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Abstract

Context: Herbal medicine is an integral part of traditional healthcare practices in North Sumatra, Indonesia, particularly among the Batak and Deli Malay
communities. Despite their widespread use, many medicinal plants lack systematic pharmacological evaluation.

Aims: To review systematically synthesizes evidence on the pharmacological activities and therapeutic potential of ten indigenous medicinal plants
traditionally used in North Sumatra: Arenga pinnata, Rhodomyrtus tomentosa, Cananga odorata, Phyllanthus emblica, Gynura procumbens, Premna
serratifolia, Styrax sumatranus, Saurauia vulcani, Vitis gracilis, and Zanthoxylum acanthopodium.

Methods: A systematic literature review was conducted following PRISMA 2020 guidelines. Searches were performed across PubMed, Scopus, and Google
Scholar using MeSH terms and Boolean operators. From 750 retrieved records, 166 studies were included based on predefined eligibility criteria. Only
experimental studies reporting bioactive compounds and pharmacological outcomes were considered.

Results: The included studies reported diverse bioactivities, including antioxidant, anti-inflammatory, antimicrobial, anticancer, and immunomodulatory
effects. Phyllanthus emblica and Gynura procumbens consistently demonstrated strong antioxidant activity via DPPH and ABTS assays, while Zanthoxylum
acanthopodium exhibited potent antimicrobial properties. However, substantial heterogeneity in experimental designs, assay conditions, and compound
quantification limited data comparability.

Conclusions: The reviewed species show strong potential for therapeutic application and support their ethnomedical use. Further in vivo and clinical
investigations are required to validate efficacy, standardize formulations, and support integration into evidence-based medicine.

Keywords: Arenga pinnata; herbal medicine; traditional medicine; medicinal plants; Saurauia vulcani; Styrax sumatranus.

Resumen

Contexto: La medicina herbaria es parte integral de las practicas tradicionales de salud en el norte de Sumatra, Indonesia, particularmente entre las
comunidades malayas Batak y Deli. A pesar de su uso generalizado, muchas plantas medicinales carecen de una evaluacién farmacoldgica sistematica.

Objetivos: Revisar sistematicamente la evidencia sobre las actividades farmacoldgicas y el potencial terapéutico de diez plantas medicinales indigenas
utilizadas tradicionalmente en el norte de Sumatra: Arenga pinnata, Rhodomyrtus tomentosa, Cananga odorata, Phyllanthus emblica, Gynura procumbens,
Premna serratifolia, Styrax sumatranus, Saurauia vulcani, Vitis gracilis y Zanthoxylum acanthopodium.

Métodos: Se realiz6 una revisidn sistematica de la literatura siguiendo las directrices PRISMA 2020. Se realizaron busquedas en PubMed, Scopus y Google
Académico utilizando términos MeSH y operadores booleanos. De los 750 registros recuperados, se incluyeron 166 estudios segin criterios de elegibilidad
predefinidos. Solo se consideraron estudios experimentales que reportaron compuestos bioactivos y resultados farmacolégicos.

Resultados: Los estudios incluidos reportaron diversas bioactividades, incluyendo efectos antioxidantes, antiinflamatorios, antimicrobianos,
anticancerigenos e inmunomoduladores. Phyllanthus emblica y Gynura procumbens demostraron consistentemente una fuerte actividad antioxidante
mediante ensayos DPPH y ABTS, mientras que Zanthoxylum acanthopodium exhibié potentes propiedades antimicrobianas. Sin embargo, la heterogeneidad
sustancial en los disefios experimentales, las condiciones de ensayo y la cuantificacién de compuestos limité la comparabilidad de los datos.

Conclusiones: Las especies revisadas muestran un gran potencial para la aplicacion terapéutica y respaldan su uso etnomédico. Se requieren mas
investigaciones in vivo y clinicas para validar la eficacia, estandarizar las formulaciones y respaldar su integracién en la medicina basada en la evidencia.

Palabras Clave: Arenga pinnata; medicina herbaria; medicina tradicional; plantas medicinales; Saurauia vulcani; Styrax sumatranus.
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Abbreviations: CAT: Catalase; COX-1: Cyclooxygenase 1, COX-2: Cyclooxygenase 2; CXCR4: C-X-C chemokine receptor type 4; GPx:
Glutathione peroxidase; HepG2: Hepatoblastoma cell line; HIV: Human immunodeficiency virus; HSV-1: Herpes simplex virus type 1;
HSV-2: Herpes simplex virus type 2; ICs: 50% inhibitory concentration; IL-1B: Interleukin 1@; IL-6: Interleukin 6; iNOS: Inducible nitric
oxide synthase; LPS: Lipopolysaccharide; MCF-7: Michigan Cancer Foundation-7; MMP-9: Matrix metalloproteinase-9; PGE2:
Prostaglandin E2; SOD: Superoxide dismutase; TGF-f: Transforming growth factor-p; TNF-a: Tumor necrosis factor a; UV: Ultraviolet;
VEGEF: Vascular endothelial growth factor; VEGFR1: Vascular endothelial growth factor receptor 1.

INTRODUCTION

Herbal medicine represents a critical component of
traditional healthcare in Indonesia, valued for its ac-
cessibility, cultural relevance, and perceived safety,
particularly in areas with limited access to conven-
tional pharmaceuticals (Ghosh et al, 2022). The World
Health Organization encourages the integration of
traditional medicine into national healthcare frame-
works, especially in countries with abundant biodi-
versity. Indonesia is among the world’s most bio-
diverse nations, hosting more than 20,000 plant spe-
cies, approximately 40% of which are endemic (Bahti-
ar et al., 2017). A significant portion of these species is
used in jamu, a traditional polyherbal remedy.

In North Sumatra, extensive ethnomedicinal
knowledge persists among communities such as the
Batak and Deli Malay. Indigenous flora has long been
utilized to treat ailments ranging from fevers and
infections to chronic inflammatory conditions
(Fatmah et al., 2022). However, despite this rich tradi-
tion, most scientific investigations remain limited to
ethnobotanical documentation or preliminary phyto-
chemical studies (Andadari et al.,, 2022; Jadid et al.,
2020), with few systematic evaluations of pharmaco-
logical mechanisms or therapeutic outcomes.

While previous reviews have discussed Indone-
sian herbal medicine, none have comprehensively
synthesized experimental data on North Sumatran
plants across bioactivity categories such as antioxi-
dant, anti-inflammatory, antimicrobial, and anti-
cancer. Moreover, earlier syntheses often lack stand-

Table 1. PICO framework guiding the research question.

ardized reporting and do not reflect the breadth of
recent findings.

To address these gaps, this review focuses on ten
widely used medicinal plants from North Sumatra.
These species were selected based on their high eth-
nopharmacological relevance and preliminary phar-
macological evidence. The objective is to evaluate the
current experimental literature on their pharmacolog-
ical effects, including mechanisms of action where
available. Table 1 outlines the guiding research ques-
tion based on the PICO (Population, Intervention,
Comparison, Outcome) framework.

This synthesis aims to inform future pharmacolog-
ical development, encourage clinical validation, and
support the integration of these herbal resources into
evidence-based therapeutic strategies.

MATERIAL AND METHODS

Summary of study type

This study is a systematic review of experimental
research assessing the pharmacological activities of
ten traditional medicinal plants from North Sumatra,
Indonesia. The included studies comprised in vitro, in
vivo, and in silico models investigating antioxidant,
anti-inflammatory, antimicrobial, and anticancer ef-
fects. The review was conducted in accordance with
the PRISMA 2020 guidelines (Page et al., 2021), and
the protocol was developed based on PRISMA-P and
BM]J evidence synthesis standards. The research ques-
tion was framed using the PICO strategy (Table 1).

Component Description

P (Population)
I (Intervention)
C (Comparison)

O (Outcome)

Medicinal plants traditionally used in North Sumatra
Experimental evaluation of pharmacological activities and bioactive compounds
Control groups, untreated conditions, or synthetic drug comparators

Antioxidant, anti-inflammatory, antimicrobial, and anticancer effects
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Studies were considered eligible if they:

1. Investigated one or more of the following
plants: Arenga pinnata, Rhodomyrtus tomentosa,
Cananga odorata, Phyllanthus emblica, Gynura
procumbens, Premna serratifolia, Styrax suma-
tranus, Saurauia vulcani, Vitis gracilis, or Zan-
thoxylum acanthopodium.

2. Reported original experimental findings (in-
cluding in vitro, in vivo, or in silico data).

3. Evaluated pharmacological activities, specifi-
cally antioxidant, anti-inflammatory, antimi-
crobial, or anticancer effects.

4. Were published between 2000 and 2024 in
peer-reviewed journals, in English or Bahasa
Indonesia.

Studies were excluded if they:

1. Were review articles, book chapters, confer-
ence abstracts, or editorials without primary
data.

2. Focused solely on taxonomy, ecology, or cul-
tivation without pharmacological evaluation.

3. Provided insufficient data or lacked methodo-
logical transparency.

4. Were duplicate entries.

Information sources

Three electronic databases, PubMed, Scopus, and
Google Scholar, were systematically searched. Addi-
tional relevant articles were identified through manu-
al searches of reference lists. To enhance the interpre-
tive depth of the included literature, we utilized Re-
searchRabbit, a visual research discovery platform, to
map relationships among the 166 included studies.
The tool facilitated identification of thematic clusters
based on pharmacological focus (e.g., antioxidant,
anti-inflammatory, anticancer), citation interlinkages,
and co-authorship networks. This helped reveal re-
search densities and underexplored areas across the
ten reviewed herbal species.

Search strategy

A combination of Medical Subject Headings
(MeSH) and free-text keywords was used, applying
Boolean operators (AND, OR). Sample queries in-
cluded "Arenga pinnata" AND "pharmacological ac-
tivity" OR "bioactive compound" or "Gynura procum-
bens" AND "anticancer" OR "antioxidant". The search
period ranged from database inception through April
2024.
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Study selection

All retrieved citations were imported into Rayyan
QCRI, where duplicates were automatically removed.
Two independent reviewers screened titles and ab-
stracts against the eligibility criteria. Full texts were
assessed for inclusion. Discrepancies were resolved
through discussion or consultation with a third re-
viewer.

Data extraction

A standardized data extraction form was used.
Two reviewers independently extracted and cross-
validated the following items from each included
study: First author and publication year; plant species
studied; type of study (in vitro, in vivo, in silico);
pharmacological activity evaluated; identified bioac-
tive compound(s); mechanisms of action (if available);
outcome metrics (e.g., ICso, inhibition zones, % inhibi-
tion); and reported limitations.

Study risk of bias assessment

The AXIS tool was used to assess the quality of ob-
servational studies, while CAMARADES criteria were
applied to preclinical experimental studies. Two re-
viewers independently evaluated the risk of bias
based on sample selection methods, presence or ab-
sence of randomization and controls and transparen-
cy in outcome reporting and statistical analysis. Disa-
greements were resolved through consensus or third-
party adjudication.

Effect measures

Quantitative data (e.g., ICso values, inhibition
zones) were extracted and tabulated. Where available,
effect sizes were recorded. Due to high methodologi-
cal heterogeneity, a meta-analysis was not feasible.

