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ABSTRACT

Rhizomes of Alpinia calcarata Roscoe (Family: Zingiberaceae) is a common medicinal plant cultivated in Asian countries including
Sri Lanka. The aim of this study is to evaluate the hypoglycemic and antihyperglycemic activities of A. calcarata which are not
investigated so far. This was tested in normoglycemic and streptozotocin (STZ) — induced diabetic rats using oral administration
of the hot water extract (HWE) and the hot ethanolic extract (HEE). In normoglycemic rats both HWE and HEE significantly
lowered the blood glucose levels in a dose - dependent manner. Further, both HWE and HEE markedly improved the oral glucose
tolerance in rats. The hypoglycemic activity of the HEE was generally higher than that of the HWE. However, the HWE or the
HEE failed to reduce blood glucose levels of STZ — induced diabetic rats. Further, the HEE significantly inhibited the glucose
absorption from the small intestine and increased the glycogen accumulation in both liver and skeletal muscle. It is concluded

that A. calcarata rhizomes possess strong hypoglycemic and antihyperglycemic activities.
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INTRODUCTION

Diabetes Mellitus is a chronic metabolic disorder affecting
approximately 4% population worldwide and is expected
to increase by 5.4 % in 2025 (1). It is characterized by
abnormalities in carbohydrate, lipid and lipoprotein
metabolism, which not only leads to hyperglycemia but
also cause many complications such as hyperlipidemia,
hyperinsulinemia, hypertension and atherosclerosis
(2-3). Before the discovery of insulin in 1922, the only
treatment options for diabetes were those based on
traditional practices. Ethnobotanical knowledge played a
particularly important role in historical diabetes therapies,
with over 1200 species of medicinal plants recognized
throughout the world for their ability to treat diabetic
indications (1, 4). In Sri Lanka too, aqueous extracts of
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several plant species are recommended for the control
of blood glucose levels in diabetic patients (5), despite
paucity of evidence from scientifically controlled trials to
validate the claimed therapeutic effects or to determine
potential risks of treatment with such products.

Alpinia calearata Roscoe (Family: Zingiberaceae), is a
rhizomatous perennial herb which is commonly used in
the traditional medicinal systems in Sri Lanka. The mature
rhizomes are branched and dense with a light to dark
brown color. The leaf of the plant is simple, alternative,
25—32 cm long and 2.5 — 5 cm broad (6, 7). A. calcarata is
cultivated in tropical countries including Sti Lanka, India
and Malaysia (7). Some diterpenes such as calcaratarins A
—E , sesquiterpenes such as shyobunone and coumarins
such as herniarin were isolated from the rhizomes of A.
calearata grown in China (8, 9). Further, benzenoids such
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as protocatechuic acid, vanillic acid and syringic acid,
flavonoids and alkaloids were isolated from the leaves
of A. calcarata grown in India (10). We have isolated 18
volatile constituents in essential oils of Sri Lankan grown
A. calearata thizomes, roots and leaves (11). 1, 8 — cineol
was found to be the major constituent in the oils of
rhizomes and leaves while in the roots, it was a fenchyl
acetate (11).

Experimentally, rhizomes of _A. calcarata are shown to
possess antibacterial (12), antifungal (13), anthelmintic
(14), antinociceptive (15), antioxidant (16), aphrodisiac
(17) and gastroprotective (18) activities. The rhizomes
of A. calarata is considered as aphrodisiac (19) and
used in the treatment of arthritis (20) bronchitis, cough,
respiratory ailments, asthma and diabetics (19). The present
study was conducted to evaluate the hypoglycemic and
antihyperglycemic potential of A. calearata thizomes, using
rats as the experimental model. Both normoglycemic and
streptozotocin (STZ) — induced diabetic rats were used
for the investigation.

MATERIALS AND METHODS

Plant material

Fresh A. calcarata rhizomes were collected from home
gardens in Western Province of Sri Lanka. The plant
material was identified and authenticated by the curator
of National Herbarium, Royal Botanical Gardens,
Peradeniya, Sri Lanka. A voucher specimen (AS 01) was
deposited in the Industrial Technology Institute, Colombo
7, Sti Lanka.

