BIOSCIENCES BIOTECHNOLOGY RESEARCH ASIA, September 2026.

Bioactive Constituents of Pentas lanceolata and their

Mechanistic Role in Diabetes, Cancer and Immune Regulation:

Balancing Pro- and Anti-Inflammatory Signalling

Priti Khilare*, Aparna Bura, Kishor Otari and Ajay Kale

Department of Pharmacology, Navashyadri Institute of Pharmacy, Naigaon, Maharashtra, India.

http://dx.doi.org/10.13005/bbra/3559

(Received: 18 March 2026; accepted: 30 September 2026)

Diabetes mellitus, cancer, and chronic inflammation are all linked conditions with
similar molecular causes, such as oxidative stress, dysregulated cytokine signalling, metabolic
imbalance, and modified cell survival pathways. Despite the fact that medicinal plants have been
extensively studied for their potential anti-inflammatory, anti-diabetic, or anti-cancer properties,
most evaluations that have been done so have only looked at these effects separately, with
little mechanistic integration across disease states. The Rubiaceae family of medicinal plants
includes Pentas lanceolata (Forssk.) Deflers, which has long been used to treat wound healing,
inflammation, infections, and metabolic abnormalities. Its bioactive components, including
phenolics, flavonoids, quinones, and iridoid glycosides, have been shown in experiments to
have a variety of pharmacological effects in both in-vitro and in-vivo scenarios. The available
phytochemical and pharmacological data on Pentas lanceolata are critically integrated in this
review, with an emphasis on common mechanistic pathways related to cancer, diabetes, and
inflammation. Cytokine modulation, oxidative stress regulation, insulin sensitisation, a-cell
protection, activation of apoptosis, and suppression of angiogenesis and cell proliferation are
highlighted. There is also discussion of translational difficulties, research gaps, and toxicological
issues. Pentas lanceolata has significant potential as a multi-target natural candidate for the
modulation of inflammation-associated chronic illnesses, including as diabetes and cancer,
according to the body of phytochemical and mechanistic evidence.
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Together, diabetes mellitus, cancer, and
inflammation are significant global health issues
that contribute significantly to morbidity and
mortality. It is becoming more well acknowledged
that metabolic inefficiency and tumour development
have a common pathogenic denominator: chronic
inflammation. In addition to promoting tumour
start, development, and metastasis, sustained
inflammatory signalling also contributes to insulin
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resistance and pancreatic a-cell dysfunction.
The growing incidence of cancer and diabetes,
especially in low- and middle-income nations,
highlights the critical need for safer and more
efficient long-term treatment approaches.'?
Inadequate efficacy and safety concerns
continue to limit accessible therapy alternatives,
despite notable breakthroughs in the pharmaceutical
management of many illnesses. Long-term use of
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non-steroidal anti-inflammatory drugs is associated
with gastrointestinal, renal, and cardiovascular side
effects, even though regularly used antidiabetic
therapies often fail to treat the inflammation and
oxidative stress that drive diabetes progression. In
a similar vein, systemic toxicity, the emergence of
resistance, and decreased quality of life constrain
several anticancer treatments.>*

In this context, there has been a growing
interest in plant-based therapies that have the
ability to simultaneously modulate multiple
molecular targets. Among the structurally varied
bioactive substances present in medicinal plants
are flavonoids, phenolic acids, quinones, and
iridoids. These chemicals have been proven
in animal models to have antioxidant, anti-
inflammatory, antidiabetic, and anticancer effects.
These pleiotropic effects may provide extra or
alternate alternatives to existing therapies and are
congruent with recently discovered multi-target
pharmacological techniques.’

The Rubiaceae family member Pentas
lanceolata (Forssk.) Deflers has long been used to
treat wounds, infections, inflammatory diseases,
and metabolic abnormalities. This plant’s varied
phytochemical makeup is largely responsible
for the wide range of pharmacological actions
identified in recent experimental investigations.
Nevertheless, the body of research on the subject
is still dispersed, with little synthesis of the
mechanisms underlying its impacts on cancer,
diabetes, and inflammation.®

METHODOLOGY AND SEARCH
STRATEGY

A systematic literature search was
performed using PubMed, Scopus, Web of
Science, ScienceDirect, and Google Scholar for
studies published from 2000 to 29 September
2026, the date of the last search (the initial search
was performed on 15 August 2026 and was
updated at the revision stage). Keywords such
as “Pentas lanceolata”, “phytochemistry”, “anti-
inflammatory”, “anti-diabetic”, “anti-cancer”,
“oxidative stress”, “cytokines”, “apoptosis”, and
“angiogenesis” were used with Boolean operators.

