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INTRODUCTION

Diabetes mellitus (DM) is a chronic endocrine disorder, 
involving metabolic disorders of  carbohydrate, proteins, 
and fats resulting from inadequate pancreatic insulin 
secretion with or without concurrent impairment of  insulin 
action.1 According to the American diabetes association, 
the chronic hyperglycemia is associated with long-term 
damage, dysfunction, and failure of  different organs, 
especially the eyes, kidneys, nerves, heart and blood vessels.2 

Previous studies have demonstrated that DM exhibits 
enhanced oxidative stress and highly reactive oxygen species 
(ROS) production in pancreatic islets due to persistent 
and chronic hyperglycemia, there by depletes the activity 
of  the antioxidative defense system, and thus promotes 
free radical generation.3 Oxygen free radicals have been 
suggested to be a contributory factor in complications 
of  DM4 and the antioxidants may be useful in preventing 
it.5 Therefore supplementation of  therapeutics with 
antioxidants may have a chemoprotective role in diabetes.6
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Background: Diabetic mellitus is a multifactorial disorder associated with its devastating 
consequences has assumed epidemic proportion. Diabetes mellitus (DM) is a global health 
problem and the incidence of DM is increasing at alarming rate all over the world. Many 
Indian medicinal plants have been reported to possess potential antidiabetic activity 
and could play important role in the management of diabetes with less adverse effects. 
Aims and Objectives: The main objective of this study was to focus on the anti-diabetic 
activity of Cinnamomum tamala, with special reference to its curative and protective role in 
alloxan induced diabetic rats. Attempts were further made to study the antioxidant properties 
of C. tamala leaves. Materials and Methods: The diabetic rats were administered orally 
with the aqueous leaves extracts of Cinnamonum tamala (250 mg/kg) for 30 days. The 
results were compared with standard drug Tolbutamide. Result: The alloxan treated diabetic 
control rats showed a significant increase in the plasma glucose, glycosylated hemoglobin 
(HbA1C), glucose-6-phosphatase, aldolase, LDH, ALT, AST, ALP and GGT activity, free 
radicals formation with a concomitant decrease in glycogen content in the liver and serum 
insulin level and phosphoglucoisomerase and hexokinase activity in tissues as compared to 
normal control rats. Oral administration of C. tamala extract for 30 days showed significant 
result as compared to Tolbutamide and diabetic control rats. Conclusion: On the basis of 
above findings it can be concluded that extracts of C. tamala to alloxan induced diabetic 
rats showed significant positive changes in the biochemical and histopathological parameters 
related to carbohydrate and protein metabolism. Further studies should be undertaken to 
find out the molecular mechanism of C. Tamala.
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Many Indian medicinal plants have been found to be useful 
because of  rich source of  various bioactive phytochemicals 
in the management of  diabetes. Medicinal plants provide 
better alternatives as they are less toxic, easily available and 
affordable and many of  the currently available drugs have 
been derived directly or indirectly from them.7,8

C. tamala is belonging to the Lauraceae family. The 
leaves, known as tejpat, tejpatta, or tejpata in Hindi, 
tamalpatra in Marathi, and Indian Cassia in English 
which is widely used in pharmaceutical preparations 
because of  its hypoglycemic, stimulant and carminative 
properties.9 Leaves of  this plant are effective in diabetic 
rats have antioxidants as well as have hypoglycemic anti-
inflammatory and immunomodulation properties10 and the 
bark was reported to have anti-diabetic activity by using 
α-amylase inhibition assay.11,12

Only scarce data is available on effect of  C. tamala on 
other parameters. Our aim was to explore the antioxidant 
activity of  C tamala improves histopathological 
alterations and Biochemical parameters in alloxan induced 
diabetic rats and compare the effect with standard drug 
Tolbutamide.

The Indian medicinal plant Cinnamomum tamala Nees 
and Eberm or Indian bay leaf  is an evergreen, medium-
sized tree belonging to the family Lauraceae. The leaves, 
known as tejpat, tejpatta, or tejpata in Hindi, tamalpatra 
in Marathi, and Indian Cassia in English, are usually olive 
green in colour, may have some brownish spots and have 
three veins running down the length of  the leaf. The leaves 
of  this tree have medicinal properties and are reported to be 
used in treatment of  numerous ailments. The produce of  
the plant is also used as food, fodder, medicine and timber 
in Uttarakhand state as well as in other Himalayan regions 
of  India.4 Various kinds of  leaf  extracts of  C. tamala 
have previously been reported to have anti-inflammatory,5 
antioxidant,6 antiulcer,7 anticarcinogenic,8 antidiarrhoeal9 
and antidiabetic.10

Preparation of plant extract
The leaves of  C.tamala were collected locally. Plants were 
confirmed by Taxonomist.

