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ABSTRACT 
Since ancient times, cinnamon and propolis have been 

used as folk medicine with reported beneficial effects on 
various clinical conditions. According to previous studies 
cinnamon and propolis may have a positive effect on 
glycemic control in diabetes mellitus. The present 
investigation was assigned to study the effect of cinnamon , 
propolis ,or their combination on blood glucose levels, 
body weight, feed efficiency ratio, body weight gain, and 
relative organs weights in diabetic rats compared to 
normal rats. Thirty male albino rats were randomly 
divided into two main groups. The first group (n=6) was 
considered as negative control non diabetic rats (group 1). 
The other group of rats (24 rats) was subjected for 
intravenous injection with recrystalyzed alloxan to induce 
hyperglycemia. The diabetic rats were randomly assigned 
to four equal groups. (Group 2) alloxan induced, untreated 
rats (n=6) were chosen as positive control and the other 
three groups (groups 3,4 and5) were given stomach tube 
with cinnamon, propolis ,or mixture of cinnamon and 
propolis, respectively. The concentration of dry material 
were  10 mg cinnamon /ml, and 3 mg propolis /ml  and 
mixture of 10 mg cinnamon and 3 mg propolis /ml for 
groups 3,4 and 5 respectively intragastrically once daily 
for 6 weeks(all groups were fed the basal diet). The results 
showed that treatment of diabetic rats with cinnamon, 
propolis and their combination led to decrease in serum 
glucose levels, compared with diabetic control group. The 
best treatment that improved serum glucose level was the 
combination of cinnamon &propolis. Regarding BWG% 
and FER of rats, there were very highly significant 
differences between positive and negative control groups. 
Body weight of normal control group rats was significantly 
higher than the three treated groups as well as the FER. 
But there was no significant difference between CINN, 
PROP and CINN+PROP in BWG either in BWG% or 
FER. There were no significant differences among the 
treated groups in liver weights. Also, there were 
insignificant differences among the mean values of relative 
weights for kidney, heart and spleen in the treated groups 
(3,4and5) .While, these values were significantly lower 
than those of diabetic control group. For relative brain 
weight, normal control group showed significantly higher 
value compared to the other groups. While, there were 
insignificant differences among the relative brain weights 
in the treated groups (3, 4&5) which demonstrated 

significantly lower values compared to those in the positive 
control group.  

Key words: cinnamon, propolis, diabetic rats, blood 
glucose, body weight gain, feed efficiency ratio, relative 
organs weight. 

INTRODUCTION 

Diabetes Mellitus is a chronic condition that occurs 
when the pancreas does not produce enough insulin or 
when the body cannot effectively use the produced 
insulin (WHO, 1999). 

Diabetes appeared to be a chronic metabolic disorder 
characterized by the disturbance in carbohydrate, protein 
and lipids metabolism. This would be associated with 
absolute (type1) or relative (type2) deficiencies in 
insulin secretion and / or insulin action. Hyperglycemia 
is considered the hall mark of Diabetes Mellitus (Beers 
and Berkow, 2003 & Hsu et al., 2003). 

Diabetes mellitus might be present with 
characteristic syndromes such as thirst, polyuria, 
blurring of vision and weight loss. In the most severe 
forms, ketoacidosis or a non-ketotic hyperosmolar state 
might develop and lead to stupor, coma and in absence 
of effective treatment, death. Often symptoms might be 
not severe, or absent, and consequently hyperglycemia is 
sufficient to cause pathological and functional changes 
that might be present for a long time before the 
diagnosis is made (American Diabetes Association, 
2003).  

According to Expert Committee (WHO, 2000), the 
Eastern Mediterranean Region statistical data recorded 
the incidence and prediction of diabetes mellitus in the 
world as well as Egypt. In the World, the numbers of 
people with diabetes mellitus accounted to 171 million 
in 2000, and is estimated to reach 300 million at 2030. 
In Egypt, the numbers of diabetic cases in year 2000 
were 2.6 million and is  predicted to be about 6.7 million 
at 2030. 

