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ABSTRACT
Aims: Cinnamon seems to be highly bioactive compound, appearing to mimic the effect of insulin
through increased glucose uptake in peripheral tissues. The present study was planned to explore the
potential antidiabetic, serum insulin and insulin sensitivity properties of cinnamon bark and compare its
effects with antidiabetic agents in diabetic rabbit model.
Methods and Material: Diabetes was induced in rabbits using alloxan (90mg/kg IV). Four groups
(n=6 each) received suspensions of cinnamon (150mg / kg OD orally), glyburide (0.35 mg /kg
orally), metformin (35mg/kg BD orally) or vehicle (6 ml of 5% gum tragacanth). Blood samples were
collected weekly thereafter for five weeks to measure fasting blood glucose level, s. insulin level,
HOMA-IR index.
Results: Administration of cinnamon powder reduced blood glucose level and elevated serum insulin
in diabetic rabbits over a period of 5 weeks. Results for HOMA —IR are inconsistent in this study.
Conclusions: Our results suggest that cinnamon extract significantly improved hyperglycemia and
potentiate insulin level in diabetic rabbit model but its role on insulin sensitizing property still remains

unclear.
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INTRODUCTION

Diabetes mellitus can be described as a group of
metabolic disease characterized by chronic
hyperglycemia resulting from defects in insulin
secretion, insulin action or both.* Currently
insulin and oral antidiabetic agents are the
mainstay of treatment but associated with major
limitations like hypoglycemic episodes, primary/
secondary failure and inability to prevent
premature atherosclerosis due to
hyperinsulinemia in case of insulin resistance.
Agueous extracts from cinnamon have been
shown to increase invitro glucose uptake and
glycogen  synthesis as well as to
increase phosphorylation of the insulin receptor. 2
In addition, these cinnamon extracts are likely to
aid in triggering the insulincascade system. 3

These data suggest that CE prevents the
development of insulin resistance, at least in part
by enhancing insulin signaling and possibly via
the NO pathway in skeletal muscle. An aqueous
extract of cinnamon has also been shown to
improve insulin sensitivity in humans.* The
present study was planned to explore the potential
antidiabetic, serum insulin and insulin sensitivity
properties of cinnamon bark and compare its
effects with antidiabetic agents like glyburide and
metformin.

MATERIALS AND METHODS

Animal care and maintenance: Thirty adult
healthy male albino rabbits (1.2- 2 kg) were
obtained from the central animal house facility of
B J Medical College and Sassoon General
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Hospital, Pune, Maharashtra and kept under
observation for one week before experimentation.
All the rabbits were kept in cages and maintained
in a well ventilated animal house with 12 h light
and dark cycle. The animals were fed with water
and standard institutional feed ad libitum,
supplied by this institution. All the experiments
were performed after obtaining prior approval
from 1AEC. (BJMC/EC/Pharmac/DA-0907087-
44 dated 20-09-2007). Research was conducted in
accordance with the internationally accepted
principles for laboratory animal use and care as
found in the European Community guidelines
(EEC Directive of 1986; 86/609/EEC).

Materials

Cinnamon (Cinnamomum zeylanicum) powder
was obtained from Ghadiwal Vaidya
Pharmaceutical, Pune. The  taxonomical
identification of the plant was done by Indian
drug research association & Laboratory, Pune
(Report no. 315 dated 21-3-2009). Alloxan
monohydrate was purchased from Sigma-Aldrich,
St. Louis, USA. Blood glucose was estimated by
glucometer (GOD-POD method) One touch
Glucometer (Johnson and Johnson, USA).
Tablet formulation of glyburide and metformin
and other chemicals like gum tragacanth were
obtained from local drug store of B. J. Medical
college, Pune. Insulin concentration  was
determined Dby radioimmunoassay with a
commercial kit (DiaSorin, Saluggia, Italy). The
assay had a sensitivity of 0.3ulU/ml. Intra-assay
and inter-assay coefficients of variation for the
method were less than 4% and less than 8.5%,
respectively.

