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of Madhuca longifolia to be a potential antidiabetic
agent, lending scientific support for its use in folk
medicine.

SUMMARY
The study was carried out to assess the
antihyperglycemic effects of methanolic extract of
Madhuca longifolia bark in normal, glucose loaded
and streptozotocin induced diabetic rats. All three
animal groups were administered the methanolic
extract of Madhuca longifolia at a dose of 100 and 200
mg/kg body weight (p.o.) and the standard drug
glibenclamide at a dose of 500 µg/kg. Serum glucose
level was determined on days 0, 7, 14 and 21 of
treatment. The extract exhibited a dose dependent
hypoglycemic activity in all three animal models as
compared with the standard antidiabetic agent
glibenclamide. The hypoglycemia produced by the
extract may be due to the increased glucose uptake at
the tissue level and/or an increase in pancreatic β-cell
function, or due to inhibition of intestinal glucose
absorption. The study indicated the methanolic extract
Corresponding author: Akash P. Dahake, M. Pharm., Department of
Pharmaceutical Chemistry, B. Pharmacy College, Rampura, Kakanpur,
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INTRODUCTION
Diabetes mellitus (DM) is a group of metabolic
diseases characterized by hyperglycemia, hypertriglyceridemia and hypercholesterolemia, resulting
from defects in insulin secretion or action or both (1).
Diabetes is crudely grouped into two types: insulin
dependent diabetes mellitus (IDDM) and non-insulin
dependent diabetes mellitus (NIDDM). Both types are
associated with excessive morbidity and mortality(2).
Madhuca longifolia, synonym M. indica, belonging
to the family Sapotaceae, is an important economic
tree growing throughout India. Traditionally, Madhuca
longifolia bark has been used against diabetes,
rheumatism, ulcers, bleeding and tonsillitis (3).
The flowers, seeds and seed oil of madhuka have
great medicinal value. Externally, the seed oil massage
is very effective to alleviate pain. In skin diseases, the
juice of flowers is rubbed for oleation. It is also
beneficial as a nasya (nasal drops) in diseases of the
head due to pitta, like sinusitis (4).
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The aim of the present study was to demonstrate the
antihyperglycemic effects of methanol bark extract of
Madhuca longifolia in normal and streptozotocin
(STZ) induced diabetic rats.

behavioral, neurologic and autonomic profiles and to
find out mortality. The extract was found safe to up to
a dose of 2000 mg/kg body weight.

Oral glucose tolerance test

MATERIAL AND METHODS
Plant material
Bark samples were collected from Udupi, Karnataka,
India, during January and February 2009 and
authenticated by Dr. Gopalkrishna Bhat, a taxonomist
from Department of Botany, Poornaprajna College,
Udupi. The specimen sample No.14 is kept at the
Department, B. Pharmacy College, Rampura,
Kakanapur, Godhara.

Preparation of extract
Dried bark samples (7 kg) were ground in a Waring
blender and sifted through a wire screen (mesh size 2
mm × 2 mm). The powdered leaves (500 g) were exhaustively extracted with methanol. The extracts were
filtered and evaporated to dryness at a temperature
below 30 °C. The extract obtained with methanol was
28 g.

Animals
Wistar rats of both sexes (150-200 g) were
maintained under standard animal house conditions,
fed standard pellet diet (Hindustan Lever Ltd.,
Bombay) and allowed water ad libitum. Fasted
animals were deprived of food for at least 16 h, but
were allowed free access to water. The study was
approved by the Institutional Animal Ethics
Committee of B. Pharmacy College, Rampura,
Godhara.

Acute toxicity and selection of doses
The acute toxicity studies were carried out in adult
female albino rats weighing 150-200 g, by up and
down method as per OECD 425 guidelines (5).
Overnight fasted animals received test drug at a dose
of 2000 mg/kg body weight orally. Then the animals
were observed continuously once in half an hour for
the next 4 hours and then after 24 hours for general

4

The oral glucose tolerance test was performed in
overnight fasted normal animals (6). Rats divided into
four groups (n=6) were administered 2% gum acacia
solution, methanolic extract 100 mg/kg, 200 mg/kg
and glibenclamide (500 µg/kg). Glucose (2 g/kg) was
fed 30 min after the administration of methanolic
extract. Blood was withdrawn from the retro-orbital
sinus at 0, 30, 60, 90 and 120 min of methanolic
extract administration. Fasting serum glucose levels
were estimated by the Radio Immuno Assay kit
(BRAC, Mumbai).

Normoglycemic study
For normoglycemic study, rats were divided into five
groups (n=6) and administered 2% gum acacia
solution, methanolic extract 100 mg/kg, 200 mg/kg
and glibenclamide (500 µg/kg) (7). Blood glucose
levels were estimated on days 0, 4, 8 and 12.

Determination of total protein, total cholesterol,
creatinine and blood urea nitrogen
Total proteins were determined by the method
described by Lowry et al. (8). Creatinine and blood
urea nitrogen were determined by the kit supplied by
Merck Specialties, Ltd. Total cholesterol was
determined by the kit supplied by Beacon Diagnostics,
Kabilpore, India.

Induction of experimental diabetes
Diabetes was induced by administering
intraperitoneal injection of a freshly prepared STZ
solution (60 mg/kg of body weight) in 0.1M cold
citrate buffer to the overnight fasted rats. Because of
the STZ instability in aqueous media, the solution is
made using cold citrate buffer (pH 4.5) immediately
before administration. Animals with blood glucose
values above 250 mg/dL on day 3 of STZ injection
were considered as diabetic rats. The treatment was
started after day 5 of diabetes induction and was
considered as day 1 of treatment.
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Experimental design

RESULTS

The animals were divided into five groups of six
animals, as follows: group I, normal healthy control;
group II, diabetic control (STZ 60 mg/kg i.p.); group
III, diabetic + methanolic extract (100 mg/kg body
weight, orally); group IV, diabetic + methanolic
extract (200 mg/kg body weight, orally); and group
VI, diabetic + glibenclamide (500 µg/kg body weight,
orally).

Acute toxicity studies

Blood sampling

Acute toxicity studies revealed the non-toxic nature
of methanolic extract at the two dose levels tested.
There were no morphological changes like distress,
hair loss, restlessness, convulsions, laxative effect,
coma, weight loss, etc. At the end of the treatment
period, there was no lethality or toxic reaction at any
of the doses selected.

Glucose tolerance test

At the end of day 12, blood samples were collected
from the inner canthus of the eye under light ether
anesthesia using capillary tubes (Micro Hemocrit
Capillaries, Mucaps). Blood was collected into fresh
vials containing anticoagulant antiserum and separated
in a centrifuge at 2000 rpm for 2 min. Serum insulin
levels were estimated by the Radio Immuno Assay kit
supplied by the Board of Radiation and Isotope
Research, Bhaba Atomic Research Centre (BRAC),
Mumbai, India.

Statistical analysis
Data were statistically evaluated by use of one-way
ANOVA, followed by post hoc Scheffe’s test using 7.5
version of the SPSS computer software. The values
were considered significant at P<0.05.

In all groups except for glibenclamide, at 30 min of
initiating glucose tolerance test, blood glucose
concentration was higher than at zero time but
decreased significantly from 30 min to 120 min (Table
1). Methanolic extracts were enhancing glucose
utilization, thus the blood glucose level was
significantly decreased in glucose loaded rats.

Normoglycemic study
In normoglycemic rats, the doses of 100 and 200
mg/kg reduced hyperglycemia on days 4, 8 and 12 of
treatment (Table 2). A significant hypoglycemic
activity was found on day 12 with 100 and 200 mg/kg
doses.

Table 1. Effect of methanolic extract on serum glucose level (mg/dL) on glucose tolerance test in glucose loaded
rats
Group
1

Treatment
Control (vehicle )

0 min
89.2±2.9

30 min
108.3±1.1

60 min
103.7± 2.1

90 min
100.2*±1.4

120 min
96.3*±1.6

2

Methanolic extract (100 mg/kg)

80.4±1.1

92.7±2.1

86.7±3.1

83.6±1.8

79.8±1.3

3

Methanolic extract (200 mg/kg)

89.3±1.7

4

Glibenclamide (500 μg/kg)

83.4±1.5

97.4±2.2

90.5±2.5

84.2*±1.2

75.4*±1.3

79.5±1.1

80.1±2.7

75.1*±2.1

73.6±2.9

Values are expressed as mean ± SEM; n=6 in duplicate for each treatment; *statistically significant difference from the corresponding zero time value; P<0.05

Table 2. Effect of methanolic extracts on serum glucose level (mg/dL) in normal fasted animals
Group

Dose

Day 0

Day 4

Day 8

Day 12

1

Control (Vehicle )

78.4±3.3

76.1±36

79.4±2.2

76.3±2.4

2

Methanolic extract (100 mg/kg)

82.1±2.6

80.3±3.3

79.8*±3.7

77.5*±1.3

3

Methanolic extract (200 mg/kg)

74.4±2.3

70.6±2.4

67.3±3.6

61.8*±1.3

4

Glibenclamide (500 µg/kg )

80.1±2.3

73.2±3.9

66.7*±3.2

59.6*±1.7

Values are expressed as mean ± SEM; n=6 in duplicate for each treatment; *statistically significant difference from the corresponding zero time value; P<0.05
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Table 3. Effect of methanolic bark extract of Madhuca longifolia on serum glucose level (mg/dL) in streptozotocin
induced diabetic rats
No.

Group

Week 0

Week 1

1

Normal control

128.86±1.71

141.32±2.03

130.13*±3.52

117.37±1.16

2

Diabetic control

190.81±2.68

309.55±4.48

380.05±5.13

410±2.06

3

Methanolic extract (100 mg/kg)

390.13±3.08

332.39*±3.14

268.94±2.06

200.90±3.46

4

Methanolic extract (200 mg/kg)

411.91±5.02

341.13±4.6

200.52*±1.33

141.37*±4.63

5

Glibenclamide (500 μg/kg )

190.3±3.68

132.6±4.87

385.5±2.02

Week 2

302.8*±3.32

Week 3

Values are expressed as mean ± SEM; n=6 in duplicate for each treatment; *statistically significant difference from the corresponding zero time value; P<0.05

Table 4. Effect of methanolic bark extract of Madhuca longifolia on body weight (g) in streptozotocin induced
diabetic rats
No.

Group

Initial body weight

Final body weight

1

Normal control

161.6±1.1

169.6±3.4

2

Diabetic control

150.8±2.3

114.0±2.8

3

Methanolic extract (100 mg/kg)

160.0±3.1

152.4±1.5

4

Methanolic extract (200 mg/kg)

158.9±4.1

169.5±0.7

5

Glibenclamide (500 µg/kg)

168.4±2.7

180.2±4.0

Values are expressed as mean ± SEM; n=6 in duplicate for each treatment

Table 5. Effect of methanolic bark extract of Madhuca longifolia on total protein, total cholesterol, serum
creatinine, and blood urea nitrogen in streptozotocin induced diabetic rats
Group
Normal control

Total Protein

Total cholesterol

Serum creatinine

Blood urea nitrogen

7.638±0.29

62.660±1.22

0.51±0.04

46±1.36

3.670*±0.20

80.333±2.01

0.78±0.08

75±3.44

Methanolic extract (100 mg/kg)

5.252±0.08

65.500*±1.64

0.71±0.03

62*±2.31

Methanolic extract (200 mg/kg)

6.598*±0.07

61.333±0.55

0.63±0.03

51±1.55

7.239±0.14

60.039±0.79

0.54*±0.02

48±1.85

Diabetic control

Glibenclamide (500 µg/kg)

Values are expressed as mean ± SEM; number of animals (n) = 6-8; *statistically significant difference from the corresponding zero time value; P<0.05

STZ induced diabetes

Biochemical assay

After oral administration of 100 and 200 mg/kg of
the methanolic extract of Madhuca longifolia, a
significant reduction was observed in the blood
glucose level of STZ induced diabetic rats. A dose
dependent effect was seen with doses of 100 and 200
mg/kg of methanolic extract throughout the study
period (Table 3). Blood sugar level was also
determined before and after glibenclamide treatment.
Glibenclamide, a known hypoglycemic agent, reduced
blood sugar level.

