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ABSTRACT

Boerhavia diffusa (Punarnava) is a well-known medicinal plant that is characterized by a variety of
pharmacological effects and a wide range of applications in the systems of traditional medicine. The current
review thoroughly discusses the phytochemical, ethnopharmacological, and therapeutic potential of B. diffusa,
diuretic, hepatoprotective, anti-inflammatory, anti-oxidant, anti-fibrinolytic, anti-diabetic,
immunomodulatory and anti-microbial effects. These biological actions are mediated by a number of pathways
including the adjustment of cellular signaling pathways, prevention of inflammatory mediates, improvement of
antioxidant defenses, and control of apoptosis and angiogenesis. Besides its therapeutic importance, the review
has also pointed out the new evolving surveys that have been developed in the experimental and preclinical
research on its effectiveness. Moreover, the changing regulatory systems of the herbal products in the key areas
of the world are reported in a specific section with the focus on the issues related to the standardization, quality
control, and clinical validation. Even though its medicinal potential is promising, the problem of inconsistency
in phytochemical composition and absence of regulatory measures to harmonize it are significant challenges to
the global acceptance of the product. In general, B. diffusa is a promising natural resource with massive
potential to develop as a source of the future drugs, and therefore, the research should be further developed,

anti-cancer,

clinically validated and regulated to guarantee the safety and efficacy of its therapeutic benefits.
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1. Introduction alkaloids like punarnavine, glycosides including

Boerhavia diffusa (B. Diffusa) also known as
punarnava or red spiderling, is a perennial herb from
the Nyctaginaceaec family [1]. This plant has a
creeping habit with much-branched stems that are
purplish and thickened at the nodes and stout fusiform
roots [2]. Its purplish stems are thickened at the
nodes, and its leaves are opposite, oblique, and ovate
or suborbicular in shape. The plant produces small
flowers about 5 mm in diameter, and its fruit is a
rounded 6-ribbed achene. The seed is minute,
albuminous with endosperm, and the embryo is
curved [3]. The different parts of plants exhibit
different therapeutic potential which has been
described in Table 1 [2]. This plant thrives in sunny,
dry locations and can tolerate a wide range of soil
conditions [4]. It is often found in disturbed soils,
such as along roadsides and in abandoned fields and is
widely dispersed throughout India, the Pacific, and
southern United States [5]. B. Diffusa is a medicinal
plant rich in various chemical compounds. It contains
flavonoids such as C-methylflavone and borhavone,

punarnavoside, and rotenoids such as boeravinone A-
H [6]. Additionally, it has steroids, triterpenoids,
lipids, lignans, carbohydrates, proteins, glycoproteins,
phenolic glycoside, terpenoids, organic acids, flavone,
isoflavone, flavonol, flavonoid glycoside, xanthone,
lignin, purine nucleoside, sterol  ester,
ecdysteroid, fatty acid, and hydrocarbons [7]. These
diverse compounds give the plant its numerous
pharmacological properties, such as diuretic,
hepatoprotective, anti-inflammatory, anti-fibrinolytic,
anti-cancer, anti-diabetic,

sterol,

immuno-modulatory,
anti-lymphoproliferative, and
analgesic properties (Figure 1) [8].

Table 1: Different parts of plants indicating various

immuno-suppressive,

therapeutic uses

Part of Plant
ar Osed an I'herapeutic Uses
Root, 1 m
09 . caves, Liver and kidney co plaints,
aerial parts, :
rheumatism
whole plant
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Whole  plant, | Inflammation, strangury, jaundice,
leaves dyspepsia, constipation
Hypotension, skin diseases, night
Leaves }.’p &
blindness
Gonorrhoea, dropsy, bronchial
Roots psy
asthma
Decoction, Post-delivery complaints,
powder menstrual issues, cold
Fever, internal inflammation,

Root decoction . .
abdominal pain

Eye diseases, virility restoration,

Root, leafjuice | -1 ibirth facilitation

Renal ailments, seminal weakness,
blood pressure

Various parts Stomachache, anemia, cough, cold

Snake and rat bites antidote,
contraceptives
Whole  plant, | Nutritional use, lactation
seeds enhancement

