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Abstract: Physalis minima Linn is an important medicinal plant widely used in traditional medicine in India. Various parts
of the plant are employed in the treatment of several conditions such as inflammation, fever, hypertension, cancer, spleen
disorders, and diabetes. Characterization of the plant across multiple aspects has been determined to enable accurate
identification. Key phytochemicals such as flavonoids, phenols, steroids, and tannins have been extracted from different
plant parts using various extraction methods and these compounds possess anti-inflammatory, anti-cancer, antimicrobial, and
antioxidant properties. Physalin and withanolides, two potent steroidal compounds that exhibit anti-inflammatory activates
through mechnanisms such as inhibition of NO production, NF-xB pathway, COX-2 expression, STAT3, upregulation of
HO-1 expression, blocking MAPK signalling pathway and secretion of IL-6, IL-1B, and TNF-a. These compounds also
exhibit anti-cancerous activity through caspase-3, P53 and c-Myc apoptotic pathways and PI3BK/AKT and RAS/MAPK

signalling pathways.
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INTRODUCTION

lants are a promising source of natural products
Pthat are extensively utilized in both traditional

and modern medical systems. In recent years,
due to the increasing demand, natural products are
constantly being explored for the development of
novel drugs (Singh et al., 2012). Since ancient times,
they have been widely used in traditional medicine
for the treatment of various diseases. Moreover, the
pharmaceutical industry has shown growing interest
in plant-derived bioactive compounds, using
traditional medicinal knowledge for modern drug
development. Various  bioactive compounds,
particularly secondary metabolites, have been
isolated from the plants (Singh et al., 2012, Gad et
al., 2013). Therefore, an in-depth understanding of
these plants areessential for exploring the diverse
array of herbal products and their potential
pharmacological actions in healthcare.
Physalis minima Linn, commonly known as
Rashbary, is an annual herb belonging to Solanaceae
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family that has long been recognized for its
medicinal  significance in  traditional Indian
healthcare systems (Patel et al., 2011). This plant is
found in India, China, Baluchistan, Afghanistan,
Singapore, Tropical Africa, Malaysia and Australia
(Joseph and Ravi 2022). Traditionally, the plant is
used for the treatment of inflammation, diuretic,
purgative, fever, high blood pressure, cancer, spleen
disorder, diabetes, snake bite and malaria (Lem et al.,
2022). Several phytochemical compounds have been
identified in all parts of the plant--roots, leaves,
fruits, and seeds--contributing to its wide range of
medicinal applications. This review provides a
comprehensive overview of P. minima, covering its
botanical characteristics, ethnomedicinal uses,
phytochemical compounds, and therapeutic potential.
The information compiled herein aims to enhance
current understanding of P. minima as a promising
medicinal agent and to support its potential role in
future drug development.
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(G) Calyx; (H) plit open Fruit; (I) Stamen; (J) Carpel; (K) T.S. of Ovary; (L) T.S. of Stem; (M) T.S. of Leaf; (N) Hair

Systematic Position:

Kingdom | Plantae
Division | Tracheophyta
Class Magnoliopsida
Order Solanales
Family Solanaceae
Genus Physalis
Species P. minima

Taxonomical description:

The plant is annual, herb, pubescent with long many -
celled hairs, 15- 45 cm tall; Stems are erect, solid
with narrow cavity, branched, with angular-ribbed
above. Leaves are simple, alternate, ovate or ovate-

lanceolate, 2-3 x 1-1.5 c¢cm, pubescent along veins,
with hairs, base cuneate, tip acuminate, repand-
dentate margin petiolate, stipulate; Inflorescences are
solitary cymose & axllary; Flowers are
actinomorphic, complete, bisexual, bracteates,
pentamerous, hypogynous, cream in colour; Sepals -
5 ~gamosepalous, campanulate, 2.5-3 mm long,
valvate, sepaloid, persistent, pubescent; lobes
dentate, densely ciliate; Corolla yellow, shortly
tubular, ca. 5mm., pubescent, Petals - 5,
gamopetalous, valvate; stamens — 5, epipetalous,
anther light yellow, 1-1.5 mm long, filament ca. 2
mm long, dithecous, basifixed, dehiscence by apical
pores; Carpel — 2, syncarpous, bilocular, many ovules
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in each locule; style filiform; stigma capitates;
superior ovary; Fruits are berry, fleshy, orange, ca. 6
mm in diameter, pendulous, globose, enclosed by
calyx, Pubescent, densely ciliated lobes,; Seeds are
numerous, brown, compressed and endospermic sub-
reniform, ca. 2 mm long, minutely reticulate-
undulate (Flora of China 1994, San 2021).
Anatomical Studies:

Anatomical studies revealed that the epidermal cells
on both of the lamina are parenchymatous and thin
walled. The stomata are anisocytic type, oval in
outline, and more frequent on the lower surfaces.
Thick and wavy cuticular layers are located on both
surfaces. In transverse section (T.S.) of the leaf, the
mesophyll layer consists of a single layer of palisade
cells and 2-3-layers of spongy mesophyll cells.
Calcium oxalate crystals are abundant in mesophyll
cells of the leaf. The midrib is semicircular in
outline. The cortex is composed of both
collenchymatous cells and parenchymatous cells.
Vascular bundles are collateral type in lamina, midrib
and petiole and crescent-shaped in midrib and
petiole. Unicellular hairs are present on the
epidermal layer of the midrib and petiole. The T. S.
of stem is more or less circular or irregularly
quadrangular in outline with four prominent ridges.
Unicellular hairs are also present on the stemsurface.
The parenchymatous pith consists of 9-12 layers,
irregularly rounded to polygonal. In mature stems,
the pith cells are disorganized and broken leaving a
hollow pith cavity at the center. The vascular bundles
form a circular ring and are of the collateral type.
Anatomically, roots are circular in outline and consist
of compactly arranged and rectangular epiblema
cells. The vascular bundles in the root are pentarch in
arrangement (San 2021).

Table 1:Physalin and withanolides present in P. minima

Cytological analysis:

Cytological studies indicates that P. minima is a
tetraploid species with a chromosome number
2n=4x=48 (Bhaduri 1951). PMC squash preparations
reveal the gametic chromosome number of n=12 with
a normal configuration 12 Il at Metaphase-l and
diakinesis. Various meiotic anomalies have also been
reported in these studies, including chromosome
clumping, univalent and multivalent formations,
chromosomal laggards, simple chromosomal bridges,
tripolarity, multipolarity, and unequal separation of
chromosomes in the observed PMCs (Choudhary,
2021).

Palynological studies:

Ashfaq et al. (2020) reported that pollen grains are
monad, subspheroidal, tricorporate, circular in polar
view and elliptical in equatorial view. The exine is
microechinate and scabrate, the surface of the colpus
is psilate and sparsely scabrate and the tip of the
colpus is obtuse. The pollen grain is medium-sized.
Phytochemical constituents:

Phytochemical analysis of the whole plant of
Physalis minima L. revealed the presence of wide
range of bioactive compounds such as Alkaloids,
flavonoids, cardiac glycosides, phenols, saponins,
steroids, tannins and terpenoids. Among these, two
classes of steroidal compounds- physalins and
withanolides have been extensively studied due to
their diverse pharmacological properties, such as
antioxidant, anti-inflammatory and anti-cancer
activities. Physalins are highly oxidized ergosteroid
compound, whereas withanolides constitute a group
of lactone-based natural products primarily
composed of phenylpropanoids and steroidal
backbones (Liang et al., 2024). A list of identified
physalin and withanolides are presented in Table 1.

Extraction method Chemical formula References
Physalins 25-hydroxyphysalin D CagH32011 Wau et al. (2018)
Physalin D CogH32011 Wau et al. (2022)
Withaphysalin P CogH3407
14, 18-di-O-acetylwithaphysalin C C32H400g (Zhou et al. 2015)
Withaphysalin Q C30H4207
Withaphysalin T CogH340g
Withaphysalin U CogH3605
Physaminin P CygH3104,S
Physaminin Q Co9H37043
Physaminin R Cy7H3,011 Wu et al. (2025)
Physaminin P C35H41045
Withanolides Physaliolide A C30H4209
Phy5a|i0|ide B C30H4209
Physaliolide C C30H42019 Wau et al. (2018)
Physaliolide D CygH400g
Physaliolide E C30H4204
Physaliolide G C30H40010
Physaliolide H C30H42010
Physaliolide | CogH400g Wau et al. (2020)
Physaliolide J CygH3505
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Physaliolide K
Physminin A
Physminin B
Physminin C
Physminin D
Physminin E
Physminin F
PhysmininG
PhysmininH

Withaminima A

Withaminima B

Withaminima C

Withaminima D

Withaminima E-F

Physaminilide H

Physaminilide |

Physaminilide J

Physaminilide K

Phyminimolide I-111
Phyminimolide IV
Phyminimolide V

Phyminimolide VI

Phyminimolide WII-XI

3-Methoxy-2,3-dihydrophysagulide P
3-Methoxy-2,3-dihydrophysagulide J

CagH3607
ng H34NaO5
ng H36 NaO5
C29 H40 NaOG
ng H38 Na 06
ng H3g N3.03
ng H36 NaOe
ng H3g NaOe
C29 H3g Na07