Preparation of the hot water extract (HWE)

Fresh A. calcarata thizomes were cut into small pieces
and air dried for 5-6 days in the shade. Five hundred
grams of dried rhizomes were boiled with 2.5 L of
distilled water (DW) for 4 h. The hot water extract was
concentrated under vacuum at 60 °C and freeze-dried at
— 20 °C (yield 15.6 % w/w dry weight basis) and stored
at 4 °C until use.

Preparation of the hot ethanolic extract (HEE)

Fresh A. calcarata thizomes were cut into small pieces
and air dried for 12 —14 days in the shade. Five hundred
grams of powdered rhizomes were extracted with 1.5 L
of ethanol using soxhlet extraction apparatus for 4 h. The
extraction was filtered and the filtrate was evaporated
to dryness under reduced pressure at 50 °C (yield 18.5
% w/w dry weight basis) and stored at 4 °C until use.
Polyvinylpyrrolidone (PVP; MW-44,000) co-precipitate
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of the extract was prepared by mixing crude ethanolic
extract (1.0 mg/ mL in ethanol) and PVP in the ratio of
1:1 (w/w).

Administration of extracts

Doses of 250, 500, 750, 1000 and 1500 mg/kg of the
HWE and the HEE were orally administered by gastric
gavage (each dose in a volume of 1 mL. DW) to separate
groups (n = 12 or 6/group/extract) of rats. The doses
tested for the hypoglycemic and antihyperglycemic
activities were similar to those used in the investigation of
antinociceptive activity of rhizomes of A. calcarata (15).

Animals

Healthy adult cross- bred male albino rats (weighing 180
— 200 g) were used throughout the experiment. They were
housed under standard environmental conditions with
free access to pelleted food (Vet House Ltd., Colombo,
Sri Lanka) and tap water. All animal experiments were
conducted in accordance with the internationally accepted
laboratory animal use and care.

Phytochemical screening of the HWE and the HEE

Qualitative testing of the HWE and the HEE for alkaloids,
polyphenols, flavonoids, steroids, saponins and tannins

was carried out according to the method described by
Farnsworth (21).

Effects of the HWE and the HEE on fasting
blood glucose levels

Seventy two rats were fasted overnight for 12 h, but water
was allowed. Using aseptic precautions, under light ether
anesthesia blood was collected from their tails. Immediately
afterwards, these rats were divided randomly into 6 groups
and treated orally (n = 12/group) in the following manner.
Each rat in group 1 received 1 mL of DW while rats in
groups 2, 3,4, 5and 6 received 250, 500, 750, 1000 mg/ kg of
HWE and 22.5 mg/kg of tolbutamide (the reference drug)
respectively. Blood samples were collected from the tails 2
h, 4 h and 6 h post treatment either with DW or HWE for
the determination of serum glucose levels. To investigate
the effect of HEE on fasting blood glucose levels above
mentioned methodology was followed using the same four
doses. Instead of DW, 1000 mg/kg of PVP in 1 mL of
DW was given to the control group (n = 12/group).

Effects of the HWE and the HEE
on oral glucose tolerance

This was investigated using 500 mg/kg of both HWE
and HEE since the maximum hypoglycemic activity was
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evident with this dose in normoglycemic fasted rats. In
brief, sixty rats were fasted for 12 h and assigned randomly
into 5 equal groups (n=12/group). These rats were orally
treated in the following manner. Each rat in groupl and
2 received 1 mL of DW and 500 mg/kg of PVP in 1 mL
of DW respectively and served as control groups. Rats in
groups 3, 4 and 5 received 500 mg/kg of HWE, 500 mg/
kg of HEE and 22.5 mg/kg of tolbutamide tespectively.
One hour later, all these rats were orally loaded with 5 mL/
kg of 50% (w/v) glucose solution. Blood samples were
collected from the tails of these rats immediately prior to
commencement of treatment and at hourly intervals up
to 3 h after glucose challenge.

