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ABSTRACT 

 
Cinnamon has been widely recognized as hypoglycaemic agent against diabetes mellitus. This study 

aimed to investigate the potential histological repairing ability of damaged pancreatic tissue due to alloxan-
induced diabetic rats. Diabetes was induced in 24 male Albino rats using alloxan (120mg/kg intraperitoneal). 
Four groups (n=6 each) received or not suspensions of cinnamon (50mg/ kg and 100mg/kg OD orally). Body 
weights, fasting blood glucose, and serum insulin levels were measured. All biochemical results were 
compared with cinnamon effects on pancreatic histological changes. Diabetes decreased serum insulin due to 
damaged Langerhans islet cells, however, treatment of diabetic rats with cinnamon up to 30 days, significantly 
increased serum insulin and reduced blood glucose level. Moreover, cinnamon-treated rats with a low dose 
showed that the shape of pancreatic islets cells relatively irregular with some normal cells. Meanwhile the 
cinnamon-treated with a high dose showed considerable repairing effects and islets cells looks like normal. The 
biochemical and histological findings suggested that cinnamon extract has therapeutic and protective ability 
against alloxan-induced diabetic rats. The hypoglycaemic effect observed could be due to high repairing ability 
on pancreatic tissues leading to increased insulin levels. Hence, cinnamon may be useful in the treatment of 
diabetics. 
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INTRODUCTION 
 

Diabetes mellitus is a chronic metabolic disease characterized by hyperglycaemia due to insulin 
deficiency, or insulin resistance, or both. Hyperglycaemia occurs when cells become unable to utilize glucose 
and/or the liver and skeletal muscles cannot store glycogen [1]. 
 

The prevalent treatment of diabetes mellitus besides controlling food intake; treating obesity; proper 
exercise and changing life style includes administration of oral hypoglycaemic drugs and subcutaneous 
injection of insulin [2]. Despite the presence of known anti diabetic medicine in the pharmaceutical market, 
diabetes and the related complications continued to be a major medical problem [3]. 
 

There are some medicinal plants have been declared in diabetes treatment worldwide and have been 
used experimentally as antidiabetic remedies. Antihyperglycemic effects of these plants are attributed to their 
ability to restore the function of pancreatic tissues by causing an increase in insulin output or inhibit the 
intestinal absorption of glucose or to the facilitation of metabolites in insulin dependent processes [3-4]. 
Among these plants Zizyphus spina christi [5]; Fenugreek [6]; Urtica dioica [7]; Balanites aegyptiaca [8]; Rhazya 
stricta [9]; Viscum album [10] and Urtica dioica [11]. 

 
Alloxan (2,4,5,6-pyrimidinetetrone) is an oxygenated pyrimidine derivative. It is a toxic glucose 

analogue, which selectively destroys insulin-producing cells (ß cells) in the pancreas when administered to 
rodents including rats. This causes an insulin-dependent diabetes mellitus (called "alloxan diabetes") in these 
animals, with characteristics similar to type 1 diabetes in humans. Alloxan is selectively toxic to insulin-
producing pancreatic ß cells because it preferentially accumulates in ß cells through uptake via the GLUT2 
glucose transporter. Alloxan, in the presence of intracellular thiols, generates reactive oxygen species     (ROS) 
in a cyclic reaction with its reduction product, dialuric acid. The beta cell toxic action of alloxan is initiated by 
free radicals formed in this redox reaction [12-15].  
 

Cinnamon is a common spice used by different cultures around the world for several centuries. It is 
obtained from the inner bark of trees from the genus Cinnamomum, a tropical evergreen plant that has two 
main varieties; Cinnamomum zeylanicum (CZ) and Cinnamon cassia (CC) (also known as Cinnamomum 
aromaticum/ Chinese cinnamon). In addition to its culinary uses, in native Ayurvedic medicine Cinnamon is 
considered a remedy for respiratory, digestive and gynaecological ailments [16]. 
 

