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Abstract: Strobilanthes glutinosus Nees, is a useful medicinal herb owing to its bioactive secondary
metabolites. In this study the biomedical applications of leaf and stem extracts of S. glutinosus such
as antimicrobial, antioxidant, antidiabetic, and anti-melanin activities (in vitro) and antiinflammatory
activity (in vivo) were explored. Antibacterial and antifungal activities showed dose-dependent
response against selective bacterial and fungal strains. The leaves and stem extracts showed better
DPPH scavenging activity with 1Cso value of 0.54 and 0.49 mg/ml respectively in comparison to
standard ascorbic acid (0.76 mg/ml). Similarly, ABTS scavenging values of leaves, stem, and
standard Trolox were 0.85, 0.32, and 2.55 pg/ml respectively. The S. glutinosus sample showed
comparatively better a-amylase inhibition potential having ICso values of 0.06 and 0.46 pg/ml by
leaves and stem extract respectively vs acarbose (0.745 pg/ml). In the case of Tyrosinase inhibitory
assay, the ICsp values of leaves, stem and standard Kojic acid were 5.924, 7.46 and 3.166 pg/ml. The
leaf and stem extracts of S. glutinosus showed better anti-inflammatory activity in rabbits. Thus, S.
glutinosus possesses great biomedical applications.

Keywords: Antiinflammatory, Antioxidant. Medicinal plants, Antimicrobial, Enzyme Inhibition

1. Introduction
The interest to explore novel bioactive phytochemical from plants with medicinal value has gained
substantial consideration currently owing to their growing demand for effective therapeutic agents
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with minimal adverse effects. One particular plant with rich traditional medicinal value is the
Strobilanthes. glutinosus Nees. S. glutinosus Nees, commonly known as "mukunuwenna™ or "sticky
wicky," is a perennial herb of family Acanthaceae which is predominantly found in Southeast Asia,
including Sri Lanka, India and Pakistan [1]. With its diverse phytochemical composition and reported
pharmacological activities, S. glutinosus is a great source of active biocompounds for various
therapeutic applications [2, 3].

The Acanthaceae family, specifically the Ruellieae: Strobilanthinae subgroup, is among the largest
angiosperm families, comprising 346 genera and approximately 4,300 species. In the subcontinent
alone, it is estimated that there are around 150 Strobilanthes species, with 59 of them distributed in
peninsular areas [4]. Several species within the Strobilanthes genus have garnered attention due to
their pharmacological significance based on their phytochemical composition and biomedical
activities [5]. For instance, S. cusia, a traditional Chinese medicinal plant, has been extensively
utilized by local communities for treating severe acute respiratory syndrome (SARS) [6], sore throat
[7], influenza [8] coronavirus NL63 [9], inhibition of glycolytic metabolism [10], renal cancer [11],
colon cancer [12], breast and prostate cancer [13]. Furthermore, S. callosus has shown potential for
the treatment of acute and chronic inflammation [7], viral pneumonia, epidemic cerebrospinal
meningitis, mumps, and encephalitis B [14].

S. glutinosus Nees has long been recognized for its culinary and medicinal properties in traditional
systems of medicine [15]. However, the scientific community has paid limited attention to
investigating the composition of its crude extracts' phytoconstituents and assessing its antibacterial
and antioxidant activities [16]. Therefore, the scarcity of research on S. glutinosus Nees plant not only
limits our understanding of its therapeutic properties but also hampers the development of effective
pharmaceutical interventions derived from this plant. In order to fully unlock its potential, it is crucial
to bridge this knowledge gap by identifying and characterizing the bioactive compounds present in
its crude extracts. Additionally, the evaluation of its antibacterial and antioxidant activities is essential
for evaluating its potential efficacy and safety as a medicinal agent. By unraveling the unique
bioactive compounds present in S. glutinosus and understanding their mechanisms of action, we can
uncover new possibilities for its utilization in healthcare and the development of novel therapeutic
interventions [17].