The protein amount in diabetic control group was
reduced as compared to normal control. The lowered
levels of protein after treatment with methanolic
extracts increased near to the control one. Total
cholesterol level, which was increased in diabetic rats,
was also reduced after treatment with methanolic
extracts. Creatinine and blood urea nitrogen values
were significantly increased in STZ induced diabetic
rats. Oral administration of methanolic extracts for
three weeks significantly lowered creatinine and blood
urea nitrogen in STZ induced diabetic rats.
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DISCUSSION
A wide range of synthetic oral antidiabetic drugs
such as sulfonylureas and biguanides have been used
for 50 years now in the treatment of diabetes.
However, they have not been of much benefit in
controlling the complications of the disease.
Streptozotocin is a broad spectrum antibiotic obtained
from Streptomyces achromogenes. STZ causes massive reduction in insulin release via destruction of β cells
of the islets of Langerhans and thereby induces
hyperglycemia (9).
In the present study, the antihyperglycemic activity
of methanolic bark extract of Madhuca longifolia was
assessed in normal and STZ induced diabetic rats. Oral
administration of a single dose of methanolic bark
extract of Madhuca longifolia caused a significant
decrease in serum glucose level in normal rats. A dose
of 200 mg/kg of methanolic extract produced
maximum glucose lowering effect, whereas 100
mg/kg of ethanolic extract showed a significant
hypoglycemic effect throughout the study period. In
the oral glucose tolerance test, the Madhuca longifolia
bark extract showed significant reduction of serum
glucose levels and these effects were dose dependent.
The extract of Madhuca longifolia bark displayed a
significant hypoglycemic effect in normal rats. The
main mechanism by which the extracts bring the
hypoglycemic effects most probably involves
stimulation of peripheral glucose consumption.
Furthermore, the glycemia profile observed in the
glibenclamide group indicates that the extract of
Madhuca longifolia acts on the liver or on peripheral
glucose consumption (10).

The glibenclamide effects on glucose can be
attributed to the enhanced activity of the β cells of the
pancreas, resulting in secretion of a large amount of
insulin. These results have indicated that some drugs
may also be effective in NIDDM. The significant
hypoglycemic effects of Madhuca longifolia bark in
diabetic rats indicate that this effect can be mediated
by stimulation of glucose utilization by peripheral
tissues.
Insulin deficiency or insulin resistance is associated
with hypercholesterolemia (11). Administration of
methanolic extract of Madhuca longifolia bark to
diabetic rats lowered the total cholesterol level.
Renal disease is one of the most common and severe
complications of diabetes. Insulin is a physiological
factor, which plays an important role in the
maintenance of protein balance (12). In addition,
significant elevations in the urea and creatinine levels
indicate an impaired renal function in diabetes.
Methanolic extracts of Madhuca longifolia bark
improve renal function that is generally impaired in
diabetic rats.
The results of the present study clearly indicated the
methanolic extract of Madhuca longifolia bark to have
a hypoglycemic effect on STZ induced diabetic rats.
The extract was highly effective in managing the
complications associated with diabetes mellitus, such
as hypercholesterolemia and impaired renal function.
Therefore, the Madhuca longifolia bark extract
showed a therapeutic action against the development
and progression of diabetic complications mentioned
above. Further studies are in progress to isolate the
active principle(s) and elucidate the exact mechanism
of action of Madhuca longifolia bark.
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SUMMARY
Polycystic ovary syndrome (PCOS) is a common
endocrine condition in women of reproductive age,
which is associated with a range of metabolic
implications. Data concerning metabolic features of
patients with polycystic ovarian morphology (POM)
without any other PCOS diagnostic criteria
(nonPCOS-POM) are limited. In the present study,
metabolic profile of 46 women with nonPCOS-POM
was investigated in comparison with 36 women with
PCOS D phenotype and control group (N=146).
PCOS D phenotype was defined according to the
European Society for Human Reproduction and
Embryology/American Society for Reproductive
Medicine (ESHRE/ASRM) criteria as irregular
anovulatory periods and POM. NonPCOS-POM
patients in comparison to PCOS-D phenotype group
showed a significantly lower waist circumference
(73.0; 17.0; 99.5; 11.0; P<0.001), a homeostatic
Corresponding author: Miro Šimun Alebić, Vuk Vrhovac University Clinic,
Dugi dol 4a, HR-10000 Zagreb, Croatia
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model assessment of insulin resistance (HOMA-IR)
(1.1; 1.0; 12.8; 6.9; P<0.001) and a significantly
higher fasting glucose-insulin ratio (FGIR) (15.2;
13.0; 5.9; 3.4; P<0.001). There was no significant
difference in waist circumference, FGIR and HOMAIR between the nonPCOS-PMO and control group. As
neither PCOS-D phenotype nor nonPCOS-POM
patients are characterized by hyperandrogenism, our
data suggest that hyperandrogenism is not the only
factor contributing to the increased metabolic risk in
women with PCOS D phenotype. NonPCOS-POM
patients share a similar metabolic risk profile with the
control population and could not be considered as
patients with an increased metabolic risk.

INTRODUCTION
Polycystic ovary syndrome (PCOS) is a common
endocrine condition in women of reproductive age,
with a prevalence estimated to 6.6% (1). It is
associated with a range of reproductive, obstetric,
psychological and metabolic features. In 2003, the
European Society for Human Reproduction and
Embryology/American Society for Reproductive
Medicine (ESHRE/ASRM) defined PCOS as the
presence of at least two of the following abnormalities:
hyperandrogenism, polycystic ovarian morphology
(POM) on ultrasound, and irregular anovulatory
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periods (2,3). According to these criteria, four PCOS
phenotypes have been identified: phenotype A
including women with hyperandrogenism, POM and
irregular anovulatory periods; phenotype B including
women with hyperandrogenism and irregular
anovulatory periods; phenotype C including women
with hyperandrogenism and POM; and D phenotype
including those with irregular anovulatory periods and
POM. Phenotypes A, B and C represent the
hyperandrogenic (PCOS-HA) subpopulation and D
phenotype the non-hyperandrogenic subpopulation
(PCOS-D). It remains unclear whether PCOS-D
phenotype is associated with lower cardiovascular risk
in comparison to PCOS-HA subpopulation. It has been
suggested that an increased metabolic risk might be
related to hyperandrogenism (4-11). However, in
clinical practice, a certain percentage of women with
POM do not meet the diagnostic criteria for PCOS. In
view of the fact that this group of patients might
represent a step between the PCOS-D subpopulation
and women without PCOS and POM (nonPCOSnonPOM), it would be of special clinical interest to
investigate the presence of metabolic risk in this
subpopulation.
To determine if nonPCOS-POM condition is
associated with an increased metabolic risk we aimed
to characterize a large group of patients according to
the ESHRE/ASRM criteria and to compare the
nonPCOS-POM group with PCOS-D phenotype and
control group (nonPCOS-nonPOM).

MATERIALS AND METHODS
Two hundred and seventy four patients were
recruited from the Outpatient Department of
Reproductive Medicine, Vuk Vrhovac University
Clinic, during the period between January 2008 and
December 2009. PCOS was diagnosed according to
the ESHRE/ASRM criteria (2,3). The patients meeting
the ESHRE/ASRM criteria were divided into PCOSHA group (n=44) including patients with hyperandrogenism and PCOS-D group (n=36) including
patients without hyperandrogenism.
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The patients that did not meet the ESHRE/ASRM
criteria were divided into nonPCOS-POM group
(n=46) including patients with POM and nonPCOSnonPOM patients (n=148) as a control group.
On study entry, waist circumference (WC), body
mass index (BMI), systolic and diastolic blood
pressure, antral follicular count (AFC) and FerrimanGallwey score were determined in all patients.
The levels of follicle-stimulating hormone (FSH),
luteinizing hormone (LH), estradiol (E2), prolactin
(PRL), thyroid-stimulating hormone (TSH), glucose,
insulin, testosterone and dehydroepiandrosterone
sulfate (DHEAS) were determined on day 3-5 of the
next menstrual cycle. Fasting glucose-insulin ratio
(FGIR) and homeostatic model assessment of insulin
resistance (HOMA-IR) were calculated as markers of
insulin resistance and increased metabolic risk. FGIR
was calculated as fasting glucose (mmol/L)/fasting
insulin (mIU/L), HOMA-IR as fasting glucose
(mmol/L) x fasting insulin (mIU/L)/22.5 (2).
Statistical methods: normality of distribution was
tested using Shapiro-Wilk W test. Between-group
differences were analyzed using Mann-Whitney U and
Kruskal-Wallis tests. Statistical significance was set at
P≤0.05 in all analyses, carried out using STATISTICA
StatSoft, version 8.0.

RESULTS
Clinical and laboratory data of the study (nonPCOSPOM), PCOS-HA and PCOS-D groups are shown in
Table 1. NonPCOS-POM patients showed significantly lower WC and HOMA-IR and significantly
higher FGIR in comparison to PCOS-D phenotype and
PCOS-HA group.
There was no between-group difference in systolic
and diastolic blood pressure.
Clinical and laboratory data of the study (nonPCOSPOM) group and nonPCOS-nonPOM-control group
are shown in Table 2. There was no significant
difference between the nonPCOS-PMO and
nonPCOS-nonPOM groups either in WC, FGIR and
HOMA-IR as metabolic risk markers or in systolic and
diastolic blood pressure.
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Comparison between the nonPCOS-PMO and
nonPCOS-nonPOM age-matched groups is shown in
Table 3. The age-matched nonPCOS-POM group had

a significantly higher diastolic blood pressure as
compared with the nonPCOS-nonPOM group.