Synthesis methods

Given the variation in study design, assay proto-
cols, and outcome measures, a narrative synthesis
approach was employed. Studies were grouped by
plant species and pharmacological category. Quanti-
tative outcomes were summarized in tabular format
where applicable. Results were described with refer-
ence to pharmacological mechanism and bioactive
composition.

Reporting bias assessment

Only peer-reviewed, full-text articles were includ-
ed to minimize publication bias. Both positive and
non-significant findings were considered. Funnel plot
analysis was not conducted due to the narrative na-
ture of the synthesis.
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Figure 1. PRISMA flow diagram illustrating the study selection process for included articles.

Certainty assessment

The GRADE principles were used to qualitatively
assess the strength of evidence, based on study limita-
tions, inconsistency, indirectness, imprecision, and
publication bias. Certainty levels were assigned to
each pharmacological category (e.g., antioxidant, anti-
inflammatory),

RESULTS

Selected and excluded studies

A total of 750 records were initially identified
through PubMed, Scopus, and Google Scholar. Fol-
lowing the removal of 225 duplicates using the Ray-
yan QCRI software, 525 records remained for screen-
ing. Based on title and abstract review, 279 articles
were excluded due to irrelevance, lack of pharmaco-
logical focus, or ineligible study design. Subsequently,
246 full-text articles were assessed for eligibility, re-
sulting in the exclusion of 80 studies due to incom-
plete data, absence of experimental findings, or insuf-
ficient methodological detail. Ultimately, 166 studies
met the inclusion criteria and were retained for analy-
sis. The study selection process is depicted in Fig. 1 in
accordance with the PRISMA 2020 flowchart.

Of the included studies, eight were used for back-
ground and methodological referencing, while 158
directly supported pharmacological analysis of the

https://jppres.com

selected herbal species. Categorically, 38 studies fo-
cused on antioxidant activity, 30 on anti-
inflammatory effects, 28 on anticancer activity, and 20
on antimicrobial mechanisms. A number of studies
overlapped across multiple bioactivity domains.

Study quality analysis

To ensure methodological rigor, eight representa-
tive studies, covering a diversity of plant species and
study types, were selected and evaluated using the
AXIS quality assessment tool (Table S1). These in-
cluded three cohort studies, one case-control study,
and four observational studies involving either in
vitro or in vivo models.

Quality scores ranged from 13 to 16 out of 20. Four
studies, comprising the three cohort and one case-
control designs, were rated as high quality (15-16
points). The remaining observational studies received
medium-quality ratings (13-14 points). Frequent
methodological limitations included lack of sample
size justification, absence of proper control groups,
non-blinded protocols, and incomplete or insufficient
statistical analysis.

All assessments were independently conducted by
two reviewers, with any discrepancies resolved
through discussion or by involving a third reviewer.
Overall, the selected studies were deemed methodo-
logically sufficient to support inclusion in this review.
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https://jppres.com/

Rumahorbo and Situmorang

Results of individual studies

A total of 166 studies were included in this review,
each contributing evidence related to one or more
pharmacological activities of the selected herbal
plants. The majority of findings clustered around four
major bioactivities: antioxidant, anti-inflammatory,
anticancer, and antimicrobial properties. Antioxidant
activity was the most frequently reported (109 stud-
ies), commonly evaluated through DPPH and ABTS
radical scavenging assays. Phyllanthus emblica and
Gynura procumbens consistently exhibited strong anti-
oxidant capacity, with several studies reporting low
ICso values and high total phenolic content (Ahmad
Nazri et al, 2019; Asmilia et al., 2020). Anti-
inflammatory effects were identified in 78 studies,
typically demonstrated by COX-2 inhibition, nitric
oxide suppression, and downregulation of pro-
inflammatory mediators such as TNF-a and IL-6.
Extracts of Premna serratifolia and Styrax sumatranus
showed significant inhibition of inflammatory path-
ways in both in vitro and in vivo models (Dianita and
Jantan, 2017; Elfiati et al., 2022). Anticancer properties
were reported in 56 studies, primarily using cytotoxi-
city assays on human cancer cell lines including
HeLa, MCF-7, and HCT116. Notably, Zanthoxylum
acanthopodium and Cananga odorata extracts exhibited
selective cytotoxicity, with some studies highlighting
apoptosis induction and cell cycle arrest mechanisms
(Adrian et al., 2023; Situmorang et al., 2021). Antimi-
crobial activity was examined in 45 studies, employ-
ing methods such as MIC determination, disc diffu-
sion, and agar well diffusion. Rhodomyrtus tomentosa
and Saurauia vulcani demonstrated notable inhibitory
effects against common bacterial and fungal patho-
gens, including Staphylococcus aureus and Candida
albicans (Chen et al., 2021; Elfiati et al., 2022).

To explore the landscape of the supporting litera-
ture, a cross-study visualization was performed using
the ResearchRabbit platform. Rather than dissecting
each species in isolation, this analysis mapped the
thematic and methodological relationships among the
included studies. The resulting network (Fig. 2) illus-
trated clusters of research focusing on similar bioac-
tivities, such as antioxidant or antimicrobial studies,
while also identifying sparsely connected nodes that
may represent underexplored areas. This visualiza-
tion not only offers a macroscopic view of the evi-
dence landscape but also facilitates recognition of
gaps, redundancies, and opportunities for future in-
vestigation within the domain of North Sumatran
ethnopharmacology. Although a wide range of phar-
macological effects was observed across the reviewed
plants, several shared mechanisms emerged, includ-
ing reactive oxygen species (ROS) modulation, inhibi-
tion of inflammatory mediators, and NF-xB pathway
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suppression. In multiple studies, synergistic effects
were suggested, particularly combinations of flavo-
noids, terpenoids, and saponins, enhancing the over-
all therapeutic outcome.

However, substantial methodological heterogenei-
ty was noted across studies, especially in dosage
forms, extraction protocols, and assay conditions. This
variation limited the feasibility of conducting a quan-
titative meta-analysis. Consequently, a narrative syn-
thesis approach was adopted to allow meaningful
integration of diverse data. To minimize reporting
bias, only peer-reviewed, full-text studies were in-
cluded, and both positive and negative findings were
considered. Funnel plot analysis was not feasible due
to heterogeneity in outcomes and study designs.
Based on the GRADE criteria, the certainty of evi-
dence was considered moderate for antioxidant and
anti-inflammatory activities. In contrast, anticancer
and antimicrobial results were supported by fewer
studies and inconsistent models, leading to lower
certainty. Studies relying solely on in silico predic-
tions, without experimental validation, were rated as
having very low certainty.

DISCUSSION

The present review consolidates current scientific
evidence on selected medicinal plants traditionally
utilized across North Sumatra. These species demon-
strate a broad spectrum of pharmacological proper-
ties, including antioxidant, anti-inflammatory, anti-
microbial, and anticancer effects, that align with their
ethnomedicinal uses. Each species is presented sepa-
rately to enhance clarity, while also highlighting spe-
cific mechanisms of action, bioactive constituents, and
research gaps.

To contextualize their ethnopharmacological sig-
nificance, it is important to recognize the geographical
distribution of these plants across the province. North
Sumatra encompasses diverse ecological zones rang-
ing from coastal lowlands to volcanic highlands,
where traditional plant-based medicine remains a key
component of community healthcare, particularly
among the Batak and Malay ethnic groups. Table 2
provides a summary of regency-level distributions for
each of the ten reviewed species, underscoring their
ecological prevalence and cultural relevance.

Arenga pinnata (Wurmb) Metrr. (Areacaceae)

Arenga pinnata, widely referred to as sugar palm, is
extensively used within North Sumatran communities
for both nutritional and medicinal purposes. Tradi-
tional applications include treatment of kidney
stones, digestive disorders, and inflammatory condi-
tions (Fazil and Nikhat, 2022).
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Figure 2. Network visualization of related studies retrieved using the ResearchRabbit platform.

Table 2. Geographic distribution of the ten selected herbal plants across regencies in North Sumatra, Indonesia.

No Herb Regency

1 Arenga pinnata Nias, Mandailing Natal, Toba Samosir, Sipirok, Serdang Bedagai, Karo.

2 Rhodomyrtus tomentosa South Labuhan Batu, Padanglawas, North Padanglawas, and South Tapanuli District.

3 Cananga odorata Asahan, Labuhanbatu, Labuhanbatu Selatan, Serdang Bedagai, Langkat.

4 Phyllanthus emblica South Labuhanbatu, North Padang Lawas, Padang Lawas, South Tapanuli, Padangsidimpuan City,
and Mandailing Natal.

5 Gynura procumbens Nias, Karo, Toba Samosir, Dairi, Langkat.

6 Premna serratifolia Mandailing Natal, Karo, Langkat.

7 Styrax sumatera North Tapanuli, Dairi, Toba Samosir, and Central Tapanuli.

8 Saurauia vulcani Lumban Julu, Sipangan Bolon, Merek, and Sipiso-piso.

9 Vitis gracilis Karo, Mandailing Natal, Langkat.

10 Zanthoxylum acanthopodium Samosir (Desa Salaon Dolok), Dairi (Desa Parbuluan V), Humbang Hasundutan (Pollung), Toba

(Lumban Julu, Silaen, Aek Unsim) dan Simalungan (Jandi Raya and Batu Mardinding).

Phytochemical studies have identified diverse bio-
active compounds such as phenolic acids, quinones,
alkaloids, and diterpenoids, including the lignan li-
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quiritin (Djeni et al., 2020; Jdaini et al., 2023). The
plant's antioxidant capacity is supported by a high
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total phenolic content (2432 + 32 ng/g GAE) and low
ICsp values in DPPH assays.

Anti-inflammatory effects have been demonstrated

in xylene-induced and carrageenan-induced edema
models, with reductions in swelling and suppression
of pro-inflammatory cytokines such as TNF-a, IL-1p,
IL-6, and PGE, (Akhtar, 2022). Anticancer activity has
also been observed, particularly through the inhibi-
tion of cell proliferation in multiple tumor cell lines
(P-388, H-22, A549, CNE-2), which may involve both
redox modulation and cytokine inhibition (Calvaruso
etal., 2019).
Despite these findings, most evidence is derived from
in vitro and rodent studies. Standardized dosages,
clinical validation, and pharmacokinetic evaluations
remain absent. Future investigations should focus on
safety profiling, chronic toxicity, and in vivo efficacy
models. Fig. 3 presents a schematic of the plant’s
pharmacological mechanisms, and Table 3 provides
details of identified bioactive compounds.

Rhodomyrtus tomentosa (Aiton) Hassk. (Myrtaceae)

Rhodomyrtus ~ tomentosa, locally known as
haramonting, is traditionally applied in the treatment
of infections, wounds, and diabetes in North Sumatra
(Rumahorbo et al., 2023). Its primary active constitu-
ent is rhodomyrtone, an acylphloroglucinol, support-
ed by terpenoids, anthocyanins, and ellagic acid de-
rivatives (Abd Hamid et al., 2017; Vo and Ngo et al,,
2019).

Strong antibacterial activity has been demonstrat-
ed in vitro against Staphylococcus aureus, Streptococcus
agalactiae, Escherichia coli, and Candida albicans
(Gonelimali et al., 2018; Limsuwan et al., 2009). Rho-
domyrtone is known to compromise microbial cell
walls and suppress virulence gene expression (Nwa-
bor et al., 2021).

