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ABSTRACT: Pharmaceutical interventions, notably insulin, have long been the cornerstone of
conventional diabetes management. However, recent research has shed light on the promising
potential of botanical remedies in both preventing and treating diabetes. This comprehensive review
endeavours to delve into the burgeoning significance of plant-derived medicines in diabetes care,
offering a nuanced exploration of their efficacy supported by the latest scientific findings.
Delving into the realm of phytochemicals, this review elucidates their diverse mechanisms of action,
elucidating how they modulate insulin sensitivity, regulate glucose metabolism, and mitigate the
complications of diabetes. Furthermore, it meticulously scrutinizes the ability of these bioactive
compounds to combat inflammation, oxidative stress, and other pathophysiological pathways
implicated in the onset and progression of diabetes mellitus. Moreover, the review underscores the
synergistic advantages of amalgamating plant-based therapies with conventional pharmacological
agents, thereby advocating for an integrative approach to diabetes management. By synthesizing
evidence from various studies, it underscores the tangible benefits of incorporating botanical
- interventions either as adjuncts to existing therapies or as standalone alternatives. The implications
of this review extend beyond academia, potentially reshaping clinical paradigms by fostering greater
exploration into plant-derived drugs for diabetes treatment and mitigation of associated
complications. Embracing the wealth of nature's pharmacopeia, we embark on a journey towards a
future where the synergy between pharmaceutical and botanical therapies heralds new horizons in
diabetes management. By elevating the discourse surrounding plant-based interventions, this review
endeavours to stimulate further research, ultimately contributing to the evolution of diabetes care
towards more holistic and efficacious approaches.
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involves widespread changes, including thickening of
the capillary basement membrane, increased matrix
within vessel walls, and cellular proliferation, leading to
vascular complications such as narrowed lumens, early
atherosclerosis,  glomerular  capillary  sclerosis,
retinopathy, neuropathy, and peripheral vascular
insufficiency 1.

In the case of Insulin-dependent diabetes mellitus
(IDDM/ type 1), it results from the destruction of
pancreatic B-cells responsible for insulin production !l
On the other hand, in Noninsulin-dependent diabetes
mellitus (NIDDM/ type II), reduced peripheral tissue
sensitivity to insulin or insufficient insulin production by
B-cells hampers glucose metabolism within the body ®I.
Besides the conventional complications associated with
diabetes, emerging issues such as cancer, infections,
diseases, functional disability, cognitive
impairment, and dementia demand serious attention !,
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Fig 1. Complications of Diabetes Mellitus.

The impact of diabetes extends beyond the individual
and their family, imposing substantial economic burdens
on healthcare systems and national economies through
direct medical expenses and losses in productivity and
wages. According to a report from the United Nations
General Assembly on non-communicable disease
prevention and control, global GDP losses attributable to
diabetes, encompassing both direct and indirect costs,
are projected to reach US$ 1.7 trillion between 2011 and
2030 M1 This estimate is divided, into US$ 900 billion
for high-income nations and US$ 800 billion for low-
and middle-income countries. In 2021, diabetes
accounted for a substantial 11.5 % of global health
expenditure, highlighting its significant impact on
healthcare budgets. Diabetes is a prevalent condition,
affecting 1 in every 10 adults aged 20 to 79 years
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worldwide. Alarmingly, three out of every four
individuals with diabetes reside in low- and middle-
income countries, underscoring the need for equitable
access to care and resources "I,

Of particular concern is the link between poor glycemic
management and adverse COVID-19 outcomes. By the
close of 2022, the global COVID-19 pandemic had
recorded over 700 million confirmed
demonstrating its far-reaching impact on public health.
Notably, adults with diabetes faced a 35 to 40 % higher
risk of hospitalization due to COVID-19, emphasizing

the vulnerability of this population to severe disease and

cases,

the urgent need for targeted interventions and prevention
measures 21,

Currently, there are several medications available for the
treatment of diabetes. Insulin is the mainstay for
managing type-I diabetes, type-Il  diabetes
primarily relies on oral hypoglycemic agents (OHAs)
such as Biguanides (e.g., Metformin) ™3I, Sulfonylureas
(e.g., Tolbutamide) ™" Thiazolidinediones (e.g.,
Pioglitazone) 3!, and Alpha-glucosidase inhibitors (e.g.,
Voglibose) '8!, These drugs work through different
mechanisms to lower blood glucose levels, but they also
come with notable side effects, including reduced
vitamin Bj, absorption, hepatic injury with metformin,

while

hypoglycemia, weight gain, and skin reactions with
sulfonylureas 71,

Despite their use, these medications may not adequately
control blood sugar levels and the progression of
diabetes "1, To address these challenges, combination
therapy has been introduced as a new approach.
However, this approach still requires thorough
evaluation to ensure its safety and effectiveness. In the
context of combination therapy of dapagliflozin and
metformin, significant adverse effects include renal
dysfunction, hypertension, and
Additionally, patients may experience
hypoglycemia, nausea, back pain, and diarrhea . It's

constipation.
severe

important to be aware that using multiple antidiabetic
medications appears to elevate the risk of hypoglycemic
events, particularly when combining sulfonylurea and
insulin 21,

To address these challenges, researchers are directing
their attention toward natural products. This review will
delve into the phytoconstituents, and their substantial
impact on regulating blood glucose levels in individuals
with diabetes.

The objective of this work is to present a thorough
analysis of current research investigating the possible
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functions of different plant-based therapies in the control
and treatment of diabetes.

MOLECULAR  PATHWAYS
DIABETES MELLITUS:
Diabetes Mellitus (DM) is the most common metabolic
illness in humans. The two main cellular substrates, fats
and carbohydrates, are metabolised differently in people
with diabetes mellitus (DM), which disrupts metabolic
pathways and produces harmful metabolites *!!. Even
though a lot of in vitro and in vivo research has been
done to clarify the underlying molecular pathways of
diabetes mellitus, the exact pathophysiology remains
unclear 21, Yet, a wide range of causes have been linked
to this condition, including inflammation,
resistance, oxidative stress, mitochondrial malfunction,
beta cell dysfunction, and apoptosis with reduced levels
of circulating insulin.

