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Abstract
Cinnamon (CN) is known for its anti-diabetic activities in traditional
medicine. CN extracts are reported to have beneficial effects on
normal and impaired glucose tolerance, insulin resistance and type-2
diabetes. The aim of this study is to observe the effect of CN extract
on certain diabetogenes involved in insulin signaling. Streptozotocin
(STZ) induced type-2 diabetic rats were given CN extract for one
month and its effect was observed on blood glucose levels, body
weights and gene expression levels of protein tyrosine phosphatase1B (PTP-1B), insulin receptor (INSR), insulin receptor substrate-1
(IRS-1), phosphoinositide 3-kinase (PI3K), protein kinase B (PKB),
protein kinase C-theta (PKCθ) and phosphoinositide-dependent
protein kinase-1 (PDK1) in skeletal muscle and adipose tissue.
Statistically significant difference was found in the glucose levels
and body weights of test and diabetic control groups. In muscle,
statistically significant difference was observed in gene expression
levels of PTP-1B, IRS-1, PKB, PDK1, PI3K and PKCθ between test
and diabetic control groups and PTP-1B, IRS-1, PKB, PDK1 and
PKCθ between normal and diabetic control groups. In adipose
tissue, statistically significant difference was found in gene
expression levels of PTP-1B, PKCθ, IRS-1 between test and
diabetic control groups and PTP-1B, PDK1, PI3K, PKCθ and IRS-1
between normal and diabetic control groups. These results suggest
that cinnamon normalizes blood glucose level and body weight and
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affect certain molecular targets in the insulin signaling
pathway and therefore, possess strong anti-diabetogenic and
hypoglycemic action in STZ-induced type-2 diabetic rat
model. The consistent and / or variable pattern of these
genes in skeletal muscle and adipose tissue indicates that
cinnamon acts differently by affecting some but not all of these
genes and that their expressions are tissue specific.
Keywords: Type-2 diabetes; cinnamon; streptozotocin; insulin
resistance; skeletal muscle; adipose tissue.

Introduction
Insulin is the principal hormone that regulates uptake of
glucose from the blood into most cells, including skeletal
muscle cells and adipocytes. Insulin resistance which refers to
suppressed or delayed responses to insulin, is the major
pathway that leads to type-2 diabetes (Lin and Sun 2010).
There is a considerable reduction in the insulin induced
glucose disposal in skeletal muscle which is the most
prominent tissue for the utilization of glucose in insulin
dependent manner (Defronzo and Tripathy 2009). This triggers
disturbances in glucose homeostasis throughout the body
ultimately leading to impaired insulin sensitivity and disease
development (Oberg et al. 2011). A number of protein
molecules are involved in the insulin signal transduction
cascade which includes protein kinases and phosphatases.
Insulin receptor (INSR) is hetero-tetrameric in nature (Frodea
and Medeirosb 2008; Kim et al. 2012). Its kinase activity is
reduced in type-2 diabetes (Frojdo et al. 2008). Insulin receptor
substrate-1 (IRS-1) which is significantly expressed in
adipocytes, is the first intermediate in the insulin signal
transduction pathway. Several downstream proteins docks IRS1 and initiate certain metabolic pathways (Waqar et al. 2009).
In adipose tissue, IRS-1 acts as a critical factor for the
translocation of GLUT-4 by phosphoinositide 3-kinase (PI3K)
which
induces
downstream
phosphorylation
and
dephosphorylation events (Chawla et al. 2011). It is suggested
that the insulin-induced PI3K activity become lowered in type2 diabetic patients that may lead to abnormal GLUT-4
translocation and insulin resistance (Choi and Kim 2010).
Phosphoinositide-dependent
protein
kinase-1
(PDK1)
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stimulates the phosphorylation and activation of protein kinase B
(PKB) at the plasma membrane (Bayascas et al. 2008). Studies
suggest that in the adipose tissue of type-2 diabetic subjects, the
insulin-induced activation of PKB become moderate (Bayascas
2008; Waugh et al. 2009). Protein kinase C-theta (PKCθ) is
significantly associated with insulin resistance in muscle and
adipose tissue and thus responsible for type-2 diabetes (Wang et al.
2009). PKCθ is a serine-threonine kinase and induces the abnormal
phosphorylation of IRS-1 that weakens its potential to activate
PI3K. High plasma concentration of free fatty acids leads to the
higher diacyl glycerol (DAG) levels which trigger the plasma
activation of PKCθ lowering the tyrosine phosphorylation of IRS-1
(Nowotny et al. 2013). Protein tyrosine phosphatase-1B (PTP-1B) is
a protein tyrosine phosphatase which catalyzes the dephosphorylation of INSR and IRS-1, followed by the modification
of insulin action (Pessin and Saltiel 2000; Tsuruzoe et al. 2001). The
down regulation of PTP-1B improves insulin sensitivity and glucose
tolerance as well as decreases the chances of obesity triggered by
high fat diet (Lantz et al. 2010). PTP-1B knockout mice showed
enhancement in insulin sensitivity. PTP-1B is therefore, one of the
strong candidates to target insulin resistance (Lian et al. 2007; Tsou
and Bence 2012).
Anti-diabetic herbs have been used since long but its specific
mechanism of action is not completely understood. Cinnamomum
cassia, commonly known as cinnamon has long been known to have
anti-diabetic activity (Qin et al. 2003). It enhances the expression of
proteins involved in glucose transport, insulin signaling, and
regulates dislipidemia (Cao et al. 2010). In this study, we observed
the effect of cinnamon extract containing diet on the blood glucose
levels and body weights of type-2 diabetic rats and analyzed the
expression of certain diabetogenes that play important role in insulin
signaling. The data presented here is yet another attempt in
elucidating the role of cinnamon herb in the insulin signaling
pathway.