Anti-inflammatory properties have been attributed
to the inhibition of nitric oxide and prostaglandin E2
in LPS-activated macrophages (Vo and Ngo et al,
2019). Moreover, the plant exhibits significant antiox-
idant effects by preserving enzymatic activities (SOD,
CAT, GPx) and reducing lipid peroxidation (Lavanya
etal., 2012).

The plant's cytotoxic effects have been validated
on HepG2, MCF-7, and HT29 cells, with ICs values
ranging from 0.28 to 16.18 ng/mL. Notably, several
newly isolated meroterpenoids have been shown to
reverse multidrug resistance in leukemia and breast
cancer models (Greenwell and Rahman, 2015; Vo and
Ngo, 2019).

Nevertheless, current studies lack robust clinical
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or toxicological validation. Recommendations for
future research include nanoformulation develop-
ment, dose-response modeling, and preclinical testing
of isolated compounds. Fig. 4 illustrates its pharmaco-
logical targets, and Table 4 compiles its principal bio-
actives.

Cananga odorata (Lam.) Hook.f. & Thomson
(Annonaceae)

Cananga odorata (kenanga), widely referred to as
ylang-ylang, holds cultural significance across North
Sumatra, where it is employed in traditional rituals,
aromatherapy, and herbal medicine for conditions
such as fever, asthma, postpartum recovery, and ma-
laria (Asazawa et al., 2017; Jin et al., 2015; Soares et al.,
2021).

The plant contains a rich profile of volatile oils and
secondary metabolites. The flowers are particularly
abundant in B-caryophyllene, a-cadinol, a-pinene,
limonene, and 1,8-cineole, while the roots and bark
yield alkaloids, glycosides, and lignans (Caloprisco et
al., 2002; Mustaqim and Hartiningtias, 2021).

Extracts exhibit broad pharmacological activity,
including antimicrobial, anti-inflammatory, antioxi-
dant, neuroprotective, and hypoglycemic effects (de
Freitas Junior et al., 2022). Essential oils inhibit a
range of bacteria, including Bacillus cereus, B. subtilis,
and [-hemolytic Streptococcus (Zhang et al.,, 2018),
while in vitro studies support its utility against biofilm
formation and fungal growth (Sedky et al., 2023).

Despite its promise, limitations include variability
in oil composition, extraction methods, and dosage
data. Standardized protocols, safety evaluations, and
clinical data remain lacking. Future studies should
focus on bioactivity-guided isolation and formulation
of standardized aromatherapeutic or antimicrobial
products. Fig. 5 depicts its therapeutic pathways, with
constituent data listed in Table 5.

Phyllanthus emblica L. (Phyllanthaceae)

Known locally as malaka, widely referred to as In-
dian gooseberry, Phyllanthus emblica is widely distrib-
uted in regions such as Mandailing Natal,
Labuhanbatu, and Tapanuli. Cultural significance is
reflected in its association with the name of the Ma-
lacca Strait (Prananda et al., 2023).

The plant is rich in vitamin C, polyphenols, flavo-
noids, tannins, alkaloids, and unique compounds
such as emblicanin A and B (Asmilia et al.,, 2020;
Quranayati et al., 2022). The synergy between poly-
phenols and vitamin C contributes to its potent anti-
oxidant effects (Chaikul et al., 2021).
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Table 3. Bioactive compounds and their pharmacological mechanisms in Arenga pinnata.

Compound Chemical structure Pharmacological benefit  Molecular activity Reference

Arecoline ~_ Anti- inflammation Thisdruginhibits IL-1f, TNF-a, PGE2, (Huet al.,2022)
and IL-6 production in leg tissuein

o /j responseto edema.

Yo Anti-tumor effects Its fruit has outstanding invivo and ~ (Fantiniet al., 2015)
in vitro anti-tumor effects. The total

Botcinin F diterpenes inhibited P-388, H- 22,
Lewis B-16, A-549, and CNE-2
tumor cells.

Epicatechin 'S Anti- inflammation Increasesarticular cartilage (Grogan and D’Lima,
structure and chondrocyte 2010)

cellularity by reducing nitric oxide
generation and tissue degradation
by proteases.

Galactomannan Cosmetic potential for Inhibition of tyrosinase, antioxidant  (Oliveira Amorimet al.,
brightening effects action by chelating Fe 2+ions,and ~ 2013)
anti-photaging activity by inhibiting

MMP-1 and MMP-13 gene

expression.
Isorhamnetin "y R Anti- inflammation Suppresses NO, PGE2,iNOS,COX-2,  (Sartinahetal., 2022)
| | | COMP, CTX-Il, and osteopontin
.| | || production.
v
Luteolin 0 0 Cytoprotective against Activates AMPK/Nrf2 and AMPK (Sahaand Rebouh, 2023)
| | oxidativeinjury signaling pathwaysto protect

‘ ‘ H primary murine chondrocytes from
oxidative damage, inflammation,
I and disintegration.

Quercetin "o Protects and prevents ItinhibitsIL-1Band TNF production  (Mukherjee and Das,
)\ osteoarthritis. via the TLR-4/NF-kB pathway, 2024)

J(\ suppressing matrix-degrading
proteases and inflammatory

\KJ\/ 8 mediators in joints and bones.
|
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« Saps: Includes a variety
of bioactive compounds
such as Flavonoids,

contain a wide range of
bioactive substances,
including lactic acid,
caffeic acid, coumaric
acids, quercetin,
quercitrin, isorhamnetin,
kaempferol,
bersaldegenin,
bryophyllin a, bryofyllin c,
Bryophynol, bryophyliol,
bryphollone, stigmasterol,
and campesterol.

Roots: The root has a
variety of bioactive
compounds such as
alkaloids, Flavonoids,
saponins, and tannins.

« Cardiovascular

e Drug
phenols, and Terpenoids, Interctans Safety
known for their Parts Used and
antioxidant, anti- Effi
inflammatory, and JoRcY,
antimicrobial activity.
Fruits: A rich
phytochemical profile of
fruit, including saponins.
Leaves: The leaves

« Dosage
« Side Effects

(Polyphenols

Vitamins

Flavonoids

Phytochemical

Tannins Constituents

Antioxidant:

The existence of phenolic and
flavonoid compounds.
Anti-Inflammatory:

There are compounds such as
flavonoids, alkaloids, and
ketones, which are contributors
to its anti-inflammatory
properties.

Antimicrobial:

The ethanol extract of Arenga
pinnata antimicrobial activities.
Antidiabetic:

The presence of secondary
metabolites such as steroids,
alkaloids, phenolic compounds,
lignans, carbohydrates, and
glycosides in Arenga pinnata

Pharmacological
Activities

Sl_'obeci‘tion contributes to their antidiabetic
« Diabetes Free Radical . properties.
Management Mechanisms of « Anticancer:
« Cancer Health Action Flavonoids and phenolics, are
Prevention Benefits known to interfere with various
» Wound Enzyme Inhibition cellular pathways involved in
Healing = = cancer progression
o Liver Apoptosis Induction
Protection
Immune
Modulation
Figure 3. Summary of pharmacological properties and bioactive compounds of Arenga pinnata.
Table 4. |dentified phytochemicals and pharmacological actions of Rhodomyrtus tomentosa.
. Pharmacological .
Compound Chemical structure Molecular activity Reference
benefit
3-Amyrin Antidiabetic, anticancer, a-Amyrincomponent inhibitsa- (Phuongetal.,

cytotoxic,and
antioxidant activities

glucosidase and a-amylase and is 2023)
cytotoxic against MCF-7 cancer cells.

a-Tocopherol /_%

Anti- hypertension

In hypertensive rats, treatment with (Situmoranget al.,
this plant increases HSP27, HSP70,and  2021)

HSP90 levels. In placental histology, it

inhibits Fas synthesis, thereby

preventing trophoblast cell apoptosis.

Betuline { Antioxidant activity Betuline is effective at healingstomach  (VoandNgo, 2019)
™\ ulcers and reducing lipid peroxidation
| l < by increasing CAT and SOD.
J K
Kaempferol Anti-cancer effects Ascancerbiomarkers, PDGF-and IL-18  (Simanullangetal.,

levelscanbereduced through the use of 2022)
R. tomentosa supplementation
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Table 4. Identified phytochemicals and pharmacological actions of Rhodomyrtus tomentosa (continued...)

Compound Chemical structure Pharmacological Molecular activity Reference
benefit
Myricetin Apoptosis activity Suppress G2/M phase cell cycle (Zhanget al.,

progression via the ATM-Chk2-p53-  2020)
p21 signaling pathway. The

. induction of ERstress and inhibition

of STAT3 induce apoptosis

Naringenin Anti- inflammation R. tomentosa exhibits promiseasa  (ldrisetal., 2022)
potential anticancer, antidiabetic,
and antioxidant agent against
several human cancer cell lines,
including MCF-7, HeLa, A549,and
B16. The range of I1Cso values
observed for this extractis 28.28 to

168.88 ug/mL.

Piceatannol \ \ Anti-cancer effects Apoptosis and cell cyclearrestin (Panetal., 2019)
human melanoma and hepatoma

:\ J cells.

Rhodomyrtone Anti-cancer effects Blocking A431cancer cell metastasis  (Laomethakorn
by lowering cell movement, etal., 2023)

adhesion, and invasion.

Resveratrol Anti-cancer effects R. tomentosa in cervicaltissue (Situmoranget
resulted in enhanced histological al., 2024)
improvement, reduced tumor
distance, inhibited carcinoma
growth, and lowered production of

MMP9, GLUT-1, and IL-1f.

Tomentodione M Anti-cancer effects Reverse MDR in cancer cells by (Hanetal., 2022)
decreasing P-gp expressionviap38

MAPK inhibition
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Table 4. Identified phytochemicals and pharmacological actions of Rhodomyrtus tomentosa (continued...)

Pharmacological

Compound Chemical structure Molecular activity Reference
benefit
Tomentosone A Anti-cancer effects Increase chemotherapeuticdrug (Labbozzetta et
cytotoxicity in human breast cancer  al., 2022)
and immortalize myelogenous
leukemia cells with reversed
multidrug resistance.
Tomentosone B Anti-malarial activity Tomentosone B decreased sensitive  (Hiranratetal.,
and resistant strain growth of 2012)
malaria parasite
|
e Polyphenols
« Side Effects
* Drug Anthocyanin: :
Interactions

+ Fruits: Contain high

levels of phenolic Safety

compounds, Flavonoids, and )
tannins, and Terpenoids. Efficacy Phytochemical -
« Leaves: Richin Parts Used Constituents

Flavonoids, tannins,

Terpenoids, and alkaloids.
+ Roots: Contain

Flavonoids, tannins, and

steroids.
+ Antioxidant:
Rh d t Contain high levels of phenolic
O Omyr u S and flavonoid compounds.
« Anti-Inflammatory:
tome nto S a Rhodomyrtone, oleanonic acid,
and ursonic acid, provide a
multifaceted approach to
combating inflammation
+ Antimicrobial:
The ethanol extract of R.
tomentosa antimicrobial
I activities.
* Dkin Health . Antidiabetic:
el L Pharmacological E;Sggltﬂr gfcg??;:'rcgntosa
: gra:vc;rﬁon Health Activities including its phenolics, :
« Wound Benefits flavonoids, terpenoids, and
Healing acylphloroglucinols, underpins
- BrarmirsTiee its potent antidiabetic
Protection « Anticancer:

The anticancer profile of
Rhodomyrtus fomentosa is
characterized by its high
phenolic and flavonoid content,
strong antioxidant activity, and
ability to modulate key
molecular pathways involved in
cancer progression

Mechanisms
of Action

Free Radical
Scavenging

Enzyme Inhibition

Immune
Modulation

Figure 4. Summary of pharmacological activities and constituent compounds of Rhodomyrtus tomentosa.

