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work was to give scientific validation of those antidiabetic plants. 52

medicinal plants were brought from the folk healers of Sikkim who

*Corresponding Author claimed that they collect the plants from different parts of Sikkim
Dr_' AL AR Himalaya. Antidiabetic activity of the plant leaves were determined by
g;;;ment o in vitro assays of alpha amylase and alpha glucosidase by standard
Biochemistry, North Bengal methodologies. Results showed that 44 medicinal plants out of 52 can
Medical College, inhibit alpha amylase and alpha glucosidase activities. Animal
Sushrutanagar, Siliguri, experiments followed by clinical trial are now needed to confirm the

Dist. Darjeeling, India. antidiabetic activity of the plants. Anti diabetic compounds may also

be isolated from these plant leaves.
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1. INTRODUCTION

Diabetes mellitus, a chronic metabolic non-communicable disease, is increasing rapidly. In
1980 there were approximately 108 million diabetic patients in the world but in 2011 the
number has been increased to 366 million. It is predicted that by 2030 the figure would have
risen to 552 million. Presently highest population of diabetics are found in China, India,
USA, Brazil, Mexico and Indonesia and half of diabetics of the world are from China, India
and USA. In India diabetes is increasing so rapidly that the number of adults with diabetes is

expected to reach 87 million by the year 2030. This high incidence of diabetes mellitus took
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several lives till today. Only in 2011 diabetes mellitus was the cause of death of about 3

million people worldwide.™

Sikkim is the smallest mountain state of India with a geographical area of only 7,096 sg.km.
Sikkim is also one of the least densely populated Indian states, with only 86 persons per
square kilometre. According to 2011 Census, Sikkim had only 6.11 lakh population which
subsequently increased to 6.32 lakh in the year 2013. Such a small state has high incidence of
diabetes. As per survey report of National Program for prevention and control of cancer,
diabetes, cardiovascular diseases and stroke (NPCDCS), Sikkim has the highest number
(13.67 per cent) of diabetics followed by Karnataka (9.36 per cent), Punjab (9.36 per cent),
Gujarat (9.10 per cent) and Andhra Pradesh (7.42 per cent). Majority of diabetics of Sikkim
are suffering from type 2 diabetes.” Many of them take medicinal plants from the folk
healers to keep diabetes under control. Medicinal plants of Sikkim origin, not scientifically

validated, but being used in type -2 diabetes mellitus are also listed in the literature.®!

Type — 2 diabetes mellitus is characterized by postprandial hyperglycemia. One of the
therapeutic approaches, therefore, is to reduce postprandial hyperglycemia.[ This can be
done by inhibiting carbohydrate splitting enzymes. Such enzymes are alpha amylase and
alpha glucosidase which hydrolyze complex carbohydrates of food to free sugars. Inhibition
of these enzymes could reduce hydrolysis of complex carbohydrate thereby postprandial
hyperglycemia in diabetic patients may remain under control.®) Medicinal plants are
therefore investigated to check their antidiabetic activity through the inhibitions of alpha

amylase and alpha glucosidase and many plants were found having the activity.!®!

In the present work leaves of 52 plants of Sikkim Himalaya were investigated for their

possible alpha amylase and alpha glucosidase inhibitory activities.

2. METHODOLOGY

2.1 Collection of plant materials

52 plant leaves were collected from the folk healers of different districts of Sikkim. These
leaves are being used by them in the treatment of diabetic patients. Plant leaves were
authenticated by the taxonomist of the department of Botany of the University of North
Bengal, Siliguri. Voucher specimens were kept in the department Biochemistry, North

Bengal Medical College Sushrutanagar, Siliguri, Dist. Darjeeling, West Bengal, India for
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future references. Scientific names of the collected plant leaves, their common names,

families, part used and their identification numbers are listed in Tables 1 and 2.

Table — 1: Showing scientific and local names, families, part used and identification
numbers of the collected plants from the folk healers of Sikkim.

