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Antihyperglycemic and antihyperlipidemic activity of ethyl acetate
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induced diabetic rats and its role in regulating carbohydrate metabolism
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ARTICLE INFO ABSTRACT

Objective: To explore and identify the most potent antihyperglycemic fraction from the ethanol
extract of Rhododendron arboreum (R. arboreum) flowers. Methods: Normal and streptozotocin
induced diabetic rats were treated with all four fractions of R. arboreum flowers for short term
and with fraction 3 for long term study. On completion of the treatment, a range of indicators were
tested including fasting blood glucose, plasma protein, haemoglobin A1C, insulin secretion, body
weight, blood lipid profile and carbohydrate metabolism regulating enzymes of liver. Results:
In short term study, the fraction 3 (Active fraction) produced a significant (P<0.000 1) reduction
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p RS (73.6%) in blood glucose level at a dose of 200 mg/kg after the treatment in the diabetic rats.
Antihyperglycemic Administration of active fraction (200 and 400 mg/kg) once daily for 30 d in streptozotocin diabetic
Antihyperlipidemic rats resulted in a significant (P<0.001 to P<0.000 1) fall in blood glucose level, hemoglobin A1C,
Ethanol serum urea and creatinine with significant but a increase in insulin level similar to standard drug
Fraction glybenclamide. Further, the active fraction showed antihyperlipidemic activity as evidenced by

Rhbododendron arboreum significant (P<0.001 to P<0.000 1) decreases in serum serum total cholesterol, triglycerides, low

Streptozotocin density lipoprotein cholesterol and very low density cholesterol levels coupled together with
elevation of high density lipoprotein cholesterol in the diabetic rats. Conclusions: The active
fraction of R. arboreum flowers decreases streptozotocin induced hyperglycemia by promoting

insulin secretion and glycolysis and by decreasing gluconeogenesis.

1. Introduction

Diabetes is a chronic disorder of carbohydrate, fat
and protein metabolism characterized by elevation of
both fasting and postprandial blood sugar levels. The
peroxidation of cellular membrane lipids can lead to cell
necrosis and is purportedly associated with various chronic
disorders including carcinogenesis and hyperglycemialll.
This pathological condition occurs as a result of the
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loss of insulin—-producing pancreatic beta—cells by an
environmentally triggered autoimmune reaction. Currently
available oral antidiabetic agents have a number of
serious adverse effects. Errors in the choice of drug can
also occur; some sulphonylureas like chlorpropamide
and glybenclamide are more commonly associated with
hypoglycaemial2l. Thus, the management of diabetes without
any side effects is still a challenge. Rhododendron arboreum
Sm. (R. arboreum) (family: Ericaceae) is commonly known
as “laligurans”, a small evergreen tree. The flowers of the
plant are used traditionally in the treatment of diabetes
by rural Nepalese peoplel3]. Flowers are used in acute
inflammationl4] and also showed antinociceptive and anti—
inflmmatory activitieslsl. The flowers were reported for
hypolipidemic activity of the ayurvedic herbal formulation
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Arborium Plus (Hyppophae ramnoides and R. arboreum)
in experimentally induced hypercholestermic rabbits(ol
and hepatoprotective activityl7l. However, the 509 (v/v)
methanolic extract of R. arboreum showed significant in—
vitro antidiabetic activityl3] and no study is reported on the
antihyperlipidemic effects of R. arboreum. Therefore, the
present study was undertaken to investigate the effect of
chronic (long term) treatment with different fractions of R.
arboreum flowers extract on experimental animals.

2. Materials and methods
2.1. Collection and extraction of plant material

The flowers of R. arboreum were collected from
Rudraprayag, Uttaranchal and authenticated with the
existed specimen (NBRI/CIF/83/2009) at National Botanical
Research Institute (NBRI), Lucknow, UP, India. The prepared
herbarium was deposited in the laboratory of NBRI for
future reference. The air dried powdered flowers (200 g)
were extracted with 509 (v/v) aqueous ethanol using soxhlet
apparatus, which was then evaporated under vacuum and
afforded the ethanolic extract of flowers (56 g). With organic
solvents, concentrated ethanol extract was fractionated by
column chromatography on silica gel (100—200 mesh size)
and afforded the n—hexane (raction 1), chloroform (fraction
2), ethyl acetate (fraction 3) and n—butanol (fraction 4)i51. All
the fractions were screened for short term antihyperglycemic
activity in diabetic rats.

