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ABSTRACT

Background: Diabetes mellitus is associated with deterioration of glycemic control and progressive 
metabolic derangements. Despite of introducing  various hypoglycemic agents, diabetes and its 
complications continue to be major problem. Thus searching for a new class of compounds is essential 
to overcome diabetic problems and side effects of its treatment. 
Aim of the Work: This study investigated the effect of eugenol as an adjunct to glibenclamide on 
glycemic control in alloxan-induced diabetic rats.
Materials and Methods: Diabetes was induced in rats by alloxan. The diabetic rats were randomized 
into six groups and administered distilled water, sesame oil, eugenol (100 and 250 mg/kg), 
glibenclamide (3 mg/kg), glibenclamide and eugenol. The animals were treated orally once daily for 
two weeks. The diabetic control rats showed hyperglycemia (351.80 ± 57.27 mg /dl).
Results: The results clearly demonstrated that eugenol produced a dose dependent decline in blood 
glucose level through significant reduction with low dose (100 mg/kg) and a highly significant reduction 
with high dose (250 mg/kg). Treatment of diabetic rats with glibenclamide (3 mg/kg) produced a 
highly significant reduction in blood glucose level. Combination of eugenol and glibenclamide 
showed the best antihyperglycemic result. Other potential beneficial effects of eugenol such as serum 
triglyceride, total cholesterol, HDL, LDL, total protein, ALT, AST, urea and creatinine were assessed 
in alloxan induced diabetic rats. These effects compared to the effect of the standard anti-diabetic 
drug; glibenclamide was evaluated.
Conclusion: The results indicate that combination of glibenclamide with eugenol improves glycemic 
control. In conclusion, eugenol may provide a useful source of new oral hypoglycemic compounds for 
the development of pharmaceutical entities or as dietary adjunct to existing therapies.
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INTRODUCTION                                                                                                                                         

Diabetes mellitus is a syndrome characterized 
by chronic hyperglycemia and disturbances 
of carbohydrate, fat and protein metabolism 
associated with absolute or relative deficiency 
in insulin secretion or insulin action (Jaykar 
and Suresh, 2003). Despite of introducing 

various hypoglycemic agents, diabetes and its 
complications continue to be a major problem 
among world populations (Gireech et al. 2009).

The disease complication is mainly associated 
with a high risk of atherosclerosis (Wakabayashi 
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inflammatory, anti-bacterial, anesthetics, 
neuroprotective and antioxidant effects (Guénette 
et al. 2006 and Ilhami et al. 2010). 

Khan and co-workers (1990) reported that 
extracts of common culinary herbs and spices 
such as cloves induced an insulin-like action or 
insulin-potentiating effect in vitro. Furthermore, 
studying different biochemical parameters in 
vivo showed that clove oil have antioxidant, 
antihyperlipidimic in addition to hypoglycemic 
effects (Atef et al. 2007 and  Radhiah 2010). 

Different pharmacological regimens have been 
developed for treatment of diabetes mellitus. 
Although effective, none have had a lasting effect 
on glycemia control because of the progressive 
nature of the disease. Single or combination drug 
therapy of insulin and/or oral hypoglycemic are 
the classic treatment of diabetes mellitus. Long 
lasting use of anti-hyperglycemic drugs is usually 
associated with several undesirable effects. 
The latter could be reduced by using the least 
effective doses of the anti-diabetic drugs. Natural 
agents that have hypoglycemic effect can be a 
source for anti-diabetic therapy without or with 
least possible complications. We hypothesize that 
eugenol which is a natural product can be used as 
an augmenting therapy in treatment of diabetes 
mellitus.  

The present study was designed to evaluate 
hypoglycemic effect of eugenol at therapeutic 
dose and high dose in alloxan induced diabetic 
rats. This effect of eugenol was compared with 
the hypoglycemic effect of the standard dose 
of glibenclamide. The effect of eugenol and 
glibenclamide combination was investigated. 
Other potential effects of eugenol on different 
biochemical parameter such as serum triglyceride, 
total cholesterol, HDL, LDL, total protein, 
ALT, AST, urea and creatinine were assessed 
in alloxan induced diabetic rats. These effects 
were compared to the effects of the standard 
antidiabetic drug;  glibenclamide. Also, the effect 

et al. 2004), coronary heart disease, stroke and 
peripheral vascular disease (Thomas et al. 
2011). Modern medications like biguanides, 
sulphonylureas and thiozolidinediones are 
available for the treatment of diabetes. The use of 
these drugs is restricted by their pharmacokinetic 
properties, secondary failure rates and 
accompanying side effects (Noor et al. 2008). 
The number of patient of diabetes mellitus who 
exhibit insulin resistance is increasing all over 
the world, the major causes have been suggested 
to be disorders in insulin secretion capacity and 
in carbohydrate metabolism deterioration with 
aging (Jaber et al. 2004).

Thus searching for a new class of compounds 
is essential to overcome diabetic problems 
and side effects of its treatment. The medicinal 
plants may provide a useful source of new oral 
hypoglycemic compounds for the development 
of pharmaceutical entities or as dietary adjunct 
to existing therapies (Tanaka et al. 2006). 
Furthermore, the recommendation made by 
WHO on diabetes mellitus, investigation on 
hypoglycemic agents from medicinal plants have 
become more important. The ethnobotanical 
information reports state that about 800 plants 
may possess anti-diabetic potential (Aguilera 
et al. 1998). The plant kingdom is an important 
potential source of effective oral hypoglycemic. 
More than 400 species have been reported to 
display hypoglycemic effects, but a few have 
been investigated in details (Atef, 2007).

Cloves are the dried product of the clove tree, 
syzygium aromaticum. Clove buds and clove oil 
have been regarded as safe when taken orally 
for medicinal use (Duke, 1985) and have been 
used by human for medicinal applications for 
over two thousand years. Eugenol (2-methoxy-
4-(2-propenyl phenol) which is the principal 
chemical constituent of clove oil has been used 
for decades as an analgesic in dentistry (Kozam, 
1977). Additionaly pharmacological properties 
of eugenol were demonstrated including anti-
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of eugenol and glibenclamide combination was 
investigated.