Effects of the HWE and the HEE on blood
glucose levels of streptozotocin (STZ) - induced
diabetic rats

STZ (Sigma Chemical Company St. Louis MO, USA) was
dissolvedin0.1M cold citrate buffer (pH=4.5). Immediately
afterwards, 50 mg/kg dose of STZ was injected to the tail
vein of the rat under mild ether anaesthesia with aseptic
precautions (22). Seventy two hours later, blood samples
were collected from tails of these rats and glucose levels
were determined. Twenty four rats having blood glucose
level > 200 mg/dL and showing polydipsia and polyuria
were selected. These rats were assigned randomly to four
equal groups (n=6/group) and treated in the following
manner. Hach rat in group 1 and 2 received 1 mL of DW
and 500 mg/kg of PVP in 1 mL of DW respectively and
served as control groups. Rats in groups 3 and 4 received
500 mg/kg of HWE and 500 mg/kg of HEE respectively.
Blood samples were then collected from tails of these rats
2 h and 4 h post treatment and serum glucose levels were
determined.

Blood sampling

In all these experiments approximately 1 ml blood was
drawn each time from the tail using aseptic precautions and
serum was separated immediately by centrifuging at 3000
rpm for 15 min. The glucose concentration in the serum
samples was analyzed immediately by the glucose oxidase
method using Randox assay kit (Randox Laboratories
Ltd., Co. Antrium, UK) and a spectrophotometer (V500
Jasco Cooperation, Tokyo, Japan).

Determination of the mode of hypoglycemic and
antihyperglycemic activities

This was investigated using the HEE since the
hypoglycemic and antihyperglycemic activities were higher
compated to the HWE. Further, 500 mg/kg was selected
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because the maximum hypoglycemic activity was evident
with this dose.

Effect on glucose absorption from intestine

Twenty four male rats were fasted for 16 h and divided
randomly into two equal groups (n=12/group). The
HEE at a dose of 500 mg/kg was orally administered
to one group and 500 mg/kg of PVP in 1 mL of DW
to the other group. Thirty minutes later, 10 mL/kg
of 50% glucose solution was given orally. Following 2
h, these rats were sacrificed and their small intestines
were exposed. Fifty milliliters of DW was then infused
from one cut end of the intestine and the content was
collected at the other end. This was centrifuged at 3000
rpm for 5 min. and supernatant discarded (23). Glucose
level in the supernatant was then estimated using
Randox kit (Randox Laboratories Ltd., Co. Antrium,
UK) spectrophotometer (V500 Jasco Cooperation,
Tokyo, Japan).

Effects on liver and skeletal muscle
glycogen content

Twelve rats were assigned randomly into two equal
groups (n=6/group) and treated in following manner.
Each rat in group 1 and group 2 received 500 mg/kg of
HEE and 500 mg/kg of PVP in 1 mL of DW daily for 42
consecutive days. On day 1 post treatment, these rats were
sacrificed by over exposure to diethyl ether and portions
of their livers and skeletal muscles were removed and
blotted free of blood. Glycogen content was determined
using a spectrophotometric method as described in detail
by Borst and co — workers (24). Briefly, 100 mg of each
organ was digested with 2 mL of 30 % boiling KOH,
and cooled. Three milliliters of 95 % ethanol was added
and heated until bubbles were formed. These were cooled
and centrifuge (at 1000 rpm for 5 min.) and supernatant
discarded. The residue was dissolved in 5 mL of DW. Four
milliliters of anthrone reagent was added and immersed
in an ice bath, to prevent excessive heating. Tubes were
incubated at 100 °C for 4 min. for color development
and immersed in an ice bath. Absorbance was measured
at A 620 nm using a spectrophotometer (V500 Jasco
Cooperation, Tokyo, Japan).

Statistical analysis

Data are given as means = S.E.M. Statistical comparisons
were made using one way ANOVA followed by Tukey’s
family error test. A P value < 0.05 was considered as
significant. Dose dependencies were determined by
regression coefficients (7).
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Table 1: Effects of the hot water extract (HWE) and the hot ethanolic extract (HEE)
of Alpinia calcarata rhizomes on blood glucose levels in normoglycemic rats (means
+ SEM, n = 12/group)

Glucose concentration (mg/dL)

Treatments Pre treatment 2h 4 h 6 h
C,(1 mL of DW/rat) 919+ 21 91.24+1.9 86.7£1.5 88.2+1.7
HWE

