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ABSTRACT

Diabetes and related metabolic issues are major health problems around the world. In many cases, blood sugar is not well
controlled. Insulin may not work as it should. Levels of fats in the blood can also become abnormal. Over time, oxidative stress
builds up. Mild inflammation tends to continue too. Many people do benefit from common drug therapy. Even so, some
medicines lead to side effects. In other cases, the response is not strong enough. Because these conditions come from more than
one cause, interest in herbal options has grown. Researchers are examining plant compounds as possible supportive choices.
This review explains the current status of herbal approaches. It also looks at what might happen next. Topics include the main
chemicals found in these plants. It covers possible ways those chemicals may act in the body. It then summarizes what clinical
studies report and how ready the evidence is for everyday use. The review also groups plant chemical types into several
categories. The review covers both lab work and tests in people. It looks at medicinal plants as well as specific plant chemicals.
Absorption is a key focus. Safety is discussed too, including side risks and possible clashes between herbs and drugs. Product
strength is another concern. Extracts can differ a lot between one batch and the next.New ways to deliver these compounds are
also included. The text mentions nanoparticles, phytosomes, liposomes, and other carriers. These systems may improve water
solubility. They may also help compounds stay stable. Better uptake in the body is another point. If uptake improves, the effects
in treatment could be stronger.For future work, the authors highlight multi target strategies. They also bring up metabolomics
and plans that can be adjusted for each person. They suggest that artificial intelligence could aid trial design and data review.
They emphasize the need for products that stay consistent and are well standardized. More toxicology studies are needed. More
work on pharmacokinetics is also important. Finally, clinical trials should be planned better so herbal options for metabolic
problems can be judged with solid evidence.
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INTRODUCTION down. Over time, organs may not run as efficiently as they
should. That gradual change can set the stage for serious
health issues later. Even though medicines have improved,
worries remain. Standard treatment still does not cover every
problem for every person. There are many different causes
behind these conditions. Because of that, some people are
turning their attention to other possibilities. Medicinal plants
are one area that gets attention. Compounds from plants can
act in several ways. They can also influence more than one
process in the body. In addition, these plants have a record
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iabetes mellitus and other metabolic
problems are not easy to pin down. They
seem to be appearing more often these days.
The trouble begins when the body cannot manage sugar,
fats, and daily energy in a normal way. If that system stays
out of balance for months or years, insulin resistance can
build up. When insulin resistance rises, oxidative stress can
also increase. At the same time, inflammation may not calm
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of being used in traditional care. For these reasons,
investigators believe they may help support steadier
metabolic function’.

Global burden of diabetes and metabolic disorders

Diabetes mellitus is now one of the biggest public health
problems around the world. Its numbers keep going up in
both rich and poorer countries. This condition is a long term
metabolic disorder. It mainly involves high blood sugar that
does not go away. That high level can happen because the
body does not make enough insulin, because the body does
not respond to insulin well, or because both issues occur at
the same time. Several forces seem to drive the rise in
diabetes. Urban life is more common now. Many people
move less. Food habits have changed for the worse in many
places. Weight gain is also common. Populations are ageing,
and genetics can add extra risk. Type 2 diabetes mellitus
makes up most diabetes cases. It often shows up along with
excess body weight. It is also linked with abnormal blood
lipids, high blood pressure, and heart and vessel problems.
Other metabolic issues may be present as well. Metabolic
problems can raise the risk of sickness and death, even when
diabetes is not the only issue’. Common examples are
metabolic syndrome and obesity. People also see non-
alcoholic fatty liver disease. Other frequent issues include
dyslipidemia and insulin resistance.How these disorders start
is not simple. Many processes are tied together. Insulin
signaling can fail. Pancreatic beta cells may work poorly.
Oxidative stress can rise. Low grade, ongoing inflammation
can develop. Mitochondria can function abnormally. Lipid
handling can go off track. Gut microbiota changes may also
play a role. When the body stays out of balance over time,
organ injury can build up. This can raise the chance of small
vessel problems like kidney disease, nerve damage, and eye
problems. It can also raise the chance of large vessel
problems, including heart disease and stroke. Because of all
this, the cost to health systems and society keeps growing.
There is a clear need for treatments that work well and are
also affordable, safe, and able to last over time®.