2. Various Therapeutic Potentials of B. Diffusa

2.1 Diuretic

B. Diffusa has the ability to produce a lot of urine and
sodium loss which is a symptom of being a diuretic
agent [9]. The plant extract also increases the renal
blood flow and glomerular filtration rate which
increases the amount of urine produced, and prevents
sodium and water reabsorption in the renal tubules,
which further increases diuresis [10]. It also balances
the electrolytes by stopping the excessive loss of
potassium and other important electrolytes, it
maintains the electrolyte balance as well [11]. In
addition, B. Diffusa too displays renal protective
effect, and it has antioxidant and anti-inflammatory
effects that could guard the kidneys against oxidative
damage and inflammation [12]. As Sahu et al.
explored the therapeutic potential of phytochemicals
in Boerhavia diffusa (B. diffusa) in treating mutant
forms of the nephrin protein that causes nephrotic
syndrome type 1, a disease that is not treated through
conventional methods. They used computational tools
like virtual screening and molecular dynamics
simulations and identified seven bioactive compounds
in B. diffusa, out of which boeravinone M and
boeravinone E exhibited good binding properties in
the wild type and mutant model of the Ig4 domain of
the nephrin protein. Hydrate-ligand docking indicated
an improved binding activity of boeravinone M and
boeravinone E with the mutant model, which can be
explained by a more accurate estimation of the water
molecule effects. The simulations performed through
the molecular dynamics hinted boeravinone E as a
possible inhibitor of NPHS1 because it has the lowest

short-range interaction energies and the stability and
effects of the mutant nephrin protein are well
modulated. The results give boeravinone E as a
potential therapeutic agent in nephrotic syndrome type
1, and this provides information on the use of natural
products in treating genetic mutations in chronic
illnesses [13]. On the same note, the diuretic activity
of alcohol extracts made of the stem and leaves of
Boerhaavia diffusa were tested
Experimental rats were orally given the extracts of
150 and 300mg/kg. A standard drug that was used was
the furosemide, 20mg/kg. Urine volume, sodium and
potassium content were used to assess the diuretic
effects. AEBD produced a great amount of urine in
comparison to the control group, as well as sodium
excretion. Such effects were similar to the ones with
the standard drug. Thus, the paper can be
characterized as the presentation of the quantitative
data which confirms the idea of the traditional use of
Boerhaavia diffusa as the diuretic agent [14].

2.2 Hepatoprotective

B. Diffusa controls activity of hepatic enzymes in
process of detoxification and biomolecule synthesis
thus improving liver performance [15]. It also
activates the regeneration and healing mechanisms of
hepatocellular regeneration, hepatocytes proliferation

in normal rats.

and liver proteins synthesis [16]. Also, it contributes
to the structural and functional integrity of hepatic
cells, preventing the apoptosis and necrosis caused by
diverse hepatotoxic agents [17, 18]. In general,
hepatoprotective activity of B. Diffusa is due to its
antioxidant, anti-inflammatory, enzyme-modulating,
regenerative, and cytoprotective activity. Thajudeen et
al. tested the hepatoprotective behavior of B. Diffusa
against cytotoxicity caused by GalN on the HepG2
cell lines. The silymarin hepatoprotective activity was
78.7% and 84.34% at 100 and 200 pg/mL respectively
and caffeic acid hepatoprotective activity was 46.17
and 52.34% at 100 and 200 pg/mL respectively and
boeravinone B hepatoprotective activity was 40.89
and 62.21 at 100 and 200 pg It is worth noting that,
boeravinone B and caffeic acid were found to be
hepatoprotective effects, in comparison to standard
silymarin. These findings give credence to the
conventional application of B. Diffusa as a useful
functional food to the human being health [19].
Another study by Dey et al. determined the
hepatoprotective implication of B. Diffusa against
alcohol-induced liver injuries. When HepG2 cells
were exposed to 120mM ethanol (48 hours-longs)
toxicity was induced (it was significant, about 42%),
B. Diffusa treatment had a dose-dependent protection
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against ethanol induced cell death, and its effect was
stronger than single extracts. In addition to that, B.
Diffusa also exhibited a strong antioxidant potential in
the DPPH assay. The administration of BV-7310 (250
and 500 mg/kg body weight) as an oral dose
prevented the body weight loss induced by alcohol,
and markedly improved increased liver enzyme levels
over the control group in a rat model of hepatitis
induced by repetitive alcohol (40) and carbon
tetrachloride (CCl4) dosing. The results mentioned
above point to the effectiveness of B. Diffusa in
avoiding alcohol-induced toxicity in in vitro and in
vivo models, which indicates its possible therapeutic
use in ALD and other diseases leading to liver toxicity
[20].