Scientific name of the plants /

Kamal

Family Part used | Identification No.
Local name

Abroma augustaa / Sterculiaceae Leaves NBMC/Bi0/2011/022
Ulatkamal

Abutllgm indicum / Malvaceae Leaves NBMC/Bi0/2011/023
Ghantiphool

gz%;gs calamus / Araceae Leaves NBMC/Bi0/2011/024
gzg:e marmelous / Rutaceae Leaves NBMC/Bi0/2011/025
ﬁ;'s'l‘jnm sativum/ Liliaceae Leaves NBMC/Bi0/2011/026
Aloe barbadensisc / Liliaceae Leaves NBMC/Bi0/2011/027
Ghew kumara

Asparagus racemosusa /Kurilo | Liliaceae Leaves NBMC/Bi0/2011/028
Actinodaphne hookeri / Lauraceae Leaves NBMC/Bi0/2011/029
Runchepat

Bacopa monnieri / Brahmi Scorphulariaceae | Leaves NBMC/Bi0/2011/030
Boenninghausenia al-biflorad/ | p oz Leaves NBMC/Bi0/2011/031
Chirbirpatay

Berberis aristata / Sano chutro | Berberidaceae Leaves NBMC/Bi0/2011/032
Cannabis sativa / Ganjah Urticaceae Leaves NBMC/Bi0/2011/033
ﬁzm?‘/;andra aurantiacad / Liliaceae Leaves NBMC/Bi0/2011/034
Costus speciosus / Betlaure Zingiberaceae Leaves NBMC/Bi0/2011/035
g;:;\?ranthus roseuse / Sada Apocynaceae Leaves NBMC/Bi0/2011/036
Calamus rotanga / Bet Arecaceae Leaves NBMC/Bi0/2011/037
C_mnam_o mum tamalad / Lauraceae Leaves NBMC/Bi0/2011/038
Sinkauli

Cissampelos pareiraa / Lymaceae Leaves NBMC/Bi0/2011/039
Batulpatay

Cinnamomum tamala / Sinkauli | Lauraceae Leaves NBMC/Bi0/2011/040
Cissampelos pareiraa / Menispermaceae, | Leaves NBMC/Bi0/2011/041
Batulpatay

Daucas carota / Gajor Apiaceae Leaves NBMC/Bi0/2011/042
Dalbergia sissoo / Sisau Liguminosae Leaves NBMC/Bi0/2011/043
Dalbergia latifolia / Sati saal Liguminosae Leaves NBMC/Bi0/2011/044
Eichhorria crassipes / Indra Pontederiaceae Leaves NBMC/Bi0/2011/045
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Table — 2: Showing scientific and local names, families, part used and identification

numbers of the collected plants from the folk healers of Sikkim.