Limitations of current therapeutic approaches

Diabetes and metabolic disorders are treated in several ways.
Most plans start with changes in daily habits. Clinicians may
also use pills for blood sugar control. Some people need
injections, and many also take medicines to lower lipids or
blood pressure. If needed, insulin is added to the
regimen.These steps can help bring glucose levels down.
They can also improve other metabolic problems. Still, they
do not always stop the illness from moving forward. Some
patients also develop long term issues despite treatment.
Results can differ a lot from one person to the next. That is
because diabetes is not one single condition®. It involves
many different body processes and signaling routes.Over
time, drug therapy can bring its own problems. Some people
do not tolerate certain medicines. Treatment can feel hard to
manage. Side effects may appear. Taking medicines every
day can also be difficult. Another concern is that many
standard drugs focus on one pathway at a time. Diabetes
often involves more than one disturbed mechanism at once.
For instance, insulin resistance can show up along with
oxidative stress. In the same patient, inflammation may be
present too. There may also be dyslipidemia, problems with
the wvessel lining, and changes in mitochondrial
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function.Because of this, some researchers look for
treatments that can affect several targets at the same time”.

Rationale for herbal and phytochemical interventions

Medicinal plants have long been part of how people handled
diabetes and other metabolic problems. They are still used in
many places as part of local health care. A big reason these
plants attract attention is the mix of natural chemicals they
contain. Flavonoids, phenolic acids, alkaloids, terpenoids,
saponins, tannins, polysaccharides, and other compounds
can all play a role. Plant compounds often work in more than
one way. This is different from many single drug targets.
Some constituents can affect blood sugar control and also
touch insulin action, fat balance, stress from free radicals,
and inflammation. They may also support cell survival
signals. Many studies point to several ways these effects can
happen. Some compounds slow enzymes in the gut that
break down carbs®. Others can help insulin release. Still
others may make the body respond better to insulin. They
can also support glucose uptake and shift how glucose
moves into cells. GLUT4 is one transport related protein that
is often discussed. Some phytochemicals also act through
pathways such as PI3K/Akt and AMPK. Another point is
that some plant chemicals may lower oxidative stress. They
may do this by changing levels of reactive oxygen species
and by turning related regulators on or off. Signals linked to
NF-kB and Nrf2 are often mentioned. Some herbal
constituents have also been linked to protection of key
organs. Examples include liver, heart, kidney, and nervous
system effects. This matters because diabetes can lead to
damage in these areas over time’.

Herbal medicines have clear benefits. Still, using them as
therapy brings major problems. The results can shift a lot
from batch to batch. Plant type may change. The place
where the plant grew can differ. Soil and farming methods
also matter. Even when the same herb is used, harvest timing
and how it is handled after picking can vary. Extraction is
another weak point. Different steps can pull out different
chemicals. Storage can also reduce or alter phytochemicals
over time. This can change both chemical profiles and
biological effects. Many active compounds also face
practical limits. Some do not dissolve well in water. They
may break down easily. They can absorb poorly in the gut.
The body may process them fast. As a result, only small
amounts may reach the bloodstream and tissues. Because of
this, researchers are testing delivery tools to help. Examples
include nanoparticles, liposomes, phytosomes, and
nanoemulsions. Other carriers are also used. These methods
aim to protect herbal compounds and keep them stable. They
are also meant to raise absorption and improve how
compounds spread through tissues. In the end, these
strategies may help move older herbal treatments toward
forms that are more consistent and supported by careful
testing®.

This review looks at how herbal treatments may work for
diabetes and other related metabolic problems. It also
considers where the field may go next.We highlight key
medicinal plants and the main groups of plant chemicals that
have been tested for effects on blood sugar and metabolism.
The focus is on what these compounds might do inside the
body, at the level of cell pathways.Attention is given to how
glucose and fat are handled in the body. We also discuss
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insulin signaling and how herbal agents may influence it.
Other targets include oxidative stress and inflammation.
Mitochondrial function is reviewed as well, since it links to
energy use and metabolic balance.The review pulls together
evidence from lab studies, animal work, and human trials. It
weighs what is known about effect size, and it also notes
safety concerns. Pharmacokinetic points are summarized for
selected herbal options, along with how well they may
translate to real clinical use.Because many traditional herbal
products have limits, the review includes a section on new
delivery methods. Nanotech based systems are mentioned as
one way to improve uptake and consistency. It also covers
major obstacles. These include standardizing plant material,
controlling quality, and improving bioavailability. Possible
toxicity is discussed, along with risks from herb-drug
interactions. We also address regulatory approval issues and
the need for stronger clinical validation®.