2.2. Chemicals

Streptozotocin, glybenclamide and glucose—6—posphate
were purchased from Sigma Chemical Co. (St. Louis, MO,
USA). Silica gel (100-200 mesh) for column chromatography
was purchased from E-Merck (Darmstadt, Germany). Rat
insulin ELISA kit was purchased from Crystal Chem Inc
(Downers Grove, US). All reagents were of analytical grade.

2.3. Rats

Male albino Wistar rats (150-200 g) were kept in the
departmental animal house of NBRI, Lucknow at (25+2) °C
and relative humidity of 42¢,—54¢, light and dark cycles of
10 and 14 h respectively for 1 week before and during the
experiments. All the studies were performed in accordance
with the guidelines for the care and use of laboratory
animals, as adopted and promulgated by the Institutional
Animal Care Committee, CPCSEA, India (Reg. No0.222/2000/
CPCSEA).

2.4. Acute toxicity assay

Acute oral toxicity for fractions 1, 2, 3 and 4 was carried out
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using OECD/OCED guidelines 425. The adult albino Wistar
rats (200—250 g) were randomly selected and kept in their
cages for at least 5 d prior to the start of dosing to allow for
acclimatisation to the laboratory conditions. Animals were
fasted prior to dosing (food but not water was withheld over—
night).
2.4.1. Limit test at 2 000 mg/kg

The test fractions (1, 2, 3 and 4) were individually
administered at the dose of 2 000 mg/kg body mass orally
to one animal. This animal was survived and then four
additional animals were dosed sequentially, so that a
total of five animals were tested. Animals were observed
individually at least once during the first 30 min after dosing,
periodically during the first 24 h (with special attention
during the first 4 h), and daily thereafter, for a total of 14 di8].

2.5. Induction of diabetes

To the overnight fasted rats, streptozotocin (60 mg/kg body
mass) dissolved in ice cold citrate buffer (0.1 M, pH 4.5)
was administered intraperitoneallyl9l. After a fortnight, rats
with marked hyperglycemia (blood glucose level>16 mM/L)
were selected and used for the study. All the animals were
allowed free access to water and pellet diet and maintained
at room temperature (25+2) °C in plastic cages.

2.6. Screening of different fractions of R. arboreum ethanol
extract _for antthyperglycemic activities

The rats were divided into seven groups and each group
consisted of six rats. Group 1 (NC), normal control rats;
Group 2 (DC), Diabetic control rats; Group 3 (DF1), Diabetic
rats treated with 200 mg/kg of fraction 1; Group 4 (DF2),
Diabetic rats treated with 200 mg/kg of fraction 2; Group 5
(DF3), Diabetic rats treated with 200 mg/kg of fraction 3; Group
6 (DF4), Diabetic rats treated with 200 mg/kg of fraction
4; Group 7 (DG), Diabetic rats treated with 20 mg/kg of
glybenclamide.

After an overnight fasting, fractions 1, 2, 3 and 4 at a dose
of 200 mg/kg were fed to the normal and diabetic animals in
distilled water by using orogastric cannula. Normal control
and diabetic control rats were fed with distilled water alone.
Blood samples were collected by clipping the tail vein for the
measurement of blood glucose, from 0 (before administration)
to 6 h at an interval of 1 h after the treatment. Blood glucose
was measured by glucose oxidase methodi10], and the results
were compared with normal control and diabetic control
groups. The fraction with maximum antihyperglycemic
activity was selected as the active fraction.

2.7. Effect of long term treatment with the active fraction in
streptozotocin induced diabetic rats

The rats were divided into five groups and each group
consisted of six rats. Group 1 (NC), normal control rats;
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Group 2 (DC), Diabetic control rats; Group 3 (DAF1), Diabetic
rats treated with active fraction 200 mg/kg per day; Group
4 (DAF2), Diabetic rats treated with active fraction 400
mg/kg per day; Group 5 (DG), Diabetic rats treated with
elybenclamide 20 mg/kg per day.