2.3 Anti-inflammatory

B. Diffusa has bioactive compounds such as
flavonoids, phenolic compounds and alkaloids, which
suppress the synthesis and release of the pro-
inflammatory compounds such as cytokines and
prostaglandins that decrease cellular inflammation
[21]. Tt also disrupts inflammatory signaling
pathways, in particular, it suppresses the activation of
nuclear factor-kappa B (NF-xB) [22]. B. Diffusa also
suppresses the activity of the inflammatory enzymes,
cyclooxygenase (COX) and lipoxygenase (LOX),
which inhibits the generation of the inflammatory
mediators [23]. Moreover, it regulates the immune
response by balancing the immune cells and the
generation of the anti-inflammatory and pro-
inflammatory cytokines [24]. All these mechanisms
help to increase the therapeutic potential of B. Diffusa
in the treatment of inflammation-related conditions
[25]. To determine the effect of B. Diffusa on different
inflammatory and  anti-inflammatory = markers,
angiogenesis, and several regulatory proteins
including Nrf-2 and NF-kB, Karwasra et al. used an
immunohistochemical analysis to examine the effect.
Findings showed that there was a great dose-
dependent decrease in biomarkers of inflammation
and oxidative stress with B. Diffusa treatment.
Inflammation and joint dysfunction in the 200 mg/kg
dose were significantly reduced. In general, Boerhavia
diffusa roots had the capacity to reduce paw edema,
inflammation, and bone destruction by blocking the
activity of pro-inflammatory mediators, Nrf-2, and
NF-kB-mediated cytokine production [26]. Mathias et
al. performed another study to determine the anti-
inflammatory effect of aqueous extracts of B. Diffusa.
The experimental design of the study was that, pre-
incubation of cells with the extracts was followed
followed by stimulating them with either TNFalpha or

arachidonic acid (AA) to see the effect of the extracts
on inflammatory signalling. These findings indicated
that B. Diffusa stopped the TNFalpha-induced mRNA
gene expression of IL- 6, IKBA and COX2, and 1kB
alpha protein degradation and p65 phosphorylation.
Equally, these extracts also inhibited AA-induced
expression of COX2, ALOX5 and IL-6 mRNAs and
phosphorylation of p65. In general, the research
proposed that extracts of B. Diffusa have the potential
to suppress intracellular inflammatory signaling
pathways proving their possible anti-inflammatory
effect [27].

2.4 Anti-oxidant activity

B. Diffusa removes free radicals and reactive oxygen
species and inhibits oxidative cellular damage [28].
The plant also increases the activity of endogenous
antioxidant enzymes including superoxide dismutase,
catalase and glutathione peroxidase that neutralize
reactive oxygen species (ROS) and restore redox
balance within the cell [29]. Phytochemicals within B.
Diffusa chelate metal ions inhibit their catalytic action
in the production of reactive oxygen species hence
avoiding the damages caused by the oxidative stress
[30]. The constituents of the plant prevent the lipid
peroxidation by scavenging lipid peroxyl radicals
[31]. In addition, B. Diffusa increases the activity and
expression of phase II detoxification enzymes, such as
glutathione S-transferase and quinone reductase which
cells are safer to oxidative damage [32]. Altogether,
the mechanisms play a role in the protective effect of
the plant against oxidative stress-associated illnesses
and aging. Sudheer and Nagella assayed the
antioxidant properties of B. Diffusa antioxidant
including radical scavenging, metal-binding, and
reducing. The findings had shown the high
antioxidant potential. The radical scavenging activity
was recorded high at 91.1 and the metal chelating
activity was recorded at 74. These results helped as a
source of its possible use in antioxidant treatment
[33]. Akhter et al. gave their attention to antioxidant,
DNA-protective and 0 -amylase-inhibitory activity of
the root extract of the plant. Methanol root extract
exhibited antioxidant activity and preventive effect on
oxidative DNA damages than the ethanol and aqueous
extracts. It also had high alpha-amylase level of
inhibition. The extract that was further processed to
come up with a powerful antioxidant and a-amylase
inhibitory fraction. This single compound had the
same antioxidant and a-amylase inhibitory properties
as the crude extract. The paper suggested possible
health positive effects of B. diffusa in fighting against
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oxidative DNA damage and its
inhibitory capacity [34].