In-vitro and in-vivo studies in animals and humans from different parts of the world have 
demonstrated numerous beneficial health effects of CZ, such as anti-inflammatory properties, anti-microbial 
activity, reducing cardiovascular disease, boosting cognitive function and reducing risk of colonic cancer [16-
17]. 
 

A meta-analysis by Ranasinghe, et al., 2012 [18] and a systematic review by Bandara et al., 2012 [19], 
on the effects of CZ extracts on diabetes demonstrates numerous beneficial effects both in-vitro and in-vivo. 
In-vitro CZ has demonstrated a potential for reducing post-prandial intestinal glucose absorption and 
stimulating glucose metabolism and glycogen synthesis, in addition to stimulate insulin release and 
potentiating insulin receptor activity [16, 18-19].  
 

Other studies showed that aqueous extracts from cinnamon have been shown to increase in vitro 
glucose uptake and glycogen synthesis as well as to increase phosphorylation of the insulin receptor. Also 
cinnamon extracts are likely to aid in triggering the insulin cascade system. These data suggest that cinnamon 
prevents the development of insulin resistance and aqueous extract of cinnamon has also been shown to 
improve insulin sensitivity in humans [20-21] The present study was carried out to investigate the potential 
histological repairing ability of cinnamon on pancreatic tissue of alloxan- induced diabetic rats.  
 

MATERIALS & METHODS 
 

Animals  
 

Twenty four male Albino rats were used in the study with an average weight of 150 – 250g and an 
average age of 12-16 weeks, obtained from Animal House Lab, University of Al-Mustansyria, Baghdad, Iraq. 
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The animals were fed with rodent pellet diet and tap water ad-libitum under strict hygienic conditions. Ethical 
clearance for performing the experiments on animals was obtained from relevant committee in the institute 
that conforms to the guide for the care and use of laboratory animals [22], and all efforts were made to 
minimize animal suffering. The rats were acclimatized for a period of 21 days. Standard environmental 
conditions such as temperature (20-22 

0
C), relative humidity (45-55%) and 12 hrs dark/light cycles were 

maintained in the quarantine. 
 
Chemicals 
 

Alloxan was purchased from Al-Hayat Medical Company (Sigma), in the form of white powder packed 
in tightly closed bottles each containing 25gm alloxan monohydrate. Cinnamon (C. zeylanicum, Family 
Lauraceae) dried bark were obtained from local market of Herbs and Medicinal plants. The method of plant 
extraction was described by Suhad A. Ahmaed et al., [23]. In this method, the dried powder of cinnamon (500 
gm) was soaked in 2 liter of distilled water and gently heated for 30 minutes (about 45

o
C) until extracted out. 

Then the solution was cleared with filter paper concentrated at 50 
o
C in oven. Extract was then prepared to 

50mg/ml and 100mg/ml using distilled water and made ready for oral administration. To prevent 
contamination, the extracts were kept in the refrigerator at 4

o
C [23]. 

 
Design of the Experiment 
 

The experiment was conducted on 24 male Albino rats randomly distributed into 4 groups, of 6 rats 
each. Group 1 (G1; control group); rats were injected with vehicle (citrate buffer, 120 mg/ Kg body weight); 
Group 2 (G2; untreated alloxan-diabetic rats). Diabetes was induced by intraperitoneal injection of alloxan 
(120 mg/kg/day) for 5 days [12, 24]. The development of diabetes was confirmed by the presence of 
hyperglycemia with blood glucose above 13.9 mmol/L (250 mg/dL), which last for at least three days; Group 3 
(G3; alloxan-diabetic rats treated with 50 mg⁄ kg cinnamon) ; Group 4 (G4; alloxan-diabetic rats treated 
with100 mg⁄kg  cinnamon).  
 

The treatment by cinnamon was started for a period of 30 days. During this period, control and 
alloxan-treated animals had free access to standard diet and water until 6pm. None of the rats was treated 
with insulin at any time during the experiment. Blood glucose levels were tested every morning (at 8 am). 
Blood was collected from the tail of fasting (14 h) animals. A drop of blood was used for the blood glucose test 
with the help of a One Touch Glucometer GX.  
 