250 mg/kg/rat 88.7+27 77.5£1.9* 83.311.6 87.5+1.6
500 mg/kg/rat 90.3+1.5 60.1£1.3* 67.6+1.7* 72.4+1.8*
750 mg/kg/rat 88.1+1.6 67.0+1.3* 73.3£1.5* 76.5+1.4*
1000 mg/kg/rat 89.6+24 66.2 £1.5* 73.2£1.7* 76.1+1.5*
C,(PVP;500mg/kg/rat) 90.6 2.4 89.0+1.9* 91.6+2.1* 93.2+1.4*
HEE

250 mg/kg/rat 91.6+2.1 70.9+1.6* 74.2+1.8* 83.8+2.0*
500 mg/kg/rat 90.8+1.5 53.1£1.7 * 59.2+1.2* 62.6+£1.1*
750 mg/kg/rat 95.1+14 57.3+1.6* 62.5+1.5* 71.8+1.1*
1000 mg/kg/rat 89.6+£1.7 61.8+1.0* 69.6+1.6* 76.2+1.2*
Tolbutamide (22.5 mg/kg/rat) 91.1+£1.8 65.1£1.7* 71.9+1.5* 77.4+1.4*

*Significant when compared with respective controls: P < 0.05

C,- Control for the HWE; C, - Control for the HEE

DW: Distilled water; PVP: Polyvinylpyrrolidone

RESULTS

Phytochemical screening

Phytochemical screening revealed the presence of
alkaloids, polyphenols, flavonoids, steroids, saponins and
tannins in the HWE and the HEE.

Effects on fasting blood glucose levels

The effects of the HWE and the HEE on the fasting
blood glucose levels are shown in Table 1. All doses of the
HWE significantly (P < 0.05) reduced the blood glucose
levels up to 6 h except the lowest dose, which impaired
the blood glucose level only up to 2 h. On the other
hand, all doses of HEE significantly (P < 0.05) impaired
blood glucose levels up to 6 h. This impairment of blood
glucose levels of both extracts were marked and dose
dependent (HWE: /% 2°h: 0.7, 4™ h : 0.7, 6" h: 0.8; HEE:
72 h: 0.9,4" h : 0.9, 6™ h: 0.7) at each time points. The

maximum hypoglycemic activity was induced by 500 mg/
kg dose of both extracts at 2 h (HWE by 34%; HEE by
40%). Hypoglycemic activity of tolbutamide, the reference
drug, was comparable to that of 500, 750 and 1000 mg/kg
doses of HWE. However, hypoglycemia induced by 500
mg/kg (by 12, 18 and 21% at 2, 4 and 6 h respectively) and
750 mg/kg (by 7, 15 and 11% at 2, 4 and 6 h respectively)
of HEE was superior to that of tolbutamide.

Effects on glucose tolerance test

Both HWE and HEE significantly (P < 0.05) improved
the glucose tolerance test up to 3 h (Table 2). The HWE
and the HEE showing approximately 16%, 18%, 20%
and 21%, 19%, 23% reduction in glycemia from control
values at the 1, 2 and 3 h respectively. Tolbutamide also
improved the glucose tolerance in rats upto 3 h. This

impairment was comparable to that of the HWE but was
inferior to the HEE.

Table 2: Effects of the hot water extract (HWE) and the hot ethanolic extract (HEE) of Alpinia
calcarata rhizomes on oral glucose tolerance in normoglycemic rats (means + SEM, n = 12)

Glucose concentration (mg/dL) Time following 50% oral glucose load

Treatments Pre treatment 1h 2h 3h

C,(1 mL of DW) 88.3+22 159.2+4.4 1455+ 41 134.0+4.6
HWE 500 mg/kg/rat 92.3+238 1341 +£2.3* 119.8 £ 2.4* 1094 +27*
C,(PVP; 500mg/kg/rat) 88.0+1.4 153.7+2.2 1445+2.2 136.5+1.9
HEE 500 mg/kg/rat 88.7+1.2 121.7+16* 116.3 £ 2.1* 101.5£27*
Tolbutamide (22.5 mg/kg/rat) 89425 135.2+27* 124.9 +2.3* 106.6 +3.3*

*Significant when compared with respective controls: P < 0.05

C,- Control for the HWE; C, - Control for the HEE
DW: Distilled water; PVP: Polyvinylpyrrolidone
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Effect of blood glucose levels on STZ - induced
diabetic rats

As shown in Table 3, acute antidiabetic activity was not
observed in STZ — induced diabetic rats treated with
HWE and HEE.