UNDERLYING

insulin

Insulin resistance:

The primary underlying pathology of type 2 diabetes is
insulin resistance, which results in cells' inadequate
absorption of glucose due to an inability to respond to
insulin !, Through the use of GLUT-4 (glucose
transporter-4)  transporters, normal insulin signal
transduction (IST) involves a complicated series of
successive phases involving several enzymes and
mediators, which permit glucose entrance into
adipocytes, muscles, and cardiac cells ¥, Insulin
receptors (IRs), which are members of the
transmembrane tyrosine kinases made of a and B chains
and activated by insulin as well as IGF- (insulin-like
growth factor-) 1 and IGF-2, attach to the o chain of
insulin to start the insulin secretion cycle (IST) 1251, By
auto phosphorylating tyrosine residues in the [ chain,
this interaction causes structural modifications in the 3
chain. Subsequently, various adaptor proteins, such as
insulin receptor substrates (IRSs), Shc (SHC-
transforming) protein, and APS protein (adapter protein
with a PH and SH2 domain), are recruited. These
procedures give the IRS-1 (insulin receptor substrate-1)
a suitable binding site 1!, A variety of insulin-dependent
kinases, including AMPK (AMP-activated protein
kinase) and GSK-3 (glycogen synthase kinase 3) and
atypical PKC (protein kinase C), S6K1 (ribosomal
protein S6 kinase beta-1), SIK?2 (serine/threonine-protein
kinase 2), Akt (protein kinase B), mTOR (mammalian
target of rapamycin), and ROCKI (rho-associated
protein kinase 1) are among the insulin-dependent
kinases that can phosphorylate and activate IRSs 71,
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PIP2  (phosphatidylinositol ~ 4,5-bisphosphate) is
converted to PIP3 (phosphatidylinositol  3,4,5-
trisphosphate) by the action of activated IRS-1, that
binds to and activates phosphoinositide 3-kinase. PIP3 is
a strong activator of Akt by itself, which helps glucose
reach cells by directing GLUT-4 to specific locations
and by blocking glycogen synthase kinase, which
increases the formation of glycogen 1. Any disruption
to these processes may impede normal IST, which could
lead to insulin resistance and diabetes.

p-Cell Dysfunction/Insulin Production and Secretion:
Normal glucose homeostasis requires a healthy and
functional mass of pancreatic beta cells, and diabetes
mellitus is associated with variable degrees of beta-cell
malfunction 1?°!. Gradual decrease of beta-cell mass and
function is a critical factor in the development of
diabetic mellitus B%. Under these circumstances,
postprandial glucose rises above normal because beta
cells' unregulated and declining glucose-induced insulin
production occurs P!, The process starts with a flaw in
the prior or first-phase release of insulin, which is
subsequently followed by a decrease in the maximum
ability of glucose to trigger the secretion of insulin after
meals, which results in an error in the steady-state and
basal production of insulin, which is followed by total
beta-cell failure. Oxidative stress and a variety of
pathogenic mechanisms can lead to beta-cell
malfunction 132,

Mutations of GLUT-4:

The normal functioning of insulin-dependent cells is
dependent on the transportation of glucose by GLUT-4,
and any deficiencies in this protein can hinder its
performance 3. Any point mutation that modifies this
transporter has the potential to seriously hinder cells'
ability to absorb glucose and the signalling pathways
that follow

For instance, a 1998 study showed that GLUT-4's
activity was compromised by mutations
consecutive arginine residues at positions 333 and 334,
which greatly reduced the carrier's ability to transport
glucose P34,

In two

Mitochondrial dysfunction:

Double-membrane cellular organelles called
mitochondria play crucial roles in the synthesis of
energy, the storage of calcium, the synthesis of fatty
acids, the generation of heat, and the survival of cells.

They also participate in cellular signalling networks 1%
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361 Diabetes is one of the many disease disorders linked
to mutations in mitochondrial DNA (mtDNA). Diabetes
is significantly associated with specific mutations in
mtDNA, such as the A3243G mutation in the
mitochondrial DNA-encoded tRNA(Leu,UUR) gene P71,
One of the main characteristics of type 2 diabetes
mellitus is insulin resistance, which has been linked to
mitochondrial ~ dysfunction in its development.
Enhancing mitochondrial function could be a useful
treatment strategy to increase insulin sensitivity [8I,
Mitochondria are essential for the tight regulation of
glucose-stimulated insulin secretion (GSIS) in pancreatic
beta cells by connecting insulin exocytosis to glucose
metabolism. Mitochondrial dysfunction can have an
effect on this procedure 1,

OXIDATIVE STRESS BROUGHT ON BY
HYPERGLYCEMIA DEACTIVATES THE
INSULIN SIGNALLING SYSTEM:

Oxidative stress has been linked to the dysfunction of
the primary glucose regulation mechanisms in diabetes,
namely insulin production and insulin action . The
insulin signalling cascade is a biochemical system that
regulates both mechanisms. The pancreatic islet beta
cells alone are in charge of secreting insulin, and they do
so only after the enzyme glucokinase serves as a glucose
sensor in the organ. When blood glucose levels rise, beta
cells absorb glucose at a faster rate, and glucokinase
(also known as glucose-stimulated insulin secretion)
starts the process of secreting insulin !, This enzyme
casily phosphorylates the glucose molecule to glucose-6-
phosphate due to its high affinity or low Km for glucose
at high concentrations. This phosphorylation commits
the glucose molecule to ATP-generating pathways such
as glycolysis, the Kreb cycle, and the electron transport
chain. It is known that an elevated intracellular ATP
level will block an ATP-sensitive K" channel 2. It
concurrently encourages sodium (Na®) influx, which
causes a disruption in the typical Na"™-K" ratio. The
voltage-dependent T-type calcium (Ca®") and sodium
(Na") channels open as a result of this occurrence,
depolarizing the membrane and causing an increase in
the influx of Na® and Ca®" as well as additional
membrane depolarization 1. In the end, elevated
intracellular Ca®" stimulates insulin-containing secretory
granules to fuse with the plasma membrane, releasing
insulin as a result. After being released into the portal
circulation, insulin travels to its intended locations, or
peripheral tissues, where it attaches to its receptor to
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initiate the process of releasing glucose into bodily cells.
A sequence of phosphorylation and protein coupling
processes are part of the cascade of events that the
insulin-receptor complex triggers 44451,