On the last day (30th day) and after completion of the experimental protocols, blood samples were 
collected from overnight fasting rats by sacrificing each control and diabetic rats. The animals were 
anesthetized in a chamber containing diethyl ether. Cardiac puncture was made using a heparin syringe and 
blood was collected into a heparin containing container. Immediately after collection, 2.0 ml of blood was 
transferred into fresh tube and centrifuged at 3000 rpm for 10 minutes. The serum was collected and stored at 
– 80°C until serological analysis. Serum was assayed for serum insulin using enzyme-linked immunosorbent 
assay (ELISA) using a commercially available kits (Sanofi, France). Also pancreatic tissues were collected for 
histological examination. Pancreatic tissues were harvested from the animals and they were fixed in 10% 
neutral formalin solution, embedded in paraffin, and then stained with haematoxylin and eosin (H&E). The 
preparations were evaluated by means of a bright-field microscope, and photographed (Nikon, Japan). 
 
Statistical analysis 
 

Statistical analysis was performed using the SPSS for Windows statistical package, version 22 (SPSS 
Inc. Chicago, IL, USA). Data were expressed as means ± S.E.M. The effects of drug treatments were evaluated 
statistically using the one-way analysis of variance (one-way ANOVA) followed by the Dunnett post-hoc test to 
correct for multiple comparison treatments. Statistical significance was set at the p < 0.05 level. 
 

RESULTS 
 

The fasting blood glucose (FBG) of the control group (G1) was significantly changed during the 30 days 
of the experiment (figure 1). Body weight (BW) of the G1 continued to rise during the time of experiment 
(figure 2), however, induction of diabetes with alloxan was associated with the characteristic development of a 
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slower rate of body weight gain, and higher FBS levels than in the control rats. Compared with that in the 
cinnamon-treated diabetic groups (low dose and high dose; G1 and G2 respectively). The rate of body weight 
gain were significantly affected by treatment with cinnamon. The FBS of diabetic rats was also decreased by 
treatment with both doses of cinnamon (figures 1 &2). 
 

 
 

Figure1: Fasting blood sugar for all rat groups. 
 

 
 

Figure2. Body weight for all rat groups. 

 
Among diabetic rats group without treatment (G2), the serum insulin levels were significantly 

decreased when compared with control group (G1), meanwhile, treating rats with cinnamon specially in high 
dose (100mg/kg): levels of the insulin were significantly higher compared to those of the control groups at the 
end of the experiment (p=0.001). (Figure 3) 
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Figure 3. Effect of treatment of diabetic rats with cinnamon in low and high doses on serum insulin levels. 

 
Histological findings  
 

Pancreatic sections stained with haematoxylin and eosin (H &E) obtained from normal control rats 
(G1) showed normal histology (Figure 4A). Meanwhile, pancreatic tissue obtained from alloxan-induced 
diabetic rats without treatment by cinnamon (G2) showed severe degenerative changes of the pancreatic 
islets, particularly the cells in the centre of the islets, relative reduction in the size and number of the islets 
(Figure 4B). 
 

Regarding microscopic examination of the cinnamon-treated rats with low dose (G3) showed that the 
shape of pancreatic islets cells, relatively irregular, with some normal cells and some others still appeared 
degenerated. (Figure 4C) Meanwhile, the last group (G4), which was treated by high dose of cinnamon, 
showed considerable repairing effects of cinnamon on the diabetic histological changes of the pancreas. There 
were noted for regeneration and more improved in islets cells and look like normal (Figure 4D). 
 

  

A B 
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Figure 4. Microphotographs of pancreatic tissue. HE 420. (A) G1, normal control group (B) G2, alloxan-induced diabetic 
rats with no treatment; (C) G3, cinnamon-treated group (50 mg/kg); (D) G4, cinnamon-treated group 100 mg/kg. 