Peer-reviewed English articles reporting
phytochemical, pharmacological, and mechanistic
studies (in-vitro and in-vivo) were included. Non-
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English papers, abstracts, and studies lacking
mechanistic relevance were excluded. The selected
literature was critically analysed to identify shared
molecular pathways linking inflammation, diabetes,
and cancer. Where Pentas lanceolata-specific data
were unavailable, data from congeneric species (P,
longiflora, P. bussei, P. parvifolia, P. schimperi and
P. micrantha) were used as structural frameworks
and are explicitly labelled by species of origin.
Botanical Description and Ethnopharmacological
Background of Pentas Lanceolata
Taxonomy and Geographical Distribution
Pentas lanceolata (Forssk.) Deflers is a
member of the Gentianales order and the Rubiaceae
family. The plant is a perennial shrub with glabrous
stems, terminal clusters of star-shaped flowers, and
opposite, lanceolate leaves. It is indigenous to the
Arabian Peninsula and East Africa, with reports of
natural occurrences in Ethiopia, Kenya, Tanzania,
and Yemen. P, lanceolata is now commonly grown
in tropical and subtropical countries, including
portions of Africa, Asia, and the Middle East, due
to its adaptability and aesthetic appeal.”
Traditional Medicinal Uses Across Cultures
Pentas lanceolata is widely used in
traditional African medicine, according
to ethnobotanical surveys. Wounds, fever,
inflammatory diseases, gastrointestinal issues,
malaria, lymphatic swellings, and parasite
infections are all treated using different plant
components, especially roots and leaves. Depending
on the condition and regional customs, preparations
are frequently used as topical treatments, infusions,
or decoctions.*’
Relevance to Modern Pharmacology
The scientific study of Pentas lanceolata
has been justified by its long-standing traditional
use. Experimental research examining its
pharmacological qualities has been directed by
ethnomedical expertise, resulting in claims of
antioxidant, antibacterial, anti-inflammatory,
wound-healing, and metabolic regulating activities.
Despite the fact that these results corroborate
conventional wisdom, there is still no systematic
integration of ethnopharmacological data with
mechanistic and translational research, underscoring
the necessity of thorough assessment within a
contemporary pharmacological framework.'®!"
Phytochemical Profile of Pentas Lanceolata
Pentas lanceolata varied secondary



KHILARE et al., Biosci., Biotech. Res. Asia, Vol. 23(3), 1106-1119 (2026)

metabolites are intimately associated with its
medicinal significance. Numerous significant
classes of bioactive compounds, such as phenolics,
flavonoids, quinones, iridoid glycosides, and
minor constituents, have been discovered through
phytochemical studies of Pentas species and
other members of the Rubiaceae family. Together,
these substances support the plant’s documented
biological functions.'*'
Flavonoids

Flavonoids, which are well known for
their antioxidant properties, are among the phenolic
compounds found in many medicinal plants.
By scavenging free radicals and altering redox-
sensitive signalling pathways, these compounds
aid Pentas lanceolata in lowering oxidative
stress. These effects are relevant to inflammatory
and metabolic disorders and reinforce the plant’s
traditional use in wound healing and inflammation-
related ailments. Specifically, the simple phenolics
4-hydroxycinnamic acid and thymol have been
identified in the stipule colleters of P. lanceolata,
and the flavonol diglycoside kaempferol-3-O-
robinobioside has been isolated from the leaf
iridoid-rich fraction.*’*® Flavonoids and Phenolic
Compounds.'*!¢
Naphthoquinones and Naphthohydroquinones

