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ABSTRACT

Background: Traditional medicine relies heavily on plant-based remedies for immune system
modulation, offering advantages of affordability, reduced toxicity, minimal side effects, and better
accessibility compared to synthetic alternatives. Symplocos paniculata (Thunb.) Mig. has been
traditionally used in ethnomedicine for various ailments, though its chemical composition and
therapeutic properties remain inadequately studied. Objectives: Thus, this study aimed to investigate the
phytochemical composition and evaluate the antioxidant and anti-inflammatory properties of leaf and
bark extracts from S. paniculata. Material and Methods: The study employed qualitative and quantitative
phytochemical screening methods, along with in vitro assays including DPPH radical scavenging and
metal chelation for antioxidant activity, and protein denaturation for anti-inflammatory effects. GC-MS
analysis was conducted to identify the phytoconstituents. Results and Conclusion: Phytochemical
screening revealed diverse compounds, with leaf extracts showing higher concentrations of phenolics,
flavonoids, and tannins compared to bark extracts. Bark extract demonstrated superior antioxidant
properties with DPPH radical scavenging (ICso = 61.37 pug/ml) and metal chelating (ICso = 30.06 pg/ml)
activities. Moderate anti-inflammatory activity was observed, with leaf extract showing slightly higher
potency (ICso = 222.81 pg/ml). GC-MS analysis identified terpenes, phytosterols, and fatty acids as
major constituents in both extracts. The study provides scientific validation for traditional medicinal
applications of S. paniculata through comprehensive characterization of its phytochemical profile and
demonstration of significant antioxidant and anti-inflammatory properties, establishing its potential for
pharmaceutical development.
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INTRODUCTION

Medicinal plants have long been acknowledged as valuable sources of diverse drugs, yielding various
therapeutic compounds [, Recognizing their importance, the World Health Organization (WHO)
emphasized investigating these plants to deepen our understanding of their properties, mechanisms of
action, and applications [@. Traditional medicine relies extensively on natural remedies derived from
plants and their formulations to regulate the immune system. These treatments are increasingly attractive
due to their cost-effectiveness, low toxicity, reduced health risks, and ready availability compared to
synthetic medications 34,

One such ethnomedicinal plant of interest is Symplocos paniculata (Thunb.) Mig., commonly known as
‘Asiatic Sweet Leaf” or ‘Sapphire Berry,” marketed as ‘Lodhra’ (Figure 1). It belongs to the
Symplocaceae family, comprising just one genus, Symplocos, which encompasses approximately 300 to
500 species . In Ayurveda, S. paniculata is recognized as ‘Akshi bheshaja’ for its traditional use in
treating eye conditions. Additionally, it holds significance for its efficacy in addressing uterine
complaints, vaginal issues, and menstrual disorders [l. S. paniculata is a deciduous shrub or medium-
sized tree that reaches up to 12 meters in height and thrives at 600 to 2,400 meters in the Himalayan
region. The tree is recognizable by its rough, yellowish-brown bark. Fruits are 3-8 mm long, globose, or
ovoid, turning from blue to black when ripe, typically with one seed. Flowering occurs from May to
June, while fruiting occurs from October to December [71,

The bark of S. paniculata has a folkloric repute as an astringent, tonic, and coolant that has been
traditionally employed to manage conditions such as menorrhagia, bowel complaints, eye ailments,
bleeding gums, and ulcers 89, Its traditional use extends to treating diarrhea and lowering blood
pressure 19, Remarkably, the plant material has a historical application in the extraction of red or yellow
dye 71, Additionally, the plant is valuable in modern medicine because of its anti-HIV, anti-tumor, and
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phosphodiesterase inhibitory activities ['11. Furthermore, the juice of
the bark is applied externally to sprains and muscle swellings (2. This
study focused on evaluating in vitro antioxidant and anti-
inflammatory activities and utilizing GC-MS analysis to identify
essential phytoconstituents in the methanolic leaf and bark extracts of
S. paniculata. The primary objective of this study was to bridge the
existing knowledge gap by providing valuable insights into the
characteristics, and potential applications of S. paniculata.