2.5 Anti-fibrinolytic activity

B. Diffusa revents the plasminogen to plasmin
conversion, which would cause fibrinolysis and aid in
the stability of the clot. It also has a direct inhibition
effect of plasmin and maintains the integrity of the
clot and no early breakdown of the clot. It also affects
numerous elements of the fibrinolytic system
including tissue plasminogen activator, plasminogen
activator inhibitor-1, and balances the processes of
clot formation and dissolution [35]. The anti-
fibrinolytic effect of B. Diffusa is an indirect effect of
its antioxidant and anti-inflammatory effects in the
reduction of oxidative stress and inflammation that
may induce fibrinolysis [36]. All in all, these
processes aid in stabilization of the blood clots and
inhibition of overfibrinolysis [35]. Juneja et al.
examined the wound healing capacity of Boerhavia
diffusa leaf methanol extract (ME) by conducting in-
vitro and in-vivo tests. The outcome of the MTT assay
showed that the ME treatment improved the human
keratinocyte cell viability and migration in
comparison to the untreated and CE-treated cells.
Moreover, topical exposure of ME to rat model
wound lesions had in-vivo wound assays that showed

alpha-amylase

that the wound area had decreased 91 per cent in the
14" day in comparison to the control group (22 per
cent) [37].

2.6 Anti-cancer activity

B. Diffusa ontains lots of bioactive compounds which
result in cancer cell apoptosis and inhibition of their
proliferation by arresting the cell cycle. The presence
of flavonoids and phenolic compounds in the plant
which lower the oxidative stress and prevent
carcinogenesis makes the plant have antioxidative
properties. It is also anti-inflammatory in that it
prevents the formation of pro-inflammatory cytokines
which may prevent the growth and metastasis of
tumors. It also suppresses the angiogenesis of tumor
hence preventing growth and metastasis of tumors by
depriving the tumors of blood. It also removes
immunomodulatory effects that enhance the immune
reaction of the body in fighting cancer cells by
promoting the functions of immune cells such as T
cells, natural killer cells, and macrophages [38, 39].
Saraswati et al. examined the effects of punarnavine
on the VEGF-A expression by RT-PCR, Western blot
and ELISA. In vitro studies revealed that punarnavine
was an important inhibitor of endothelial cell
migration, invasion and capillary structure of
HUVECs. Punarnavine, also, suppressed the MMP-2

and MMP-9 expression in HUVECs. Angiogenesis
studies in vivo with sponge implant assay proved
punarnavine to be an inhibitor of neovascularization.
Moreover, punarnavine therapy in an Ehrlich ascites
carcinoma tumor model resulted in the 60.94% and
86.40% reduction in the volume of ascitic fluid and
tumor volume respectively. These results point to the
strong anti-angiogenic property of punarnavine and
give a clue of the possibility of its use in developing
therapeutic regimes in the treatment of cancer [40].
2.7 Anti-diabetic activity

B. diffusa enhances the insulin sensitivity and
facilitates glucose uptake by the peripheral tissues
hence controlling the metabolism of glucose. It also
inhibits the gluconeogenesis which is the formation of
glucose out of non-carbohydrate precursors thereby
lowering the sugar levels in the blood [41]. In
addition, it enhances the pancreas as it enhances the
secretion of insulin in the pancreatic beta cells hence,
affecting the health of the pancreas positively. The use
of B. diffusa with its potent antioxidant and anti-
inflammatory properties protects the pancreatic beta
cells against damage and enhances insulin sensitivity
by reducing oxidative stress and inflammatory
processes. In addition, it controls lipid metabolism
through reduction of serum lipids and lipid profiling,
which  resolves  dyslipidemia, a  metabolic
complication commonly seen in diabetes [42]. Alam
et al. tested the possibility of using B. diffusa
methanolic extract in the treatment of diabetes
induced on male Wistar rats. The extract was highly
phenolic and flavonoid which showed good free
radical-scavenging ability. Extract was effective when
it was applied on diabetic rats by improving different
health parameters like blood glucose, plasma enzyme
level, weight loss, total protein, serum insulin, and
liver glycogen. Also, it reinstated antioxidant enzyme
activity [43]. Jayachitra and Janani used B. diffusa to
determine the anti-breast cancer activity on the
HepG2 cells lines. According to the MTT test of study
outcome, the treatment of B. diffusa revealed that the
level of cell viability of the percentage dropped by 5
times as compared to the control. The extract has also
caused apoptosis and DNA fragmentation in the
cancer cells. In general, the research established that
B. diffusa methanolic extract exhibits a strong
anticancer property against human breast cancer cells
[44].

