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Abstract

Background: Pithecellobium dulce (P. dulce), plant widely distributed in tropical regions, is traditionally
recognized for its nutritional and therapeutic value. Although its antibacterial, anti-inflammatory, antidiabetic,
hepatoprotective, antioxidant, and anticancer activities are well reported, its neuroprotective potential remains
largely unexplored. Objective: This study aimed to evaluate the antioxidant and anti-Alzheimer activities of the
90% ethanol extract of P. dulce leaves (EEPD). Methods: Preliminary phytochemical screening was conducted to
identify major bioactive constituents. Antioxidant activity was assessed using the DPPH free radical scavenging
assay. EEPD was fractionated by flash chromatography guided by thin-layer chromatography (toluene: ethyl
acetate, 9:1), and enriched fractions were characterized using LC-MS. Cytotoxicity and neuroprotective effects
were evaluated in SH-SY5Y neuroblastoma cells, with memantine as the reference drug. Results: EEPD contained
flavonoids, alkaloids, tannins, terpenoids, steroids, and phenolic compounds. It exhibited the strongest antioxidant
activity with the lowest ICso value among tested extracts. Phenolic-rich fractions showed significant neuroprotective
effects, enhancing SH-SYSY cell viability and demonstrating notable anti-Alzheimer activity comparable to
memantine. Conclusion: The study highlights the potent antioxidant and neuroprotective properties of P. dulce
leaves, supporting their potential for developing plant-based therapeutics for neurodegenerative disorders.
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INTRODUCTION plant-derived phenolics and flavonoids in neurodegenerative
disease management.!'*!”

ithecellobium dulce, widely distributed
across Asia, Africa, the Pacific Therefore, the present study goals to examine the

Islands, and Central and South  neuroprotective efficacy of P. dulce by examining its effects

America.l»? It is common in Tamil Nadu, on neuronal metabolic pathways using in vitro models. This
Kerala, Andhra Pradesh, and numerous other =~ work specifically evaluates the possible relevance of P. dulce
Indian states, where it thrives in coastal belts, extracts in mitigating neurodegenerative disorders (ND),

scrublands, and dry deciduous forests.’#* Its  such as Alzheimer’s disease (AD).['
edible fruits are consumed fresh or processed

S e [5]
into jams and jellies. Address for correspondence:
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The plant has been extensively explored
for its pharmacological activities, such as
antimicrobial, antihyperglycemic, anti-diabetic,
hepatoprotective, antioxidant, and anticancer
effects.[!2 Although many of its therapeutic
properties are documented, its neuroprotective
potential remains comparatively underreported.
Recent studies highlight the value of
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MATERIALS AND METHODS

Phytochemical studies

Collection and authentication of plant

Leaves of P dulce were sourced from the Pattukkottai
region of Thanjavur District, Tamil Nadu. Botanical
identification was confirmed by Dr. B. D. Sheeja, Associate
Professor, Department of Botany, Government Arts College,
Udhagamandalam. A specimen has been archived in the
Pharmacognosy Laboratory at JSS College of Pharmacy,
Ooty.

Extraction procedure

The leaves were properly cleaned with tap water, shade-
dried for a week at room temperature, and then ground into a
powder. The dried material was sieved through a mesh no. 40
and 80 to obtain uniform particles, which were stored in
airtight containers. Approximately 2 kg of powdered leaves
was consecutively extracted using a Soxhlet apparatus with
n-hexane, chloroform, ethyl acetate, and 90% ethanol.l'”"!
Each extract was concentrated by rotary vacuum evaporator,
weighed, and the percentage yield was calculated based on
the dry leaf weight. The color and consistency of the extracts
were documented. All solvents used were of analytical grade.
The extracts were subsequently subjected to preliminary
phytochemical screening and in vitro antioxidant and free
radical scavenging assays.