MATERIALS AND METHODS
Plant material collection and Extract preparation

Plant materials (leaves and bark) were collected in June 2023 from
Niglat (1628 m, 29°23'57" N, 79°30'33" E) near Bhowali,
Uttarakhand, and authenticated at the Botanical Survey of India,
Northern Regional Centre, Dehradun with voucher specimen number
1628. The leaves and bark were cleaned with running water, rinsed
with distilled water, shade-dried, and ground into a fine powder.
Extraction was performed using the hot Soxhlet method, where 12.0 g
of powdered material was extracted with 250 ml methanol at 50°C for
24 hours. The obtained solvent was evaporated, and the resulting solid
extract was stored at 4°C for further analysis.

Phytochemical analysis of the plant extract

Qualitative tests were carried out to detect the presence of alkaloids
(Mayer’s test), phenols and tannins (ferric chloride test), flavonoids
(sulfuric acid test), coumarins (sodium hydroxide test), quinones
(hydrochloric acid test), saponins (froth test), and proteins
(xanthoproteic test) in the plant extracts following the standard
methods 1314, For quantitative analysis of the plant extract total
phenolics, total flavonoids and total tannin content of the plant extract
was measured [15171,

2,2°-Diphenylpicrylhydrazyl
activity

(DPPH) free radical scavenging

The free radical scavenging activity was assessed employing the 2,2-
diphenyl-1-picryl-hydrazyl (DPPH) assay with subtle modifications as
described 18], The reaction mixture (3.0 ml) included 2.0 ml of DPPH
(0.004%) in methanol and 1.0 ml of extract. After 60 minutes of
incubation in the dark, the absorbance at 517 nm was measured using
methanol as a blank. Ascorbic acid served as the positive control. The
percent inhibition was determined using equation: Scavenging (%) =
1-(At/ Ao) x 100

where Ao is the absorbance of the DPPH solution and A: is the
absorbance of the test sample.

The 1Cso was also calculated by plotting the scavenging percentage
against the sample concentration.

Metal chelating activity

The metal chelating activity was determined using ferrozine, a potent
metal chelator 1. Methanol extracts were prepared at concentrations
ranging from 20 to 100 pg/ml. Each sample was adjusted to 5 ml with
0.2 ml of 5 mM ferrozine and 0.2 ml of methanol, followed by
incubation at room temperature for 10 minutes. EDTA
(Ethylenediaminetetraacetic acid) was used as the standard. The
percent inhibition of metal chelation activity was calculated using
equation: Chelation (%) = 1-[(Ao-At)/Ao] x 100

where Ao is the absorbance of the control sample and At is the
absorbance of the test sample.

To establish the ICso values of the extracts and the standard, the
percentage of chelating activity was plotted against the concentration.
The lower the 1Cso value was, the greater the metal chelating activity.

In vitro anti-inflammatory activity

The in vitro anti-inflammatory effectiveness in preventing the
denaturation of egg albumin protein was determined as described [2],
A 5 ml reaction mixture comprising 0.2 ml of fresh hen egg albumin,
2.8 ml of phosphate-buffered saline (PBS) at pH 6.4, and 2 ml of
various concentrations (100-500 pg/ml) of methanolic plant extracts
was prepared. The control group was treated with an equivalent
volume of distilled water. These mixtures were incubated at 37 + 2°C
in an incubator for 15 minutes, followed by heating for 5 minutes in a
water bath at 70°C. After cooling, the absorbance of these mixtures
was measured at 660 nm. Diclofenac sodium was used as the
standard. The percentage of protein denaturation inhibition was
calculated using equation: Inhibition (%) = 1- (Av/Ac) x 100

where At is the absorbance of the sample and Ac is the absorbance of
the control.