Table 1. Clinical and laboratory data of the non polycystic ovary syndrome-polycystic ovarian morphology
(nonPCOS-POM) study group, polycystic ovary syndrome-hyperandrogenic (PCOS-HA) group and polycystic
ovary syndrome-D phenotype (PCOS-D) group

Body mass index
FGIR
HOMA-IR

nonPCOS-POM
(study) group
(n=46)
22.0;4.0

PCOS HA group
(n=44)
25.5;7.0

P-value
<0.01

15.2;13.0

11.3;8.9

1.1;1.0

1.5;1.4

PCOS D group
(n=36)
23.0;4.0

P-value
0.93 (NS)

0.02

5.9;3.4

<0.001

0.05

12.8;6.9

<0.001

Waist circumference (cm)

73.0;17.0

79.0;19.0

0.03

99.5;11.0

<0.001

Systolic blood pressure (mm Hg)

120.0;15.0

120.0;15.0

0.40 (NS)

120.0;10.0

0.41 (NS)

Diastolic blood pressure (mm Hg)

75.0;10.0

80.0;10.0

0.33 (NS)

80.0;10.0

0.89 (NS)

Age (yrs)

29.6;4.1

31.1;5.4

0.23 (NS)

30.3;4.6

0.51 (NS)

Data are shown as median; interquartile range; values of P<0.05 were considered to be statistically significant (Mann-Whitney U test); FGIR, fasting glucose-insulin ratio; HOMA-IR,
homeostatic model assessment of insulin resistance

Table 2. Clinical and laboratory data of the non polycystic ovary syndrome-polycystic ovarian morphology
(nonPCOS-POM) study group and non polycystic ovary syndrome-non polycystic ovarian morphology
(nonPCOS-nonPOM) group
nonPCOS-POM (study) group
(n=46)

nonPCOS- nonPOM group
(n=148)

P-value

Body mass index

22.0;4.0

23.0;4.0

0.78 (NS)

FGIR

15.2;13.0

14.5;9.7

0.34 (NS)

HOMA-IR

1.1;1.0

1.2;1.0

0.46 (NS)

Waist circumference (cm)

73.0;17.0

74.5;14.0

0.63 (NS)

Systolic blood pressure (mm Hg)

120.0;15.0

117.5;15.0

0.21 (NS)

Diastolic blood pressure (mm Hg)

75.0;10.0

70.0;10.0

0.14 (NS)

Age (yrs)

29.6;4.1

32.7;5.6

<0.001

Data are shown as median; interquartile range; values of P<0.05 were considered to be statistically significant (Mann-Whitney U test); FGIR, fasting glucose-insulin ratio; HOMA-IR,
homeostatic model assessment of insulin resistance

Table 3. Age matched comparison between the non polycystic ovary syndrome-polycystic ovarian morphology
(nonPCOS-POM) study group and non polycystic ovary syndrome-non polycystic ovarian morphology
(nonPCOS-nonPOM) control group
nonPCOS-POM (study) group
(n=46)

nonPCOS- nonPOM group
(n=77)

P-value

Body mass index

22.0;4.0

23.0;5.0

0.81 (NS)

FGIR

15.2;13.0

14.8;9.8

0.32 (NS)

1.1;1.0

1.1;0.8

0.61 (NS)

HOMA-IR
Waist circumference (cm)

73.0;17.0

73.0;12.0

0.90 (NS)

Systolic blood pressure (mm Hg)

120.0;15.0

115.0;15.0

0.13 (NS)

Diastolic blood pressure (mm Hg)

75.0;10.0

70.0;10.0

0.04

Age (yrs)

29.6;4.1

30.5;3.1

0.07 (NS)

Data are shown as median; interquartile range; values of P<0.05 were considered to be statistically significant (Mann-Whitney U test); FGIR, fasting glucose-insulin ratio; HOMA-IR,
homeostatic model assessment of insulin resistance
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DISCUSSION
Since the introduction of the ESHRE/ASRM criteria
for the diagnosis of PCOS, metabolic implications of
nonhyperandrogenic PCOS D phenotype are still a
matter of controversy. Women with PCOS in general
have a significantly higher rate of impaired glucose
tolerance, ranging from 18% to 40%, with an
increased prevalence of type 2 diabetes reported as
high as 15% compared to 2.3% in the general
population (12). In addition to the risk of diabetes
mellitus, many other metabolic consequences have
been reported in PCOS-affected females.
Approximately 50% of women with PCOS present
with an android pattern of obesity (13). Excess
visceral or periomental fat seems to be predictive not
only of the metabolic syndrome but also of
cardiovascular disease (14,15).
While some authors state that the nonhyperandrogenic PCOS D phenotype and PCOS-HA
phenotypes share the same metabolic abnormalities,
others have found similarities between PCOS D
phenotype and non-PCOS population (4-11).
However, ovarian morphology of nonPCOS population is not a uniform one and POM can be found in a
respectable portion of this population. This
subpopulation might be considered to represent a step
between nonPCOS without POM (nonPCOSnonPOM) and D phenotype of PCOS. Literature data
comparing these two subpopulations are lacking.

We embarked upon the present study to assess the
metabolic status of nonPCOS-POM patients in
comparison to nonPCOS-nonPOM and PCOS D
phenotype. We used BMI, WC, FGIR, HOMA-IR,
systolic and diastolic blood pressure on metabolic
status assessment. As expected, our data confirmed an
increased metabolic risk of PCOS-HA in comparison
to nonPCOS-POM population. However, the PCOS D
phenotype also showed significantly different
metabolic markers compared to nonPCOS-POM
population, suggesting an increased cardiovascular
risk in PCOS-D group. On the other hand, there was
no difference in the metabolic risk markers between
the nonPCOS-POM and control (nonPCOS-nonPOM)
groups. As shown by the age-matched comparison, the
significant age difference between these two groups
did not influence the conclusion significantly. The
statistically significant difference in diastolic blood
pressure between the two groups is unlikely to be of
clinical importance.
As neither PCOS-D phenotype nor nonPCOS-POM
patients are characterized by hyperandrogenism, our
data suggest that hyperandrogenism may not be the
only factor contributing to the increased metabolic risk
in women with PCOS D phenotype. Women with
POM that do not meet other PCOS criteria share
similar metabolic risk markers with the control
population. Our finding suggests that this population
of women could not be considered as patients at an
increased metabolic risk, which needs to be clarified in
future follow up studies.
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SUMMARY
This study was designed to evaluate and compare the
efficacy of infusion of Ruta graveolens (R. graveolens)
and its pharmacologically active constituent, rutin, on
impaired glucose tolerance, lipid profile and oxidative
stress in nicotinamide-streptozotocin-induced (type 2)
diabetic albino rats. The study also suggested the
probable physiological and molecular mechanisms of
action of these treatments in this animal diabetic
model. R. graveolens infusion and rutin were orally
administered to diabetic rats at a dose of 125 and 50
mg/kg body weight/day, respectively, for 30 days. The
results obtained revealed that both R. graveolens
infusion and rutin led to significant amelioration of
hyperglycemia, hyperlipidemia, serum insulin and Cpeptide concentrations, liver glycogen content and the
activities of hexokinase, glucose-6-phosphatase and
glycogen phosphorylase as well as oxidative stress in
diabetic rats. On the other hand, the in vitro and in
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situ studies indicated that R. graveolens infusion and
rutin significantly enhanced insulin release from
isolated islets of Langerhans, insulin binding to its
receptors in rat diaphragm and peripheral glucose
uptake by the rat diaphragm, whereas intestinal
glucose and cholesterol absorption was significantly
decreased. In addition, both treatment agents
decreased resistin expression in adipose tissue, while
rutin only was found to be effective in increasing
adipose tissue peroxisome proliferator-activated
receptor (PPAR) γexpression. Based on these results,
the study suggested both R. graveolens and rutin to
exhibit antihyperglycemic and antihyperlipidemic
properties via their insulinogenic effects, decreasing
intestinal glucose and cholesterol absorption,
improving peripheral insulin action, affecting
mediators of insulin resistance, enhancing peripheral
glucose uptake and decreasing hepatic glucose output
in addition to the ameliorating effect on the
antioxidant status in this condition.

INTRODUCTION
Diabetes mellitus (DM) has been classified into 3
categories, insulin dependent DM (IDDM), noninsulin dependent DM (NIDDM), and other specific
types of diabetes (1). NIDDM is a much more
prevalent form, responsible for 90% of the disease
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prevalence (1-3). It is a complex and heterogeneous
disorder presently affecting more than 100 million
people worldwide and causing serious socioeconomic
problems (4).
Peroxisome proliferator-activated receptors (PPARs)
have been identified as molecular focuses for drugs
that target lipoprotein and glucose abnormalities
associated with insulin resistance (5). There are three
isoforms of PPAR: PPARα, PPARδ and PPARγ (6).
The expression of PPARα is greatest in tissues with
active metabolism, such as the liver, striated muscle
and kidney, whereas PPARδ has a very broad
expression pattern that has made identifying its role
more difficult. PPARγ is highly expressed in fat,
colon, placenta and macrophage (7,8). Two isoforms
of PPARγ, PPARγ1 and PPARγ2, can respond to the
same signals and activate the same target genes:
lipoprotein lipase, fatty acid binding protein, acylCoA-synthetase and CD36 (9,10).
Resistin, an adipocyte-derived protein, was
originally found in a screen for genes that were
induced during adipocyte differentiation, and it is
found to be down-regulated in mature adipocytes
exposed to thiazolinediones (11). It has been reported
that resistin is expressed exclusively in adipocytes and
is linked with the traits that are related to obesity and
insulin resistance (12). The insulin-resistant effects of
resistin are thought to account for the activation of
glucose 6-phosphatase, which subsequently prevents
glycogen synthesis and increases the rate of glucose
production (13).
In recent years, there has been renewed interest in the
treatment of different diseases using herbal drugs as
the World Health Organization (WHO) has also
recommended evaluation of the effectiveness of plants
in conditions where we lack safe modern drugs (14).
The treatment of diabetes with synthetic drugs is
generally not preferred because of its high cost and the
range of side effects thus caused; hence, the
development of traditional or alternative medicine is
needed (15). Several plants of Rutaceae family are
used in traditional medicine worldwide (16). The most
common medicinal plant of this family is Ruta (R.)
graveolens, known as rue and native to Europe. The
plant is now available all over the world, although
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preferably grown in Mediterranean climate (16). This
plant has been in medicinal use for various clinical
conditions from ancient times, but the rationality of its
use is still controversial. Rue contains various active
compounds like flavonoids, coumarin derivatives,
furoquinolines, volatile oils, undecanone and others
(17). According to the available literature (18), R.
graveolens plant contains approximately 2% of rutin.
Flavonoids, and particularly quercetin derivatives,
have received special attention as dietary constituents
in the last few years. Epidemiological studies have
pointed out their possible role in preventing
cardiovascular disease and cancer (19-23). This
health-promoting activity seems to be related to the
antioxidant (free-radical scavenging) activity to
flavonoids (24). Quercetin (3,3`,4`,5,7-pentahydroxy
flavone) is one of the most common native flavonoids
occurring mainly in glycosidic forms such as rutin
(5,7,3`,4`-OH, 3-rutinose) (23,25). Rutin is abundantly
present in onions, apples, tea and red wine (20). Rutin
exhibits multiple pharmacological activities including
antibacterial, antitumor, antiinflammatory, antidiarrheal, antiulcer, antimutagenic, myocardial
protecting, vasodilator, immunomodulator and
hepatoprotective activities (26). However, studies of
the antidiabetic properties of R. graveolens and its
pharmacologically active constituent, rutin, are scarce.
Thus, this study aimed to assess the antidiabetic
efficiency of the plant infusion and rutin in
nicotinamide-streptozotocin (NA-STZ) diabetic rats
and to suggest the probable mechanisms of action in
this animal diabetic model.

MATERIALS AND METHODS
Experimental animals
White male albino rats (Rattus norvegicus) weighing
about 150-200 g were used. They were obtained from
the animal house of the National Research Center, ElGiza, Egypt. They were kept under observation for
about 15 days before the onset of the experiment to
exclude any intercurrent infection. The chosen animals
were housed in plastic well aerated cages at normal
atmospheric temperature (25±5 °C) and normal 12hour light/dark cycle. Moreover, they had free access
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to water and were supplied daily with standard diet of
known composition ad libitum. All animal procedures
were in accordance with the recommendations of the
Canadian Committee for Care and Use of Animals
(Canadian Council on Animal Care) (27).

