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ABSTRACT: In this present study, the objective was to extract crude
saponins from the root of Phoenix pusilla (PP) and to check its inhibitory
potential of α- amylase and α- glucosidase enzyme. Saponins were
isolated by partitioning between butanol and water. Further, the presence
of saponin was confirmed by the foam test. Then the crude saponins were
analyzed by UV- spectroscopy in the range of 200-400 nm and Fourier
transform infrared spectroscopy (FTIR). FTIR results revealed the
presence of – OH, -C-H, C=O functional groups. In-vitro antidiabetic
activity assay of isolated crude saponin with acarbose as positive standard
showed efficient hypoglycemic ability. Saponins have application in the
food industry, cosmetics preparation and also exhibit various
pharmaceutical activities. So plant-based saponin isolation in the pure
form will be a boon to human utilization. This was the first report of in
vitro antidiabetic potential of crude saponins of PP root.

INTRODUCTION: Phoenix pusilla (PP) belongs
to Arecaceae family native to Srilanka and India. It
grows upto 3 feet, and it is commonly called as
dwarf date palm 1. Fruits of PP are used to treat
stomach disease, which affects mucosal lining,
fever, seminal weakness 2, pith is used by poor
people for making kanji and is used to treat gleet,
gonorrhea. Roots are used to treat toothache 3.
Phoenix consists of 14 species, of which 7 species
are seen in India and 2 species are native to India 4.
Saponins are the phytochemicals found to be
distributed in different concentrations in various
parts of monocotyledon and dicotyledon plants.
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They are water-soluble, have a bitter taste and
surfactant properties. Saponin has aglycone
(terpenoid, C-30, steroid, C-27), glycone part and
so it has amphiphatic nature 5. Saponins showed
biological activity like haemolytic action (in fish),
anti-inflammatory, anti-tumor, anti-insect, etc.
Saponin has application in soap manufacture,
shampoo, cosmetics and fire extinguisher 6.
Saponins have the ability to regulate nutrient
uptake by the intestine, reduce protein digestion,
serum cholesterol 7.
In 1500 BC, Egyptians first recognized diabetes. In
the same period, Indians identified and named it as
‘madhumeha’, which means honey in the urine 8.
Defect in insulin secretion or defect in insulin
action, or both is the major cause of diabetes. The
major impact of the defect is a rise in blood glucose
levels 9, 10. Diabetes was identified as the 8th
leading cause for death in the world. Insulin is the
peptide hormone secreted by β- cells of the
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pancreas 11. The role of insulin in the target cells
(Adipose tissue, skeletal muscle, liver) is to
promote energy storage. It affects carbohydrate,
protein, and lipid metabolism. Insulin stimulates
glucose uptake, promotes glycolysis and
glycogenesis, and protein synthesis 12.

High-Performance Liquid Chromatography
(HPLC): Analytical HPLC was carried out by
injecting 20 µl of crude saponin into C18 column
(4.6 × 250 mm) with acetonitrile: water as mobile
phase in the ratio of 25:75 at the flow rate of 0.8 ml
/min 17.

Saponins present in the plant have a protective
effect on pancreatic islet cells and promotes insulin
secretion from the remaining pancreatic β-cells.
The ability of saponin to reduce elevated plasma
blood glucose makes saponin an excellent
candidate in the treatment of diabetes mellitus 13.

Liquid Chromatography-Mass Spectroscopy
(LC-MS): LC-MS is a hyphenated technique
where HPLC is coupled with MS. The principle of
this method is separation occurs in the liquid
column, and then the separated molecule is ionized.
Then the ionized molecule based on their charge/
mass ratio was detected. The main application of
LC-MS is the compound can be analyzed
qualitatively and quantitatively 18.

Saponins have been known to possess the antidiabetic property and are promising compounds
with the potential to be developed into new drugs
for anti-diabetes. Saponins isolated from various
plants have been reported against diabetes. Hence,
in this present study, crude saponins of PP were
isolated, characterized and in-vitro enzyme
inhibition against alpha-amylase and Alphaglucosidase was determined.
MATERIALS AND METHODS:
Sample Collection: Roots of PP were collected
from Viramangudi village, Thanjavur district,
authenticated, dried, and stored.
Crude Saponin Isolation (PPCS): 100 g of dry
powder of PP was deffated with 500 ml of
petroleum ether in soxhlet apparatus, the marc reextracted with methanol for 24 h, the methanol was
evaporated, concentrated and the yield was noted (5
g). The methanolic extract was then partitioned
between butanol and water (1:1), left at room
temperature without disturbing the mixture for 1
day. Then the organic layer was collected, the
solvent was evaporated, the residue was dissolved
in methanol. Finally, diethyl ether was added to
precipitate the saponin 14.
Foam Test: Saponin presence was confirmed by
adding a small amount of precipitate and water in a
test tube. The tube was shaken vigorously 15.
FTIR: Translucent sample disc was prepared by
mixing crude saponin with KBr pellet and loaded
into FTIR spectroscope. The spectra were recorded
in the scan range of 500 cm-1-3500 cm-1 16.
Chemical bonds can be identified from the IR
spectrum.