It has been observed that hyperglycaemia-induced
oxidative stress, among other activities, activates
uncoupling protein-2 (UCP-2) and lowers the ATP/ADP
ratio, which in turn prevents the ATP-dependent
sequence of occurrences that leads to the secretion,
discharge, and function of insulin ¢, Similarly, the
quantity and quality of insulin released by pancreatic
islet beta cells are also compromised by the oxidative
harm caused by reactive species (ROS and RNS) created
by hyperglycaemia 7. A study's findings indicate that
oxidative stress-induced loss of beta-cell function, which
results in reduced secretory capability and elevated
insulin resistance, is a significant factor in the aetiology
of type 1 and type 2 diabetes. Furthermore, changes in
the form, volume, and function of the mitochondria may
result hyperglycaemia-mediated
mitochondrial metabolism and the formation of ROS in
the beta-cell. This could uncouple ATP-dependent K+
channels and impede glucose-stimulated secretion of

from increased

insulin ultimately leads to diabetic condition 43!,

ANTIDIABETIC MEDICINAL PLANTS:

Rytigynia senegalensis:

Rytigynia senegalensis, a plant from the Rubiaceae
family within the Blume genus, is native to tropical and
southern regions of Africa. In Africa, it has been
traditionally used for the treatment of various health
issues such as diabetes mellitus, malaria, dysentery,
constipation, and  hemorrhoids. Through a
phytochemical screening, an aqueous extract of R.
senegalensis (AERS) demonstrated the presence of
several secondary metabolites, including flavonoids,
phenols, tannins, terpenoids, coumarins, glycosides, and
anthraquinones, while alkaloids quinones, saponins, and
sterols were not detected.

AERS exhibited promising antidiabetic properties in
both Type 1 (T1D) and Type 2 (T2D) diabetes models
induced by streptozotocin (STZ) and dexamethasone,
respectively. Additionally, AERS demonstrated lipid-
lowering, cardioprotective, and antioxidant effects when
tested on Wistar rats. Notably, AERS showed effects
similar to the reference compounds Glibenclamide and
metformin, suggesting that in TIDM, AERS may act by
inhibiting ATP-sensitive K+ channels, stimulating
insulin secretion. In T2DM, the reduction in blood
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glucose levels after AERS treatment could be attributed
to its ability to enhance the translocation of GLUT4
transporters from the inner membrane to the plasma
membrane of muscle cells, possibly accompanied by
changes in the total amount of GLUT4 or its gene
expression. Furthermore, one of the major challenges in
diabetes management is weight loss, and AERS
effectively addresses this issue by increasing food
intake. Histological analysis of the pancreas in T1DM
revealed an increase in the size and number of islets of
Langerhans, indicating a potential regenerative effect.
Importantly, no adverse side effects were observed in
animals treated with AERS. Additional research is
necessary to elucidate the structure of phytoconstituents
and to clarify the precise cellular and molecular
mechanisms of action.

AERS effectively reduces postprandial glycemia by
inhibiting the activity of a-Amylase and a-glucosidase
enzymes. Additionally, it exhibits antioxidant properties
by acting as a hydrogen donor, and the phenolic group
within it can efficiently scavenge free radicals. The
inhibition of a-Amylase enzymes prevents the
hydrolysis  of complex  polysaccharides into
oligosaccharides and disaccharides. Subsequently, the
inhibition of a-glucosidase enzymes delays the further
hydrolysis of these compounds into monosaccharides,
leading to a slowed digestion and absorption of
carbohydrates. This dual enzymatic inhibition
contributes to the reduction of postprandial glucose
levels 4% 501,

Corni fructus:

Corni fructus is a versatile herbal remedy with a wide
array of potential health advantages, particularly in the
areas of managing diabetes !, promoting liver health
521 and enhancing general well-being. Its extensive
traditional use in medicine continues to stimulate
contemporary research into its healing attributes and
possible uses. C. fructus, derived from the mature and
dried fruit of C. officinalis, is rich in key
phytoconstituents such as iridoid glycosides, saponins,
and tannins, which play a significant role in its
therapeutic properties 13!, This natural resource can be
found in regions spanning Anhui, Gansu, Jiangsu,
Jiangxi, Shandong, and Shanxi in China, as well as in
Korea and Japan. The extraction process involves using
70 % ethanol for saponin extraction, 80% methanol for
iridoid glycoside extraction, and 42 % ethanol for tannin
extraction. A key driver of insulin resistance in type 2
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diabetes mellitus (T2DM) is dyslipidemia, marked by
the excessive buildup of lipids, notably triglycerides, in
the liver. C. Fructus extracts, aside from their role in
regulating T2DM via the AMPK/ACC/CPT-1 signaling
pathway, also effectively target a range of related health
These abnormal lipid
metabolism, aiding in liver damage repair, improving

issues. include rectifying
insulin secretion and sensitivity, restoring proper islet
functions, facilitating weight loss, and reducing
hyperglycemia in Streptozocin-mice model. The key
bioactive components of the extract include
protocatechuic acid, gallic acid, 5-hydroxy-methyl
furfural, morroniside, sweroside, loganin, and cornuside
541

Eclipta prostrata:

Eclipta prostrata (EP), also known as Bhringraj,
Bhumiraj, and Nash jhar, is a plant belonging to the
Asteraceae family 31, 1t is widely distributed in tropical
and subtropical regions of Africa, South America, and
Asia. This plant contains several key phytoconstituents,
including Wedelolactone, Catechin, Chlorogenic Acid,

Epigallocatechin ~ Gallate, Epicatechin, Epicatechin
gallate, Vitexin, Salicylic acid, Isovitexin, Rutin,
Apigetrin, Myricetin, Quercetin, Kaempferol, and

Apigenin, which contribute to its diverse range of
pharmacological activities 5!, Studies conducted in vitro
and in vivo have demonstrated the anti-glycation and
anti-diabetic ~ properties of  Wedelolactone. It
accomplishes this by reducing the formation of
Advanced Glycation End Products (AGEs), which are
known to cause tissue damage, including damage to
pancreatic B-cells in rats induced with Streptozocin.
AGEs generate harmful free radicals, which are
responsible for cellular and tissue damage, ultimately
leading to B-cell dysfunction, a primary contributor to
diabetes mellitus 171,

Furthermore,
significant anti-glucosidase and anti-amylase activity,
indicating their potential role in diabetes management. In
particular, the aqueous leaf extract of E. prostrata
(AEEP) has demonstrated its ability to effectively
regulate blood glucose levels, lipid profiles, and the
histological condition of the pancreas, kidney, and liver.
AEEP alone has been found to improve damage to the
liver and pancreas associated with diabetes while

increasing the excretion of urea, uric acid, and creatinine
[58]