 
DISCUSSION 

 
        Diabetes is a chronic metabolic disorder that affects approximately 3% of population worldwide [25]. 
It was reported that sustained reductions in hyperglycemia will decrease the risk of developing microvascular 
diseases and reduce diabetes complications. Usage of oral hypoglycemic drugs to treat diabetes has several 
limitations, such as adverse effects and high rates of secondary failure [26]. Those adverse effects forced the 
diabetic patients to use herbal medication that has a similar degree of efficiency without side effects [25-28]. 
This fact motivated us to carry out this study.  
 

We have shown in this study that: 1) daily oral administration of cinnamon (either low dose of 50 
mg/kg or high dose of 100 mg/kg) for up to 30 days to alloxan-induced diabetic rats effectively reduces the 
elevated levels of hyperglycaemia that is increased to due to the effect of alloxan, 2) reduced level of serum 
insulin due to damaged pancreatic Langerhans islet cell was significantly increased in the serum due to 
histological repairing tissue process due to cinnamon administration after it was destructed by the effect of 
alloxan. 
 

The biochemical evidences about the effect of cinnamon indicates that cinnamon affects body weight, 
blood glucose and insulin level. The hyperglycaemia produced due to alloxan administration remained 
consistent in the G2. This is because of β-cell destruction (Fig 4B) which was most probably induced by 
oxidative stress of alloxan that was sufficient to decrease the levels of serum insulin. This is consistent with 
many other studies [4, 19-20, 23]. 
 

Current study showed that after orally administration of cinnamon, insulin levels were increased (G3 
and G4) as compared to initial diabetic state (G2) which was statistical significant throughout the study period 
indicating its action like insulin secretagogue agent. These results was similar to other study which has 
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 [29]. However, the 
objectives of our study didn’t include the study of cinnamon components hence current study cannot rule out 
the possibility that effect seen with cinnamon groups (G3 and G4) was due to active agent that has dual action 
like insulin secretion enhancer and insulino-mimetic action. 
 

These experimental findings of current study are similar to those reported by many clinical trials 
which were conducted on humans like the study of Khan et al. (2003) [30] who concluded that intake of oral 
cinnamon reduces the fasting serum glucose in people with type 2 diabetes. Stoecker et al., 2010, [31] have 
reported results of a larger (n = 137) cinnamon extract trial that found that after 2 months, FBG decreased (P < 
.001) in the cinnamon-supplemented group (from 8.85 – 0.36 to 8.19 – 0.29 mmol/L) compared with from 8.57 
– 0.32 to 8.44 – 0.34 mmol/L in the placebo group (P = .45). In addition, Roussel et al., 2009 [32], have 
reported the results of a 4-month, double-blind, placebo-controlled trial using an aqueous extract of cinnamon 
in 22 subjects with impaired FBG. They reported a decline in fasting glucose accompanied by increases in 
plasma antioxidant markers [33]. 

C D 
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Alloxan is selectively destroys insulin-producing cells (ß cells) in the pancreas when administered to rats. This 
results a type of diabetes characteristically similar to type 1 diabetes in humans [12-15]. Hence we examined 
the effects of cinnamon on cell damage in alloxan-induced rats in concordance with biochemical effects. 
Alloxan is cytotoxic to ß-cells [12-15]. Destruction of pancreatic ß cells by alloxan is thought to be mediated by 
the inhibition of free radical scavenger-enzymes, which enhances the production of superoxide radicals. The 
current study showed histopathological changes after alloxan injection represented by destructed ß-cells and 
vacuolated pancreatic acini (G2). These results are consistent with other studies [34-37]. Alloxan 
administration elicited significant morphological changes in diabetic rats with severe injury of pancreatic ß-
cells, such as decreasing the islets cell numbers, cell damage, and cell death [fig 4B], this also similar to another 
study [37]. These effects of alloxan are may be due to that the thickened and hyalinised blood vessels causing 
not enough oxygen reach the tissue which resulted in degenerative changes and necrosis, these also similar 
with other studies [34-39]. 
 