MATERIALS AND METHODS                                                                                                                                         

Animals: Male adult albino rats weighing 
150-200 grams at the age of 3.0-4.0 months 
have been used. Animals were obtained from 
the animal house, Faculty of Medicine, Assiut 
University and were housed in animal place with 
room temperature being maintained at 25±2°C. 
Animals were fed on a commercial pellet diet and 
kept under normal light/dark cycle. Animals were 
given a free access for food and water up to their 
use. The experimental protocol was approved by 
the Institutional Animal Care and Use Committee 
of Sohag University, School of Medicine.

Chemicals and solutions preparation:

Eugenol: (Sigma Aldrich Company, England). 
Eugenol was pure oily solution, bottle contain 100 
ml and freshly diluted with sesame oil (Abraham, 
2001).

Glibenclamide: (Sigma Aldrich Company, 
England). It was available in powder, 5 gm in 
bottle and has been dissolved in distilled water 
freshly before administration (Radhiah et al. 
2010).

Alloxan hydrate: (Pharco Co. for pharmaceuticals, 
Cairo, Egypt). It was available in powder, 25 gm 
in bottle and has been dissolved in normal sterile 
saline (0.9%)  before administration as intra-
peritoneal injection (Ojezele and Abatan, 2011).

Sesame Oil: (Nile Co. for pharmaceuticals, 
Cairo, Egypt). It has been used for dilution of 
eugenol, 1ml/rat/day (Pourgholami et al. 1998).

Induction of Diabetes: Diabetes was induced 
in overnight fasted rats by single intra-peritoneal 
injection of alloxan (120 mg/kg body weight) 
which dissolved in 0.5ml of phsiological saline. 

Control rats received the same amount of saline. 
Development of hyperglycemia in rats was 
confirmed by fasting blood glucose measurement 
(blood samples from tail vein,0.5 ml/each rat), 72 
hours after alloxan administration with portable 
glucometer (Accu-Check, Roche, Germany). 
Animals having blood glucose level 200 mg/dl 
and above were considered diabetic and included 
in the study (Ojezele and Abatan, 2011). 

Treatment: The animals were randomly divided 
into six groups. Each group comprised six rats. 
Distilled water, sesame oil, eugenol (100 and 250 
mg/kg), glibenclamide and glibenclamide and 
eugenol combination were administered once 
daily by oral gavage. The treatment of animals 
began on the 3rd day after alloxan injection and 
this was considered as 1st day of treatment. The 
animals were treated for 2 weeks as follows:

Group 1: Non-diabetic + Distilled water (0.5 ml) 
Group 2: Diabetic + sesame oil (1.0 ml/rat) 
Group 3: Diabetic + Eugenol (100 mg/kg) 
(Abraham, 2001). 
Group 4: Diabetic + Eugenol (250 mg/kg) 
Group 5: Diabetic + Glibenclamide (3 mg/kg) 
(Radhiah et al. 2010).
Group 6: Diabetic + Glibenclamide (3 mg/kg) + 
Eugenol (100 mg/kg) 

Blood Sampling and Serum Preparation: At 
the end of treatment period, the investigated 
animals of all groups were fasted for at least 
16 hours and sacrificed by decapitation. Blood 
samples were collected in centrifuge tubes 
(Nile Co. for pharmaceuticals, Cairo, Egypt) 
without anticoagulants and allowed to clot. The 
clotted blood was centrifuged at 3500 rpm for 
15 minutes using Heraeus Sepatech centrifuge 
(Labofuge 200, DJB Labcare Company), serum 
was separated and stored quickly at -80˚c for 
biochemical analysis.

Biochemical Analysis: Serum samples collected 
were used to evaluate serum level of glucose as 
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described by Caraway and Watts (1987); total 
cholesterol by  Richmond (1973), triglyceride 
as described by Mgowan et al. (1983) and 
Stein (1987), HDL cholesterol as described 
by Friedewald et al. (1972), LDL cholesterol 
(Friedewald et al. 1972), AST according to the 
international federation of clinical chemistry 
(IFCC expert panel on enzyme part 3, 1986), 
ALT according to the international federation of 
clinical chemistry (IFCC expert panel on enzyme 
part 3, 1986), total protein (Tietz, 1994), creatinine 
(Spencer and Price, 1980) and urea (Shephard 
and Ezzachi, 1983) using diagnostic kits supplied 
by Egyptian Company for Biotechnology (Cairo-
Egypt). 

Statistical Analysis:
The commercially available statistical analysis 

software (IBM-SPSS version 19.0 for Windows; 

IBM Inc) was used for data analysis. Degree of 
variability in results was expressed as the mean 
± standard deviation of the means. Two sample 
T test was used for statistical analysis. The 
results were considered significant if  P < 0.05 
and highly significant if P < 0.01 (Snedecor and 
Cochran,1989).                                                  

RESULTS                                                                                                                                              

Serum blood glucose:
Table (1) summarize the results of serum glucose 
in different groups of animals at the end of two 
weeks treatment with eugenol (100 mg/kg), 
eugenol (250 mg/kg), glibenclamide (3mg/kg), 
combined eugenol (100 mg/kg) and glibenclamide 
(3mg/kg). 

The data showed that alloxan (120 mg/kg) 
successfully induced diabetes among experimental 
rats as shown in Table (1). Serum glucose level 
of diabetic control rats was significantly higher 
than corresponding normal control rats, 351.80 
± 57.27 and 91.45 ± 11.30, respectively. There 
was a high significant reduction of serum glucose 

level among rats treated with either high dose of 
eugenol (250 mg/kg), glibenclamide (3 mg/kg) or 
both; 208.74 ± 14.65, 114.50 ± 26.66 and 94.40 
± 30.24 respectively while low dose of eugenol 
(100 mg/kg) caused a significant reduction of 
serum glucose (273.95 ± 32.12) (Figure 1, Two 
Sample T test, p<0.05 and p<0.01).  