2.8 Immuno-modulatory activity

B. diffusa has immuno-modulatory activity in a
number of ways. It regulates synthesis of cytokines,
inhibits ~ pro-inflammatory  cytokine, including
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interleukin-6 and tumor necrosis factor-alpha, and
induces production of anti-inflammatory cytokines,
including interleukin-10, helping the body control the
immune responses and inflammation The extracts of
this plant stimulate the activity of various immune
cells including the macrophages and T lymphocytes
thereby enhancing their ability to recognize and
destroy the pathogens and cancerous cells. B. diffusa
also alters the immune signaling pathway through
suppression of nuclear factor-kappa B pathway, and
subsequently, the inflammatory reactions. Also, it
enhances phagocytic ability of the macrophage and
other phagocytic cells which helps to eliminate
pathogens and protect the immune system [45]. Aher
et al. studied the immunostimulatory properties of
punarnavine alkaloid (PA) that is isolated in the root
of Boerhaavia diffusa Linn. The use of PA treatment
actually resulted in the thickening of the foot pads in
Delayed Type Hypersensitivity (DTH) experiments
that detected the influx of mononuclear cells. Also, PA
increased phagocytic activity, humoral immune
response as shown through Plaque Forming Assay
(PFA) and it has increased the number of a-esterase
positive cells and bone marrow cellularity. The PCR
expression studies revealed the enhanced IL-7, IL-10,
IL-12a, and IL-12b mRNA gene expression following
PA treatment. These results indicate that PA may be a
powerful immunomodulatory agent without any
toxicity side effects [46, 47].

2.9 Immuno-suppressive activity

It regulates the role and performance of different
immune cells, such as T lymphocytes, B lymphocytes,
natural killer (NK) cells, and dendritic cells,
suppressing their growth and activation. Thirdly, B.
diffusa alters the cellular signaling pathways of
immune system, especially the NF-2 pathway, which
inhibits the activation of the immune cells and
cytokine generation. In addition, it facilitates the
apoptosis of stimulated immune cells and has anti-
oxidant effects, scavenging free radicals and reducing
oxidative stress that collectively results in its
immunosuppressive effect [2].

3.10 Anti-lymphoproliferative activity

B. diffusa inhibits the lymphocyte deficiency that is a
form of white blood cell in various ways. Secondly, it
prevents the proliferation of T cells and B cells
without it. The other mechanism is that it induces the
process of apoptosis, or self-destruction of
pathologically abnormal or cancer cells. It also
disaggregates cell division to cause a slow replication
of white blood cells. It also reduces inflammation as
well as oxidative stress of cells that promote the

growth of tumors. In most cases, B. diffusa regulates
the proliferation of lymphocytes by supporting the
immune system whereby abnormal cells are killed and
the extent of cell division is reduced [48].

3.11 Anti-bacterial activity

B. diffusa has bioactive compounds, which are able to
interfere with cell membranes of bacteria. The
compounds react with the lipid bi-layer of the
bacterial cell membrane resulting to destabilization
and cellular contents leakage that eventually causes
cell death in bacteria. Certain parts of B. diffusa
inhibit the synthesis of bacterial cell walls by
attacking enzymes that are involved in the synthesis
of peptidoglycan or by disrupting the formation of cell
wall components and thus inhibiting bacterial growth
and cell wall integrity. In addition, it also disrupts the
bacterial protein synthesis by attaching to the
ribosomes or other part of the protein synthesis
apparatus thus inhibiting bacterial growth and
replication [49]. B. diffusa interferes with a number of
metabolic pathways that support survival in bacteria.
It disrupts processes like the energy production
nucleic acid synthesis or metabolism of amino acids
causing metabolic dysfunction and eventual death of
bacteria cells. Also, it also triggers the formation of
ROS in bacterial cells that may cause oxidative stress
on bacterial DNA, proteins, and lipids causing
dysfunction and death of bacterial cells. Finally, there
are a handful of constituents of B. diffusa that disrupt
bacterial virulence factors, including toxins or
adhesion molecules. The prevention of these virulence
factors expression or activity of B. diffusa makes the
bacteria less pathogenic and allows the host to better
anti-infective strategies. All these mechanisms, in
general, lead to the broad-spectrum antibacterial
action of Boerhavia diffusa against different bacterial
pathogens [50].

