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Abstract: A literature review was conducted to gather information on the
pharmacological properties and pharmaceutical dosage forms made from the
Matoa plant (Pometia pinnata). The review aimed to provide a basis for further
research and explore the potential of Matoa in the health sector. The method
involved searching electronic media platforms, specifically Google Scholar,
PubMed, and Open Knowledge Maps, using targeted keywords such as "Matoa,”
"Pometia pinnata,” "Matoa preparation formulation,” "Pometia pinnata
pharmaceutical preparation,” "Preparation of Pometia pinnata," and "Function of
Pometia pinnata." The inclusion criteria included original research, full-text
articles, and open-access journals, all published within the last 10 years, in both
Indonesian and English. After screening, 64 articles were identified from the 185
search results. The review revealed that various parts of the Matoa plant,
including leaves, fruit, stem bark, fruit peel, and roots, possess pharmacological
properties such as antibacterial, analgesic, antioxidant, sunscreen, anticancer,
antidiarrheal, anti-HIV, anti-obesity, diuretic, nephrotoxic, and antihypertensive
activities. Additionally, various pharmaceutical dosage forms containing Matoa
were studied, including topical preparations such as lotions, creams, liquid soap,
and body scrubs, as well as oral preparations like effervescent powders, herbal
drinks, and jelly candies. The review suggests that numerous research
opportunities remain to further explore the potential of Matoa in the
pharmaceutical and healthcare fields, as well as to develop innovative dosage
forms for optimal results.

Introduction

Matoa (P. pinnata), a member of the Sapindaceae family, is
an endemic plant of Papua and is often regarded as a symbol
of Papuan identity. It is widely distributed across the Asia-
Pacific region, including Malaysia, Indonesia, the Philippines,
Papua New Guinea, the Solomon Islands, Fiji, and Tonga.
Within Indonesia, it is found on several major islands,
including Java, Sumatra, Kalimantan, and Sulawesi (1). The
Matoa plant offers numerous potential benefits in both the
health and economic sectors, facilitating its continued
development. Papuans have long used the Matoa plant in
traditional medicine. The bark is applied to treat burns,
festering wounds, and smallpox, while a mixture of the
leaves and bark is used to relieve oral infections, flatulence,
diarrhea, dysentery, muscle and joint pain, headaches, fever,
flu, diabetes, and ulcers (2).

From an economic perspective, the seeds of the Matoa
fruit can be utilized as a local food source, and the stem can
be utilized in the wood industry (2). The most recognizable
and popular part of the Matoa plant is the fruit, which has a
delicious taste and aroma (3). Matoa fruit can be marketed
through traditional markets and online marketplaces. The

availability of Matoa fruit differs from that of seasonal fruit,
resulting in fluctuating selling prices (2). Matoa fruit is rich in
vitamin C, making it beneficial for skincare. It helps brighten
the skin, reduce acne, maintain moisture, and protect
against ultraviolet (UV) radiation (2).

The Matoa plant offers numerous benefits, as nearly all of
its parts contain secondary metabolites with pharmacological
activity. Physicochemical analysis using Liquid
Chromatography-Mass Spectrometry (LC-MS) has shown that
the ethanol extract of Matoa leaves contains flavonoids such
as quercetin and kaempferol, as well as phenolic compounds
including gallic acid, phenol, syringic acid, vanillin, p-
hydroxybenzaldehyde, and p-coumaroyl glycolic acid (4). In
addition, Matoa leaves have been identified to contain
alkaloids, tannins, saponins, steroids, and glycosides. The
ethanol extract of Matoa stem bark also contains alkaloids,
flavonoids, saponins, ftriterpenoids, and tannins (5).
Phytochemical screening has shown that the skin of the
Matoa fruit contains alkaloids, flavonoids, phenols, tannins,
and saponins. The seeds contain alkaloids, flavonoids,
phenols, and tannins, while the flesh of the fruit contains
flavonoids, phenols, tannins, and saponins (6).

Despite growing interest in the pharmacological potential
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of the Matoa plant, current research lacks consistency and
standardization across key variables, including extraction
methods, solvents, dosages, administration routes, testing
procedures, and dosage forms. This variation limits the
ability to draw reliable conclusions and hinders the
development of evidence-based applications. Furthermore,
the exploration of Matoa in pharmaceutical dosage forms
remains limited. Therefore, this review aims to synthesize
existing findings related to extraction techniques,
formulation types, pharmacological testing, and dosage
forms of Matoa, providing a comprehensive reference to
support more standardized, effective, and targeted future
research and development in medicinal applications.

Methodology

Data Collection and Identification

To compile this article, the first step involved searching for
relevant literature through electronic databases, including
Google Scholar, PubMed, and Open Knowledge Maps. The
search was conducted between March and May 2024 using
the keywords: "Matoa," "Pometia pinnata," "Matoa
preparation formulation," "Pometia pinnata pharmaceutical
preparation," "Preparation of Pometia pinnata," and
"Function of Pometia pinnata." As a result, 147 articles were
identified from Google Scholar, 19 from PubMed, and 19 from
Open Knowledge Maps, totaling 185 articles.

Screening Process for Duplicate and Irrelevant
Articles

The next stage was the screening process, which involved
checking for duplicate entries and excluding articles that
were not relevant or did not meet eligibility criteria. This
process identified 10 duplicate articles and 9 that were
deemed unsuitable, leaving 166 articles to proceed to the

selection stage.

Selection Process

The third stage is selection, which involves reading and
reviewing titles and abstracts that match the research topic.
At this stage, 35 articles were identified that did not match
the research topic, and 131 articles had appropriate research
topics.

Article Eligibility Assessment

At this stage, an assessment was conducted to determine
the suitability of the article's content concerning
predetermined inclusion and exclusion criteria. The exclusion
criteria include review articles, books, abstracts, closed-
access articles, incomplete research extraction methods,
activity test methods, and incomplete test parameters.

The inclusion criteria used were original research articles,
full-text articles, and open-access articles published between
2014 and 2024, in both Indonesian and English. From 131
articles, 15 closed-access articles, 12 articles that have been
reviewed, 9 review articles, 5 books, 9 abstracts, 5 articles
with incomplete extraction method data, 7 articles with
incomplete test parameter data and 5 articles with
incomplete activity test methods were identified. Thus, at
this stage 64 eligible articles were obtained for review. The
flow of the narrative review process is listed in the prism
diagram (see Figure 1).

Data Analysis

Articles that met the inclusion criteria were collected and
summarized in a tabular format for analysis of the research
objectives and findings. Content analysis was applied to
extract key information, followed by coding based on
predefined categories. For pharmacological studies, the
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19 articles were
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Figure 1. Flowchart of the methodology.
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Table 1. Antibacterial activity of Pometia pinnata.
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categories included type of activity, type of extract or
fraction, extraction method, activity testing method, dosage,
and results. For studies on Matoa dosage forms, the analysis
covered the type of formulation, plant part used, extraction
method, extract dosage, tested variables, and research
outcomes. The collected data were then compared to
identify  similarities and  differences, which  were
subsequently discussed to draw meaningful conclusions.

Matoa Plant, Phytochemicals, and

Traditional Usage

Antibacterial and Antifungal

Numerous studies have examined the antibacterial and
antifungal properties of Matoa using various plant parts,
including leaves, fruit pulp, fruit skin, stem bark, and even
nanoparticle formulations of Matoa leaf extract, as
summarized in Table 1. The most commonly used extraction
method across these studies is maceration, which involves
soaking the powdered plant material (simplicia) in a suitable
solvent at room temperature for several days, protected
from light. Common solvents include water, ethanol,
methanol, acetone, ethyl acetate, and hexane, each differing
in polarity, which influences the types of compounds
extracted and the resulting antibacterial activity.