The active fraction and glybenclamide were administered
to the animals of the respective groups every day morning
for 30 d by using orogastric cannula. All the five groups were
sacrificed on the day 31 after an overnight fasting by cervical
dislocation and then blood samples were collected. Body
weights of all the animals were recorded prior to and after
the treatment.

2.8. Biochemical measurements

Fasting blood glucose was estimated by glucose oxidase
method(10]. Glycosylated haemoglobin (haemoglobin Alc)
was estimated following the methods of Eross et alllll.
Plasma insulin level was measured by using rat insulin
ELISA kit. The estimation of protein was performed by the
method of Lowry et alll2]. Activities of hepatic hexokinase,
glucose—6—phosphatase and fructose—1,6—-bisphosphatase
were estimated according to standard methodsl13l. Hepatic
glycogen levels were measured according to the anthrone—
H,SO, method, with glucose as standardil4]. Serum total
cholesterol, high—density lipoprotein (HDL) cholesterol and
triglycerides (TG) were were assayed according to standard
methods using a spectrophotometric assay kit. Low—
density lipoprotein (LDL) cholesterol and very low—density
lipoprotein (VLDL) cholesterol were calculated by using
Friedewald formulall5]. Serum urea and creatinine were
measured by assay kits.

2.9. Statistical analysis

The experimental results were expressed as mean of six
replicates£S.D. Statistical comparison was done using one—
way ANOVA followed by Duncan’s multiple range test
when more than two groups were involved. P values<0.01
were considered significant. Value “*” (P<0.01) represents
the significant change as compared to normal control and

Table 1
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values “**” (P<0.001) and “***” (P<0.000 1) represent
the significant change as compared to diabetic control
respectively.

3. Results
3.1. Phytochemical constituents

The ethyl acetate fraction was tested and showed presence
of carbohydrates, flavanoids, anthocyanins and tannins.

3.2. Acute toxicity of fractions

Acute toxicity assay revealed the non—toxic nature of all
the fractions of R. arboreum flowers. There was no grass
evidence of any abnormalities or mortality in rat up to the
end of the observation period.

3.3. Antihyperglycemic activity

3.3.1. Antihyperglycemic activity of different fractions of R.
arboreum ethanol extract

Table 1 shows the effect of the fraction 1, fraction 2,
fraction 3 and fraction 4 on fasting blood glucose levels at
different time intervals in the normal and diabetic rats. None
of these fractions had produced any hypoglycemic effect
in the normal rats at a dose of 200 mg/kg. Among the four
fractions of R. arboreum ethanol extract, only the fraction
3 has produced a significant (P<0.000 1y antihyperglycemic
activity with 73.69 reduction in blood glucose at a
dose of 200 mg/kg after 5 h post the treatment in the
streptozotocin diabetic rats. The fraction 2 did not show any
antihyperglycemic activity at the same dose in the diabetic
treated groups. However, the fraction 1 and fraction 4 had
shown a reduction of 13.49, and 21.99 in the blood glucose of
diabetic rats treated with 200 mg/kg at 4 and 5 h respectively.
Treatment of diabetic rats with glybenclamide had resulted
in a 33.69 reduction in their blood glucose after 5 h,
indicating the presence of residual pancreatic beta—cells.
Since the fraction 3 at a dose of 200 mg/kg had produced
maximum antihyperglycemic activity, it was considered

Screening of different fractions of ethanol extract of R. arboreum flowers for antihyperglycemic activity (mM/L).

Blood glucose level after different time post the treatment with different fractions at dose 200 mg/kg

Group 0h 1h 2h 3h 4h 5h 6h
Group 1 (NC) 4.840.2 4.740.4 4.940.2 4.6+0.4 4.5+0.3 4.5+0.4 4.620.3
Group 2 ( DC) 20.2+1.8" 18.7£2.4" 18.3£2.0° 20.742.5" 19.422.1" 20.542.5" 20.9+1.0°
Group 3 (DF1) 21.0+2.3 20.1%1.7 18.942.2 17.7£1.5 16.8£1.6 17.1£1.0 17.9+1.1
Group 4 (DF2) 20.3+1.2 20.4%2.1 19.9+1.8 19.31.7 18.6+2.3 19.10.9 19.4%1.3
Group 5 (DF3) 20.4£2.6 17.8%1.8 16.621.5 12.942.0 11.0%1.8 s4x11 6.7£0.7"
Group 6 (DF4) 20.3£1.7 20.31.6 19.8+1.4 18.742.2 177413 16.0£1.5 16.5+1.7
Group 7 (DG) 20.9%2.1 18.422.1 18.0+1.8 16.9+1.8 15.9+1.7 13.621.9" 15.9¢1.1°

Values are given as mean+SD for six rats in each group.
*P<0.01 compared with the normal control (NC).
*#P<0.001 and ***P<0.000 1 compared with diabetic control (DC).
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as the active fraction containing the active principle(s) for
antihyperglycemic action.