Table 1: Effect of eugenol (100 and 250 mg/kg) and glibenclamide (3 mg/kg) on serum glucose level in alloxan 
induced diabetic rats.

Groups Treatment
Serum glucose level (mg/dl)

Mean ± SD Median

1 Normal control 91.45 ± 11.30 90.47

2 Diabetic control 351.80± 57.27 ♯♯ 349.99

3 Diabetic + Eugenol (100 mg/kg) 273.95 ± 32.12* 266.00

4 Diabetic + Eugenol (250 mg/kg) 208.74 ± 14.65** 208.86

5 Diabetic +Glibenclamide (3mg/kg) 114.50 ± 26.66** 113.16

6 Diabetic + Eugenol (100 mg/kg) + Glibenclamide (3 mg/kg) 94.40 ±  30.24** 93.54

Data represent mean ± SD and median of 6 observations. * Significant result at p<0.05 from diabetic control, ** highly 
significant result at p  <0.01 from diabetic control and ♯♯ highly significant result at p<0.01 from normal control. 
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Table 2: Effect of eugenol (100 and 250mg/kg) and glibenclamide (3mg/kg) on serum triglyceride, total 
cholesterol, HDL cholesterol and LDL cholesterol in alloxan induced diabetic rats.

G
ro

up
s

Treatment

Triglyceride
(mg/dl)

Total cholesterol 
(mg/dl)

HDL-
cholesterol 

(mg/dl)

LDL-cholesterol 
(mg/dl)

M
ea

n±
 S

D

M
ed

ia
n

M
ea

n 
  ±

 S
D

M
ed

ia
n

M
ea

n 
± 

SD

M
ed

ia
n

M
ea

n 
  ±

 S
D

M
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ia
n

1 Normal control 67.68± 
3.59 68.31 87.40± 

4.29 88.54 39.80± 
3.01 39.76 28.97± 

4.40 30.63

2 Diabetic control 89.82± 
7.68♯♯ 89.10 127.40± 

14.60♯♯ 130.0 33.45± 
3.81♯ 32.80 66.34± 

7.80♯♯ 64.62

3 Diabetic + Eugenol 
(100mg/kg)

87.58± 
7.42 86.02 133.40± 

9.29 135.12 34.28± 
2.87 34.22 62.25± 

10.98 64.92

4 Diabetic + Eugenol 
(250mg/kg)

83.16± 
7.12 80.91 127.03± 

7.24 126.32 34.84± 
3.81 33.85 55.78± 

6.74 56.86

5 Diabetic + Glibenclamide 
(3mg/kg)

77.15± 
5.73* 76.70 122.20± 

14.23 119.72 33.63± 
2.66 34.05 62.54± 

10.98* 64.92

6
Diabetic + Eugenol 
(100mg/kg)
+Glibenclamide (3mg/kg)

73.42± 
9.48** 70.66 117.92± 

13.42 117.99 36.40± 
3.31 35.58 53.49± 

8.38* 54.28

Data represent mean ± SD and median of 6 observations. * Significant result at p<0.05 from diabetic control, ** highly 
significant result at p<0.01 from diabetic control and ♯♯ highly significant result at p<0.01 from normal control.

Figure 1: Effect of eugenol (100 and 250 mg/kg) and gliben-
clamide (3 mg/kg) on serum glucose level in alloxan induced 
diabetic rats.
Data represent mean of 6 observations. The horizontal bars 
represent the median values, the boxes represent the 50th per-
centiles, whiskers represent the range of data, the circles refer 
to outlier values, * Significant result at p<0.05 from diabetic 
control, ** highly significant result at p<0.01 from diabetic 
control and ♯♯ highly significant result at p<0.01 from normal 
control. 

Serum Lipid Profile: Table (2) shows the 
results of serum triglyceride, total cholesterol, 
HDL cholesterol and LDL cholesterol in alloxan 
induced diabetic and control rats at the end of 
two weeks treatment with eugenol (100 mg/kg), 
eugenol (250 mg/kg), glibenclamide (3mg/kg), 
combined eugenol (100 mg/kg) and glibenclamide 
(3mg/kg). 

Our results showed significant increase 
in  serum  level of triglyceride 24.44%,, total 
cholesterol 31.39%,  and LDL cholesterol 57.28% 
of diabetic  rats in comparison to normal control 
rats (Two sample T test, p<0.01) while serum 
HDL cholesterol level decreases significantly in 
diabetic rats by average of 62.75% (Table 2).
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Serum level of total cholesterol in alloxan 
induced diabetic rats was elevated significantly in 
comparison to normal control rats. Insignificant 
change of these values occurred after treatment 
with eugenol (100 and 250 mg/kg), glibenclamide 
(3mg/kg) and combination of eugenol (100 mg/
kg) with glibenclamide (3 mg/kg) (Table 2, 
Figure 3). 

Induction of diabetes with alloxan resulted in 
a significant reduction in serum level of HDL 
cholesterol (two sample T Test, p<0.01), treatment 
of diabetic rats with eugenol (100 and 250 mg/

kg), glibenclamide (3 mg/kg) and combination 
of eugenol (100 mg/kg) with glibenclamide (3 
mg/kg) showed insignificant change of serum 
HDL cholesterol values (34.28 ± 2.87, 34.84 ± 
3.81, 33.63 ± 2.66 and 36.40 ± 3.31, respectively) 
(Table 2, Figure 4). 

Figure 2: Effect of eugenol (100 and 250mg/kg) and gliben-
clamide (3mg/kg) on serum level of triglyceride in alloxan 
induced diabetic rats.  
Data represent means of 6 observations. The horizontal bars 
represent the median values, the boxes represent the 50th per-
centiles  whiskers represent the range of data, * Significant 
result at p<0.05 from diabetic control, ** Highly significant 
result at p<0.01 from diabetic control and ♯♯ Highly signifi-
cant result at p<0.01 from normal control.