Antibacterial activity was typically assessed using disc
diffusion and hole diffusion methods, adapted to the specific
properties of the sample. The reviewed studies reported
antibacterial effects against a range of bacteria, such as
Shigella sonnei, Bacillus cereus, Escherichia coli,
Staphylococcus aureus, Salmonella typhi, Streptococcus
mutans, Staphylococcus epidermidis, and Pseudomonas
aeruginosa, as well as antifungal activity against Candida
albicans, Aspergillus flavus, and Aspergillus niger. Notably,
ethanol extracts of Matoa leaves obtained via maceration
exhibited moderate antibacterial activity against S. sonnei,
B. cereus, and C. albicans, as well as strong activity against
Salmonella Typhi, S. aureus, and E. coli (7, 13, 19).

Methanol extract of Matoa fruit pulp exhibited no
antibacterial activity against E. coli, B. cereus, A. flavus, or A.
niger. Similarly, the ethyl acetate extract showed no activity
against E. coli but demonstrated moderate antibacterial
potential against B. cereus (inhibition zone diameter of 7
mm) and A. flavus (6 mm), as well as weak activity against
A. niger (2 mm) (9). In contrast, ethanol and acetone
extracts of Matoa fruit peel showed moderate to strong
antibacterial activity against S. aureus, E. coli, B. cereus, and
S. mutans, while the water extract was much less effective,
exhibiting only weak activity against the same organisms
(11-13). This contrast in efficacy across solvents and plant
parts underscores the importance of both solvent polarity
and phytochemical distribution.

Nanoparticle formulations of ethanol extract from Matoa
leaves, at concentrations of 2.5%, 5%, and 7.5%,
demonstrated antibacterial activity against E. coli and S.
mutans; however, they remained in the "resistant" category,
with inhibition zone diameters below 11 mm (14). However,
the study found that the antibacterial efficacy of a 2.5%
nanoparticle extract was comparable to that of a 25%
conventional ethanol extract, suggesting that nanoparticle
technology can significantly reduce the required dose of the
extract. This highlights the critical role of particle size in
enhancing solubility, absorption, and cellular penetration.
Due to their lower surface tension and energy, nanoparticles
are more readily absorbed and can more easily penetrate

cell membranes (19).

The antibacterial activity of Matoa is attributed to the
presence of secondary metabolites, including flavonoids,
tannins, and saponins. Several flavonoids, including
apigenin, galangin, flavones, flavonol glycosides, isoflavones,
flavanones, and chalcones, have been shown to possess
strong antibacterial properties. These compounds typically
act through multiple cellular targets rather than a single
specific site. One mechanism involves the formation of
complexes with proteins via nonspecific interactions,
including hydrogen bonding, hydrophobic forces, and
covalent bonding (20). Flavonoids can also form complexes
with extracellular and soluble proteins, disrupting bacterial
cell membranes and leading to the leakage of intracellular
contents (7). Their antibacterial mechanisms may also
include the inhibition of microbial enzymes, adhesins, and
cell envelope transport proteins, as well as disruption of
microbial membranes, particularly by lipophilic flavonoids
(20).

Saponins exert antibacterial effects by increasing the
permeability of bacterial cell membranes, which can lead to
cell lysis. This mechanism involves interaction with
membrane components, resulting in structural disruption
and, ultimately, cell rupture (20). Saponins function as
antibacterials by denaturing proteins; their surface
properties resemble those of detergents, allowing them to
reduce the surface tension of bacterial cell walls and
compromise the permeability of bacterial membranes.
Saponins permeate the cytoplasmic membrane, disrupting
its integrity and leading to cytoplasmic leakage, which
ultimately results in cell death (9, 22).

The antifungal potential of Matoa leaf extract against C.
albicans has been demonstrated, with ethanol extract
showing moderate antifungal activity (8). This effect is
attributed to the presence of secondary metabolites such as
flavonoids, alkaloids, terpenoids, and saponins, which are
known to inhibit fungal growth. Flavonoids, which plants
synthesize in response to microbial infection, are effective
antifungal agents. Their mechanism involves disrupting
fungal cell membrane permeability. The hydroxyl groups
present in flavonoids alter organic components and nutrient
transport mechanisms, ultimately leading to the lysis of
fungal cells (22). Alkaloids exert antifungal effects by
inhibiting cellular respiration and interfering with the
synthesis of proteins, phospholipid membranes, and nucleic
acids. Their antifungal activity is also associated with the
disruption of microbial cell walls by interfering with
peptidoglycan structure (9, 23). Tannins inhibit fungal growth
by preventing the synthesis of ergosterol, the main sterol
component of fungal cell membranes. Ergosterol plays a
structural and regulatory role in fungal cells, similar to the
function of cholesterol in mammalian membranes. By
altering membrane permeability, tannins compromise cell
integrity and function (24). Saponins act as antifungal agents
due to their surfactant properties. These compounds reduce
the surface tension of fungal cell membranes, increasing
permeability and leading to cell damage or death (25).
Research by Ismaini (26) also indicates that triterpenoid
compounds present in plant extracts contribute to antifungal
activity. These compounds exhibit toxicity to pathogenic
fungi by damaging cellular organelles, inhibiting enzymatic
activity, and suppressing fungal growth.

Despite the lack of activity in methanol extracts of the
pulp, other studies report that pulp extracts can exhibit
antimicrobial activity, with the ethyl acetate extract
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consistently showing the highest potency, followed by
hexane and then methanol. This discrepancy may arise from
differences in  extraction protocols, regional plant
chemotypes, or compound degradation during processing.
Phytochemical analysis supports the observed trends. The
ethyl acetate extract contains a higher concentration of
alkaloids, which are known for their antimicrobial effects.
Alkaloids, due to their nitrogen-containing structures and
basicity, can disrupt microbial viability by inhibiting cell wall
synthesis, increasing membrane permeability, and
interfering with protein biosynthesis. In fungal cells, alkaloids
disrupt peptidoglycan synthesis, impairing structural
integrity and leading to cell lysis (9, 27). Additionally,
terpenoids, especially triterpenoids and steroids,
demonstrate antifungal activity by targeting the cytoplasmic
membrane and potentially inhibiting spore formation. Their
hydrophobic properties allow them to integrate into and
destabilize fungal membranes, leading to cytoplasmic
leakage, organelle dysfunction, and impaired proton
gradients. These mechanisms explain the observed
antifungal effects against A. flavus, A. niger, and B. cereus
(28). Thus, while some findings appear contradictory at first
glance, they are justified by differences in solvent efficiency,

Tabel 2. Analgesic activity of Pometia pinnata.

compound solubility, and phytochemical distribution across
various parts of the Matoa plant. Future studies should
standardize extraction parameters and consider compound
profiling to better correlate bioactivity with specific
phytoconstituents.