E. prostrata extracts have shown
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Tapinanthus cordifolius:

Tapianthus cordifolius, a plant rich in phytoconstituents
and belonging to the Loranthaceae family, is native to
Nigeria. It is renowned for its ability to aid in the
management of diabetes mellitus by reducing post-meal
glucose levels. This is achieved by inhibiting
carbohydrate hydrolyzing enzymes like o-amylase, a
crucial approach in diabetes control. Out of the 43
bioactive compounds found in the ethanolic extract of 7.
cordifolius, Benzaldehyde, 4-(Ethylthio-2,5-dimethoxy,
a-tocopherol-B-D-mannoside, and 5-Ergosterol have
been identified as the most stable compounds when
interacting with the target protein a-amylase *°!. They
form bonds through hydrogen interactions, n-m stacking,
and ionic connections with specific amino acids. This
provides strong evidence of their efficacy in inhibiting
a-amylase and underscores T. cordifolius's potential in
this regard. Additionally, a-tocopherol found in T.
cordifolius contributes to better metabolic control in
diabetes due to its antioxidant properties, which help
combat lipid oxidation, protein glycation, and enhance
insulin sensitivity. Diabetic patients often lack sufficient
a-tocopherol. Both in-vitro a-glucosidase assay and in-
silico studies have further confirmed 7. cordifolius's
inhibitory activity against a-glucosidase. The presence
of phytosterols in plants contributes to cholesterol-
lowering, anti-inflammatory, and anticancer effects, as
these compounds share a structural similarity with
cholesterol. In addition to its medicinal benefits, T.
cordifolius is considered safe for use, as it shows no
signs of mortality or apparent toxicity symptoms.
Moreover, it does not impact the hematological,
biochemical, and histological parameters in rats 61,

Gynura procumbent:

Gynura procumben, also known as Longevity spinach,
has a rich history as a herbal remedy for various health
issues, including kidney discomfort, inflammation 6!,
viral diseases 2 and rheumatism '®. Indigenous
communities worldwide have embraced its therapeutic
properties, incorporating it into their diets without worry
of toxicity. In Bangladesh, it goes by the local name
"diabetic leaf" due to its association with managing
diabetes. Belonging to the Asteraceae family, this
resilient plant thrives in regions like China, Africa, and
Southeast Asia, particularly Indonesia, Thailand, and
Malaysia ®. The methanolic leaf extract of G.
procumbens, along with its fractions in different
solvents, is packed with phytoconstituents. The ethyl
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acetate soluble fraction (EASF) stands out, containing
phytol, lupeol, stigmasterol, friedelanol acetate, [-
amyrin, and a mix of stigmasterol and B-sitosterol, as
confirmed by spectroscopic data analysis. Remarkably,
the petroleum ether soluble fraction (PESF) exhibited
potent  glucose-lowering activity, surpassing the
effectiveness of the standard drug Glibenclamide in
Alloxan-induced diabetic rats. Additionally, oral
administration of Chloroform soluble fraction (CSF),
Ethyl acetate soluble fraction (EASF), and Aqueous
soluble fraction (AQSF) demonstrated blood glucose
reduction. Beyond its antidiabetic effects, EASF
showcased significant antioxidant activity in the DPPH
assay and a robust antithrombotic effect in the
methanolic leaf extract of G. procumbens. Although
these findings are promising, further studies are essential
to delve into the mechanisms behind these activities 1.

Prosopis strombulifera:

The root cause of type 1 diabetes mellitus is the
destruction of pancreatic [B-cells,
orchestrated by T-cells, leading to hyperglycemia due to
insufficient production %81 Prosopis
strombulifera, a rhizomatous shrub native to Argentina

autoimmune
insulin

and belonging to the Fabaceae family, is recognized for
its astringent, anti-inflammatory, and antidiabetic
properties 7). The aqueous extract of P. strombulifera
(AEPS) contains a diverse array of compounds,
including catechin, kaempferol glucoside, myricitrin 3-
O-glucoside, naringoside, rutin, protocatechuic acid, and
xilonic acid. In both in-vitro and in-vivo studies
involving non-obese diabetic mice, PsAE exhibited
immunosuppressive effects. PsAE lowered CD69
expression post polyclonal activation, diminished CD69
expression in isolated CD4+ and CD8+ T cells following
CD3/CD28 stimulation, and alleviated IFN-y cytokine
release. Furthermore, PSAE improved type 1 diabetes in
NOD mice by reducing lymphocyte infiltration in beta-
islets and modulating the mRNA expression levels of
PRF-1 and GRZ-B. The immunosuppressive actions of
PsAE were ascribed to its ability to inhibit key immune
activation signaling pathways. Protocatechuic acid in
PsAE reduced the production of FN-g, IL-6, and IL-8 by
suppressing the NF-KB activation pathway. Rutin
hindered the proliferation of splenocytes and thymocytes
under ConA stimulation, resulting in decreased IFN-g
production. The flavanols present in PSAE delayed the
onset of type 1 diabetes by preventing chronic
inflammation and influencing the physiology of CD8+ T
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cells. Significantly, the NOD mice model illustrated the
antidiabetic activity of PSAE through diverse underlying
mechanisms, and PSAE demonstrated these therapeutic
effects without inducing any discernible side effects 681,

Oldenlandia umbellate and Oldenlandia corymbose:

Oldenlandia umbellate, commonly referred to as Choy
root or Chaaya Ver, is a medicinal plant indigenous to
India. Similarly, Oldenlandia corymbosa, recognized as
a medicinal herb, is cultivated in tropical regions such as
China, India, Sri Lanka, and other tropical East Asian
countries. These plants are notably abundant in oleanolic
acid and ursolic acid . In the investigation, the
petroleum ether, ethanolic, and aqueous extracts of O.
umbellate whole plant parts (OUWP) and O. corymbosa
whole plant part (OCWP) were scrutinized for various
properties, including total phenolic content, flavonoids,
tannins, flavanols, proanthocyanidins, vitamin-E,
enzyme inhibitory activity (a-amylase
glucosidase enzymes), as well as anti-inflammatory,
antioxidant, and antibacterial effects. The qualitative
phytochemical analysis of petroleum ether, ethanolic,
and aqueous extracts of OUWP and OCWP revealed the
presence of proteins, carbohydrates, alkaloids, phenols,
flavonoids, tannins, cardiac glycosides, and phytosterols.
Notably, saponins were exclusively identified in the
aqueous extract. Among the extracts, the ethanolic
extracts of OUWP and OCWP demonstrated the highest
TPC, with the ethanolic extract of OUWP exhibiting
greater TVE and TPAC compared to the ethanolic
extract of OCWP. Remarkably, the ethanolic extract of
OUWP and the aqueous extract of OCWP displayed
while the

and a-

notable o-amylase inhibitory effects,
petroleum ether extract of both plants exhibited
significant a-glucosidase inhibitory effects. These
inhibitory effects were found to be comparable to the
standard drug acarbose ",