Currently some spices and plant 

 

based foods were 
found to play role in glucose metabolism and enhance 
the overall health of diabetic patients (Broadhurst et al., 
2000 & Kelble, 2005).  
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Cinnamon has been used as traditional folk herbs to 

treat inflammation, as an antioxidant for long time, and 
recently, it also showed improvement in insulin 
sensitivity (Kim et al., 2006 & Roffey et al., 2006). 
Propolis also has been used as folk medicine since 
ancient times for its peculiar biological properties and 
as antioxidant material (Marcucci, 1995, Bankova, 
2005, Isla et al., 2005 & Daugsch, 2007). 

Recent articles credit that cinnamon or propolis were 
used for treating diabetes mellitus (Stefano and 
Francesco, 2002 & Fuliang et al., 2005).However the 
studies concerning the use of them were few  with no 
uniform criteria for the extraction and preparation of 
these materials in the treatment of diabetes mellitus in 
rats. 

Thus, the present investigation focused on studying 
the effect of Cinnamon, Propolis ,or their combination 
on blood glucose levels, body weight, feed efficiency 
ratio, body weight gain and relative organs weights in 
diabetic rats compared to normal ones. 

MATERIALS AND METHODS 

Materials: 

Chemicals: 

Casein, vitamins, minerals, cellulose and choline 
chloride were purchased from El-Gomhoria Company, 
Cairo, Egypt. While alloxan was purchased from Sigma 
Company ,Cairo. 

Experimental animals: 

 Male Albino rats (Sprague Dawley strain) weighted 
200±5 g were obtained from Research Institute of 
Ophthalmology, Ministry of Scientific Research, Giza.  

Methods: 

Preparation of the experimental diet 

The basal diet consisted of 10% protein, 10% corn 
oil, 5% cellulose, 1% vitamin mixture, 4% salt mixture, 
0.2% choline chloride and 69.8% corn starch. Both 

vitamin and salt mixtures were prepared according to 
A.O.A.C. (1990). 

Animals adaptation  

  Male Rats were individually housed in stainless 
steel wire-bottom cages with water bottles under 
hygienic conditions and fed on basal diet ad libitum. The 
experiment was conducted in the animal house of 
Research Institute of Ophthalmology.  

Experimental design  

Thirty Rats were divided into two main groups. The 
first group (6 rats) was considered as negative control 
(group 1). The other group of rats (24 rats) was 
subjected for intravenous injection with alloxan to 
induce hyperglycemia (Buko et al., 1996).  

The diabetic rats were randomly assigned to four 
equal groups. One of them chosen as positive control 
(group 2) and the other three groups (3,4 and 5) treated 
by stomach tube with cinnamon , propolis ,or mixture of 
cinnamon and propolis, respectively. The groups are 
shown in Table (1). 

Induction and treatment of diabetes mellitus 

Diabetes mellitus was induced in rats by the 
intravenous injection of recrystalyzed alloxan (150 mg/ 
kg body weight) dissolved in physiological saline 
through the tail vena. Normal control rats were given 
physiological saline only intravenously. Three days later 
the blood was taken from the tail and the centrifuged 
serum was tested for blood glucose.           

Method of administration 

Cinnamon and propolis were extracted by soaking  
in water. The concentration of dry material of CINN was 
about 10 mg/ml, and PROP group was 3 mg/ml, and 
CINN + PROP group the mixture contained 10 mg 
cinnamon and 3 mg propolis /ml. Rats of diabetic groups 
(3,4,5)  were daily given intragastrically the CINN and 
the PROP and their mixture, respectively for 6 weeks 
during the experimental period . 

Table 1. Groups of animals 
Group Number Group name Treatment 

Group (1) Normal (negative) control Rats were not injected with alloxan.  

Group (2) Positive control Rats

 

Only injected without treatment.  

Group (3) Cinnamon      

( CINN) 

were Rats were given cinnamon extract. 

Group(4)  Propolis  

( PROP) 

injected  Rats were given propolis extract. 

Group (5)  CINN + PROP with  

Alloxan 

Rats were given cinnamon and propolis 

extract. 