Figure 4: Effect of eugenol (100 and 250mg/kg) and gliben-
clamide (3mg/kg) on serum level of HDL cholesterol in al-
loxan induced diabetic rats.  
Data represent means of 6 observations. The horizontal bars 
represent the median values, the boxes represent the 50th per-
centiles, whiskers represent the range of data and # significant 
result at p<0.05 from normal control.

Treatment of diabetic rats with two different 
doses of eugenol (100 and 250 mg/kg) produced 
insignificant change of serum triglyceride level 
when compared to diabetic control values while 
treatment with glibenclamide had a significant 
hypolipidemic effect (77.15± 5.73). Combination 
of eugenol (100 mg/kg) and glibenclamide (3 mg/
kg) produced highly significant reduction of serum 
triglyceride level (73.42± 9.48) in comparison to 
diabetic control (Table 2, Figure 2). 

Figure 3: Effect of eugenol (100 and 250mg/kg) and gliben-
clamide (3mg/kg) on serum level of total cholesterol in al-
loxan induced diabetic rats.  
Data represent means of 6 observations. The horizontal bars 
represent the median values, the boxes represent the 50th per-
centiles, whiskers represent the range of data and ## Highly 
significant result at p<0.01 from normal control.
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Figure 5: Effect of eugenol (100 and 250mg/kg) and gliben-
clamide (3mg/kg) on serum level of LDL cholesterol in al-
loxan induced diabetic rats.  
Data represent means of 6 observations. The horizontal bars 
represent the median values, the boxes represent the 50th per-
centiles, whiskers represent the range of data, * Significant re-
sult at p<0.05 from diabetic control and ♯♯ highly significant 
result at p<0.01 from normal control.

Table 3: Effect of eugenol (100 and 250 mg/kg) and glibenclamide (3 mg/kg) on serum level of urea and 
creatinine in alloxan induced diabetic rats.

Groups Treatment
Serum urea (mg/dl) Serum creatinine (mg/dl)

Mean±S.D Median Mean±S.D Median

1 Normal control 20.18 ± 2.54 20.27 1.08±0.003 1.08

2 Diabetic control 38.45±3.93♯♯ 38.17 1.97±0.006♯♯ 1.96

3 Diabetic + Eugenol 100mg/kg 37.28 ± 4.30 37.30 1.84±0.023 1.85

4 Diabetic + Eugenol 250mg/kg 34.58 ± 3.47* 33.51 1.81±0.029 1.79

5 Diabetic + Glibenclamide (3mg/kg) 31.53 ± 4.41* 29.98 1.73±0.011* 1.73

6 Diabetic + Eugenol (100mg/kg) + 
Glibenclamide (3mg/kg) 28.33 ±3.76** 27.13 1.67±0.003** 1.67

Data represent mean ± SD and median of 6 observations. * Significant result at p<0.05 from diabetic control, ** highly 
significant result at p<0.01 from diabetic control and ♯♯ highly significant result at p<0.01 from normal control.

Effect of eugenol at different doses (100 and 
250 mg/kg) and glibenclamide (3mg/kg) on LDL 
cholesterol level in alloxan induced diabetic rats 
was investigated. Serum level of LDL cholesterol 
level increased significantly in diabetic rats in 
comparison to normal control rats (Two Sample T 
Test p<0.01). While treatment with glibenclamide 
alone (3 mg/kg) or combination of eugenol (100 
mg/kg) with glibenclamide (3 mg/kg) produced 
significant reduction of serum LDL cholesterol 
in diabetic rats (53.49 ± 8.38 and 55.78 ± 6.74, 
respectively), (Two sample T test, p<0.01) (Table 
2 Figure 5). 

Serum Level of Urea and Creatinine: The 
results of serum urea and creatinine in alloxan 
induced diabetic and control rats at the end of 
two weeks treatment with eugenol (100 mg/kg), 
eugenol (250 mg/kg), glibenclamide (3 mg/kg), 
combined eugenol (100 mg/kg) and glibenclamide 
(3 mg/kg) (Table 3, Figures 6,7).
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Serum level of urea was significantly higher in 
diabetic rats in comparison to normal control rats. 
Treatment of diabetic rats with eugenol (250 mg/
kg), glibenclamide (3 mg/kg) produced significant 
decrease in serum level of urea (34.58±3.47 
and 28.33 ± 3.76, respectively), combination of 
eugenol (100 mg/kg) with glibenclamide (3 mg/
kg) resulted in a highly significant reduction in 
serum level of urea (31.53±4.41) while treatment 
with eugenol (100 mg/kg) produced insignificant 
change (37.28 ± 4.30), Serum creatinine level in 
alloxan induced diabetic rats was significantly 
elevated in comparison to normal control rats 
(Two sample T Test P<0.001). Insignificant 
change of these values occurred after treatment 
with eugenol (100 and 250 mg/kg), (1.84 
± 0.023, 1.81 ± 0.029, respectively) while 
glibenclamide (3 mg/kg)  treatment produced 
significant reduction in serum level of creatinine 
in comparison to diabetic rats (1.73 ± 0.011) but 
still less effective than values produced from 
treatment with combined eugenol (100 mg/kg) 
with glibenclamide (3 mg/kg) which had a highly 
significant effect in reduction of serum creatinine 
(1.67 ± 0.003),  (Two sample T Test P<.001 and 
p<0.05). 

Serum level of ALT, AST and total protein: 
Table (4),  illustrates the results of serum level 
of ALT, AST and total protein in alloxan induced 
diabetic and control rats at the end of two weeks 
treatment with eugenol (100 mg/kg), eugenol 
(250 mg/kg), glibenclamide (3mg/kg), combined 
eugenol (100 mg/kg) and glibenclamide                     
(3 mg/kg). Serum levels of AST, ALT and total 
protein are significantly higher in diabetic rats in 
comparison to normal control rats. 