Numerous Pentas species have been
shown to contain naphthoquinones and similar
derivatives, which have chemotaxonomic relevance
within the Rubiaceae family. These substances have
shown cytotoxic, antibacterial, and antiplasmodial
properties, mostly through disruption of cellular
energy metabolism and redox-mediated pathways.
Their biological profile suggests that they may
be useful in applications relating to cancer and
infectious disorders.!”"!” It should be noted,
however, that the naphthoquinones isolated so far
come from congeners rather than from P, lanceolata
roots. The pyranonaphthoquinones pentalongin
and psychorubrin, together with the naphthalene
derivative mollugin, were obtained from the roots
of P. longiflora, and busseihydroquinones A-D
from the roots of P. bussei, whereas mollugin has
also been detected in P. lanceolata stipule colleters.
These congeneric structures are therefore used
below as frameworks for the structure-activity
relationship (SAR) discussion and are labelled by
species of origin.*’*
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Anthraquinones

Another noteworthy class of secondary
metabolites connected to Pentas species are
anthraquinones. According to pharmacological
research, these substances have cytotoxic and
antibacterial qualities. They have also been
shown to have impacts on inflammatory mediator
modulation and apoptosis induction. Their existence
offers pharmacological backing for P. lanceolata’s
ethnomedical application in inflammatory and
infectious diseases.?’ In the roots of P. lanceolata,
eight anthraquinones have been isolated and
characterised: tectoquinone, rubiadin, rubiadin-
1-methyl ether, nordamnacanthal, damnacanthal,
lucidin-u-methyl ether, damnacanthol and the
new compound 5,6-dihydroxydamnacanthol;
the glycoside rubiadin-1-methyl ether-3-O-a-
primeveroside has also been reported from the roots
and leaves.
Iridoid Glycosides

Iridoid glycosides are found throughout
the Rubiaceae family and are one of the most
physiologically significant components found
in Pentas lanceolata. These substances have
been linked to genoprotective, antioxidant,
and anti-inflammatory properties. According
to experimental results, iridoid-rich fractions
may lessen oxidative damage and guard against
chemically induced genotoxicity, highlighting their
potential importance in the treatment of chronic
illnesses.?! Structurally, the iridoids reported from
P. lanceolata include asperuloside, asperulosidic
acid, deacetylasperulosidic acid, tudoside,
loganin and the gaertneroside-type glucosides
(gaertneroside, 13R-epi-gaertneroside, 13R-epi-
epoxygaertneroside and 13R/13S-methoxy-epi-
gaertneroside), obtained from the aerial parts,
leaves and stipule colleters. The leaf iridoid-rich
fraction used in the pharmacological studies cited
below contained 94.6 mg/g extract of total iridoids,
expressed as aucubin equivalents,*748-50-52
Other Secondary Metabolites

Pentas lanceolata has secondary elements
such terpenoids and simple glycosides in addition
to the major phytochemical classes. Despite their
lower concentrations, these substances might
work in concert to enhance the plant’s overall
pharmacological profile. The idea that P. lanceolata
represents a multi-component medicinal system
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rather than a single-compound source is supported
by this phytochemical diversity.?* Reported
constituents include the triterpenoids oleanolic
and ursolic acids, the sterols campesterol and
a-stigmasterol, the sesquiterpene caryophyllene
and the oxindole alkaloid speciophylline.*’
Structure-Activity Relationship (SAR)
Considerations

Species-specific SAR data for P, lanceolata
are scarce because most constituents have been
tested within crude extracts or fractions; congeneric
compounds therefore provide the structural
framework (Table 1). In the antiplasmodial assays
of Endale et al.,* the pyranonaphthoquinones
pentalongin and psychorubrin (P. longiflora)
inhibited chloroquine-resistant (W2) and
chloroquine-sensitive (D6) strains of Plasmodium
Jalciparum with IC, values of 0.27 and 0.23 ng/
mL and 0.91 and 0.82 pg/mL, respectively, whereas
the P. lanceolata anthraquinones were weaker (IC,
5-31 pg/mL) and the non-quinonoid naphthalene
mollugin was only marginally active.®

These observations indicate that the fused
pyranonaphthoquinone scaffold confers higher
potency than the anthraquinone or non-quinonoid
naphthalene scaffolds, which is compatible with the
redox-cycling mechanism proposed for quinones.