Cell Cycle Arrest

Apoptosis Induction
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Table 5. Key chemical constituents and biological activities of Cananga odorata.

Compound Chemical structure Pharmacological Molecular activity Reference
benefit
a-cedrene Antihyperglycemic Inhibit porcine pancreatic a- (Lietal., 2018)

amylase. However, it did not block
the a-glucosidase enzyme.

{-caryophyllene

Anxiolytic effect

This plant's anxiolytic effectis linked
to the ERK1/2/CREB

pathway in the hippocampusand
the serotonin system.

(Zhang etal.,2018)

Canangafruticoside E . ° "

Antihyperglycemic

C. odorata extracts may be effective
a- a-amylase inhibitors for treating
postprandial hyperglycemia and
contain terpenoid derivatives and
flavonoids that inhibited aldose
reductase.

(Fattaheian-
Dehkordiet al.,
2021)

Canangaterpenes| 0

Anti- melanogenesis

Inhibition of mouse B16 4A5 (Changetal., 2012)

melanoma cell melanin synthesis
and tyrosinase protein expression

Linalool
activity

Anti-inflammation

In a 15-lipoxygenase inhibitor (Tanetal., 2022)
screening experiment, linalool

catalyzed arachidonic acid

metabolism to produce

inflammatory response-regulating

metabolites.

liriodenine (24)

insecticidal

bioactive compoundswith (Patil et al., 2023)
antibacterial properties and

insecticidal.

Extensive pharmacological activities have been re-
ported, including anti-inflammatory, cytoprotective,
antibacterial, antifungal, hypoglycemic, and im-
munomodulatory effects (Khairunnisa and Angio,
2023). Cytostatic effects against A549, HepG2, MCF-7,
and SK-OV3 cell lines have been documented in vitro
at 50-100 pg/mL (Sagban et al., 2022). Antiviral activ-
ity was demonstrated by 1,2,4,6-tetra-O-galloyl-p-D-
glucose, which inhibited herpes simplex virus (HSV)
type HSV-1 and HSV-2 replication (Diaz-Herrera et
al., 2024).

Vector control activity was observed in larvicidal
and pupicidal assays against Anopheles stephensi
(Yousefbeyk et al., 2018), while leaf extracts exhibited
spasmolytic and antidiarrheal effects in rodent mod-
els (Mehmood et al., 2011). However, most studies
remain at the preclinical stage. Future efforts should

https://jppres.com

aim to validate compound-specific mechanisms, im-
prove extract standardization, and initiate human
trials. Fig. 6 outlines major pharmacological path-
ways, and Table 6 lists associated bioactive constitu-
ents.

Gynura procumbens (Lour.) Merr. (Asteraceae)

Gynura procumbens, locally known as sambung
nyawa, is commonly cultivated across tropical and
subtropical areas of Indonesia, including North Su-
matra. The plant adapts well to diverse environments,
thriving in both outdoor and indoor settings such as
gardens, parks, and household plots (Nguyen et al.,
2021; Tan et al., 2016). It has long been employed in
traditional medicine to manage conditions such as
fever, hypertension, diabetes, inflammation, and ma-
lignancies (Mou Dash, 2016).
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Free Radical
Scavenging

* Mechanism: Cananga
odorata's essential oils
contain compounds
like linalool and B-
caryophyllene, which
can donate hydrogen
atoms or electrons to
neutralize free radicals.
Effect: This reduces
oxidative stress and
prevents cellular
damage caused by
free radicals.

Redox

\

Regulation

* Mechanism: The essential oil
components can modulate redox-
sensitive signaling pathways,
maintaining a balance between
oxidants and antioxidants within
cells.

Effect: This helps in maintaining
cellular homeostasis and
preventing oxidative damage.

* Mechanism: Compounds like
farnesol and benzyl acetate can
chelate metal ions (e.g., iron,
copper), which catalyze the
formation of reactive oxygen
species (ROS).

Effect: This reduces the
availability of free metal ions, thus
decreasing ROS generation and
oxidative stress.

Metal
Chelation

\

Cananga
odorata

Enzyme
Modulation

Mechanism: The phytochemicals in
Cananga odorata can inhibit pro-
oxidant enzymes (e.g., lipoxygenase)
and enhance antioxidant enzymes
(e.g., superoxide dismutase).

Effect: This enhances the body's
ability to neutralize ROS and reduce
oxidative stress.

Figure 5. Summary of pharmacological properties of Cananga odorata.

Detailed
Mechanisms
of Action

.y

. Free Radical Scavenging
a. Mechanism: Phyillanthus emblica contains high levels of vitamin C, tannins, and Polyphenols which can
donate electrons to neutralize free radicals.
b. Effect: This reduces oxidative stress and prevents cellular damage caused by free radicals. The high
antioxidant capacity of these compounds helps in protecting cells from oxidative damage.
. Redox Regulation
a. Mechanism: Compounds in Phyllanthus emblica modulate redox-sensitive signaling pathways, enhancing
the antioxidant defense mechanisms within cells.
b. Effect: This helps in maintaining a balance bet
homeostasis and reducing oxidative damage.
Metal Chelation
a. Mechanism: The Polyphenols and tannins in Phyllanthus emblica can bind to metal ions (e.g., iron,
copper), which catalyze the formation of reactive oxygen species (ROS).
b. Effect: This reduces the availability of free metal ions, thereby decreasing the generation of ROS and
minimizing oxidative stress.
Enzyme Modulation
a. Mechanism: Phytochemicals in Phyllanthus emblica can inhibit pro-oxidant enzymes (e.g., lipoxygenase)
and enhance the aclivity of antioxidant enzymes (e.g., superoxide dismutase, calalase).
b. Effect: This boosts the body's antioxidant defense system, enhancing the removal of ROS and protecting
cells from oxidative damage
Gene Expression Regulation
a. Mechanism: Bioactive compounds in Phyllanthus emblica can influence the expression of genes involved
in antioxidant defense, such as Upregulating the expression of Nrf2, a key regulator of cellular resistance to
oxidants.
b. Effect: This leads to an increased production of endogenous antioxidants and phase Il detoxifying
enzymes, providing enhanced protectlion against oxidalive stress.

N

and anti

thereby supporting cellular

9

Eal

o

Phyllanthus
emblica

Health
Benefits

Safety and
Efficacy

Anti-aging
= Benefit: By reducing oxidative stress, Phyllanthus embiica helps in slowing down the aging process and
preventing age-related diseases.
Cardiovascular Protection
o Benefit: The antioxidant and anti-infl
other cardiovascular diseases.
Neuroprotection
o Benefit: The reduction in oxidative stress helps in protecting neurons from damage, potentially reducing
the risk of neurodegenerative diseases.
Diabetes Management
= Benefit: The antioxidant properties can improve insulin sensitivity and reduce oxidative stress-related
complications in diabetes.
Cancer Prevention
= Benefit: By neutralizing free radicals and modulating signaling pathways, Phyllanthus emblica may
reduce the risk of cancer development.
Skin Health
= Benefit: The antioxidant properties help in reducing skin damage caused by UV radiation and
environmental pollutants, leading to healthier and more youthful skin.

ory effects ¢ ibute to the prevention of atherosclerosis and

1. Dosage
» Guidelines: Typical dosages for antioxidant benefits range from 500 mg to 1,000 mg of standardized extract
per day.
2, Side Effects
+ Considerations: Generally considered safe, but high doses may cause gastrointestinal discomfort.

3. Drug Interactions
* Potential Interactions: May interact with blood thinners and medications that influence blood sugar levels.

Figure 6. Summary of therapeutic activities and phytochemical constituents of Phyllanthus emblica.
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Table 6. Pharmacologically active compounds identified in Phyllanthus emblica and their molecular mechanisms.

Compound Chemical structure Pharmacological benefit Molecular activity Reference
Alanine . Analgesic, antipyretic,and The dorsal root ganglia (DRG) ofarat  (Wuetal,,
u anti-inflammatory activities ~ modelwithspared nerve injury 2021)
e o exhibited reduced levels of IL-1B, IL-2,

IL-6, and IL-12, while displaying
elevated levels of IL-10.

Ascorbic acid Protectionagainst diabetes ~ The results demonstrated a decrease  (Kitwetcharo
in oxidative stress, nitrite enetal,
concentrations, and various 2024)
inflammatory cytokines, including
TNF-q, IL-1, and TGF-q, in both the

blood and sciatic nerve homogenate.

Aspartic acid Antioxidant activity The aqueous extract from this (Cecerska-
. compound greatly increased Herycetal,
antioxidant activity by increasing GSH ~ 2022)
e ~o" and antioxidant system enzymes such

as superoxide dismutase, catalase,

N GSH peroxidase, GSH reductase, and
GSH S-transferase.
Cystine o Oncolytic activity The L-cysteine derivative actsasanL- (Yooetal.,
. glutamine antagonist, preferentially ~ 2020)
TN targeting purine nucleotide
biosynthesis enzymes.
Epigallocatechin- n, anti-proliferative and anti- In comparison to 5-fluorouracil, it (Benassi et
3-O-gallate 1 diabetic activity exhibited significant anti-proliferative  al., 2020)
i efficacy against HeLa and MK-1 cell
o lines.
ellagic acid ) Protection against diabetes  Inhibit a-amylase and B-glucosidase.  (Xuetal,,
| The increased levels of ellagic acid 2021)

were found to be responsible for the
antidiabetic action.

Limonene T Nephroprotective activity Research on cisplatin-induced (Iskander
h nephrotoxicity in rats revealed that and Yan,
A the fruit extract enhanced kidney 2022)
I' ] function, antioxidant status, and
o histological changes via inducing

apoptosis and suppressing MAPK-
induced inflammation.
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Compound Chemical structure Pharmacological benefit Molecular activity Reference
Myrcene P Analgesic activity Myrcene's low affinity for opioid (Richter et
’ H l receptors suggests a- 2-adrenoceptor- al., 2021)
stimulated opiate release.
Methyl eugenol P Anti- inflammation Reducing proinflammatory cytokines, (Mehdietal.,
i including TNF-a, NF-kB signaling 2023)
O pathway, and macrophage infiltration,
improved lung function and structure
by reducing inflammation.

Tetracosane Antioxidant activity The essential oil and its primary (El Amir et
constituents demonstrated a strong  al., 2014)
ability to scavenge nitric oxide (NO)
and suppressed the activity of
inducible NO synthase.

Thymol Anti- inflammation Thymol can reduce inflammation by~ (Nagoor
decreasing T cellimmunological Meeran et

response and increasing the ratio of - al.,2017)
helper cells-1 (Th1) to IL-2 and IFN-

y/Th2 (IL-4, IL-5, and IL-10), in mouse

primary splenocytes.