Because almost all of the insulin-producing ß-cells were degenerated, or necrosed in the alloxan-
treated rats (fig. 4B), this led to a decrease in insulin secretion and an increase in blood glucose levels. 
However, cinnamon treatment protected the majority of the Langerhans islet cells and prevented 
degeneration of ß-cells especially when the treatment of high dose (100mg/kg) (fig.4D). The diabetic rats after 
treatment (G3 and G4) showed pancreatic islet regeneration. The regenerative effect of the pancreatic cells by 
cinnamon via exocrine cells of pancreas may enlighten the positive effects of these agent on the production of 
insulin. 
 

CONCLUSION 
 

This study investigated the effect of alloxan on normal pancreatic tissue and the potential histological 
repairing ability of cinnamon on pancreatic tissue of diabetic rats. This effect of cinnamon may be used in 
clinical trials among humans to treat and prevent diabetes mellitus as the increasing demand by patients to 
use the natural products with antidiabetic activity, because insulin and oral hypoglycemic drugs possess 
undesirable side effects, although. We recommend more studies as until now the American Diabetes 
Association stated that cinnamon produces no benefit for people with diabetes [40].  
 

ACKNOWLEDGMENT 
  

The authors would like to acknowledge Al-Hani Medical Company/Iraq for complete funding of the 
study.  
 

REFERENCES 
 
[1] Luis-Rodríguez, D., Martínez-Castelao, A., Gorriz, J.L., De-Alvaro, F. and Navarro Gonzalez, J.F. 

Pathophysiological role and therapeutic implications of inflammation in diabetic nephropathy. World 
J. Diabetes 2012; 15: 7-18. 

[2] Dalia A. Hafez. Effect of extracts of ginger goots and cinnamon bark on fertility of male diabetic rats. 
Journal of American Science 2010; 6(10): 940-947. 

[3] Tiwari AK, Rao JM. Diabetes mellitus and multiple therapeutic approaches of phytochemicals: Present 
status and future prospects. J Curr Sci 2002; 83: 30-8. 

[4] Tahsini Lachin1, and Heydari Reza. Anti-diabetic effect of cherries in alloxan induced diabetic rats. 
Recent Patents on Endocrine, Metabolic & Immune Drug Discovery 2012; 6: 67-72. 

[5] Glombitza, K.W.; Mahran, G.H.; Mirhom, Y.H.; Michel, K.G. and Motawi, T.K. Hypoglycemic and 
antihyperglycemic effects of Zizyphus spina christi in rats. Planta Medica, 1994; 60 (3): 244-247.  

[6] AL Habori, M. and Abdel Rhaman, A. Antidiabetic and hypocholesterolemic effects of Trigonella 
faenum graecum (Fenugreek) in rats. Phytotherp. Res., 1998; 12: 233-242.  

[7] Bijan-Farzamie, D.; Ahmadvand, S.; Vardasbi, F.J.; Majin, S. and Khaghani, H. Induction of insulin 
secretion by a component of Urtica dioica leaves extract in perfused islets of Langerhans and its in 
vivo effects in normal and streptozotocin- diabetic rats. J. Ethnopharmacol. 2003; 89: 47-53.  

[8] Shalaby, M.A. and Olfat M. R. Khater. Nutritive content of Balanites aegyptiaca fruits and effect of its 
alcoholic extract on the level of blood glucose and cholesterol in rats. Egypt. J. Pharmaceut. Sci., 2007; 
2: 165-175.  



  ISSN: 0975-8585 
 

March – April  2016  RJPBCS   7(2)  Page No. 649 

[9] Ali, B.H. The effect of treatment of diabetic rats with Rhazya stricta and with glibenclamide, alone and 
in combination on plasma glucose, insulin and glucagons levels. J. Pharm. Pharmacol. 1997; 49(10): 
1003-1007.  

[10] Gray, A.M. and Flatt, R.R. Insulin secreting activity of traditional plant Viscum album. J. Endocrinol. 
1999; 160: 409- 414.  

[11] Bijan-Farzamie, D.; Ahmadvand, S.; Vardasbi, F.J.; Majin, S. and Khaghani, H. Induction of insulin 
secretion by a component of Urtica dioica leaves extract in perfused islets of Langerhans and its in 
vivo effects in normal and streptozotocin- diabetic rats. J. Ethnopharmacol. 2003; 89: 47-53.  