DIABETES AND METABOLIC DISORDERS:
PATHOPHYSIOLOGICAL BASIS

Diabetes mellitus and metabolic disorders are examples of
polygenic diseases that include many different metabolic
disorders of glucose and lipids metabolism, the functioning
of insulin, the formation of energy, inflammation, and redox
systems. The most common form of diabetes is T2DM that
is mainly characterized by insulin resistance and dysfunction
of pancreatic beta-cells. These disorders are usually
accompanied by such health problems as obesity,
dyslipidemia, hypertension, non-alcoholic fatty liver,
metabolic syndrome that increases the risk of such serious
disorders as cardiovascular, renal, hepatic, and others. It is
important to reveal the reasons of developing these disorders
in order to find means of their treatment. Many of these
disorders can be affected by plants components’.

Insulin resistance and p-cell dysfunction

One of the pathologies associated with T2DM is resistance
to insulin. In other words, target organs develop lower
sensitivity to insulin metabolism. Normally, binding of
insulin to insulin receptors triggers insulin receptor
substrates phosphorylation as well as activation of different
signaling cascades such as PI3K/Akt. The mentioned
processes result in increased glucose uptake, glycogen
synthesis, and inhibition of hepatic glucose production.
However, in the state of insulin resistance, impairment of the
PI3K/Akt signaling pathway results in decreased glucose
uptake and compensatory hyperinsulinemia in early stage of
T2DM. Insulin deficiency appears because of progressive 3-
cell dysfunction and apoptosis, leading to impaired glucose
uptake, persistent hyperglycemia, and deterioration of
metabolic homeostasis. Chronic hyperglycemia further
promotes oxidative stress, inflammation, and advanced
glycation, thereby creating a vicious cycle that accelerates f3-
cell damage and insulin resistance. Consequently, the
progressive interaction between insulin resistance and B-cell
dysfunction plays a central role in the onset and progression
of type 2 diabetes mellitus and its associated metabolic
complications™.

Glucose and lipid metabolism

Interconnection between carbohydrate and lipid metabolism
is high, and disturbance of this mechanism results in
numerous metabolic disorders. Once ingested, carbohydrates
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are turned into glucose, and the activation of insulin
secretion from pancreas follows. The hormone promotes the
entrance of glucose into muscle and fat cells, stimulates
glycogen  synthesis, and inhibits  processes  of
gluconeogenesis and glycogenolysis. In the case of T2DM,
insulin resistance results in inadequate absorption of glucose
by peripheral tissues and poor suppression of glucose
production by the liver, which consequently provokes
hyperglycemia. Besides, disturbances in the process of
glucose regulation, the disorder in lipid metabolism is
another feature of metabolic syndrome and T2DM. Insulin
resistance increases lipolysis in adipose tissue and high
concentrations of free fatty acids. Free fatty acids are
transported to the liver, where triglycerides can be
synthesized, and lipids accumulated®?.Consequently,
individuals with metabolic syndromes may exhibit high
levels of triglycerides, high LDL cholesterol levels, and low
HDL cholesterol levels. Such a syndrome may lead to
endothelial dysfunction, atherosclerosis, and coronary
diseases. The control of glucose and lipid metabolism is
controlled by several cellular pathways that include AMPK,
PPARs, SREBPs, and PI3K/Akt signaling pathways. AMPK
serves as the energy sensor and increases glucose uptake as
well as fatty acids oxidation and inhibits lipid synthesis. As
such, regulation of metabolic pathways by means of action
of these compounds from plants can form a possible
mechanism behind the anti-diabetic and lipid reducing effect
of these herbs. Plant compounds with the ability to reduce
blood glucose and lipids can operate through various
pathways™.