In vitro antioxidant and free radical scavenging
studies

Different quantities of P. dulce extracts were combined
with 1 mL of a 1 mM 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) solution made in methanol. The mixtures were
incubated in the dark at room temperature for 30 min, and
absorbance was recorded at 517 nm. Percentage inhibition
was measured relative to a control containing 1 mL of
methanol added to 1 mL of DPPH solution.?*?!! Based on
its robust phytochemical profile and antioxidant activity, the
ethanol extract (EEPD) was selected for further isolation and
characterization.?”

Thin layer chromatography (TLC)

TLC was performed based on the adsorption principle,
where components migrate according to their affinity
toward the stationary phase. Silica gel G (60120 mesh) was
mixed with water to form a slurry, spread uniformly (2 mm
thickness) on cleansed glass plates, dried, and activated. The
mobile phase (toluene: Ethyl acetate: Formic acid) in the
ratio of 5:4:1was allowed to saturate, the chamber before
development. EEPD was spotted 2 cm above the baseline,
and plates were developed to three-fourths of their length.
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After drying, separated spots were visualized using suitable
detection reagents or an iodine chamber, and Rf values were
determined.*

Flash chromatography

Flash chromatography (Biotage system) was performed
using toluene (A) and ethyl acetate (B) in a 9:1 ratio using
a SNAP 25 g cartridge. The instrument was primed with
solvents, the EEPD extract was loaded, and elution was
carried outata 5 mL/min flow rate. As needed, fractions were
gathered in 100 test tubes, concentrated, and recrystallized.
Collected fractions were subjected to additional analytical
analysis.*¥

Liquid chromatography: Mass spectrometry (LC-MS)

Bioactive components of the fractions were identified and
characterized using LC-MS analysis. This method combines
mass spectrometry to determine molecular masses, elemental
makeup, and structural details with liquid chromatography to
separate compounds. Chemical components can be precisely
profiled by detecting ionized molecules based on their mass-
to-charge (m/z) ratios.l*”!

Pharmacological studies

When compared to all four extracts, the findings of the
cytotoxicity investigationin SH-SY5Y cell lines demonstrated
robust anti-AD action in EEPD as compared to memantine as
a standard which was mentioned in Figure 3 and Table 1.

Table 1: /n vitro cytotoxicity studies for AD

S.No. Sample description IC50 pg/mL
1 Memantine 64.59

2 n-hexane extract of P.dulce 183.16
3. Chloroform extract of P.dulce 194.72

4 Ethyl acetate extract of P.dulce 169.42

5. Ethanol extract of P.dulce 96.67

P. dulce: Pithecellobium dulce, AD: Alzheimer’s disease

DPPH Radical Scavenging Activity
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Figure 1: 2,2-Diphenyl-1-picrylhydrazyl radical scavenging
activity of Pithecellobium dulce leaves extract
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Figure 2: Liquid chromatography-mass spectrometry spectrum of fraction 15-21
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Figure 3: In vitro cytotoxicity studies for Alzheimer’s disease

In vitro cytotoxicity studies for AD

MTT assay was performed to determine the cytotoxicity
level of cells for the in vitro cytotoxicity assessment.?®! The
test system used the SH-SY5Y cell line, which is frequently
utilized for performing in vitro for neurobiological research
and neurodegenerative diseases, including Parkinson’s and
Alzheimer’s. This cell line is useful for researching synaptic
function, neurite outgrowth, and neuronal development.
To examine the extract’s possible anti-Alzheimer action,
SH-SY5Y cells were treated with it at doses of such as 12.5,
25,50, 100, and 200 pg/mL.

RESULTS AND ANALYSIS
Phytochemical studies

Flavonoids, alkaloids, tannins, terpenoids, steroids, and
phenolic chemicals were all found in different extracts,
according to preliminary screening.

In vitro free radical scavenging activities

DPPH radical scavenging activity

A lipophilic radical chain reaction brought on by lipid auto-
oxidation is modeled by the DPPH radical. Figure 1 showed
that EEPD demonstrated high dose-dependent DPPH radical
scavenging capabilities among the several extracts used in the
study. The percentage of scavenging activity or inhibition was
calculated using the linear regression method. The IC, values
for DPPH radical scavenging activity of standard ascorbic
acid, n-hexane extract, chloroform extract, ethyl acetate
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extract, and ethanol extract were 18.08 ug/mL, 215.94 ug/mL,
182.53 ug/mL, 137.40 ug/mL, and 53.75 pug/mL, respectively.