Scientific name of the plants /

Family Part used | Identification No.
Local name
Ficus racemosa / Dumri Moraceae Leaves NBMC/Bi0/2011/046
Gynocardia odorataa / Gantay | Flacourtiaceae Leaves NBMC/Bi0/2011/047
Girardiana heterophyllab /1) s ceqe Leaves NBMC/Bio/2011/048
Bhangre sisnu
Hedera helix / Dudela Araliaceae Leaves NBMC/Bi0/2011/049
Ipomoea batatas / Sakarkand Convolvulaceae | Leaves NBMC/Bi0/2011/050
Jatropha urens / Hatticane Euphorbiaceae Leaves NBMC/Bi0/2011/051
Kaempferla rotunda / Zingiberaceae Leaves NBMC/Bi0/2011/052
Bhuichampa
Kydia calycina / Kubinde Malvaceae Leaves NBMC/Bi0/2011/053
Litsea cubebag / Siltimmur Lauraceae Leaves NBMC/Bi0/2011/054
Morus alba / Mul-berry Moraceae Leaves NBMC/Bi0/2011/055
Momordica chrantiaa / Karela | Cucurbitaceae Leaves NBMC/Bi0/2011/056
Musa sapientum / Bankera Scitaminaceae Leaves NBMC/Bi0/2011/057
Nardosta_chys jatamansia / Valerianaceae Leaves NBMC/Bi0/2011/058
Jatamansi
Ocimum sanctum / Tulsi Labiateae Leaves NBMC/Bi0/2011/059
Oroxylum indicum / Totola Bignoniaceae Leaves NBMC/Bi0/2011/060
Estg?/x pseudoginseng /Panch | A jiaceqe Leaves NBMC/Bio/2011/061
Picrorhiza kurrooa / Kutki Scrophulariaceae | Leaves NBMC/Bi0/2011/062
Paederia foetida / Birilahara Rubiaceae Leaves NBMC/Bi0/2011/063
Potentilla fulgens / Banmula Rosaceae Leaves NBMC/Bi0/2011/064
Quercus lanatad / Banj Fagaceae Leaves NBMC/Bi0/2011/065
Syzygium cuminiie / Kyamuna | Myrtaceae Leaves NBMC/Bi0/2011/066
Saraca asoca / Asok Caesalpiniaceae | Leaves NBMC/Bi0/2011/067
Swertia pedicellata / Chireto Gentianaceae Leaves NBMC/Bi0/2011/068
Stephania glabrab / Tamarkay | Gentianaceae Leaves NBMC/Bi0/2011/069
Swertia chirayita / Chireto Menispermaceae | Leaves NBMC/Bi0/2011/070
Trigonella foenum-graecum/ Fabaceae Leaves NBMC/Bi0/2011/071
Methi
Urtica dioica / Sisnu Urticaceae Leaves NBMC/Bi0/2011/072
Zingiber officinale / Adua Zingiberaceae Leaves NBMC/Bi0/2011/073
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2.2 Test drug
Leaves of the plants were washed thoroughly under tap followed by distilled water. Leaves
were then shed dried and powered. The powder, used as test drug, was stored desiccated at 4

°C until further use.

2.3 Alpha amylase inhibition assay

Alpha amylase inhibition assay of the test drug was carried out by the method described by
Deguchi et al.l with slight modifications. 400 pl of 0.1 M sodium phosphate buffer (pH 7.0),
500 pl of 1% starch solution, 100 ug/ml of the test drug dissolved in DMSO and 50 pl of
pancreatic a-amylase (Sigma, St. Louis, USA) solution (2 U/ml) were mixed and incubated at
37 °C for 10 min. 3 ml of 3,5-dinitrosalicylic acid (DNS) color reagent was then added. The
mixture was kept in a boiling water bath for 5 min and then diluted with 20 ml of distilled
water. The absorbance was recorded at 540 nm. Control sample was prepared accordingly
without test drug and acted as a negative control. Acarbose was used as positive control.
Inhibition capacity of test drug and acarbose were calculated as following:

Inhibition Percentage (%) = 1 — DO sample/DO control x 100.

All tests were done for five sample replications.

2.4 Alpha glucosidase inhibition assay

The o-Glucosidase inhibitory activity of the test drug was determined according to the
method of Dong et al.®®! with slight modifications. Mixture of 100 pg/ml of the test drug in
DMSO, 2.5 mM p-nitrophenyl-a-glucopyranoside (pNPG), and 0.3 U/ml of a-glucosidase in
phosphate buffer, pH 6.9 was prepared. DMSO, enzyme and substrate are present in the
control tube. Acarbose replaced the test drug in positive control tube. The inhibition capacity
of test drug and acarbose were calculated by the following formula.

Inhibition Percentage (%) = 1 — DO sample /DO control x 100.

All tests were carried out for five sample replications.

2.5 Statistical calculation
This was done by SPSS 20. The statistical significance of enzyme inhibitions between test
drugs and acarbose, the known inhibitor, was evaluated with Duncan’s multiple range test

(DMRT). 5% was considered to be statistically significant."!
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3. RESULTS

Results are given in Tables 3 and 4. Acarbose, known inhibitor of alpha amylase and alpha
glucosidase, in the concentration of 100 pg/ml showed 61.5% and 63.7% inhibitions in alpha
amylase and alpha glucosidase activities respectively in in vitro experiment.

Leaves of Abroma augusta, Aegle marmelous, Allium sativum, Aloe barbadensisc, Cannabis
sativa, Campylandra aurantiacad, Costus speciosus, Girardiana heterophyllab,
Nardostachys jatamansia and Paederia foetidaa in the concentration of 100 pg/ml showed

inhibition of alpha amylase and alpha glucosidase activities in the range of 52.4 — 58.4%.