Effect on glucose absorption from intestine

The HEE markedly (by 83 %) and significantly (P( 0.05)
inhibited the glucose absorption from the lumen of the
intestine (control vs treatment: 33.4 = 3.2 vs 61.2 + 2.6
mg/ dL).

Effects of liver and skeletal muscle glycogen
content

The HEE significantly (P< 0.05) increased the glycogen
content of both skeletal muscle (by 77 %; control vs
treatment: 69.4 £ 3.2 vs 122.9 = 4.9 ng/100 mg) and liver
(by 98 %; control vs treatment: 67.0 £ 4.1 vs 132.5 £ 7.1

ng/100 mg).

DISCUSSION

Overallresultsshowthatboth HWE and HEE of A. calcarata
rhizome possess marked hypoglycemic activity (when
tested in fasted normoglycemic rats) and antihyperglycemic
activity (by improvement of glucose tolerance in rats).
The hypoglycemic and antihyperglycemic activities of the
HEE was superior to that of the HWE and tolbutamide,
reference hypoglycemic drug of sulphonylurea type (25).
The hypoglycemic and antihyperglycemic activities of the
HWE were comparable to that of the tolbutamide. On
the other hand, both HWE and HEE failed to reduce
blood glucose levels of STZ - induced diabetic rats at a
dose which is known to irreversibly damage the insulin
secreting 8 cells of the pancreas (22). This suggests that
an intact endocrine pancreas and insulin are essential
for antidiabetic activity of _A4. calarata extracts. Inability

of both extracts to drop blood glucose levels of STZ -
induced diabetic rats also suggests that these extracts do
not have insulinomimetic activity. However, it is possible
that both HWE and HEE may act as a insulin secretagoue
and/or sensitize insulin receptors as proposed for some
sulphonylureas (26) and some plant extracts. Interestingly,
similar mode of hypoglycemic activity is reported with
methanolic and aqueous extracts of 4. galanga rhizomes
(27), a close relative of A. calearata.

The HEE caused marked inhibition of glucose
absorption from the lumen of the intestine. This could
be one of the main mechanism through which the HEE
induced hypoglycemia. Some herbal extracts (28 — 30)
and biguanides (26) show a similar mode of action. Both
extracts had gummy appearance and it is possible that
impairment of intestinal glucose absorption is mediated
via “fiber effect” as reported for Sizigium cumini (28),
Cassia fistula (29) and Syzygium jambos (30). Alternatively,
it may result from inhibition of intestinal Na*- glucose
cotransporter as reported with synthetic phlorizin
derivatives (31). However, additional studies are required
for conformation. Furthermore, the HEE induced an
increase in the glycogen content both in the liver and
skeletal muscle. This could be another mechanism by
which the HEE impaired the blood glucose level. This
increased glycogenesis may result from enhanced glucose
up take into liver and skeletal muscle by sensitization of
insulin receptors and/or inducing the activity of enzymes
involved in glycogen synthesis. Some other plants such
as Hygrophila longifolia (32), Piper betle (33), Cinnamonmum
zeylanicum (34) and Trichosanthes cucumerina (35) have also
been reported to exert similar effects.

Polyphenols are plant compounds that can exert
significant antioxidant activity, mainly due to their redox
properties (36 — 37), which can play an important role in
absorbing and neutralizing free radicals, quenching singlet
and triplet oxygen or decomposing peroxides. Phenolic
compounds (e.g. flavonoids, tannins) have also been
reported to exhibit antidiabetic activity (38—40). Further,

Table 3. Effects of the hot water extract (HWE) and the hot ethanolic
extract (HEE) of Alpinia calcarata rhizomes on blood glucose levels of
streptozotocin — induced diabetic rats (means £ SEM, n = 6)

Glucose concentration (mg/dL)