Analgesic

Matoa, especially the leaves and bark, can be used as an
alternative pain reliever/analgesic (30-31). Matoa leaves
contain secondary metabolites, including flavonoids, tannins,
saponins, and steroids (see Table 2). Saponins have an
analgesic effect that is thought to inhibit the activity of the
enzyme cyclooxygenase 2 (COX-2), which produces
prostaglandins as one of the mediators of pain, thereby
inhibiting or preventing pain activity. Matoa tree bark
contains saponins and tannins. The mechanism of action of
tannin as an analgesic involves the inhibition of Cox-2, which
in turn inhibits prostaglandin biosynthesis. The analgesic
mechanism of action of Matoa bark extract is through
cyclooxygenase inhibition, thereby preventing arachidonic
acid from converting into cyclic prostaglandin endoperoxide.
Cyclic prostaglandin endoperoxide is the precursor of all
prostaglandins; therefore, when the compound is not formed,
prostaglandin synthesis stops (30).

q Extraction Assessment q
No Extract/Fraction Method Method Induction Dose Result Reference
. Effective analgesic
Matoa Leaf Ethanol . Number of 1% Acetic 200, 400, 800 -
Maceration . . . . activity observed at (29)
Extract Wriggles Acid (IP) mg/kg BW 800 mg/kg BW
Movement response
. decreased from 22
2 Matoa Bark Extract Maceration Numper o qu He?t SnpEat 50 mg/mouse (baseline) to 19.3 at  (30)
Leg Licks or Skips  55°C .
30 min, and to 1 by
120 mins
Tabel 3. Antioxidant activity of Pometia pinnata.
. Extraction
No Extract/Fraction Method Method(s) Result Category Reference
Matoa Leaf 96% Ethanol Extract ICs0 = 5.46 + 0.23 ppm
Matoa Leaf Ethyl Acetate Extract ICs0o = 5.77 £ 0.20 ppm
Matoa Leaf Water Extract ICs0o = 5.62 £ 0.11 ppm
Ethanol Extract (Matoa + Sourso
1 Leaf1:1) . Maceration DPPH ICso = 9.02 + 0.22 ppm Very Strong  (31)
Ethyl Acetate Extract (Matoa + _
Soursop Leaf 1:1) ICs0 = 4.39 £ 0.04 ppm
\{\{zz;er Extract (Matoa + Soursop Leaf ICso = 6.66 % 0.22 ppm
N-Hexane Extract of Matoa Leaf ICs0 = 306.49 pg/mL
) Very Weak
2 Matoa Leaf Ethyl Acetate Extract Maceration DPPH ICso = 261.07 pg/mL (32)
Matoa Leaf 96% Ethanol Extract ICs0 = 1.403 pg/mL Very Strong
Matoa Leaf Hexane Fraction Maceration DPPH ICs0 = 312.12 pg/mL Very Weak (33)
4 Methanol Extract of Matoa Bark Maceration DPPH ICs0 = 70.93 ppm Strong (34)
Matoa Leaf Methanol Extract ICso = 6.42 = 0.18 ppm Very Strong
5 Matoa Leaf Ethanol Extract Maceration DPPH ICs0 = 8.62 + 0.66 ppm Very Strong  (35)
Matoa Leaf Ethyl Acetate Extract ICso = 170.64 = 4.44 ppm Weak
Sciences of Pharmacy - DOI 10.58920/etflin000000 (pending update) Page 137


https://etflin.com/sciphar

Sulastri, L. et al. (2025)

In Vivo (ALT &  ALT/AST decreased with
: AST levels increasing dose (100-300 _
6 Matoa Leaf Ethanol Extract Maceration post-CCla mg/kg BW), approaching (36)
induction) normal values
DPPH = 90.26%, ABTS =
Methanol Extract of Matoa Seed Bark 93.91% Strong
Ethyl Acetate Extract of Matoa Seed DPPH (% DPPH = 90.05%, ABTS = Stron
7 Skin Maceration inhibition) & 88.47% 9 (37)
AETS Stron
N-Hexane Extract of Matoa Seed DPPH = 7.40%, ABTS = 9
Shell 88.84% A Ve
’ Weak (DPPH)
Very Strong
DPPH & ABTS  DPPH =41.83 + 0.17 pg/mL,
0,
8 95% Ethanol Extract of Matoa Leaf Reflux (ICso0) ABTS = 151.02 + 0.21 pg/mL (DPPH), Weak (17)
(ABTS)
Methanol Extract of Matoa Fruit Bark 30.08% - 47.60% -
Methanol Extract of Matoa Fruit Flesh 12.12% - 15.73% -
Methanol Extract of Matoa Fruit Seed 27.66% - 35.79% -
Ethyl Acetate Extract of Matoa Fruit 32.38% - 52.08% ~
Bark
Ethyl Acetate Extract of Matoa Fruit \ 29.27% - 32.23% _
Pulp : DPPH (%
9 Maceration ittt (38)
Ethyl Acetate Extract of Matoa Fruit 27.18% - 30.44% _
Seed
N-Hexane Extract of Matoa Fruit Bark 26.20% - 41.76% -
N-Hexane Extract of Matoa Fruit 22.88% - 35.70% B
Flesh
N-Hexane Extract of Matoa Fruit 28.64% - 36.46% B
Seed
Liver SOD SOD levels: 1253.79 + 5.07, Increased
10 Ethanol Extract of Matoa Leaf Maceration activity (post- 1411.11 + 64.68, 1376.57 £ . (39)
liver SOD
CCls exposure) 12.06 U/mg
Acetone ICso = 15.32 ppm
Acetone, Ethanol, Water Extracts of . (Very Strong), Ethanol = .
i Matoa Fruit Bark S EEETE T DIFHF 143.13 ppm (Weak), Water = e (11)
451.31 ppm (Very Weak)
DPPH (% N-Hexane = 60.81%, Ethyl
12 E;'t-l;ﬁ:((el’_:;gyl Acetate, Ethanol Maceration inhibition at Acetate = 69.55%, Ethanol = Strong (40)
100 ppm) 90.38%
13 Matoa Leaf 96% Ethanol Extract Maceration DPPH ICso = 45.78 pg/mL Strong (41)
e ICso = 6.6 pg/mL, Lipid
14 Ethanol Extract of Matoa Fruit Bark gﬁgg‘f&s (DNFIJ;: |8e(\'II'eE;§)RS peroxidation = 1.9 + 0.8 Very Strong  (42)
nmol MDA/mg linoleic acid
15 Ethanol 96% Extract of Matoa Fruit Maceration DPPH ICso = 181.55 ppm Weak (43)

Antioxidants
Based on the review findings (see Table 3), numerous
studies have investigated the antioxidant activity of various
parts of the Matoa plant, including the leaves, stem bark,
seed coat, fruit skin, fruit flesh, and seeds. Antioxidant
activity is typically expressed as a percentage of inhibition or
by ICso values, where a lower ICso indicates stronger
antioxidant potential. Antioxidant strength is classified as
very strong for ICso < 50 ppm, strong for 50-100 ppm,
moderate for 100-150 ppm, and weak for 150-200 ppm (44).
Several studies report that Matoa leaves exhibit high
antioxidant activity when extracted using the maceration
method. One study using ethanol distillate yielded an ICso of
45.78 ug/mL, categorized as very strong (41). Other research
by Baslani et al., Islami et al., and Wulandari et al., using
96% ethanol via maceration, reported ICso values of 5.46 +
0.23 ppm, 8.622 + 0.66 ppm, and 1.403 ug/mL, respectively,

all classified as very strong antioxidants. Additionally, a
study using 95% ethanol obtained an ICso of 41.83 = 0.17
ug/mL and an inhibition rate of 90.38%, further confirming
the strong antioxidant potential of Matoa leaves (14, 32, 33,
36).