Type 1l diabetes (T2D) is a metabolic disorder with 463 million patients worldwide [18]. According
to recent study, 16.93% Pakistani population is affected with T2D [19]. The causes of T2D include
pancreatic beta-cell dysfunction, impaired secretory function of adipocytes, and diminished insulin
function in liver [20, 21].

Alpha-amylase (1,4-glucan-4glucanohydrolases) is a calcium metalloenzyme produced by the
pancreas and salivary glands that helps in breaking down internal alpha-1,4-glycosidic bonds of
starch to form maltose and glucose [22, 23]. Then glucose is absorbed in intestine and spread into the
body. Inhibition of a-amylase and a-glucosidase results in the increased carbohydrates absorption
and decreases blood glucose level [24]. Therefore, inhibition of these enzymes might be a promising
therapeutic approach to treat hyperglycemia. Moreover, amylase inhibitors have a remedial worth
and are used to manage diabetes [22, 25]

Tyrosinase enzyme inhibition is a critical area of research in biochemistry and pharmacology.
Tyrosinase, a copper-containing enzyme, is present in animals, plants, and fungi which is involved in
melanin synthesis. Melanin is the a skin pigment which is involved in protection of human skin from
ultraviolet radiations as well as responsible for giving skin, hair, and eye color [26]. When there is an
overproduction and deposition of melanin, it can result in conditions like solar melanosis or age
spots, ephelides, melasma, senile lentigos, and post-inflammatory hyperpigmentation [27]. On the
other hand, when exposed to UV radiation, the body produces too much Reactive-Oxygen Species
(ROS) which can interact with lipids, proteins, and DNA and changes cellular processes causing age-
related diseases or melanogenesis. The existing treatments for skin conditions including melasma,
senile lentigo, and ephelides have not yielded satisfactory outcomes. Additionally, they are linked
with severe effects including high toxicity and mutagenicity, limited skin penetration, and instability
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of the formulation. It is necessary to develop novel medications with enzyme-inhibitory action [28].
Inhibition of tyrosinase activity can lead to a reduction in melanin production, making it an essential
mechanism for skin lightening and treating hyperpigmentation.

The goal of this study was to assess the biomedical potential of S. glutinosus such as antimicrobial,
antioxidant and enzyme inhibition of amylase and tyrosinase in vitro as well as antiinflammatory
activities in vivo. Understanding the mechanisms underlying its effects will provide valuable insights
into the therapeutic potential of S. glutinosus as a natural remedy for metabolic and skin disorders.

2. Materials and methods

2.1. Plant sampling

The sampling of S. glutinosus Nees was done from Kotli, Azad Jammu and Kashmir (AJK), Pakistan
at 33.48°N and 73.32°E during flowering season. Sample specimen (voucher number MUST. BOT.
5356) of S. glutinosus was identified by an expert botanist.

2.1.1. Plant extraction

The fresh parts of S. glutinosus were washed and shade dried and subsequently converted into fine
powder. Then plant powder (0.5 kg) was kept in 75 % of methanol in water for 2 days and shaking
was done many times during daytime for good mixing. The plant material was filtered with muslin
cloth, while leftover residue was subjected to two additional extractions with fresh solvent. The plant
mixture was concentrated in a rotary-evaporator at 40°C. Semi-liquid extracts of leaves (SGLE) and
stems (SGSE) were allowed to dry and then kept in refrigerator for further use.