Preparation of plant extract
R. graveolens (sadab) was obtained from
Experimental Station of Medical Plants (ESMP),
Faculty of Pharmacy, Cairo University, Egypt. Its
leaves were air dried and then powdered with an
electric grinder. The infusion (water extract) was
prepared according to the method described by
Swanston-Flatt et al. (28). Powdered plant material
was added to boiling water and infused for 15 minutes.
The infusion was filtered and the filtrate was freshly
used. The herb infusion was orally administered by
gastric tube at a dose level of 125 mg/kg body weight
(b.w.) per day for 30 days.

Preliminary phytochemical screening of R.
graveolens
The air dried powder of R. graveolens was subjected
to tests for detection of the presence of carbohydrates
and/or glycosides, tannins, alkaloids and/or
nitrogenous bases, flavonoids, saponins, unsaturated
sterols and/or triterpenes and resins (29).

Rutin
Rutin in the form of rutin hydrate was purchased
from Sigma Company, USA. It was suspended in
distilled water and freshly prepared just before the
administration. It was orally administered by gastric
tube at a dose level of 50 mg/kg b. w./day (23) for 30
days.

Induction of diabetes mellitus
Type 2 DM was experimentally induced in animals
fasted for 16 hours by intraperitoneal injection of 120
mg/kg b.w. nicotinamide dissolved in NaCl solution
(0.9%) 30 minutes before intraperitoneal injection of
50 mg/kg b. w. STZ (Sigma Company) dissolved in
citrate buffer (pH 4.5) (30). Ten days after STZ
injection, rats were screened for serum glucose levels.
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Experimental design
The rats were divided into 4 groups of 6 rats, as
follows: group I consisting of normal control rats were
orally administered an equivalent volume of vehicle
(distilled water); group II was considered as diabetic
control and orally given an equivalent volume of
vehicle (distilled water); group III were orally treated
with infusion of R. graveolens at a dose level of 125
mg/kg b.w.; and group IV were orally treated with
rutin (50 mg/kg b.w.) dissolved in distilled water. All
treatments were given daily for 30 days by gastric
intubation. By the end of the experiment, animals were
sacrificed and blood samples, visceral adipose tissue,
pancreas and liver were obtained.

Histologic study
After sacrifice and dissection, pancreas was
immediately excised from each animal, fixed in 10%
neutral buffered formalin and transferred to
Histopathology Department, Faculty of Veterinary
Medicine, Beni-Suef University, Egypt, for
preparation for blocking in paraffin wax and
sectioning. Pancreas was stained with modified
aldehyde fuchsin satin method (31).

Biochemical study
On the day before sacrifice, oral glucose tolerance
test (OGTT) was performed in normal, diabetic
control and diabetic rats treated with R graveolens
infusion and rutin. Blood samples were obtained from
lateral tail vein of rats deprived of food overnight (1012 hours). Successive blood samples were then taken
at 0, 30, 60, 90 and 120 minutes following the
administration of glucose solution (3 g/kg b.w.)
through gastric intubation. Blood samples were left to
coagulate, centrifuged, and clear non-hemolyzed
serum was obtained for determination of glucose
concentration according to the method of Trinder (32),
using reagent kit purchased from Spinreact Company
(Spain).
Serum fructosamine was determined according to the
method of Baker et al. (33) using reagent kit purchased
from Reactivos Spinreact Company (Spain). Serum
insulin and C-peptide were assayed in the Radioactive
Isotopes Unit, Middle Eastern Regional Radioisotope

17

O.M. Ahmed, A.A. Moneim, I.A. Yazid, A.M. Mahmoud / ANTIHYPERGLYCEMIC, ANTIHYPERLIPIDEMIC AND ANTIOXIDANT
EFFECTS AND THE PROBABLE MECHANISMS OF ACTION OF RUTA GRAVEOLENS INFUSION AND RUTIN IN NICOTINAMIDESTREPTOZOTOCIN-INDUCED DIABETIC RATS

Center (Dokki, Giza) by radioimmunoassay kits of
DPC (Diagnostic Products Corporation, Los Angeles,
USA) [coat-A-count] according to the methods of
Marschner et al. (34) and Bonser and Garcia-Webb
(35), respectively.
Liver glycogen content was determined according to
the method of Seifter et al. (36). Liver hexokinase
activity was determined according to the method of
Branstrup et al. (37). Liver glucose-6-phosphatase and
glycogen phosphorylase activities were determined
according to the methods of Begum et al. (38) and
Stallman and Hers (39), respectively. The liberated
inorganic phosphate by glucose-6-phosphatase and
glycogen phosphorylase was estimated according to
the method of Munoz et al. (40) using reagent kits
obtained from Biosystems, S.A (Spain). Serum total
lipids (41), triglycerides (42), cholesterol (43), HDLcholesterol (44) and liver HMG-CoA reductase (45)
were also estimated. Serum LDL-cholesterol level was
calculated from Friedewald (46) formula (LDLcholesterol = total cholesterol – triglycerides/5 – HDLcholesterol). Serum vLDL-cholesterol concentration
was calculated according to Nobert (47) formula
(vLDL-cholesterol = triglycerides/5).
Liver lipid peroxidation, reduced glutathione, total
thiols and catalase and peroxidase activities were also
measured according to the methods of Preuss et al.
(48), Beutler et al. (49), Koster et al. (50), Cohen et al.
(51) and Kar and Mishra (52), respectively. Humalyzer
2000 Chemical Analyzer (Germany) was used for
spectrophotometric measurements.

Physiologic techniques for the mechanism of
action

Isolation of islets of Langerhans and incubation
technique
Pancreatic islets were isolated from adult normal
male albino rats (180-200 g) using the collagenase
digestion technique of Howell and Taylor (53). Ten
equal medium sized islets were picked in 0.35 mL Gey
& Gey buffer (54) containing 2% bovine serum
albumin using fine Pasteur pipette and stereo binocular
microscope (American Optics, USA). Then, R.
graveolens infusion or rutin was added to the isolated
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islets to reach final concentrations of 0.2 and 1.0
mg/mL for each and incubation was carried out for 1 h
at 37 °C. These two doses of R. graveolens infusion
and rutin (0.2 and 1.0 mg/mL) were tested at two
different concentrations of glucose (2mM and 8mM).
Blanks were prepared by adding an equivalent volume
of the vehicle. At the end of the incubation period,
mixtures at a final volume 0.7 mL were centrifuged for
5 min at 3000 rpm and 0.2 mL of the supernatant was
assayed for insulin concentration.

Intestinal glucose and cholesterol absorptions (in
situ)
An intestinal perfusion technique (55) using variable
flow mini-pump (Control Company, Texas, USA) was
adopted to study the effect of R. graveolens infusion
and rutin on intestinal glucose and cholesterol
absorptions in normal rats fasted for 24 h and
anesthetized with intraperitoneal sodium thiopental
solution (50 mg/kg). Perfusion rate was 20 mL/h to a
total volume of 20 mL via a thermoregulator set at 37
oC through 20-cm intestinal segment in situ of the
anesthetized rats [with the addition of goat bile (1
mL/20 mL perfusion solution), in case of testing
cholesterol absorption only]. The perfusing solution
was composed of the following (in g/L): 7.37 g NaCl,
0.2 g KCl, 0.065 g NaH2PO4 . 2H2O, 0.213 g
MgCl2.6H2O, 1.02 g CaCl2, 0.6 g NaHCO3 and 1.0 g
glucose or cholesterol, at pH 7.5. The results were
expressed as percentage glucose or cholesterol
absorption calculated from the amount of glucose or
cholesterol in solution before and after perfusion with
62.5, 125, 250 mg/mL of R. graveolens and 25, 50,
100 mg/mL rutin in the solution.

Peripheral glucose consumption and insulin
binding affinity (in vitro)
The peripheral glucose consumption was studied in
rat diaphragm preparations from diabetic rats fasted
for 24 h previous to sacrifice. Diaphragms were
divided into two halves and incubated according to
Zarzuelo et al. (55) at 37 oC, with constant
oxygenation and shaking for 1 h. The nutrient solution
was prepared with the following formula: 725 mL
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1.3% NaHCO3 was aerated for 3 min with carbogen,
then added to 750 mL of saline solution. This saline
solution was composed of the following (in g/L): 9.5 g
NaCl, 0.4 g KCl, 0.3 g CaCl2, 0.35 g NaHCO3, 0.35 g
MgCl2.7H2O, 0.2 g KH2PO4 and 1.0 g glucose. The
resultant mixture was aerated with carbogen (95% O2
: 5% CO2) for 10 min before the incubation and at time
intervals of 15 min during the incubation. The results
were expressed as glucose consumption per 1 g
diaphragm wet weight. The concentrations used were
0.2 and 1 mg/mL for R. graveolens and rutin in the
presence and absence of insulin (25 µIU/mL). Stocks
from samples incubated in the presence of insulin were
taken in separate vials to estimate the non-binding
insulin in the perfusion solution and the binding
insulin was calculated from the formula (insulin
binding affinity = insulin conc. before incubation –
non-binding insulin in the perfusing solution after
incubation).

RNA extraction and Reverse Transcriptase
Polymerase Chain Reaction (RT-PCR)
Visceral adipose tissue RNA was isolated according
to the method of Otto et al. (56) by SV Total RNA
Isolation System using reagent kit purchased from
Promega Company (USA). RT-PCR for resistin and
PPARγ was done by using Accupower RT/PCR
PreMix (provided from Bioneer, Reno, USA). The kit
contained 0.5 mL thin wall microtubes, each
containing lyophilized reaction mixture of 10 mM
dNTP, 10 U RNasin, 20 U M-MLV reverse
transcriptase, IU thermostable DNA polymerase,
precipitant and loading dye. The primers (obtained
through Clinilab Company, Cairo, Egypt) used were as
follows:
PPARγ; sense,
5’GGGTGAAACTCTGGAGATTTCC3’, antisense,
5’TCAGCAACCATTGGGTCAGCTCT3’ and
resistin; sense,
5’GCTCAGTTCTCAATCAACCGTCC3’, antisense,
5’CTGAGCTCTCTGCCACGTACT3’.
To each reaction tube, 1 μg of RNA and 20 pmol of
primer were added and the volume was made up to 50
μL with distilled water. The lyophilized reaction
mixture of each tube was dissolved by vortexing and
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span-down briefly. The tubes were placed on a double
heated led thermal cycler and the reaction series was
performed as follows: 57 oC for 10 min, 42 oC for 60
min, 94 oC for 5 min, 35 cycles of 94 oC for 30 sec, 57
oC for 30 sec, 72 oC for 1 min.
RT-PCR samples were loaded in 1% agarose gel
wells (Sigma, USA); 50V electrical power was applied
(5 volts per 1 cm), then the samples were left to
migrate for appropriate time. After migration, the
cDNA bands were observed in the gel using UV
illuminator. Gel images were scanned using a
conventional computer scanner and then the images
were analyzed using the computer software Pro-gel
analysis v. 3.1.

Statistical analysis
The data were analyzed using the one-way analysis
of variance (ANOVA) (57), followed by least
significant difference (LSD) test to compare various
groups with each other. Results were expressed as
mean ± standard error (SE) and values of P>0.05 were
considered non-significantly different, while those of
P<0.05 and P<0.01 were considered significant and
highly significant, respectively. F-probability
expresses the general effect between groups. The
means that were not significantly different are
followed by the same superscript symbol(s).