For preparation of  aqueous C. tamala, leaves were properly 
clean and powdered in an electrical grinder and stored 
at room temperature. About 20  g of  dry leaf  powder 
was mixed in 100 ml of  distilled water at 100°C for the 
preparation of  aqueous hot extracts. The flasks were kept 
overnight. Supernatant was filtered with muslin cloth 
and filtered twice with Whatman No. 1 filter paper. The 
supernatant collected was dried to form gel. Water extract 
were lyophilized and stored at 4°C until used.

Doses
250 mg/kg body wt/day of  powder of  C.tamala dissolved 
in 5ml of  D. water given to experimental rats orally.

Selection of animals
Male albino rats weighing 100-150 grams were used for 
the experiments in the present study. The animals were fed 
with standard laboratory diet and allowed to drink water 
ad libitum under well ventilated conditions of  12 h light/
dark cycles in the animal room of  Government medical 
College, Nagpur during the experimental period.

Induction of diabetes
Group I rats were injected with distilled water as a normal 
control. Overnight fasted rats in groups II, III, IV and V 
were administrated a single intraperitoneal injection of  a 
freshly prepared aqueous solution of  alloxan at a dose of  
18 mg/kg/wt. The animals were considered as diabetic, if  
their blood glucose values were above 200 mg/dl on the 
3rd d after alloxan injection. The treatment was started on 
the 3rd day after confirmation of  diabetic condition with C 
tamala (250 mg/kg/wt) and Tolbutamide (300 mg/kg/wt) 
in 10 % ethanol solution to group IV and V respectively, 
which was considered as the 1st  d of  treatment. The 
treatment was continued for 30 days.

At the end of  experimental period, the animals were 
deprived of  food overnight and sacrificed by decapitation 
at the end of  respective experimental periods. The whole 
blood and serum collected was used for biochemical 
estimations. The liver was excised immediately and 
thoroughly washed with ice-cold physiological saline and 
stored at –20°C until further used.

Analytical methods
Autozyme kits were obtained from 6Ranbaxy and Accurex 
Biomedical PVT LTD. diagnostic company.

Plasma glucose13, glycosylated hemoglobin14, Insulin15, liver 
glycogen16, Hexokinase17, Pglucoisomerase18, Aldolase19, 
LDH20,Glucose-6-  phosphatase21, AST, ALT22, ALP23, 
GGT, GSH level24 and SOD.25

Histopathological investigation
Liver tissues for histopathological analysis were fixed in 10% 
formalin solution. After fixation, tissues were embedded in 
paraffin; solid sections were cut at 4μm and stained with 
haematoxylin and eosin.26 The sections were examined 
under light microscope, and photomicrographs were taken.

Statistical analysis
All the data were statistically evaluated and the significance 
calculated by using student’s test. All the results were 
expressed as mean ± SEM.
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RESULT

The result revealed in Table 1, that after 30 days treatment, 
it was observed that the animals treated with  C.tamala 
extract (250mg/kg) and Tolbutamide showed significant 
decrease in glucose (P < 0.01), glycosylated hemoglobin 
(P < 0.01) in experimental diabetic rats. There was also 
increased in glycogen content of  liver (P  < 0.05) with 
significant increased in Insulin level (P  < 0.01) with 
C. tamala or tolbutamide treatment as compared to diabetic 
control.

Table 2 shows the significant improvement in the activity 
of  Glucose metabolizing enzymes (Hexokinase, aldolase, 
LDH, P-gluco isomerase and Glucose- 6- phosphatase).

Table 3 the data shows the decreased in liver enzymes (AST, 
ALT, ALP and GGT).

Table 4 reveals a significant decrease in antioxidant enzyme 
activities SOD and antioxidant GSH were observed in the 

hepatic tissues in diabetic conrol group when compared 
with normal control group.But after treatment with 
C.tamala extract in diabetic rats shows significant raised in 
SOD and GSH level as compared with DC group.