Gas chromatography-mass spectrometry (GC-MS) analysis

Gas chromatography-mass spectrometry (GC-MS) utilizing a GCMS-
QP 2010 Ultra instrument with a Rxi-5Sil MS ultra-inert capillary GC
column (30 m length, 250 pm diameter, 0.25 pum film thickness)
coated with polydimethylsiloxane was used to analyze the plant
extracts. Helium was used as the carrier gas at 77.6 kPa with a total
flow rate of 16.3 ml/minute, a column flow rate of 1.21 ml/minute,
and a purge flow of 3.0 ml/minute. The oven temperature started at
70°C, ramped at 3°C/minute to 300°C, held for 2 minutes, increased
at 6°C/minute to 300°C, and held for 15 minutes. The flame
thermionic detector identified compounds by comparing GC peak
retention times to reference compounds and matching mass spectra
fragmentation patterns with NIST-11 and WILEY-8 library data.

Statistical analysis

All the experiments were conducted in triplicate and presented as
mean + standard error. The statistical analysis was performed using
IBM SPSS 19.0 software, employing analysis of variance (ANOVA)
for a completely randomized design at the 5% significance level.

RESULTS
Phytochemical analysis of the plant extract

The qualitative phytochemical analysis of S. paniculata methanolic
extracts indicated the presence of various bioactive compounds, such
as flavonoids, phenols, quinones, tannins, proteins, and coumarins, in
the leaf extract. Conversely, saponins and alkaloids tested negative for
their presence (Table 1). Quantitative analysis indicated that
methanolic extracts of leaves and bark at a concentration of 200 pg/ml
had significantly higher levels of phenolic, flavonoid, and tannin
contents in the leaf extract compared to the bark extract (Table 2).

2,2°-Diphenylpicrylhydrazyl free radical scavenging activity

The DPPH radical scavenging assay assesses antioxidant capacity by
utilizing free radicals through a color change from dark purple to
yellow, indicating the reduction of the radicals to a nonradical state
[211, The methanolic extract of the bark exhibited more potent DPPH
radical scavenging activity (ICso = 61.37 pg/ml) than the leaf extract
(ICs0 = 69.07 pg/ml). As a reference, ascorbic acid demonstrated an
1Cso value of 29.78 pg/ml (Figure 2 (A) and Table 3).

Metal chelating activity

Chelating agents are vital in inhibiting lipid peroxidation by
stabilizing transition metals 221, The methanolic extract derived from
the bark showed robust scavenging activity. Specifically, the 1Cso
value of the leaf extract was 51.24 pg/ml. At the same time, the bark
extract had an even lower ICso value of 30.06 pg/ml, comparable to
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that of the standard EDTA (26.64 pg/ml) as shown in Figure 2 (B)
and Table 3.

In vitro anti-inflammatory activity

Inflammation and related health conditions are becoming increasingly
significant concerns for most of the population 2%, Many plant
extracts inhibit denaturation as a potential strategy for anti-
inflammatory effects 4. In this study, the dose-dependent anti-
inflammatory potential of plant extracts was systematically assessed
(100-500 pg/ml). The leaf methanolic extract showed slightly more
significant anti-inflammatory activity (ICso = 222.81 pg/ml) than the
bark extract (ICso = 250.29 pg/ml). However, the standard drug
diclofenac sodium had an ICso value of 102.93 pg/ml (Table 3).
Furthermore, Figure 3 presents the standard curve for diclofenac
sodium at various concentrations.

GC-MS analysis

GC-MS analysis of the methanolic leaf and bark extracts of S.
paniculata revealed the presence of a total of 18 and 22 bioactive
compounds, respectively. At the same time, the phytocompounds in
the leaf and bark methanolic fractions, along with their retention times
(R.T.) and concentrations (peak area %), are detailed in Table 4 and 5,
respectively. The significant compounds obtained from the leaf
fractions were squalene (31.27%), neophytadiene (18.33%),
guanosine  (5.50%), 5-o-stigmasta-7,22-dien-B-ol  (4.91%), n-
nonadecanol-1 (4.57%), and 2-methylcyclopentyl alcohol (3.67%).
Similarly, the significant compounds obtained in the bark fractions
were stigmasterol (9.30%), lupeol (4.87%), Y-sitosterol (4.02%), and
methyl commate B (3.23%).