Phytochemical analyses have confirmed the pres-
ence of multiple secondary metabolites in the leaves,
including flavonoids, tannins, saponins, terpenoids,
and steryl glycosides. Among these, kaempferol-3-O-
rutinoside and astragalin have been identified as
dominant antioxidant constituents, exhibiting potent
free radical scavenging properties. The ethyl acetate
fraction, in particular, demonstrated the highest anti-
oxidant activity across various assays due to its high
phenolic content (Jobaer et al., 2023; Tan et al., 2020).

Antihypertensive effects have been substantiated
through both in vivo and in vitro studies, primarily via
inhibition of angiotensin-converting enzyme (ACE)
and promotion of vasorelaxation through prostaglan-
din pathways (Ahmad Nazri et al., 2019; da Silva et
al., 2022). Extracts also exhibited hypoglycemic effects
in diabetic rodent models, evidenced by improved
glucose tolerance and reductions in fasting blood
glucose, without inducing hypoglycemia in non-
diabetic controls (Jobaer et al., 2023).

The plant’s anticancer activity has been document-
ed in various cellular models, with observed inhibi-
tion of proliferation, migration, and invasion. These
effects are thought to be mediated through cell cycle
arrest and apoptosis induction (Jermnak et al., 2022).
Antiplasmodial activity has also been reported, with
extracts demonstrating chemosuppressive effects
against Plasmodium falciparum and Plasmodium berghei,
potentially involving glycogen synthase kinase-3
(GSK3) inhibition and modulation of the PI3K/Akt
signaling pathway (Saha et al., 2023).

https://jppres.com

Antiviral efficacy has been shown against herpes
simplex virus types 1 and 2, while immunomodulato-
ry properties have been evidenced in murine lympho-
cyte models, suggesting dual immunostimulatory and
anti-inflammatory roles (Moon et al., 2021). Addition-
ally, gastroprotective effects have been validated in
ethanol-induced ulcer models, where the extract at-
tenuated mucosal damage, reduced leukocyte infiltra-
tion, and minimized submucosal edema (Jabbar et al.,
2023).

Despite the breadth of pharmacological activity
reported, limitations remain regarding dosage stand-
ardization, clinical applicability, and long-term safety
data. No clinical trials have yet been conducted, and
pharmacokinetic evaluations are lacking. Future di-
rections should prioritize formulation development,
chronic toxicity assessments, and translational valida-
tion in human populations. A concise summary of
pharmacological mechanisms is presented in Fig. 7,
and a comprehensive list of bioactive constituents and
their associated activities is provided in Table 7.

Premna serratifolia L. (Lamiaceae)

Premna serratifolia, locally referred to as buas-buas,
is widely recognized in North Sumatra for its dual
function as both a traditional vegetable and medicinal
herb. It is frequently used among Malay communities
to address ailments such as fever, halitosis, postpar-
tum disorders, rheumatism, and microbial infections
(Dianita and Jantan, 2017).

J Pharm Pharmacogn Res (2025) 13(6): 1898


https://jppres.com/

Rumahorbo and Situmorang Bioactivity of North Sumatran medicinal plants

Table 7. Major bioactive constituents and therapeutic effects of Gynura procumbens.

Compound Chemical structure Pharmacological benefitMolecular activity Reference

[-sitosterol Anti-cancer Themodification ofthe cell cycle, (Qiand Calvi, 2016)
including arrestsin the Gland S
phases, as well as the activation

of apoptosis.

Astragalin ¢ Anti-diabetic Reducedfastingblood glucose  (Alfheeaid et al., 2023)
levels in diabetic rats.

Chlorogenic acid N\ » Anti-diabetic Fasting blood glucose levels (Huetal., 2021)
= >L decreased in diabetic rats, with
w7 >1 metformin-like effects enhancing

NS N e & hepatic gluconeogenesis and
I ‘ . insulin sensitivity.

Kaempferol "o 7 Anti-diabetic The fasting blood glucose levels (Sampath et al., 2020)
- J\ B ! of diabetic mice are reduced
‘ ‘/ through the inactivation of GSK-
N e N 3B.

Quercetin Anti-diabeticand anti- UV inhibits MMP-1, MMP-9, IL-6, (Jang et al., 2023)
inflammatory IL-8 expression, ROS production,

and pro-inflammatory cytokines.

Rutin "o Anti-diabetic Glucose metabolism occursvia  (Rui, 2014)
Oy glycolysis, while hepatic glucose

production is inhibited by

gluconeogenesis.

Stigmasterol Anti-cancer WiDr colon cancer growth is (Hong et al., 2020)
« N\ suppressed, with 5-FU efficacy
I [ " enhanced but counteracted by
B cisplatin.

3,5-dicaffeoylquinic o Anti-cancer The compound inhibited MCF-7 (Lee et al., 2019)

acid . N . cell proliferation by inducing
. L, A apoptosis and downregulating
: L Bel2.
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Table 7. Major bioactive constituents and therapeutic effects of Gynura procumbens (continued ...)

Compound Chemical structure

Pharmacological benefitMolecular activity

Reference

JON

[-carotene

Anti-inflammation

Anti-inflammatory protection
occurs by reducing IL-6, TNF-k,
PGE2 production, and COX-2
activity.

(Juetal., 2022)

Detailed
Mechanisms
of Action

damage.

+ Free Radical Scavenging
= Mechanism: Gynura procumbens contains high levels of Flavonoids, phenolic acids, and other
Polyphenals that can donate electrons or hydrogen atoms to neutralize free radicals.
o Effect: This action reduces oxidative stress by preventing the formation of harmful reactive oxygen
species (ROS) and protecting cells from oxidative damage.
+ Redox Regulation
= Mechanism: Bioactive compounds in Gynura procumbens can modulate redox-sensitive signaling
pathways, such as the Nrf2 pathway, which regulates the expression of antioxidant proteins.
= Effect: This enhances the body’s endogenous antioxidant defense mechanisms, maintaining a
balance between oxidants and antioxidants, and promoting cellular homeostasis.
+ Metal Chelation
= Mechanism: The plant's Polyphenols and other compounds can chelate metal ions (e.g., iron and
7 copper) that catalyze the formation of ROS.
- o Effect: This reduces the availability of free metal ions, thereby decreasing ROS generation and
minimizing oxidative stress.
+ Enzyme Modulation
= Mechanism: Phytochemicals in Gynura procumbens can inhibit pro-oxidant enzymes (e.g., xanthine
oxidase) and enhance the activity of antioxidant enzymes (e.g., superoxide dismutase, catalase).
o Effect: This action boosts the body's antioxidant defense system, enhancing the removal of ROS
and protecting cells from oxidative damage.
+ Anti-inflammatory Action
= Mechanism: The plant's constituents can inhibit the production of pro-inflammatory cytokines and
modulate inflammatory signaling pathways (e.g., NF-kB).
= Effect: This reduces inflammation-induced oxidative stress and further protects tissues from oxidative

Gynura

procumbens Health

Benefits

Safety and + Anti-aging

Efficacy

» Cardiovascular Protection
— = Benefit: The antioxidant and anti-inflammatory effects contribute to the prevention of atherosclerosis,
hypertension, and other cardiovascular diseases by protecting the vascular endothelium and reducing
oxidative damage to lipids.
» Diabetes Management
o Benefit: Gynura procumbens can improve insulin sensitivity and reduce oxidative stress-related
complications in diabetes, helping to maintain normal blood glucose levels.
* Neuroprotection
= Benefit: The reduction in oxidative stress helps in protecting neurons from damage, potentially
reducing the risk of neurodegenerative diseases such as Alzheimer's and Parkinson's diseases.
» Cancer Prevention
o Benefit: By neutralizing free radicals and modulating signaling pathways, Gynura procumbens may
reduce the risk of cancer development and inhibit the proliferation of cancer cells.

= Benefit: By reducing oxidative stress and inflammation, Gynura procumbens helps in slowing down
the aging process and pi ing age-related di

* Dosage

— « Side Effects

= Guidelines: Typical dosages for antioxidant benefits range from 500 mg to 1,500 mg of standardized
extract per day, depending on the preparation and concentration.

= Considerations: Generally considered safe when consumed as food or in moderate supplemental
doses, but high doses may cause gastrointestinal discomfort or allergic reactions in some individuals.
* Drug Interactions
= Potential Interactions: May interact with blood thinners, antihypertensive medications, and drugs
that influence blood sugar levels, so caution is advised for individuals on these medications.

Figure 7. Overview of pharmacological activities attributed to Gynura procumbens.

Phytochemical investigations have revealed a
broad spectrum of secondary metabolites, including
flavonoids, saponins, polyphenols, terpenoids, ster-
oids, and amino acids. These compounds are distrib-
uted across various extract fractions, with antioxidant
activity confirmed by ICsy values ranging between
10.3 and 53.8 mg/L depending on the solvent used
(Mali, 2016; Selvam et al., 2012).

The analgesic potential of P. serratifolia has been
validated through ethanol extract studies, which
demonstrated significant inhibition of acetic acid-
induced writhing in murine models. The observed
effects were comparable to those of standard analge-
sics such as diclofenac (Barbosa et al., 2023; Lalrinzua-
li et al, 2016). Anti-inflammatory effects have also

https://jppres.com

been documented in carrageenan-induced paw ede-
ma and histamine-induced wheal models, where
suppression of inflammation was attributed to cy-
clooxygenase-1 (COX-1) inhibition and membrane
stabilization mechanisms (Kalam et al, 2022;
Mansouri et al., 2015).

Antimicrobial and larvicidal activities are primari-
ly associated with the plant’s essential oils, particular-
ly those rich in sesquiterpene hydrocarbons and oxy-
genated derivatives. These extracts have shown effi-
cacy against Aedes aegypti and other pathogenic vec-
tors (Silvério et al., 2020). Additionally, in adjuvant-
induced arthritis models, ethanol extracts of P. serrati-
folia significantly attenuated paw edema, suggesting
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promising anti-rheumatic properties (Rajendran and
Krishnakumar, 2010).

Emerging studies have further explored the plant’s
therapeutic versatility through nanotechnology. Silver
nanoparticles biosynthesized from P. serratifolia leaf
extracts exhibited inhibitory effects on carbon tetra-
chloride-induced tumor formation in murine models,
highlighting potential antitumor applications (Jo et
al., 2021). Broader pharmacological actions reported
in the literature include hepatoprotective, antidiabet-
ic, antimicrobial, neuroprotective, and immunomodu-
latory activities (Arega et al., 2023).

Despite this wide pharmacological profile, re-
search on P. serratifolia is constrained by several limi-
tations. Variability in phytochemical composition
across extracts, lack of standardization in dosage and
administration, and absence of clinical trial data re-
strict the translation of findings into medical applica-
tions. Future research should emphasize pharmacoki-
netic evaluation, formulation development, chronic
toxicity testing, and validation in human subjects. A
visual synthesis of P. serratifolia’s pharmacological
mechanisms is provided in Fig. 8, and a detailed list
of its active compounds and associated bioactivities is
presented in Table 8.

Styrax sumatranus J.J.Sm. (Styracaceae)

Styrax sumatranus (synonym of Styrax paralleloneu-
rus Perkins), commonly referred to as kemenyan toba,

Bioactivity of North Sumatran medicinal plants

is endemic to the highland regions of North Sumatra
and serves as the principal source of benzoin resin in
Indonesia. Major production areas include North
Tapanuli, Dairi, Toba Samosir, and Central Tapanuli
Regencies, where the species grows in montane forest
ecosystems (Rahmawaty et al., 2023). The resin exu-
date of S. sumatranus has long been valued for its ar-
omatic, medicinal, and ritual significance.