Materials and Methods
Experimental animals
Wistar male rats, weighing 180-200 g were housed in the Animal
House Facility of the International Center for Chemical and
Biological Sciences (ICCBS), University of Karachi, Karachi,
Pakistan. Temperature was maintained at 21 ± 1°C and humidity
around 57% at 12:12 hour standard light and dark cycle.
International guidelines were followed for the care and use of
laboratory animals. Animal study was endorsed by the ‘Institutional
Animal Care and Use Committee’ of ICCBS. Animals were grouped
into Test, Diabetic Control and Normal. The number of animals was
6 in each group (n = 6).
To prepare High Fat Diet (HFD), butter was mixed with normal diet
ingredients in the ratio of 4:6 respectively. HFD was given to two
groups (Table 1) for six months. Rats had free access to HFD and
water. One group was fed normal diet throughout the experiment
and was considered as the normal group. These rats were nondiabetic as compared to the rats in the test and diabetic control
groups. During the administration of HFD, weights of all the rats
were recorded twice a month to observe the effect of HFD on body
mass. Before the analysis of insulin resistance, animals were fasted
overnight. Weights of all the rats in each group were recorded. In
order to determine the effect of HFD, oral glucose tolerance test
(OGTT) of both the test and diabetic control groups were carried
out. Fasting glucose levels were first recorded. OGTT was
performed by oral administration of glucose (1 gm/ml/kg). Blood
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samples were collected by venipuncture from the tail at 30, 60
and 120 minutes after the oral glucose administration and
readings were recorded with glucometer (Roche).
Intravenous administration of streptozotocin
Streptozotocin (STZ) was prepared in 0.1 M citrate buffer (pH
4.3) and administered intravenously as (35mg/kg/ml) to the test
and diabetic control groups while rats were still in fasting
condition. Normal group was administered citrate buffer only.
Table 1: Experimental groups used in this study
Experimental
High Fat
Streptozotocin
Groups
Diet
(STZ)
(HFD)
Diabetic
+
+
Control
Test
+
+
Normal
(+ given, - not given)