2.2. In vitro studies

2.2.1. Antibacterial screening

Crude extracts obtained from SGLE and SGSE against various Gram-positive bacteria included
Methicillin Resistance Staphylococcus aureus (MRSA), Enterococcus faecalis, Enterococcus
aerogenes, Bacillus licheniformis, Bacillus pumilus, Bacillus subtilis, and Micrococcus leteus and
Gram-negative bacterial strains included Pseudomonas aeruginosa, Klebsiella pneumoniae,
Escherichia coli, and Enterobacter aerogenes. The antimicrobial assay was performed using disc
diffusion procedure [18]. The bacteria were cultured overnight in nutrient broth at 36°C. Then, 100
ul of inoculum (108 CFU/ml) was dispersed on nutrient-agar plates. Sterile discs of a diameter of 6
mm were filled with 20 pl of plant sample (a concentration of 50 pg/ul). These discs were placed
onto the agar plates containing the bacterial cultures. As a positive control, the standard antibiotic
Rifampicin was used. Each plate was kept overnight at 37 °C. The samples were run in triplicates for
each bacterium. The resulting inhibition zones formed around the filter discs were measured in
millimeters. According to established criteria [29, 30], inhibition zone values ranging from 8 to 13
mm indicate low antibacterial activity, 14 to 19 mm indicate moderate activity, and a zone size of 20
mm or greater indicates high antibacterial activity

2.2.2. Antifungal screening

The antifungal screening of SGLE and SGSE was conducted through previously reported disc-
diffusion procedure [29]. Prior to the experiment, culturing of fungal strains was done at 30°C in
Sabouraud-Dextrose Agar media for 20 hours. Then, 100 ul of fungal suspension in distilled water
was placed onto SDA plates. The fungal strains Aspergillus niger, Aspergillus fumigatus, Fusarium
solani, and Mucor indicus were used in this study. A sterile disc with a diameter of 6 mm was loaded
with 1000 ug of the test sample and placed on the medium plate. Following a 28-hours incubation,
antifungal activity was measured through zones of inhibition. The procedure was conducted in
triplicates, and the interpretation of results was as follows: a zone of inhibition measuring > 20 mm
indicated high inhibition, 14-19 mm indicated moderate inhibition, and 8-13 mm indicated low
inhibition [31].

Vol.31 No.2 (2024): JPTCP (2141-2152) Page | 2143


https://jptcp.com/index.php/jptcp/issue/view/79

Biomedical Potential Of Strobilanthes Glutinosus: Exploring Antimicrobial, Antioxidant, And Enzyme Inhibition

2.2.3. Antioxidant activity
The antioxidant potential of the SGLE and SGSE was measured using DPPH and ABTS scavenging
methods.

2.2.3.1. DPPH method

2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging method was utilized for screening
antioxidant potential of SGLE and SGSE [30, 32]. Methanolic solutions of test samples SGLE and
SGSE of various concentrations of 150, 250, 500, and 1000 mg/ml were prepared. A 0.2 mM solution
of DPPH in methanol was also prepared. In the dark, 3 ml of the different concentrations of SGLE
and SGSE test samples were mixed with DPPH solution (1 ml) and kept in dark for about 30 minutes
followed by absorbance measurement at 517 nm using an ELISA microplate reader (ELx808). For
the control, 1 ml DPPH solution was mixed with 3 ml of methanol, and ascorbic acid used as the
standard. Absorbance measurements were taken under the same conditions as for the plant extracts.
The scavenging ability was determined using following formula:

o ODcontrol — ODsample
% inhibition = ODcontrol x 100

2.2.3.2. The ABTS assay

The ABTS scavenging method was conducted with a few modifications based on [30]. To prepare
the ABTS™" solution, 7 mM ABTS solution was reacted with 2.45 mM of potassium persulfate. The
resultant ABTS™ solution kept in the dark at RT for 12-16 hours. Later, absorbance of ABTS™
adjusted to 0.7 at 734 nm with methanol. 20 pl of the test sample or reference standard Trolox was
taken in test tubes and then 2 ml of ABTS™ was added. Test tubes were vortexed and kept at 25°C
for 25 min. The absorbance was taken at 734 nm using an ELISA microplate reader (ELx808). The
% inhibition was calculated with a specific formula:

o ODstandard — ODsample
Inhibition % = x 100
ODstandard

2.2.4. Enzyme inhibition assay

2.2.4.1. a-Amylase inhibition activity

To assess a-amylase inhibitory potential of the SGLE and SGSE, 3,5-dinitrosalicylic acid (DNSA)
procedure was adopted [33]. First, the SGLE and SGSE samples were dissolved in DMSO (10%) and
then in a buffer containing 0.02 M NaHPO4/NaH2PO4, 0.006 M NaCl having pH 6.9. Various
concentrations ranging from 250 to 1000 pg/ml were prepared. In each test tube, 200 ul of sample
was added in 200 pl of a-amylase solution (2 units/ml), followed by 10 minutes incubation at 30°C.
Afterwards, 200 ul of aqueous starch (1%) was mixed in each tube and kept for 3 min. This mix was
warmed at 85-90 °C in water bath for 10 mins., and then 200 ul of DNSA reagent was added to stop
the reaction. Distilled water (5 ml) was added and allowed to cool to RT followed by absorbance at
540 nm. For blank reaction, the crude extract was replaced with 200 pl of buffer. Acarbose (100
pg/ml) was used as control. The enzyme inhibition potential was determined using the provided
equation and expressed as a percentage. By plotting the percentage of a-amylase inhibition against
the SGLE and SGSE concentration, the IC50 values were calculated from the graph.

. ODblank — ODsample
% inhibition = ODblank x 100
an

2.2.4.2. Tyrosinase enzyme inhibitory potential

The tyrosinase potential of plant samples was determined following a procedure with slight
modifications [34, 35]. The mixtures containing 112.5 pl of 50 mM KH2PQO4 buffer (pH 6.5), Kojic
acid as the reference standard, and various concentrations of the test samples (5, 10, 25, 50, 100 pl)
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were prepared. Additionally, 85 ul of deionized water and 2.5 pl of enzyme (5600 units/ml) were
mixed to above mixture and kept at 37°C for 8 minutes. Subsequently, 50 ul of L-Dopa (4.25 mM)
was added as a substrate, mixed for 10 minutes, and maintained at 37°C. Then, absorbance was
recorded at 475 nm with an ELISA microplate reader (ELx808). A control reaction was conducted
without adding the test sample. The entire reaction was carried out in a 96-well plate, and three

replicates were taken. Inhibition (%) was calculated using the provided equation.
ODblank — ODsample

% inhibition = ODblank x 100

2.3. In vivo studies

Male domestic rabbits of about 1 kg were obtained from market of Mirpur, AJK, Pakistan. All
procedures pertaining to the care and use of rabbits were in line with NIH, USA Publication No. 18—
23, 1985. Approval of all animal research was taken from MUST Animal Care and Use Committee
(MUST-ACUC) at Mirpur University of Science and Technology (MUST) through notification
number MUST-2021-08.

2.3.1. Anti-inflammatory potential

The anti-inflammatory potential of SGLE and SGSE was evaluated by inducing edema in hind paws
of the experimental rabbits using carrageenan [32]. Animals were distributed into four groups. Each
experimental group contained three rabbits (n = 3). Prior to the induction of paw edema, the rabbits
were fasted overnight. Two treatment groups received the leaves and stem herbal extracts, at a dosage
of 100 mg/kg dissolved in 0.1% sodium CMC. The negative control (third group) was given normal
saline, while the positive group (fourth group) was administered lbuprofen (5 mg/kg). After 60
minutes of the respective treatments, 0.1 ml of 1% carrageenan in saline was injected into intraplanar
area of right back paw of experimental rabbit. The decrease in edema was measured at 30-minute
intervals for a total of 3 hours using a plethysmometer. The reduction (% protection) was determined
with following formula:

) Reading of control — Reading of sample
% Protection = Reading of control x 100

2.4. Statistical analysis
The collected data was evaluated using GraphPad Prism 9 and Microsoft Excel 2010. The Mean and
Standard Error of the Mean (Mean + SEM) values were calculated.

3. Results

The therapeutic efficacy of S. glutinosus was assessed with various in vitro as well as in vivo bioassays
such as antibacterial, antifungal, antioxidant, a-amylase and tyrosinase enzyme inhibition assays, and
anti-inflammatory activity. In vitro as well as in vivo studies have demonstrated promising therapeutic
properties of S. glutinosus.