Oxidative stress and chronic inflammation

Oxidative stress is one of the most important features of the
pathogenesis of diabetes and metabolic disorders. High
blood sugar levels lead to excessive ROS generation through
mitochondrial dysfunction, glucose autooxidation, advanced
glycation end products production and stimulation of
metabolic stresses. Disproportion between the production of
ROS and the activities of antioxidants leads to oxidative
modification of lipids, proteins, DNA, mitochondria and cell
membranes. Among other targets of oxidative stress in
patients with diabetes mellitus are pancreatic B-cells that do
not have appropriate defense against oxidative stress**. ROS
can interfere with the process of insulin release, disturb the
functioning of mitochondria and induce p-cell death.
Besides, oxidative stress can worsen insulin resistance
because of disturbance of insulin signaling pathway and
inflammation developmentAdipose tissue expansion in
obese subjects promotes infiltration and activation of
immune cells, namely macrophages. As a result, an increase
in tumor necrosis factor-a, interleukin-6, and other pro-
inflammatory cytokines is observed. Activation of
inflammatory responses, such as activation of the nuclear
factor-kB pathway, is responsible for the development of
insulin resistance and metabolic injury. The close connection
between oxidative stress and inflammation results in a
vicious circle accelerating the development of metabolic
disorders. For this reason, antioxidants with anti-
inflammatory activities may have more effective action.
Numerous phytochemicals, such as polyphenols, flavonoids,
terpenoids, and others, which are found in various plants,
have shown their ability to influence oxidative stress and
inflammatory signaling. These compounds may decrease
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pro-inflammatory ~ mediators ~ production,  stimulate
endogenous antioxidant system, increase insulin sensitivity,
and prevent tissues from metabolic and oxidative damage.
Hence, medicinal plants containing multifunctional
phytochemicals may be considered promising sources for the
treatment of insulin resistance associated with obesity and
related metabolic diseases™.

Gut microbiota and metabolic dysfunction

It has become clear that the gut microbiota is an important
player in regulation of metabolic homeostasis and is being
implicated as the reason for diabetes, obesity and metabolic
syndrome. The intestinal tract is inhabited by a diverse
community of microorganisms that interact with the host
metabolism and diet. Alterations in the community of
microorganisms, known as gut dysbiosis, have been
associated with the development of insulin resistance,
glucose intolerance, obesity and inflammation. The gut
microbiota can influence the metabolism of the host through
production of short chain fatty acids (SCFAS), regulation of
the intestinal barrier integrity, bile acid metabolism and
modulation of immune and endocrine signaling
pathways.The effect of herbal drugs and the chemicals
derived from plants can have positive impact on gut
microbiota through stimulation of the growth of the
beneficial bacteria, production of short chain fatty acids,
reduction in the number of pathogens, and enhancement of
the intestinal barrier functions. Furthermore, certain
chemical compounds of herbs that cannot be absorbed by the
body can undergo biotransformation in the presence of gut
microbiota and produce new biological compounds™.

Major diabetic and metabolic complications

Prolonged metabolic disturbances can lead to damage of
many organs and tissues. Chronic hyperglycemia leads to
formation of advanced glycation end products, oxidative
stress, inflammation, endothelial ~ dysfunction, and
abnormalities of intracellular signal transduction pathways,
contributing to the formation of complications of diabetes.
Diabetic microvascular complications include retinopathy,
nephropathy, and neuropathy, while macrovascular
complications include atherosclerosis, coronary artery
disease, peripheral artery disease, and cerebrovascular
disease. Metabolic dysfunction-associated steatotic liver
disease is one of the most frequent types of hepatic
complications seen in diabetes, related to excessive fatty
liver and insulin resistance. Cardiovascular disease is one of
the major causes of morbidity and mortality in diabetes, as a
result —of  dyslipidemia, endothelial  dysfunction,
inflammation, oxidative stress, and vascular remodeling. In
addition, cognitive and neurological complications can
develop from vascular dysfunction, neuroinflammation,
oxidative stress, and metabolic disturbances of neurons®’.
This multifactorial etiology requires therapy that would be
able to target several pathogenic factors at the same
time.Herbal medicine formulations that have several
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bioactive components can be utilized in such multilevel
therapy due to their antioxidative, anti-inflammatory, insulin
sensitizing, hypolipidemic, hepatoprotective,
nephroprotective, and cardioprotective properties. Use of
such herbs in clinical practice entails a thorough study of the
efficiency, safety, pharmacokinetic aspects, standardization,
and interactions of such herbs with other medications.
Furthermore, identification and characterization of the active
ingredients of such herbs, understanding of their mode of
action, and determination of proper dosage are crucial for
successful  utilization in  therapeutic  interventions.
Systematic analysis of such herbs can contribute to the
creation of evidence-based herbal formulations as
complementary or alternative treatment of diabetes and
metabolic complications'®.