Heteromorpha arborescens:

Heteromorpha arborescens, a medicinal plant belonging
to the Apiaceae family and widely distributed in tropical
Africa, boasts a rich array of phytoconstituents. Various
parts of the plant, including the bark, leaves, milky
exudate, roots, and root barks, have been traditionally
utilized for medicinal purposes. Despite this extensive
traditional use, there is a notable absence of in-vivo
studies substantiating the plant's antidiabetic activity 7!,
Notably, a polyene found in the leaves of H. arborescens
exhibits antifungal and analgesic properties [,
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In an effort to explore its potential antidiabetic effects,
different fractions of H. arborescens leaves—hydro-
methanolic, hexane, ethyl acetate, and water—were
evaluated using an STZ-induced diabetic mice model.
The water fraction yielded 78 %, hexane 16 %, and ethyl
acetate 6 %, with an overall crude extract yield of 11 %.
Phytochemical screening revealed that the ethyl acetate
fraction exhibited positive results for a wide range of
constituents, including alkaloids, flavonoids,
anthraquinones, phenols, glycosides, saponins, steroids,
tannins, and triterpenoids. The hexane fraction, while
negative for triterpenoids, and the distilled water
fraction, lacking in steroids and alkaloids, were also
subjected to screening.

In diabetic mice, both the crude extract and n-hexane
fraction demonstrated a dose-dependent reduction in
blood glucose levels, while the ethyl acetate fraction
proved effective across all doses (100, 200, and 400
mg/kg). Notably, the 400mg/kg doses of the crude
extract and ethyl acetate fraction did not impact body
weight, and groups treated with these doses exhibited
cholesterol levels, indicating an
antihyperlipidemic effect 73!

lower

While the current studies propose potential mechanisms,
including increased insulin sensitivity, enhanced insulin
production from B-cells facilitated by essential oils, and
inhibition of a-amylase and a-glucosidase by
polyphenols and flavonoids, it is acknowledged that,
more research is essential to precisely elucidate the
underlying mechanisms behind the antidiabetic and
antihyperlipidemic activities of H. arborescens.

Trapa Bispinosa Roxb.:

Trapa Bispinosa, a notable herb in the Indian Ayurvedic
system, holds significance in addressing issues related to
the stomach, liver, genitourinary system, and spleen.
Belonging to the Trapaceae family, it is indigenous to
Eurasia and was introduced to North America in the
1870s. In India, it is commonly known as Paniphal and
thrives abundantly in the lakes of Kashmir.
Commercially cultivated in tropical regions like
Pakistan, Sri Lanka, Ceylon, Indonesia, and Africa, it is
also found in Southeast Asia, Southern China, Japan,
Italy, and tropical America 74,

A phytochemical analysis of 7. Bispinosa Roxb. reveals
the presence of carbohydrates, vitamins, alkaloids,
flavonoids, saponins, and other secondary metabolites.
The polyphenols in TBR, such as Gallic acid, Ellagic
acid, Camptothin B, Rubuphenol, Eschweilenol A,
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Cornusiin G, Acarbose, and Tellimagrandin II, and
exhibit a-Glucosidase inhibitory activity. Some of these
polyphenols also demonstrate inhibitory effects on
advanced glycation end products (AGEs), which are
implicated in conditions like Alzheimer’s Disease and
contribute to the complications of Diabetes [,
Autophagy, a cellular self-preservation mechanism,
regulated by the AKT/WNK pathway, declines in type 2
diabetes due to reduced activity caused by high insulin
levels. The AKT signaling and WNK1 pathways play a
role in autophagy regulation. 7. bispinosa Roxb Extract
(TBE) treatment in obese mice reduces AGEs, indicating
an antiglycation effect in type 2 diabetes. mRNA
expression levels of AKT1 and WNKI1 are affected by
TBE, suggesting its involvement in the regulation of
autophagy. TBE, rich in ellagitannins that hydrolyze into
ellagic acid and its intestinal metabolite urolithin, acts as
an inhibitor on the insulin-dependent AKT signaling
pathway. This inhibitory action, as observed in the
study, implies that TBE may induce autophagy. Notably,
a normal diet containing 7. Bispinosa can potentially
improve diabetic retinopathy or cataracts 7.

CONCLUSION:

Although insulin is still the mainstay of treatment for
diabetes, new studies are revealing the enormous
potential of plants in the management of this illness.
Plant-based  medicines promising
supplementary approach by lowering oxidative stress,
enhancing insulin sensitivity, and regulating blood sugar
levels. To completely comprehend the mechanisms of
action, optimise doses, and guarantee safety and
efficacy, more research is necessary. With more
investigation, the lives of those with diabetes may be
considerably enhanced by combining the benefits of
plants with traditional therapies.

provide a

ACKNOWLEDGEMENT:

We acknowledge the support and resources provided by
the Sardar Patel College of Pharmacy, Gorakhpur. We
also want to thank the editorial team and reviewers of
Journal of Pharmaceutical Advanced Research for their
time and effort in evaluating our manuscript.

REFRENCES:

1. Kaul K, Tarr JM, Ahmad SI, Kohner EM, Chibber,
R. Introduction to Diabetes Mellitus. In: Ahmad, SI,
editor. Diabetes. Advances in Experimental
Medicine and Biology. Vol. 771. New York:
Springer; 2013. pp. 1-11

Riya, et al.

10.

11.

12.

13.

14.

©lJournal of Pharmaceutical Advanced Research 2018.

e - ISSN: 2581-6160 (Online)

Giugliano D, Ceriello A, Esposito K. Glucose
metabolism and hyperglycemia. Am J Clin Nutr,
2008; 87(1): 217S-2228S.