3.3.2. Effect of long term treatment with the active fraction in
streptozotocin—induced diabetic rats

The effects of long term treatment with active fraction on
blood glucose and plasma insulin levels in the normal and
diabetic rats are shown in Figure 1. Fasting blood glucose
levels of the diabetic control rats were significantly (P<0.01)
higher than those of normal rats. A significant (P<0.001 to
P<0.000 1) dose dependent decrease in blood glucose levels
was observed in the diabetic treated group from an initial
level of (16.940.6) mM/L to the level of (9.8+0.8) mM/L and
from (17.020.9) mM/L to (5.940.7) mM/L after the treatment at
a dose of 200 mg/kg and 400 mg/kg respectively for 30 d. No
change in plasma glucose level was observed in the normal
rats at a dose of 200 and 400 mg/kg till the end of study.
There was a significant (P<0.01) decrease in plasma insulin
level in the diabetic control group compared to the normal
rats. After the treatment with active fraction at a dose of 200
and 400 mg/kg, the insulin level was significantly (P<0.001 to
P<0.000 1) increased in the diabetic rats, which is similar to
that of the glybenclamide treated diabetic rats. The diabetic
rats showed a marked reduction in their body weights
when compared to the normal control rats. After treatment
with active fraction, the body weights of diabetic rats were
increased significantly (P<0.001 to P<0.0001) but not near to
those of the normal rats.

The higher glycosylated haemoglobin was significantly
(P<0.001 to P<0.000 1) decreased in the diabetic control
group on treatment with active fraction. The hepatic
glycogen and plasma protein levels of the diabetic rats
were lower [(6.3£3.9) mg glucose equivalents/g wet tissue
and (4.743.6) mg/dL] than those of the normal rats and they
were significantly (<0.000 1) increased upon treatment with
active fraction or glybenclamide. The diabetic rats showed
an increase in serum urea [(76.743.9) mg/dL| and creatinine
[(0.77£0.06) mg/dL) compared with the normal control rats.
A significant (P<0.001 to P<0.000 1) decrease in serum urea
and creatinine levels were observed in the diabetic treated
group after the treatment at a dose of 200 and 400 mg/kg with

Table 2
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active fraction. Treatment with glybenclamide at a dose
of 20 mg/kg also significantly (P<0.000 1) decreased serum
urea and creatinine level in the diabetic rats. The activity of
hexokinase was found to be decreased, while the activities
of gluconeogenic enzymes: glucose—6—phosphatase and
fructose—1,6—bisphosphatase were significantly (P<0.01)
increased in the diabetic rats compared to those in normal
rats. Treatment with active fraction in diabetic rats reversed
the above changes significantly (Table 2).

30 s NC = DC # DAF1 u DAF2 "DG

Value

Blood glucose AT Plasma insulin BT Plasma insulin AT

Blood glnsc BT
Figure 1. Effect of the active fraction of ethanol extract of R. arboreum
flowers on blood glucose (mM/L) and plasma insulin (+ U/mL). NC, normal
control; DC, diabetic control; DAF1, diabetic rats administered active

fraction (200 mg/kg); DAF2, diabetic rats administered active fraction

1

(400 mg/kg); DG, diabetic rats administered glibenclamide;
represents the significant (P<0.01) change as compared to NC and
“#E” represents the significant (P<0.001) and “***” represents the
significant (P<0.000 1) change as compared to DC.