Matoa leaves extracted via maceration using ethyl
acetate and its ethyl acetate fraction exhibit very strong
antioxidant activity, with ICso values of 5.77 + 0.20 ppm and
12.19 pg/mL, respectively (31, 33). The water extract of
Matoa leaves also exhibits very strong activity, with an ICso
of 5.62 £ 0.11 ppm (31). In contrast, the n-hexane extract
and fraction exhibit significantly weaker activity, with ICso
values of 306.49 pug/mL and 312.12 pg/mL, respectively. In
comparison, the chloroform fraction shows moderate activity
with an 1Cso of 100.95 pg/mL (32, 33). The methanol extract
of Matoa stem bark demonstrates strong antioxidant activity,
with an ICso of 70.93 ppm (34). Matoa seed skin extracted
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using methanol, ethyl acetate, and n-hexane showed DPPH
inhibition percentages of 90.26%, 90.05%, and 7.40%,
respectively, indicating that the methanol extract had the
highest antioxidant activity (37). Research on fruit peels
extracted with acetone, ethanol, and water showed ICso
values of 15.32 ppm (very strong), 143.13 ppm (weak), and
451.31 ppm (very weak), respectively (11). An additional
study using the QUEChERS method reported a very strong
antioxidant activity with an ICso of 6.6 pg/mL (42). Matoa fruit
pulp and seeds extracted via maceration with methanol,
ethyl acetate, and n-hexane had weak to very weak activity:
ICso values for the pulp were 12790 ug/mL, 7170 pg/mL, and
2160 pg/mL, and for the seeds, 2720 ug/mL, 2688 ug/mL,
and 7656 ug/mL, respectively (38, 43). Based on these
findings, the most effective antioxidant source from P.
pinnata appears to be its leaves, particularly when extracted
via maceration using 96% or 70% ethanol, both of which
yield very strong antioxidant activity.

The potent antioxidant properties of Matoa are attributed
to its secondary metabolites, particularly phenolic
compounds such as flavonoids and tannins, which have been
identified through phytochemical screening. Phenolic
antioxidants, particularly flavonoids, play a critical role in
mitigating oxidative stress by scavenging excess free
radicals, thus preventing cellular damage (45). The
antioxidant mechanism of flavonoids involves donating
hydrogen atoms to peroxyl radicals (ROO¢*), thereby
terminating lipid peroxidation. The resulting phenoxyl radical
(PPe) can be stabilized through further hydrogen donation,
forming quinone-like structures, or by dimerizing with other
radicals, thereby reducing further radical propagation (46).

Sunscreen

Based on the reviewed research (see Table 4), Matoa leaves
extracted with ethanol using the Mansur method produced
SPF values ranging from 8 to 29, indicating maximum to ultra
protection sunscreen activity (47, 48). The sunscreen
efficacy of ethanol extracts from Matoa leaves is attributed
to the presence of flavonoids, as identified in phytochemical
screening (48). These secondary metabolites, particularly
phenolic compounds, exhibit photoprotective properties due
to their chromophore groups, which include conjugated
double and single bonds, allowing them to absorb ultraviolet
(UV) radiation, including both UVA and UVB. By absorbing UV
rays, flavonoids reduce the penetration of harmful radiation
into the skin, thereby preventing UV-induced damage (49).

Tyrosinase Inhibitory Effect

Tyrosinase inhibitors work by blocking the activity of the
tyrosinase enzyme, a key catalyst in the melanogenesis
process, which leads to melanin production in the basal layer

Table 4. Sunscreen activity of Pometia pinnata.

of the stratum corneum. These inhibitors are commonly used
to treat hyperpigmentation disorders, where the skin
appears darker due to overproduction or uneven distribution
of melanin. One of the main triggers of hyperpigmentation is
excessive sun exposure, which stimulates melanocyte
activity and accelerates melanin synthesis (50).

Matoa is a natural source with potential as an alternative
tyrosinase inhibitor. This activity is attributed to the
presence of bioactive compounds such as phenols,
flavonoids, and glabridin, which have demonstrated
inhibitory effects on tyrosinase. Flavonoids act as
antioxidants by neutralizing reactive oxygen species (ROS),
thereby interrupting the ROS-induced melanogenesis
pathway (52).

Additionally, phenolic compounds, including flavonoids,
can inhibit tyrosinase through competitive inhibition by
mimicking the enzyme's natural substrate and binding to its
active site (53). When flavonoids occupy the active site, they
block the enzyme from catalyzing the formation of
dopachrome, a key intermediate in melanin synthesis. A high
level of dopachrome indicates low inhibitory activity,
whereas reduced dopachrome formation reflects effective
tyrosinase inhibition. The effectiveness of tyrosinase
inhibitors is measured by the ICso value, which represents
the concentration required to inhibit 50% of the enzyme's
activity. A lower ICso value indicates stronger inhibitory
potential and greater efficacy in suppressing melanin
formation (54).

Antihyperuricemia

Based on the review findings (see Table 5), the effective
dose of Matoa leaf ethanol extract for reducing uric acid
levels is 200 mg/kg body weight (55). The ethanol extract is
believed to contain flavonoid compounds that function as
antihyperuricemic agents by inhibiting the activity of the
enzyme xanthine oxidase, which plays a key role in the
conversion of purine bases into uric acid (56).

Hyperuricemia is a condition characterized by elevated
levels of uric acid in the blood. Uric acid is a byproduct of
purine metabolism, and its accumulation is often associated
with metabolic disorders. Research indicates that
approximately 90% of uric acid is generated through purine
catabolism, primarily involving the enzymes guanase and
xanthine oxidase (57).

Antidiabetics

According to the findings of the review (see Table 6), Matoa
exhibits antidiabetic activity through multiple mechanisms,
including the inhibition of a-glucosidase by extracts of the
fruit flesh and methanol, ethyl acetate, and hexane extracts
of Matoa seeds, as well as a-amylase inhibition by Matoa
seed and seed coat extracts (10, 59, 60). The chloroform

No Extract/Fraction Extraction Method Method Result (SPF) Category Reference
8.15 Maximum Protection
1 Ethanol Extract of Matoa Leaf Maceration Mansyur Method 18.19 Uitra Protection (47)
27.97 Ultra Protection
29.27 Ultra Protection
50% Ethanol Extract of Matoa Leaf 14,09 £ 0.1 Maximum Protection
2 70% Ethanol Extract of Matoa Leaf Maceration Mansyur Method 24.45 + 0.2  Ultra Protection (48)
96% Ethanol Extract of Matoa Leaf 18.99 = 0.2  Ultra Protection
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Table 5. Antihyperuricemia activity of Pometia pinnata.