Treatment Pre - treatment 2h 4 h

C,(1 mL of DW) 228.0 £ 13.2 239.3+10.8 2429+ 17.9
HWE 500 mg/kg/rat 236.0+7.6 238.6 +10.2 248.6 £ 6.8
C,(PVP; 500mg/kg/rat) 220.0+8.2 232.3+11.3 240.3+12.8
HEE 500 mg/kg/rat 230.3+6.1 2356 +10.5 2444 +9.4

Not Significant when compared with respective controls: P > 0.05
C,- Control for the HWE ; C, - Control for the HEE
DW : Distilled water ; PVP : Polyvinylpyrrolidone
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A. calearata extracts had profound antioxidant activity 7
vitro (16). Therefore, antioxidant compound/s present
in the HWE and the HEE may also play a major role
in mediating the hypoglycemic and antihyperglycemic
activities of A. calearata. As reported in previous studies
(18), A. calearata extracts were devoid of unacceptable side
- effects even following chronic administration: There
were no overt signs of toxicity, hepatotoxicity (in terms
of AST, ALT) or renotoxicity (as judged by serum urea
and creatinine).

In conclusion, our results demonstrate the hypoglycemic
and antihyperglycemic activities of .A. calearata thizomes
for the first time and show its potential to be used in the
treatment of diabetes mellitus.

ACKNOWLEDGEMENT

Theauthors express their gratitude to Mr. ] R.A.C. Jayakody,
University of Colombo, Department of Zoology, for
assisting in this study and National Science Foundation
for the research grant (SIDA (1L) 2000 / BT / 03).

REFERENCES

1. Hyun S.H. and Choung S.Y. Antidiabetic effect of cinnamon extract on
blood glucose in db/db mice. | Ethngpharmacol. 104: 119-123 (2000).
http://linkinghub.elsevier.com/retrieve/pii/S0378874105005982

2. Chait A. and Brunzell ].D., Diabetes, lipids and atherosclerosis. In: Tay-
lor S.1., Olefsky J.M. eds. Diabetes Mellitus. Lippincott — Raven Publishers,
Philadelphia. 467-469 (1996).

3. Watkins PJ., ABC of Diabetes (5* edn), (BM] Publishing Group Ltd, Tavis-
tock Squre, UK. 2003).

4. Marles R.J. and Farnsworth N.R. Antidiabetic plants and their active con-
stituents. Phytomedicine. 2: 137-189 (1995).

5. Tissera M.H.A. and Thabrew M.L., Medicinal plants and Ayurvedic preparations
containing medicinal plants used in the control of diabetes mellitus, (Publication of
Department of Ayurveda, Sti Lanka, 2001).

6. Dassanayake M.D. and Fosberg ER., A Revised Hand Book 1o the flora of
Ceylon. Vol. 4, (Publication of Amreind, New Delhi, 1981) 517-518.

7. Jayaweera D.M.A., Medicinal Plants Used in Ceylon. Vol. 5. (Publication of
National Science Council of Sri Lanka, 1982) 213.

8. Kong LY, Qin M.J. and Niwa M. Diterpenoids from the rhizomes of A4/
pinia calcarata. |. Nat. Prod. 63: 939-942 (2000). http://www.ncbi.nlm.nih.
gov/pubmed/10924169?ordinalpos=4&itool=EntrezSystem2.PEntrez.
Pubmed.Pubmed_ResultsPanel. Pubmed_DefaultReportPanel. Pubmed_
RVDocSum

9. Kong LY, Qin M.J. and Niwa M. New cytotoxic bis — labdanic diter-
penoids from Alpinia calcarata. Planta Medica. 68: 813-817 (2002). http://
www.ncbi.nlm.nih.gov/pubmed/12357393?0rdinalpos=3&itool=EntrezS
ystem2.PEntrez.Pubmed.Pubmed

10. Merh PS., Daniel M. and Sabnis S.D. Chemistry and taxonomy of some
members of the Zingiberaceae. Curr. Sci. 55: 835-839 (1980).

11. Arambewela L.S.R., Kumarasinghe A., Arawwawala M., Owen N.LL and Du
L. Volatile oils of Alpinia calearata grown in Sri Lanka. J. Essent. Oil. Res. 17:
124-125 (2005).

12. George M. and Pandalai K.M. Investigations on plant antibiotics. Ind. J.
Med. Res. 37: 169—181 (1949).

13. Pushpangadan P. and Atal C.K. Ethno — medico — botanical investigations
in Kerala. J. Ethnopharmacol. 111: 59—77 (1984).