RESULTS
Qualitative phytochemical screening revealed the
presence of carbohydrates and/or glycosides, tannins,
alkaloids and/or nitrogenous bases, flavonoids,
saponins, unsaturated sterols and/or triterpenes and
resins in the tested plant (Table 1).
The oral glucose tolerance curve of diabetic rats
showed a highly significant elevation at fasting state
and 30, 60, 90 and 120 min after oral glucose loading
as compared to normal animals. The treatment of
diabetic animals with R. graveolens infusion and rutin
induced a potential improvement of elevated values at
all points of OGTT curve. However, while rutin
seemed to be more potent at fasting state, the plant
infusion appeared to be more effective at all other
tested points after oral glucose loading (Fig. 1).
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Table 1. Preliminary phytochemical screening of R. graveolens

Carbohydrates and/or glycosides

Result
++ ve

Fehling's test

++ ve

Bendict's test

++ ve

Mayer's test

+++ ve

Dragendorff's test

++ ve

Wagner's test

++ ve

Libermann-Burchard test

++ ve

Alkaloids and/or nitrogenous bases

Unsaturated sterols and/or triterpenes

Test
Molish's test

Flavonoids

Saponins

Tannins

Salkwiski's test

+ ve

Shinoda test

+++ ve

NaOH test

++ ve

Amyl alcohol test

++ ve

Froth test

+ ve

Hemolysis test

+ ve

Ferric chloride test

++ ve

Match stick test

++ ve

Vannilin HCl test

++ ve

Phenazone test

++ ve

Resins

++ ve

+ve, ++ve and +++ve = presence of active principles in low, moderate and high quantities, respectively

Table 2. Serum fructosamine, insulin, C-peptide and liver glycogen contents of normal, diabetic control and
diabetic treated rats
Group

Parameter

Fructosamine
(µmol/L)

Liver glycogen
(mg/g tissue)

Insulin
(µIU/mL)

C-peptide
(ng/mL)

Normal

163.046±2.61c

18.64±0.64a

27.17±0.53a

8.87±0.19a

Diabetic control

233.046±3.99a

8.80±0.54c

13.26±0.81d

3.85±0.26c

Diabetic treated with R. graveolens

194.371±4.76b

10.17±0.87bc

16.43±0.22c

4.69±0.09b

Diabetic treated with rutin

187.146±3.82b

12.05±0.81b

24.64±1.05b

8.38±0.18a

P<0.001

P<0.001

P<0.001

P<0.001

LSD at 5% level

11.44

2.15

2.13

0.57

LSD at 1% level

15.59

2.93

2.90

0.77

F-probability

Data are expressed as mean ± SE; there were six animals in each group; the means marked with the same superscript symbol(s) were not significantly different; the means with
difference higher than the value of LSD at 5% level were significantly different (P<0.05) and those with difference higher than the value of LSD at 1% level were highly significantly
different (P<0.01)

Table 3. Insulin release from isolated islets incubated for 1 h with two different doses of R. graveolens infusion
and rutin in the presence of 2 and 8mM glucose in vitro
Glucose
concentration
2mM
8mM

Control

Insulin release (µIU/islet/h)
R. graveolens
0.2 mg/mL
1.0 mg/mL
0.2 mg/mL

1.0 mg/mL

3.27±1.13h

5.50±0.79g

5.50±1.59g

7.91± 1.13f

9.29± 2.76e

17.48±1.23d

22.31±0.55c

±0.45b

0.01a

29.11± 2.02a

F-probability: P<0.001; LSD at 5% level: 4.40; LSD at 1% level: 6.26
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Rutin

23.28

29.10±
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Both concentrations of both agents tested (Table 3)
induced significant insulinotropic effects at 2 mM and
8 mM glucose as compared with the corresponding
blanks; rutin appeared to be more potent than R.
graveolens infusion.
Data shown in Table 4 indicated that the addition of
R. graveolens extract as well as rutin to the incubation
media caused a significant increase in glucose uptake
by the rat diaphragm, in a dose dependent manner. The
present data showed the effect of both agents to be
potentiated in the presence of insulin. Moreover, rutin
seemed to be more effective in enhancing peripheral
glucose uptake in the presence and absence of insulin.
The addition of both rue infusion and rutin to the
incubation media caused an increase of insulin binding
to the rat diaphragm in a dose dependent manner. Both
agents produced a significant increase in insulin binding with increasing concentrations as compared with
the blank. Rutin seemed to be more effective in enhancing insulin binding to the rat diaphragm (Table 5).

Data on the effects of R. graveolens and rutin at
varying concentrations on intestinal glucose
absorption are given in Table 6. All the concentrations
of R. graveolens and rutin tested produced marked
decrease in the intestinal glucose absorption. The
increasing concentration of both agents was found to
be accompanied by detectable decreases in the
intestinal glucose absorption. In addition, the
concentrations of rutin tested seemed to be more
effective than those of R. graveolens infusion in
reducing intestinal glucose absorption. On the other
hand, both R. graveolens infusion and rutin induced
Figure 1. Oral glucose tolerance curves of normal,
diabetic control and diabetic rats treated with R.
graveolens infusion and rutin. F-probability: p<0.001;
LSD at 5% level: 4.40; LSD at 1% level: 6.26.

Serum glucose concentration (mg/dl)

As indicated in Table 2, the liver glycogen content
and serum insulin and C-peptide exhibited significant
decrease in diabetic rats. In contrast, serum
fructosamine was remarkably elevated (P<0.01; LSD)
in diabetic rats as compared to normal. Treatment of
diabetic animals with the plant infusion and rutin
induced profound amendment of these deteriorated
changes. Rutin seemed to be more effective in
improving these altered variables.

Normal

Diabetic control

Diabetic treated with R. graveolens

Diabetic treated with rutin

400
350
300
250
200
150
100
50
0
0

30

60

90

120

Times after oral glucose administration (minutes)

Table 4. Changes in peripheral glucose uptake (mg/g fresh diaphragm) of diabetic rat diaphragm with increasing
doses of R. graveolens infusion and rutin in the presence and absence of insulin in vitro

In the absence of insulin

Blank
1.13±0.08j

R. graveolens infusion
Dose (mg/mL)
0.2
1.0
3.79±0.07i
4.13±0.04h

In the presence of insulin (25 µIU/mL)

5.75±0.07e

6.00±0.07d

6.33±0.17c

Rutin
Dose (mg/mL)
0.2
4.54±0.09g

1.0
5.49±0.05f

7.03±0.04b

7.27±0.04a

F-probability: P<0.001; LSD at 5% level: 0.235; LSD at 1% level: 0.316

Table 5. Effect of R. graveolens infusion and rutin on insulin binding affinity to rat diaphragm in vitro
Blank
56.78±0.45e

Binding insulin concentration (μIU/100 mg fresh diaphragm/h)
R. graveolens
0.2 mg/mL
1.0 mg/mL
0.2 mg/mL
79.72±0.06d

112.17±0.79b

89.25±0.95c

Rutin
1.0 mg/mL
121.55±0.35a

F-probability: P<0.001; LSD at 5% level 1.78; LSD at 1% level 2.41
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Table 6. Changes in intestinal glucose absorption with increasing dose of R. graveolens and rutin
R. graveolens
Blank

Dose
(mg/mL)
62.5

45.55±1.42a

Rutin

Absorption %
28.97±0.56b

Dose
(mg/mL)
25

Absorption %
16.40±0.94e

125

27.23±0.31b

50

14.30±0.34e

250

24.82±0.56c

100

12.97±0.19d

F-probability: P< 0.001; LSD at 5% level: 2.891; LSD at 1% level: 3.894

Table 7. Changes in intestinal cholesterol absorption with increasing dose of R. graveolens infusion and rutin
R. graveolens infusion
Dose
(mg/mL)
Absorption %
62.5
104.67±0.76c

Blank
131.50±1.75a

Rutin
Dose
(mg/mL)
25

Absorption %
110.00±1.21b

125

95.33±0.76e

50

102.00±0.52c

250

94.50±0.88e

100

98.83±0.54d

F-probability: P<0.001; LSD at 5% level 2.89; LSD at 1% level 3.89

Table 8. Liver glucose-6-phosphatase, glycogen phosphorylase and hexokinase activities of normal, diabetic
control and diabetic rats treated with R. graveolens infusion and rutin
Parameter

Glucose-6-phosphatase
(μg Pi liberated/100 mg
tissue/h)
2.00±0.08c

Glycogen phosphorylase
(μg Pi liberated/100 mg
tissue/h)
1.73±0.99d

Hexokinase (μg glucose
phosphorylated/100 mg
tissue/h)
26.18±0.07a

15.95±0.21a

12.65±0.02a

3.82±2.04c

Diabetic treated with R. graveolens

4.79±0.27b

7.02±3.42b

9.07±0.09b

Diabetic treated with rutin

4.35±0.23b

5.85±2.77c

8.17±3.89b

F-probability

Group
Normal
Diabetic control

P<0.001

P<0.001

P<0.001

LSD at 5% level

0.62

0.75

0.187

LSD at 1% level

0.84

1.02

0.255

Table 9. Serum lipid profile and liver HMG-CoA reductase activity of normal, diabetic control and diabetic rats
treated with R. graveolens infusion and rutin
Parameter

Group
Normal

Total lipids
(g/L)
2.44±0.11c

CH
(mg/dL)
57.00±0.56d

TG
(mg/dL)
45.85±0.71d

HDL-CH
(mg/dL)
34.23±0.24a

LDL-CH
(mg/dL)
13.60±0.39d

Diabetic control

4.81±0.27a

89.58±0.18a

151.36±2.45a

15.43±0.45d

43.85±0.69a

30.29±0.50a

1.42±0.76a

3.07±0.16b

69.56±0.60b

63.29±1.47b

24.38±0.22c

32.52±0.70b

12.66± 0.29b

1.31±0.73b

3.05±0.15b

66.69±0.49c

58.03±1.42c

26.60±0.18b

28.66±0.34c

11.61±0.28c

1.25±0.01c

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

LSD at 5%

0.470

1.44

4.73

0.86

1.62

0.96

2.062

LSD at 1%

0.642

1.97

6.45

1.18

2.22

1.31

2.812

Diabetic treated with
R. graveolens
Diabetic treated with
rutin
F-probability

VLDL-CH
(mg/dL)
9.17± 0.06d

HMG-CoA
reductase
(HMG-CoA/
mevalonate)
1.12±0.54d

CH: cholesterol; TG: triglycerides; LDL-CH: low density lipoprotein cholesterol; HDL-CH: high density lipoprotein cholesterol; VLDL-CH: very low density lipoprotein cholesterol
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Regarding liver glucose-6-phosphatase and glycogen
phosphorylase activities, they were increased in
diabetic rats, as illustrated in Table 8. The
administration of both R. graveolens and rutin
produced a profound improvement of these altered
enzyme activities. In contrast, liver hexokinase
activity (Table 8) showed a different pattern. The
enzyme activity was enormously suppressed in
diabetic control rats and profoundly increased in
diabetic rats treated with R. graveolens and rutin.
Furthermore, rutin appeared to be more potent in
decreasing the activities of glucose-6-phosphatase and
glycogen phosphorylase. On the other hand, treatment
with R. graveolens produced a more potent effect than
treatment with rutin in increasing hexokinase activity.
Data on the effect of R. graveolens and rutin on lipid
profile of diabetic rats are presented in Table 9.
Diabetic rats exhibited a highly significant increase
(P<0.01; LSD) in serum total lipids, cholesterol,
triglycerides, LDL- and vLDL-cholesterol and liver
HMG-CoA reductase activity as compared with the
non-diabetic group. Moreover, HDL-cholesterol was
affected in an opposite manner, as it was decreased
(P<0.01; LSD) in diabetic rats and significantly
increased (P<0.01; LSD) in response to both treatment
agents. The administration of both R. graveolens
infusion and rutin led to marked amelioration of all
parameters of the altered lipid profile.