Day-0
- - Uric -
- Extraction Induction . Post-Induction Post-Treatment AUC
No Extract/Fraction Method Method Protocol Dose III.\:\IIiI Level (mg/dL) Level (mg/dL) Mean Reference
(mg/dL)
200" 360+
7 days of ma/kg 0.45 7.93 £2.32 6.00 = 2.28 6.96
Measurement chicken liver BW '
of uric acid juice, followed 400
Matoa Leaf . levels in on day 8 by 3.80 =
1 Ethanol Extract Maceration male white 250 mg/kg BW gv%/kg 0.10 B4t 2= L. i) == 325 [ (°5)
rats across 5 intraperitoneal
groups potassium 800 410 +
oxonate (IP) mag/kg ~'75 = 9.10 £ 9.00 1413 £5.75 11.61
0.17
BW
Table 6. Antidiabetic activity of Pometia pinnata.
No Extract/Fraction E’:{ﬁ:gon Method(s) Dose Induction Result Description Reference
Methanol Extract ICso = 341.93 +
of Matoa Fruit - - 502_ U0
Flesh 5.02 pg/m Ethyl acetate
Ethyl Acetate a-Glucosidase gff(t)zzgg the
1 y Maceration Inhibition ICso = 159.74 + . (9)
Extract of Matoa (ICs0) - - 0.65 pg/mL highest a-
Fruit Pulp >0 00 U9 glucosidase
Hexane Extract of _ _ 1Cs0 = 207.32 = inhibition
Matoa Fruit Pulp 1.97 pg/mL
100, Glucose level:
200, 186.67, 165.66,
Hi’t‘g;‘iiﬁrg;g; 300 90% Sucrose 134.67 mg/dL 300 mg/kg
Sucrose mg/kg (dose-dependent BW of
Tolerance BW reduction) chloroform
2 Chloroform Multiple Test, Blood extract (58)
Maceration Glucose showed
Extract of Matoa - - - L
Fruit Seeds Measurement 5|gr_1|f_|cant_
(glucometer) antidiabetic
Ethyl Acetate effect
Extract of Matoa - - -
Fruit Seeds
Effective at
392 mg/kg
Blood glucose Glucose levels:  BW; lowered
croatinne " 98, 153 + 1.6, 138 blood glucose,
Ethanol 96% levels 196, + 1.0, 125.49 = creatinine,
Extract of Matoa histo 'atholo 392  Streptozotocin-Nicotinamide 1.8 mg/dL. and improved (59)
Leaf of kidpne S ingy mag/kg Creatinine kidney
rats y BW lowered by 392 histology in
mag/kg BW diabetic
) nephropathy
3 Maceration rats
14-day
FBG = 135.25 £ administration
CODPAP . 50, 21.14 mg/dLat  at 200 mg/kg
Ethanol 50% ELISA insulir; 100, 200 mg/kg BW. BW improved
Extract of Matoa 200  Alloxan Insulin T by blood glucose, (60)
test, HE 5 eF
Leaf mag/kg 0.14%. Fewer insulin, and B-
E?srt]gr?t;olo damaged B- cell condition
P 9y cells. in diabetic
rats
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Methanol Extract
of Matoa Seed

Ethyl Acetate
Extract of Matoa - -

Seed a-Amylase
. Inhibition
4 Methanol Extract Maceration (Buthkar

of Matoa Seed
Skin
Ethyl Acetate

Extract of Matoa - -
Seed Skin

Methanol Extract
of Matoa Fruit - -
Seeds

Ethyl Acetate
5 Extract of Matoa
Fruit Seeds

Method, LCso) ~ -

a-Glucosidase
Inhibition - -
Assay

Maceration

N-Hexane Extract
of Matoa Fruit - -
Seeds

LCso = 12.92
ppm
LCso = 446.43 Matoa seed
ppm and skin
extracts
showed a- (61)
LCso = 4.92 ppm  gmylase
inhibition
LCso = 197.24
ppm
ICs0 = 169.81
ug/mL Pometia
pinnata seed
ICs0 = 505.55 extract shows
) (62)
pg/mL promise as an
antidiabetic
ICso = 263.18 biomedicine
pg/mL

fraction of Matoa fruit seeds, administered at 300 mg/kg BW,
effectively lowered blood glucose levels in mice. In addition,
the 96% ethanol extract of Matoa leaves significantly
reduced glucose levels in streptozotocin-nicotinamide-
induced diabetic rats, with the most effective dose being 392
mg/kg BW. This dose not only decreased blood glucose but
also lowered creatinine levels and improved kidney function
in diabetic nephropathy models (57-58).

The antidiabetic effects of Matoa fruit and seeds are
attributed to the presence of secondary metabolites,
particularly flavonoids and alkaloids. Flavonoids have been
widely reported to exert antidiabetic effects through several
mechanisms. One primary mechanism is the inhibition of the
intestinal a-glucosidase enzyme, which slows glucose
absorption. The inhibitory activity is closely related to the
flavonoid structure; for example, the hydroxyl group at the
C3 position plays a crucial role. The greater the number of
hydroxyl groups, the stronger the inhibition of a-glucosidase
(63).

Flavonoids also inhibit GLUT2 transporters in the
intestinal mucosa, reducing the absorption of glucose and
fructose into the bloodstream. Additionally, flavonoids inhibit
phosphodiesterase, leading to increased intracellular cAMP in
pancreatic B-cells, which activates protein kinase A (PKA)
and subsequently enhances insulin secretion. Moreover,
flavonoids can improve insulin sensitivity and inhibit the a-
amylase enzyme, further contributing to reduced
postprandial blood glucose levels (58).

Alkaloids, another key bioactive group in Matoa, have
been shown to regenerate damaged pancreatic B-cells and
stimulate insulin secretion through sympathomimetic effects.
Their antidiabetic mechanisms include increasing glucose
transport, inhibiting glucose absorption in the intestine,
stimulating glycogen synthesis, and suppressing
gluconeogenesis by inhibiting enzymes such as glucose-6-
phosphatase and fructose-1,6-bisphosphatase. Inhibition of
these enzymes reduces glucose production from non-
carbohydrate sources (64). Additionally, alkaloids inhibit a-
glucosidase in the duodenal mucosa, delaying the
breakdown of polysaccharides into monosaccharides. This
results in slower glucose release and absorption, preventing
sharp postprandial spikes in blood glucose levels (65).

Anti-inflammatory

Research has shown that Matoa leaves, particularly in the
form of ethanol extract obtained through maceration,
possess anti-inflammatory activity. In animal studies, doses
of 100 mg/kg BW, 200 mg/kg BW, and 300 mg/kg BW were
tested, with the most significant inhibition of paw edema in
mice observed at 300 mg/kg BW, indicating this as the most
effective dose among those tested (66).

The anti-inflammatory potential of Matoa leaves is
attributed to their rich content of bioactive secondary
metabolites, including flavonoids, tannins, saponins, steroids,
and glycosides, as identified through phytochemical
screening (67). These compounds, particularly flavonoids
and tannins, are known for their antioxidant and anti-
inflammatory properties.

While the precise mechanism of the anti-inflammatory
action of saponins remains not fully understood, it is believed
that their steroid or triterpenoid aglycone structures, which
exhibit detergent-like properties, enable them to interact
with lipid membranes. These interactions may affect
phospholipid components, which are precursors of
prostaglandins and other inflammatory mediators, thereby
contributing to an anti-inflammatory effect (68).

Antihypertension

From Table 7, it can be seen that Matoa leaves in the form
of extracts and fractions have activity as antihypertensives
with parameters of lowering blood pressure, reducing blood
flow circulation (blood flow), and the ability to inhibit the
activity of the enzyme y amylase (IC ;) to determine
angiotensin | levels by ELISA method (67, 68, 70). Its efficacy
as an antihypertensive is due to Matoa containing flavonol
groups, namely Quercetin-3-O-rhamnoside and Kaemferol 3-
O-rhamnoside (70).