Treatment of diabetic rats with eugenol 
(100 and 250 mg/kg), glibenclamide (3mg/kg) 
produced insignificant change in serum level of 
AST (100.86 ± 2.67, 98.43±6.60 and 94.50 ±8.14, 
respectively) while combination of eugenol 
(100 mg/kg) and glibenclamide (3 mg/kg) had 

Figure 6: Effect of eugenol (100 and 250mg/kg) and gliben-
clamide (3mg/kg) on serum level of urea in alloxan induced 
diabetic rats.  
Data represent means of 6 observations. The horizontal bars 
represent the median values, the boxes represent the 50th per-
centiles, whiskers represent the range of data, the circles refer 
to the outlier values * Significant result at p<0.05 from dia-
betic control, ** highly significant result at p<0.01 from dia-
betic control and ♯♯ highly significant result at p<0.01 from 
normal control.

Figure 7: Effect of eugenol (100 and 250mg/kg) and glib-
enclamide (3mg/kg) on serum level of creatinine in alloxan 
induced diabetic rats.  
Data represent means of 6 observations. The horizontal bars 
represent the median values, the boxes represent the 50th per-
centiles, whiskers represent the range of data, the circles refer 
to the outlier values * Significant result at p<0.05 from diabet-
ic control, ** highly significant result at p<0.01 from diabetic 
control and ♯♯ highly significant result at p<0.01 from normal 
control. 
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significant effect in the treatment of diabetic rats 
by decreasing serum AST level in comparison to 
diabetic control rats (91.54 ± 8.42) (Figure 8). 

Treatment of diabetic rats with eugenol 
(100 and 250 mg/kg), glibenclamide (3mg/kg) 
and combination of eugenol (100 mg/kg) and 
glibenclamide (3 mg/kg) produced insignificant 
change in serum values of ALT. (65.15 ± 5.09, 
59.45 ± 5.96, 55.97±7.80 and 53.32 ± 8.26).
(Figure 9). 

Serum total protein level in alloxan induced 
diabetic rats was significantly elevated in 
comparison to normal control rats. Treatment of 
diabetic rats with eugenol (100 and 250 mg/kg), 
glibenclamide (3 mg/kg) produced insignificant 
change in serum level of total protein (5.74 ± 
0.40, 5.67 ± 0.40 and 5.41 ± 0.54, respectively) 
while combination of eugenol (100 mg/kg) and 
glibeclamide (3 mg/kg) had significant effect in 
the treatment of diabetic rats by decreasing serum 
total protein level in comparison to diabetic 
control rats (5.17 ±0.61), (Two sample T Test 
P<.005) (Figure 10).

Table 4: Effect of eugenol (100 and 250 mg/kg) and glibenclamide (3 mg/kg) on serum level of ALT, AST and 
total protein in alloxan induced diabetic rats.

G
ro

up
s

Tr
ea

tm
en

t Serum AST (u/l) Serum  ALT (u/l) Serum total protein  
(g/dl)

M
ea

n±
S.

D

M
ed

ia
n

M
ea

n±
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D

M
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n

M
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n±
SD

M
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1 Normal control 80.95±3.39 81.06 39.82±1.92 39.64 5.14±0.16 5.19

2 Diabetic control 100.89±7.59♯♯ 100.10 61.61±11.29♯♯ 61.65 5.78±0.38♯♯ 5.75

3 Diabetic + Eugenol 
100mg/kg 100.86±2.67 100.79 65.15±5.09 65.09 5.74±0.40 5.93

4 Diabetic + Eugenol 
250mg/kg 98.43±6.60 100.99 59.45±5.96 58.65 5.67±0.40 5.77

5 Diabetic + Glibenclamide 
(3mg/kg) 94.50±8.14 95.49 55.97±7.80 53.76 5.41±0.54 5.45

6
Diabetic + Eugenol 
(100mg/kg) + 
Glibenclamide (3mg/kg)

91.54±8.42* 89.22 53.32±8.26 51.14 5.17±0.61* 5.31

Data represent mean ± SD and median of 6 observations. * Significant result at p<0.05 from diabetic control and ♯♯ highly 
significant result at p<0.01 from normal control.
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Figure 8: Effect of eugenol (100 and 250mg/kg) and gliben-
clamide (3mg/kg) on serum level of  AST  in alloxan induced 
diabetic rats.  
Data represent means of 6 observations. The horizontal bars 
represent the median values, the boxes represent the 50th per-
centiles, whiskers represent the range of data, the circles refer 
to the outlier values * significant result at p<0.05 from dia-
betic control and ## highly significant result at p<0.01 from 
normal control.

Figure 10: Effect of eugenol (100 and 250mg/kg) and gliben-
clamide (3mg/kg) on serum level of total protein  in alloxan 
induced diabetic rats.  
Data represent means of 6 observations. The horizontal bars 
represent the median values, the boxes represent the 50th per-
centiles, whiskers represent the range of data, the circles refer 
to the outlier values * Significant result at p<0.05 from dia-
betic control and ♯♯ highly significant result at p<0.01 from 
normal control.

Figure 9: Effect of eugenol (100 and 250mg/kg) and gliben-
clamide (3mg/kg) on serum level of  ALT in alloxan induced 
diabetic rats. Data represent means of 6 observations. The 
horizontal bars represent the median values, the boxes repre-
sent the 50th percentiles, whiskers represent the range of data, 
the circles refer to the outlier values and ## highly significant 
result at p<0.01 from normal control.

DISCUSSION                                                                                                                                           

Diabetes mellitus is probably the fastest growing 
metabolic disorder in the world and it is a major 
source of morbidity in the developed countries 
(Bliss, 2000). Treatment of diabetes mellitus may 
include insulin and/or oral hypoglycemic agents 
(Ojezele and Abatan, 2011).