In-vitro Antidiabetic Activity:
α -Amylase Inhibitory Assay: 200 μl of root crude
saponin and positive standard (acarbose) of
concentration range 250-1250 μg/ml were taken.
To each concentration, 200 μl of α-amylase
solution dissolved in phosphate buffer was added
and incubated at 30 °C for 10 min. Then 200 μl of
1% starch solution was added, incubated for 3 min.
Finally, the reaction was stopped by adding 3, 5dinitrosalicylic acid, kept in boiling water bath for
10 min, cooled, and the absorbance was measured
at 540 nm. Control was also treated similarly
without the extract 19.
α –Glucosidase Inhibitory Assay: 20 μl of five
different concentrations of PPE, acarbose were
taken, and the same volume of the enzyme was
added. The reaction mixture was then incubated at
37 °C for 15 min. 5 mM P-NPG (para nitrophenyl
glucose, 20 μl) was added to the extract, as well as
to the standard, incubated at 37 °C for 20 min and
the reaction was stopped by adding 50 μl Na2 CO3
(0.1 M). The absorbance of the released pnitrophenol was measured at 405 nm. Control was
set up without the extract 20.
Results and Discussion: Saponin was isolated by
partitioning between butanol and water in the
separating funnel. After 24 h, two separation layers
were seen with the lower aqueous layer and upper
organic layer. Butanol upper layer (brown colour)
contains the saponins, which were collected
separately Fig. 1. The presence of saponin was
confirmed by foam test and the foam persisted for 3
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min Fig. 2. FTIR analysis showed the C=O, C-H,
OH stretch presence at the frequency of 1645.47,
2873.23, 2938.91, 3364.01 cm-1 Fig. 3, Table 1.

FIG. 1: SAPONIN PARTITIONED BETWEEN WATER
AND BUTANOL

E-ISSN: 0975-8232; P-ISSN: 2320-5148

TABLE 1: STRETCH AND BENDS OF CRUDE SAPONINS
S. no.
Wave number cm-1
Functional group
1
3364.01
OH stretch
2
2938.91
C-H stretch
3
2873.23
C-H stretch
4
1645.47
C=O stretch

Saponins are used to treat and cure diseases like
bronchitis, eczema, varicose ulcer, etc. 21 Crude
saponins of Terminalia arjuna and Prosopis
spicigera showed immunopathological activity 22.
Asha et al., isolated saponin from Rosamarinus
officinalis and showed the same type of functional
group existence 23. Saponin isolated from brittle
stars showed a similar peak, which was obtained
with PP crude saponin. Brittle star saponin was also
found to show similarity with the standard Quillaja
saponin 24. IR spectra of Sapindus emarginatus
showed the existence of a similar type of functional
group 25. HPLC chromatogram showed 19 peaks,
the peak with retention time 3.381 showed
maximum height, and this peak molecular weight
was checked with LC-MS Fig. 4.

FIG. 2: FOAM TEST
FIG. 4: HPLC CHROMATOGRAM

FIG. 3: FTIR SPECTRUM OF PPE CRUDE SAPONINS

A normal or reverse phase column can be used for
identification but for the ultimate separation
reverse-phase column. The most commonly
followed protocol for triterpenoid saponin
separation is the utilization of C18 column and
acetonitrile: water as mobile phase. Selection of
stationary and mobile phase for the saponin
separation is important as it plays a crucial role in
separation 26. The highest peak observed with
HPLC analysis was targeted. Fraction of the
highest peak was subjected for LC-MS analysis.
LC-MS of fraction 1 (3.381 retention time) showed
a single peak with a molecular weight 344.35.
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Asha et. al., isolated saponin from Rosamarinus
officinalis and showed the same type of functional
group existence as found with PPCS 23. So it may
be the same type of saponin identified in
Rosamarinus officinalis.

