Wang Y. X, ShiP,LiuY.P,Li T, Liu S. Q, Wang CJ, Wang,
LX, Cao Y. Icariin treatment reduces blood glucose levels in
type 2 diabetic rats and protects pancreatic function. Experi-
mental & Therapeutic Medicine. 2020; 19(4):2690-96.

2. Fonseca VA. Defining and characterizing the progression of
type 2 diabetes. Diabetes care. 2009; 32(suppl 2):S151-S56.

3. Kumar A.A, Satheesh G, Vijayakumar G, Chandran M, Prabhu
PR, Simon L, Kutty VR. Chandrasekharan C. Kartha & Abdul
Jaleeln et al., Postprandial metabolism is impaired in over-
weight normoglycemic young adults without family history
of diabetes. Scientific Reports. 2020; 10(1):1-13.

4. Parhofer KG. Interaction between glucose and lipid metabo-
lism: more than diabetic dyslipidemia. Diabetes & Metabo-
lism Journal. 2015; 39(5):353-62.

5. Belalcazar LM, Lang W, Haffner SM, Schwenke DC, Kriska A,
Balasubramanyam A, Hoogeveen RC, Pi-Sunyer FX, Tracy
RP, Ballantyne CM. Improving adiponectin levels in individ-
uals with diabetes and obesity: insights from look AHEAD.
Diabetes care. 2015; 38(8):1544-50.

6. Sheng X, Che H, Ji Q, Yang E, Lv ], Wang Y, Xian H, Wang, L. The
relationship between liver enzymes and insulin resistance in
type 2 diabetes patients with nonalcoholic fatty liver disease.
Hormone & Metabolic Research. 2018; 50(05):397-02.

7 . Music M, Dervisevic A, Pepic E, Lepara O, Fajkic A, Ascic-Bu-
turovic B, Tuna E. Metabolic syndrome and serum liver en-
zymes level at patients with type 2 diabetes mellitus. Medical
Archives. 2015; 69(4):251.

8. Idris AS, Mekky KFH, Abdalla BEE, Altom Ali K. Liver func-
tion tests in type 2 Sudanese diabetic patients. International
Journal of Nutrition and Metabolism. 2011; 3(2):17-21.

9. Pivari E Mingione A, Brasacchio C, Soldati L. Curcumin and
type 2 diabetes mellitus: prevention and treatment. Nutrients.
2019; 11(8):1837.

10. Demmers A, Korthout H, van Etten-Jamaludin FS, Kortekaas
F, Maaskant JM. Effects of medicinal food plants on impaired
glucose tolerance: A systematic review of randomized con-
trolled trials. Diabetes Research & Clinical Practice. 2017;
131:91-106.

11. Poolsup N, Suksomboon N, Kurnianta PDM, Deawjaroen K.
Effects of curcumin on glycemic control and lipid profile in
prediabetes and type 2 diabetes mellitus: A systematic review
and meta-analysis. PloS One. 2019; 14(4):e0215840.

12. Suksomboon N, Poolsup N, Boonkaew S, Suthisisang CC.
Meta-analysis of the effect of herbal supplement on glycemic
control in type 2 diabetes. Journal of Ethnopharmacology.
2011; 137(3):1328-33.

13. Daemi A, Farahpour MR, Oryan A, Karimzadeh S, Tajer E.
Topical administration of hydroethanolic extract of Lawso-

Dietary curcumin in diabetic rats



RESEARCH ARTICLE

14

15.

16.

17.

18.

19.

20.

21.

22.

23

nia inermis (henna) accelerates excisional wound healing
process by reducing tissue inflammation and amplifying glu-
cose uptake. Kaohsiung Journal of Medical Sciences. 2019;
35(1):24-32.

. Mirzaei H, Shakeri A, Rashidi B, Jalili A, Banikazemi Z, Saheb-
kar A. Phytosomal curcumin: A review of pharmacokinetic,
experimental and clinical studies. Biomedicine and Pharma-
cotherapy. 2017; 85:102-12.

Derosa G, Maftioli P, Simental-Mendia LE, Bo S, Sahebkar A.

Effect of curcumin on circulating interleukin-6 concentra-
tions: a systematic review and meta-analysis of randomized
controlled trials. Pharmacological Research. 2016; 111:394-
04.

Kim HS, Hwang YC, Koo SH, Park KS, Lee MS, Kim KW, Lee

MK. PPAR-y activation increases insulin secretion through
the up-regulation of the free fatty acid receptor GPR40 in
pancreatic -cells. PloS One. 2013; 8(1):e50128.

Khezri K, Farahpour MR, and Mounesi RS. Accelerated in-
fected wound healing by topical application of encapsulated
Rosemary essential oil into nanostructured lipid carriers.
Artificial Cells, Nanomedicine, and Biotechnology. 2019;
47(1):980-88.

Ghodrati M, Farahpour MR, Hamishehkar H. Encapsulation

of Peppermint essential oil in nanostructured lipid carri-
ers: In-vitro antibacterial activity and accelerative effect on
infected wound healing. Colloids and Surfaces A: Physico-
chemical and Engineering Aspects. 2019; 564:161-69.

Hatamipour M, Sahebkar A, Alavizadeh SH, Dorri M, Jaafari
MR. Novel nanomicelle formulation to enhance bioavailabil-
ity and stability of curcuminoids. Iranian Journal of Basic
Medical Sciences. 2019; 22(3):282.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DFE. Turner RCHomeostasis model assessment: insulin resis-
tance and p-cell function from fasting plasma glucose and in-
sulin concentrations in man. Diabetologia. 1985; 28(7):412-
19.