3.4. Antihyperlipidemic activity

Figure 2 shows the dose dependent effect of the active
fraction on the levels of serum total cholesterol, lipoproteins
and TGs in the normal and experimental diabetic rats. The
levels of total cholesterol, LDL cholesterol, VLDL cholesterol
and TGs were significantly (P<0.01) increased, whereas the
level of HDL cholesterol was significantly (P<0.01) decreased
in the diabetic rats compared to those in the normals.
Administration of the active fraction at a dose of 400 mg/kg
to the diabetic rats for 30 d significantly (P<0.000 1) reduced

Effect of the active fraction of ethanol extract of R. arboreum flowers on blood biochemical indicators on day 31.

. Plasma . .. Glucose—6— . Fructose—1,6—
Hepatic . Haemoglobin Creatinine Hexokinase .
Group . protein Urea (mg/dL) phosphatase . bisphosphatase (U/mg
glycogen Ale (%) (mg/dL) . (U/g protein) .
(mg/dL) (U/mg protein) protein)

Group 1 (NC) 121538 7.3%+2.7 6.7+1.4 32.1£1.8 0.450.08 0.17-50.03 151.1+56.7 0.39-20.02
Group 2 (DC) 6.3+1.9° 47%+1.6  127+1.3° 76.7%3.9" 0.7740.06" 0.2540.02° 109.245.1° 0.5940.03"
Group 3 DAF1)  92+1.17 51409  104+1.1"  s43+247  0.6500.03 0211003 12244227 0.48+0.02"
Group 4 DAF2)  11.8+3.6°  63+14" 724127 378+s56 0450004  0.18%40.02°  142.3%55 0.31£0.02""
Group 5 (DG) 101428 6.9%1.5 86%1.6 39.1+t48  04810.07  0.1970.03  148.617.6 0.3540.05

Values are given as mean+S.D. for six rats in each group.

“The results are given as glucose equivalents (mg)/wet tissue (g).
*P<0.01 compared with the normal control (NC).
*#P<0.001 and *#*P<0.000 1 compared with diabetic control (DC).
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total cholesterol to (64.5+6.5) mg/dL, LDL cholesterol to
(42.319.4) mg/dL, and VLDL cholesterols to (10.316.9) mg/dL
compared with the diabetic untreated rats. The same dose
level in the diabetic rats significantly (P<0.000 1) increased
the HDL cholesterol to (36.3£1.9) mg/dL, compared with the
diabetic untreated rats. The levels of TGs were significantly
(P<0.01) higher in the diabetic rats [(137.8£2.3) mg/dL] than in
the normal rats [(53.745.6) mg/dL]. Treatment with the active
fraction in the diabetic rats at a dose of 400 mg/kg resulted
in a significant (P<0.000 1) decrease in the TGs levels
compared with the diabetic control rats. The normal rats
treated with the active fraction at a dose of 200 and 400
mg/kg showed no significant change in serum levels of total
cholesterol, lipoproteins and TGs.

“DAF1

ENC =DC

EDAF2 =DG

Value (mg/dL)

LDL-C HDL-C

VLDL-C
Biochemical indicator

Figure 2. Effect of the active fraction of ethanol extract of R.
arboreum on serum total cholesterol (TC), triglycerides (TGs), high
density lipoprotein cholesterol (HDL-C), low density lipoprotein
cholesterol (LDL-C) and very low density cholesterol (VLDL-C).
NC, normal control; DC, diabetic control; DAF1, diabetic rats
administered active fraction (200 mg/kg); DAF2, diabetic rats
administered active fraction (400 mg/kg); DG, diabetic rats
administered glibenclamide; “*” represents the significant (P<0.01)
change as compared to NC and “**” represents the significant
(P<0.001) and “***” represents the significant (P<0.000 1) change as
compared to DC.

4. Discussion

In the present short—term study, the fraction 3 of R.
arboreum flower ethanol extract showed maximum
antihyperglycemic activity, bringing down the blood glucose
levels to be almost normal in the treated diabetic rats[16].
The active fraction at a dose of 200 mg/kg b.w. produced a
reduction of 73.69 in the blood glucose in the diabetic rats
after 5 h of treatment. The efficacy of the active fraction in
reducing the blood glucose levels was much higher than
that of the standard oral hypoglycemic agent glybenclamide
in the diabetic rats. The maximum antihyperglycemic
effect shown by the active fraction at 5 h was followed by a
increase in blood glucose level and this increase could be
either due to cessation of the action of the antidiabetic active
principle(s) or metabolic clearance of the active fraction in
the animal system. No hypoglycemic condition was observed
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in the treated diabetic rats during the treatment period with
the fraction 3. Drugs that normalize function, without causing
hypoglycemia, would make attractive targets for diabetes|17].