[12] Lenzen, S. "The Mechanisms of Alloxan- and Streptozotocin-induced Diabetes". Diabetologia 2008; 51 
(2): 216–226.  

[13] Mrozikiewicz, A.; Kielstrokczewska-Mrozikiewicz, D.; Lstrokowicki, Z.; Chmara, E.; Korzeniowska, K.; 
Mrozikiewicz, P. M. "Blood Levels of Alloxan in Children with Insulin-dependent Diabetes Mellitus". 
Acta Diabetologica 1994; 31 (4): 236–237. 

[14] Szkdelski T. The mechanism of alloxan and streptozotocin action in ß- cells of the rat pancreas. J 
Physiol Res 2001; 50: 536-46. 

[15] Szkdelski T, Kandulska K, Okulicz M. Alloxan in vivo dose not only exert deleterious effects on 
pancreatic ß- cells. J Physiol Res1998; 47:343-6. 

[16] Priyanga Ranasinghe, Shehani Pigera, GA Sirimal Premakumara, Priyadarshani Galappaththy, Godwin 
R Constantine and Prasad Katulanda. Medicinal properties of ‘true’ cinnamon (Cinnamomum 
zeylanicum): A systematic review. BMC Complementary and Alternative Medicine 2013, 13:275 

[17] Jayaprakasha GK, Rao LJ: Chemistry, biogenesis, and biological activities of cinnamomum zeylanicum. 
Crit Rev Food Sci Nutr 2011, 51:547–562. 

[18] Ranasinghe P, Jayawardana R, Galappaththy P, Constantine GR, de Vas Gunawardana N, Katulanda P: 
Efficacy and safety of ‘true’ cinnamon (cinnamomum zeylanicum) as a pharmaceutical agent in 
diabetes: a systematic review and meta-analysis. Diab Med 2012, 29:1480–1492. 

[19] Bandara T, Uluwaduge I, Jansz ER: Bioactivity of cinnamon with special emphasis on diabetes mellitus: 
a review. Int J Food Sci Nutr 2012, 63:380–386. 

[20] Khalse M. A., Daswani B.R., Ghongane B.B. Effect of cinnamon bark on blood glucose, serum insulin 
and insulin sensitivity in alloxan induced diabetic rabbits. Int J Cur Res Rev 2013; 5 (5): 117-124.  

[21] Bolin Qin, Kiran S. Panickar and Richard A. Anderson.Cinnamon: Potential Role in the Prevention of 
Insulin Resistance, Metabolic Syndrome, and Type 2 Diabetes. J Diabetes Sci Technol. 2010 May; 4(3): 
685–693. 

[22] National Research Council. Guide for the Care and Use of Laboratory Animals. USA, Eighth Edition; 
2010. ISBN: 0-309-15401-4. 

[23] Suhad A. Ahmed, Abbas A. Mohammad, Ali H. Saadoon. Role of Cinnamon Extract on Blood Glucose 
and Testosterone Levels. Eng. &Tech. Journal 2013; 31(1):8-13. 

[24] Ashok, D.C.; Shrimant, N.P.; Panadeep, M.G. and Akalpita, U.A. Optimization of alloxan dose is 
essential to induce stable diabetes mellitus for long period. Asian J. Biochem. 2007; 2(6): 402-408. 

[25] Mohamed Mohamed Soliman, Mohamed Mohamed Ahmed and Samir Ahmed El-Shazly.  Cinnamon 
extract regulates gene expression of lipid and carbohydrate metabolism in streptozotocin induced 
diabetic wistar rats. American Journal of Biochemistry and Biotechnology 2013; 9 (2): 172-182.  

[26] Kim, S.H., S.H. Hyun and S.Y. Choung. Antidiabetic effect of cinnamon extract on blood glucose in 
db/db mice. J. Ethnopharmacol. 2006; 8: 119-23. 

