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Summary: 

Background:The diabetogenic agent alloxan is a selective necrosis of insulin producing cells 
.Alloxan accumulated rapidly in liver and pancreatic islets , this study was carried out to evaluate the 
antidiabetic effect of cinnamon oil on the destructive effect of alloxan in liver and intestine diabetic 
tissues  . 
Materials and methods:Thirty male rats were used and divided into threegroups: Group I =10 animal 
controls, Group II =10 treated with alloxan, Group III = 10 treated with alloxan + cinnamon oil . 
Results:Liver and intestine tissues of diabetic groups revealed necrotic, degeneration of cells 
(histologically ) , increase in blood serum enzymes for acid and alkaline phosphatase , total protein  
,cholesterol and triglycerides ( biochemically) , and increase in the activity of acid and alkaline 
phosphatase in liver and intestine tissues ( histochemically ). While diabetic group treated with 
cinnamon oil revealed decrease in all these parameters. 
Conclusions: Oral administration of cinnamon oil produce significant hypoglycemic effect restores 
liver function and normalize the histological, histochemical and biochemical abnormalities caused by 
diabetes in alloxan induced diabetic rats, this may be due to antioxidant effect of this herb. 
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Introduction: 
 
Diabetes mellitus a complex syndrome is 
characterized primarily by the imbalance in blood 
glucose homeostasis leading to hyperglycemia and 
series of secondary complications caused by an 
absolute or relative lack of insulin.  In conventional 
theory, type I diabetes is treated with exogenous 
insulin and type II with oral hypoglycemic agents ( 
1). Many of the oral antidibetic agents have a 
number of serious adverse effects, thus, managing 
without any side effects is still a challenge. 
Therefore, the search for many effective and safer 
hypoglycemic agents has continued to be an 
Important area of investigation. Besides drug 
classically used for the treatment of diabetes ( 
insulin, sulphonylureas, biguanides and 
thazolidinediones ), several species of plants have 
been described in the scientific and popular 
literatures having a hypoglycemic activity and this 
activity may be due to its antioxidant  properties ( 2), 
flavonoids are commonly found in all plants and 
also posses hypoglycemic and antidiabetic activities 
(3). Because of their perceived effectiveness, 
minimal side effects in clinical experience and 
relatively low cast, herbal drugs are prescribed 
widely even when their biological active compounds 
are unknown. Insulin deficiency leads to various 
metabolic aberrations in the animals mainly 
increased blood glucose, decreased protein , increase 
levels of cholesterol and triglycerides (TG), increase 
in the activity of serum alkaline (ALP) and acid( 
ALP) phosphatase , serum Glutamate Oxaloamino 
Transferase (SGOT) indicate liver dysfunction in  
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diabetes ( 4) , Ohaeri 2001 (5) also found that liver 
was necrotized in STZ- induced diabetes rats . 
Although cinnamomum zeylancium has been used 
as folklore medicine all over the world. Yet 
scientific validations of its hypoglycemic and 
hepatoprotective properties need to be established. 
Hence this study was under taken to evaluate the 
hypoglycemic and restoration of normal liver 
functioning activity of cinnamon in alloxan – 
induced diabetic rats.  
 