Research on Quercetin-3-Orhamnoside and Kaemferol 3-
O-rhamnoside compounds has also been conducted by
Marunaka et al in 2017, and suggested that the Quercetin-3-
O-rhamnoside and Kaemferol 3-O-rhamnoside compounds
have the potential to reduce blood pressure, with a high
vasodilator effect and reduce the severity of hypertension in
organs such as the kidneys and arterial and venous blood
vessels, using animal and human subjects. The mechanism
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Table 7. Antihypertension activity of Pometia pinnata.

Extraction

No Extract/Fraction Method Method(s) Induction
N-Hexane
Fraction NaCl 50
Blood pressure mg/kg BW

Ethyl Acetate (systolic/diastolic) +

1 . Reflux measured using  Prednisone
Fraction . X ;
noninvasive tail- 1.5 mg/kg
cuff (CODA) BW orally
for 28 days
Water Fraction
2 Matoa Leaf Ve % Reduction in Angiotensin
Ethanol Extract blood pressure Il
Blood volume via
Matoa Leaf . tail-cuff method  Angiotensin
3 Ethanol Extract Maceration using CODA Il
instrument
Angiotensin |
N-Hexane, Ethyl levels by ELISA Angiotensin
4 Acetate, Water Reflux (Cusabio); ICso 9
. D Il
Fractions inhibition of y-
amylase activity
Matoa Leaf
Ethanol Extract, Maceration Systolic/diastolic
5 N-Hexane (96% BP via CODA; Angiotensin
Fraction, Ethyl ° SOD and GPx I
; ethanol) L
Acetate Fraction, levels in liver

Water Fraction

Dose(s) Result Description Reference
50, 100,
150 .
ma/kg BW MLE effective
dose = 150 )
435 markg BW Extrgcts and fractions of
o7 : P. pinnata leaves
8.71, Ethyl acetate duced BP in NaCl 69
13.06 fraction reduce In Natl- (69)
ma/kg BW effective prednisone-induced
9/k9 dose = 13.06 hypertensive rats
10, 21.88, o
3282 mg/kg BW.
mg/kg BW
44.47%,
75 150 53.36‘%2 300 mg/kg BW dose
300 67.35% showed highest ___ (70)
mg/kg BW reduction rtleduct;]on in circulating
(respectively) blood flow
75, 150, ?3%712215 Effective dose to reduce
300 i 4 1(’) 3'1 91 blood volume: 300 (71)
mag/kg BW 7 8.40' ~~ mg/kg BW
EDM: 60
mg/200 g
BW. N-
Hexane:
2.34 Angiotensin |
:qugng |En|;1|:,klnzon: Water fraction (7.98
234 ' 17.2%, Ethyl mg/200 g BW) matched
n'; i Acétat'e _ angiotensin | reduction  (72)
Et?]y%. 23 6% V;ater by Irbesartan (positive
Acetate: = Positive R
9.54 Control
mg/200 g.
Water:
7.98
mg/200 g.
Extracts and fractions
Reduced BP, reduced BP and
300 Increased improved antioxidant (73)
mg/kg BW SOD and GPx enzyme levels in
levels in liver angiotensin ll-induced

Wistar rats

of lowering blood pressure involves reducing oxidative stress
and the renin-angiotensin-aldosterone system (RAAS) (74).

Secondary metabolites Quercetin-3-O-rhamnoside and
Kaemferol 3-O-rhamnoside are known to be effective as
antihypertensives by acting as vasodilators in arteries, which
also have the potential to reduce circulating blood flow
through a mechanism of lowering blood pressure. The
potential of this compound is reinforced by research
indicating that Matoa leaves contain Quercetin-3-0-
Rhamnoside and Kaemferol 3-O-rhamnoside compounds,
which are effective in reducing circulating blood flow through
a mechanism of lowering blood pressure. This compound has
been clinically tested, and a significant dose for lowering
blood pressure is 150 mg-730 mg per day, administered
orally for 4 to 5 weeks (75).

Diuretic Effect

In Table 8, it can be seen that Matoa has a diuretic effect,
specifically increasing urine output and the excretion of
sodium salts. This Study Examined the parts used from
Matoa, namely leaves, skin, and Matoa seeds, and showed

antidiuretic activity in male Wistar rats. Matoa leaf, skin, and
seed extracts can affect the amount of sodium and
potassium levels in urine excretion. The effective dose of
ethanol extract of Matoa leaves for diuretic effect is 100
mg/kg BW (69;76). The test parameters were the decrease in
urine volume and its effect on potassium and sodium levels
in urine. The results showed that Matoa seed ethanol extract
at 150 mg/kg bw had the highest diuretic activity, but the
effect on excretion of sodium and potassium ions was lower
(69). In general, Matoa seed extract has diuretic activity but
is not saluretic, while Matoa leaf extract has diuretic and
saluretic effects at a dose of 100 mg/kg bw. Increasing the
amount of potassium in the blood results in reduced renin
secretion and increased Na+ excretion. Matoa plants contain
alkaloid and flavonoid compounds, which inhibit or reduce
the reabsorption of water and electrolytes in the tubules,
causing a diuretic effect (77). The mechanism of action of
flavonoids as a diuretic involves inhibiting co-transport and
reducing the reabsorption of Na+, K+, and Cl- ions, resulting
in an increase in electrolytes in the tubules, which facilitates
diuresis (78).
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Table 8. Diuretic effect of Pometia pinnata.

Extraction
Method

No Extract(s)

Methods Induction Dose(s) Result Description Reference

All extracts showed
a diuretic effect. The Matoa leaf, bark,
100 mg/kg BW dose and seed

Matoa Leaf - Measurement of 50 mag/k produced the extracts can
Ethanol urine volume over 4 h- Warm BWl(?O 9 highest urine increase urinary
ExtractMatoa Determination of water 4 ma/k volume.Sodium and sodium and
1 Bark Maceration sodium and potassium mL/200 BV?IIE?O potassium levels in  potassium (69)
ExtractMatoa levels in urine using BW 9 ma/k all treated groups  excretion. The
Fruit Seed atomic absorption BV?I 9 (except MSE 50 most effective
Extract spectrophotometry mg/kg) were not dose for diuretic
significantly activity is 100
different from mg/kg BW.
furosemide.
Matoa leaf
- Measurement of Unts K00 ) g 2345 extract at 100
. 50 mg/kg dose produced a :
urine volume at 1, 2, . mg/kg BW is the
BW100  urine volume and ;
Matoa Leaf 3,4,5,and 24 h- il diuretic percentage most effective
2 70% Ethanol  Maceration Diuretic effect Water 9/kg P 9 dose, showing (76)
o BW150 comparable to the S -
Extract calculated as % of o diuretic activity
. mag/kg positive control L
urine volume at each " similar to that of
: f BW (furosemide 3.6
time point ma/kg BW) standard drug
9/kg ' furosemide.
Table 9. Nephroprotective effect of Pometia pinnata.
No Extract ;’:tr:;;'on Methods Induction Dose(s) Lab Results Description Reference
Urea: 54.58 * 3.81 mg/dL;
Creatinine: 1.47 + 0.29
mg/dL; Uric Acid: 1.58 +
0.18 mg/dL; Sodium: 205.66
100 + 19.86 mEq/L; Potassium:
mg/kg 18.48 + 1.86 mEq/L;
BW Chloride: 250.56 + 12.65
mEq/L; NGAL: 0.4237 +
0.151 ng/mL; SOD: 15.67 *
0.86 U/mL; MDA: 10.44 =
Biochemical 0-23 nmolimt Moderate
arameters Urea: 48.42 = 3.16 mg/dL;  nephroprotective
E)urea Creatinine: 0.91 = 0.073 effect; partial
creatilnine uric mg/dL; Uric Acid: 1.02 + improvement in renal
Ethanol acid sodiL;m 0.098 mg/dL; Sodium: function and oxidative
Extract ota’ssium ! Cisplatin 7 200 152.88 + 12.41 mEq/L; stress markers. Clear
1 Maceration P°r3° ' P mag/kg Potassium: 10.42 + 0.84 dose-dependent (79)
of Matoa chloride, ma/kg BW gy mEq/L; Chioride: 185.18 +  nephroprotecti
Fruit NGAL) and ol P00 T phroprotective
oxidative 10.44 mEq/L; NGAL: 0.347 + effect; 400 mg/kg BW
stress markers 0.019 ng/mL; SOD: 16.58 £ showed the greatest
(SOD, MDA) 0.93 U/mL; MDA: 6.45 = normalization of renal
via ELISA 0.081 nmol/mL biomarkers and
Urea: 32.41 + 2.62 mg/dL: antioxidant activity.
Creatinine: 0.78 = 0.062
mg/dL; Uric Acid: 0.65 =
0.044 mg/dL; Sodium:
400 140.40 = 10.51 mEq/L;
mag/kg Potassium: 5.28 + 0.46
BW mEq/L; Chloride: 95.86 =

