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ABSTRACT

Background: Pluchea lanceolata (Rasna), Alhagi pseudalhagi (Jawasa), and
Caesalpinia bonduc (Latakaranja) important medicinal plants widely used in
India as folk medicine. These plants have been used to control diabetes in
traditional medicinal systems. Objective: In the present study, 50% volume
per volume ethanolic extracts of P lanceolata, A. pseudalhagi, and C. bonduc
subjected to in vitro analysis of antidiabetic effect by alpha-amylase and
alpha-glucosidase inhibitory assay. Materials and Methods: Inhibitory
activity of the hydro-ethanolic extract of the all three plants individually
against alpha-amylase enzyme and alpha-glucosidase enzyme were
examined in different concentrations (3.90-500 ug/mL), where acarbose
used as a positive control. Results: The percentage inhibition of P lanceolata
showed the highest alpha-amylase and alpha-glucosidase inhibitory activity.
Half-maximal inhibitory concentration value P lanceolata was found to
be 4.83 ug/ml and 11.94 pg/ml for alpha-amylase and alpha-glucosidase
inhibition. Conclusion: This study suggests that the hydro-ethanolic extract
of all three plants have antidiabetic property, among these three plants
P lanceolata showed potent enzyme inhibition as compared to other plant
extracts and standard acarbose.

Key words: Alpha-amylase, alpha-glucosidase, antidiabetic,
hydro-ethanolic, in vitro

SUMMARY

* |n the present study, 50% volume per volume ethanolic extracts of Pluchea
lanceolata, Alhagi pseudalhagi, and Caesalpinia bonduc subjected to in vitro
analysis of antidiabetic effect by alpha-amylase and alpha-glucosidase
inhibitory assay

Inhibitory activity of the hydro-ethanolic extract of the all three plants
individually against alpha-amylase enzyme and alpha-glucosidase enzyme
were examined in different concentrations (3.90-500 pg/mL), where
acarbose used as a positive control

The percentage inhibition of Pluchea lanceolata showed the highest
alpha-amylase and alpha-glucosidase inhibitory activity. Half-maximal
inhibitory concentration value Pluchea lanceolata was found to be 4.83 pg/ml
and 11.94 ug/ml for alpha-amylase and alpha-glucosidase inhibition

INTRODUCTION

Diabetes mellitus is a chronic multifactorial disorder and one of the
non-communicable life-threatening metabolic diseases involving huge
health-care cost and high mortality rate. In 2015, it was found that it
affecting 422 million adults globally. The majority of them were between
40 and 59 years and around 80% lived in middle- and low-income
countries. It was found that more than 4.9 million deaths were caused
alone with diabetes and the number of diabetes patients will increase up
to 55% by 2035, reaching 592 million aging between 20 and 79 years.!"?!
These are non-infectious and non-transmissible. It is characterized by
chronic hyperglycemia with disturbance of carbohydrate, fat, and protein
metabolism due to the insufficient secretion of insulin by the pancreas
and by the resistance to the action on insulin in various issues, i.e.,
muscle, liver, and adipose, which results in impaired uptake of glucose.>*!
Postprandial hyperglycemia is one of the earliest observable abnormalities
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e Among these three plants, Pluchea lanceolata showed potent enzyme
inhibition as compared to other plant extracts.
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of glucose homeostasis, in which blood glucose level remains high after
consuming meal and plays an important role in the development of
type 2 diabetes and associated chronic complications, such as micro- and
macro-vascular disorder.*®l Management of plasma glucose levels is
essential for delaying or preventing type-2 diabetes. Insulin secretion
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through medication and/or dietary supervision, it is possible to reach this
goal.” Decreasing the postprandial glucose level is one of the therapeutic
approaches for treating type-2 diabetes; for example slowing the glucose
absorption through inhibition of the carbohydrates-hydrolyzing
enzymes present in the small intestinal brush border, a-glucosidase, and
a-amylase. These are responsible for the breakdown of oligosaccharides
and disaccharides into monosaccharides.*!” Fruits and vegetables that
are consumed worldwide have excellent sources of bioactive compounds
and having capacity reducing the risk of developing diabetes.!"'!

Postprandial glucose levels can be regulated through o-glucosidase
inhibition. Inhibition of these enzymes delay and in some cases halt
carbohydrate digestion, thus prolonging overall carbohydrate digestion
time, causing a reduction in the rate of glucose absorption and
consequently reducing postprandial plasma glucose rise.!"*!