FIG. 7: GLUCOSIDASE INHIBITION ACTIVITY

FIG. 5: LC-MS

α -amylase and α-glucosidase are key enzymes
involve in carbohydrates breakdown and intestinal
absorption, respectively. Inhibition of these
enzymes regulates the blood glucose level increase
after carbohydrates diet and can be an important
strategy in the management of non-insulindependent diabetes mellitus (NIDDM) 27. The invitro anti-diabetic activity revealed that the crude
saponins were effective against alpha-amylase as
well as glucosidase enzyme, but comparatively, αamylase inhibition potential was high (Fig 6, 7).
IC50 value of α- amylase inhibition was 587.12
μg/ml, and α- glucosidase inhibition was 835.72
μg/ml.

Saponin was extracted from Cochlospermum
planchonii root by liquid-liquid partition method
using butanol. Inhibition efficiency against alphaamylase and alpha-glucosidase for the extracted
saponin was evaluated. It was found that the root
saponin showed effective inhibition against both
the enzymes which was taken for the assay.
Furthermore, it was identified that the root saponin
inhibits the enzyme by uncompetitive inhibition 28.
Steroidal saponin was isolated from bitter tea
vernonia leaf and its inhibition potential against αamylase and α-glucosidase was checked. It was
observed that the saponin was effective against
both the enzyme inhibition 29. So it was evident that
saponins possess antidiabetic property by inhibiting
the enzymes associated with postprandial blood
glucose regulation. In the above-mentioned
findings, butanol saponin fraction or saponin
isolated from butanol fraction of different parts of
the plant were reported for amylase. Glucosidase
inhibition, its mode of inhibition, was identified,
and moreover, in the present study, butanol-based
saponin isolation was carried out. In contrast, in
future the exact mode of partially purified saponin
of Phoenix pusilla root against the amylase and
glucosidase inhibition has to be studied.
CONCLUSION: Saponins are a high molecular
weight polar compound proved to have various
biological activities. PP plant parts have folklore
medicinal value, but it is exploited for another
purpose. A further in-vivo study is needed to
properly utilize crude saponins of PP root against
diabetes and associated complications.

FIG. 6: AMYLASE INHIBITION ACTIVITY

International Journal of Pharmaceutical Sciences and Research

5008

Bharathi and Anuradha, IJPSR, 2021; Vol. 12(9): 5005-5009.

ACKNOWLEDGEMENT: Nil
CONFLICTS OF INTEREST: No conflict of
interest.
REFERENCES:
1.
2.

3.
4.

5.

6.

7.

8.
9.
10.
11.

12.
13.
14.

15.

Sudhersan: Introduction of a multipurpose Palm, Phoenix
pusilla, in Kuwait. PALMS 2004; 48: 191-96.
Sankar V and Shoba FG: Antioxidant and antidiabetic
activity of Phoenix pusilla Gaertn. unripe fruit extract in
streptozotocin-induced sprague dawley rats. The Journal of
Phytopharmacology 2017; 6: 66-72.
http://www.asia-medicinalplants.info/phoenix-pusillagaertn/ accessed on 25/3/19).
Al-Alawi RA, Al-Mashiqri JH, Al-Nadabi JSM, Al-Shihi
BI and Baqi Y: Date Palm Tree (Phoenix dactylifera L.):
Natural Products and Therapeutic Options. Front. Plant Sci
2017; 8: 1-12.
Mishra S and Thakur M: Role of Microwave assisted
extraction for isolation of saponins from Sapindus
mukorrosai and synthesis of its stable bio functionalized
silver nanoparticles and its hypolipidaemic activity. Int J
Pharm Sci Res 2016; 7(7): 2959-65.
Moghimipour E and Handali S: Saponin: Properties,
Methods of Evaluation and Applications. Annual Research
& Review in Biology 2015; 5: 207-20.
Vinarova L, Vinarov Z, Atanasov V, Pantcheva I,
Tcholakova S, Denkova N and Stoyanov S: Lowering of
cholesterol bioaccessibility and serum concentrations by
saponins: in-vitro and in-vivo studies. Food Funct 2015; 6:
501-512.
Hussain: Diabetes in Asia: Special Challenges and
Solutions. Journal of Diabetology 2019; 69-72.
Punthakee Z, Goldenberg R and Katz P: Deﬁnition,
classiﬁcation and diagnosis of diabetes, prediabetes and
metabolic syndrome. Can J Diabetes 2018; 42: S10–S15.
Baynes HW: Classification, pathophysiology, diagnosis
and management of diabetes mellitus. J Diabetes Metab
2015; 6: 1-9.
Todkar SS: Diabetes mellitus the ‘Silent Killer’ of
mankind: An overview on the eve of upcoming World
Health Day!. J Med Allied Sci 2016; 6: 39-44.
Qaid MM and Abdelrahman MM: Role of insulin and
other related hormones in energy metabolism-a review.
Cogent Food & Agriculture 2016; 2:1-18.
Lavle N, Shukla P and Panchal A: Role of flavonoids and
saponins in the treatment of Diabetes Mellitus. J Pharm Sci
Bioscientific Res 2016; 6: 535-41.
Akaniro-Ejim NE, Ubani CS, Nubila NI, Nzei AA, Nwodo
UU, Anthony I and Okoh AI: Evaluation of Saponin
Extract from Vitex doniana and Pentaclethra macrophylla
for Antibacterial Activity Appl Sci 2016; 6: 1-10.
Evans WC, Trease and Evans: Pharmacognosy. 15th ed.
London: WB Sauders Company Ltd.; 2002.