Ca7H350s
CygH34ClOg
CygH3,ClOg
CogH34ClOg
CogH34CIO;

C30H3507

C30H1209

CagH100s

CsoH10010

C31H44019

Liu et al. (2022)

Wei et al. (2019)

Zhang et al. (2020)

C31Ha45010

CagH4007

C29H3907C| Su et al. (2025)

Ca8H3405

Therapeutic Uses:

Anti-inflammatory activity:

The ethanolic extract of the whole plant of P. minima
L. exhibit anti-infllmmatory activity by inhibiting
NO production of LPS -stimulated mouse
macrophage RAW 264.7 cells and it has been
suggested that withanolides containing 5f,6p-epoxy
groups  display  enhanced  anti-inflammatory
properties (Wu et al., 2018 & Wu et al., 2020).

Six compounds of Withaminis (namely Withaminis
A-F) have been identified from the aerial parts of P.
minima L Among them, compounds 1-4 show
significant anti-inflammatory effects by inhibiting
NO production in LPS activated RAW 264.7
macrophages with 1C*° values ranging from 3.91-
18.46 umol-L™ (Wei et al., 2019).

Hu et al. (2022) isolated 24 withaphysalins from the
whole plants of P.  minima among which
compounds 2,5, 6,9, 10,11, and 20 exhibits potent
anti-inflammatory activity with 1Csq values 3.01-
13.39 uM. They also revealed that compounds 2 and
10 exhibited better anti-inflammatory effects by
inhibiting the NF-kB pathway, resulting in decreased
expression of COX-2 and secretion of IL-6, IL-1B,
and TNF-a in LPS-stimulated THP1-doublet cells.
Withaphysalin A and 2, 3-dihydro-withaphysalin C
are the two major withanolide-type compounds
isolated from P. minima exhibited anti-inflammatory
effect by significantly inhibiting NO production,
prostaglandin E, and several pro-inflammatory
cytokines (IL-1B, IL-6 and TNF-o in LPS-activated
RAW?264.7 macrophages. It is also suggested that

this  reduction in inflammation is due to
downregulating of STAT3, nuclear translocation of
NF-«B p65, upregulated HO-1 expression and
blocking MAPK signalling pathway by WA (Li et al.,
2017).

Liu et al. (2022) conducted a phytochemical
evaluation of methanol extract of the aerial parts of P.
minima and reported ten withanolides compounds.
Among them, compounds 1 and 3-5 exhibited anti-
inflammatory effect by downregulating iINOS and
COX-2 protein levels.

Su et al. (2025) isolated 19 withanolides from whole
plant of P. minima. Among these, compounds 4, 6, 13
and 15 exhibits strong anti-inflammatory effect (1Cs
values = 1.16 to 11.74 puM) by inhibiting NF-«kB
inhibitors which significantly downregulating NF-
kB- dependent reporter gene transcription.
Additionally compound 4 and 13 inhibited IL-6
pathways. The presence of the o, B-unsaturated
ketone moiety in ring A and the trans-configuration
of rings A and B were identified as key structural
features contributing to their anti-inflammatory
efficacy.

Antimicrobial activity:

Patel et al. (2011) reported that the chloroform and
methanolic  leaf extracts of P. minima shows
antimicrobial activity against all the studied bacterial
strains and the minimum inhibitory concentration is
100 ug for both extracts.

The antimicrobial activity of P. minima extract was
performed against seven bacterial strains and the
methanolic extract showed the highest antimicrobial
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efficacy, particularly against M. smegmatis, E. coli
and P. aeruginosa. These extracts were also effective
against C. violaceum, M. smegmatis, and P.
aeruginosa, all of which are resistant to standard
antibiotics ampicillin (Rohilla et al., 2024).

Shill et al (2021) suggested that petroleum ether
extract and ethanolic root extract of P. minima
exhibited in vitro antibacterial activity against both S.
aureus and E. coli bacteria but three times less than
standard ciprofloxacin.