Cinnamon
(CN) Extract
+
-

Determination of type-2 diabetes
Onset of type-2 diabetes was monitored by OGTT as
described in case of insulin resistance.
Administration of cinnamon diet
Cinnamomum cassia, commonly known as cinnamon (CN)
was purchased in the dry form from a local distributor. It
was washed and dried under sunlight. Ethanolic extracts of
cinnamon was prepared by soaking in 80% ethanol for 72
hours. The extracts were filtered and mixed with normal diet
ingredient. The extract was administered as 1g/kg/day and
continued for one month. During the treatment, weights of
all rats were recorded twice a month to see its effect on body
mass. The diabetic control group was not given the
cinnamon extract.
Effect of cinnamon extract on blood glucose level and body
weight
The effect of cinnamon extract on blood glucose level was
analyzed by performing OGTT. Body weights of all the
treated rats were also recorded.
Effect of cinnamon on PTP-1B, IRS-1, INSR, PI3K, PKB,
PKCθ and PDK1 genes
After the completion of the experimental period, rats of all
three groups were sacrificed and skeletal muscle and
adipose tissues were dissected out. After isolation, muscle
and adipose tissues were preserved immediately in RNA
stabilization reagent (Qiagen, Germany) and stored at -20°C
until later use. RNA isolation was done with SV Total RNA
Isolation System (Promega, USA) and quantified at 260nm.
0.5µg total RNA was subjected to cDNA synthesis by
RevertAidTM First Strand cDNA Synthesis Kit (Fermentas,
USA). RT-PCR was done using GoTaq Green Master Mix
(Promega, USA). cDNA samples corresponding to PTP-1B,
IRS-1, INSR, PI3K, PKB, PKCθ and PDK1 genes were
subjected to denaturation for 5 min at 94°C, followed by 30
cycles of amplification (denaturation at 94°C, annealing at
50-61°C and extension at 72°C for 1 min each) and a final
extension at 72°C for 10 min. GAPDH was used as internal
standard. The primers were designed using the primer
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design
program,
primer
3
online
software
(http://frodo.wi.mit.edu/). The primer sequences and their product
sizes are: (i) PTP-1B gene 5’ CCACACCATCTCCCAGAAGT
3’ (forward); 5’ CGGAACAG GTACCGAGATGT 3’ (reverse);
product size: 174 base pairs; (ii) INSR gene 5’
GGATGGTCAGTGTGTGGAGA
3’
(forward);
5’
TCGTGAGGTTGTGCTTGTTC 3’ (reverse), product size: 563
base pairs; (iii) IRS-1 gene 5’ CACCCAGTTTTTCGACAC
3’(forward); 5’ GAGTTGAGCTT CACAAAG 3’ (reverse);
product size: 600 base pairs; (iv) PI3K gene 5’
AGCCACAGGTGAAAATACGG’
3
(forward);
5’
TTTTCTTTCCGCAACAGCTT’ 3 (reverse); product size: 199
base pairs; (v) PKB gene 5’ ACCTCATGCTGGACAAGGAC
3’(forward); 5’ TGAGCTCGAACAGCTTCTCA 3’(reverse);
product size: 246 base pairs; (vi) PKC-θ gene: 5’
CCGAGAAGGACCAATTGAAA 3’(forward); 5’ AAACTTCC
TTTCCCCAGCAT 3’(reverse); product size: 240 base pairs; (vii)
PDK1 gene: 5’ CTCACAGAAGGGCCACATTT 3’ (forward); 5’
AGCATCTGGACTGCTCTGGT 3’ (reverse); product size: 228
base pairs; (viii) GAPDH: 5’ GGAAAGCTGTGGCGTGATGG
3’ (forward); 5’ GTAGGCCATGAGGTCCACCA 3’ (reverse);
product size:
414 base pairs.
Each PCR product was
electrophoretically resolved on 3% agarose gel. Bands were
visualized under UV light in the FluorChem Imaging System
(Alpha Innotech, USA). The relative expression ratio of each
gene was calibrated with GAPDH and comparison was done
between test, diabetic control and normal groups.
Statistical analysis
Statistical analysis was performed by using the Sigma plot 11.2.0.
Student's t-test was used to compare the test, diabetic control and
normal groups. The differences were considered significant at a
value of p < 0.05. Data are presented as mean ± SEM.

Results
Effect of high fat diet on blood glucose level

recorded and found to be significant (Fig. 2; Table 3). There
was a marked overall difference between the blood glucose

Figure 1: Effect of High Fat Diet (HFD) on blood glucose levels of
diabetic control, test and normal groups

levels of diabetic control and normal group (p = <0.001***)
and between the test and normal group (p = <0.001***)
(Fig. 2; Table 3).
Table 2: Blood glucose levels after administration of high fat diet
(HFD)
Experimenta
Time
l Groups
0 min
30 min
60 min
120 min
Diabetic
102 ±
152 ±
163 ±
170
Control#
1.31***
9.71**
15.78*
±15.44***
Test##
130 ±
172 ±
160 ±
166 ±
8.38***
7.89***
8.1***
17.17**
Normal
88 ± 2.16
119 ± 3.36
113 ±
99 ± 1.58
3.48
Comparison at individual time periods: Normal group was compared
with diabetic control and test groups (*p = 0.01; **p = 0.009 and
***p = <0.001), Overall comparison: Blood glucose levels of test and
diabetic control were compared with that of normal group ( #p = 0.
045 and ##p = 0.004)