Microscopic examination
The effects of  C. tamala on histopathology of  liver in 
alloxan induced diabetic rats are shown in Figures 1-4.

DISCUSSION

Diabetes mellitus is currently a major public health 
concern, because its incidence and prevalence are 
elevated and increasing, reaching epidemic proportions.27 
Cumulative evidence has shown that poorly and erratically 
controlled hyperglycemia produces abnormally high levels 
of  ROS,28 and these reactive substances could react with 
essential molecules such as lipids, proteins and DNA, 
leading to histological changes as well as functional 
alterations.29

Table 1: Effect of aqueous extract of C. tamala on plasma glucose, HbA1C, Liver glycogen & Insulin 
level in alloxan induced diabetic rats (Values are mean±SD of 6 rats in a group)�
Groups Treatment Pl.Glucose (mg%) HbA1C (gm%) Liver Glycogen mg/g Insulin (μIU/mL)
Gr I Normal 84.37±0.63 5.75±1.10 17.05±0.49 2.83±0.08 
Gr II D. Control 254.47±1.73d 8.1±1.50c 8.55±0.35d 1.25±0.10c

Gr III D. control 278.83±0.78 8.73±0.10 8.5±0.26 1.23±0.12
Gr IV D+C. tamala 94.82±0.54c 7.38±0.27c 12.92±0.09a 2.45±0.16c

Gr V D+Tolbutamide 115.3±0.29d 7.78±0.16 NS 12.69±0.34c 2.23±0.10a

Values are given as mean±SD (n=6). Values were statistically significant at aP<0.05, bP<0.02, , cP<0.01, dP<0.001. Normal Vs D. control and Diabetic Control Vs Diabetic treated 
albino rats

Table 2: Effect of aqueous extract of C. tamala on glycolytic and gluconeogenic enzymes in alloxan 
induced diabetic rats (Values are mean±SD of 6 rats in a group)
Groups Treatment Hexokinase (nM 

of glu6Po4 formed/
min/mg protein)

P‑gluco isomerase 
(nM of fruformed/
min/mg protein)

LDH (U/L) Glu6tpase (nM 
of Pi liberated/

min/mg protein)

Aldolase (nMof 
glyceraldehyde  

formed/min/mg protein)
Gr I Normal 302.00±4.04 37.21±0.26 96.00±0.28 49.76±0.41 222.00±0.11
Gr II D. Control 67.4±0.38d 15.90±0.13c 195.06±0.15c 134.85±0.15c 273.88±0.26d

Gr III D. control 65.4±0.37 14.51±0.43 197.91±0.10 135.33±0.54 274.68±0.30
Gr IV D+C.tamala 295.65±0.29c 38.78±0.26c 95.26±0.40c 41.5±0.52b 223.55±0.30c

Gr V D+Tolbutamide 287.4±0.40a 36.91±0.20c 92.5±0.30a 38.1±0.82b 200.16±0.34a

Values are given as mean±SD (n=6). Values were statistically significant at aP<0.05, bP<0.02, cP<0.01, dP<0.001. Normal Vs D. control and Diabetic Control Vs Diabetic reated 
albino rats

Table 3: Effect of aqueous extract of C. tamala on serum liver enzymes in alloxan induced diabetic rats
(Values are mean±SD of 6 rats in a group)
Groups Treatment AST (U/L) ALT (U/L) ALP (U/L) GGT (U/L)
Gr I Normal 40.9±2.26 42.61±0.39 23.55±0.62 1.61±0.04
Gr II D. Control 78.86±0.9c 56.65±0.36c 56.70±0.26b 1.46±0.03d

Gr III D. control 79.53±0.77 58.83±0.23 57.67±0.32 1.35±0.02
Gr IV D+C.tamala 47.83±0.7d 44.75±0.6c 28.41±0.53c 1.55±0.01c

Gr V D+Tolbutamide 49.11±0.6c 45.01±0.21NS 32.68±0.35NS 1.49±0.02c

Values are given as mean±SD (n=6). Values were statistically significant at aP<0.05, bP<0.02, cP<0.01, dP<0.001. Normal Vs D. control and Diabetic Control Vs Diabetic treated 
albino rats
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Diversity of  medicinal plants and spices containing 
various phytochemicals with biological activity serve as 
viable source of  drugs for the world population. Several 
phenolics, flavonoids and alkaloids possess marked 
antidiabetic activities.30 In a previous study, terpenoids and 
flavonoids have been reported to increase the concentration 
of  antioxidants.31 Rupasinghe et al32 have reported that 

saponins possessed hypocholesterolemic and antidiabetic 
properties. The presence of  these phytochemicals supports 
the claim for the medicinal uses of  C. tamala as potent 
antioxidant and hypoglycaemic agent.