Adefokun et al. evaluated the in-vivo anti-plasmodial
activity of the crude methanolic root extract of B.
diffusa against Plasmodium berghei NK 65, a
chloroquine-resistant ~ strain, using suppressive,
curative, and prophylactic tests. Albino mice were

randomly assigned to different groups and
administered varying doses of the extract,
chloroquine, or nifedipine. Results demonstrated

significant antimalarial activity across all dose levels
and models, with the optimal activity observed at the
lowest dose (125 mg/kg) in suppressive and
prophylactic models, and at day 10 in the curative
model. Additionally, the extract exhibited antipyretic
effects, particularly notable at the 125 mg/kg dose.
Furthermore, at 500 mg/kg, the extract displayed
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superior efficacy in lowering plasma calcium levels
compared to the positive control, nifedipine. These
findings support the traditional use of B. diffusa in
malaria and fever treatment, underscoring its potential
therapeutic value [51]. In another study, Sobi et al.
examined antibacterial properties of B. diffusa leaf
(BDL) loaded silver nanoparticles (AgNPs). The
formulated AgNPs exhibited antibacterial activity
against Gram-negative pathogen Salmonella typhi,
with a higher zone of inhibition (23 mm) compared to
Staphylococcus  aureus (21  mm) at higher
concentrations of BDL extract. The biosynthesis
method offers advantages over chemical reduction
synthesis, including biosafety, eco-friendliness, and
non-toxicity to the environment [52].
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Figure 1: Various therapeutic potentials of B. diffusa
3.  Nanotechnology-Based  Applications  of
Boerhavia diffusa

Recent advancements in green nanotechnology have
highlighted the potential of B. diffusa as a versatile
biological source for the synthesis of diverse
nanomaterials with significant biomedical,
environmental, and industrial applications [53, 54].
The plant’s rich phytochemical profile, including
flavonoids, phenolics, and glycosides, plays a crucial
role in the reduction and stabilization of nanoparticles
[55]. Various studies have explored the synthesis of
metallic (Ag, Au, ZnO, Se), bimetallic (Co—Ni), and
hybrid nanocomposites derived from B. diffusa,

demonstrating a wide spectrum of functional
properties such as antimicrobial, antioxidant,
anticancer, anti-inflammatory, wound healing,

photocatalytic, and bioenergy-enhancing activities
[56]. The diversity in nanoparticle types, synthesis
approaches (plant extract vs callus-mediated), particle
size, and applications reflects the adaptability of this
plant in nanotechnology-driven research. The table 2
summarizes key studies, synthesis methods,

characterization features, and major applications of B.
diffusa-mediated nanomaterials.

Table 2: Comparative summary of B. diffusa-
mediated nanomaterials  highlighting  synthesis
methods, physicochemical characteristics, and diverse
applications.
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4. Regulatory Framework of Herbal Products
Across Major Global Regions

The use of herbal medicine has been widely accepted
all around the world because of their varied
therapeutic capability, safety image and the substantial
ground in the domain of traditional medicine systems
[66]. Nevertheless, the regulatory framework used in
herbal products is quite different across various
nations irrespective of their high usage. Such
differences are due to the cultural practices, health
care priorities, and the extent of scientific validation
[67]. Lack of a globally harmonized regulatory
framework has resulted in inconsistency of quality,
safety and efficacy thus rendering global acceptance
and commercialization of herbal products challenging
[68, 69]. Herbal products in the United States are
mostly regulated as dietary supplements through
Dietary Supplement Health and Education Act
(DSHEA) of 1994 [70]. In this model, manufacturers
have the duty to provide their products with the
correct safety and labeling and pre-market approval is
not normally necessary. This provides the possibility
of quick market penetration but also creates an issue
of inconsistency in quality and insufficient clinical
proof. Nevertheless, where the herbal products are
meant to have therapeutic usage, then it can be
developed under the botanical drug pathway which
entails stringent regulatory review i.e. clinical trials
[71, 72]. Such a two-sided regulation indicates
flexibility as well as constriction in the American
regime. Conversely, the European Union has a more
organized and scientific method of regulating the
herbal medicinal products. The Traditional Herbal
Medicinal Products Directive (THMPD) offers a
streamlined registration route to products that have a
long history of traditional use [73, 74]. Herbal
products should have a history of safe use of 30 years
or more and have adequate quality and safety data.
Evaluation and standardization of these products are
major roles played by the European Medicines
Agency (EMA) via its Herbal Medicinal Products
Committee (HMPC). This system will guarantee
quality control and will encourage evidence-based
application of herbal medicines [75].