Medicinal plants play an important role in the 
management of diabetes mellitus especially in 
developing countries where resources are meager. 
Many studies have confirmed the benefits of 
medicinal plants with hypoglycemic effects in 
the management of diabetes mellitus. The effects 
of these plants may delay the development of 
diabetic complications and correct the metabolic 
abnormalities (Al-Attar and Zari, 2007). 
Moreover, during the past years some of the 
new bioactive drugs isolated from hypoglycemic 
plants showed anti-diabetic activity with more 
efficacy than oral hypoglycemic agents used in 
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clinical therapy and less side effects (Bnouham 
et al. 2006). 

In the study we investigated effect of eugenol 
on different biochemical parameters in alloxan 
induced diabetic rats and compared these result 
with one of standard oral hypoglycemic drug; 
glibenclamide.

Alloxan monohydrate is one of the usual 
substances used for the induction of diabetes 
mellitus apart from streptozotocin (STZ). 
Alloxan has a destructive effect on the β-cells 
of the pancreas resulting in hyperglycemia 
(Gidado et al. 2004). The pancreas is unable to 
synthesize and secrete adequate amount of insulin 
necessary for the metabolism of carbohydrate. 
Consequently, the experimental alloxan-induced 
diabetic model usually considered as type 1 
diabetes. However, in the present study and at 
doses used, the model of alloxan induced diabetes 
probably produces type 2 diabetes. This indicates 
preserved some functioning β-cells of islets of 
Langerhans because untreated diabetic controls 
survived in spite of considerable increasing of 
blood glucose levels as observed on day 15 of 
treatment (Achrekar et al. 1991). 

Results obtained from alloxan-induced diabetic 
rats showed high blood glucose concentration 
in diabetic untreated group implying successful 
total or near-total destruction of beta cells with 
considerable reduction of insulin secretion. 
Our experiment showed that administration of 
eugenol (main constituent of clove oil) produced 
dose related decline in blood glucose level 
through significant reduction with low dose (100 
mg/kg) and highly significant reduction with 
high dose (250 mg/kg) which is comparable to 
the diabetic control rats. This is compatible to 
previous reports about hypoglycemic effect of 
eugenol treatment for two weeks treatment of 
STZ-induced diabetic rats (Tanaka et al. 2006; 
Atef and Talal, 2007). Treatment of diabetic 
rats with glibenclamide (3 mg/kg) produced the 

expected significant reduction in blood glucose 
level in comparison to diabetic rats. Radhiah and 
co-workers (2010) compared the hypoglycemic 
effect of eugenol (100 mg) in STZ-induced 
diabetic rats to the standard dose of glibenclamide 
in three months duration experiment and reported 
that hypoglycemic effect of eugenol was slightly 
less than glibenclamide, which is compatible to 
our results. 

A new approach in the present study was 
investigating the combined effect of eugenol (100 
mg/kg) and glibenclamide (3 mg/kg) for treatment 
of alloxan-induced diabetic rats. Combination 
of eugenol and glibenclamide showed the best 
antihyperglycemic result with high significant 
reduction. An important finding here is that 
eugenol has an augmenting hypoglycemic effect 
to glibenclamide, which could be of value to 
reduce the daily dose and hence the side effects 
of oral hypoglycaemic drugs.

Achrekar and co-workers (1991) reported 
that  eugenol could have dual effect through 
which it induces hypoglycaemic effect; firstly 
increase insulin levels by stimulation of β-cell 
and secondly activation of insulin receptors. 
The measurements of the end points of insulin 
activity; FBS and GTT blood glucose and liver 
glycogen levels suggest that eugenol promote the 
release of insulin (Sridhar et al. 2005). The same 
findings were reported by Achrekar et al.  (1991) 
after measuring insulin levels in vivo and in vitro.  
Additionally Prasad et al. (2009) reported insulin 
like action of clove oil and it's constituent. There 
is another theory to explain hypoglycaemic effect 
of eugenol reported by Hong-Fang et al.  (2009) 
who stated that herpal and natural products which 
rich in flavonoid and phenolic compounds have 
strong ability for reduction of blood glucose level, 
clove oil and its constituents is good example for 
this products.

In diabetes mellitus, quantitative and qualitative 
abnormalities in lipoproteins are presumed to be 
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responsible for the increased risk of macrovascular 
disease. Each lipid and lipoprotein fraction is 
affected by insulin resistance and hyperglycemia. 
The common pattern of dyslipidaemia in diabetic 
patients shows elevated triglyceride levels, 
elevated LDL level and decreased HDL cholesterol 
levels. However, diabetic patients typically have 
a preponderance of small, dense LDL particles, 
which possibly increases atherogenicity by a 
greater susceptibility to oxidation even if the 
absolute concentration of LDL cholesterol is not 
significantly increased (Maiti et al. 2005). The 
abnormal high concentrations of serum lipids in 
diabetic animals are mainly due to an increased 
mobilization of free fatty acids from the peripheral 
fat depots, since insulin inhibits the hormone-
sensitive lipase, excess fatty acids in the serum 
of diabetic rats are converted into phospholipids 
and cholesterol in the liver. These two substances 
along with excess triglycerides formed at the 
same time in the liver may be discharged into the 
blood in the form of lipoproteins (Pushparaj et 
al. 2000).

The study showed significant increased of 
triglycerides, total cholesterol and LDL with 
significant reduction in serum HDL level 
after induction of diabetes mellitus by alloxan 
monohydrate. Administration of eugenol (100 and 
250 mg/kg) to alloxan induced diabetic rats for two 
weeks treatment produced no significant change 
in serum level of triglyceride, total cholesterol, 
LDL cholesterol and HDL cholesterol level 
compared to control values. Contrary, treatment 
of diabetic rats with glibenclamide (3 mg/kg) 
alone and in combination with eugenol (100 mg/
kg) produced significant reduction in serum level 
of triglyceride and LDL, with insignificant change 
in serum total cholesterol and HDL level. These 
results are in agreement with those obtained by 
Rajasekaran et al. (2006). Hypolipidemic effect 
of eugenol was reported by Chhanda et al. (2006) 
and Atef et al. (2007) in STZ- induced diabetic 
rats, after two weeks treatment.