14. Kaleysa R.R. Screening of indigenous plants for anthelmintic action against
human Ascaris lumbricoides. Ind. J. Physiol. Pharmacol. 19: 4749 (1975).

Phcog Mag. Vol 4/Issue 20 | Available Online : www.phcogmag.com

15. Arambewela L.S.R., Arawwawala L.D.A.M. and Ratnasooriya W.D. Anti-
nociceptive activities of aqueous and ethanolic extracts of Abinia calcarata
rhizomes in rats. J. Ethnopharmacol. 95: 311-316 (2004). http://www.sci-
encedirect.com/science/journal /03788741

16. Arambewela LL.SR. and Arawwawala L.D.A.M. Antioxidant activities of
ethanolic and hot aqueous extracts of Alpinia calearata thizomes. Aust. ].
Med. Herb. 17: 91-94 (2005).

17. Ratnasooriya W.D. and Jayakody J.R.A.C. Effects of aqueous extract of
Alpinia calearata rhizomes on reproductive competence of male rats. Acta
Biol. Hung. 57: 23-35 (2006).http:/ /www.ophsource.org/periodicals/oph-
tha/medline/record/MDIN.16646522?

18. Arambewela L.SR., Arawwawala L.D.A.M. and Ratnasooriya W.D. Effect
of Alpinia calcarata thizomes on ethanol — induced gastric ulcers in rats.
Pheog Mag. 4: 226-231 (2009). http:/ /www.phcogmag.com/effect-alpinia-
calcarata-rhizomes-ethanol-%E2%80%93-induced-gastric-ulcers-rats

19. Ramanayake L., Osz Visithuru, Vol 1, (Publication of Department of
Ayurveda, Sri Lanka, 1994) 68-71.

20. Arambewela L.S.R., Basnayake C.S., Serasinghe P, Tissera M.S.A., Dias S.
and Weerasekara D.R., Traditional treatment in Sri Lanka for chronic Arthritis,
(NARESA Printing Unit, Colombo, Sri Lanka, 1995) 1-10.

21. Farnsworth N.R. Biological and phytochemical screening of plants. /.
Pharm. Seci. 55: 225-276 (1996).

22. MacSweeney C.P., Kelly ].P. and Leonard B.E. The influence of route of
administration on the diabetogenic effects of streptozotocin in the rat.
Med. Sci. Res. 23: 811-812 (1995).

23. Dharmasiri M.G. A Pharmacological and toxicological evaluation of a de-
coction of leaves and stems of the medicinal Plant, Anisoneles indica, M.
Phil Thesis, University of Colombo, Sri Lanka. 2001.

24. Borst S.E., Snellen H.G. and Lai H.I.. Metformin treatment enhances insu-
lin-stimulated glucose transport in skeletal muscle of Sprague-Dawley rats.
Life Sei. 67: 165174 (2000). http://linkinghub.clsevier.com/retrieve/pii/
S0024320500006123

25. Rang H.P,, Dale M.M. and Ritter J.M., Pharmacology, (Churchill Livingstone,
UK, 1995).

26. Campbell I.W. Antidiabetic drugs present and future: will improving insu-
lin resistance benefit cardiovascular risk in type 2 diabetes mellitus? Drugs.
60: 1017-1028 (2000). http://wwwingentaconnect.com/content/adis/
dgs/2000/00000060/00000005/art00004

27. Akhtar M.S., Khan M.A. and Malik M.'T. Hypoglycemic activity of _A/pinia
galanga thizome and its extracts in rabbits. Fitoterapia. 73: 623—-628 (2002).
http://www.ncbi.nlm.nih.gov/pubmed/12490221?0rdinalpos=3&itool=
EntrezSystem?2.PEntrez.Pubmed.Pubmed_ResultsPanel. Pubmed_Defaul-
tReportPanel. Pubmed_RVDocSum

28. Pandey M. and Khan A. Hypoglycaemic effect of defatted seeds and wa-
ter soluble fiber from the seeds of Siziginm cumini (Linn) skeels in alloxan
diabetic rats. Ind. |. Expt. Bio. 40: 11781182 (2002). http://www.ncbi.nlm.
nih.gov/pubmed/12693701

29. Ratnasooriya W.D., Hettiarachchi H.D.I. and Jayakody J.R.A.C. Cassia fistula
and hypoglycaemia. Awst. |. Med. Herb. 16: 8-13 (2004).