3.1. Antibacterial assay

Leaves and stem extracts of S. glutinosus (SGLE and SGSE) showed significant inhibitory effect
(20.4 £ 1.2 mm and 19.3 £ 0.6 mm respectively) against Gram-positive bacterial strain E. faecalis
while for MRSA and M. luteus zone of inhibition were 10.5 £ 0.14, 85+ 0.78 and 12 + 0.07, 9.5
0.42 respectively (Fig. 1a). The least antimicrobial potential was exhibited against Bacillus subtilis
by SGLE (9.2 £ 0.92 mm) and SGSE (6.0 + 0.35 mm). The SGLE and SGSE showed significantly
improved antibacterial potential against the most sensitive Gram-negative bacterial strain P.
aeruginosa with a zone of inhibition of 20.3 = 0.42 mm and 20.3 + 1.06 mm respectively while for
E. aerogenes zone of inhibition were 8.5 + 0.4 mm and 10.5 £ 0.5 mm respectively (Fig 1b). The
zones of inhibition against Gram -ve bacteria E. coli and K. pneumonia exhibited were 11 + 1.06 mm,
85+ 141 mmand 15.3 £ 1.2 mm, 9.2 + 0.85 mm by SGLE and SGSE respectively.
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Figure 1. Antibacterial activity of S. glutinosus leaves and stem extracts: (a) against Gram-positive
bacterial strains; (b) against Gram-negative bacterial strains. The results show zones of inhibition of
SGLE, SGSE and reference standard Rifampicin. All values are expressed as Mean + SEM and
experiments are repeated thrice.

3.2. Antifungal assay

The antifungal assay of SGLE and SGSE were screened against four fungal strains viz. Aspergillus
fumigatus, Fusarium solani, Aspergillus niger and Mucor indicus, Terbinafine was used as reference
antifungal antibiotic. SGLE and SGSE showed moderate inhibition against selected fungal strains.
The zones of inhibition were observed for SGLE against Mucor indicus (12 £ 0.14 mm), A. fumigatus
(9.5 £ 0.07 mm), F. solani (9.9 = 0.07 mm) and A. niger (10.9 = 0.07 mm) as shown in Fig. 2.
Similarly, SGSE showed zones of inhibition against Mucor indicus (9.5 £ 0.14 mm), A. fumigatus
(10.5 £ 0.07 mm), F. solani (9.5 £ 0.07 mm) and A. niger (8.2 + 0.14 mm) as shown in Fig. 2.
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Figure 2. Antifungal activity of S. glutinosus leaves (SGLE) and stem (SGSE) extracts and positive

control Terbinafine. The zones of inhibition of SGLE, SGSE, and Terbinafine against the selective

model fungal strains. The procedure was carried out in triplicates. Results are represented as Mean
+ SEM.

3.3. Antioxidant activity

The antioxidant assay of SGLE and SGSE was assessed by DPPH and ABTS in vitro. Both extracts
SGLE and SGSE showed promising antioxidant activity, attributed to the existence of abundant
secondary metabolites in S. glutinosus.

SGLE and SGSE exhibited 1C50 values of 0.54 and 0.49 mg/ml, respectively, in comparison to the
standard reference ascorbic acid (0.76 mg/ml). The I1C values were calculated using a linear equation
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derived from the plotted graphs of percentage inhibition against different concentrations of the test
samples as shown in Fig. 3a. The antioxidant potential of SGLE and SGSE were also studied using
the ABTS radical cation scavenging. The observed IC50 values for SGLE and SGSE were 0.85 and
0.32 pg/ml, respectively, when compared to the reference Trolox (2.55 pg/ml). These values were
calculated using the linear equation provided in Fig. 3b.

500 20 25
Concentration (ppm) centration (ug/ml)

Figure 3. Antioxidant activity of Strobilanthes glutinosus Nees leaves (SGLE) and stem (SGSE)

extracts and standard ascorbic acid: (a) by DPPH radical scavenging assay; (b) ABTS scavenging

assay. Each value represents the mean + standard error of the mean (SEM) and each experiment in
triplicates.