Table 1: Preliminary phytochemical screening of S. paniculata methanolic extracts

Phytochemicals Plant parts
Leaf

Alkaloids -
Flavonoids ++
Phenols +

Quinones ++
Saponins -

Tannins ++

Proteins ++
Coumarins ++

Color/Result
Bark
+ Creamy precipitate
+ Orange
+ Bluish-green
- Yellowish-brown
++ Foam

Green

Dark yellow
+ Yellow

(+): present; (+ +): highly present; (-): absent

Table 2: Quantitative phytochemical analysis of methanolic extracts of leaves and bark

Plant parts TPC (ug GAE/mg) TFC (ug QE/mg) TTC (ug TAE/mg)
Leaf 52.19+0.44 22.08+0.13 7.45+0.83

Bark 30.97+0.18 10.81+0.14 1.64+0.13
C.D.at5% 1.37 0.56 0.88

GAE: Gallic acid equivalents, QE: Quercetin equivalent, TAE: Tannic acid equivalent

Table 3: 1Cso values (pug/ml) of S. paniculata for in vitro biological activities

Plant extracts DPPH activity Metal chelating activity Anti-inflammatory activity
Leaf 69.07 51.24 222.81

Bark 61.37 30.06 250.29

Standard Ascorbic acid: 29.78 EDTA: 26.64 Diclofenac sodium: 102.93
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Table 4: Phytochemical compounds obtained from GC-MS analysis of leaf extracts of S. paniculata

Peak no. R.T. (Minutes) Compound name Formula Class of compound Area (%)
1. 7.790 L-mannose CeH 1,04 Monosaccharide 2.07
2. 10.567 Geranic acid CioHi60, Monoterpene 1.72
3. 11.860 Guanosine CioHi3N;505 Nucleoside 5.50
4. 11.864 2-methylcyclopentyl alcohol CeH,,0 Cycloalkyl alcohol 3.67
5. 12.554 Stevioside C33He0O15 Glycoside 0.89
6. 12.562 D-Allose CeH 1,04 Monosaccharide 1.27
7. 13.453 a-methyl-1-sorboside C7H,4,04 Glycoside 1.54
8. 16.303 Neophytadiene C,oHss Sesquiterpene 18.33
9. 17.597 Palmitic acid Ci6H3,0, Fatty acid 1.23
10. 18.780 n-nonadecanol-1 CoH400 Primary alcohol 4.57
11. 19.015 Phytol C,H400 Diterpene alcohol 2.43
12. 24.666 Squalene C30Hso Triterpene 31.27
13. 25.293 1-heptacosanol Cy7Hs60 Aliphatic alcohol 1.00
14. 25.423 Solanesol C4sH740 Polyisoprenoid alcohol 0.50
15. 25.504 Glycerin tricaprylate Cy7H5006 Triglyceride 1.48
16. 27.268 Vitamin E C,9Hs500, Fat-soluble vitamin 0.86
17. 29.550 5-a-stigmasta-7,22-dien-B-ol CyHys0 Phytosterol 4.91
18. 30.298 o-amyrin C30Hs00 Triterpene 0.98
DPPH activity Metal chelating activity
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Figure 2: (A) and (B) Percent scavenging of leaf and bark extracts with the standard curve
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Table 5: Phytochemical compounds obtained from GC-MS analysis of the bark extract of S. paniculata