 Materials and Methods:  
Male albino rats of wistar strains, weighing about 
150-200 gm. From animal breeding center – college 
of medicine – university of Baghdad. All animals 
were kept and maintained under laboratory 
conditions of temperature 25 C 0 and 12 hr.day, 12 
hr. night cycle and were allowed free access to food 
and water ad libitum .Diabetes was induced by a 
single dose of 100 mg / kg (body weight) 
intraperitoneally injection of alloxan monohydrate( 
BDH chemicals Ltd ,England , product no. 4201) 
dissolved in D.W. immediately before use and 
infused over a period of 10 min. to overnight fasted 
animals  (6 ) , because glucose is known to protect 
the beta cell and prevent the superoxide derivative , 
which cause the cell damage ( 7) the rats were kept 
for the next 24 hr. on 5% glucose solution bottles in 
their cage to prevent hypoglycemia ( 8). After 
fortnight rats with moderate diabetes having 
hypoglycemia with blood glucose range of 250-300 
mg/dl , were used for this study . 
The animals were divided into 3 groups of 10 each. 
Group I served as normal control rats received only 
distilled water during the experimental period. 
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Group II was the untreated diabetic control group. 
Group III diabetic rat were once daily treated with 
cinnamon oil 0.2 mg / kg B.W. ( 9 ) . The treatment 
was continued for 60 days. The rats were sacrificed 
at the 14,28,42,56 days after induction of diabetes, 
small pieces of liver and intestine was removed and 
divided into 2 parts, one for the histological studies 
and the other for histochemical studies. 
Histological study: 
The pieces of liver and intestine tissues immediately 
fixed in 10 % formaldehyde, the specimens were 
dehydrated in ascending grades of ethanol, cleared 
with xylene and embedded in paraffin wax , 
sectioned to get 5 µm sections , and stained with 
haematoxylin – eosin stain (H & E) and periodic 
acid shiff ( PAS)  stain . 
Histochemical study: 
 Another part of each of liver and intestine tissues 
were fixed in 2 % paraformaldehyde, the lead 
method after Gomori 1952 (10) was used for 
cytochemical localization of acid (ACP) and alkaline 
(ALP) phosphatase. Black precipitate indicated the 
sites of the enzyme.  
Biochemical study: 
Blood was obtained through intracephalic puncture, 
then serum was separated by centrifugation and sent 
to the biochemical test for blood sugar, total protein, 
cholesterol, triglycerides acid and alkaline 
phosphatas.  
Statistical analysis was done by using ANOVA and 
students – test. Data expressed as ±SD statistical 
significance was defined as P<0.05. 
 
 Results:  
Blood glucose level was significantly (P<0.05) 
elevated in alloxan – induced diabetic rats as 
compared with control rats. Oral administration of 
cinnamon oil during 60 days showed significant 
(P<0.05) reduction in glucose similar to the normal 
when compared with diabetic control animals, as 
shown in Table I. 
 
Table I: effect of cinnamon oil on serum glucose 
of control and experimental rats 
Parameters Group I 

Control 
Group II 
Diabetic  

Group III 
Diabetic 
+Cinnamon oil 

Serum 
glucose  
          
Mg/dI 

98.33 ± 2.6 302.67 
±2.35* 

106.67±4.2*

Results are expressed as mean ± SD ;   * significant 
at P<o.o5 
 
The histopathological (heamatoxyline &eosin stain) 
examination of diabetic rats showed necrosis of the 
hepatic cells , degeneration,  vaculation in hepatic 
cells  in comparison to that of normal rats ( Fig. 1 : 
A&B ) . 
In diabetic groups treated with cinnamon oil 
indicated that hepatic lobules appear more or less 
like normal parenchymal hepatic tissue structure. 

Regeneration and hyperplasia of hepatic cells are 
indicated by cell division (Fig.1C). 
The histochemical examination of diabetic rats 
stained with periodic acid Schiff (PAS) technique 
showed pericentral depletion of PAS +ve materials. 
While in diabetic rats treated with cinnamon oil  
there was well distribution of polysaccharides in the 
hepatocytes that appeared  more or less like normal 
control (Fig.1: D&E). On the other hand 
histopathological (heamatoxyline &eosin stain) 
examination of diabetic rats showed mucosal  
sloughing, degeneration of mucosal villi, shortness 
of intestinal villi  as compared with normal control 
tissues , while diabetic groups treated with cinnamon 
oil revealed regeneration of epithelial mucosa 
hyperplasia of goblet cell ( Fig.II : a,b&c ). 
The effects of cinnamon oil on diabetic rats liver 
serum enzymes, acid phosphatase, alkaline 
phosphatase, and total protein are given in table II. 
 
Table II: Effect of 60 days treatment of cinnamon 
oil on enzymes, acid phosphatase (ALP), alkaline 
phosphatase( ALP) , and total protein in alloxan-
diabetic male Wister rats . 
Parameters  Normal 

Control 
      N 

Diabetic 
Control 
     D 

Diabetic 
+Cinnamon oil       
( DC) 

ACP  IU/L 5.88 ±1.7 9.23 ±2.0*  6.56  ± 2.2*

ALP    IU/L 17.93 ± 
1.2 

22.19  
±0.6* 

 8.62  ± 1.4*

 Total protein  120  ± 
1.7 

178 ± 0.5 
* 

124 ±0.5*

 Results are expressed as mean ± SD ;  * significant 
at P<o.o5 
 
Levels of cholesterol and triglycerides showed a 
significant increase in blood serum (as shown in 
table III) in alloxan diabetic groups when compared 
with control groups . 
 