Dosage

Cinnamon powder suspension: 250mg/ml
Glyburide (Glibenclamide) powder suspension:
0.12mg/ml

Metformin powder suspension: 12 mg/ml

A Pilot study was carried out to find out dose of
alloxan monohydrate that would induce adequate
hyperglycemia without producing death of any
rabbit. Twenty four adult male albino rabbits
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weighing around 1.5-2 kg of were selected. After
fasting for 24-48 hrs., solution of alloxan
monohydrate (5%) (90 mg /ml) was administered
by intravenous route in marginal vein of ear.
Blood samples were collected at interval of 15
min, 240min, 3 day and 10 day. Animals having
blood glucose level of 170 mg% were selected as
diabetic animals.

Animals were divided into four groups [n=6].
Group 1: Received 150mg/kg/day Cinnamon OD
orally in 6 ml of 5% gum tragacanth

Group 2: Received 0.35 mg/kg/day Glyburide
OD orally in 6 ml of 5% gum tragacanth

Group 3: Received 35 mg/kg/day Metformin BD
orally in 6 ml of 5% gum tragacanth

Group 4: Received suspending agent OD orally 6
ml of 5% gum tragacanth (vehicle)

The dose of cinnamon was extrapolated from the
dose used in most clinical studies (3gm/day).
5,6,7,8

Glyburide and metformin  doses  were
extrapolated from standard adult human dosage.
All groups received drugs for 5 weeks. All
parameters in present study were measured at
baseline level [after confirming the induction of
diabetic state] and weekly for 5 weeks thereafter.
Estimation of parameters

Fasting Blood glucose, Serum insulin detection-
Radioimmunoassay, HOMA-IR at weekly
interval for 5 weeks.

HOMA —IR score

The Homeostasis Model Assessment (HOMA) is
designed to  predict the  homeostatic
concentrations of fasting insulin and glucose,
which arise from varying degrees of beta-cell
deficiency and insulin resistance. The model is
nonlinear, but can be simply approximated. This
type of HOMA score is currently being evaluated
in clinical practice for determining fasting
glucose and insulin levels. HOMA-IR = insulin
resistance = (fasting insulin in plU/ml) x (fasting
plasma glucose in mg/dl)/22.5 x18. We
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calculated HOMA-IR scores before and
following alloxan administration for five weeks.’

STATISTICS

Each parameter was compared among different
variables using ‘Unpaired-t’ test. The value for
each parameter at every instance was compared
with the value of the respective parameter at the
time of induction of diabetic state within the
group using ‘Paired-t test’. ‘Unpaired-t test’ was
applied to analyse the change in different
variables from diabetic state among the various.

RESULTS

Baseline blood glucose levels (BGL) were similar
in all groups Cinnamon group, Glyburide group,
Metformin  group, Control group before
administration of alloxan. Alloxan administration
induced hyperglycemia in all rabbits which was
statistical ~ significant [p<0.05]. Extent of
hyperglycemia was similar in all four groups
when unpaired test was applied to the change in
the values of BGL from baseline state.

In the control group, hyperglycemia produced
due to alloxan administration remained consistent
throughout the study period. Weekly values of
BGL did not differ significantly from values of
diabetic state. Administration of glyburide

reduced BGL significantly in diabetic rabbits as
early as 1 week after which BGL remained low
throughout the study period.

BGL at weekly interval in Glyburide group was
significantly lower than BGL values of control
group. Change of BGL values from diabetic state
indicating antihyperglycemic effect in Glyburide
group was significantly greater when compared
to change in BGL values of control group
[p<0.05].

Administration of metformin tended to reduce
BGL in diabetic rabbits. During 1st four weeks,
there was a definite trend of decreasing BGL but
statistical significance was obtained only at the
end of fifth week [p<0.05] (Table 1). BGL in
Metformin group was lower than BGL in control
group but again statistical significance was
achieved at the end of fifth week.