41.2-49.9% inhibitions of alpha amylase and alpha glucosidase activities were noted by the
leaves of Abutilum indicum, Acorus calamus, Bacopa monnieri, Calamus rotanga,
Cinnamomum tamala, Cissampelos pareiraa, Gynocardia odorata, lpomoea batata,
Momordica chrantia, Musa sapientum, Ocimum sanctum, Picrorhiza kurrooa, Quercus

lanata, Urtica dioica and Zingiber officinale in concentration of 100 pg/ml.

Actinodaphne hookeri, Berberis aristata, Ficus racemose, Panax pseudoginsengd and
Potentilla fulgens leaves in the dose 100 pg/ml showed alpha amylase and alpha glucosidase

inhibitory activities in the range of 32.7 — 39.2%.

22.7 — 28.5% inhibitions of alpha amylase and alpha glucosidase activities were noted by the
leaves (concentration, 100 pg/ml) of Asparagus racemosusa, Boenninghausenia al-biflorad,
Catharanthus roseuse, Cinnamomum tamala, Morus alba, Oroxylum indicum, Syzygium
cuminiie and Trigonella foenum-graecum. Cissampelos pareiraa and Litsea cubebag leaves
in 100 pg/ml concentration showed inhibitions of alpha amylase and alpha glucosidase

activities in the ranges of 17.8 — 19.8%.

Leaves of Daucas carota, Dalbergia sissoo, Dalbergia latifolia, Eichhorria crassipes,
Hedera helix, Jatropha urens, Kaempferia rotunda and Kydia calycina, however, did not
show alpha amylase and alpha glucosidase inhibitory activities. All the above studies were

done under in vitro condition.
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Table — 3: Showing alpha amylase and alpha glycosidase inhibition activities of the

plants under study.

Scientific name of the plants /

Alpha amylase

Alpha glucosidase

Local name Family inhibition (%) inhibition (%)
Abroma augusta / Sterculiaceae 55.5+1.2 52.9+1.0
Ulatkamal
Abutilum indicum / Malvaceae 46.2+1.4 47.8+1.1
Ghantiphool
Acorus calamus / Araceae 43.6+1.7 42.9+1.6
Bhojo
ggg:e marmelous / Rutaceae 52.4+2.1 53.4+2.0
Allium sativum/ Liliaceae 57.8+2.5 58.4+2.3
Lasun
Aloe barbadensisc / Liliaceae 56.3+2.0 55.7+2.6
Ghew kumara
Asparagus racemosusa /Kurilo | Liliaceae 22.7£0.9 23.240.5
Actinodaphne hookeri / Lauraceae 37.1+0.8 30.240.6
Runchepat
Bacopa monnieri / Brahmi Scorphulariaceae 48.5+2.0 49.9+2.1
Bognmnghausenla al-biflorad/ Rutaceae 98,542 3 26.8+2.6
Chirbirpatay
Berberis aristata / Sano chutro | Berberidaceae 33.242.5 34.6£2.9
Cannabis sativa / Ganjah Urticaceae 56.2+2.4 54.242.3
Campylandra aurantiacad /| | 40000 50.4+1.2 52.4+1.0
Nakima
Costus speciosus / Betlaure Zingiberaceae 57.2+1.1 55.2+1.8
g:ﬁgframhus roseuse/Sada |y ocvnaceae 22.7+1.3 23.4+1.6
Calamus rotanga / Bet Arecaceae 41.2+1.4 43.2+1.5
Cinnamomum tamala / Sinkauli | Lauraceae 47.8+1.2 46.3+1.7
Cissampelos pareiraa / Lymaceae 19.8+0.7 18.50.5
Batulpatay
Cinnamomum tamala / Sinkauli | Lauraceae 26.6+0.3 25.4+0.6
Cissampelos pareiraa / Menispermaceae, 44.5+0.4 45.3+0.8
Batulpatay
Daucas carota / Gajor Apiaceae 0 0
Dalbergia sissoo / Sisau Liguminosae 0 0
Dalbergia latifolia / Sati saal Liguminosae 0 0
Eichhorria crassipes / Indra Pontederiaceae 0 0
Kamal

Acarbose ......... 61.5+1.2 63.7+1.4

Results are mean values +SE
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Table — 4: Showing alpha amylase and alpha glycosidase inhibition activities of the

plants under study.