Peak no. R.T. (Minutes) Compound name Formula Class of compound Area (%)
1. 8.060 Guanosine CyoH13N505 Nucleoside 1.05
2. 13.259 Dodecanoic acid C12H240, Saturated fatty acid 0.88
3. 16.302 Neophytadiene CyoHss Sesquiterpene 1.05
4. 16.698 8-octadecanone CisH360 Fatty acid 1.26
5. 16.785 Palmityl alcohol Ci6H340 Fatty alcohol 1.05
6. 17.207 Arachidic acid methyl ester  C,1Hi,0, Fatty acid ester 0.69
7. 17.599 n-hexadecanoic acid Ci6H3,0, Saturated fatty acid 2.17
8. 17.889 I-nonadecene CioHssg Unsaturated hydrocarbon 2.68
9. 18.778 n-nonadecanol-1 C1oHy0O Saturated alcohol 2.86
10. 21.131 9-hexadecenoic acid, C36H700, Fatty acid ester 1.48
eicosyl ester
11. 23.830 Pentatriacontane CssHypp Saturated hydrocarbon 1.15
12. 24.669 Squalene C3oHso Triterpene 0.90
13. 25.245 Tetracontane CyoHg» Saturated hydrocarbon 2.85
14. 25.503 Glycerol tricaprylate C,7H5006 Triglyceride 2.28
15. 26.535 Y-tocopherol CosHis0, Fat-soluble vitamin 0.45
16. 28.805 Stigmasterol CaoHysO Phytosterol 9.30
17. 29.585 Y-sitosterol Cy9H500 Phytosterol 4.02
18. 30.032 Ergost-1-en-3-one,12- Ca5Hy60, Sterol 2.70
hydroxy-, (5-B-12-a)
19. 30.283 Methyl commate B C31Hs5003 Triterpene 323
20. 30.894 Lupeol C;30Hs500 Triterpene 4.87
21. 31.920 Lup-20(29)-en-3-one C;30Hi0 Triterpene 1.64
22. 37.350 Ursolic aldehyde C30Hy30, Triterpene 0.85
Anti-inflammatory activity
y =0.0967x + 40.046
100 R2=10.935
90
= 80
é 70
© 60
8 50
c
_‘é’ 40
2 30
< 20
10
0
0 100 200 300 500 600

Concentration of Diclofenac sodium (ug/ml)

Figure 3: Standard curve graph of diclofenac sodium
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Figure 4: Gas chromatogram of leaf extract of S. paniculata
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Figure 5: Gas chromatogram of bark extract of S. paniculata

DISCUSSION

Bioprospecting involves the rigorous pharmacognostic investigation
of crude plant materials, which includes screening for phytochemicals
and biological activities %1, In this context, the study examined the
phytochemical, antioxidant, and anti-inflammatory activities of S.
paniculata, aiming to validate its pharmaceutical potential.

Previous studies have revealed the presence of various secondary
metabolites in S. paniculata extracts, corroborating phytochemical
investigations on plants from the Symplocos genus that reported the
occurrence of terpenoids, flavonoids, lignans, phenols, steroids,
alkaloids, and iridoids 2l In this study, qualitative phytochemical
screening revealed flavonoids, phenols, quinones, tannins, proteins,
and coumarins in the leaf extract. At the same time, alkaloids and
saponins were also detected in the bark extract, except for quinones
(Table 1). This variation in phytochemical distribution across different
plant parts is a commonly observed phenomenon 271,

Qualitative phytochemical analysis alone is inadequate for validating
the pharmaceutical potential of extracts. Therefore, quantitative
investigations targeting essential compounds such as phenols,
flavonoids, and tannins are crucial. The quantitative analysis
demonstrated more significant phenolic (52.19+0.44 pg GAE/mg),
flavonoid (22.08+0.13 pg QE/mg) and tannin (7.45+0.83 pg TAE/mg)
contents in the leaf extracts than in the bark (Table 2), which could be
attributed to more active biosynthetic pathways or specific metabolic
processes in the leaves!?®l,

The presence of phenols and flavonoids has been linked to potent
antioxidant activities 2829, Tannin-containing drugs are used in
medicine because of their astringent properties and have shown
potential therapeutic applications, including antiviral, antibacterial,
and antiparasitic effects [%. Due to the diverse nature of free radicals,
assessing antioxidant potential through a single assay is insufficient.

Hence, this study utilized DPPH and metal chelation assays to
thoroughly evaluate the antioxidant capacity of the extract through
different mechanisms. These two assays offer insight into the various
antioxidant mechanisms demonstrated by the extracts. The methanolic
extracts from the leaves and bark exhibited potent in vitro antioxidant
activity, as evidenced by their ability to scavenge DPPH radicals (ICso
=69.07 pg/ml for leaves and 61.37 pg/ml for bark) and chelate metals
(ICso = 51.24 ng/ml for leaves and 30.06 pg/ml for bark) (Table 3).
Notably, the bark extract showed comparatively superior potency,
particularly in metal chelation. This superior antioxidant effect of the
bark could be attributed to the presence of phytosterols such as
stigmasterol (9.30%) and y-sitosterol (4.02%), triterpenes such as
squalene (0.90%), methyl commate B (3.23%), and lupeol (4.87%)
and fatty acids such as n-hexadecanoic acid (2.17%) (Table 5).