Tale III: Effect of alloxan and cinnamon oil on 
cholesterol and triglycerides in experimental 
animals. 
Parameters  Normal 

Control 
     N 

Diabetic 
Control 
     D 

Diabetic 
+Cinnamon oil   
( DC) 

  Triglycerides  
       Mg/dI 

78.5 ± 2.5    114.33 ± 
6.7 * 

   90 ± 2.2 *

  Cholesterol  
      Mg/dI 

   94.5 ± 2.1      190.33± 
3.2 * 

 118.66 ± 3.3 *

Results are expressed as mean ± SD    ;   * 
significant at P<o.o5 
 
Discussions: 
Alloxan has been observed as rapidly and selectively 
acting on pancreatic beta cells ( 11) and is known to 
induce DNA strand breaks in isolated rat pancreatic 
islets (12), also cause massive reduction of the β-
cells of islet of Langerhans  induce hyperglycemia 
,and elevation of local free radicals in β-cell after 
increasing free radicals in other body organs (13) . 
An observation in this study correlates with the 
previous research findings about elevation of  Blood 
glucose level in alloxan – induced diabetic rats , and  
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a reduction in this level after oral administration of 
cinnamon oil during 60 days  as shown in Table 
I,Several researches have reported that flavonids 
(oil) have hypoglycemic, hypolipidemic and 
hypocholesterolaemic effects (14). From our results, 
it can be assumed that the flavonids might be 
responsible for the hypoglycemic effects of 
cinnamon oil.It is not clear now, how cinnamon oil 
cures diabetic rats under hypoglycemic condition, so 
we suggested that, the mechanism may be through 
the stimulation of beta cells for elevated secretion of 
insulin, thereby increasing the utilization of glucose 
in various tissues, and this agrees with previous 
workers (15), or the oil may act as insulin substitutes 
, or the cinnamon oil causes increase in the glucose 
transport across the cell membrane , which is 
reduced by alloxan in rats (20). It has been well 
established that diabetes mellitus alters the normal 
metabolism of tissues like liver, kidney and heart 
(16).The histopathological (heamatoxyline &eosin 
stain) examination of diabetic rats showed necrosis 
of the hepatic cells , degeneration,  vaculation in 
hepatic cells  in comparison to that of normal rats ( 
Fig1: A&B ) . These results are in agreement with 
Buko (17) who reported that the diabetic liver rats 
characterized by hydropic dystrophy and 
lymphocytic infiltrations. These damages may be 
due to oxygen free radicals (OFR) exerting their 
cytotoxic effect by peroxidation of membrane 
phospholipids leading to a change in permeability 
and loss of membrane integrity.  Decreased 
endothelium- dependent relaxation in diabetes is 
linked to release of OFRs. Hyperglycemia causes 
increased production of OFRs, during diabetes, from 
glucose oxidation and protein glycosylation (18). 
The level of total protein in serum decreased in 
diabetic groups when compared to those of normal 
control, while it increased in diabetic rats treated 
with cinnamon oil compared to those of diabetic 
rats. Distinct metabolic renal alterations lead to a 
negative nitrogen balance, enhanced proteolysis and 
lowered protein synthesis in experimental diabetes 
(19). The reversal of the changes by cinnamon oil 
may be proved that the insulin deficiency had been 
corrected. Serum protein never deviated from the 
normal range throughout the treatment period in 
cinnamon treated diabetic rats , so the oil may  act as 
anabolic effects , and this agrees with previous 
studies, or by enhancing the synthesis of certain 
proteins in rat liver and increasing the body weight 
in human (20). Histochemical studies to ACP & 
ALP in livers tissue treated by alloxan are shown in 
(FigIII: a, b, c&d). Those for intestinal tissue are 
shown in (Fig.IV: a, b, c&d) .Enzymes in intestinal 
tissue, increased significantly in comparison with 
normal control rats. These changes are directly 
related to changes in metabolism in which the 
enzymes are involved. The restoration  of acid  and  
alkaline  phosphatase in liver tissue and  ACP &  
ALP  enzymes  in intestinal  tissue  compared with  
normal tissue , was observed in cinnamon treated 
diabetic groups , these findings come out with 