In the present long—term study, streptozotocin was
selected for induction of diabetes in rats rather than alloxan.
Streptozotocin is well known for its selective pancreatic
beta—cell cytotoxicity and has been extensively used
to induce diabetes mellitus in animalsl18], and it is less
toxic than alloxan and allows a consistent maintenance
of diabetes mellitus. The diabetic rats had lower body
weights, decreased plasma insulin levels and increased
levels of glycosylated haemoglobin as compared to the
normal rats. The orally administered active fraction
significantly (P<0.001 to P<0.000 1) increased the body
weights and plasma insulin and decreased glycosylated
haemoglobin levels in the diabetic rats in a dose—dependent
manner. This is due to promotion in insulin secretion
from the remnant pancreatic beta—cells in diabetic rats,
consequently resulting in improvement in glycemic control.
In our experiments, presence of low level insulin in the
diabetic animals before treatment shows the presence of
remnant beta—cells, indicating that streptozotocin at 60 mg/
kg generated noninsulin—-dependent diabetes mellitus by
partial destruction of beta—cells. Further, treatment with
glybenclamide, a known insulin secretogogue, confirmed
the presence of remnant beta—cells in the diabetic animals
as the glybenclamide treated group showed increased
insulin levels along with reduced blood glucose levels after
the treatment. After the treatment with the active fraction,
there was a significant (P<0.001 to P<0.000 1) increase in
the liver glycogen level in the diabetic rats. Hexokinase is
insulin dependent key enzyme in the glycolytic pathway
and crucial for the glucose homeostasis. Administration of
the active fraction of R. arboreum flowers to diabetic rats
enhanced the hepatic hexokinase activity and promoted
glycolysis and glucose utilization for energy production. In
the normal treated rats, the active fraction failed to bring
any change in the activity of hexokinase, since there was no
change in the insulin levels. The level of plasma insulin was
found to increase significantly (<0.001 to <0.000 1) in the
diabetic rats treated with the active fraction; the increased
insulin levels may be due to the significant reduction in
the activities of gluconeogenic enzymes. The reduction
in the activities of gluconeogenic enzymes can decrease
concentration of glucose in blood. The increased activities
of gluconeogenic enzymes were shown to be reduced after
treatment with other medicinal plants/19] in experimental
diabetic animals and our results are comparable with these
reports. The streplozotocin diabetic rats are associated with
significant (P<0.01) increases in serum urea and creatinine
levels and a decrease in plasma protein, indicating impaired
renal function of diabetic rats. Streptozotocin induced
diabetes in rats had been shown to be associated with
functional and/or morphological changes in the kidneyl20l.
In our study, treatment of streptozotocin diabetic rats with
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active fraction showed promotion in urea and creatinine
excretion[21]. The impairment of insulin secretion results in
enhanced metabolism of lipids from the adipose tissue to the
plasmal22l. Tt has been demonstrated that insulin deficiency
in diabetes mellitus leads to accumulation of lipids such
as total cholesterol and TGs in diabetic patients|23]. The
abnormal high concentration of serum lipids in the diabetic
subject is mainly due to increase in the mobilization of
free fatty acids from the peripheral fat depotsi24]. The effect
of the active fraction on controlled mobilization of serum
cholesterol and TGs are presumably mediated by controlling
the hydrolysis of certain lipoproteins and their selective
uptake and metabolism by different tissues. Significant
(P<0.001 to P<0.000 1) lowering of total cholesterol and rise
in HDL cholesterol is a very desirable biochemical state for
prevention of atherosclerosis and ischemic conditions[25].

In the present study, active fraction of R. arboreum flower
aqueous ethanol extract possesses the antihyperglycemic
and antihyperlipidemic active principle(s) which acts
by promoting insulin secretion and alterations in the
carbohydrate and lipid metabolism. These results support
the traditional use of R. arboreum as an antidiabetic
plant. Identification of the active compound(s) found in
R. arboreum may be the basis for the development of new
antidiabetic drugs.
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