Liver lipid peroxidation, total thiols, reduced
glutathione content and liver antioxidant enzymes
variation as the result of treatment of diabetic rats with
R. graveolens and rutin are presented in Table 10.

Figure 2. PPARγ cDNA pattern in adipose tissue of
normal control (Nc), diabetic control (Dc), diabetic
treated with rutin (Rn) and diabetic treated with
infusion of R. graveolens (Er).

Figure 3. Semiquantitative analysis of PPARγ cDNA
using scanning densitometry.
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potential decreases in intestinal cholesterol absorption
in a dose dependent manner, with a more potent effect
of R. graveolens (Table 7).
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Table 10. Liver lipid peroxidation, total thiols, reduced glutathione content, catalase and glutathione peroxidase
activity in normal, diabetic control and diabetic rats treated with R. graveolens infusion and rutin
Parameter
Group
Normal

Lipid peroxidation
(nmol MDA/gm/h)

Total thiols
(nmol/100 mg)

Reduced glutathione
(nmol/100 mg)

Catalase
(k x 102)

Glutathione
peroxidase
(U/g)

24.4±0.85c

196.97±6.61a

74.93±3.74a

52.68±1.38a

75.96± 1.17a

57.52±1.47b

22.86±0.49d

47.21±2.52b

Diabetic control

41.2± 2.15a

Diabetic treated with
R. graveolens

29.9± 1.85b

134.53±9.12b

70.83±4.27a

39.95±0.47c

62.97±3.86c

Diabetic treated with
rutin

29.3± 0.90b

145.02±12.01b

72.88± 4.43a

44.10±1.84b

68.66± 2.97ab

F-probability

89.93± 2.46c

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

LSD at 5%

4.59

24.58

10.83

3.55

8.27

LSD at 1%

6.26

33.48

14.78

4.84

11.28
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Concerning the effect of R. graveolens infusion and
rutin on PPARγ expression in visceral adipose tissue
(Figures 2 and 3), densitometric analysis revealed a
significant decrease of adipose tissue PPARγ cDNA in
diabetic rats as compared with the normal control
group. The treatment of diabetic animals with rutin
produced a significant amelioration of PPARγ
expression while treatment of diabetic rats with R.
graveolens infusion did not show an increase. On the
other hand, there was a significant increase in visceral
adipose tissue resistin cDNA of diabetic rats as
compared with the normal control ones, as illustrated
in Figures 4 and 5. The administration of both R.
graveolens and rutin produced a significant decrease
in the visceral adipose tissue resistin expression.

Figure 4. Resistin cDNA pattern in adipose tissue of
normal control (Nc), diabetic control (Dc), diabetic
treated with rutin (Rn) and diabetic treated with
infusion of R. graveolens (Er).

Figure 5. Semiquantitative analysis of resistin cDNA
using scanning densitometry.
45
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Liver malondialdehyde (MDA) content, which is an
indicator of lipid peroxidation, was significantly
increased in diabetic rats when compared to normal
rats. On the other hand, treatment with both tested
agents markedly ameliorated the increased liver MDA
content. Meanwhile, the depleted liver total thiols and
reduced glutathione contents of diabetic rats were
significantly increased as the result of treatment with
both R. graveolens and rutin.
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Figure 6. Pancreatic tissues of normal male albino rats. The pancreas is subdivided by septa (s) into pancreatic
lobules. The exocrine portion of the pancreas consists of pancreatic acini (pa), while endocrine portion consists
of the islets of Langerhans (IL) which are scattered throughout the pancreas and contain alpha cells (a) at the
periphery of islets, beta cells (b) in the core of islets and delta cells (d) of a relatively larger size. (X400)
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As for the histologic study, the islets of Langerhans
in the pancreas of diabetic rats exhibited marked
degeneration of cells (Figure 7A and 7B) as compared
with normal pancreata (Figure 6A and 6B). The islets
of diabetic rats had vacuolations, many hydropic and
necrotic cells, and pyknotic or irregular
hyperchromatic nuclei. The treatment with either plant

aqueous extract or rutin markedly succeeded to amend
the disrupted islets of Langerhans of diabetic rats; the
islet architecture and integrity were improved (Figures
8A, 8B, 9A and 9B). In spite of these ameliorations,
there were still a few necrotic areas (n), pyknotic
nuclei (pk) and vacuolations (v) in the islets of diabetic
rats treated with the plant aqueous extract and rutin.

Figure 7. Pancreata of diabetic rats. Normal architecture of the islets is disrupted. Islets showing many hydropic
cells, necrotic cells (n), pyknotic nuclei (pk), vacuolations (v) and irregular hyperchromatic nuclei (hcn). (X400)

Figure 8. Pancreata of diabetic rats treated with R. graveolens infusion. There are still few necrotic areas (n),
pyknotic nuclei (pk) and vacuolations (v). The islet architecture is more organized and less disrupted as
compared with that of diabetic control. Alpha cells (a) were noticed at the periphery of islets and many beta cells
(b) in the core of the islets appeared intact. (X400)
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Figure 9. Pancreata of diabetic rats treated with rutin showing its ameliorative effect on the islets of Langerhans.
There are still few necrotic areas (n), pyknotic nuclei (pk) and vacuolations (v). Beta cells (b) in the core of islets
appeared with improved integrity and were obviously increased in number. Alpha cells (a) and delta cells (d) at
the periphery of islets were also noticed. (X400)

DISCUSSION
Study results revealed the treatment of diabetic rats
with either R. graveolens infusion or its flavonoid,
rutin, to lead to significant amelioration of glucose
tolerance. A decrease in elevated serum glucose levels
is in agreement with the results of Chakravarthy et al.
(58,59), who demonstrated similar effects of the
flavonoid, (-)-epicatechin, in alloxan diabetic rats, and
also with those reported by Nuraliev and Avezov (60)
on a hypoglycemic effect of quercetin in alloxan
diabetic animals. Furthermore, the hypoglycemic
effect of rutin in STZ diabetic animals was recorded
by Vessal et al. (61) and Kamalakkannan and Prince
(23). Thus, the hypoglycemic effect of R. graveolens
may be due to the presence of flavonoids such as rutin.
Moreover, the antihyperglycemic effect may also be
attributed to the presence of substances other than
flavonoids, i.e. glycosides, alkaloids, saponin, tannins,
resins and triterpenes. Such compounds have been
reported to be responsible for hypoglycemic action by
several authors (61-65). The present study indicated
these groups of compounds to be found in the tested
plant.
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In comparison with normal control rats, the present
study revealed a profound decrease in fasting insulin
level of STZ diabetic rats. This finding agrees with
Akhani et al. (66) and may be ascribed to the
diabetogenic effect of STZ, which leads to marked
degenerative changes in β-cells, as indicated in the
present study. Serum insulin concentration was
increased markedly as a result of treating diabetic rats
with both R. graveolens and rutin.
By its ability to scavenge free radicals and to inhibit
lipid peroxidation (67), rutin prevents STZ-induced
oxidative stress, protects β-cells resulting in increased
insulin secretion, and decreases elevated blood
glucose levels. In this context, a study by Vessal et al.
(61) showed that quercetin, an aglycone of rutin,
decreased elevated blood glucose concentration and
increased insulin release in STZ-induced diabetic rats.
Also, Coskun et al. (68) report that in STZ-induced
diabetic rats, quercetin protected pancreatic β-cells by
decreasing oxidative stress and preserving β-cell
integrity. According to the work of Kamalakkannan
and Prince (23), the increased insulin levels could also
be due to the stimulatory effect of rutin, thereby
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potentiating insulin secretion from the existing β-cells
of the islets of Langerhans in diabetic treated rats.
Moreover, Hii and Howell (69) showed that exposure
of isolated rat islets to certain flavonoids such as (-)epicatechin or quercetin enhanced insulin release.
They suggest that such flavonoids may act on islet
function, at least in part, via alteration in Ca2+ fluxes
and in cyclic nucleotide metabolism.
In the present study, serum C-peptide was profoundly
decreased in diabetic rats. The treatment with both R.
graveolens infusion and rutin produced a marked
increase in serum C-peptide level of diabetic rats.
According to the results of Kamalakkannan and Prince
(23), the increase in serum C-peptide levels
concomitant with the increase of serum insulin levels
in diabetic rats treated with rutin reflects the increase
in insulin secretion.
According to our results, the marked increase in
serum insulin and C-peptide levels after treatment of
diabetic rats with R. graveolens infusion and rutin was
due to the stimulatory effects of these agents on the
insulin secretory response of the islets of Langerhans
on the one hand, as indicated by the present in vitro
study, in addition to the ameliorative effects of these
agents on the integrity of β-cells as revealed by
histologic study on the other hand.
While serum glucose concentration measurement is
usually used to detect glycemic regulation in diabetes
after treatment, fructosamine appeared more useful
because it detects deterioration or improvement over a
period of several days (1-3 weeks) after diabetes
management. Serum fructosamine, a putative measure
of glycosylated proteins, has been suggested by many
authors to be of value as a screening test for diabetes
mellitus (70,71). In the present study, serum
fructosamine level was profoundly increased in
diabetic rats at fasting state as compared with normal
ones. On the other hand, treatment of diabetic rats with
R. graveolens aqueous extract and rutin induced an
obvious decrease of elevated fructosamine level.
Elgawish et al. (72) report that agents with antioxidant
or free radical scavenging power may inhibit oxidative
reactions associated with protein glycation. Therefore,
rutin with its free radical scavenging capability
effectively reduced the formation of glycated proteins.
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This explanation was supported by the present study,
indicating that R. graveolens infusion and rutin have a
strong antioxidant activity. A decrease in blood
glucose levels may have also contributed to decreased
levels of glycated proteins in R. graveolens and rutin
treated diabetic rats. This finding is in accordance with
the study by Kamalakkannan and Prince (23), which
showed decreased levels of glycated hemoglobin in
rutin-treated diabetic rats.
The liver glycogen level may be considered as the
best marker to assess the anti-hyperglycemic activity
of any drug (73). The increased hepatic glucose output
in diabetes may be derived from glycogenolysis and/or
gluconeogenesis, as reported by Raju et al. (74). Our
results revealed an enormous depletion in hepatic
glycogen content accompanied by a decreased
hexokinase activity and profound elevation of hepatic
glycogen phosphorylase activity and the gluconeogenic enzyme, glucose-6-phosphatase, as compared to that of normal control ones. These results are
in accordance with those of Lavoie and Van de Werve
(75), Ahmed (76) and Abdel-Moneim et al. (77), who
found that STZ-induced diabetes reduced hepatic
glycogen content and increased glucose-6-phosphatase activity in diabetic rats. These results are also
in agreement with the work of Grover et al. (73), who
demonstrated a decreased enzymatic activity of
hexokinase in diabetic animals, resulting in depletion
of liver glycogen. These changes may be due to insulin
deficiency and/or insulin resistance, which in turn
results in the activation of glycogenolytic and
gluconeogenic pathways (77,78). Moreover,
deficiency of insulin secretion decreases hepatic
tyrosine kinase responsible for the activation of
glycogen synthase and as a result, glycogen
breakdown prevails in diabetic animals (79). In the
present study, the elevation of liver glycogen content
after treatment with R. graveolens extract and rutin
was due to amelioration of these altered enzyme
activities secondary to the increase of insulin levels in
the blood as well as improvement of insulin action. In
addition, the enhanced peripheral glucose uptake and
increased hepatic hexokinase activity as well as
decreased glucose-6-phosphatase activity after
treatment with the tested agents, as indicated in the
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present in vitro and in vivo studies, lead to more
intense formation of glucose-6-phosphate, which in
turn inactivates glycogen phosphorylase and activates
glycogen synthase in the liver and muscle (79,80). The
increase in hexokinase activity and the decrease in
glucose-6-phosphatase, in the present study, may have
also reflected a decrease in hepatic glucose output and
enhanced peripheral glucose uptake as the result of
treatment.

decreasing intestinal glucose absorption in addition to
decreasing the activity of gluconeogenic and
glycogenolytic enzymes.