Within the anthraquinone class,
damnacanthal, damnacanthol and rubiadin-
1-methyl ether share the same 1-methoxy-3-
hydroxyanthraquinone core and differ in the C-2
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substituent (CHO, CH20H and CH3, respectively).
Damnacanthal (isolated from P. schimperi) was
active against CCRF-CEM leukaemia cells
(IC50 3.12 uM) and drug-resistant MDA-MB-
231-BCRP breast cancer cells (IC50 7.02 uM)
through reactive oxygen species generation and
loss of mitochondrial membrane potential, whereas
rubiadin-1-methyl ether and busseihydroquinones
Cand E (P. bussei, P. parvifolia) were considerably
less potent against MDA-MB-231 cells (IC50 48.4-
62.3 uM).53,54 Because these values derive from
different cell lines and laboratories, the influence
of the C-2 substituent is a working hypothesis that
should be verified in a single cell-line panel.

For iridoids, no SAR has yet been
established within the plant. However, in the
rotenone study, 13R-methoxy-epi-gaertneroside
was the only isolate that significantly induced
BDNF expression in Caco-2 cells (and also
NGF expression in 1321N1 human astrocytoma
cells), whereas its non-methoxylated analogue
13R-epi-gaertneroside was inactive in both assays,
suggesting that C-13 substitution may influence
neurotrophic activity.*®
Pharmacological activities: Experimental
Evidence

Pentas lanceolata traditional medicinal
use has been somewhat validated by experimental
studies utilising in-vitro, in-vivo, and preclinical
models. The plant’s pharmacological significance
has been supported by the wide range of biological
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Fig. 1. Botanical features and major phytochemical classes of Pentas lanceolata



KHILARE et al., Biosci., Biotech. Res. Asia, Vol. 23(3), 1106-1119 (2026)

1110

1 AI0jeUUIUIRPUT-NUR
9ueprxonue ‘9Anddjoidousn

oz KIOTRWIRgUI-1IUR
‘rerqoJorunue ‘uononput sisoydody

ersr1 dANRIIIOINUR

‘uI[9Ad XOpaI ‘[RIqOIOIWINUR ‘IX0)J0IA)D)
o' UONB[NPOW SUIYOIAD

‘3ureay punom ‘AlojewiuBguI-1IUY
grsrvrer 71 SKemyed xopar pue SOY Jo
uone[npow ANAIOR JUBPIXONUY

juerd ojoym
‘soAe] ‘sured [eLIOY

s100y
(vivjoaoun] J) s13307100
{(s10u23u09) s100y
SOABYT

$1039[]00 Jndng

10¢'gy 1O PISOIOULIOES
-1da-Kxoyou-ge Y€1
‘op1sorouroedAxodo-1da-y¢ |
‘op1soroulIoesd-1da-y ¢ | ‘uruedog
‘op1sopny ‘proe o1pIso[niadse|£100eap
‘proe arpisorniadse ‘oprsojniadsy
a1 OYIUBORUWRPAXOIPAYIP-9°G
‘ououmnbo3od) Tayle [Ayjow
-@-uIprony Iyl [AYIow- [ -urperqni
‘UIpeIqnl ‘[eyuedeURpIOU
‘[oyuedRUWRD ‘TRYjURIRUWIR(]

o4 (STOIRN[0D VIP]020UD] ) WISN[[OW
{(1assnq ) -V seuournboipAyrossnq
{(v10pfiduoy ) uidnjjowr

‘urreges ‘uLiqnioyoAsd ‘urduoreiusd

OPISOIqOUIqOI-()- ¢ -[01o]dwor ]

1y JOWAT) ‘PIoR JTWRUUIIAXOIPAH-

SIPIS0JA[3 propLI]

souournbenpuy
sauournbopAyoyydeN
/ ssuournboyydeN
SPIOUOAR[ ]

sorjouayd

J0uBAJ[aI [e0130[01q A

panodar 1aed juelq

(*dds spvjuag oeadeiqny ur payrodar)
spunodwos aanuasaiday

SSB[O [BOIWAYO0IAYJ

0UBAJ[OY [ed130]01g PAI0dY J19Y [, pue pIp]022uUn] SVIUDJ Ul PIIIOday Sasse])) [edTWAYI0IAY] JofeN *T dqeL