Moreover, oxidative stress and free radicals are implicated in the
pathogenesis of inflammatory diseases B4, The assessment of anti-
inflammatory effects in addition to antioxidant activity offers insights
into the potential of the extracts to modulate oxidative stress-mediated
inflammatory pathways. As observed in protein denaturation
inhibition assays, leaf (ICso = 222.81 pg/ml) and bark (ICso = 250.29
pg/ml) extracts showed moderate effects compared to the standard
diclofenac sodium (ICso = 102.93 pg/ml) (Table 3). The leaf extract
had a slightly more significant anti-inflammatory effect, likely
attributed to the presence of compounds such as squalene (31.27%),
neophytadiene (18.33%), and phytosterols such as 5-a-stigmasta-7,22-
dien-p-ol (4.91%). Additionally, Semwal et al. 32 reported the
presence of various triterpenoids in S. paniculata that exhibited potent
anti-inflammatory activities, complementing the findings of the
current investigation.

GC-MS analysis provided insights into the phytochemical
composition of the leaf and bark extracts of S. paniculata. In the leaf
extract, eighteen compounds were identified, representing 83.22% of
the total composition. Terpenes, including squalene (31.27%),
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neophytadiene (18.33%), and geranic acid (1.72%), collectively
constituted 51.32% of the total terpenes. Additionally, guanosine
(5.50%) and 5-a-stigmasta-7,22-dien-B-ol (4.91%) were identified as
the other predominant compounds (Figure 4 and Table 4). Squalene, a
triterpene possesses anticancer, antioxidant, detoxifying, skin-
hydrating, and emollient activities 33, Neophytadiene is known for its
analgesic, antipyretic, anti-inflammatory, and antioxidant properties
34 and the guanosine in methanol leaf extracts is known for its
neuroprotective properties (351,

Similarly, in the bark extract, a total of twenty-two compounds were
identified from the GC-MS analysis of the methanol fraction,
revealing the presence of a significant number of bioactive
constituents, including terpenoids (12.54%), phytosterols (13.32%),
and fatty acids (4.31%) (Figure 5 and Table 5). Notably, phytosterols
such as stigmasterol and y-sitosterol are well-known to have
antioxidant potential [*¢1. Hexadecanoic acid, recognized for its robust
antimicrobial and anti-inflammatory activities, is also in the bark
extract 7). Govindarajan et al. ¥ reported the presence of fifty-seven
compounds in the n-hexane bark extract of S. paniculata, with
undecane, isopropyl myristate, dodecane, 1,2,4-trimethyl-benzene,
octacosane, 2-methyl-decane, 2-ethyl-1,2-dimethyl-benzene, and
1,2,3,5-tetramethyl-benzene  as the significant compounds.
Nevertheless, it is worth mentioning herein that GC-MS studies are
insufficient for conclusive phytochemical investigations because they
cannot determine the structure of bioactive compounds. NMR
spectroscopy is necessary for providing insight into the structures and
functionalities of various components. This technique is crucial in
drug development for molecular identification and structural
elucidation [38.39],

CONCLUSION

This study revealed that S. paniculata possesses various secondary
metabolites, including alkaloids, coumarins, proteins, quinones,
saponins, and tannins, as well as high phenolic and flavonoid
contents. Thus, S. paniculata exhibits striking scavenging activities in
its leaf and bark extracts. GC-MS analysis identified essential
bioactive compounds, such as squalene, neophytadiene, phytosterols,
and fatty acids, which are known to contribute to potent in vitro
biological activities. These findings underscore the potential
pharmaceutical applications of S. paniculata, supporting its traditional
use in medicine. However, further in vivo studies are imperative to
validate and explore the therapeutic efficacy of these extracts and their
active constituents.
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