Administration of cinnamon powder reduced
BGL over a period of 5 weeks. There was a
continuous trend of decreasing BGL however,
statistical significance was obtained only in 1st
and 2nd weeks when compared to diabetic state
[p<0.05]. BGL in cinnamon group more or less
similar to BGL values in metformin except at the
end of five weeks later where metformin showed
lower BGL values (Table 1).

Table 1: Effect of cinnamon bark, glyburide and metformin suspensions on fasting blood glucose
level (mg/dl) in diabetic rabbits over a period of 5 weeks

Groups Baseline values Ag?;(;;i::ng;?:d week 1 week 2 week 3 week 4 week 5
Cinnamon
suspension 114.50+4.16 184.67+£12.17 146.67+£3.97 143.5045.79 149.8318.41 145.50+£12.54 151.50+8.46
[150mg/kg ] ~ ~-@ ~ @ @ @#
Glyburide 1) 6743.06
suspension T 184.83+8.99 113.50£7.07 129.50+3.10 117.5045.23 114.3345.74 117.6746.23
[0.35 mg/kg] ~%" ~N ~N ~0%" ~N
Metformin
suspension 112.0046.40 170.1749.78 135.67+4.98 136.17+2.51 133.3346.59 132.5045.01 125.00£1.73
[35 mg/kg] ~ ~ ~*
Control (vehicle)
[6 ml 127.174£9.48 162.33+5.76 156.80+3.25 161.00+5.59 149.50+6.20 150.50+6.24 157.00+5.10
Of 5% gum ~
tragacanth]

Data is expressed as mean + S.E.M (n=6); @P<0.05 as compared to glyburide-treated group; # P<0.05 as
compared to metformin-treated group;$ P<0.05 as compared to control (vehicle)-treated group;%
P<0.05 as compared to metformin-treated group;” P<0.05 as compared to control (vehicle)-treated
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group;* P<0.05 as compared to control (vehicle)-treated group; ~ P<0.05 weekly values is considered

statistical significant as compared to diabetic state.

Baseline serum insulin levels were similar in all
groups before administration of alloxan. Alloxan
administration caused decrease in insulin levels
which was statistical significant [p<0.05].

Insulin levels were decreased to similar extent in
control group and maintained throughout the
study period.

Glyburide has also increased serum insulin level
and there was a continuous trend of increasing
insulin levels which was statistical significant
[p<0.05] in 2nd ,4th and 5th week as compared
to control group and in 3rd and 5th week as
compared to Metformin group [p<0.05] (Graph
1).

Metformin group has not shown any significant
change in insulin levels.

After treatment with cinnamon powder, insulin
levels were increased as compared to initial
diabetic state which was statistical significant
throughout the study period. Similarly statistical
significance was seen with Glyburide and
Metformin groups in 1st week and 2nd week.
Significance was clearly observed with control
group throughout the study period (Table 2).
Increased insulin levels in cinnamon group was
also statistical significant with control group
during 5 weeks. While this change was
significant in 1st, 2nd and 5th week when these
values were compared to Glyburide group and in
1st and 3rd week when compared with Metformin
group. [p<0.05] (Graph 1)

Graph 1: Effect of cinnamon, glyburide and metformin suspensions on serum insulin level in

pIU/ml in diabetic rabbits over a period of 5 weeks
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Data is expressed as mean + S.E.M (n=6); @P<0.05 as compared to glyburide-treated group; # P<0.05 as
compared to metformin-treated group;$ P<0.05 as compared to control (vehicle)-treated group;%
P<0.05 as compared to metformin-treated group;” P<0.05 as compared to control (vehicle)-treated
group;* P<0.05 as compared to control (vehicle)-treated group; ~ P<0.05 weekly values is considered
statistical significant as compared to diabetic state.