Ferrannini E. Learning from glycosuria. Diabetes,
2011; 60(3): 695-696

Wei X, Wen Y, Zhou Q, Feng X, Peng FF, Wang N,
et al. Hyperlipidemia and mortality associated with
diabetes mellitus co-existence in Chinese peritoneal
dialysis patients. Lipids Health Dis, 2020; 19(1):
234,

Kanikarla-Marie P, Jain SK. Hyperketonemia and
ketosis increase the risk of complications in type 1
diabetes. Free Radic Biol Med, 2016; 95: 268-277.
Banday MZ, Sameer AS, Nissar S. Pathophysiology
of diabetes: An overview. Avicenna J Med, 2020;
10(4): 174-188.

Guo H, Wu H, Li Z. The Pathogenesis of Diabetes.
Int J Mol Sci, 2023; 24(8): 6978.

DeFronzo RA, Ferrannini E, Groop L, Henry RR,
Herman WH, Holst JJ. Type 2 diabetes mellitus. Nat
Rev Dis Primers, 2015; 1: 15019.

Farmaki P, Damaskos C, Garmpis N, Garmpi A,
Savvanis S, Diamantis E. Complications of the Type
2 Diabetes Mellitus. Curr Cardiol Rev, 2020; 16(4):
249-251.

Bommer C, Sagalova V, Heesemann E, Manne-
Goehler J, Atun R, Bérnighausen T, ef al. Global
Economic Burden of Diabetes in Adults: Projections
From 2015 to 2030. Diabetes Care, 2018; 41(5):
963-970.

Raghupathi V, Raghupathi W. Healthcare
Expenditure and Economic Performance: Insights
From the United States Data. Front Public Health,
2020; 8: 156.

Aschner P, Galstyan G, Yavuz DG, Litwak L,
Gonzalez-Galvez G, Goldberg-Eliaschewitz F, et al.
Glycemic Control and Prevention of Diabetic
Complications in Low- and Middle-Income
Countries: An Expert Opinion. Diabetes Ther, 2021;
(5): 1491-1501.

Di Magno L, Di Pastena F, Bordone R, Coni S,
Canettieri G. The Mechanism of Action of
Biguanides: New Answers to a Complex Question.
Cancers (Basel), 2022; 14(13): 3220.

Sola D, Rossi L, Schianca GP, Maffioli P, Bigliocca
M, Mella R, et al. Sulfonylureas and their use in
clinical practice. Arch Med Sci, 2015; 11(4): 840-
848.

2123



] Pharm Adv Res, 2024; 7(3): 2116-2126.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Riya, et al.

Lebovitz HE. Thiazolidinediones: the Forgotten
Diabetes Medications. Curr Diab Rep, 2019; 19(12):
151.

Hossain U, Das AK, Ghosh S, Sil PC. An overview
on the role of bioactive a-glucosidase inhibitors in
ameliorating diabetic complications. Food Chem
Toxicol, 2020; 145: 111738.

Kaur G, Arora M, Ravi Kumar MNV. Oral Drug
Delivery Technologies-A Decade of Developments.
J Pharmacol Exp Ther, 2019; 370(3): 529-543.
Ghadge AA, Kuvalekar AA. Controversy of oral
hypoglycemic agents in type 2 diabetes mellitus:
Novel move towards combination therapies.
Diabetes Metab Syndr, 2017; 11 Suppl 1: S5-S13.
Naser AY, Wong ICK, Whittlesea C, Beykloo MY,
Man KKC, Lau WCY, et al. Use of multiple
antidiabetic medications in patients with diabetes
and its association with hypoglycaemic events: a
case-crossover study in Jordan. BMJ Open, 2018;
8(11): 24909.

Sharma GN, Gupta G, Sharma P. A Comprehensive
Review of Free Radicals, Antioxidants, and Their
Relationship with Human Ailments. Crit Rev
Eukaryot Gene Expr, 2018; 28(2): 139-154.

Cole JB, Florez JC. Genetics of diabetes mellitus
and diabetes complications. Nat Rev Nephrol, 2020;
16(7): 377-390.

Kahn SE, Cooper ME, Del Prato S. Pathophysiology
and treatment of type 2 diabetes: perspectives on the
past, present, and future. Lancet, 2014; 383(9922):
1068-1083.

Yaribeygi H, Farrokhi FR, Butler AE, Sahebkar A.
Insulin resistance: Review of the underlying
molecular mechanisms. J Cell Physiol, 2019; 234(6):
8152-8161.

Samuel VT, Shulman GI. The pathogenesis of
insulin resistance: integrating signaling pathways
and substrate flux. J Clin Invest, 2016; 126(1): 12-
22.

Faerch K, Vistisen D, Pacini G, Torekov SS,
Johansen NB, Witte DR, et al. Insulin Resistance Is
Accompanied by Increased Fasting Glucagon and
Delayed Glucagon Suppression in Individuals with
Normal and Impaired Glucose Regulation. Diabetes,
2016; 65(11): 3473-3481.

Kiselyov VV, Versteyhe S, Gauguin L, De Meyts P.
Harmonic oscillator model of the insulin and IGF1
receptors' allosteric binding and activation. Mol Syst
Biol, 2009; 5: 243.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

©lJournal of Pharmaceutical Advanced Research 2018.

. Sergi D,

e - ISSN: 2581-6160 (Online)

Copps KD, White MF. Regulation of insulin
sensitivity by serine/threonine phosphorylation of
insulin receptor substrate proteins IRS1 and IRS2.
Diabetologia, 2012; 55(10): 2565-2582.

Manna P, Jain SK. PIP3 but not PIP2 increases
GLUT4 surface expression and glucose metabolism
mediated by AKT/PKC{/A phosphorylation in
3T3L1 adipocytes. Mol Cell Biochem, 2013; 381(1-
2): 291-299.

Seelig E, Trinh B, Hanssen H, Schmid-Truckséss A,
Ellingsgaard H, Christ-Crain M, et al. Exercise and
the dipeptidyl-peptidase IV inhibitor sitagliptin do
not improve beta-cell function and glucose
homeostasis in long-lasting type 1 diabetes-A
randomised open-label study. Endocrinol Diabetes
Metab, 2019; 2(3): e00075.