The data obtained in the present study indicated that
R. graveolens infusion and rutin produced a marked
increase of peripheral glucose consumption in the
presence and absence of insulin as compared with the
corresponding controls. Both agents acted in a dose
dependent manner with a more potent effect for rutin
than rue infusion. The marked increase in the
peripheral glucose uptake in the absence of insulin as
a result of the tested agents suggests that they may
have insulin mimetic action or non-insulin mediated
effect. The enhanced rate of peripheral glucose uptake
in the absence of insulin may involve an insulin
independent increased protein expression of both
GLUT1 and GLUT4 (81-83). Furthermore, all doses
of both agents were able to potentiate the enhanced
effect of insulin on peripheral glucose uptake in the
presence of insulin. Such findings suggest that both an
insulin-independent rise in glucose uptake per se as a
direct result of the tested agents would possibly
synergize with insulin to formulate concrete
mechanisms contributing to the hypoglycemic activity
observed herein. In addition, both R. graveolens and
rutin increased the in vitro insulin binding affinity of
rat diaphragm in a dose dependent manner. Thus, the
insulin mediated effects of the tested agents in the
present study may have included the increase in
insulin binding affinity by these agents. In addition to
the effect on hepatic glucose output and peripheral
glucose uptake, the plant infusion and rutin induced a
profound decrease in intestinal glucose absorption in a
dose dependent manner.

The treatment of STZ diabetic rats with R.
graveolens extract or rutin produced potential
improvement of these altered serum lipid variables.
These results are in agreement with the work of
Nuraliev and Avezov (60), who demonstrated the
decreasing effects of quercetin on decreasing the level
of cholesterol and LDL-cholesterol.

Our results proved that both R. graveolens and rutin
improved glucose tolerance and this amelioration
seemed to be mediated via alleviation of the islet
architecture, enhancement of insulin release, insulin
binding affinity and peripheral glucose uptake and
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In view of the lipid profile, diabetic rats exhibited
marked elevation of serum total lipids, triglycerides,
total cholesterol, LDL-cholesterol, VLDL-cholesterol
concentrations and hepatic HMG-CoA reductase
activity.

The ability of quercetin to reduce plasma cholesterol
and triglycerides in diabetic animals could be
explained by the insulin releasing capacity of
quercetin, which is a metabolite of rutin in isolated rat
islets of Langerhans (69). The reduction of intestinal
cholesterol absorption might have a role in the
mechanism of action to augment the hypolipidemic
activity of the tested materials. This assumption is
supported by the present results which indicated that
both plant extract and rutin successfully decreased the
intestinal cholesterol absorption in situ. Furthermore,
as evidenced in this study, the hypolipidemic activity
of both treatments may also be mediated, at least in
part, via inactivation of hepatic HMG-CoA reductase,
a key enzyme, in cholesterol synthesis. In concurrence
with this attribution, Raz et al. (84) state that inhibitors
of hepatic HMG-CoA reductase are well established
drugs for the treatment of hypercholesterolemia and
decrease the incidence of dyslipidemia in diabetic
subjects. This also coincides well with the work of
Jung et al. (85), who state that flavonoids decrease
liver HMG-CoA reductase activity in type 2 diabetic
mice. Moreover, rutin has been reported to lower
hepatic and blood cholesterol levels, as stated by Park
et al. (86).
Taken together, it can be concluded that the
ameliorative effect of R. graveolens extract or rutin on
serum lipid variables may be attributed to their insulin
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releasing capacity and insulin binding affinity and
decreasing intestinal cholesterol absorption and
activity of hepatic HMG-CoA reductase.
In the present study, amelioration of the glycemic
and lipidemic states of diabetic rats in response to
treatment with rutin may also be attributed to the
increased expression of PPARγ. Rutin showed a
potential effect on the expression of PPARγ, but R.
graveolens infusion had no effect on PPARγ
expression; this may explain why rutin had more
effective hypoglycemic and hypolipidemic effects
than R. graveolens infusion. The effect of PPARγ on
lipid and glucose control may be explained according
to Lee et al. (87), Staels and Fruchart (88), Feige et al.
(89) and Lefebvre et al. (90), who state that PPARγ
promotes pre-adipocyte differentiation, stimulates the
storage of fatty acids (FAs) in adipocytes and enhances
insulin sensitivity. The action of PPARγ on insulin
sensitivity results from its ability to channel FAs into
adipose tissue, thus decreasing plasma FA
concentration and alleviating lipotoxicity in skeletal
muscle, liver and pancreas. Also, PPARγ activation
has been reported to improve insulin resistance by
lowering the hepatic triglyceride content (91,92),
activating hepatic glucokinase expression (93) and
exhibiting an antiatherogenic effect synergistic with an
HMG-CoA reductase inhibitory effect in rabbits (94).
In addition, PPARγ can affect insulin sensitivity by
regulating adipocyte hormones, cytokines and proteins
that are involved in insulin resistance. Indeed, PPARγ
downregulates the expression of genes encoding
resistin and TNFα, whereas it induces adiponectin
expression, which increases FA oxidation by
activation of the AMP-activated protein kinase
pathway (89,90). Moreover, Willson et al. (95)
demonstrated the activation of PPARγ to improve
insulin sensitivity and lower circulating levels of
glucose, triglycerides and FFAs without stimulating
insulin secretion in rodent models of type 2 diabetes.
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Also, Hevener et al. (96) state that PPARγ agonists
increase glucose uptake in adipose tissue and skeletal
muscle. Our results coincide with the work of Jung et
al. (85), who found an increased expression of PPARγ
by the flavonoids hesperidin and naringin, and that of
Anandharajan et al. (97), who showed an increased
PPARγ expression by Pterocarpus marsupium
isoflavone on L6 myoblasts and myotubes.
The data obtained demonstrated that the treatment of
diabetic rats with either R. graveolens extract or rutin
caused a marked decrease of resistin mRNA
transcripts that greatly increased in STZ diabetic rats.
According to Rajala et al. (13), the insulin resistant
effects of resistin are thought to account for the
activation of glucose-6-phosphatase, which subsequently prevents glycogen synthesis and increases
the rate of glucose production. The present results
supported this suggestion since the increase in resistin
expression was associated with profound elevation of
glucose-6-phosphatase activity. On the other hand,
Antuna-Puente et al. (98) postulated that the absence
of resistin could allow for the activation of activated
mitogen pyruvate kinase (AMPK) and reduce gene
expression encoding for hepatic gluconeogenesis
enzymes. However, little is known concerning the
control of resistin gene expression. Steppan et al. (99)
demonstrated that resistin mRNA and protein were
downregulated during fasting and upregulated upon
refeeding. Thus, these results reflect the ameliorative
effect of R. graveolens and rutin on the glycemic and
lipidemic states of diabetic rats.
This study revealed that both study agents had
antihyperglycemic and antihyperlipidemic efficacy
which may be mediated via pancreatic and
extrapancreatic effects. However, further clinical
studies are required to assess the efficacy and safety of
R. graveolens and rutin in diabetic humans.
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SUMMARY
The aim of this study was to compare prandial
insulin therapy with standard therapeutic options
available at that time (2000-2005). Two hundred and
thirty seven type 2 diabetic patients were randomly
selected and divided equally into three treatment
groups: glimepiride + metformin + acarbose (3
OHA); two doses of biphasic insulin and at bed time
with NPH insulin (2Mix + NPH); and two doses of
metformin and three doses of lispro insulin before
meals (3L + 2Met). During the 6-month treatment
period, fasting plasma glucose levels (FPG) and
postprandial glucose (PPG) 2 hours after breakfast
were determined and HbA1c was measured three times:
on study entry (BL), at three months (3M) and at six
months (6M). The 3L + 2 Met group showed greater
reduction in FPG, PPG and HbA1c as compared with
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Hospital Center, Šoltanska 1, HR-21000 Split, Croatia
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the other two groups (P<0.05), and this reduction was
already evident at 3 months of therapy, supporting the
prandial insulin therapeutic approach.

INTRODUCTION
Type 2 diabetes mellitus, due to its high incidence
and prevalence, is one of the most widespread chronic
diseases, causing disability (mainly due to the
development of micro- and macrovascular
complications), enormous material costs for both
patients and society (1), and, ultimately increased
mortality (2,3). Type 2 diabetes mellitus accounts for
85% of all forms of diabetes, with a prevalence of 5%7% of general population in western countries. During
the last 3 decades, substantial evidence has been
collected by epidemiological, cohort and animal
studies that correlate appropriate regulation of
glycemia with the prevention and delay of chronic
complications of diabetes (4-6).
In order to achieve efficient prevention and delay of
chronic micro- and macrovascular complications of
diabetes, rigorous treatment targets for regulation of
all components of the ‘glucotriade’ (fasting glucose
≤6.5 mmol/L, postprandial glucose ≤7.8 mmol/L and
HbA1c ≤6.5%) have been established. Values of HbA1c
above 7.5% are now considered unacceptable. If there
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Currently, modern diabetology considers 4 different
therapeutic approaches regarding ‘secondary
exhaustion’ of pancreatic β-cells. In western countries,
especially the USA, the basal-oral therapy (BOT) is
very popular. BOT consists of a long-acting insulin
analogue, glargin or detemir, at bedtime, with
continuation of oral hypoglycemic drug therapy.
Second approach is prandial insulin therapy plus
metformin, which consists of a fast-acting insulin
analogue, lispro, glulisine or aspart, before meal 3

is no improvement/normalization of HbA1c values
after 3 to 6 months of therapy with 2 to 3 oral
hypoglycemic drugs combined with appropriate
lifestyle modifications (diet and exercise), then it is
necessary to start insulin therapy. These circumstances
represent the ‘secondary exhaustion’ of pancreatic βcells and any delay in initiating insulin therapy would
be potentially dangerous for the patient, due to the
rapid development of severe macrovascular
complications.
Table 1. Anthropometric characteristics of study patients

Experimental group
Male
Female
Total

Sex (n)
Age (yrs)
Body mass index (kg/m2)
Diabetes duration (yrs)

3 OHA
38
41
79
64.1±10.3
28.9±4.3
8.14±4.67

2Mix + NPH
27
52
79
66.0±12.7
28.5±3.5
10.03±6.2

3L + 2Met
32
47
79
64.2±8.4
28.9±3.5
9.45±3.6

P
0.205A

0.721B
0.814B
0.005B

Data expressed as mean ± standard deviation, unless otherwise indicated; 3 OHA, glimepiride + metformin + acarbose; 2Mix + NPH, two doses of biphasic insulin (regular/NPH 30/70)
and at bed time with NPH insulin; 3L + 2Met, two doses of metformin and three doses of lispro insulin before meals; A?2-test; BANOVA.