KHILARE et al., Biosci., Biotech. Res. Asia, Vol. 23(3), 1106-1119 (2026)

activities that its extracts and bioactive fractions
have shown.?
In-vitro Studies

Pentas lanceolata demonstrates
antioxidant potential by scavenging reactive oxygen
species and lowering oxidative stress indicators,
according to in vitro tests. While cytotoxicity
tests utilising cultured cell lines showed dose-
dependent loss of cell viability, indicating the
presence of substances with antiproliferative

1l Inflammatoricis

1111

potential, antimicrobial screening has demonstrated
inhibitory activities against various dangerous
pathogens.? Species-specific in vitro data are
strongest for the antiplasmodial activity of root
extracts (IC,; 1.3-2.6 ug/mL against the W2 and
D6 strains of Plasmodium falciparum),® whereas
cell-line cytotoxicity has been characterised mainly
for congeneric quinones in MDA-MB-231 and
MDA-MB-231-BCRP breast cancer cells and
CCRF-CEM leukaemia cells (Table 2).5>

Diabetes Stress

. COX-2/LOX

oh‘t S

1 Oxidative stress

Fig. 3. Anti-inflammatory mechanisms of plant-derived phytochemicals.
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In-vivo and Preclinical Evidence

Pentas lanceolata extracts have been
shown in animal experiments to have anti-
inflammatory and wound-healing properties,
including less oedema, better wound contraction,
and improved tissue repair. These effects are linked
to the enhancement of endogenous antioxidant
defences and the regulation of inflammatory
mediators. Preclinical assessments also point
to genoprotective and cytoprotective benefits
against oxidative damage caused by chemicals.
However, the lack of controlled clinical data
and the prevalence of studies based on crude

n
GLUTA4

GLUTA4

Pancreatic
beta-cell
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extracts restrict direct translational applicability,
underscoring the need for additional research.?
Quantitatively, an ethanolic flower extract (150
mg/kg/day, orally, for 10 days) improved excision-
wound healing in rats,® and an iridoid-rich leaf
fraction (100-300 mg/kg, orally, for 5 days) was
non-mutagenic and reduced 5-fluorouracil-induced
chromosomal and sperm damage in male mice.*
In a rotenone model, the same type of fraction
(50 and 100 mg/kg/day for 21 days) normalised
striatal IL-14, TNF-4 and MCP-1 in male mice.*
Immunostimulant activity of ethyl acetate and
n-butanol extracts and of 13R-epi-gaertneroside

| Oxidative stress

Fig. 4. Antidiabetic mechanisms of plant-derived natural compounds.

Cell-cycle arrest

| Suppression
of metastasis

Fig. 5. Anticancer mechanisms of plant-derived phytochemicals
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has been shown in chickens vaccinated against
Newcastle disease.*
Mechanistic Role in Inflammation

Cytokines, enzymes, transcription factors,
and redox-sensitive pathways are all involved in
the closely controlled biological reaction known as
inflammation. According to available experimental
data, Pentas lanceolata bioactive components
may have anti-inflammatory effects via reducing
oxidative stress, inhibiting inflammatory signalling
pathways, and modifying cytokine release.?*’
Modulation of Pro-Inflammatory Cytokines

TNF-4, IL-14a, and IL-6 are examples
of pro-inflammatory cytokines that are essential
for maintaining inflammatory reactions and
causing tissue damage. Experimental models have
demonstrated that phytochemicals found in Pentas
lanceolata, such as phenolics and iridoids, reduce
excessive cytokine synthesis, hence decreasing
inflammatory amplification and cellular infiltration
at injury sites.”® In male mice with rotenone-
induced neuroinflammation, oral administration
of'a P, lanceolata iridoid-rich fraction (50 and 100
mg/kg/day for 21 days) returned elevated striatal
IL-14a, TNF-4a and MCP-1 to control levels,*® which
is, to our knowledge, the most direct species-
specific evidence of cytokine modulation currently
available.®
Regulation of COX, LOX, and NF-éB Pathways

Pro-inflammatory eicosanoids are
produced by the enzyme’s cyclooxygenase and
lipoxygenase, and NF-€B is a crucial transcriptional
regulator of inflammatory genes. Reduced
production of COX-2 and LOX has been linked
to inhibition of NF-€B signalling, which attenuates
inflammatory reactions.