Halban PA, Polonsky KS, Bowden DW, Hawkins
MA, Ling C, Mather KJ, et al. B-cell failure in type
2 diabetes: postulated mechanisms and prospects for
prevention and treatment. Diabetes Care, 2014;
37(6): 1751-1758.

White MG, Shaw JA, Taylor R. Type 2 Diabetes:
The Pathologic Basis of Reversible [-Cell
Dysfunction. Diabetes Care, 2016; 39(11): 2080-
2088.

Drews G, Krippeit-Drews P, Diifer M. Oxidative
stress and beta-cell dysfunction. Pflugers Arch,
2010; 460(4): 703-718.

Song X, Lichti CF, Townsend RR, Mueckler M.
Single point mutations result in the miss-sorting of
Glut4 to a novel membrane compartment associated
with stress granule proteins. PLoS One, 2013; 8(7):
e68516.

Navale AM, Paranjape AN. Glucose transporters:
physiological and pathological roles. Biophys Rev,
2016; 8(1): 5-9.

Kubli DA, Gustafsson AB. Mitochondria and
mitophagy: the yin and yang of cell death control.
Circ Res, 2012; 111(9): 1208-1221.

Balaban RS, Nemoto S, Finkel T. Mitochondria,
oxidants, and aging. Cell, 2005; 120(4): 483-495.
Maassen JA, 'T Hart LM, Van Essen E, Heine RJ,
Nijpels G, et al. Mitochondrial diabetes: molecular
mechanisms and clinical presentation. Diabetes,
2004; 53 Suppl 1: S103-S109.

Naumovski N, Heilbronn LK,
Abeywardena M, O'Callaghan N, Lionetti L, et al.
Mitochondrial (Dys)function and Insulin Resistance:

2124



] Pharm Adv Res, 2024; 7(3): 2116-2126.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Riya, et al.

From Pathophysiological Molecular Mechanisms to
the Impact of Diet. Front Physiol, 2019; 10: 532.
Diane A, Al-Shukri NA, Bin Abdul Mu-U-Min R,
Al-Siddigi HH. pB-cell mitochondria in diabetes
mellitus: a missing puzzle piece in the generation of
hPSC-derived pancreatic B-cells? J Transl Med,
2022; 20(1): 163.

Bloch-Damti A, Bashan N. Proposed mechanisms
for the induction of insulin resistance by oxidative
stress. Antioxid Redox Signal, 2005; 7(11-12):
1553-1567.

Ighodaro OM. Molecular pathways associated with
oxidative stress in diabetes mellitus. Biomed
Pharmacother, 2018; 108: 656-662.

Flagg TP, Enkvetchakul D, Koster JC, Nichols CG.
Muscle KATP channels: recent insights to energy
sensing and myoprotection. Physiol Rev, 2010;
90(3): 799-829.

Zysk M, Gapys B, Ronowska A, Gul-Hinc S,
Erlandsson A, Iwanicki A, et al. Protective effects of
voltage-gated calcium channel antagonists against
zinc toxicity in SN56 neuroblastoma cholinergic
cells. PLoS One, 2018; 13(12): €0209363.

Saini V. Molecular mechanisms of insulin resistance
in type 2 diabetes mellitus. World J Diabetes, 2010;
1(3): 68-75.

Wang Z, Thurmond DC. Mechanisms of biphasic
insulin-granule  exocytosis - roles of the
cytoskeleton, small GTPases and SNARE proteins. J
Cell Sci, 2009; 122(Pt 7): 893-903.

Holley CT, Duffy CM, Butterick TA, Long EK,
Lindsey ME, Cabrera JA, et al. Expression of
uncoupling protein-2 remains increased within
hibernating myocardium despite successful coronary
artery bypass grafting at 4 wk post-revascularization.
J Surg Res, 2015; 193(1): 15-21.

Newsholme P, Haber EP, Hirabara SM, Rebelato
EL, Procopio J, Morgan D, et al. Diabetes associated
cell stress and dysfunction: role of mitochondrial
and non-mitochondrial ROS production and activity.
J Physiol, 2007; 583(Pt 1): 9-24.

Prattichizzo F, De Nigris V, Mancuso E, Spiga R,
Giuliani A, Matacchione G, et al. Short-term
sustained hyperglycaemia fosters an archetypal
senescence-associated  secretory  phenotype in
endothelial cells and macrophages. Redox Biol,
2018; 15: 170-181.

Yetein MH, Houessou LG, Lougbégnon TO, Teka
O, Tente B. Ethnobotanical study of medicinal

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

©lJournal of Pharmaceutical Advanced Research 2018.

e - ISSN: 2581-6160 (Online)

plants used for the treatment of malaria in plateau of
Allada, Benin (West Africa). J Ethnopharmacol,
2013; 146(1): 154-163.

Maidadi B, Ntchapda F, Miaffo D, Kamgue
Guessom O. Efficacy of Rytigynia senegalensis
Blume on Free Radical Scavenging, Inhibition of a-
Amylase and a-Glucosidase Activity, and Blood
Glucose Level. Evid Based Complement Alternat
Med, 2022; 2022: 9519743.

Niu D, An S, Chen X, Bi H, Zhang Q, Wang T, et
al. Corni Fructus as a Natural Resource Can Treat
Type 2 Diabetes by Regulating Gut Microbiota. Am
J Chin Med, 2020; 48(6): 1385-1407.

Choi WH, Chu JP, Jiang MH, Baek SH, Park HD.
Effects of fraction obtained from Korean Corni
Fructus extracts causing anti-proliferation and p53-
dependent apoptosis in A549 lung cancer cells. Nutr
Cancer, 2011; 63(1): 121-129.

Dong Y, Feng ZL, Chen HB, Wang FS, Lu JH.
Corni Fructus: a review of chemical constituents and
pharmacological activities. Chin Med, 2018; 13: 34.
Gao D, Li Q, Gao Z, Wang L. Antidiabetic effects of
Corni Fructus extract in streptozotocin-induced
diabetic rats. Yonsei Med J, 2012; 53(4): 691-700.
Feng L, Zhai YY, Xu J, Yao WF, Cao YD, Cheng
FF, et al. A review on traditional uses,
phytochemistry and pharmacology of Eclipta
prostrata (L.) L. J Ethnopharmacol, 2019; 245:
112109.