Phytochemical analyses of the resin have identi-
fied various cinnamic acid derivatives, including cin-
namyl cinnamate, benzyl benzoate, and styrene.
These constituents have been implicated in its antiox-
idant and anti-inflammatory activity. In vitro assays
demonstrated notable antioxidant effects, with ICsp
values below 16 mg/L for the n-hexane extract. Addi-
tionally, essential oils derived from this species con-
tain fatty acid methyl esters such as methyl palmitate,
methyl stearate, methyl oleate, and methyl-13,16-
octadecadienoate, contributing to its therapeutic pro-
file (Xia et al., 2023).

In silico docking studies identified cinnamyl cin-
namate as a promising anti-inflammatory agent due
to its favorable binding affinity (AG) with the chemo-
kine receptor CXCR4, a molecular target implicated in
inflammatory signaling (Elfiati et al., 2022). While
such computational findings are encouraging, they
remain hypothetical without corroborating in vitro or
in vivo data.

. Moclunlsm
of Cell These can
disrupt the integrity of microbial cell membranes, leading to
cell lysis and death.
= Inhibition of Microbial Enzymes: They can inhibit essential
enzymes in microbes, hampering their meubollc processes.

Antimicrobial

5 with
may interfere with the synthesis of mlCVDbIBl DNA or RNA.
Y e Activity

Anti-
inflammatory
Activity

* Mechanism
® Ianhhn of Pro-infla

* Mechanism:

o Induction of Apoptosis: These
compounds can induce programmed
cell death in cancer cells.

© Inhibition of Cell Proliferation: They
can inhibit the proliferation of cancer
cells by modulating cell cycle
regulalory proteins.

° metastatic Effects: Inhibition of
enzymes involved in metastasis, such
as matrix metalloproteinases (MMPs).

Anticancer
Activity

Enhancing Anﬁmdd.m Paﬂm-ysdﬂmsa
Enzyme Activities: compounds may
They may enhance the Interact with pain

activity of endogenous
antioxidant enzymes
such as superoxide
dismutase (SOD),
catalase (CAT), and
glutathione peroxidase

°

receptors and inhibit
the release of pain
mediators like
prostaglandins.

o Central Nervous
System Effects: Some
compounds may exert
a sedative effect,
contributing to pain

o

Cytokit compounds
;"m::r::;:".rﬁ‘;:"r:'m * Mechanism:
o Vasodilation: Compounds can
< inbibiion :’h‘:?:.m;;g: P remna induce the production of nitric
;“’.‘m"'.y,.,..‘, C0X) and t i f I 4 Cardiovascular ~N oxide (NO), leading to the
lipoxygenase (LOX) enzymes, Benefits relaxation of blood vessels.
!:a‘lf;m."'f:, mamm;ﬁgm Serra , O Ia o Reduction of Blood Pressure:
pr::‘-l%a‘:‘dt‘;\’t n?i {'ex;koums Through vasodilation and other
Inhibition of NF-3 signaling . Antioxidant mechanisms, these
pathway r = compounds can lower blood
I;:"n:scnpuoﬂ Vot nﬂarnmalory Activity pressure.
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o 5 Enhances the levels of
. Antidiabetic beneficial lipids while reducing
Hepatoprotective Activity harmful ones, such as LDL
/ Analgesic Activity cholesterol.
./ Activity \
S \\cb
S s@.,,":.".;‘,..‘, Free * Mechanism:
Radicals: These N « Mechanism: o Enhancement of Insulin
f.;’.'ml“;f,i:;‘u o Enhancement of Antioxidant Secretion: These compounds
oxygen species (ROS) * Mechanism: Defenses: These compounds can stimulate the secretion of
and other free radicals > Modulation of Pain can enhance the activity of insulin from pancreatic B-cells.

antioxidant enzymes and reduce o Improvement of Insulin
oxidative stress in liver cells.
Inhibition of Inflammatory
Pathways: Reduces
inflammation in the liver,
protecting it from damage. o Inhibition of Carbohydrate-
Detoxification: Some
compounds may aid in the
detoxification processes in the
relief. liver.

Sensitivity: They can improve
the sensitivity of tissues to
insulin, enhancing glucose
uptake.

digesting Enzymes: Inhibits
enzymes like alpha-amylase and
alpha-glucosidase, reducing
glucose absorption from the gut.

Figure 8. Summary of bioactivities and chemical constituents of Premna serratifolia.
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Table 8. Active phytoconstituents and pharmacological benefits of Premna serratifolia.

Compound Chemical structure

benefit

Pharmacological

Molecular activity Reference

Bornyl acetate

Hypotensive effect

Systolic blood pressure decreases
dose-dependently, with minimal
effect on heart rate.

(Reuleand Drawz, 2012)

Longifolene- (V4)

Anti-fungal activity

Some target compounds exhibited (Zhaoetal., 2021)

excellent in vitro antifungal activity.

n-Hexadecanoic
acid

Anti-inflammation

N-hexadecanoic acid inhibits
phospholipase A2 in silico, showing
anti-inflammatory potential.

(Aparnaetal., 2012)

Phytol

Anti-tumor activity

N-hexadecanoic acid inhibits
phospholipase A2, demonstrating
anti-inflammatory potential.

(zhang et al., 2023)

Squalene
antioxidant

a-tocopherol % Antioxidant

Skin protection and

Squalene resists peroxidation and
quenches singlet oxygen, protecting
skin from UV-induced lipid
peroxidation and oxidative damage.

(Huang et al., 2009)

a-Tocopherol reacts with lipid-
peroxyl radicals to form a-
tocopherylquinone, and in low
oxygen, traps carbon-centered
radicals, producing lipid-alkyl-a-
tocopherols.

(Yamauchi, 2007)

Moreover, several endophytic fungi isolated from
S. sumatranus, including Trichoderma sp., Phyllosticta
sp., and Neopestalotiopsis sp., have demonstrated addi-
tional pharmacological activities, such as antioxidant
effects, antimicrobial activity, and a-glucosidase inhi-
bition, which may indirectly enhance the health-
promoting value of the plant's derived products (Ped-
ro et al, 2022). However, when individual com-
pounds such as cinnamic acid and ethyl cinnamate
were tested separately, their antioxidant activity was
generally weak (ICsp > 1000 mg/L), with the excep-
tion of gallic acid (ICsp = 5.23 mg/L). This suggests
that the therapeutic efficacy of the resin may rely
heavily on compound synergy within the whole ex-
tract, rather than the potency of isolated constituents.

Despite these findings, considerable research gaps
remain. The current evidence is primarily based on in
vitro and in silico studies, with little to no in vivo vali-
dation. Moreover, variations in extraction protocols
and a lack of standardized resin characterization hin-

https://jppres.com

der reproducibility. Future studies should prioritize
bioactivity-guided fractionation, controlled animal
experiments, and toxicity assessments to validate
traditional claims and explore clinical translation po-
tential.

A pharmacological overview of S. sumatranus is il-
lustrated in Fig. 9, and detailed information on its
active compounds is presented in Table 9.

Saurauia vulcani Korth. (Actinidiaceae)

Saurauia vulcani, locally known as Pirdot, is indige-
nous to the Lake Toba highlands in North Sumatra
and holds significant ethnomedicinal value, particu-
larly for its antidiabetic and immunomodulatory ap-
plications (Grass et al., 2020; Lubis et al., 2022). The
plant is commonly prepared as an herbal decoction
and is used extensively across local communities for
managing metabolic disorders.
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Table 9. Identified chemical compounds in Styrax sumatranus and associated pharmacological activities.

Compound Chemical structure Pharmacological Molecular activity Reference
benefit
Egonol Antifungal activity Neither VP-16 nor H,02 alone (Acésioet al.,
showed genotoxic effects, but 2016)

SCHE extract reduced micronuclei
frequency induced by both.

Anti-inflammation BALF, AHR, and serum Th2 (Shin et al., 2014)
cytokines were lower, with
histology showing reduced iNOS
and MMP-9 expression, easing
airway inflammation and mucus
overproduction in OVA-induced
lesions.

Homoegonol

Anti-inflammation The amino acid sequences of (Shim et al., 2009)
CXCR4 suggest its high potential
as an anti-inflammatory drug.

Oleanolic acid

Antioxidant activity Inhibition of COX-2,iNOS, and IL- (Xiao et al., 2020)
1P production occurs by blocking
NF-kB and MAPK activity in Cr (VI)-
induced BNL CL.2 cells.

Taraxerol

Antimicrobial Respiratory benefits Anti-inflammatory e

Disruption of cell membrane .
=+ loss of integrity -» lysis - microbial (@)  Expectorant properties @ nhibition of pro-inflammatory O
death . -+ aids mucus expulsion from . cytokines

respiratory tract -+ suppresses IL-18, TNF-q, IL-6

Inhibition of enzymes

-» blocks vital bacterial/fungal survival Anti-inflammatory effects Inhibition of COX & LOX
& growth - reduces airway inflammation palthways aiee o

- - lowers prostaglandins
!-.r;(t:mrfeer:i:ce with DNA/RNA Antimicrobial properties leukotrienes

—-» combats respiratory infections

-» prevents microbial replication Modulation of NF-xB pathway

-+ downregulates transcription of

AntoxIaant ( inflammatory genes
Scavenging free radicals . ; E— ..
- neutralizes ROS & other reactive . b
species S tyrax Modulation of pain pathways
- interacts with receptors =

— Sumatranus i inhibits prostaglandins release

Enhancing antioxidant enzymes

=» boosts SOD, CAT, GPx activity » =~ S
strengthens defense system CNS effects
-+ sedative action of compounds
w .. Wound healing ‘. - contributes to pain relief

Induction of apoptosis Promotion of collagen synthesis
- triggers programmed cancer cell - strengthens ECM — supports tissue
dath Y repair Key compounds
Inhibition of proliferation Anti-inflammatory & antimicrobial @ cinnamic acid
-+ modulates cell cycle proteins - -» reduces infection & inflammation - . Benzoic acid
suppresses growth faster healing . b s

ssential olls
Anti-metastatic effects Angiogenesis .
- inhibits MMPs — prevents invasion & - stimulates new blood vessel formation .Va"'”'"
metastasis -» enhances repair .Phenolics

Figure 9. Summary of bioactive components and pharmacological actions of Styrax sumatranus.

Phytochemical analyses have revealed the pres- including alkaloids, flavonoids, saponins, triterpe-
ence of a broad spectrum of secondary metabolites, noids, and tannins, which likely contribute to its di-
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verse pharmacological effects (Sitorus, 2015). Two
major triterpenoid compounds, 3-hydroxy-olean-12-
en-28-oic acid and 3,19-dihydroxyurs-12-en-28-oic
acid, have been isolated from the leaves, both of
which exhibit anti-inflammatory and antioxidant
activities, as well as hepatoprotective potential
(Masyita et al., 2022; Rosidah et al., 2021).

Toxicological assessments have supported the
plant’s relative safety, with subchronic toxicity stud-
ies reporting LDsp values ranging from 225.77 mg/L
to 715.28 mg/L, depending on the extract type. No
significant adverse effects on blood parameters or
organ histology were reported in rodent models, sup-
porting its traditional usage within recommended
dosages.