Nowadays, o-glycosidase inhibitors such as acarbose, miglitol, and
voglibose are oral blood glucose-lowering drugs commonly used.
They decrease postprandial hyperglycemia without inducing insulin
secretion; these compounds do not induce hypoglycemia and have good
safety; although, the gastrointestinal adverse effect may limit long-term
compliance to therapy.!'*l

Several medicinal plants species have been used to control diabetes in the
traditional medicinal systems of many cultures worldwide. The potential
role of medicinal plants as inhibitors of ai-amylase and o.-glucosidase has
been reviewed by several authors. A variety of plants has been reported
to show an enzymatic inhibitory activity, and so many are relevant to the
treatment of type-2 diabetes.[®!51%)

The research for a new group of agents from natural resources,
especially from traditional medicine becomes an attractive approach
for the treatment of postprandial hyperglycemia. It is revealed that
there is a direct relationship between phenolic compounds, flavonoids,
and tannins and the ability to inhibit o-amylase and a-glycosidase
activities. These phenolic compounds have a positive effect on diabetes,
by inhibiting the two keys enzymes hydrolyzing carbohydrates in the
digestive tract.!®20-23)

The current study was undertaken to evaluate the hydro-ethanolic
extract of whole plants of Pluchea lanceolata, Alhagi pseudalhagi, and
Caesalpinia bonduc for a-amylase and o.-glycosidase inhibiting in vitro
activities.

In the present study, a survey was conducted in the remote villages
of Chambal Valley (Etawah District-Uttar Pradesh) with the help of
nongovernmental organization named Shri Jhabbulal Jan Jagrati Samiti,
Etawah to interact with the people living in small groups. Out of various
medicinal plants from Chambal Valley (Etawah District-Uttar Pradesh),
three plants were selected on the basis of their ethnobotanical information
used for the treatment of diabetes. Information was recorded, especially
from native people and local traditional healers who were consulted
for their experiences for these plants for curing certain diseases and
disorders. Data were collected through questionnaires. The aqueous
solution of the outer shell of the seeds of C. bonduc is conventionally
used by the tribal people of Andaman and Nicober Islands for the relief
of the symptoms of diabetes mellitus. The aqueous and 50% ethanolic
extract of seeds produced antihyperglycemic and hypolipidaemic effect
in normal and diabetic rats.? Hydroethanolic extract of the whole plant
of P lanceolata produced antidiabetic and wound healing activity in
normal and diabetic rats.”® Whole plant of A. pseudalhagi useful in the
treatment of diabetes. The hydro-ethanolic extract of A. pseudalhagi
obtained by hot continuous extraction was subjected to phytochemical
examination and pharmacological screening for antidiabetic activity
in male Wistar rats after intraperitoneal administration using 18 h rat
fasted model, oral glucose tolerance test, and streptozotocin-induced
diabetic rat model.?”
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MATERIALS AND METHODS

Chemicals and reagents

Porcine pancreatic ca-amylase (PPA), 3,5-dinitrosalicylic acid (DNS
color reagent), Potassium phosphate buffer solution (PBS), p-Nitrop
henyl-o-D-glucopyranoside (pNPG), o-glucosidase, and ascorbose
were purchased from Sigma-Aldrich (St. Louis, USA). Soluble starch
potato, sodium potassium tartrate, sodium chloride, disodium
hydrogen phosphate, and sodium hydroxide were from Merck Chemical
Supplies (India). All the chemicals, including the solvents used in this
study, were of analytical grade.

Collection and preparation of plant material

The plant material (whole plant) of P lanceolata (Rasna),
A. pseudalhagi (Jawasa), and C. bonduc (Kant karaj) were collected
from the wild area of Chambal Valley, District Etawah, Uttar Pradesh,
in the month of June and July during 2016. The plants were identified
and authenticated at source by Pharmacognosy and Ethnopharmacology
Division Council of Scientific and Industrial Research-National Botanical
Research Institute (NBRI), Lucknow. A voucher specification (No.:
NBRI-standard operating procedures-216) has been deposited in
Institute repository. The plant materials were air dried and grounded
into uniform powder with a grinder, passed through a sieve and stored
in airtight glass container for further use.