All  Experimental rats were fed on basal diet throughout the experimental period (6 weeks). 
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Biological Evaluation:   

During the experimental period (6 weeks) , the net 
food intake was daily recorded, while body weight was 
weekly recorded. The net food intake and gained body 
weight were used for the calculation of feed efficiency 
ratio (FER) as follows: 

                     Body weight gain (g) 

(FER %) = ____________________   X 100 

                         Food intake (g)   

At the end of the experiment, the animals were 
fasted over night, and then the rats were anaesthetized 
and sacrified. The different organs of rats (heart, liver, 
kidney, brain and spleen) were carefully removed, 
washed in saline solution, dried between 2 filter papers 
and immediately weighted to estimate relative organs 
weight. The relative organ weight was calculated as 
follows: 

                                                     Organ weight (g) 

(Relative organ s weight %)=                                 X 
100 

                                                    Total body weight (g)   

Statistical analysis  

The results are presented as the mean ±S.D. Data 
were analyzed using SPSS soft ware program (2009). 
Comparisons between means of the control and treated 
groups were analyzed by Student s T-test and their 
significance at ( p<0.05, p<0.01 and p<0.001) 
.Comparisons among the diabetic rats were established 
by ANOVA variance analysis. Least significant 

differences (L.S.D) were considered statistically 
significant at P < 0.05. (Freed et al., 1989). 

RERSULTS AND DISCUSSION 

Effect of different treatments (cinnamon, propolis 
and their combination) on body weight gain (BWG 
%) and feed efficiency ratio (FER) in normal and 
diabetic rats:     

Body weights as well as body weight gain and feed 
efficiency ratio in the different groups of rats before and 
after the induction of diabetes and the administration of 
cinnamon, propolis ,or their combination in diabetic rats  
were compared with normal rats are shown in Table (2). 

Each value represents the mean ±S.D. Student s T-
test, the significance of the difference between treatment 
groups and control group (**P < 0.01 and ***P < 
0.001); means in the same column not sharing a 
common subscript letter (a, b, c and d) are significantly 
different (P < 0.05) between treatment groups. 

Regarding final body weights of rats (after 6 weeks), 
there was a very highly significant difference (p< 0.001) 
between positive control and negative control group.  

While, body weights of normal control group rats were 
significantly higher than the three treated groups (p< 
0.01). The administration of cinnamon, propolis & their 
combination showed an improvement in final body 
weights of diabetic rats compared to those without the 
administration (positive control). No significant 
differences were found among rats body weights of 
treated groups (3, 4 and 5).    

Body weight gains and feed efficiency ratios were 
decreased in the positive control group when compared  

Table 2. Effect of different treatments (cinnamon, propolis ,or their combination) on body 
weight gain (BWG%) and feed efficiency ratio (FER) in normal and diabetic rats         

Groups   Initial body weights 
gm  

Final body weights 
gm  

BWG%  FER 

Normal 
control (1) 

203.00±2.00  295.60±1.52 49.49±0.65   0.15±0.01 

Positive 
control (2)  

201.00±1.00  259.33±2.08***,b 28.83±2.51***,b    

 

0.09±0.01 ***,b     

Group(3) 
 CINN 

202.33±2.56  283.20±3.01**,a 39.40±2.83  **,a 0.13±0.01**,a     

Group(4)  
PROP 

204.00±1.50  286.83±3.25 **,a 40.50±2.28 **,a    0.14± 0.01**,a    

Group(5) 
CINN+PRO 

203.66±1.52  288.00±4.35 **,a 41.54±3.04  **,a 0.14±0.01**,a    

LSD 3.63 6.72 5.30 0.003 
BWG : Body weight gain percent 
FER  : Feed efficiency ratio. 



G.M.El-Kherbawy, etal.,: Effect of cinnamon, propolis ,or their combination on blood glucose, body weight, feed . 483

  
to that of the normal control group (28.83±2.51 vs. 
49.49±0.65) and (0.09±0.01vs. 0.15±0.01), 
respectively. Treating diabetic groups with cinnamon, 
propolis or their combinations recorded significant 
increases in feed efficiency ratios, compared to that for 
untreated group. When diabetic rats were treated with 
cinnamon, propolis and their combination, the body 
weight gains were higher than that of positive control 
group. The capability of these treatments to protect 
body weight loss might be ascribed to the efficiency of 
such materials to reduce hyperglycemia. 

In this respect, Ramesh and Pugalendi (2006) 
observed a decrease in body weight of the diabetic rats 
and attributed that to the loss or degradation of 
structural proteins resulting from diabetes. 

Effect of cinnamon, propolis and their combination 
on relative organs` weight (ROW %): 

The effect of cinnamon, propolis and their 
combination on relative organs weight (ROW %) is 
illustrated in table (3).     