previous studies by Udayakumar et al., 2009 ( 20 ) .  
Increase activities of serum enzymes in alloxan 
diabetic animals caused lipid peroxide mediated 
tissue damage in the pancreas , liver , kidney and 
heart ( 21 ) .The increase in the level of these 
enzymes in diabetes may be due to liver dysfunction 
as result of the leaking out from the tissues and then 
migrating into the blood serum ( 22) which gives an 
indication on the hepatotoxic effect of alloxan , and 
also cause cell damage by altering cell membrane 
architecture ,  which results in enhanced activities of  
ACP , ALP  in  diabetic rats( 20) . Treatment of 
alloxan-diabetic rats with the plant oil (flavones) 
caused reduction in the activity of serum ACP & 
ALP enzymes compared to the diabetic groups  and 
consequently may alleviate liver damage caused by 
alloxan – induced diabetes  . These findings agree 
with those obtained by EL-Demerdash et al. 2005 
(23). The abnormal high concentration of serum 
lipids is mainly due to increase in mobilization of 
free fatty acids from the peripheral fat deposits, 
because insulin inhibits the hormone sensitive lipase 
production.  However on treatment with cinnamon 
oil it decreased significantly and improved the 
diabetic status including protection of DNA against 
oxidative damage, hypocholesterolemic effect 
(24).These results are in agreement with Anderson et 
al., 2004 (25) which revealed that the polyphenolic, 
polymers, anthocynins, found in cinnamon functions 
as antioxidants, potentiate insulin action and may be 
benefietal in the control of glucose intolerance and 
diabetes. As a strategy to counteract the negative 
effect of oxidative stress, antioxidant-based therapy 
is promising to minimize the complications 
associated with oxidative stress in diabetes mellitus. 
In other hand many of these compilations are 
diminished with certain dietary antioxidants such as 
vitamin E,C and lipoic acid ( 25) . The use of other 
non – nutrient antioxidants such as flavonoids and 
polyphenol has been reported with the same 
advantage (27). 
 
Conclusions: 
Present findings show that oral administration of 
cinnamon oil produce significant hypoglycemic 
effect, restores liver function and normalized the 
histological, histochemical and biochemical 
abnormalities caused by diabetes in alloxan induced 
diabetic rats. 
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Fig. I: Sections in liver tissues showing: A- 
Normal parenchymal hepatic (H& E stain) 400 
X., B - Alloxan – diabetic group, showing 
necrotic, vacuolated  cells, (H&E), 400X., C- :  
Rat's treate   with cinnamon oil , showing normal 
tissue looking , regeneration of  parenchymal  
cells , hyperplasia(cell division, indicated by the 
pointer),(H&E),400X., D - Alloxan   treated 
animal, showed necrosis and vacuolated of 
hepatocytes (→)PAS stain,  400 X. , E -  Tissue of 
diabetic  rats treated with cinnamon oil showed 
the distribution  of polysaccharides in the  
hepatocytes .(PAS stain) , 400X.                                                                                                       

a      
 

b 
400x 

c 400x 
100x 
Fig.II: Sectionsof rat's  intestinal mucosa showing 
: a -Normal looking villi  (H&E stain), 200X.,b -
Rat treated with alloxan, showing surface mucosa 
sloughing and degeneration of intestinal villi, 
(H&E stain) ,   c – Rat  treated with alloxan + 
cinnamon oil , showing regeneration of villi ,   
hyperplasia of goblet cell , (H&E)  . 
 
   

a   b    

c d  
Fig. III: Acid phosphatase activity in hepatocytes 
in, a: alloxan - induced diabetic animals( 200x),   
b:  diabetic animals treated with cinnamon oil , 
400X . 
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Alkaline phosphatase activity in hepatocytes in , c : 
alloxan – induced diabetic  animals (200x d: diabetic   
animals treated with cinnamon oil , 400X. 
                                                                                                                                                  

a  

b

                               

c  

d 
 
Fig. IV: Acid phosphatase activity in small 
intestinal tissue in, a: alloxan - induced   diabetic 

animals( 200x),  b: diabetic animals treated with 
cinnamon oil , 400X  . 
Alkaline phosphatase activity in small intestinal  
tissue in,  c: alloxan –   induced  diabetic animals( 
100x), d : diabetic   animals treated with 
cinnamon oil, 400X . 
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