3.4. Enzyme inhibition assays

3.4.1. a-amylase inhibitory studies

To assess the antidiabetic potential of leaves (SGLE) and stem (SGSE) extracts of S. glutinosus, o-
amylase inhibition assay was performed in vitro. The IC-50 values were determined from the equation
obtained from the graph given in Fig. 4a. The plant extracts showed strongest a-amylase inhibitory
action at concentration of 1000 pug/ml. SGLE and SGSE exhibited 1C-50 value of 0.06 and 0.46 pg/ml
respectively in comparison to reference Acarbose (0.745 pg/ml).

3.4.2. Tyrosinase inhibition assay

To assess the potential of S. glutinosus for applications in cosmetics such as skin whitening, the
tyrosinase inhibitory activity of plant samples SGLE and SGSE were carried out in vitro. The graph
drawn shown in Fig. 4b by plotting % inhibition against different concentrations of SGLE, SGSE and
positive control kojic acid is used to calculate 1C-50 values. The 1C-50 values of SGLE and SGSE
was 5.924 and 7.46 pg/ml respectively in comparison to kojic acid (3.166 pg/ml). The maximum
inhibition shown by SGLE was 42.25 % and by SGSE was 30.13 % at the concentration of 100 pg/ml.
According to results, the plant extracts inhibit tyrosinase activity in a dose-dependent manner.

% inhibition
e

% inhibition

250 500 1000

Concentration (ppm) Concentration (pug/ml)

Figure 4. Enzyme inhibition assay: (a) a-Amylase inhibition activity S. glutinosus leaves (SGLE)
and stem (SGSE) extracts and reference standard Acarbose; (b) Tyrosinase inhibi-tion activity of S.
glutinosus leaves and stem extracts and positive control kojic acid. The values represent the mean £

SEM and all the experiments are performed in triplicates.
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3.5. Anti-inflammatory activity

Paw edema induced by Carrageenan is a common model used to evaluate anti-inflammatory action
by measuring the reduction in paw swelling. In this study, the % decrease in paw inflammation caused
by the SGLE and SGSE (300 mg/kg) was assessed and compared to the standard anti-inflammatory
drug lbuprofen (5 mg/kg), as shown in Fig. 5. The results revealed that both SGLE and SGSE
exhibited significantly higher anti-inflammatory activities compared to the reference drug Ibuprofen,
which is a COX-1 inhibitor. After the 3" hour of carrageenan administration, SGLE showed a
percentage decrease in paw inflammation of 87.0 + 0.22%, while SGSE exhibited a % decrease of
98.0 + 0.18%. In contrast, Ibuprofen demonstrated a decrease of 77.0 = 0.08%.

120
B SGLE M SGSE Ibuprofen

100 -
£ g i L 2
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= 60 I l l I
§ 40
(o}
S — I

. Lm o

30 60 90 120 150 180
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Figure 5. Anti-inflammatory activity of S. glutinosus leaves (SGLE) and stem (SGSE) extracts,
standard Ibuprofen, and negative control (saline). Data points reflect the average result with
standard error of the mean (Mean + SEM, n = 3).

4. Discussion

Plants and herbs are a natural source of large number of active phytochemicals and play a significant
role in the advancement of pharmaceutical industry [32]. According to an estimate, about 25000
secondary metabolites produced by plants are known for their promising therapeutic use of which
over 8000 are polyphenols [28,36]. The therapeutic efficacy of plants is often due to presence of high
polyphenolic compounds in them [37]. In this study, we explored the therapeutic potential of SGLE
and SGSE through a series of bioassays. Despite its traditional use as a medicinal herb, scientific
reports on the therapeutic activities of S. glutinosus, such as its anticoagulant, antifungal, and anti-
inflammatory effects. Thus, our investigation aimed to shed light on the natural products derived from
S. glutinosus for potential drug discovery. The choice of extraction solvent plays a fundamental role
in deciding the presence of therapeutic compounds in plant materials.