30. Ratnasooriya W.D., Hettiarachchi H.D.I. and Jayakody J.R.A.C. Antidiabet-
ic activity of aqueous bark extract of Syzygium jambos. Aust. ]. Med. Herb. 16:
5662 (2004).

31. Oku A, Ueta K., Nawano M., Arakawa K., Kano-Ishihara T., Matsumoto
M., Saito A., Tsujihara K., Anai M. and Asano T. Antidiabetic effect of
T-1095, an inhibitor of Na*-glucose cotransporter, in neonatally Strepto-
zotocin - treated rats. Eur. |. Pharmacol. 391: 183192 (2000).

32. Fernando M.R., Wickramasinghe S.M.D.N. and Thabrew M.I. Extra pan-
creatic actions of Hygrophila longifolia. Pharmacent. Biol. 36: 352—-356 (1998).

33. Arambewela L.S.R., Arawwawala L.D.A.M. and Ratnasooriya W.D. An-
tidiabetic activities of aqueous and ethanolic extracts of Piper betle leaves
in rats. J. Ethnopharmacol. 102: 239245 (2005). http:/ /www.ncbi.nlm.nih.
gov/pubmed/16055288?ordinalpos=3&itool=EntrezSystem2.PEntrez.
Pubmed.Pubmed_ResultsPanel. Pubmed_DefaultReportPanel. Pubmed_
RVDocSum

34. Roffey B, Atwal A, Kubow S. Cinnamon water extracts increase glucose
uptake but inhibit adiponectin secretion in 3T3 — L1 adipose cells. Mol.
Nutr. Food Res. 50: 739-745 (2006).

35. Arawwawala M., Thabrew I. and Arambewela L. Antidiabetic activity of
Trichosanthes cucumerina in normal and streptozotocin — induced diabetic

417



Hypoglycemic and Antihyperglycemic activities of the aqueous and the ethanolic extracts of Alpinia calcarata rhizomes in rats

36.

37.

38.

418

rats. Int. J. Biol. Chem. Sei. 2: 287-296 (2009). http://ajolinfo/index.php/
ijbes/article/view/44504

Galato D., Ckless K., Susin M.E, Giacomelli C., de Ribeiro V.R.M. and
Spinelli A. Antioxidant capacity of phenolic and related compounds: cor-
relation among electrochemical, visible spectroscopy methods and struc-
tural antioxidant activity. Redox Report. 6: 243-250 (2001).

Zheng W. and Wang S.Y. Antioxidant activity and phenolic compounds in
selected herbs. J. Agric. Food Chenr. 49: 5165-5170 (2001). http://pubs.acs.
org/doi/abs/10.1021/jf010697n

Ahmad M., Akhtar M.S., Malik T. and Gilani A.H. Hypoglycemic ac-
tion of the flavonoid fraction of Cuminum nigrum seeds. Phytother. Res. 14:
103-106 (2000). http://www.ncbi.nlm.nih.gov/pubmed/106851067ordin

39.

40.

Phcog Mag. Vol 4/Issue 20 |

alpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.
Pubmed_DefaultReportPanel. Pubmed_RVDocSum

Coskun O., Kanter M., Korkmaz A. and Oter S. Quercetin, a flavonoid
antioxidant, prevent and protects streptozotocin — induced oxidative stress
and o - cell damage in rat pancreas. Pharmacol. Res. 51: 117123 (2005).
http://www.ncbi.nlm.nih.gov/pubmed/15629256

Quintanar — Isaias A., Velazquez — Nunez M., Solares — Arenas EF, Perez —
Olvera C. and Torre-Blanco A. Secondary stem anatomy and uses of four
drought — deciduous species of a tropical dry forest in Mexico. Rex Biol.
Trop. 53: 29—48 (2005). http://www.sciclo.sa.ct/scielo.php?pid=S0034—
77442005000100005&script=sci_arttext

Available Online : www.phcogmag.com