Available evidence suggests that
phytochemicals associated with P. lanceolata
may influence these pathways; however, direct
molecular validation in P. lanceolata remains
limited.”

Antioxidant-Mediated Anti-Inflammatory
Effects

Inflammation is exacerbated by oxidative
stress because it triggers redox-sensitive signalling
cascades. By scavenging reactive oxygen species
and boosting endogenous antioxidant defences,
antioxidant components found in medicinal
plants can reduce inflammation. Therefore,
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Pentas lanceolata observed antioxidant activity
may indirectly reduce inflammatory signalling,
demonstrating its significance in chronic
inflammatory diseases.*
Mechanistic Role in Diabetes Mellitus
Impaired glucose regulation, insulin
resistance, pancreatic a-cell dysfunction, and
persistent low-grade inflammation are all
components of diabetes mellitus, a complicated
metabolic disease. According to experimental
data, bioactive substances derived from plants
can alter a number of pathways linked to the
development of diabetes. Pentas lanceolata
contains phytochemicals that may have antidiabetic
effects by regulating glucose metabolism,
enhancing insulin sensitivity, protecting a-cell
function, and lowering inflammation and oxidative
stress.?!
Regulation of Glucose Metabolism
Balanced intestinal glucose absorption,
hepatic glucose production, and peripheral glucose
utilisation are necessary for maintaining glucose
homeostasis. Persistent hyperglycemia is caused
by dysregulation of several mechanisms. It has
been demonstrated that phenolics, flavonoids,
and iridoids, which are frequently present in
medicinal plants, inhibit enzymes that hydrolyse
carbohydrates and increase cellular glucose
absorption, improving glycaemic control.*?
Insulin Sensitization and 4-Cell Protection
The two main characteristics of type 2
diabetes mellitus are increasing a-cell failure and
insulin resistance. According to experimental
research, phytochemicals may improve glucose
transporter activity and insulin signalling in
tissues that respond to insulin. Additionally,
antioxidant and anti-inflammatory substances may
shield pancreatic a-cells from damage caused by
lipotoxicity and glucotoxicity, preserving their
ability to secrete insulin.*
Oxidative Stress and Inflammatory Cross-Talk
Inflammation and oxidative stress are
linked to the development of a-cell malfunction
and insulin resistance. Overproduction of
reactive oxygen species upsets the redox balance
of cells and triggers inflammatory signalling
pathways. Medicinal herbs have antioxidant
components that can reduce oxidative damage
and inhibit inflammatory mediators, promoting
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better metabolic homeostasis. Pentas lanceolata
phytochemicals may lessen problems related to
diabetes through this integrated process.*
Mechanistic Role in Cancer

Dysregulated apoptosis, unchecked
cell division, angiogenesis, and metastatic
dissemination are all factors in the progression of
cancer. According to experimental data, bioactive
substances originating from plants can disrupt
these processes by focussing on several molecular
pathways. Pentas lanceolata phytochemical
components may have anticancer effects by
suppressing angiogenic and metastatic signalling,
inducing programmed cell death, and preventing
cell cycle progression.®
Induction of Apoptosis

One of the main ways cancer cells survive
is by avoiding apoptosis. It has been demonstrated
that a number of substances produced from plants,
such as phenolics, quinones, and iridoids, can
reactivate apoptotic pathways by encouraging
caspase activation and mitochondrial malfunction.
These methods highlight their therapeutic value
by facilitating controlled cancer cell death while
limiting harm to normal cells.*®
Cell Cycle Arrest and Anti-Proliferative Effects