After alloxan injection the rats showed higher glucose 
level and lower level of  insulin when compared to normal 
control rats. From the results of  the present study, it was 
observed that treatment with C. tamala extract decreased 
the serum glucose and increased serum insulin in diabetic 
rats.The possible mechanism for lowering of  glucose 
level might be due to stimulation of   insulin secretion 
from remnant pancreatic β-cells, either by promoting 
glucose uptake and metabolism, or by inhibiting hepatic 
gluconeogenesis.33 This is confirmed by histopathological 
observations which show that the structural integrity of  
islets of  Langerhans was restored towards normalization.

The study showed that significant decreased the content 
of  liver glycogen in diabetic rats. But after administration 
of  herbal extract shows increased the glycogen content 

Table 4: Effect of aqueous extract of C. tamala 
on GSH and SOD activity in alloxan induced 
diabetic rats (Values are mean±SD of 6 rats in a 
group)
Groups Treatment GSH 

(nmole/g tissue)
SOD 

(IU/g tissue)
Gr I Normal 9.77±0.12 99.32±0.15
Gr II D. Control 7.51±0.29d 72.51±0.32c

Gr III D Control 7.25±0.19 72.03±0.10
Gr IV D+C.tamala 9.6±0.15c 93.13±0.15d

Gr V D+Tobutamde 9.35±0.12c 92.88±0.13b

Values are given as mean±SD (n=6). Values were statistically significant at aP<0.05, 
bP<0.02, cP<0.01, d P<0.001. Normal Vs D. control and Diabetic Control Vs Diabetic 
treated albino rats

Figure  1: Normal control liver tissues showing normal cellular 
hepatocyte architecture

Figure  2: Alloxan induced diabetic control rats revealed massive 
degeneration and necrosis of hepatocytes, and cell swelling with 
vacuolar degeneration

Figure  3: Rats treated with C. tamala showed mild amount of 
degeneration and more or less like of normal hepatocytes

Figure 4: Rats treated with Tolbutamide showed a similarity with 
diabetic control appearance, not much change
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in rat liver to near normal. This might be because of  
enhanced rate of  glycogenesis or inhibited glucogenolysis 
due to stimulation of  insulin release resulting in improved 
mobilization of  blood glucose towards liver glycogen 
reserve or storage.34,35

As per previous data reported by Udayakumar  et al.36 
Glycosylated haemoglobin is produced progressively and 
irreversibly through glycosylation of  haemoglobin over 
a period of  time and subsequent browning reaction is 
enhanced by increased glucose levels, and this glycation 
itself  further induces the formation of  oxygen-derived 
free radicals. It is stable till the life of  the RBC and is 
unaffected by diet, insulin or exercise. Therefore, it is an 
excellent marker of  overall glycemic control.A significant 
deceased in HbA1C observed with C. tamala treated rats, 
which could be due to the result of  improved glycemic 
control by the extracts.

Glucose consumption (glycolysis) and production 
(gluconeogenesis) are the important process for maintaining 
the normal sugar, take place in the liver where several 
enzymes are involved.Insulin regulates carbohydrate 
metabolism via controlling the activities of  numerous 
metabolic enzymes in the liver by modifying the uptake and 
consumption of  glucose in target organs such as kidneys, 
skeletal muscles, and adipose tissues.37 In our study, it was 
found that the activity of  hexokinase decreased in diabetic 
rats. Insulin deficiency is the characteristic of  diabetes that 
leads to the impairment in the activity of  this enzyme. But 
after treatment wih C. tamala increased the activity of  this 
enzyme due to which glycolysis can be activated and the use 
of  glucose may increase. These results support the earliest 
finding of  phytochemicals and medicinal plants.38-40 Hence 
the finding suggests that extract was improving the glucose 
metabolism by increasing the utilization of  glucose.