Pradeepkumar et al. (2022) performed antimicrobial
activity of ethanolic fruit extract of Physalis minima
against Streptococci acidominimus and Pseudomonas
aeuriginosa by the cup diffusion method and showed
good inhibition against the studied bacteria.
Yazhiniprabha et al. (2022) synthesized zinc oxide
nanoparticles from the of Physalis minima fruit
extract and this Pm-ZnO NPs shows strong
antibacterial activity against Gram-positive (E.
faecalis) and Gram-negative (P. aeruginosa) bacteria.
Antioxidant Activity:

Singh and Prakash (2014) reported that the
methanolic leaf extract reduced the stable DPPH
radical to yellow DPPH-H upto 7829% at
concentration 800 pug/mL while stem showed 76.02%
of inhibition. This result clearly indicates that
methanolic extract of P. minima leaves exhibit higher
antioxidant activity compared to other extracts such
as stemand leaves. So, it was effective in scavenging
free radical and had the potential to be a powerful
antioxidant.

Ethanolic extract of P. minima leaves shows dose-
dependent antioxidant activity, attributing this effect
to the presence of phytochemicals, particularly
flavonoids. (Karpagasundari and Kulothungan 2014).
The in vitro anti-oxidant activity is performed in the
methanolic extract of leaves from P. minima by
DPPH radical scavenging assay and found that
chloroform fraction of methanolic extract exhibited
better anti-oxidant activity with 1Cso = 38.6 pg/mL in
comparison to standard ascorbic acid with ICgy =
42.6 pg/mL (Velemurugan et al., 2024).

Prabhu et al., (2021) evaluated anti-oxidant activity
of methanolic leaf extract from P. minima using
ABTS assay, DPPH radical scavenging assay and
hydroxyl radical scavenging assay and dose-
dependent increase in scavenging activity is found in
all three assays. ICso values of this extract is 78.6 in
DPPH, 46.2 in ABTS, 76.7 in Hydroxyl.

Anti-cancer Activity:

Among the ten withanolides isolated from P. minima,
withaphysalin C exhibits potent cytotoxicity against
both human cancer HCT-116 and NCI-H460 cell
lines. It is further suggested that 2,3-unsaturated
ketone moiety in ring A and the 5b,6b-epoxy group
in ring B are essential for this cytotoxicity effects
(Chen et al., 2011).

Physalin F, also isolated from P. minima
demonstrated significant dose-dependent cytotoxic
effects against T-47D human breast cancer cells, with

a low ECsy value (3.60 pg/ml) mediated through
caspase-3 and c-Myc apoptotic pathways (Ooi et al.
2013). Additionally, it also reported that physalin F
inhibits NSCLC  cell  growth by modulating
PIBK/AKT and RAS/MAPK signalling pathways (Li
et al., 2025).

Wu et al (2018) investigated anticancer effects of
withanolides isolated from P. minima and reported
moderate  cytotoxic  activities against  lung
adenocarcinoma cells, hepatic carcinoma cells and
breast cancer cell lines with 1C50 values in the range
of 40.01-82.17uM.

Zang et al. (2020) isolated 25 withanolides
compounds from Physalis minima and analysed their
cytotoxic activities against A375 human melanoma
cells. Several compounds possessed significant
cytotoxicity with ICsq values in the range of 1.3-7.5
uM. The study further revealed that the 5B,6p-epoxy
or 56-double bond moieties are essential for its
cytotoxicity and the 2,3-double bond in ring A
enhances this effect.

Le Canh et al. (2021) investigated the cytotoxic
potential of six withanolides isolated from P. minima
against HepG2, SK-LU-1, and MCF7 cancer cell
lines. These compounds exhibited potent
cytotoxicity, with 1Csy values ranging from 0.051 +
0.004 to 0.86 +0.09 ug/mL.

Leishmanicidal activity:

Choudhary et al. (2005) isolated six physalin
compound from the whole plant of P. minima, which
exhibited significant in vitro leishmanicidal activities
(092 + 194 pg/ml) against promastigotes of
Leishmania major.

Anti- Alzheimer activity:

Joseph and Ravi (2022) suggested that the ethanolic
extract of P. minima L. fruit exhibits a protective
effect against D- galactose-induced Alzheimer's
disease by inhibiting acetylcholinesterase activity.
Additionally, the extract enhanced cognitive
performance, similar to donepezil, as measured by

spontaneous alternation behavior in the Y-maze test.

CONCLUSION

Botanical, anatomical, cytological and palynological
characteristics of P. minima have provided valuable
insights for the proper documentation and indexing
of its germplasm, which is crucial for its accurate
identification and the further exploration of its
bioactive potential. The entire plant contains a
variety of bioactive compounds, including
flavonoids, cardiac glycosides, phenols, steroids, and
tannins. Among these, two steroidal compounds-
physalin and withanolides have been extensively
studied for their anti-inflammatory, antitumor and
antioxidant activities.
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