Hypolipidemic effect of eugenol may be due 
to insulin like action of eugenol which have role 
in activity of cholesterol biosynthesis enzymes 
and lipolysis activity. The claimed antioxidant 
activity may play a role in this reduction of high 
lipid profile (Sharma et al. 2003). The important 
finding in our study is potentiating effect of 
eugenol to glibenclamide. This result will give 
chance to decrease dose of oral hypoglycaemic 
dugs and decrease incidence of side effects 
when combined with eugenol in the treatment of 
diabetes. 

Diabetes is the major cause of end-stage renal 
disease both in the U.S and around the world 
and has enormous medical, social and economic 
consequences. It is a systemic disease involving 
different organs (Molitoris, 2007).  The highly 
significant increase in serum urea concentrations 
of diabetic rats may be due to depletion of 
serum protein, increase in the rate of circulating 
amino acids and deamination of large amount 
of ammonia which is eventually converted to 
urea. The breakdown of amino acids during 
hepatic gluconeogenesis results in increased 
production of urea (Ganong, 2003). The diabetic 
hyperglycemia induces elevation of serum levels 
of creatinine and urea; significant markers of 
renal dysfunction (Almdal and Virstup, 1998).

The study showed a significant increase of 
serum urea and creatinine levels in alloxan 
induced diabetic rats after two weeks of treatment 
in comparison to normal control rats.  Similar to 
our results, Omotayo (2011), reported significant 
elevation of serum urea and creatinine in diabetic 
rats in comparison to normal control rats. Serum 
creatinine and urea levels remained elevated in 
the diabetic rats treated with eugenol (100 mg/
kg) while treatment with high dose of eugenol 
(250 mg/kg) showed significant reduction in 
serum level of urea but not creatinine. In contrast 
glibenclamide (3 mg/kg) showed significant 
reduction in serum level of urea and creatinine. 
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It is important to mention that combination of 
eugenol and glibenclamide had the best effect as 
it caused highly significant reduction in serum 
level of urea and creatinine. This suggests that 
combination of hypoglycemic drugs with eugenol 
may have beneficial effect in preventing renal 
damage. Reduction of seum urea and creatinine 
in our study was compatible to previous reports. 
Atef  and Talal (2007) revealed reduced serum 
levels of urea and creatinine after high dose 
eugenol treatment in STZ-induced diabetic rats 
for two weeks treatment. 

Sato et al. (2005) and Yoshida et al. (2005) 
reported that kidney damage occurred in STZ-
induced diabetic rats in the form of renal 
hypertrophy, glomerular expansion and fatty 
degeneration of glomerular endothelium in 
addition to elevation of serum urea and creatinine. 
Their study stated that administration of herbal 
extract as clove oil improves this damage 
by reduction in blood parameter of urea and 
creatinine and improvement in tissue parameter.

Individuals with type 2 diabetes have a higher 
incidence of liver function abnormalities than 
non-diabetic individuals. Mild chronic elevation 
of transaminases often reflects underlying insulin 
resistance and is a good indicator of hepatic 
damage (Shimomura et al. 2000). Elevation 
of liver enzymes in diabetic patients can be 
explained by excess free fatty acids which 
are known to be directly toxic to hepatocytes. 
Putative mechanisms of liver cell damage include 
cell membrane disruption at high concentration 
of fatty acids, mitochondrial dysfunction, toxin 
formation and disturbed regulation of key steps 
of cellular metabolism. The insulin-resistant 
state is also characterized by an increase of pro-
inflammatory cytokines such as tumor necrosis 
factor, which may also contribute to hepatocellular 
injury (Neuschwander and Caldwell, 2003).

In our study, the activities of blood AST and 
ALT in alloxan induced diabetic rats were 

significantly increased compared to normal 
control rats.  Similarly, Ohaeri (2001) reported 
an elevation of liver enzymes in STZ-induced 
diabetic rats.

Treatment of the diabetic rats with eugenol 
doses (100 and 250 mg/kg) and glibenclamide (3 
mg/kg) produced reduction of the activity of these 
enzymes in blood compared to the mean values of 
diabetic group, while addition of eugenol (100mg/
kg) to glibenclamide (3 mg/kg) had a stronger 
beneficial effect on the liver enzymes. These 
results are in agreement with those obtained by 
Atef and Talal (2007) through administration of 
clove oil to streptozotocin induced diabetic rats 
for two weeks treatment significantly restores 
the enzyme levels to near normal in diabetic 
rats. Reduction of serum ALT and AST level in 
alloxan induced diabetic rats by administration of 
eugenol may be due to its powerful antioxidant 
action, similar to what had been revealed by Pulla 
and Lokesh (1996), who reported a significant 
effect of eugenol to change serum level of ALT 
and AST toward normal values. Sallie et al. 
(1991) also reported a hepatoprotective activity 
of eugenol by reduction of liver enzymes.

Alloxan induced diabetic rats in our study 
showed a significant increase of total serum 
protein in comparison to normal rats. This 
elevation coincides with the finding of Almdal 
and Virstup (1998); Rajasekaran et al. (2006) and 
Talal and Atef (2007) that level of serum protein 
increased in diabetic rats in comparison normal 
control rats. This was explained by profound 
change of protein metabolism which occurred 
in diabetes and by negative nitrogen balance. 
Increased urea nitrogen production may be 
accounted by enhanced catabolism of both liver 
and blood protein.

Treatment of diabetic rats with eugenol 
at different doses (100 and 250 mg/kg) and 
glibenclamide (3 mg/kg) produced insignificant 
reduction of total serum protein level while Atef 
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and Talal (2007) reported that administration of 
eugenol to STZ-induced diabetic rats produced 
significant decrease in the serum total protein 
level.