The air-dried powder of the plant was extracted by hot continuous
extraction with 500 ml of 50% volume per volume (v/v) ethyl alcohol
as menstruum using Soxhlet extractor.”>*"! The hydro-ethanolic extracts
so obtained were filtered through muslin cloth, and filtrates were
evaporated under reduced pressure by using rotary evaporator and
vacuum dried. The residue were then stored in desiccators. The extracts
derived are referred as hydro-ethanolic extract of P. lanceolata (Rasna),
hydro-ethanolic extract of A. pseudalhagi (Jawasa), and hydro-ethanolic
extract of C. bonduc (Latakaranja).

In vitro methods employed in antidiabetic studies
o-amylase inhibition activity

PPA (enzyme commission 3.2.1.1) solution was dissolved in 20 mM
phosphate buffer (pH 6.9 with 6.7 mM sodium chloride) to give a
concentration of 1 U/ml. Starch solution (1%, w/v) was obtained
by stirring 0.1 g of potato starch in 100 ml of 20 mM of phosphate
buffer (pH 6.9 with 6.7 mM sodium chloride) as a substrate. A total
of 100 ul of plant extract solution and 100 uL of the enzyme were
preincubated at 37°C for 30 min. After preincubation 100 ul of a 1% starch
solution was added. The reaction mixtures were then incubated at 37°C
for 20 min. The reaction was stopped with 200 uL of DNS color reagent
and placed in boiling water for 5 min and cooled to room temperature.
Add 200 pl of reaction mixture into the 96-well microplate after diluted
with 1.5 ml of distilled water. The o-amylase activity was determined by
measuring the absorbance of the mixture at 540 nm. Acarbose was used
as positive control. Percentage inhibition was calculated by comparing
against control optical density with the test group.?*"

o-glucosidase inhibitory activity

The o-glucosidase inhibitory activity was performed with a set of
microwell. The enzyme solution containing 20 pl o-glucosidase
(0.1 unit/ml) enzyme solutions were added in 96 microwell plate except
blank well. A volume of 120 ul 0.1 M PBS solutions were added into the
well-containing enzyme and 140 pl 0.1 M PBS in blank well and 160 ul
PBS in extract blank well. Ten microliters of test samples (Acarbose or
test samples) were added into the enzyme solution in microplate wells
and then incubated for 15 min at 37°C. Twenty microliters of pNPG
solutions were added to the microwell plate and incubated the plate for
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15 min at 37°C. The reaction was terminated by adding 80 ul of 0.2 M

sodium carbonate solution.*?

o Test solution contains: 20 pl enzyme + 120 ul PBS + 10 pl of test
samples + 20 ul pNPG + 80 ul stop reagent

o Control solution: All reaction mixture without test samples (20 ul
enzyme + 130 pl PBS + 20 pl pNPG + 80 ul stop reagent)

o Blank solution: All reaction mixture except a-glucosidase
enzyme (140 pl PBS + 10 ul of test samples + 20 ul pNPG + 80 ul
stop reagent)

o Extractblank solution: 10 ul extract + 160 ul PBS + 80 ul stop reagent.

The absorbance of the wells was measured with a microplate reader
at 405 nm, while the reaction system without plant extracts was used
as control. The system without o-glucosidase was used as blank, and
acarbose was used as positive control. Each experiment was conducted
in triplicate. The percentage enzyme inhibition and half-maximal
inhibitory concentration (IC, ) was calculated.

Calculation of half-maximal inhibitory concentration

The concentration of plant extracts required to scavenge 50% of the
radicals (IC,) was calculated by using the percentage scavenging
activities at five different concentrations of the extracts.

Percentage inhibition (I%) was calculated by

1% = (A~A)/A_x 100

Where A_is the absorbance of the control and A_is the absorbance of
the sample.

RESULTS AND DISCUSSION

Anti-diabetic plants have a major role in inhibiting the glucose level thus
providing protection to human against hyperglycemia. Realizing the
facts his research was carried out to evaluate the anti-diabetic activity of
hydro-ethanolic extract of the selected plants. The in vitro antidiabetic
activity of these plants extract was detected by measurement of glucose
uptake in L6 cell lines."**!

o—Amylase inhibition activity

In this study, the in vitro oa-amylase inhibitory activities of the
hydro-ethanolic extract of the whole plant of A. pseudalhagi, C. bonduc,
and P. lanceolata was investigated. The results of the experiment showed
that there was a dose-dependent increase in percentage inhibitory
activity against a-amylase enzyme [Table 1].