At baseline HOMA-IR was same in all groups. Administration of alloxan did not alter HOMA-IR in any
group. When compared to diabetic state HOMA-IR values remained same in all groups however, the
HOMA-IR in Cinnamon and Glyburide group was slightly higher than the control and Metformin group
(Graph 2) (Table 2).
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Graph 2:Effect of cinnamon on change of HOMA-IR Index (Homeostasis Model Assessment-

Insulin Resistance) in each week for 5 weeks after induction of diabetes
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Data is expressed as mean + S.E.M (n=6); @P<0.05 as compared to glyburide-treated group; # P<0.05 as
compared to metformin-treated group;$ P<0.05 as compared to control (vehicle)-treated group

Table 2: Comparison of effects of cinnamon bark, glyburide and metformin suspensions on serum
insulin level in plU/ml and HOMA-IR index in diabetic rabbits over a period of 5 weeks

Serum Insulin HOMA-IR
Diabetic st nd th Diabetic st nd th
Groups state 1% week 2" week 5" week state 1> week 2" week 5" week
Cinnamon
suspension
[150mg/kg ] 5.50+1.10 12.6610.75 16.72+0.96 12.35+0.78| 2.58+0.61 4.65+0.39 5.88+0.56 | 4.42+0.30
~@#$ ~$ ~ $
Glyburide
suspension
[0.35 mg/kg] 6.97+1.42 9.46+0.88 12.25+0.51 24.72+1.47| 3.15+0.71 2.88+0.38 3.81+0.15 6.90+£0.54
~N ..,I\% %/\
Metformin
suspension
[35 mg/kg]
6.42+1.18 8.71+0.64 12.55+2.41 8.66+1.65| 2.90+0.66 2.84+0.30 4.27+0.78 | 2.72+0.53
Control (vehicle)
[6 ml of 5% gum
tragacanth] 9.17+0.43 6.25+1.68 5.76+0.42 6.84+2.79| 2.09+1.30 2.15+0.83 1.80+0.18 | 2.39+1.10

Data is expressed as mean + S.E.M (n=6); @P<0.05 as compared to glyburide-treated group; # P<0.05 as
compared to metformin-treated group;$ P<0.05 as compared to control (vehicle)-treated group;%
P<0.05 as compared to metformin-treated group; P<0.05 as compared to control (vehicle)-treated
group; ~ P<0.05 weekly values is considered statistical significant as compared to diabetic state.

DISCUSSION

In the control group, hyperglycemia produced
due to alloxan administration remained consistent
throughout the study period of 5 weeks. B-cell

was sufficient to decrease the levels of Insulin to

destruction induced by oxidative stress of alloxan
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and showed irregularities suggesting that it is not
appropriate model for studying insulin resistance.
Present glycemic data demonstrated that
glyburide has a significant anti- hyperglycemic
effect which appeared as early as one week
following diabetic induction. It also suggests that
anti hyperglycemic effect in Glyburide group is
more potent than that of seen in Metformin and
Cinnamon groups. The insulin secretagogue
effect of glyburide is evident from the
observation that it improved serum insulin level
and there was a continuous time-related trend for
increasing insulin levels. HOMA-IR was not
altered but values were higher than Metformin
and Control groups.

During 1st four weeks, there was a definite trend
of decreasing BGL but statistical significance
was obtained only at the end of fifth week
suggesting delayed onset of anti-hyperglycemic
effect. This effect was not associated with rise in
insulin level indicating its dominant peripheral
action on liver and skeletal muscle in reducing
blood sugar level. HOMA-IR was not altered in
this group.