The antidiabetic effects of S. vulcani have been
substantiated in streptozotocin (STZ)-induced diabet-
ic rat models. Reported outcomes include significant
reductions in blood glucose levels, improvement in
antioxidant enzyme profiles (e.g., SOD and CAT), and
accelerated wound healing, indicating a systemic
effect on both glycemic control and tissue regenera-
tion (Spampinato et al., 2020). These findings align
with the plant’s traditional use in managing metabolic
syndromes.

Despite encouraging preclinical results, notable re-
search gaps remain. No clinical trials or human ob-

Bioactivity of North Sumatran medicinal plants

servational studies have been conducted to confirm
efficacy or determine optimal dosage regimens.
Moreover, pharmacokinetic profiles, compound bioa-
vailability, and formulation stability have not been
evaluated. Standardization of extraction methods and
compound quantification remains a crucial prerequi-
site for translational research.

Given its abundant availability and strong tradi-
tional support, S. vulcani represents a promising can-
didate for further development as a natural therapeu-
tic agent, particularly in the fields of diabetes man-
agement and liver protection. A concise visual repre-
sentation of its pharmacological activities is provided
in Fig. 10, while a comprehensive summary of its
bioactive constituents and mechanisms is presented in
Table 10.

Vitis gracilis Wall. (Vitacaeae)

Vitis gracilis, synonym of Ampelocissus gracilis
(Wall.) Planch., locally known as gagatan harimau, is a
lesser-known medicinal plant from North Sumatra
traditionally utilized to improve male reproductive
health and physical stamina. This ethnobotanical ap-
plication is reflected in its usage among indigenous
communities as a tonic to enhance fertility and sexual
vitality (Ilyas et al., 2023).

activities (e.g., SOD,

+ Mechanism: Anti- o Inhibition of pro-
c ) infl ki
g Phenolic inflammatory Flavonolds Co i
o Inhibiting lipid acids Activity o Inhibition of COX-2 and
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enolic / ‘ i
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Figure 10. Summary of the beneficial pharmacology of Saurauia vulcani.
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Table 10. The compounds and pharmacological molecular activity of Saurauia vulcani.

Rumahorbo and Situmorang

Bioactivity of North Sumatran medicinal plants

Compound

Chemical structure

Pharmacological
benefit

Molecular activity

Reference

Ursolic acid

Immunotherapeutic
agents

Genes like TNF-a, IL-6, COX-2, IL-
183, and iNOS influence
macrophage function and
inflammation.

(Parisi et al., 2018)

Stigmasterol

Immunostimulant

Antigen lymphocyte extract
enhances erythrocyte count and
blood cell levels, and resultsin a
histologically healthy spleen.

(Lietal., 2021)

Genistein "o . g Immunostimulant The extract boosts lymphocyte (Medoro et al.,
L J /T count, reduces IL-2 production, 2023)
‘ \I' [ and protects liver tissue.
o N
Cis-3-0-p- Anti-diabetic The analysis showed a significant ~ (Pérez Gutiérrez

hydroxycinnamoyl

decrease in blood glucose and
HbAlc levels, alongside
increased SOD levels and insulin
secretion (p<0.05).

etal.,, 2021)

Oleanolic acid

Hepatoprotective

The therapy group showed a
significant reduction in SGOT
and SGPT values.

(Giannini et al.,
2005)

B-sitosterol N Anticancer The ethyl acetate-based prickly (Abdul Wahab et
leaf extract showed significant al., 2018)
cytotoxic effects on WiDr cancer
cells.

maslinic acid Anticancer Bioactive compounds from S. (Ghosh et al.,

[, vulcani have higher binding 2022)
1

affinity to AKT1, GLUT1, and HIF-
1y than doxorubicin.

Rhodamine B

Anticancer activity

Rhodamine B from this plant

(Heck-Swain et

A e
\J_,{[% identified fifteen essential genes, al., 2022)
" including TP53, AKT1, UBC,
J// l/\\[/\ VEGFA, BCL2, PTGS2, HIF1A,
PPN J CYP3A4, NOS3, CYP7AL, ALB,
] SRC, MTOR, CTNNB1, and EGFR.
Corosolic acid Antibacterial activity Corosolic acid enhanced (Sinelius et al.,
N cefotaxime's antibacterial 2023)

activity, creating a synergistic
effect and increasing its drug-
resistance index (DRI) against all
S. aureus strains tested.
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Phytochemical analyses have identified over 30 bi-
oactive constituents, including triterpenoids (e.g.,
isomasticadienonic acid, disolentin B), fatty acids
(e.g., linolenic acid, quinoprene), xanthones (e.g., scor-
techinone B), glycerolipids, and monoterpenoids such
as terpinyl isobutyrate. These compounds are impli-
cated in multiple biological pathways relevant to an-
tioxidative, anti-inflammatory, and hormonal regula-
tion.

Experimental studies support the antioxidant and
anti-inflammatory potential of V. gracilis, with evi-
dence  indicating  downregulation of  pro-
inflammatory cytokines such as TNF-a and upregula-
tion of anti-inflammatory markers including IL-10
(Wasnis et al., 2022). The plant has also demonstrated
beneficial effects on reproductive hormone regulation,
with increased testosterone levels, improved histolog-
ical architecture of testicular tissue, and modulation
of caspase-3 and IL-6 expression, indicating a role in
counteracting inflammation-induced infertility.

Bioactivity of North Sumatran medicinal plants

In addition to reproductive health benefits, neuro-
protective activity has also been reported. Extracts of
V. gracilis inhibited cytochrome c expression, reduced
oxidative stress, and improved cognitive markers in
relevant models (Balea et al., 2020). These findings
suggest potential therapeutic applications in prevent-
ing neurodegenerative damage and enhancing
memory function.

Despite these promising biological effects, the cur-
rent body of pharmacological evidence for V. gracilis
remains preliminary. Most studies have been limited
to animal models and in vitro systems, with no clinical
data or long-term toxicity assessments available.
Moreover, detailed mechanistic investigations, dose-
response evaluations, and standardization of extract
composition are still lacking. Further research should
focus on bioactivity-guided fractionation, formulation
development, and in vivo validation in reproductive
and neurological models. A visual summary of the
pharmacological mechanisms associated with Vitis
gracilis is provided in Fig. 11, and compound-specific
pharmacological data are detailed in Table 11.

Neuroprotective

* Protect neurons from oxidative
stress & apoptosis

* Improve mitochondrial function

* Modulate neurotransmitter
systems

\

* Scavenge free radicals

¢ Reduce oxidative stress
* Prevent cellular damage

Cardiovascular Benefits

« Vasodilation via nitric oxide (NO)
* Reduce blood pressure
* Improve lipid profiles

/ _/ * Inhibit pro-inflammatory
4 cytokines (IL-1B, TNF-a)

Vitis
gracilis

* Modulate opioid receptors
* Inhibit pain mediators (e.g.,
prostaglandins)

Anti-inflammatory

¢ Inhibit COX-2 & INOS
enzymes

¢ Modulate NF-kB signaling
pathway

Antimicrobial

Disrupt microbial
membranes
) « Inhibit microbial enzymes

Hepatoprotective

* Protect liver cells from toxins &
oxidative stress

* Enhance antioxidant defenses

* Inhibit inflammatory pathways

* Interfere with DNA

synthesis
* |nduce apoptosis in cancer cells
* Inhibit cell proliferation
* Prevent metastasis via signaling
pathways

Figure 11. Summary of the beneficial pharmacology of Vitis gracilis.

Antidiabetic

Enhance insulin secretion
Improve insulin sensitivity
Inhibit a-amylase & a-
glucosidase
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Table 11. The compounds and pharmacological molecular activity of Vitis gracilis.

Compound Chemical structure

benefit

Pharmacological

Molecular activity Reference

Arbutin

Anti-inflammation

V. gracilis decoction may
protect the testis and reduce
sexual behaviorindiabetic
rats.

(Dingetal., 2016)

3',4'-dimethoxy-
alpha- %
naphthoflavone

Anti-apoptosis

Excessive swimmingincreases  (Santosoet al., 2023)
TNF-a levels and lowers IL-10,

but V. gracilis can prevent

apoptosis by affecting the

intrinsic pathway and the

histological expression of

cytochrome c.

Phenyl 2-
hydroxybenzoate,
phenyl salicylate

%

N

O
N

o
" S

=

Anti-inflammation

(Abdel- Latif et al.,
2022)

V. gracilis at 125 mg/kg BW
improves sperm
concentration by lowering
caspase-3 and IL-6 levels and
reducing inflammation.

Lauric acid

Anti-apoptosis

V. gracilis reduces cell death (Karelina et al., 2021)
via cytochrome c and

enhances brain and

hippocampal histology

through exercise.

Norethindrone
acetate

Antioxidant

The medicine works by (Hu et al., 2023)
inhibiting endometrial

proliferation and modulating

hormonal fluctuations to

restore regular menstrual

cycles.

Zanthoxylum acanthopodium DC. (Rutaceae)

Zanthoxylum acanthopodium, locally referred to as
andaliman, is a culturally significant culinary and me-
dicinal plant, particularly among the Batak communi-
ties in North Sumatra. Beyond its distinctive use as a
spice, Z. acanthopodium has garnered attention for its
broad-spectrum pharmacological properties, support-
ed by a diverse array of bioactive compounds, includ-
ing essential oils (e.g., citronellal, geraniol, linalool),
flavonoids, saponins, and terpenoids (Kintamani et
al., 2023).

Antibacterial activity has been confirmed through
in vitro assays, with inhibition zones exceeding 20 mm
against Staphylococcus aureus and Salmonella typhi-
murium, demonstrating comparable or superior effi-
cacy to standard antimicrobial agents. These effects
are attributed to the presence of synergistic secondary
metabolites that disrupt microbial cell membranes
and suppress pathogen viability.

https://jppres.com

The plant also exhibits anti-inflammatory activity,
primarily  through  downregulation of pro-
inflammatory mediators. In lipopolysaccharide (LPS)-
stimulated macrophage models, Z. acanthopodium
extract significantly reduced the expression of TNF-q,
IL-6, and COX-2, both at the protein and gene expres-
sion levels, suggesting involvement in NF-xB signal-
ing inhibition and modulation of the innate immune
response.

Anticancer properties have been explored in ben-
zo[a]pyrene-induced carcinogenesis models. Z. acan-
thopodium extract reduced the expression of vascular
endothelial growth factor (VEGF) and TGF-p1, along
with matrix metalloproteinase-9 (MMP-9) suppres-
sion, contributing to anti-angiogenic and anti-
metastatic effects (Setiadi et al., 2022). In addition,
significant hepatoprotective outcomes were observed,
indicating its protective role against chemical-induced
oxidative damage and inflammation in liver tissues.
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—1  Anticancer
Activity

The plant's bioactive compounds can induce apoptosis
(programmed cell death) in cancer cells, inhibit cell
proliferation, and prevent metastasis. They can also

modulate various signaling pathways involved in cancer

development.

Cardiovascular

The plant's compounds can exert vasodilatory effects,
reduce blood pressure, and improve lipid profiles. These
effects are mediated through the modulation of nitric
oxide (NO) production and antioxidant mechanisms.

The alkaloids and other compounds in the plant can
modulate pain pathways by acting on opioid receptors and
inhibiting the release of pain mediators.