The IC, values were determined using potato starch (1%, w/v) in 20
mM phosphate buffer (pH 6.9 containing 6.7 mM sodium chloride)
is used as substrate (in vitro) and tested sample concentration ranged
from 3.90 to 500 pug/ml. P. lanceolata extract showed highest oi-amylase
inhibitory activity as compared to the standard drug (acarbose). IC, value
P. lanceolata was found to be 4.83 ug/ml. IC_ value of C. bonduc extract
was found to be 9.81 ug/ml. It was also showed potent enzyme inhibition

Table 1: a-Amylase inhibition data at different concentration of test samples

as compared to acarbose (IC,; = 29.33 ug/ml). A. pseudalhagi showed
minimum o-amylase inhibitory activity and IC, value was found to be
25.48 ug/ml. A comparison of o-amylase inhibitory activity between the
standard drug and extract of plants has been depicted in Figure 1.

o-glucosidase inhibition activity

In this study, the in vitro a-glucosidase inhibitory activities of the
hydro-alcoholic extract of the whole plant of A. pseudalhagi, C. bonduc,
P, lanceolata was investigated. The results of experiment showed that there
was a dose-dependent increase in percentage inhibitory activity against
a-glucosidase enzyme [Table 2]. Hydro-alcohalic extracts of the whole
plant of A. pseudalhagi, C. bonduc, P. lanceolata showed c-glucosidase
inhibitory potential. The half-maximal inhibitory concentration values
were determined using paranitrophenyl-ca-D-glucopyranoside as
substrate (in vitro) and tested sample concentration ranged from 9.30 to
500 ug/ml. P. lanceolata extract showed highest ai-glucosidase inhibitory
activity as compared to standard drug (acarbose). IC, value P. lanceolata
was found to be 11.94 pg/ml. IC, value of A. pseudalhagi extract was
found to be 70.26 pg/ml. It was also showed potent enzyme inhibition
as compared to acarbose (IC = 202.03 ug/ml). C. bonduc showed
minimum o-glucosidase inhibitory activity and IC,  value was found
to be 480.25 ug/ml. A comparison of o.-glucosidase inhibitory activity
between the standard drug and extract of plants is depicted in Figure 2.

Inhibition of a-amylase and o-glucosidase enzymes involved in
the digestion of carbohydrates, which can significantly decrease the
postprandial increase of blood glucose after a mixed carbohydrate
diet and therefore can be play an important role in the management
of postprandial blood glucose level in type 2 diabetic patients and
borderline patients.****! According to numerous in vitro studies,
inhibition of a-amylase and o.-glucosidase is believed to be one of the
most effective approaches for diabetes care.*2¢!
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Figure 1: Half-maximal inhibitory concentration value (ug/ml) of test
samples showed o-amylase inhibition potential. Note: Lower half-maximal
inhibitory concentration value means higher efficacy

Concentration

Percentage of inhibition

(ng/ml)

Alhagi pseudalhagi Caesalpinia bonduc Pluchea lanceolata Standard (acarbose)
3.90 28.22 32.39 45.80 12.49
7.81 39.12 48.56 51.36 34.96
15.63 45.56 61.53 57.51 45.51
31.25 57.25 74.12 65.23 51.03
62.50 65.12 84.37 74.25 59.62
125.00 70.21 97.11 81.23 75.92
250.00 88.14 100 92.97 84.20
500.00 98.35 100 100.00 97.52
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Table 2: a-Glucosidase inhibition data at different concentration of test samples