Table 2. Therapy-induced changes of 'glucotriade'

FPG (mmol/L)

PPG (mmol/L)

HbA1c (%)

BL
3M
6M
P

Experimental group
3 OHA
2Mix + NPH
9.1±2.8
11.2±3.7
8.6±2.0
9.3±2.7
7.9±0.9
8.2±2.0
0.014
<0.0001

3L + 2Met
11.1±3.4
8.5±2.0
7.7±1.3
<0.0001

P
<0.001
0.043
0.033

BL
3M
6M
P

10.7±3.11
9.9±2.8
9.4±1.7
0.0009

12.6±3.3
9.9±2.7
9.3±1.8
<0.0001

11.9±3.8
8.3±2.3
7.4±1.5
<0.0001

0.003
<0.001
<0.001

BL
3M
6M
P

8.9±1.9
8.0±1.4
7.6±0.9
<0.0001

10.2±2.1
8.5±1.3
8.0±0.9
<0.0001

9.5±2.0
7.5±1.1
6.9±0.7
<0.0001

<0.001
<0.001
<0.001

Data expressed as mean ± standard deviation; 3 OHA, glimepiride + metformin + acarbose; 2Mix + NPH, two doses of biphasic insulin (regular/NPH 30/70) and at bed time with NPH
insulin; 3L + 2Met, two doses of metformin and three doses of lispro insulin before meals; FPG, fasting glucose; PPG, postprandial glucose; BL, start of the study; 3M, at three months;
6M, at six months.

Table 3. Normalized therapy-induced changes of 'glucotriade'

FPG (mmol/L)

BL-3M
BL-6M

3 OHA
0.5±2.7
1.0±3.1

PPG (mmol/L)

BL-3M
BL-6M

0.8±3.3
1.3±3.3

HbA1c (%)

BL-3M
BL-6M

1.0±1.3
1.3±1.8

Experimental group
2Mix + NPH
1.9±4.1
2.9±3.7

3L + 2Met
2.6±4.0
3.5±3.5

P
0.007
<0.001

2.7±3.5
3.2±3.4

3.6±4.5
4.6±3.9

<0.001
<0.001

1.7±1.8
2.2±2.1

2.1±1.7
2.7±1.7

<0.001
<0.001

Data expressed as mean ± standard deviation; 3 OHA, glimepiride + metformin + acarbose; 2Mix + NPH, two doses of biphasic insulin (regular/NPH 30/70) and at bed time with NPH
insulin; 3L + 2Met, two doses of metformin and three doses of lispro insulin before meals; FPG, fasting glucose; PPG, postprandial glucose; BL-3M change from baseline at three
months; BL-6M, change from baseline at six months.
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times daily, plus 2 to 3 doses of metformin. Third
approach is basal-bolus therapy or intensified insulin
therapy, which consists of a fast-acting insulin
analogue, lispro, glulisine or aspart, before meal 3
times daily, with 2 to 3 doses of a long-acting insulin
analogue, glargin or detemir. For those that cannot
implement this therapy, there is the possibility to use
premixed insulin analogues in 2 to 3 doses (lispro +
NPH or aspart + NPH) as a ‘replacement’ for
intensified insulin therapy.
In our environment, at the time this study was carried
out (from 2000 to 2005), there was no possibility to
implement either BOT or intensified insulin therapy.
The aim of the study was to compare prandial insulin
therapy (lispro before meals) plus metformin (twice
daily) with standard therapeutic options at that time,
i.e. a combination of 3 oral hypoglycemic drugs,
sulfonylurea (glimepiride) + metformin + acarbose;
and two doses of premixed human insulin
(regular/NPH in two doses plus NPH insulin at
bedtime). The reason why we report on this study now
is the fact that the German Diabetes Association (7)
and also the Croatian Diabetes Association have
accepted prandial insulin therapy (lispro before meals)
plus metformin, along with the aforementioned BOT,
as the first choice therapy of secondary exhaustion of
pancreatic β-cells. Therefore, the results of this study
may provide useful information for diabetologists.

PATIENTS AND METHODS
Two hundred and thirty seven type 2 diabetic
patients, treated at the Department of Endocrinology,
Split University Hospital Center, were randomly
selected and divided equally into three treatment
groups: glimepiride + metformin + acarbose (3 OHA);
two doses of biphasic insulin (regular/NPH 30/70) and
at bedtime with NPH insulin (2Mix + NPH); and two
doses of metformin and three doses of lispro insulin
before meals (3L + 2Met). Patient characteristics are
summarized in Table 1. Only patients with HbA1c ≥7.5
%, body mass index (BMI) ≥23, diabetes duration >5
<15 years, without any detectable renal or liver
dysfunction, were considered eligible for the study.
During the 6-month treatment period, blood glucose
levels (fasting glucose (FPG) and postprandial glucose

Diabetologia Croatica 39-1, 2010

(PPG) 2 hours after breakfast) were determined and
HbA1c was measured three times: on study entry (BL),
at three months (3M) and at six months (6M).
Anthropometric and laboratory (HDL, LDL,
triglycerides, ALT, AST, GGT) measurements were
also performed.
Statistical analysis included descriptive statistics,
with data expressed as mean ± standard deviation,
unless otherwise indicated. The χ2-test, t-test and
nonparametric Mann-Whitney and Kruskal-Wallis
tests were used to assess statistical differences
between two or more groups. For repeated measures
ANOVA test was used to assess differences among
three measurement times (BL, 3M and 6M) in the
same group. P value less than 0.05 was considered
statistically significant. All statistical analyses were
performed with the StatPac Gold Statistical Analysis
package.

RESULTS
There were no significant between group differences
according to sex, age or BMI (Table 1), whereas the
duration of diabetes was slightly shorter in 3 OHA
group in comparison to other groups; however, we
believe that this difference could not affect study
results in any way.
After six months of therapy, there were no significant
changes in BMI in any group, suggesting that none of
the therapeutic modalities induced weight gain or
weight loss. The number of hypoglycemic events
during six months was lowest in 3L+2 Met group (10
events), in comparison to 3 OHA (18 events) and 2Mix
+ NPH (25 events) groups.
All three therapeutic modalities induced significant
reduction in FPG, PPG 2 hours after breakfast and in
HbA1c (Table 2). However, as the baseline values of
these parameters differed among the groups (lower
values in 3 OHA group), there was a need for
‘normalization’ of the induced changes from the
baseline values (Table 3). Only after this normalization
from the baseline value, it became evident that the 3L
+ 2 Met induced greater reduction in FPG, PPG and
HbA1c in comparison to other groups, and that this
reduction was already evident at 3 months of therapy.
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Table 4. Comparison of key studies with prandial insulin therapy
Studies
Kokic
(this study)

Altuntas
(9)

4-T study
(11)

APOLLO study
(12)

9.5
6.9
2.6

10.1
7.4
2.7

8.7
6.8
1.9

8.6
7.2
1.4

≤ 7.0%
≤ 6.5%

83.5
25.3

NA
NA

69
38

49
24

Δ FPG (mmol/L)
Δ PPG (mmol/L)

3.5
4.6

0.9
2.2

1.7
NA

1.3
4.6

No. of overall hypoglycemic events/patient/year
Change in body weight (kg)

4.8
-0.2

5.8
+1.4

24.0
+3.5

12.0
+5.7

Main outcomes
HbA1c (%)
at baseline
at endpoint
Δ (change)
Responder rate (% pts achieving HbA1c target)

Data expressed as mean; FPG, fasting glucose; PPG, postprandial glucose; NA, not available.

Furthermore, when we compared the percentage of
patients that achieved the desired HbA1c level (<6.5%
by IDF criteria and <7% by ADA criteria) at six
months of therapy, the advantage of the 3L + 2 Met
group became remarkable. The responder rate of
achieving IDF criteria for HbA1c level was 3.8%, 1.3%
and 25.3% for 3 OHA, 2Mix + NPH and 3L + 2 Met,
respectively. The percentage of patients that achieved
ADA criteria for HbA1c level was 51.9%, 36.7% and
83.5% for 3 OHA, 2Mix + NPH and 3L + 2 Met,
respectively.

DISCUSSION
The aim of the study was to establish the most
efficient therapeutic approach for regulation of the
‘glucotriade’, in order to prevent or delay the
development of chronic complications of diabetes. We
confirmed our hypothesis on the prandial therapeutic
approach, 3L + 2 Met group, to be most efficient in
regulating all components of the ‘glucotriade’ (FPG,
PPG 2 hours after breakfast and HbA1c). This is in
accordance with our previous pilot study (8) and
subsequent reports by other authors (9-12). All these
reports confirm the efficiency of the prandial
therapeutic approach.
In May 2002, our pilot study was the first published
report that introduced the therapeutic approach with 2
to 3 doses of fast-acting insulin analogue lispro at
meals plus 2 to 3 doses of metformin (8). In May 2003,
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Altuntas et al. published a study with 60 diabetic
patients (type 2), randomized in 3 therapeutic groups
of 20 patients: lispro + metformin; lispro + NPH
insulin; and intensified insulin therapy, regular + NPH
insulin (9). After six months of therapy, their findings
were similar to ours, as the combination of lispro +
metformin proved to be superior to other therapeutic
approaches.
The recently published articles by Holman et al.
(10,11), and Bertzel et al. (12,13) show that the
prandial therapeutic approach is very up-to-date in
treating type 2 diabetes, especially due to ‘secondary
exhaustion’ of pancreatic β-cells.
In the 4-T study (Treating To Target in Type 2
diabetes) by Holman et al., 708 patients were
randomized in 3 therapeutic groups (plus oral
hypoglycemic drugs): biphasic, prandial and basal
insulin therapy (10,11). The most efficient reduction of
HbA1c was accomplished by prandial insulin therapy
(reduction by 1.4%). Furthermore, the percentage of
patients reaching the HbA1c reference values
according to both ADA and IDF criteria was highest in
the prandial insulin group (22.7% and 10.8%,
respectively).
The results from the APOLLO study support these
findings (12,13). The net of reduction of HbA1c
obtained by prandial insulin therapy was 1.9%.
Moreover, the percentage of patients treated by
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prandial insulin that reached the HbA1c reference
values was 69% according to ADA and 38% according
to IDF criteria. For easy comparison, major results
from the key studies of prandial insulin are presented
in Table 4, along with this one.
There are some discrepancies between the results
obtained in this study and in the 4-T and APOLLO
trials (10-13). In our study, we did not record any
weight gain, which is in contrast with the results from
4-T and APOLLO trials, where there was a significant
increase in body weight after prandial insulin therapy.
On the other hand, our results are consistent with the
findings reported by Altuntas et al., as they did not
observe any significant weight gain after prandial
insulin therapy either (9). Another difference between
the studies is the number of hypoglycemic
events/patient/year. The number of hypoglycemic
events was much higher in the 4-T and APOLLO trials
in comparison to our findings and the study by
Altuntas et al. (Table 4). These discrepancies may be
explained by the fact that we used lispro insulin (2

hours of maximal efficiency), in contrast to aspart
insulin in the 4-T trial (3 hours of maximal efficiency)
(10,11).
We suggest that the advantage of prandial insulin
therapy is to use fast-acting analogue, like lispro,
which acts rapidly and in shortly fashion (up to 2
hours), without the hazard of hyperinsulinemia,
potential hypoglycemic events and the need for extra
meals that is responsible for weight gain. The addition
of metformin suppresses the glyconeogenesis, and
drives in the glucose in muscle and fat cells even
without
insulin,
excluding
the
possible
hyperinsulinemia and hypoglycemia.
The prandial insulin therapeutic approach is a
feasible choice in controlling postprandial glycemia,
although new specialized therapies are emerging, like
GLP-1 analogues.
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