Phan TKP, Wang SL, Nguyen QV, Phan TQ,
Nguyen TT, Tran TTT, et al. Assessment of the
Chemical Profile and Potential Medical Effects of a
Flavonoid-Rich Extract of Eclipta prostrata L.
Collected in the Central Highlands of Vietnam.
Pharmaceuticals (Basel), 2023; 16(10): 1476.
Ahmad S, Moinuddin, Khan RH, Ali A.
Physicochemical studies on glycation-induced
structural changes in human IgG. IUBMB Life,
2012; 64(2): 151-156.

Ghoul JE, Smiri M, Ghrab S, Boughattas NA, Ben-
Attia M. Antihyperglycemic, antihyperlipidemic and
antioxidant activities of traditional aqueous extract
of Zygophyllum album in streptozotocin diabetic
mice. Pathophysiol, 2012; 19(1): 35-42.

Ihegboro GO, Alhassan AJ, Ononamadu ClJ,
Owolarafe TA, Sule MS. Evaluation of the biosafety
potentials extracts/fractions  of
Tapinanthus bangwensis and Moringa oleifera

of methanol

2125



] Pharm Adv Res, 2024; 7(3): 2116-2126.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Riya, et al.

leaves using Allium cepa model. Toxicol Rep, 2020;
7:671-679.

Oga EF, Sekine S, Horie T. Ex vivo and in vivo
investigations of the effects of extracts of Vernonia
amygdalina, Carica papaya and Tapinanthus
sessilifolius on digoxin transport and
pharmacokinetics: assessing the significance on rat
intestinal ~ P-glycoprotein efflux. Drug Metab
Pharmacokinet, 2013; 28(4): 314-320.

Cao MY, WuJ, Wu L, Gu Z, Hu JW, Xie CQ, et al.
Anti-Inflammatory Effects of Gynura procumbens
on RAW264.7 Cells via Regulation of the PI3K/Akt
and MAPK Signaling Pathways. Evid Based
Complement Alternat Med, 2022; 5925626.
Jarikasem S, Charuwichitratana S, Siritantikorn S,
Chantratita W, Iskander M, Frahm AW,
Jiratchariyakul W. Antiherpetic Effects of Gynura
procumbens. Evid Based Complement Alternat
Med, 2013; 394865.

Tan HL, Chan KG, Pusparajah P, Lee LH, Goh BH.
Gynura procumbens: An Overview of the Biological
Activities. Front Pharmacol, 2016; 7: 52.

Meng X, Li J, Li M, Wang H, Ren B, Chen J, ef al.
Traditional uses, phytochemistry, pharmacology and
toxicology of the genus Gynura (Compositac): A
comprehensive review. J Ethnopharmacol, 2021;
276: 114145.

Jobaer MA, Ashrafi S, Ahsan M, Hasan CM, Rashid
MA, et al. Phytochemical and Biological
Investigation of an Indigenous Plant of Bangladesh,
Gynura procumbens (Lour.) Merr.: Drug Discovery
from Nature. Molecules, 2023; 28(10): 4186.

Knip M, Siljander H. Autoimmune mechanisms in
type 1 diabetes.Autoimmun Rev,2008;7(7):550-557.
Quesada I, de Paola M, Alvarez MS, Hapon MB,
Gamarra-Luques C, Castro C. Antioxidant and Anti-
atherogenic Properties of Prosopis strombulifera
and Tessaria absinthioides Aqueous Extracts:
Modulation of NADPH Oxidase-Derived Reactive
Oxygen Species. Front Physiol, 2021; 12: 662833.
Persia FA, Abba R, Pascual LI, Hapon MB,
Mackern-Oberti JP, et al. Prosopis strombulifera
aqueous extract reduces T cell response and
ameliorates type I diabetes in NOD mice. J Tradit
Complement Med, 2022; 13(1): 20-29.

Al-Shuhaib MBS, Al-Shuhaib JMB.
Phytochemistry, pharmacology, and medical uses of
Oldenlandia (family Rubaceae): a review. Naunyn

70.

71.

72.

73.

74.

75.

76.

©lJournal of Pharmaceutical Advanced Research 2018.

e - ISSN: 2581-6160 (Online)

Schmiedebergs Arch Pharmacol, 2024; 397(4):
2021-2053.

Divya, Murugesan, et al. Evaluation of in vitro
enzyme inhibitory, anti-inflammatory, antioxidant,
and antibacterial activities of  Oldenlandia
corymbosa L. and Oldenlandia umbellata L. whole
plant extracts. Pharmacol Res-Modern Chin Med,
2023; 8: 100286.

Abifarin TO, Otunola GA, Afolayan AJ. Assessment
of the phytochemical, antioxidant and antibacterial
activities of Heteromorpha arborescens (Spreng.)
Cham & Schltdl. leaf extracts. F1000Res, 2020; 9:
1079.

Maliehe TS, Nqotheni MI, Shandu JS, Selepe TN,
Masoko P, Pooe OJ. Chemical Profile, Antioxidant
and Antibacterial Activities, Mechanisms of Action
of the Leaf Extract of Aloe arborescens Mill. Plants,
2023; 12(4): 869.

Zeleke YG, Atnafie SA, Aragaw TJ. Anti-Diabetic
Activities of Hydro-Methanolic Crude Extract and
Solvent Fractions of Heteromorpha arborescens
(Apiaceae) Leaves in Mice. J Exp Pharmacol, 2023;
15:107-121.

Adkar P, Dongare A, Ambavade S, Bhaskar VH.
Trapa bispinosa Roxb.: A Review on Nutritional
and Pharmacological Aspects. Adv Pharmacol Sci,
2014; 2014: 959830.

Iwaoka Y, Suzuki S, Kato N, Hayakawa C, Kawabe
S, Ganeko N, et al. Characterization and
Identification of Bioactive Polyphenols in the
Trapabispinosa Roxb. Pericarp Extract. Molecules,
2021; 26(19): 5802.

Jinno M, Nagai R, Takeuchi M, Watanabe A,
Teruya K, Sugawa H, et al. Trapa bispinosa Roxb.
extract lowers advanced glycation end-products and
increases live births in older patients with assisted
reproductive technology: a randomized controlled
trial. Reprod Biol Endocrinol, 2021; 19(1): 149.

Conflict of Interest: None

Source of Funding: Nil

Paper Citation: Ghodke AD", Jain SP, Bhalke MV,
Mankar VR. Formulation and development of herbal
lipstick for Dysmenorrhea. J Pharm Adv Res, 2024;
7(3): 2116-2126.

2126