Scientific name of the plants /

Alpha amylase

Alpha glucosidase

Local name Family inhibition (%) inhibition (%)
Ficus racemosa / Dumri Moraceae 33.3+£1.7 35.7£0.4
Gynocardia odorata / Gantay Flacourtiaceae 43.1+0.9 44.5+1.2
Girardiana heterophyllab /00 o0 57.2+1.3 55.9+1.5
Bhangre sisnu
Hedera helix / Dudela Avraliaceae 0 0
Ipomoea batata / Sakarkand Convolvulaceae 43.7+0.5 44.5+0.6
Jatropha urens / Hatticane Euphorbiaceae 0 0
Kaer_npferla rotunda / Zingiberaceae 0 0
Bhuichampa
Kydia calycina / Kubinde Malvaceae 0 0
Litsea cubebag / Siltimmur Lauraceae 17.8+1.1 19.1+1.6
Morus alba / Mul-berry Moraceae 25.5£1.6 26.8+£1.0
Momordica chrantia / Cucurbitaceae 45.5+1.3 43.3x1.4
Karela
Musa sapientum / Bankera Scitaminaceae 49.2+1.9 48.4+1.3
Nardostachys jatamansia / Valerianaceae 54.1+1.7 52.3+15
Jatamansi
Ocimum sanctum / Tulsi Labiateae 46.5+1.9 47.7+0.9
Oroxylum indicum / Totola Bignoniaceae 27.7£1.3 26.5£1.5
E:tgifx pseudoginsengd / Panch Araliaceae 33.9+£0.7 32.7+0.8
Picrorhiza kurrooa / Kutki Scrophulariaceae 42.4+0.9 43.7+0.7
Paederia foetida / Birilahara Rubiaceae 53.1+1.3 55.2+1.5
Potentilla fulgens / Banmula Rosaceae 38.1+1.6 37.6x£1.7
Quercus lanata / Banj Fagaceae 47.8+1.5 45.9+1.4
Syzygium cuminiie / Kyamuna | Myrtaceae 27.5+1.3 26.4+1.1
Saraca asoca / Asok Caesalpiniaceae 42.4+1.6 44.2+1.7
Swertia pedicellata / Chireto Gentianaceae 50.7£1.5 52.4+1.8
Stephania glabrab / Tamarkay | Gentianaceae 44.7+1.2 42.9+1.5
Swertia chirayita / Chireto Menispermaceae 56.1+1.8 53.4+1.7
Trigonella foenum-graecum/ Fabaceae 24.6x1.0 26.1+1.1
Methi
Urtica dioica / Sisnu Urticaceae 45.5+1.3 47.1+1.5
Zingiber officinale / Adua Zingiberaceae 42.8+1.7 46.9+1.8
Results are mean values +SE
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4. DISCUSSION

Alpha amylase activity of medicinal plant is known in literature. Nandhakumar et al. studied
in vitro assay of alpha amylase inhibitory activity of Indian medicinal herb and observed high
alpha amylase inhibitory activity in Acalypha indica.l*” Nickavar and Yousefian noted alpha
amylase inhibitory activity of few Iranian plants."* Ali et al. demonstrated high alpha
amylase inhibitory activity of some Malaysian plants used to treat diabetes.!*? Kobayashi and
his coworkers noted alpha amylase inhibitory activity of some Mongolian plants.**! Funke
and Melzig observed alpha amylase inhibitory activity in many Brazelian medicinal plants.**
Even it is reported in the literature that the terrestrial and marine natural products have alpha
amylase inhibitory activity.*® In the present study we confirmed alpha amylase inhibitory
activity of 44 medicinal plants which are being used by the folk healers of Sikkim in the
treatment of diabetic patients. The activities are statistically significant and comparable to

that of the alpha amylase inhibitory activity of acarbose, a known inhibitor of alpha amylase.