High Fat Diet (HFD) was given to rats for six months. After the
completion of the six month period, OGTT of all rats were
performed. Readings were recorded at fasting (0 min) and at 30,
60 and 120 min after the administration of oral glucose. There
was a significant increase in the blood glucose levels of overnight
fasted rats and during all time periods after glucose
administration when normal group was compared with diabetic
control and test groups (Fig. 1; Table 2). Overall differences
between the blood glucose levels among diabetic control and
normal groups (p= 0.045*) and test and normal group (p=
0.004**) were recorded and found to be significant (Fig. 1; Table
2).
Effect of streptozotocin on blood glucose level
After the completion of the six month period, STZ was
administered intravenously. The normal group was administered
citrate buffer only. After one month, OGTT was performed.
Readings were recorded at fasting (0 min) and at 30, 60 and 120
min after the administration of oral glucose. There was a
significant increase in the blood glucose levels of overnight fasted
rats and during all time periods after glucose administration when
normal group was compared with diabetic control and test groups
(Fig. 2; Table 3). Overall differences between the blood glucose
levels among diabetic control and normal groups
(p= 0.045*) and test and normal group (p= 0.004**) were

Figure 2: Effect of Streptozotocin (STZ) on blood glucose levels of
diabetic control, test and normal groups

Effect of cinnamon extract on blood glucose level
After the development of type-2 diabetes, test group was given
cinnamon (CN) extract containing diet while the diabetic
control and normal group was given normal diet. After one
month, OGTT was performed. Readings were recorded at
fasting (0 min) and at 30, 60 and 120 min after the
administration of oral glucose. There was a significant
difference in the blood glucose levels of overnight fasted rats

J Biochem Tech (2014) 5(2): 708-717

711
and during all time periods after glucose administration when test
Table 3: Blood glucose levels after STZ treatment
Experimental
Time
Groups
0 min
30 min
60 min
Diabetic
401 ±
458 ±
585 ±
Control###
11.38*** 18.97***
6.2***
Test###
554 ±
584 ±
584 ±
15.88*** 8.76***
11.94***
Normal
89 ± 2.18 122 ± 3.64 108 ± 3.17

120 min
572 ± 12.1***
577 ± 9.47***
91 ± 2.27

Comparison at individual time periods: Normal group was compared
with diabetic control and test group (***p = <0.001), Overall
comparison: Blood glucose levels of test and diabetic control were
compared with that of normal group (### p = <0.001)

Effect of cinnamon on body weight
Gradual weight gain was observed in the normal group.
Decrease in the body weight was observed in the diabetic
control and test groups after the administration of STZ. Weight
gain was normalized in the test group after treatment with
cinnamon while no change was observed in the diabetic control
group (Fig 4; Table 5). Statistically significant change was
observed in the body weights within the test group before and
after CN treatment (p= <0.001). There was also a statistically
significant difference in the body weights of the test and
diabetic control groups (p= 0.002**) (Table 5).

group was compared with diabetic control group (Fig 3; Table 4).
However, statistical difference was also observed at all time
periods between test and normal groups except after 120 min of
glucose administration (Fig 3; Table 4). Overall statistically
significant difference was observed in blood glucose levels of the
test and diabetic control groups (p= <0.001) (Fig 3; Table 4).

Figure 4: Effect of High Fat Diet (HFD), streptozotocin (STZ) and
cinnamon extract (CN) on body weights of diabetic control, test and
normal groups: The weights were recorded every month, before the
start of any treatment or HFD administration (month 0), during HFD
administration (months 1-6), STZ treatment (month 7) and cinnamon
treatment (month 8).
Figure 3: Effect of Cinnamon (CN) extract on blood glucose levels of
diabetic control, test and normal groups
Table 4: Blood glucose levels after cinnamon administration
Experimental
Time
Groups
0 min
30 min
60 min
120 min
Diabetic
507 ±
584 ±
585 ±
589 ±
Control###
13.23***
8.84***
8.8***
10.9***
Test###
132 ±
312 ±
236 ±
140 ± 37.05
18.79
9.00
23.35
Normal
89 ±
122 ±
105 ±
92 ± 2.37
2.18*
4.64***
3.02***
Comparison at individual time periods: Test group was compared with
diabetic control and normal groups (*p = 0.01 and ***p = <0.001)
Overall comparison: Blood glucose levels of test group were compared
with that of and diabetic group (### p = <0.001)