Concentration

Percentage of inhibition

(ng/mi) Alhagi pseudalhagi Caesalpinia bonduc Pluchea lanceolata Standard (acarbose)
3.90 22.02 0.36 39.43 4.63
7.81 30.25 5.31 45.12 10.64
15.63 38.90 8.65 57.23 13.62
31.25 4431 12.36 69.25 37.75
62.50 51.10 16.96 80.49 39.83
125.00 60.85 24.88 89.21 47.18
250.00 72.04 31.12 93.08 56.20
500.00 97.98 50.63 99.82 66.52
Pract 2014,105:141-50.
/ 4. Zimmet PZ. The growing pandemic of type 2 diabetes a crucial need for
Standard (Acarbose) prevention and improved detection. Medicographia 2001;33:15-21.
5. Baron AD. Postprandial hyperglycaemia and alpha-glucosidase inhibitors.
Pluchea lanceolata Diabetes Res Clin Pract 1998;40 Suppl 1:S51-5.
Cacsalpinia bonduc '] 6. Boutati El, Raptis SA. Postprandial hyperglycaemia in type 2 diabetes:
Pathophysiological aspects, teleological notions and flags for clinical practice.
Alhagi pseudalhagi Diabetes Metab Res Rev 2004;20 Suppl 2:513-23.
3 ‘ ‘ 7. Kim KT, Rioux LE, Turgeon SL. Alpha-amylase and alpha-glucosidase inhibition
0 100 200 300 400 500 is differentially modulated by fucoidan obtained from Fucus vesiculosus and
Ascophyllum nodosum. Phytochemistry 2014,98:27-33.
Standard 8. Sales PM, Souza PM, Simeoni LA, Silveira D. A-amylase inhibitors: A review of
Alhagi pseudalhagi | Caesalpinia bonduc | Pluchea lanceolata eboss) raw material and isolated compounds from plant source. J Pharm Pharm Sci
1050 (o 2012;15:141-83.
Ii (hg/mb 12 U 1134 AL 9. DeFronzo RA. Pharmacologic therapy for type 2 diabetes mellitus. Ann Intern
- i . i Med 1999;131:281-303.
Figure 2: Half-maximal inhibitory concentration value (ug/ml) of 10. Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M. Acarbose
test samples showed o-glucosidase inhibition potential. Note: Lower for prevention of type 2 diabetes mellitus: The STOP-NIDDM randomised trial.
half-maximal inhibitory concentration value means higher efficacy Lancet 2002;359:2072-7.

11. Pinto Mda S, Ghaedian R, Shinde R, Shetty K. Potential of cranberry powder
for management of hyperglycemia using in vitro models. J Med Food
2010;13:1036-44.

CONCLUSION 12. da Silva Pinto M, Kwon YI, Apostolidis E, Lajolo FM, Genovese MI, Shetty K.
Conventionally many herbal formulations are using as single herb or Functionality of bioactive compounds in Brazilian strawberry (Fragariaxananassa
. L7 . . Duch.) cultivars: Evaluation of hyperglycemia and hypertension potential using
in comblnaqor.ls of several different herbs.. It l?elleved tbat poly herbs in vitro models. J Agric Food Chem 2008:56:4386-92.
show synergistic effect. The herbal formulation includes either plant raw 13 Hanefeld M, Cagatay M, Petrowitsch T. Neuser D, Petzinna D, Rupp M.
material or plant extracts. Here, all selected plants are collected from Acarbose reduces the risk for myocardial infarction in type 2 diabetic patients:
the Chambal Valley of India to investigate the antidiabetic properties. Meta-analysis of seven ‘Or_‘_g'term studies. Eur Heart J 2004,26:10-6.
This study provides the evidence that 50% v/v ethanolic extracts of all ~ 4 Neuser D, Benson A, Brickner A, Goldberg RB, Hoogwerf BJ, Petzinna D.
. . Safety and tolerability of acarbose in the treatment of type 1 and type 2
three plants P. lanceolata, A. pseudalhagi and C. bonduc are having potent diabetes mellitus. Clin Drug Investig 2005:25:579-87.
enzyme inhibitory actions which are responsible for hyperglycemia. 15. Grover JK, Yadav S, Vats V. Medicinal plants of India with anti-diabetic potential.
However, more efforts are needed for the isolation and characterization J Ethnopharmacol 2002;81:81-100.
of bioactive compounds and further evaluation of biological properties. ~ 16. Bnouham M, Ziyyat A, Mekhfi H, Tahri A, Legsseyer A. Medicinal plants with
potential antidiabetic activity — A review of ten years of herbal medicine
A k | d t research (1990-2000). Int J Diabetes Metab 2006;14:1-25.
cknowle gemen S 17. Mentreddy SR. Medicinal plant species with potential antidiabetic properties.
The authors are thankful to Bioassay Laboratory, R and D-Healthcare J Sci Food Agric 2007;87:743-50.
Division, Emami Limited for providing facilities and wish to thank Dr. C 18. Benalla W, Bellahcen S, Bnouham M. Antidiabetic medicinal plants as a source
K Katiyar for his kind support to conduct this research project. of alpha glucosidase inhibitors. Curr Diabetes Rev 2010;6:247-54.
19. Ponnusamy S, Zinjarde SS, Bhargava SY, Kumar AR. Potent a-amylase inhibitory
. . . activity of Indian ayurvedic medicinal plants. BMC Complement Altern Med
Financial support and sponsorship 2011;11:5.
Nil. 20. Tadera K, Minami Y, Takamatsu K, Matsuoka T. Inhibition of alpha-glucosidase
and alpha-amylase by flavonoids. J Nutr Sci Vitaminol (Tokyo) 2006;52:149-53.
H H 21. Adisakwattana S, Chanathong B. Alpha-glucosidase inhibitory activity and
COhﬂICtS Of Interest lipid-lowering mechanisms of Moringa oleifera leaf extract. Eur Rev Med
There are no conflicts of interest. Pharmacol Sci 2011;15:803-8.
22. Lo Piparo E, Scheib H, Frei N, Williamson G, Grigorov M, Chou CJ. Flavonoids
REFERENCES for controlling starch digestion: Structural requirements for inhibiting human
alpha-amylase. J Med Chem 2008;51:3555-61.
1. International Diabetes Federation. IDF Diabetes Atlas. 6" ed. Brussels, Belgium: 93 Rupilar M, Jara C, Poo Y, Acevedo F, Gutierrez C, Sineiro J, et al. Extracts
International Diabetes Federation; 2015. of maqui (Aristotelia chilensis) and murta (Ugni molinae turcz): Sources of
2. World Health Organization [Internet]. Diabetes. World Health Organization, antioxidant compounds and a-glucosidase/a-amylase inhibitors. J Agric Food
Geneva; 2016. Available from: https://www.who.int/newsroom/fact sheets/ Chem 2011;569:1630-7.
detail/diabetes. [Last cited on 2018 Oct 30]. 24. Sharma SR, Dwivedi SK, Swarup D. Hypoglycaemic, antihyperglycaemic