They can enhance insulin secretion, improve insulin
sensitivity, and inhibit carbohydrate-digesting enzymes like
alpha-amylase and alpha-glucosidase.

—  Benefits \J
Analgesic
—  Activity
Zanthoxylum o _
acanthopodium | | Antidiabetic
Activity
Anti-
— inflammatory —»
Activity

Bioactive compounds in Zanthoxylum acanthopodium
can inhibit the production of pro-inflammatory cytokines
and enzymes like COX-2 and iNOS, thereby reducing
inflammation.

Antimicrobial
Activity

N

The essential oils and other compounds in Zanthoxylum
acanthopodium can disrupt the cell membrane integrity of
bacteria, leading to cell lysis and death

Antioxidant
Activity

—

4

The essential oils and other compounds in Zanthoxylum
acanthopodium can disrupt the cell membrane integrity of
bacteria, leading to cell lysis and death.

Figure 12. The summary of the beneficial pharmacology of Zanthoxylum acanthopodium.

Notably, nano-herbal formulations combining Z.
acanthopodium with R. tomentosa have shown en-
hanced efficacy in preclinical models. These combina-
tions improved wound healing, potentiated antioxi-
dant enzyme activity, and modulated apoptosis-
related pathways, including cytochrome c and FasL
regulation, highlighting potential for synergistic ther-
apeutic application (Ilyas et al., 2021; Vitale et al,,
2022).

Despite compelling preclinical evidence, the ab-
sence of clinical validation, limited pharmacokinetic
data, and lack of standardized extract formulations
remain major limitations. Further investigations
should focus on dose-response relationships, bioa-
vailability, and long-term toxicity assessments, par-
ticularly in human trials. Future development of Z.
acanthopodium-derived products should also address
scalability and sustainability in harvesting, consider-
ing its increasing use in both culinary and medicinal
contexts. An integrated overview of the pharmacolog-
ical mechanisms of Z. acanthopodium is presented in
Fig. 12, and a comprehensive summary of its bioactive

https://jppres.com

compounds and molecular activities is provided in
Table 12.

Cross-species insights and limitations

The reviewed medicinal plants from North Suma-
tra demonstrate a broad spectrum of pharmacological
activities, including antioxidant, anti-inflammatory,
antimicrobial, anticancer, hepatoprotective, antidia-
betic, and immunomodulatory effects. Despite their
botanical diversity, several shared bioactivities and
molecular mechanisms were consistently observed
across species.

ROS modulation emerged as a common therapeu-
tic pathway, primarily driven by flavonoids, phenolic
acids, and triterpenoids found in species such as P.
emblica, G. procumbens, and R. tomentosa. These antiox-
idants contributed to reduced oxidative stress, lipid
peroxidation, and cellular damage in various experi-
mental models. Furthermore, anti-inflammatory
pathways, particularly COX-2 inhibition, NF-xB sup-
pression, and cytokine downregulation (e.g., TNF-a,
IL-6), were prominent in extracts from P. serratifolia, S.
sumatranus, and Z. acanthopodium.
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Table 12. The compounds and pharmacological molecular activity of Zanthoxylum acanthopodium.

Compound Chemical structure Pharn‘1acologlcal Molecular activity Reference
benefit
E-B-caryophyllene Anti-cancer Z. acanthopodium fruit ethanolic (Adrianet al., 2023)
extract reduces TNF-a, COX-2, and
MMP-9 in LPS-treated macrophages
and downregulates TNF-a, IL-6,
iNOS, COX-2, and MMP-9
" expression.
Ethyllinoleate | Anti-cancer Serum and cervical cancer histology  (Lietal., 2018)
| showed significant reductions in IL-
1(3, TGF-B1, and VEGFR1 expression.
|
[| I
Citronellyl Anti-cancer Z. acanthopodium supports IL-10 in (lyer and Cheng,
propionate W ° 7‘/\ reducing aberrant cell growth, 2012)
o inhibiting inflammation, and
suppressing tumor growth.
Myrcene Anti-inflammation Nanoherbal Z. acanthopodium (lyer and Cheng,
P P a e reduces NOTCH1 expression in 2012)

human placental trophoblasts
within 30 minutes and Hes1 within
16 hours.

Geranyl acetate

Anti-cancer

In cervical cancer rats, the
methanolic extract increased PI3K,
induced cytochrome ¢, and
suppressed Wnt to trigger
apoptosis.

(Ilyas et al., 2022)

B-sitosterol

Antipreeclampsia

Hypertensive pregnancy in rats
increased cytochrome c and FasL
levels in the labyrinth, basal, and
yolk sac zones.

(Situmorang et al.,
2021)

5- (propenyl 2)-
1,3,7-nonatriene

Anti-cancer

The IC50 was determined for T47D,
4T1, MCF-7, Hela, and Raji cell lines.

(Solarova et al.,
2020)

Neryl butanoate

Anti-inflammation

The compound inhibits
proliferation, induces cell cycle
arrest, and reduces COX-2 and
VEGFR expression.

(Rauf et al., 2024)

Geraniol : Anti-cancer Reduces tumor size, packed cell (Aynalem et al.,
N~ volume, and cell viability while 2022)
T T improving hematological
parameters.
Phytol Cardioprotective Reduces CtnT and CK-MB levels, (Yangetal., 2018)

we \/‘*Y\/\(\/\r\/xf

activity

indicating lower cardiotoxicity and
histopathological changes.

Antimicrobial effects were widely reported, often
involving essential oil constituents such as linalool,
citronellal, and p-caryophyllene. These compounds
acted through mechanisms such as membrane disrup-
tion, biofilm inhibition, and virulence factor suppres-

https://jppres.com

sion, although most evidence remains confined to in
vitro studies.

Anticancer activity was linked to apoptosis induc-
tion, cell cycle arrest, and inhibition of angiogenesis,
with plants like C. odorata, R. tomentosa, and Z. acan-
thopodium demonstrating notable cytotoxicity against
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multiple cancer cell lines. However, across all species,
anticancer findings were derived exclusively from
preclinical models, limiting clinical translatability.

In terms of cross-species limitations, several chal-
lenges were consistently observed: Heterogeneity in
experimental designs, including variable extraction
solvents, inconsistent dosing regimens, and diverse
outcome measures, hampered direct comparison and
meta-analysis; lack of standardized extract formula-
tions made reproducibility across studies difficult,
while only a minority employed bioactivity-guided
fractionation or compound isolation; safety profiles,
toxicological evaluations, and pharmacokinetic pa-
rameters were underreported or absent in most stud-
ies; only a few addressed subchronic toxicity or pro-
vided LDs, estimates; and geographical and publica-
tion biases may have influenced the literature land-
scape, as most studies focused on ethnomedicinal
plants already popular in local markets, potentially
excluding other less-documented but therapeutically
valuable species.

While the evidence supports traditional claims for
many of these plants, translational gaps remain sub-
stantial. No clinical trials were identified for any of
the ten species reviewed, and few studies employed
validated human-relevant models. Additionally, bio-
availability, herb-drug interaction, and long-term

Bioactivity of North Sumatran medicinal plants

safety data are urgently needed to bridge the gap
between ethnopharmacology and evidence-based
medicine.

To advance the field, future research should priori-
tize. For example: Standardization of extraction and
testing protocols to improve inter-study comparabil-
ity; bioactivity-guided isolation to identify and vali-
date key therapeutic compounds; in vivo and clinical
validation, especially for plants with strong preclini-
cal profiles such as G. procumbens, P. emblica, and R.
tomentosa; and development of a regional ethnophar-
macological database to document local knowledge,
guide research prioritization, and support conserva-
tion of medicinal plant biodiversity.

Furthermore, several molecular pharmacology
studies have investigated the bioactive pathways
through which these species exert their effects. Across
different plant species, converging mechanisms were
observed, including mitochondrial-mediated apopto-
sis, inflammatory cytokine suppression, and modula-
tion of oxidative stress signaling.

A synthesis of these mechanisms at the protein
and gene expression levels is presented in Table 13.
These insights not only support traditional usage but
also provide a mechanistic rationale for future drug
development.

Table 13. Molecular targets and pharmacological mechanisms identified in recent studies on ten medicinal plants from North Sumatra.

No Plant name Molecular activities

References

1 Arenga pinnata 2 Sirtl, v p53; activates p38 & JNK1 MAPK; v IL-1B, TNF-a, PGE,, IL-6; (Liuetal.,2017; Wu et al., 2019;
anti-tumor via diterpenes Yiand Luo, 2010)

2 Rhodomyrtus tomentosa Inhibits STAT3, ATM-Chk2-p53-p21 pathway; v HIF-1a, IL-13, TNF-a, (Situmorang et al., 2022; Zhang
MMP-9; ~ HSP27/70/90; anticancer etal., 2020)

3 Cananga odorata Inhibits a-amylase; active compounds (e.g., linalool) show Juliastuti et al., 2017; Rybak
antibacterial, insecticidal effects and Wojdyto, 2023)

4 Phyllanthus emblica Induces G2/M arrest; 1 Bax, caspase, Fas; v Bcl-2, TNF-a, IL-6; Gul et al., 2022; Rizvi et al.,
modulates GSK-3[3/Akt & lipase 2017)

5 Gynura procumbens v CYP3A4/1A2/1A1; activates SREBP-1c; 1 glucose uptake; modulates Fang et al., 2000; Li et al., 2015;
MAPK and Ca?* influx Tanetal., 2016)

6 Premna serratifolia Inhibits COX-l; strong cytotoxicity on HepG2/MCF7; antioxidant via Ahmad et al., 2023; Singh et al.,
radical scavenging; tumor-suppressive 2021)

7 Styrax sumatranus Inhibits COX-2, iNOS, IL-1f3 via NF-kB/MAPK; cinnamyl cinnamate binds ~ Ju et al., 2022; Park et al., 2023)
CXCR4

8 Saurauia vulcani Inhibits TNF-q, IL-6, COX-2, iNOS; triterpenoids bind COX-2 and TNF-a Lubis et al., 2022; Sinaga et al.,
with high affinity 2021)

9 Vitis gracilis Vv Caspase-3, IL-6; 1 IL-10; modulates cytochrome c; protects Chao et al., 2022; Midoen et al.,

reproductive & neural tissue

2023)

10 Zanthoxylum

acanthopodium and Wntsignaling

v TNF-q, IL-6, COX-2, MMP-9; modulates VEGF, TGF-B1, PI3K, NOTCH1,

Lelyana et al., 2021;
Simanullang et al., 2022)

https://jppres.com
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CONCLUSION

The medicinal plants reviewed herein exhibit di-
verse pharmacological activities, antioxidant, anti-
inflammatory, antimicrobial, anticancer, and im-
munomodulatory, that support their ethnomedicinal
use in North Sumatra. These findings highlight the
relevance of traditional knowledge as a valuable
foundation for modern drug discovery.

Despite promising preclinical results, translational
progress remains limited. Many studies lack stand-
ardization in extraction methods, dosage, and safety
profiling. Moreover, the absence of clinical trials and
pharmacokinetic data limits the applicability of cur-
rent evidence in therapeutic settings. Future research
should focus on bioactivity-guided fractionation,
formulation development, and human trials to vali-
date efficacy and safety. The integration of these me-
dicinal plants into evidence-based complementary
medicine frameworks may contribute to more acces-
sible, culturally congruent, and sustainable healthcare
solutions in Indonesia and beyond.
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