Effect of high fat diet, streptozotocin and cinnamon on body
weight
During the six months period of HFD administration, body
weights of rats belonging to all groups were recorded every
month till 6 months. After the administration of HFD, all rats
gained weight gradually. In the test group, weight gain was
gradual with HFD administration. As the STZ was administered
to rats of both diabetic control and test groups, there was a
marked decrease in the body weight. After the development of
type-2 diabetes, test group was given cinnamon extract for one
month. At the end of the treatment, weights of all rats belonging
to this group were recorded before and after treatment.

Effect of cinnamon on PTP-1B, IRS-1, INSR, PI3K, PKB,
PKCθ and PDK1 genes in skeletal muscle
The expression levels of PTP-1B, IRS-1, INSR, PI3K, PKB,
PKCθ, and PDK1 genes were analyzed in the skeletal muscle
of diabetic control, test and normal groups (Table 6).
Statistically significant difference was observed in the gene
expression levels of PTP-1B, IRS-1, PKB, PDK1, PI3K and
PKCθ between diabetic control and test groups and PTP-1B,
IRS-1, PKB, PDK and PKCθ between diabetic control and
normal groups (Fig. 5). In case of normal and test groups
statistically significant difference was only observed in
expression level of PDK1 (p= 0.004***) (Table 7).
Effect of cinnamon on PTP-1B, IRS-1, INSR, PI3K, PKB,
PKCθ and PDK1 genes in adipose tissue
The expression levels of PTP-1B, IRS-1, INSR, PI3K, PKB,
PKCθ, and PDK1 genes were analyzed in the adipose tissue of
diabetic control, test and normal groups (Table 8). Statistically
significant difference was found in the gene expression levels
of PTP-1B, PKCθ and IRS-1 between diabetic control and test
groups and PTP-1B, PDK1, PI3K, PKCθ and IRS-1 between
diabetic control and normal groups (Fig. 6). In case of normal
and test groups statistically significant difference was observed
in the expression level of PTP-1B, PDK1, PI3K, PKCθ and
INSR (Table 9).
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Table 5: Body weights recorded during the course of study

Months
0
1
2
3
4
5
6
7
8
HFD
HFD
HFD
HFD
HFD
HFD
HFD
STZ
CN
Diabetic control
188±3.17
193±3.37
210±7.08
211±3.24
253±17.7
285±14.2
319±7.88
224±11.9
200±11.9
Test#
185±1.85
194±2.02
221±4.13
240±8.02
249±7.27
261±10.1
274±15.48
201±2.74
374±8.44
Normal
189±4.02
215±9.64
227±7.42
329±7.16
343±16.9
370±11.5
376±8.34
384±10.1
392±8.48
HFD was given to all rats; STZ to diabetic control and test groups while CN only to the test group, # p = <0.001*** and = 0.002** respectively when
values were compared within test group and with the diabetic control group after cinnamon treatment.
Groups

Table 7: Statistical difference among groups with respect to
expression of dibeteogenes in skeletal muscle
Groups
Genes
Diabetic Control
Diabetic
Normal and
and Test
Control
Test
and Normal
PTP-1B
0.03*
0.01**
0.06
IRS-1
<0.001***
0.01**
0.14
INSR
0.45
0.64
0.38
PDK1
0.001***
0.01**
0.004***
PKB
0.02*
0.03*
0.24
PI3K
0.01**
0.20
0.28
PKCθ
<0.001***
<0.001***
0.12

Table 6: Expression of dibeteogenes in skeletal muscle
Groups
Genes
Test
Diabetic Control
Normal
PTP-1B
0.337 ± 0.07
1.123 ± 0.22
0.169 ± 0.04
IRS-1
0.344 ± 0.006
0.226 ± 0.008
0.230 ± 0.02
INSR
0.137 ± 0.05
0.105 ± 0.01
0.087 ± 0.03
PDK1
PKB
PI3K
PKCθ