E-ISSN: 0975-8232; P-ISSN: 2320-5148
16. Chinnaduraia V, Viswanathana P, Kalimuthua K, Vanithaa
A, Ranjithaa V and Pugazhendhi A: Comparative studies
of phytochemical analysis and pharmacological activities
of wild and micro-propagated plant ethanol extracts of
Manihot esculenta. Biocatalys and Agri Biotech 2019; 19.
17. Talreja T, Kumar M, Goswami A, Gahlot G, Jinger SK
and Sharma T: HPLC analysis of saponins in Achyranthes
aspera and Cissus quadrangularis. Journal of
Pharmacognosy and Phytochemistry 2017; 6: 89-92.
18. Usman MRM, Badgujar SR and Shaikh TY: Hyphenated
Techniques of Drug Analysis Sch Acad J Pharm 2017;
6(6): 263-72.
19. Wickramaratne MN, Punchihewa JC and Wickramaratne
DBM: In-vitro alpha amylase inhibitory activity of the leaf
extracts of Adenanthera pavonina. BMC Complement
Altern Med 2016; 16: 1-5.
20. Telagari M and Hullatti K: In-vitro α-amylase and αglucosidase inhibitory activity of Adiantum caudatum
Linn. and Celosia argentea Linn. extracts and fractions.
Indian J Pharmacol 2015; 47: 425-29.
21. Luciana D, Mihaela Z, Mariana M, Simona V and Angela
A: The thin layer chromatography analysis of saponins
belonging to solidago species. Fascicula Protecţia
Mediului 2013; 21: 56-60.
22. Gupta A and Chaphalkar SR: Immunopharmacological
Activity of Saponin from Terminalia arjuna and Prosopis
spicigera. J Pharma Reports 2015; 1: 102.
23. Asha D, Mathew L, Iyer RS, Sayana PS and Bose LV:
Isolation and characterization of a novel saponin from
Rosmarinus officinalis L. (lamiaceae). Int J Adv Res 2017;
5: 1743-49.
24. Amini E, Nabiuni M, Baharara J, Parivar K and Asili J:
Hemolytic and cytotoxic effects of saponin like
compounds isolated from Persian Gulf brittle star
(Ophiocoma erinaceus). J of Co Li Med 2014; 2: 762-768.
25. Bajad and Pardeshi: Qualitative and Quantitave Analysis
of Saponin as Bioactive Agent of Sapindus emarginatus.
Int Journal of Science and Research 2016; 5: 351-354.
26. Li SS, Li KK, Xu F, Tao L, Yang L, Chen SX and Gong
XJ: A Strategy for Simultaneous Isolation of Less Polar
Ginsenosides, Including a Pair of New 20-Methoxyl
Isomers, from Flower Buds of Panax ginseng. Molecules
2017; 22(3):442.
27. Mechchate H, Es-Safi I and Louba A: In-vitro alphaamylase and alpha-glucosidase inhibitory activity and invivo antidiabetic activity of Withania frutescens L. Foliar
Extract. Molecules 2021; 26(2): 293.
28. Ashafa AOT and Nafiu MO: Antidiabetic activity and free
radicals modulatory potentials of saponin-rich extract of
Cochlospermum planchonii (Hook Fx. Planch) root invitro. Comp Clin Pathol 2018; 27: 313-20.
29. Anh HLT, Vinh LB, Lien LT, Cuong PV, Arai M, Ha TP,
Lin HN, Dat TTH, Cuong LCV and Kim YH: In-vitro
study on α-amylase and α-glucosidase inhibitory activities
of a new stigmastane-type steroid saponin from the leaves
of Vernonia amygdalina. Natural Product Research 2019.

How to cite this article:
Bharathi SV and Anuradha V: Spectral analysis and hypoglycemic effect of crude saponin extracted from Phoenix pusilla root. Int J
Pharm Sci & Res 2021; 12(9): 5005-09. doi: 10.13040/IJPSR.0975-8232.12(9).5005-09.
All © 2021 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google
Playstore)

International Journal of Pharmaceutical Sciences and Research

5009