While aqueous solvents have been traditionally used, methanolic extracts offer greater efficacy and
versatility in dissolving a wide range of plant-based metabolites [38]. Notably, a recent study
highlighted the significant phenolic and flavonoid contents found in the methanolic extract of S.
glutinosus [39].

Our research revealed the robust antibacterial and antifungal effects of the crude extracts. SGLE and
SGSE demonstrated moderate to high inhibitory effects against various Gram-positive and Gram-
negative bacteria as shown in Fig.1, as well as fungal strains in Fig. 2. These findings align with
previous studies that identified important biological compounds, including alkaloids, fatty acids,
phenols, flavonoids, alkanes, monoterpenoids, di-terpenes, sesquiterpenoids, and sterols, in S.
glutinosus.[1, 40] which might be responsible for the significant antimicrobial and antifungal
activities of the plant [41, 42]. These phytoconstituents contribute to the potent antioxidant activity
of S. glutinosus, as evidenced by the DPPH and ABTS scavenging assays conducted in our study

(Fig. 3).
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The antidiabetic and skin whitening potential of SGLE and SGSE is investigated by evaluating its a-
amylase inhibition and tyrosinase inhibition activities in vitro. Our results demonstrated significant
inhibition of a-amylase and tyrosinase by SGLE and SGSE, indicating their potential as alternative
a-amylase inhibitors and skin whitening agents (Fig. 4). Inhibition of a-amylase is crucial for
lowering blood glucose levels, as seen in currently available antidiabetic drugs. These drugs have
unwanted side-effects such as hepatotoxicity and gastro-intestinal problems [43]. Therefore, S.
glutinosus can be a promising alternative to a-amylase inhibitors (antidiabetic drugs) owing to its
significant a-amylase inhibition. Additionally, the strong tyrosinase inhibition activity of SGLE and
SGSE suggests their potential application in the treatment of pigmentation disorders and certain
manifestations of skin cancer [44-46]. Inhibition of this biosynthesis step may be utilized to modify
pigmentation of skin in certain pigmentation disorders. In addition, alternations in this biosynthesis
step are also included in escalating certain histopathological manifestations of malignant metastatic
melanomas, so this inhibition may have utility in treating skin cancer [45, 47].

We evaluated the anti-inflammatory activity of S. glutinosus using the carrageenan-induced paw
edema assay, a commonly employed method to assess the anti-inflammatory Our findings revealed
significant anti-edematous effects of SGLE and SGSE, suggesting their ability to inhibit key
mediators involved in the inflammatory response, such as kinins and prostaglandins [48,49]. These
results align with comparable studies that have reported the anti-inflammatory properties of S.
glutinosus and support its traditional use in the treatment of inflammatory conditions. In addition to
its anti-inflammatory activity, SGLE and SGSE exhibited notable gastric protective effects in an
acetic acid-induced ulcer model. This model is widely used to evaluate the efficacy of various anti-
secretory, H2 blockers, and cytoprotective agents [50, 51].

5. Conclusions

The diverse therapeutic potential of S. glutinosus extracts including antibacterial, antifungal,
antioxidant, antidiabetic, and anti-inflammatory activities was observed. These findings highlight the
valuable role of plants and herbs as sources of active phytochemicals with promising therapeutic
applications. By providing novel insights into the pharmacological effects of SGLE and SGSE, our
study contributes to the existing body of knowledge. The novelty of our study lies in the
comprehensive assessment of multiple therapeutic activities of SGLE and SGSE extracts using
rigorous biological assays. We explored the potential of SGLE and SGSE as alternative treatments
for various conditions, including diabetes, skin whitening, and inflammation. These findings
underscore the potential of SGLE and SGSE as natural and effective therapeutic interventions. The
presence of bioactive compounds, particularly polyphenols and flavonoids, in the extracts likely
contributes to their pharmacological effects. However, further research is needed to identify and
isolate the specific bioactive compounds responsible for the observed activities and elucidate their
mechanisms of action. Future studies should focus on validating the therapeutic applications of these
extracts through in vivo studies and clinical trials, ultimately advancing their potential in the
management of various diseases.
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