A characteristic of cancer is unchecked
cell division, which is frequently linked to
dysregulation of cyclins and cyclin-dependent
kinases. By modifying cell cycle regulators
and growth-promoting signalling pathways,
phytochemicals from medicinal plants have been
shown to be able to induce cell cycle arrest and
reduce cancer cell proliferation, hence reducing
tumour formation.”’
Anti-Angiogenic and Anti-Metastatic
Mechanisms

Angiogenesis, extracellular matrix
breakdown, and increased cell motility are all
necessary for tumour growth and metastasis. By
slowing the epithelial-mesenchymal transition,
downregulating pro-angiogenic proteins, and
decreasing the invasive behaviour of cancer cells,
bioactive plant chemicals have been shown to
reduce angiogenesis and metastatic progression.
Pentas lanceolata phytochemicals may help slow
the growth of tumours through these methods.***
Toxicological and Safety Considerations

For plant-derived chemicals to be used
therapeutically, toxicological safety must be
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assessed. Despite the fact that medicinal plants are
frequently thought to be harmless, their biological
effects vary depending on the dosage, length of
exposure, and preparation technique. Therefore,
determining Pentas lanceolata safety profile
requires evaluating its genotoxic potential and
dose-dependent toxicity.*’
Genotoxicity and Protective Effects

Damage to genetic material that could
result in mutations or the development of cancer
is known as genotoxicity. Certain phytochemicals
can selectively kill cancerous cells while shielding
healthy cells through redox-stabilizing and
antioxidant processes, according to experimental
research on plant extracts. By scavenging reactive
oxygen species and boosting endogenous defence
systems, antioxidant-rich components may
lessen DNA damage, underscoring the need
of differentiating genoprotective effects from
nonspecific toxicity.*' In male mice, the iridoid-
rich fraction of P. lanceolata leaves (100-300 mg/
kg, orally, for five consecutive days) was non-
mutagenic in the bone-marrow micronucleus,
chromosomal-aberration and sperm-morphology
assays and gave dose-dependent protection against
S-fluorouracil (75 mg/kg, i.p.).>
Dose-Dependent Safety Profile

Dosage and length of exposure have a
significant impact on herbal safety. Doses of plant
extracts that are pharmacologically beneficial
may become toxic at higher exposures, and acute
and sub-chronic toxicity studies in animals are
used to define safe dose limits and target organs.
For P. lanceolata, the available quantitative
data are limited to oral doses of 100-300 mg/
kg b.w. of the leaf iridoid-rich fraction given
for five consecutive days to male mice, which
showed no mutagenic effect in the micronucleus,
chromosomal-aberration and sperm-morphology
assays.”? Pharmacologically active oral doses in
other studies fall in a similar range: 50-100 mg/
kg/day for 21 days as an iridoid-rich fraction
in mice and 150 mg/kg/day for 10 days as an
ethanolic flower extract in rats.**>* In the literature
searched, no LD, or no-observed-adverse-effect
level (NOAEL), and no data for doses above 300
mg/kg b.w. or for exposures longer than 21 days,
were identified. The safe range should therefore be
read as up to 300 mg/kg b.w. for short-term oral
exposure in mice, not as an established therapeutic
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window. Acute (OECD 423) and 28-day repeated-
dose (OECD 407) oral toxicity studies with target-
organ histopathology are needed to close this
gap.*! Therefore, before Pentas lanceolata-based
formulations are clinically translated, standardised
dose and thorough toxicity investigation are
necessary.*
Challenges, Research Gaps, and Future
Perspectives
Pentas lanceolata pharmacological

potential is increasingly supported by experimental
data, but its advancement towards evidence-based
treatments is hampered by a number of scientific and
translational issues. To enable successful clinical
and pharmaceutical development, these issues—
which are prevalent in phytopharmacological
research—must be resolved.*#
Lack of Clinical Evidence

The lack of well-designed clinical
studies assessing Pentas lanceolata safety and
effectiveness in people is a significant research
drawback. The majority of the data that is currently
available originates from in-vitro tests and animal
models, which are unable to accurately forecast
clinical outcomes because of interindividual
variability, pharmacokinetics, and long-term safety
issues. Therefore, to confirm preclinical results and
determine therapeutic relevance, randomised and
controlled clinical trials are crucial*
Standardization and Bioavailability Challenges