India has a rich tradition of traditional systems of
medicine like Ayurveda, Siddha and Unani, which are
controlled by the ministry of AYUSH [76]. The herbal
products are divided into classical formulations,
patent and proprietary medicines [77]. The classical
formulations rest on ancient sources and are usually
unchallenged due to lack of much clinical verification
but the proprietary products are expected to be
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supported by evidence on safety and efficacy. Despite
the multi-strides that India has undertaken to enhance
issues like failure in
raw materials,

the traditional medicine,
standardization, inconsistency in
inadequate pharmacovigilance mechanisms, among
others, still emerge to challenge regulatory strength
[78, 79]. China has already developed a highly
integrated framework of herbal medicine, within the
Traditional Chinese Medicine (TCM), and is
controlled by the National Medical Products
Administration (NMPA) [80, 81]. Herbal medicines
are considered to be a part of the health care system
and are backed up with the traditional knowledge and
recent scientific research. The Chinese
Pharmacopoeia has explicit standards of the herbal
drugs, which is of consistency and quality [82]. Over
the last few years China has been working on
modernizing the TCM by subjecting it to advanced
methods of analytical practices and clinical validation
thereby increasing its acceptance across the world
[83]. On the same note, Japan approves herbal
medicines in the form of Kampo formulations through
the ministry of health labour and welfare (MHLW)
[84]. Kampo medicines are formalized formulations
of herbs that have a long-standing traditional usage
[85]. These formulae are validated on historical
grounds and are commonly incorporated in practice.
These products are consistent, safe and reliable in all
their therapeutic uses through strict compliance to
quality control and Good Manufacturing Practices
[86]. The table 3 presents a comparative analysis of
regulatory approaches for herbal products and
synthetic drugs across key global regions. It highlights
differences in regulatory authorities, classification
systems, approval pathways, and evidence
requirements. Herbal products are generally regulated
under simplified frameworks based on traditional use
and historical evidence, whereas synthetic drugs
undergo rigorous evaluation involving preclinical
studies, phased clinical trials, and strict quality
assessments. This comparison emphasizes the
variability in global regulatory standards and
underscores the fundamental distinction between
tradition-based and evidence-based approval systems.
Table 3: Comparative overview of regulatory
frameworks for herbal products and synthetic drugs
across major global regions (USA, EU, India, China,
and Japan).
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Future Perspective

The future of B. diffiisa in medicine looks promising.
Future research will concentrate on investigating its
therapeutic effects, experimental clinical trials for it
efficacy and safety, and establishment of the
standardized formulations with quality control. New
systems like nano-formulations and targeted delivery
systems are being developed to increase
bioavailability and efficacy. Moreover, different herbs,
drugs and therapies in combination are likewise being
examined. Various attempts are being made to identify
and isolate the bioactive components of Punarnava,
and its vast potential in new drug therapy is being
harnessed comprehensive safety testing is conducted
for its safe long-term wuse. Collaboration with
traditional healers and indigenous communities to
maintain the traditional knowledge about Punarnava is
continuously carried out.

Conclusion

B. diffusa is a medicinal plant known for its wide
range of bioactive compounds and pharmacological
properties. It has diuretic, hepatoprotective, anti-
inflammatory, antioxidant, anti-fibrinolytic,
anti-diabetic, immunomodulatory,
anti-lymphoproliferative, and

anti-
cancer,
immunosuppressive,
antibacterial effects. These effects are achieved
through various mechanisms of action, including
modulating cellular signaling pathways, regulating
enzyme activity, influencing cytokine production,
enhancing antioxidant and detoxification systems,
inducing apoptosis, inhibiting angiogenesis, and
disrupting bacterial cell membranes and metabolism.
The plant's therapeutic potential has been
demonstrated in various in vitro and in vivo models of

diseases such as nephrotic syndrome, liver damage,

rheumatoid arthritis, oxidative DNA damage, malaria,

and cancer.
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