[27] Arshpreet kalsi, shivangi singh, nancy taneja, samiksha kukal, shalini mani. Current treatments for 
type 2 diabetes, their side effects and possible complementary treatments. Int J Pharm Pharm Sci, 
2015; 7 (3): 13-18. 

[28] Mudassar Hussain, Syed Baqir Shyum Naqvi, Maqsood Ahmed Khan et al,. Direct cost of treatment of 
diabetes mellitus type 2 in Pakistan.  Int J Pharm Pharm Sci 2014; 6 (11): 261-264. 

[29] Cheng DM Kuhn P, Poulev A, Rojo LE, Lila MA, Raskin I. In vivo and in vitro antidiabetic effects of 
aqueous cinnamon extract and cinnamon polyphenol-enhanced food matrix. Food Chem. 2012; 
135(4): 2994-3002.  

[30] Khan, M.S.; Safdar, M.; Khan M.M. A.; Khattak, K.N. and Anderson, R.A. (2003): Cinnamon improves 
glucose and lipids of people with type 2 diabetes. Diabetes Care, 26: 3215-3218.  

[31] Stoecker BJ, Zhan Z, Luo R, Mu X, Guo X, Liu Y, Guo Q, Zhou J, Kong J, Zhou ZT, Cui B, Anderson RA: 
Cinnamon extract lowers blood glucose in hyperglycemic subjects. FASEB J 2010;24: 722. 



  ISSN: 0975-8585 
 

March – April  2016  RJPBCS   7(2)  Page No. 650 

[32] Roussel AM, Hininger I, Benaraba R, Ziegenfuss TN, Anderson RA: Antioxidant effects of a cinnamon 
extract in people with impaired fasting glucose that are overweight or obese. J Am Coll Nutr 
2009;28:16–21. 

[33] Paul A. Davis and Wallace Yokoyama. Cinnamon Intake Lowers Fasting Blood Glucose: Meta-Analysis. 
J Med Food 2011; 14 (0): 1–6 

[34] Manal Abdul-Hamid, Nadia Moustafa. Protective effect of curcumin on histopathology and 
ultrastructure of pancreas in the alloxan treated rats for induction of diabetes. The Journal of Basic & 
Applied Zoology 2013; 66:169–179. 

[35] Jelodar, G.A., Maleki, M.,Motadayen, M.H., Sirus, S. Effect of fenugreek, onion and garlic on blood 
glucose and histopathology of pancreas of alloxan-induced diabetic rats. Indian J. Med. Sci. 2005; 59 
(2): 64–69. 

[36] Hamden, K., Boujbiha, M.A., Masmoudi, H., Ayadi, F.M., Jamoussi, K., Elfeki, A. Combined vitamins (C 
and E) and insulin improve oxidative stress and pancreatic and hepatic injury in alloxan diabetic rats. 
Biomed. Pharmacother 2009; 63, 95–99. 

[37] Dahecha, I., Belghitha, K.S., Hamdenb, K., Fekib, A., Belghithc, H., Mejdoub, H. Oral administration of 
levan polysaccharide reduces the alloxan-induced oxidative stress in rats. Int. J. Biol. Macromol 2011; 
49: 942–947. 

[38] Muhamed T Osman, Ariza Adnan, Nor Salmah Bakar, Fatma Alashkham. The Potential 
Immunomodulatory Effect of Allicin Administration in Autommune Disease Process of Type 1 Diabetes 
Mellitus.  Int J Pharm Pharm Sci 2012; 4(Suppl 5):440-444. 

[39] Afaf Jamal Ali Hmza, Effat Omar, Ariza Adnan and Muhamed T. Osman. Nigella sativa oil has 
significant repairing ability of damaged pancreatic tissue occurs in induced type 1 diabetes mellitus. 
Global Journal of Pharmacology 2013; 7 (1): 14-19. 

[40] Daniel Letinsky, Gary Kelsberg, Leilani St. Anna. Is cinnamon safe and effective for treating lipid 
disorders? The Journal of Family Practice 2011; 60(1):43-44. 

 

 
 