Gutierres VO, Pinheiro CM, Assis RP, Vendramini RC, Pepato
MT, Brunetti IL. Curcumin-supplemented yoghurt improves
physiological and biochemical markers of experimental dia-
betes. British Journal of Nutrition. 2012; 108(3):440-48.

Gutierres VO, Assis RP, Arcaro CA, Oliveira JO, Lima TFO,
Beretta ALRZ, Costa PI, Baviera AM. Curcumin improves
the effect of a reduced insulin dose on glycemic control and
oxidative stress in streptozotocin diabetic rats. Phytotherapy
Research. 2019; 33(4):976-88.

. Jain SK, Rains ], Croad J, Larson B, Jones K. Curcumin sup-
plementation lowers TNF-a, IL-6, IL-8, and MCP-1 secretion
in high glucose-treated cultured monocytes and blood levels
of TNF-a, IL-6, MCP-1, glucose, and glycosylated hemoglo-
bin in diabetic rats. Antioxidants & Redox Signaling. 2009;
11(2):241-49.

Dietary curcumin in diabetic rats

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

El-Moselhy MA, Taye A, Sharkawi SS, El-Sisi SE, Ahmed AE
The antihyperglycemic effect of curcumin in high fat diet fed
rats. Role of TNF-a and free fatty acids. Food and Chemical
Toxicology. 2011; 49(5):1129-40.

Na LX, Zhang YL, Li Y, Liu LY, Li R, Kong T, Sun CH. Cur-
cumin improves insulin resistance in skeletal muscle of rats.
Nutrition, Metabolism & Cardiovascular Diseases. 2011;
21(7):526-33.

Kaur G. Amelioration of obesity, glucose intolerance, and
oxidative stress in high-fat diet and low-dose streptozoto-
cin-induced diabetic rats by combination consisting of “cur-
cumin with piperine and quercetin”. ISRN Pharmacology,
2012:957283.

Lu X, Wu E Jiang M, Sun X, Tian G. Curcumin ameliorates
gestational diabetes in mice partly through activating AMPK.
Pharmaceutical Biology. 2019; 57(1):250-54.

Anand P, Kunnumakkara AB, Newman RA, Aggarwal BB. Bio-
availability of curcumin: problems and promises. Molecular
Pharmaceutics. 2007; 4(6):807-18.

Ismail NA, AbdEl Dayem SM, Salama E, Ragab S, Abd El Baky
AN, Ezza WM .Impact of curcumin intake on gluco-insulin
homeostasis, leptin and adiponectin in obese subjects. Re-
search Journal of Pharmaceutical, Biological and Chemical
Sciences. 2016; 7(1):1891-97.

Liu T, Zhang L, Joo D, Sun SC. NF-«B signaling in inflam-
mation. Signal Transduction and Targeted Therapy. 2017;
2(1):17023.

Rahimi HR, Mohammadpour AH, Dastani M, Jaafari MR, Ab-
nous K, Ghayour Mobarhan M, Kazemi Oskuee R. The effect
of nano-curcumin on HbA ¢, fasting blood glucose, and lipid
profile in diabetic subjects: a randomized clinical trial. Avi-
cenna Journal of Phytomedicine. 2016; 6(5):567.

Wilson RD, Islam MS, Fructose-fed streptozotocin-injected
rat: an alternative model for type 2 diabetes. Pharmacological
Reports. 2012; 64(1):129-39.

Reed MJ, Meszaros K, Entes L], Claypool MD, Pinkett JG, Gad-
bois TM, Reaven GM. A new rat model of type 2 diabetes: the
fat-fed, streptozotocin-treated rat. Metabolism: Clinical and
Experimental. 2000; 49(11):1390-94.

Dupas J, Goanvec C, Feray A, Guernec A, Alain C, Guerrero F,
Mansourati J. Progressive induction of type 2 diabetes: effects
of a reality-like fructose enriched diet in young Wistar rats.
PLoS One. 2016; 11(1):e0146821.

Hodaei H, Adibian M, Nikpayam O, Hedayati M, Sohrab G.
The effect of curcumin supplementation on anthropometric
indices, insulin resistance and oxidative stress in patients with
type 2 diabetes: A randomized, double-blind clinical trial. Di-
abetology & Metabolic Syndrome. 2019; 11(1):1-8.

Dadgar et al,, IJVST 2022; Vol.14, No.3
DOI:10.22067/ijvst.2022.76461.1142

44



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY RESEARCH ARTICLE

COPYRIGHTS
©2022 The author(s). This is an open access article distributed under the terms of the @

Creative Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution,
and reproduction in any medium, as long as the original authors and source are cited. No
permission is required from the authors or the publishers.

How to cite this article

Dadgar H, Kermanshahi H, Jaafari MR, Javadmanesh1 A. Effects of Curcumin and Its Nano-micelle Formulation on the Body
Weight, Insulin Resistance, Adiponectin, and Blood Biochemical Parameters of Streptozotocin-induced Diabetic Rats. Iran J Vet Sci
Technol. 2022; 14(3): 38-45.
DOI: https://doi.org/ 10.22067/ijvst.2022.76461.1142
https://ijvst.um.ac.ir/article_42673.html

Dadgar et al,, IJVST 2022; Vol.14, No.3 Dietary curcumin in diabetic rats
DOI: 10.22067/ijvst.2022.76461.1142

45