1.454 ± 0.14
5.717 ± 1.603
0.489 ± 0.05
0.311 ± 0.03

0.255 ± 0.06
0.165 ± 0.05
0.210 ± 0.03
0.800 ± 0.02

0.592 ± 0.02
1.237 ± 0.04
0.334 ± 0.06
0.194 ± 0.04

‘

(b)

(a)

(c)
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(d)

(e)

(f)

(g)

Figure 5: Effect of cinnamon (CN) extract on the expression levels of (a) PTP-1B, (b) IRS-1, (c) INSR, (d) PI3K (e) PKB (f) PKCθ and (g) PDK1 genes
in skeletal muscle: The density of each band was measured as “integrated density values (IDVs)”. Graphs are showing expression of genes relative to the
expression of GAPDH. Data are expressed as means ± SEM, indicating the significant levels of difference in the expression profile of these genes in the
diabetic control, test and normal groups.
Table 8: Expression of dibeteogenes in adipose tissue
Genes
Groups
Test
Diabetic Control
Normal
PTP-1B
0.238 ± 0.007
0.742 ± 0.009
0.080 ± 0.01
IRS-1
0.403 ± 0.05**
0.153 ± 0.02
1.167 ± 0.01
INSR
0.055 ± 0.01
0.045 ± 0.01
0.109 ± 0.02
PDK1
0.676 ± 0.01
0.689 ± 0.005
0.485 ± 0.05
PKB
0.211 ± 0.09
0.197 ± 0.006
0.207 ± 0.03
PI3K
1.582 ± 0.21
0.261 ± 0.06
1.361 ± 0.31
PKC-θ
0.441 ± 0.04
0.727 ± 0.08
0.112 ± 0.006

Table 9: Statistical difference among groups with respect to
expression of dibeteogenes in adipose tissue
Genes
Groups
Diabetic
Diabetic Control Normal and Test
Control and
and Normal
Test
PTP-1B
<0.001***
0.002***
<0.001***
IRS-1
0.01**
<0.001***
0.55
INSR
0.61
0.21
0.05*
PDK1
0.45
0.02*
<0.001***
PKB
0.88
0.79
0.96
PI3K
0.59
0.02*
0.005**
PKCθ
0.04*
0.002***
0.002***
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for a long period of time. However, their exact mechanism of
action is not known. Earlier studies have suggested that
cinnamaldehyde, an active component of cinnamon acts by
enhancing release of insulin through direct insulin releasing
effect on β-cells (Bolkent et al. 2000; Sharma et al. 2006; Patel
et al. 2012). The present study was conducted to see the effect
of cinnamon extract on blood glucose level, body weight and
expression level of some diabetogenes in the STZ-induced
diabetic rats. Insulin resistance was developed by means of
High Fat Diet (HFD) which critically affects insulin signaling
pathway (Hancock et al. 2008). Adipose tissues and skeletal
muscles are drastically affected by HFD and show increased
insulin resistance (Gong et al. 2012; Higashida et al. 2013).
The high fat-fed animal models therefore aid in understanding
the patho-physiological mechanisms in association with insulin
resistance but their phenotype differ substantially in various
studies (Henriksen et al. 2008).

(f)

(g)
Figure 6: Effect of cinnamon (CN) extract on the expression levels of (a)
PTP-1B, (b) IRS-1, (c) INSR, (d) PI3K (e) PKB (f) PKCθ and (g) PDK1
genes in adipose tissue. The density of each band was measured as
“integrated density values (IDVs)”. Graphs are showing expression of genes
relative to the expression of GAPDH. Data are expressed as means ± SEM,
indicating the significant levels of difference in the expression profile of
these genes in the diabetic control, test and normal groups.

Discussion
Type-2 diabetes mellitus is the major metabolic disorder throughout
the world. As conventional drugs are associated with a number of
side effects, there is a need to search for safe alternative drugs. In
this respect, natural products hold great promise and are expected to
have similar efficacy with no side effects (Anand et al. 2010). Some
patients who experienced insulin resistance do not respond well to
the conventional drugs but show good response to natural products
(Waqar et al. 2009). A number of anti-diabetic herbs have been used