Medicinal plants are also known for alpha glucosidase inhibitory activity. Alpha glucosidase
inhibitory activity of selected Philippine plants was recorded by Lawag et al.l'® Plants used
in traditional Chinese medicine for treatment of diabetes mellitus also showed alpha
glucosidase inhibitory activity.!”! Ye et al. observed alpha-glucosidase inhibition from a
Chinese medical herb (Ramulusmori) in normal and diabetic rats and mice.l*®! Wongsa et al.
noted potential inhibition against alpha glucosidase of culinary herbs of Thailand.™
Screening of alpha glucosidase inhibitory activity of some Indonesian medicinal plants used
in treatment of diabetes mellitus was undertaken by Mun’im and coworkers who observed
that the plants had high alpha glucosidase inhibitory activity.”® In the present study we
screened 52 medicinal plants which are being used in the treatment of diabetic patients by the
folk healers of Sikkim. 44 medicinal plants showed strong alpha glucosidase inhibitory

activity. Values were statistically significant and comparable to that of acarbose.

Alpha amylase and alpha glucosidase inhibitory activities of acarbose and 52 medicinal
plants under study are presented in figure — 1 & Figure — 2 respectively. Alpha amylase
inhibitory activity of acarbose (A) was 61.5%. 12 plants of ‘B’ group, 17 plants of ‘C’ group,
5 plants of ‘D’ group, 8 plants of ‘E’ group and 2 plants of ‘F’ group had mean value of
alpha amylase inhibitory activity 54.1%, 45.3%, 35.6%, 25.2% and 18.8% respectively. 8
plants of ‘E’ group did not exert alpha amylase inhibitory activity. Alpha glucosidase
inhibitory activity of acarbose (A) was 63.7%. 12 plants of ‘B’ group, 17 plants of ‘C’ group,
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5 plants of ‘D’ group, 8 plants of ‘E’ group and 2 plants of ‘F’ group had mean value of
alpha glucosidase inhibitory activity 55.3%, 46.4%, 36.4%, 25.0% and 18.8% respectively. 8

plants of ‘E’ group, however, did not show alpha glucosidase inhibitory activity.

704

Figure — 1: Showing alpha amylase inhibitiory activity (% inhibition) of acarbose and

52 medicinal plants under study.

70

60 17|

501]]

10 1]

A B C D E F G

Figure — 2: Showing alpha glucosidase inhibitiory activity (% inhibition) of acarbose
and 52 medicinal plants under study.
A: Acarbose B: 12 plants C: 17 plants D: 5 plants E: 8 plants F: 2 plants G: 8 plants
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The present work is the scientific validation of 44 medicinal plants being used in the
treatment of diabetes by the folk healers of Sikkim. Due to having alpha amylase and alpha
glucosidase inhibitory activities the plant leaves possess anti diabetic property. This anti
diabetic property of the plant leaves now need experimentations on animal diabetes followed

by clinical trial. Presently work is going on in this direction in our laboratory.

5. CONCLUSION

The present work is the scientific validation of 44 medicinal plants of Sikkim origin as
antidiabetic plants. The work, therefore, opens new avenues to the future researchers to work
on these medicinal plants in experimental diabetes as well as in clinical cases. Further, work

may be done on isolation of antidiabetic compound(s) from these plant leaves.

REFERENCES

1. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates
for the year 2000 and projections for 2030. Diabetes Care, 2004; 27: 1047-1053.

2. Pal Ranabir, Pal Shrayan, Barua Ankur, Ghosh MK. Health education intervention on
diabetes in Sikkim. IJEM, 2010; 14(1): 3-7.

3. Gurung Bejoy. The medicinal plants of Sikkim Himalaya, Gangtok, Sikkim, 2002;
200-271.

4. Derosa G, Maffioli P. a-Glucosidase inhibitors and their use in clinical practice. Arch.
Med. Sci., 2012; 8: 899-906.

5. Rhabasa-Lhoret R, Chiasson JL, Alpha -Glucosidase inhibitors. In: Defronzo, R.A.,
Ferrannini, E., Keen, H., Zimmet, P. (Eds.), International Textbook of Diabetes Mellitus,
vol. 1, third ed. John Wiley & Sons Ltd, 2004; 901-914.