Concerning liver, the results showed that, there were 
no significant differences among the treated groups (3, 
4 and 5). While, there were significant differences 
between relative liver weights of positive control and 
normal control group at (P < 0.001) as well as the 
treated groups at ( P<0.05). The mean of normal control 
group significantly showed the lowest value. As there 
were significant increases in the relative liver weights of 
the diabetic rats when compared with the normal control 
group. The relative liver weights in the diabetic rats 
after the administration of propolis and /or cinnamon 
were significantly lower than those for positive control 
diabetic rats without such administration. 

The administration of either cinnamon or propolis 
and their combination decreased the adverse effect of 
diabetes mellitus on liver weight. Diabetes mellitus is 
one of the most common causes of fatty liver and the 
frequent increase in the liver size in patients with 
diabetes mellitus was recognized ( Nanji et al., 1986). 

The accumulation of fat into the hepatocytes might 
lead to increase in liver weight, or hepatomegaly might 
occur due to glycogen deposition or fatty 
metamorphosis in the chronic phase of diabetes (Kume 
et al., 1994).  

However, there were insignificant differences 
among the mean values of relative weights for kidney, 
heart and spleen in the treated groups (group 3, 4 and 
5).while these  values were significantly lower than that 
of the diabetic control group( p< 0.05). 

The relationship between diabetes and 
increased kidney weight was supported by 
(Craven et al., 1997). In diabetic nephropathy, 
increased intraglomular pressure due to renal 
glomular vascular lesions induced 
microalbuminuria. With further advances in this 
lesion apparent and persistent protenuria due to 
glomular sclerosis occurs leading to deterioration 
of renal function and chronic renal failure (Itoh et 
al., 2002).  

Further studies assured that the kidneys of 
patients with diabetes mellitus were larger than 
those of control subjects. Good metabolic control 
at onset of diabetes appears to be capable of 
reversing kidney enlargement (Wayne et al., 
2004).  

Table 3 .  Effect of cinnamon, Propolis and their combination on relative organs weights of 
normal and diabetic rats 

Group  Liver Spleen Kidney Heart Brain 

Normal 
control (1) 

2.79±0.03  0.15±0.01  0.59±0.005  0.25±0.01  0.50±0.01  

Positive 
control (2) 

3.36±0.04***,b 

 

0.21±0.02***,b  0.72±0.007***,b 0.36±0.02 ***, b 

 

0.78±0.01***, b 

Group(3) 
 CINN 

3.04±0.12*, a 0.15±0.01a 0.66±0.005 a 0.23±0.03a 0.63±0.01**, a 

Group(4)  
PROP 

2.93±0.05*, a 0.15±0.01a 0.64±0.04  a 0.20±0.03a 0.66±0.02**, a 

Group(5) 
CINN+PRO 

2.91±0.11* a 0.14±0.01a 0.63±0.02 a 0.21±0.02a 0.60±0.02*, a 

LSD 0.16 0.03 0.04 0.03 0.07 
Each value represents the mean ± S.D.; Student s T-test, the significance of the difference between treatment groups and control 
group (*P < 0.05, **P < 0.01 and ***P < 0.001); means in the same column not sharing a common subscript letter (a, b, c) are 
significantly different (P < 0.05) between treatment groups. 
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With regard to relative brain weight, normal control 

group showed significantly higher value compared to 
those of the other groups; group2 (p<0.001), group3&4 
(p< 0.01) and group5 (p<0.05). While there were 
insignificant differences among the relative brain 
weights in the treated groups (3, 4 and 5) which 
demonstrated significantly lower values compared to 
those in the positive control group. 

Hypoglycemic effect of cinnamon, propolis and their 
combination on glucose levels of diabetic and normal 
rats.   

Blood glucose levels before and after the induction 
of diabetes compared to normal rats illustrated in Table 
(4). 

Changes in blood glucose levels after administration 
of cinnamon, propolis and their combination in rats with 
induced diabetes mellitus compared with normal rats 
were illustrated in Figure (1). 

Before injection there were no significant differences 
among blood glucose levels of all the experimental 
groups. While there were very highly significant 
differences (p<0.001) at the beginning of the 
experiment between glucose levels of positive control 
(diabetic group) and the normal control group 
(398.60±1.24vs. 76.83±0.47mg/dl) Similarly, there 
were highly significant differences (P<0.001) between 
glucose level means of negative control and those of all 
the treated groups (3, 4 and 5), which were 
399.03±1.05, 401.00±1.00 and 397.73±2.05mg/dl, 
respectively. 