On the basis of phytochemical evaluation and in vitro free
radical scavenging activities, the ethanol extract of P. dulce
leaves (EEPD) was selected for isolation.

TLC

EEPD was treated to TLC on silica gel G which has
demonstrated good resolution of solutes system such Toluene:
Ethyl acetate (9:1). The matching detecting agent was used to
identify the various spot developments in each system, and
Rf values were computed.

Flash chromatography

On the basis of phytochemical screening and TLC analysis,
the isolation of active ingredients of EEPD was done by flash
chromatography through the isocratic elution technique with
the help of the solvent system Toluene: Ethyl acetate (9:1).
The identical color-collected fractions 15-21 [Figure 2],
10-13, and, 26-33 produced by flash chromatography
were subjected to LC-MS investigations for validating the
phytoconstituents.

Spectral analysis: LC-MS of fractions

Methanol-water (70:30) was used as the diluent for LC
analysis, with a rate of flow of 0.5 mL/min. A Shimadzu
LC-MS 8030 system (Japan) with an ESI interface running
in scan mode was used for mass spectrometric finding. The
probe was kept at room temperature, with a block temperature
of 350°C and a DL temperature of 250°C. Nitrogen was
employed as the nebulizing gas (3 L/min) and drying gas
(15 L/min). Data acquisition and processing were carried out
using Lab Solutions software. A total of 36 fractions were
collected during purification and subsequently pooled into
three major groups. LC-MS profiling of these pooled fractions
revealed a high concentration of phenolic constituents.

Pharmacological studies

When compared to all four extracts, the findings of the
cytotoxicity investigation in SH-SYSY cell lines demonstrated
robust anti-AD action in EEPD as compared to memantine as
a standard.




CONCLUSION

ND impose a major global health burden, significantly
affecting quality of life. Although several therapeutic agents
exist, most provide only symptomatic relief without targeting
the underlying pathology. Herbal medicines have long been
used for ND management due to their lower side effects,
better patient tolerance, and accessibility. As ND is frequently
associated with behavioral disturbances, such as depression,
anxiety, memory loss, and stress in both adults and children,
interest in natural neuroprotective agents continues to increase.

This study evaluated the phytochemical composition and
anti-Alzheimer’s potential of the 90% EEPD. Preliminary
screening confirmed the presence of phytoconstituents, such
as flavonoids, tannins, alkaloids, terpenoids, and phenolic
compounds in various extracts. /n vitro antioxidant assays
demonstrated that EEPD exhibited the robust free radical
scavenging action, with lowest IC, values among all extracts.

Based on these findings, EEPD was selected for detailed
analysis. TLC using a 9:1 toluene: ethyl acetate system
revealed six major spots, guiding the fractionation through
flash chromatography. Thirty-six fractions were collected
and consolidated into three major pooled fractions, which
LC-MS analysis confirmed to be rich in phenolic compounds.

Evaluation in SH-SYS5Y cells showed that EEPD exhibited
significant cytoprotective and anti-Alzheimer activity,
outperforming other extracts and the standard drug
memantine. Overall, EEPD demonstrates strong antioxidant
and neuroprotective potential, warranting further molecular
and mechanistic studies to identify its active constituents and
develop novel therapies from P. dulce.

REFERENCES

1. Kirtikar KR, Basu BD. Indian Medicinal Plants. 2™ ed.
Dehradun: International Book Distributors; 1999.

2. Orwa C, Mutua A, Kindt R, Jamnadass R, Anthony S.
Agroforestree Database: A Tree Reference and Selection
Guide. Kenya: World Agroforestry Centre; 2009.

3. Sudhersan C, HussainJ. Micropropagation of Pithecellobium
dulce. Plant Cell Biotechnol Mol Biol 2003;4:79-82.

4. Goyal M, Nagpal M. Phytochemical and pharmacological
review on Pithecellobium dulce. Int J Pharm Sci Res
2017;8:1933-40.