6. De Sales PM, De Souza PM, Simeoni LA, Magalhaes PO, Silveira D. a-amylase
inhibitors: A review of raw material and isolated compounds from plant source. J Pharm
Pharm Science, 2012; 15: 141-183.

7. Deguchi Y, Osada K, Watanuki M. Effect of guava leaf extract in combination with
acarbose or voglibose on increased blood glucose level in sugar-loaded normal mice. J
Jpn Soc Nutr Food Sci., 2003; 56: 207-212.

8. Dong HQ, Li M, Zhu F, Liu FL, Huang JB. Inhibitory potential of trilobatin from
Lithocarpus polystachyus Rehd against a-glucosidase and o-amylase linked to type 2
diabetes. Food Chemistry, 2012; 130: 261-266.

WWW.wjpr.net Vol 1, Issue 2, 2012. 396




Mitra et al. World Journal of Pharmaceutical Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bliss CI. “Statistics in biology”. Statistical methods for research in the natural sciences,
Vol. 1, McGraw Hill Book Company, NY., 1967; 558.

Nandhakumar M, Tamil Iniyan G, Senthikumar M, Dinesh Kumar B, Mitra A. In vitro
assay of alpha amylase inhibitory activity of Indian medicinal herb Acalypha indica. J
Clin Diagn Res, 2009; 3: 1475-8.

Nickavar B, Yousefian N. Inhibitory effects of six allium pecies on alpha amylase
enzyme activity. Iranian J Pharma Res, 2009; 8: 53-7.

Ali H, Houghton PJ, Soumyanath A. Alpha amylase inhibitory activity of some
Malaysian plants used to treat diabetes: With particular reference to Phyllanthus amarus.
J Ethnopharmacol, 2006; 107: 449-55.

Kobayashi K, Baba E, Fushiya S, Takano F, Batkhuu J et al. Screening of mongolian
plants for influence on amylase activity in mouse plasma and gastrointestinal tube. Biol
Pharm Bulletin, 2003; 26: 1045-1048.

Funke I, Melzig MF. Traditionally used plants in diabetes therapy- phytotherapeutics as
inhibitors of -amylase activity. Braz. J. Pharmacogn., 2006; 16: 1-5.

Tarling A, Woods K, Zhang R, Brastianos HC, Brayer GD, Andersen RJ, Withers SG.
The Search for Novel Human Pancreatic alpha — amylase Inhibitors: High-Throughput
Screening of Terrestrial and Marine Natural Product Extracts. Chem BioChem, 2008; 9:
433-438.

Lawag IL, Aguinaldo AM, Naheed S, Mosihuzzaman M. a-Glucosidase inhibitory
activity of selected Philippine plants. J Ethnopharmacol, 2012; 144: 217-219.

Xiao-Ping YE, Chun-Qing S, Ping Y, Ren-Gang M. a-Glucosidase and o- Amylase
Inhibitory Activity of Common Constituents from Traditional Chinese Medicine Used for
Diabetes Mellitus. Chinese Journal of Natural Medicines, 2010; 8: 349-352.

Ye F, Shen Z, Xie M, alpha-Glucosidase inhibition from a Chinese medical herb
(Ramulusmori) in normaland diabetic rats and mice. Phytomedicine., 2002; 9: 161-166.
Wongsa P, Chaiwarit J, Zamaludien A. In vitro screening of phenolic compounds,
potential inhibition against a-amylase and a-glucosidase of culinary herbs in Thailand.
Food Chemistry, 2012; 131: 964-971.

Mun’im A, Katrin, Azizahwati, Andriani A, Mahmudah KF, Mashita M. Screening of a-
Glucosidase Inhibitory Activity of Some Indonesian Medicinal Plants. Int. J. Med. Plants,
2011; 3: 144-150.

WWW.wjpr.net Vol 1, Issue 2, 2012. 397