In our study, experimental animals showed impaired glucose
tolerance and marked increase in the body weight during the
course of HFD administration. OGTT confirmed that all rats
with HFD developed insulin resistance which is the prediabetic state. We used streptozotocin (STZ) treatment to
develop type-2 diabetes in insulin resistant rats. After one
month of STZ administration, the OGTT results showed
marked increase in blood glucose level in the STZadministered groups. The blood glucose level remained
elevated even after two hours of oral glucose administration,
whilst the blood glucose level of normal group returned back
to normal value after two hours. The body weight of STZadministered groups also reduced significantly as compared to
the normal group. As the STZ-administered rats became
diabetic, there was reduced glucose uptake and the body
tissues fail to utilize glucose as energy source. To tackle with
this critical situation, diabetic rats start to use surplus body fat
as energy source which was accumulated around their tissues.
After a certain period of time, the fat stores began to deplete so
the obese diabetic rats lose their body weight.
After the confirmation of the onset of diabetes, we treated one
of the diabetic groups with cinnamon extract (test group) while
the other one was left untreated (diabetic control group). The
normal group did not receive cinnamon extract. After one
month, blood glucose level was monitored by OGTT and it
was found that the test group showed reduced blood glucose
levels after two hours. This shows that the cinnamon extract
has improved glucose uptake. On the other hand, blood
glucose level of the diabetic control group did not return to
normal levels even after two hours showing that the glucose
uptake process is still impaired. The results of both the groups
were statistically significant. We also analyzed the body
weights after the cinnamon extract administration. The results
showed statistically significant increase in the body weights of
the test group. This means that as the glucose uptake becomes
normal, body has started to use glucose instead of fats.
In the present study, the effect of cinnamon extract on the
expression of some diabetogenes in skeletal muscle and
adipose tissue was also analyzed. Most of the studied
diabetogenes in our study are the components of insulin
signaling pathway. These include protein tyrosine phosphatase1B (PTP-1B), insulin receptor (INSR), insulin receptor
substrate-1 (IRS-1), phosphoinositide 3-kinase (PI3K), protein
kinase B (PKB), protein kinase C-theta (PKCθ) and
phosphoinositide-dependent protein kinase-1 (PDK1) genes in
skeletal muscle and adipose tissue. In our study, we
hypothesized that cinnamon may improve insulin resistance by
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ameliorating some of the impaired insulin signaling genes in skeletal
muscle and adipose tissue. Our results showed increased expression
of PTP-1B and PKCθ in the skeletal muscle and adipose tissue of
the diabetic control group as compared to normal group while
cinnamon extract significantly reduced the expression of these genes
in the test group. The reduced expression is significant in both
skeletal muscle and adipose tissues in case of PTP-1B and while
PKCθ expression was markedly reduced mainly in the skeletal
muscle. Decreased expression of PKB, PDK1 and IRS-1 genes was
observed in diabetic control and normal groups. This decrease is
significant in both skeletal muscle and adipose tissue for PDK1 and
IRS-1 genes while PKB showed significant decrease only in case of
skeletal muscle. Cinnamon markedly increased the expression of
PKB and PDK1 in skeletal muscle and that of IRS-1 in both skeletal
muscle and adipose tissue of the test group. Decreased expression
was also observed in case of PI3K in diabetic control as compared
to normal group both in skeletal muscle and adipose tissue while the
test group showed remarkable increase in the expression of PI3K in
the skeletal muscle in comparison with diabetic control after the
administration of cinnamon extract. We did not observe any
significant different both in the skeletal muscle and adipose tissue of
diabetic control and the normal group and there was no change
observed in the test group as well.

Conclusion
The present study demonstrates that cinnamon has strong antidiabetogenic and hypoglycemic action in HFD and STZ-induced
type-2 diabetic rat models. Cinnamon affected the expression of
PTP-1B, PKB, PDK1, PI3K, PKCθ, IRS-1 and INSR which
accounts for the onset of insulin resistance and type-2 diabetes. It
was interesting to note that the effect of cinnamon is consistent in
both skeletal muscle and adipose tissue in case of some genes while
for others it showed variable pattern. This shows that cinnamon acts
differently in these tissues by affecting some of these genes while at
the same time other genes are not affected. Taken together, the
results suggest that amelioration of hyperglycemia and insulin
resistance by cinnamon in type-2 diabetic rats is possibly due to the
effective normalization of the expression of insulin signaling genes.
Moreover, there is an inhibitory effect on these genes which
negatively influence the insulin signaling pathway. In our study, we
attempted to see the effect of cinnamon herb on genes of insulin
regulating pathway. These findings may help to understand the
possible molecular mechanism of action of cinnamon and to
elucidate its precise role as an anti-diabetic herb.
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