3. Esser N, Legrand-Poels S, Piette J, Scheen AJ, Paquot N. Inflammation as a link
between obesity, metabolic syndrome and type 2 diabetes. Diabetes Res Clin

Pharmacognosy Research, Volume 11, Issue 3, July-September, 2019

and hypolipidemic activities of Caesalpinia bonducella seeds in rats.

J Ethnopharmacol 1997,58:39-44.

313



ANUPAM SACHAN, et al.: a-Amylase and a-Glucosidase Inhibition Activity of Three Plant Extract

25.

26.

27.

28.

29.

30.

31

Sachan AK, Rao CV, Sachan NK. Preliminary chromatographic and
pharmacological investigation of Pluchea lanceolata plant for antidiabetic and
wound healing activity. Res J Chem Environ 2017;21:6-11.

Pullaiah T, Naidu KC. Antidiabetic Plants in India and Herbal Based Antidiabetic
Research. New Delhi: Regency Publication; 2003. p. 75.

Sachan AK, Rao CV, Sachan NK. Extraction and evaluation of hypoglycemic and
wound healing potential of hydro-ethanolic extract of Alhagi pseudalhagi wild.
Am J Ethnomed 2017;4:1-5.

Evans WC. Trease and Evans: Pharmacognosy. 15" ed. Edinburgh: Saunders/
Elsevier; 2005.

Doughari JH. Phytochemicals: Extraction methods, basic structures and
mode of action as potential chemotherapeutic agents. In: Rao DV, editor.
Phytochemicals — A Global Perspective of Their Role in Nutrition and Health.
Croatia: InTech Open; 2012.

Harbone JB. Phytochemical Methods: A Guide to Modern Techniques of Plant
Analysis. London: Chapman and Hall; 1998.

Kim KT, Rioux LE, Turgeon SL. Alpha-amylase and alpha-glucosidase inhibition

314

32.

33.

34.

35.

36.

is differentially modulated by fucoidan obtained from Fucus vesiculosus and
Ascophyllum nodosum. Phytochemistry 2013;98:27-33.

Van de Laar FA. Alpha-glucosidase inhibitors in the early treatment of type 2
diabetes. Vasc Health Risk Manag 2008;4:1189-95.

Sachan AK, Rao CV, Sachan NK. Measurement of glucose uptake potential of
Pluchea lanceolata, Alhagi pseudalhagi, Caesalpinia bounduc in -6 myotube.
Res J Biotech 2019;14:34-9.

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.

Karthic K, Kirthiram KS, Sadasivam S, Thayumanavan B. lIdentification of
alpha amylase inhibitors from Syzygium cumini linn seeds. Indian J Exp Biol
2008;46:677-80.

Etxeberria U, de la Garza AL, Campién J, Martinez JA, Milagro Fl. Antidiabetic
effects of natural plant extracts via inhibition of carbohydrate hydrolysis
enzymes with emphasis on pancreatic alpha amylase. Expert Opin Ther Targets
2012;16:269-97.

Pharmacognosy Research, Volume 11, Issue 3, July-September, 2019