Combination of eugenol (100 mg/kg) and 
glibenclamide (3 mg/kg) had a significant effect 
in reduction of serum total protein level which 
was more effective than other treatment. Decrease 
of total serum protein level may be explained by 
insulin like action of clove oil and its constituent 
in addition to its ability to stimulate insulin 
secretion that has an important role in hepatic 
protein synthesis and increase protein absorption 
(Prasad et al. 2009). 

CONCLUSIONS                                                       

In conclusion; the complications of diabetes 
mellitus and side effects of anti-hyperglycemic 
drugs can be potentially reduced by using clove 
oil and its main constituent (eugenol). The latter 
may provide a useful novel oral hypoglycemic 
compound. Additionally combination of clove oil 
and oral hypoglycemic drugs will give a chance 
to reduce the dose of oral hypoglycemic dugs, 
potentiate its action and decrease risk of side 
effects in the treatment of diabetes mellitus.
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الملخص العربي
 

تأثير ماده اإليجينول على مستوى الجلوكوز  
في دم الفئران المصابة بمرض السكر  

عزة محمود أبو العال1، هاله ابراهيم مدكور1  و محمود حمدى عبد الرحيم2
 قسم الفارماكولوجى كلية الطب جامعة، 1سوهاج و 2اسيوط 

مرض السكر ينتج عن خلل في إفراز األنسولين من البنكرياس أو خلل في وظيفته مع زيادة نسبه الجلوكوز في الدم وعدم 
قدره الخاليا على االستفادة من األنسولين.  وهو من أهم األمراض الشائعة بين الناس و سبب العديد من المضاعفات والمشاكل 
الصحية وقد ازدادت نسبه حدوثه في اآلونة األخيرة في العالم كله.                                                                          

وهناك العديد من األدوية التي تستخدم في عالج مرض السكر أشهرها األنسولين وأيضا األدوية التي تنشط إفراز األنسولين 
من البنكرياس أو زيادة مفعوله, ولهذه األدوية العديد من األعراض الجانبية والمضاعفات.                                                                                                               

 
النباتات  العديد من األمراض منها مرض السكر وتتميز هذه  الطبيعية والنباتات منذ وقت طويل في عالج  المواد  تستخدم 

بتوفرها وعدم وجود أعراض جانبيه لها بالمقارنة بالمواد الكيميائية.                      
زيت القرنفل الذي يستخرج من شجره القرنفل يحتوى على ماده اإليجينول وهى المادة الفعالة وقد ورد في األبحاث السابقة 

إن زيت القرنفل يمكن استخدامه كمسكن, مضاد لألكسدة ومضاد لاللتهاب.              
 

المصابة  الفئران  في  السكر  نسبة  تقليل  عل  القرنفل  لزيت  الفعالة  المادة  وهى  االيجينول  قدرة  اختبار  تم  البحث  هذا  وفى 
بمرض السكر باستخدام نسب مختلفة من جرعة االيجينول )100و250مجم/كجم( وقد ثبت ان نسبة السكر انخفضت  فى دم 
الفئران المعالجة بجرعتي االيجينول المختلفة وكذلك الدواء المعروف الجليبنكالميد )3مجم/كجم(،  كما ان إعطاء االيجينول 
والجليبنكالميد معا إلى الفئران سجل أحسن النتائج في تقليل نسبة السكر في دم الفئران المصابة.                                                        

 
 وقد تم اختبار قدرة االيجينول عل تخفيض نسبة الدهون فى دم الفئران بعد ارتفاعها نتيجة إصابتها بمرض السكر وقد لوحظ 
ان  االيجينول بجرعتيه المختلفتين)100و250مجم/كجم( وعقار الجليبنكالميد )3مجم/كجم(  لم يكن لهم تأثير ملحوظ فى 
تقليل نسبة الدهون ولكن اعطاء االيجينول والجليبنكالميد معا كان لهما تأثير فعال فى تقليل نسبة  البروتين الدهنى منخفض 
فى  الدهون  بنسبة  بالمقارنة  الكوليسترول وهذ  الكثافة  الدهنى مرتفع  البروتين  تأثير على  له  يكن  ولم  الكوليسترول  الكثافة 
الفئران المصابة الغير معالجة.                                                                                                                       

 
 عالج الفئران بجرعة االيجينول )100مجم( لم يكن له تأثير فى تقليل نسبة اليوريا والكرياتينين ولكن الجرعة األكبر)250مجم( 
كان لها تأثير ملحوظ فى نسبة اليوريا وليس الكرياتينين ، إعطاء االيجينول والجليبنكالميد معا للفئران كان لهما تأثير فعال 
فى تقليل نسبة يوريا والكرياتينين ألمرتفعه في دم الفئران بعد إصابتهم بمرض السكر.                                                                                   

عالج الفئران المصابة بمرض السكر بجرعتى االيجينول المختلفة )100و250مجم( وجرعة الجليبنكالميد )3مجم/كجم( لم 
يكن لهم تأثير ملحوظ فى تقليل إنزيمات الكبد والبروتين المرتفعة فى الفئران ولكن إعطاء االيجينول والجليبنكالميد معا كان 
لهما تأثير فعال فى تقليل نسبة إنزيمات الكبد المرتفعة والبروتين بالمقارنة بالفئران المصابة بمرض السكر الغير معالجة.                                    
لذا نقترح تناول زيت القرنفل للتغلب على مشاكل مرض السكر واألعراض الجانبية الناتجة عن استخدام األدوية في عالجه. 
مفعول  من  يزيد  وبالتالى  الدم  فى  الجلوكوز  نسبة  تقليل  على  لقدرته  نظراً  المعتادة  األدوية  إلى  باإلضافة  باستعماله  وذلك 
تلك األدوية ويقلل من الجرعة المعتادة التي تعطى . كما يمكن لهذه المادة أن تقلل األعراض الجانبية المصاحبة  لألدوية 

المستخدمة في عالج هذا المرض المزمن.