From the same table, it is obvious that after 2 weeks as 
well as 6weeks, differences among the treated groups 
(3, 4, 5), positive control (group2) and normal control 
group were highly significant (p< 0.001).After 2 weeks, 

blood glucose levels for the three treated groups 
represented (275.36±1.40, 215.80±1.33, 211.10±1.04 
mg/dl) in ascending order. 

However, glucose levels were 350.50±1.55 and 
79.43±0.51 mg/dl for positive control and negative 
control groups, respectively.  Moreover, extending the 
period up to 6 weeks resulted in an additional highly 
significant decrease. Values were (151.83±1.55, 
145.06±1.10, 140.33±1.52, 372.33. ±1.55 and 72.60 
±0.52 mg/dl) for the groups (3, 4, 5 and 2) in respective 
order.. 

These data revealed that, the most efficient effect on 
reducing glucose level occurred by administrating the 
combination of cinnamon and propolis (group5) for 2 
and 6 weeks at (P<0.001). Following it, propolis 
treatment (group4) and then group 3 (cinnamon) which 
had the lowest efficient effect at the same probability 
(p<0.001) compared with the control.    

The decline in blood glucose levels reached its 
maximum level after 6 weeks. These findings could be 
attributed to the hypoglycemic effect of cinnamon and/ 
or propolis. These extracts might have a regulatory role 
in blood glucose level and it may also exert a blood 
glucose-suppressing effect by improving insulin 
sensitivity or slowing absorption of carbohydrates in the 
small intestines. 

Concerning propolis ,these findings are in the same 
line of those noted by  Wang and Li (2004) who found 
that shayo Gango-tang (PSG) and or propolis ethanol 
extract showed significant reductions (p<0.05) in blood 
sugar levels of diabetic rabbits compared to control 
group diabetic rabbits. Fuliang et al., (2005) also 
reported that, both ethanol and water extracts of 
propolis

Table 4.  Hypoglycemic effect of cinnamon, propolis and their combination on blood glucose 
levels of diabetic and normal rats  

       Blood glucose level (mg/dl)  Groups 
Before injection After injection After 2weeks After 6weeks 

Normal control (1) 70.16±1.04 76.83±0.47 79.43±0.51 72.60±0.52 

Positive control (2) 69.83±0.56 398.60±1.24*** a 350.50±1.55***,d 372.33±2.51 ***,d 

Group(3)  CINN 71.76±0.35 399.03±1.05***,a 275.36±1.40***, c 151.83±1.55***,c 

Group(4) PROP 70.30±0.45 401.00±1.00***,a 215.80±1.33***,b 145.06±1.10***,b 

Group(5) 
CINN+PROP 

70.20±1.19 397.73±2.05***,a 211.10±1.04***,a 140.33±1.52***,a 

LSD 2.19 3.71 1.53 4.04 
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Each value represents the mean ±S.D. Student s T-test, the significance of the difference between treatment groups and control 
group (***P < 0.001); means in the same column not sharing a common subscript letter (a, b, c and d) are significantly different 
(P < 0.05) between treatment groups. 
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Figure 1. Hypoglycemic effect of cinnamon, propolis and their combination on blood  
glucose levels of diabetic and normal rats 

led to decrease the levels of blood glucose in rats with 
diabetes mellitus suggesting that Propolis can control 
blood glucose and modulate its metabolism            The 
anti-diabetic effect of cinnamon extract in type 2 
diabetic animal model was also noticed by Kim et al., 
(2006).   Blood glucose concentration was significantly 
decreased in a dose dependent manner (p< 0.001) with 
the most in the maximum dose (200 mg/kg) group 
compared with the control. Cinnamon extract seemed to 
have a moderate effect in reducing fasting plasma 
glucose concentrations in diabetic patients (Mang et al., 
2006). 

The recent study of Hlebowicz et al., (2007) proved 
that, the intake of   6 g cinnamon with rice pudding 
reduced postprandial blood glucose and delayed gastric 
emptying without affecting satiety. Similarly, Striffler 
et al., (2007) indicated that acute cinnamon dosing 
caused a marked improvement of impaired glucose 
tolerance accompanied by significant increases in rates 
of insulin secretion in this diabetic animal model. 
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