8.03 mEqg/L; NGAL: 0.1217 +
0.021 ng/mL; SOD: 24.62 +
1.05 U/mL; MDA: 5.47 +
0.058 nmol/mL

Nephroprotective Activity
Nephrotoxicity is often marked by acute renal failure,
typically indicated by elevated serum creatinine and urea

levels. As the clinical use of cisplatin, a potent
chemotherapeutic agent, continues to grow, efforts to
mitigate its nephrotoxic side effects have become
increasingly important. One of the main strategies involves
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reducing elevated levels of serum creatinine and urea to
preserve kidney function.

A study demonstrates that Matoa fruit exhibits
nephroprotective activity in rats treated with cisplatin (see
Table 9), showing a significant reduction in biochemical
markers such as urea, creatinine, uric acid, sodium,
potassium, chloride, NGAL (Neutrophil Gelatinase-Associated
Lipocalin), and MDA (Malondialdehyde), along with an
increase in SOD (Superoxide Dismutase) levels (79).

Cisplatin-induced nephrotoxicity results from a
combination of inhibited protein synthesis, DNA damage,
mitochondrial dysfunction, and apoptosis in renal tubular
cells. It also reduces the activity of protective factors such as
nitric oxide, monocyte chemoattractant protein-1, and
various growth factors, while increasing tumor necrosis
factor-a (TNF-a) and reactive oxygen species (ROS),
ultimately leading to inflammation and renal injury (80).

The most commonly used biomarkers to evaluate kidney
damage include urea and creatinine, as their elevated levels
often indicate both structural and functional impairment of
the kidneys. The nephroprotective effects of Matoa fruit are
thought to be due to its rich content of antioxidant
secondary metabolites, particularly flavonoids, phenolics,
and alkaloids. These compounds work by neutralizing free
radicals and reducing oxidative stress, thereby helping to
lower serum creatinine and urea levels and protect kidney
tissue from further damage (81).

Antidiarrhea

Matoa ethanol leaf extract, obtained through maceration,
has been shown to reduce the frequency and duration of
diarrhea. Studies reported that ethanol extracts of Matoa
leaves administered at doses of 200, 300, 400, and 800
mg/kg BW significantly decreased diarrhea symptoms, with
the 800 mg/kg BW dose demonstrating the most pronounced
antidiarrheal effect (82, 83).

The antidiarrheal activity of Matoa leaves is primarily
attributed to their tannin content, which acts by astringently
shrinking the intestinal mucosa, thereby reducing the
intestinal secretion of fluids and electrolytes. Tannins also
help make the intestinal lining more resistant to chemical
irritants. Additionally, flavonoids present in the extract
contribute to this effect by inhibiting intestinal motility, which
further helps reduce fluid loss (82).

Studies on Matoa reveals that nearly all parts of the
plant, including the leaves, fruit, stem bark, fruit peel, and
roots, possess medicinal properties. These effects are
supported by phytochemical screenings, which consistently
identify various bioactive secondary metabolites in Matoa
extracts. Specifically, ethanol extracts of the stem bark and
leaves contain compounds such as alkaloids, flavonoids,
glycosides, saponins, tannins, terpenoids, and phenolic
compounds, including steroids (32, 84).

LC-MS (Liquid Chromatography-Mass Spectrometry)
analysis of ethanol extracts of Matoa leaves has identified 12
active compounds, including several phenolic compounds
such as vanillin, p-hydroxybenzaldehyde, p-coumaroyl
glycolic acid, syringic acid, gallic acid, phenol, and vanillic
acid. The flavonoid compounds detected include
epigallocatechin and apigenin-7-O-diglucuronide. Other
identified components include jasmonic acid (an organic
acid), benzene (an aromatic compound), and tannins. Among
these, vanillin, phenol, and benzene were the most dominant
(4).

Anticancer

The ethanol extract of Matoa leaves, obtained through
maceration with 96% ethanol, contains several bioactive
secondary metabolites, including alkaloids, flavonoids,
tannins, saponins, glycosides, and steroids, which contribute
to its potential anticancer activity. Anticancer evaluation of
the extract was conducted both in silico and in vitro.

In silico analysis involved physicochemical,
pharmacokinetic, and toxicity predictions using Lipinski’s
Rule of Five, pkCSM, and ProTox-Il. Molecular docking studies
were performed with AutoDock Vina and DOCK6.2, followed
by molecular dynamics simulations using GROMACS. These
analyses demonstrated that 5 out of 20 identified
compounds exhibited strong and stable interactions with the
CHK1 (Checkpoint Kinase 1) protein. These interactions
included hydrogen bonding and hydrophobic contacts with
key amino acid residues, as indicated by favourable binding
affinities, grid scores, and MMPBSA energy values.

To validate these findings, in vitro cytotoxicity testing
was carried out against MCF-7 breast cancer cells using the
MTT assay. The ethanol extract exhibited dose-dependent
cytotoxic effects, with increasing concentrations resulting in
a marked reduction in cell viability. The extract
demonstrated a moderate ICso value, indicating potential
anticancer activity against MCF-7 cells (85).

Antiobesity

Matoa fruit peel is rich in phenolic and polyphenolic
compounds, which contribute to its antioxidant properties
and potential to combat obesity. In one study, Matoa fruit
bark was extracted using ethanol extraction, followed by
sonication, filtration, concentration, and vacuum drying,
yielding a greenish-yellow crude extract.

When Matoa fruit peel powder was incorporated at 1%
(w/w) into a high-fat diet (HFD) fed to Sprague-Dawley rats, it
showed no significant effects on body weight, visceral fat
weight, or serum glucose and lipid levels. However, at this
dose, it significantly reduced hepatic lipid accumulation.
Increasing the dosage to 3% (w/w) resulted in a significant
reduction in body weight, visceral fat, serum triglyceride
levels, and liver lipid content, demonstrating a dose-
dependent anti-obesity effect.

Interestingly, increasing the concentration of the Matoa
peel extract from 1% to 3% did not enhance its inhibitory
effect on hepatic lipid accumulation, suggesting a threshold
effect. The anti-obesity mechanism may be partially
attributed to the inhibition of fatty acid-induced ApoB-48
secretion, a marker of intestinal chylomicron formation,
observed in differentiated Caco-2 cell monolayers.
Additionally, hederagenin-type saponins, identified in Matoa
fruit bark, were suggested as active anti-obesity compounds.