There was a continuous trend of decreasing BGL
in Cinnamon group. However, statistical
significance was obtained only in 1st and 2nd
week when compared with diabetic state. It is
clear from the study that cinnamon bark has anti-
hyperglycemic effect which is less than glyburide
but comparable with metformin in alloxan
induced diabetic rabbits. Anti-hyperglycemic
effect was significant in the initial weeks of the
study suggesting its transient action. Decreased
response of the cinnamon may be due to
development of tolerance to anti-hyperglycemic
effect after certain period of time; in this case it is
after four weeks. It is also likely to be related to
the small sample size of our study. Recent finding
in one clinical study conducted by ' indicates
that consuming three gram per day of cinnamon
for eight weeks leads to significant reduction in
some biochemical variables compared with
baseline (i.e., fasting blood glucose (FBG)
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decreased by 9.2%. However, fasting blood
glucose levels were decreased by 17% in present
study. These reductions were significant as
compared with placebo group. Similar results
were obtained in one study conducted by . A
significant reduction in fasting plasma glucose
(FPG) was observed at week 12 compared to
baseline in the cinnamon group. In present study,
fasting blood glucose level was reduced rapidly
in the initial two weeks of the study after diabetes
induction and lasted for short duration in
cinnamon group. ° reported their study as the first
U.S. study examining the effects of cinnamon on
glucose levels in subjects with type 2 diabetes
and showed that cinnamon powder (Cinnamonum
cassia), taken over a 40-day period, has no
significant change in any glycemic parameter. As
per report cinnamon taken at dose of one gram
daily for 3 months produced no significant
change in insulin levels too. According to Khan
et al’, addition of 1, 3, or 6 g of cinnamon to diet
led to a significant decrease in mean fasting
serum glucose (18-29%) level. Results for fasting
blood glucose level were coherent with present
study. Rosado et al*? reported that fasting glucose
levels were decreased by 8% in treatment group
after 40 days of supplementation.

After treatment with crude form of cinnamon,
insulin levels were increased as compared to
initial diabetic state which was statistical
significant throughout the study period indicating
its action like insulin secretagogue agent. These
insulin values were also significantly higher than
the Glyburide and Metformin groups at least
during initial two weeks of the study. In contrast
to this, Cheng DM et al (2012) **demonstrated
that cinnamon extract has insulin-like effect
causing inhibition of hepatic glucose production
and decreased the gene expression of enzymes
involved in hepatic gluconeogenesis. However,
as insulin level was not measured, this study
cannot rule out the possibility that effect seen
with Cinnamon group was due to active agent
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that has dual action like insulin secretion
enhancer and insulino-mimetic action.

HOMA-IR was not altered in Cinnamon group.
HOMA-IR values were higher than Metformin
and control groups. Thus, we can conclude that
antihyperglycemic effect of cinnamon is not
relevant to improving the insulin sensitivity.

In one of the studies conducted by Boqué N et al
Y reported decrease in HOMA-IR index by
cinnamon extract as against in present study.
Reasons for difference in result may be due to
alloxan utilisation for diabetes induction and
species variation.

Two trials reported data on insulin sensitivity for
eighty two participants. First trial conducted by
Altschuler  (2007)° reported the ratio of
carbohydrates to insulin (CHO/unit insulin) to
demonstrate insulin sensitivity. Their findings
indicate that there was no statistically significant
difference in insulin  sensitivity between
cinnamon and placebo groups. Vanschoonbeek
(2006) **> measured insulin sensitivity as HOMA-
IR index and suggested that there was no
significant difference in insulin sensitivity among
treatment groups. Data were not suitable for
subgroup or sensitivity analysis.

Another human study demonstrated that oral
administration of cinnamon extract for duration
of eight weeks improved insulin sensitivity in
nondiabetic women with polycystic ovarian
syndrome.’® The mean values of HOMA-IR in
Cinnamon group decreased significantly from a
pre-treatment value of 2.57 to 1.43, which was
not statistically different from that of the normo-
ovulatory controls presumably without insulin
resistance. Whereas, present study reported no
reduction in index in any of the study group
throughout study period. Difference in study
population might be a probable reason for
variation in results.

SUMMARY AND CONCLUSION
In conclusion, cinnamon reduced serum glucose
and elevated serum insulin in diabetic rabbits.
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Results for HOMA —IR are inconsistent in this
study. These findings, however, need to be
confirmed in the diabetic human population in
order to draw valid conclusions. Present study
has following shortcomings like animal study
resulting in species variation, alloxan diabetic
model, less duration of the study and small
sample size. Further studies would be required as
many features of cinnamon are still to elucidate
in detail through well-defined and adequately
powered randomized controlled clinical trials
before recommendations are made for the use
of cinnamonas an effective treatment for
humans.
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