5. Morton JF. Manila tamarind. In: Fruits of Warm Climates.
Miami: Julia F. Morton; 1987. p. 176-9.

6. RahmanAH,AnisuzzamanM,AhmedF. Pharmacognostic

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Watal G. Hypoglycemic and antihyperglycemic activity
of Pithecellobium dulce seed extracts. J Ethnopharmacol
2005;97:447-51.

Basri AM, Nor NM, Ahmad SH. Antioxidant and
antibacterial activities of Pithecellobium dulce extracts.
J Med Plants Res 2014;8:606-12.

Rajendran R, Krishnakumar T. Hepatoprotective activity
of Pithecellobium dulce leaves. Int ] Pharm Biomed Res
2010;1:1-5.

Shilpashree V, Chandrashekar KR. Anticancer activity
of Pithecellobium dulce leaf extract. Pharmacogn Mag
2016;12:5492-8.

Arumugam P, Ramamurthy P, Santhiya ST, Ramesh A.
Antioxidant activity of Pithecellobium dulce seed extract.
Food Chem 2008;107:644-50.

Howes MIJR, Perry E. The role of phytochemicals
in neurodegenerative diseases. Pharmacol Ther
2011;130:102-15.

Vauzour D, Vafeiadou K, Rodriguez-Mateos A,
Rendeiro C, Spencer JP. Polyphenols and brain health.
Mol Nutr Food Res 2008;52:1-18.

Wollen KA. Alzheimer’s disease and natural products.
J Neurol Sci 2010;299:1-5.

Ahmad F, Tabassum N. Neuroprotective potential of medicinal
plants: A review. J Pharm Bioallied Sci 2013;5:43-50.
Harborne JB. Phytochemical Methods: A Guide to
Modern Techniques of Plant Analysis. 3" ed. London:
Chapman & Hall; 1998.

Kokate CK, Purohit AP, Gokhale SB. Pharmacognosy.
45" ed. Pune: Nirali Prakashan; 2010.

Trease GE, Evans WC. Pharmacognosy.
Edinburgh: Saunders Elsevier; 2009.
Brand-Williams W, Cuvelier ME, Berset C. Use of a free
radical method to evaluate antioxidant activity. LWT
Food Sci Technol 1995;28:25-30.

Blois MS. Antioxidant determinations by the use of a
stable free radical. Nature 1958;181:1199-200.

Shalaby EA, Shanab SM. Comparison of DPPH and
ABTS assays for determining antioxidant potential of
microalgae. Adv Biol Chem 2013;3:148-52.

Wagner H, Bladt S. Plant Drug Analysis: A Thin Layer
Chromatography Atlas. 2™ ed. Berlin: Springer-Verlag;
1996.

Still WC, Kahn M, Mitra A. Rapid chromatographic
technique for preparative separations with moderate
resolution. J Org Chem 1978;43:2923-5.

Niessen ~ WM. Liquid  Chromatography-Mass
Spectrometry. 3 ed. Boca Raton: CRC Press; 2006.
Mosmann T. Rapid colorimetric assay for cellular growth
and survival: Application to proliferation and cytotoxicity
assays. J Immunol Methods 1983;65:55-63.

16" ed.

and antibacterial activities of Pithecellobium dulce
leaves. Adv Biol Res 2010;4:103-8.

Kumar S, Kumar D. Analgesic and anti-inflammatory
activities of Pithecellobium dulce leaves. Fitoterapia
2011;82:255-9.

Gupta RK, Kesari AN, Murthy PS, Chandra R, Tandon V,

Source of Support: All authors acknowledge the seed money
research grant provided by JSS Academy of Higher Education
and Research, Mysuru (Ref. No. REG/DIR(R)/URG/54/2011-
12/5293; dated 19.10.2020). Conflicts of Interest: None
declared.

Asian Journal of Pharmaceutics * Oct-Dec 2025 ¢ 19 (4) | 2278