These findings support the potential of Matoa fruit peel
extract as a functional food ingredient with anti-obesity
properties (86).

Anti HIV
The leaf extract of Matoa exhibited the strongest anti-HIV-1
integrase (IN) activity, with an ICso value of 8.8 mg/mL.
Bioassay-guided isolation of active compounds from the leaf
extract resulted in the identification of a single major active
compound, proanthocyanidin A2, which demonstrated
notable anti-HIV-1 activity with an ICso of 30.1 pM.

In addition to proanthocyanidin A2, several other
compounds were isolated, including three flavonoids:
epicatechin, kaempferol-3-O-rhamnoside, and quercetin-3-0-
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Table 10. Herbal formulation of Pomet
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rhamnoside; one aglycolipid: 1-O-palmitoyl-3-O-[a-D-
galactopyranosyl-(1-6)-B-D-galactopyranosyl]-sn-glycerol;
one steroidal glycoside: stigmasterol-3-O-glucoside; and one
pentacyclic triterpenoid saponin: 3-O-a-L-arabinofuranosyl-
(1-3)-[a-L-rhamnopyranosyl-(1-2)]-a-L-arabinopyranosyl
hederagenin.

However, none of these additional compounds exhibited
anti-HIV-1 integrase activity at a concentration of 100 uM,
indicating that proanthocyanidin A2 is the primary active
compound responsible for the observed antiviral activity in
the extract.

Matoa Dosage Form

Various pharmaceutical dosage forms made from Matoa
have been studied (see Table 10), including lotions, peel-off
masks, gels, body scrubs, creams, herbal drinks, jelly
candies, liquid soaps, and effervescent powders. These
preparations are still considered conventional and relatively
simple.

Among them, antioxidant creams made from ethanol
extracts of Matoa leaves are the most widely formulated,
with  variations in both emulsifiers and extract
concentrations. One study reported that Matoa leaf ethanol
extract has an ICso value of 54.63 ppm, indicating strong
antioxidant activity. When formulated at concentrations of
0.5%, 1%, 1.5%, and 2%, the resulting creams showed good
physical stability in terms of organoleptic properties,
homogeneity, pH, and viscosity, and remained stable when
stored at room temperature (92).

In a study by Anglia et al. (95), a 2% ethanol extract was
formulated with stearic acid concentrations of 9%, 12%,
15%, 20%, and 25%. The best formulation was Formula 2
(with 12% stearic acid), which met all physical evaluation
parameters. Stearic acid acts as an emulsifier, contributing
to the desired cream consistency and reducing the greasy
sensation on the skin (99).

Another study using 0.5 g of 96% ethanol extract
combined with a 50:50 mixture of Span 60 and Tween 80
emulsifiers yielded better physical characteristics compared
to formulations with a single emulsifier. The optimal formula
had a spreadability of 3.31 cm, a pH of 5.9, an adhesion time
of 58.6 s, and exhibited very strong antioxidant activity (ICso
= 40.6 ppm) (96). The combination of Span 60 (lipophilic, low
HLB) and Tween 80 (hydrophilic, high HLB) created a more
stable cream emulsion (99).

In lotion preparations using 1.5% and 2% Matoa leaf
ethanol extract, the formulations were stable in terms of
organoleptic properties, homogeneity, spreadability, and
flowability. However, they were unstable in terms of pH and
viscosity, which was attributed to the presence of excess
triethanolamine (TEA) and stearic acid in the formulation
(87).

Peel-off mask formulations using 2% of 96% ethanol
extract with varying concentrations of polyvinyl alcohol (PVA:
5%-15%) as a gelling agent showed distinct differences in
physical properties, indicating that PVA concentration plays a
significant role in the final product's consistency (88).

In liquid soap formulations, Matoa stem bark ethanol
extract at a concentration of 1.0% demonstrated effective
antibacterial activity against Staphylococcus aureus, but was
ineffective against E. coli (98).

Matoa gel formulations using 2%, 3%, and 4% ethanol
extracts from the leaves produced gels that met all physical
evaluation criteria (89). Additionally, N-hexane and ethanol

extracts at concentrations of 2.5%, 5%, and 10% showed
that Formula 3 (10%) had the most potent antifungal effect
against Trichophyton mentagrophytes (90).

Body scrubs made with extract concentrations of 1%,
2.5%, 4%, and 5.5% demonstrated that 5.5% extract
concentration provided the highest antioxidant activity (ICso
= 44.49 ppm, very strong), while meeting the required
physical parameters and showing no irritation (84).

Oral dosage forms such as jelly candies, herbal drinks,
and effervescent powders have also been developed. These
formulations exhibited strong antioxidant activity (ICso values
between 50 and 100 pug/mL) and met standard physical
quality parameters (84, 93, 97).

The development of Matoa in various dosage forms aims
to improve its usability, enhance patient compliance, and
optimize its pharmacological effects.

Conclusion

Based on the results of this narrative review, it is evident
that nearly all parts of the Matoa plant, including the leaves,
fruit, stem bark, rind, and roots, possess pharmacological
properties. These include antibacterial, analgesic,
antioxidant, sunscreen, tyrosinase inhibitory,
antihyperuricemic, antidiabetic, antihypertensive, diuretic,
anticancer, antiviral, antihyperglycemic, and
nephroprotective activities.

Pharmaceutical dosage forms containing Matoa that have
been studied for topical use include lotions, creams, body
scrubs, gel masks, and liquid soaps. For oral use,
formulations have been developed in the form of
effervescent powders, herbal drinks, and jelly candies.

However, based on this review, the development of
Matoa formulations using nanotechnology-based delivery
systems remains unexplored. These include nanoemulsions,
nanostructured lipid carriers (NLCs), solid lipid nanoparticles
(SLNs), liposomes, transfersomes, ethosomes, and
dendrimers. Incorporating such advanced delivery systems
offers significant potential to enhance bioavailability,
stability, and targeted delivery of active compounds.

Furthermore, extraction methods employed in the
current studies are largely limited to maceration, a simple
and conventional technique. To increase efficiency, future
research should explore the use of modern extraction
technologies such as Ultrasound-Assisted Extraction (UAE),
Microwave-Assisted Extraction (MAE), Supercritical Fluid
Extraction (SFE), Pressurized Liquid Extraction
(PLE)/Accelerated Solvent Extraction (ASE), Enzyme-Assisted
Extraction (EAE), and Pulsed Electric Field Extraction (PEF).
These methods offer advantages such as shorter extraction
times, higher yield and selectivity, reduced solvent usage,
improved compound stability, and enhanced process
customization.

In conclusion, there remains a substantial opportunity for
further research to advance the pharmaceutical and health
applications of Matoa (P. pinnata). Exploring its full
pharmacological potential and developing innovative dosage
forms and extraction techniques could significantly expand
its therapeutic use and optimise its clinical efficacy.

Abbreviations

AUC = Area Under Curve; BW= Body Weight; LC= Lethal
Concentration; ALT = Alanine Aminotransferase; AST =
Aspartate Aminotransferase; ABTS = 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid); SOD= Super Oxide
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Dismutase; HLB= Hydrophyl Lipophyl Balance; PVA :Polivinyl
Alcohol ; TEA = Triaethanolamine.
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