Decrease in activity of  phosphoglucoisomerase might be 
expected to inhibit the proportion of  glucose 6-phosphate 
metabolized via the glycolytic pathway.41

Aldolase, another key enzyme in the glycolytic pathway, 
increases in diabetes and this may be due to cell impairment 
and necrosis.42 In experimental diabetes the cells are 
subjected to alloxan induced-damage and very often exhibit 
glycolysis after a period of  increased oxygen uptake.

Glucose-6-phosphatase is the key enzyme of  gluconeogenic 
enzymes because it regulates both glycogenolysis and 
gluconeogenesis process.43,44 The activity of  glucose 6 
phosphatase in diabetic rats was increased in the liver 
as compared to normal rats, probably due to insulin 
insufficiency because under normal conditions insulin 
acts to suppress gluconeogenic enzymes. After treatment 

with C. tamala inhibited the glucose 6 phosphatase enzyme 
activity as reported in other studies on phytochemicals45, 
probably resulting in the restoration of  blood glucose 
and glycogen content in the liver. This effect may be 
due to the presence of  tannin, saponin, flavonoids and 
other constituents presence in the extract which could act 
synergistically or independently in enhancing the activity 
of  glycolytic and gluconeogenic enzymes.

Lactate dehydrogenase (LDH) is the enzyme that helps to 
catalyze the interconversion of  pyruvate to lactate and vice-
versa in the glycolysis process.46 Increased level of  LDH 
activity in diabetic rats is linked with less insulin availability 
in diabetes. However, treatment with extract decreases the 
activity of  LDH may be because this extract controls the 
amount of  pyruvate and NADH, thus it helps to process 
oxidation of  glucose in mitochondria. Similar findings were 
reported by others.47,48

Elevated levels of  AST, ALT, ALP and GGT are indicative 
of  cellular leakage and loss of  functional integrity of  the 
hepatic cell membranes implying hepatocellular damage.49 
In the present study, after alloxan injection induces 
hepatocellular damage, which is one of  the characteristic 
changes in diabetes as evidenced by high serum levels 
of  AST, ALT, ALP and GGT in diabetes, suggesting 
possible damage to the liver. But after treatment with 
C. tamala showed a significant reduction in the levels of  
these enzymes when compared to the diabetic untreated 
control.Therefore it confirm that C. tamala has some 
hepatoprotective potentials in diabetic rats, thereby 
showing its non-toxic nature.

The free radicals and reactive oxygen species are might be 
playing an important role in causation and complications in 
diabetes mellitus.50 Vital tissues are capable for antioxidant 
defense mechanisms, which include the concerted 
action of  both antioxidant enzymes and nonenzymatic 
antioxidants. Activities of  altered antioxidant enzymes 
SOD and glutathione metabolism results in an imbalance 
of  oxidant/antioxidant defense systems leading to the 
accumulation of  highly reactive oxygen free radicals.51 In 
the present study, we observed a decrease in antioxidant 
enzymes markers in liver tissues of  diabetic rats in addition 
to increased blood glucose with decreased plasma insulin 
levels.The alloxan induced diabetes is associated with the 
generation of  ROS, which causes oxidative damage.52 When 
these diabetic rats treated with C. tamala extract showed 
the proper functioning of  hepatic tissues. Thus the extract 
of  C. tamala might protect the liver tissues against the 
cytotoxic action of  alloxan.

Histopathological examination of  liver of  diabetic rats 
revealed morphological changes. The effect of  C. tamala 
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on the histopathological changes of  diabetic liver is 
promising.

CONCLUSION

In conclusion, our findings showed that C. tamala 
markedly reduced hyperglycemia and associated oxidative 
complications (increased antioxidants markers including 
enzymatic and nonenzymatic antioxidants) in alloxan 
induced diabetic rats. Thus, the present study has shown 
that the phytochemicals as total phenolics, total flavonoids 
present in C. tamala has protect the liver against alloxan 
induced diabetic rats due to decreasing the levels of  
oxidative markers and improvement of  antioxidants 
systems and normalized the histopathological changes.

Experimental evidence obtained from this study is 
encouraging enough to warrant further studies on the 
C. Tamala leaves extract to find out its mechanism of  action 
for treatment of  diabetic complications.
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