The absence of phytochemical
standardisation presents another significant
obstacle. Biological activity can be greatly
impacted by differences in plant source, harvesting
circumstances, and extraction techniques.
Furthermore, due to their quick metabolism,
poor solubility, and inadequate absorption, many
bioactive chemicals originating from plants
have limited bioavailability. Finding marker
chemicals, creating standardised extracts, and
refining formulation techniques to enhance
pharmacokinetic profiles are all necessary to
address these problems.*¢
Formulation Strategies to Overcome Solubility
and Bioavailability Limitations

The solubility and permeability limits
noted above may be addressed with delivery
systems matched to the physicochemical properties
of the principal constituents. The lipophilic, poorly
water-soluble anthraquinones and quinones (e.g.,
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damnacanthal, rubiadin and their congeners)
are candidates for nanoemulsions or self-
nanoemulsifying drug delivery systems (SNEDDS),
solid lipid nanoparticles and nanostructured
lipid carriers, liposomes, polymeric (e.g.,
PLGA) nanoparticles and cyclodextrin inclusion
complexes, which can improve dissolution and
protect the compounds from degradation. The
hydrophilic iridoid glycosides (e.g., asperuloside
and the gaertneroside-type glucosides), whose
polarity is expected to limit membrane permeation,
may be better served by phospholipid complexes
(phytosomes), liposomes or chitosan-based
nanoparticles that enhance permeability and
mucosal residence time. For the wound-healing
indication, extract-loaded hydrogels, nanoemulgels
or nanofibre dressings could provide sustained local
delivery of the flower extract. Such systems have
been reviewed for phytochemicals in general,’ but,
to our knowledge, none has yet been reported for
P. lanceolata; each would need to be developed
around standardised extracts with defined marker
compounds (for example, damnacanthal and
asperuloside) and evaluated for encapsulation
efficiency, release profile, stability, in vivo
pharmacokinetics and safety.

DISCUSSION

The available evidence suggests that
Pentas lanceolata has potential as a multi-target
medicinal plant due to its diverse phytochemical
constituents and reported antioxidant, anti-
inflammatory, antidiabetic, and anticancer
activities. These effects may be interconnected
through common mechanisms involving oxidative
stress, inflammatory signalling, insulin regulation,
apoptosis, and cell proliferation.

The reviewed studies indicate that
phenolics, flavonoids, quinones, and iridoid
glycosides may contribute to these pharmacological
effects. However, much of the available evidence is
based on in-vitro and animal studies, with several
findings derived from crude extracts. Therefore,
the specific contribution of individual compounds
and their molecular targets remain insufficiently
established.

A major limitation is the lack of well-
designed clinical studies and standardized
preparations of P. lanceolata. Differences in
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plant source, extraction methods, phytochemical
composition, and dosage may influence the observed
biological effects. Further studies should therefore
focus on identifying active constituents, validating
their mechanisms, establishing standardized
extracts, evaluating safety, and conducting clinical
investigations.

CONCLUSION

Based on experimental data and
ethnopharmacological expertise, Pentas
lanceolata (Forssk.) Deflers is a medicinal plant of
increasing pharmacological interest. Its extensive
phytochemical profile, which includes phenolics,
flavonoids, quinones, and iridoid glycosides,
is highlighted in this study. Together, these
compounds have antioxidant, anti-inflammatory,
antidiabetic, and anticancer properties. Crucially,
these effects are linked across chronic disease
states by common molecular pathways, including
control of oxidative stress, inflammatory mediators,
insulin signalling, apoptosis, and cell proliferation.
However, the majority of the information currently
available is derived from preclinical models
and crude extracts, which limits its translational
applicability. Compound isolation, mechanistic
validation, standardised formulations, including
nano-formulations (e.g., nanoemulsions, liposomes
and polymeric or lipid nanoparticles) designed
to overcome the poor solubility of lipophilic
anthraquinones and the limited permeability of
iridoid glycosides, and clinical evaluation should
be given top priority in future research. All things
considered, Pentas lanceolata is a promising multi-
target candidate for drug discovery based on natural
products.
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