HERBAL MEDICINES AND BIOACTIVE
PHYTOCONSTITUENTS FOR DIABETES AND
METABOLIC DISORDERS

The phytoconstituents of medicinal plants are multitargeted
bioactive molecules that may be potentially used for the
treatment of diabetes and metabolic disorders because of
their multitargeting effect on the glucose and lipid
metabolism,  insulin  resistance,  oxidative  stress,
inflammation, and cell dysfunctions. The main classes of
phytochemicals include: flavonoids, polyphenols, alkaloids,
terpenoids, saponins, tannins, and polysaccharides. The
flavonoids and polyphenols, such as quercetin, resveratrol,
curcumin, catechins, and EGCG may have some impact on
the glucose tolerance, glucose uptake, insulin signaling and
oxidative and inflammatory processes due to the activation
of AMPK, PI3K/Akt, Nrf2 and NF-«xB. The alkaloids, such
as berberine, can regulate the glucose and lipid metabolism
and activate AMPK. The terpenoids and saponins, such as
ginsenosides, diosgenin, and ursolic acid, participate in the
regulation of glucose utilization, lipid metabolism and
reducing oxidative and inflammatory stresses'®.

There are a number of medicinal plants that have proven to
provide beneficial effects in the context of antidiabetic,
hypolipidemic, antioxidant, and anti-inflammatory activity
based on experimental and clinical studies (Table 1). These
plants include Momordica charantia, Trigonella foenum-
graecum, Gymnema sylvestre, Berberis spp., Curcuma
longa, Panax ginseng, Cinnamomum spp., Azadirachta
indica, Allium sativum, Syzygium cumini, Camellia
sinensis, and Nigella sativa. Generally, herbal drugs may be
viewed as potentially effective and multitarget strategies that
might help in preventing and treating the disease and its
metabolic consequences. The wide range of bioactive
substances may exert their influence on human body via
different ways of action such as regulation of glucose and
lipid metabolism, enhancement of insulin sensitivity,
protection from oxidation, and anti-inflammatory effect.
Nevertheless, more clinically-oriented trials need to be
conducted in order to confirm their efficacy, safety, dosage,
and possible interaction with antidiabetic drugs®.
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Table 1: Representative medicinal plants and bioactive phytoconstituents investigated for diabetes and metabolic disorders

Medicinal plant Major bioactive Major reported mechanisms Potential metabolic effects Ref.
constituents
Momordica Charantin, polypeptide-p, Enhances glucose uptake; modulates | Blood glucose; 1 insulin [21]
charantia (Bitter cucurbitane triterpenoids AMPK and insulin signaling; inhibits sensitivity
melon) carbohydrate metabolism
Trigonella 4-Hydroxyisoleucine, Enhances insulin secretion; delays | Hyperglycemia; | cholesterol [22]
foenum-graecum diosgenin, galactomannan, carbohydrate absorption; improves lipid and triglycerides
(Fenugreek) saponins metabolism
Gymnema Gymnemic acids, Modulates intestinal glucose absorption; | Blood glucose; improved [23]
sylvestre gymnemasaponins supports B-cell function; influences glycemic control
glucose utilization
Berberis spp. Berberine, berbamine, other Activates AMPK; improves insulin | Glucose; | insulin resistance; [24]
alkaloids signaling; regulates hepatic glucose and improved lipid profile
lipid metabolism
Curcuma longa Curcumin, Antioxidant and anti-inflammatory Improved insulin sensitivity; [25]
(Turmeric) demethoxycurcumin, effects; modulates AMPK, Nrf2, and NF- reduced inflammation and
bisdemethoxycurcumin kB oxidative stress
Panax ginseng Ginsenosides, Modulates AMPK, PI3K/Akt and glucose Improved glucose utilization [26]
polysaccharides transport; antioxidant activity and insulin sensitivity
Cinnamomum Cinnamaldehyde, Enhances insulin signaling and glucose | Blood glucose; improved [27]
verum / C. cassia | polyphenols, procyanidins uptake; antioxidant effects insulin sensitivity
Murraya koenigii | Carbazole alkaloids, Antioxidant activity; inhibition of | Hyperglycemia; potential [28]
(Curry leaf) flavonoids, phenolics carbohydrate-digesting enzymes; lipid-lowering activity
metabolic regulation
Withania Withanolides, alkaloids, Anti-inflammatory and antioxidant Potential improvement in [29]
somnifera phenolic compounds effects; metabolic stress modulation insulin sensitivity and
metabolic health
Camellia EGCG, catechins, AMPK activation; antioxidant activity; Improved glucose and lipid [30]
sinensis (Green polyphenols modulation of lipid and glucose homeostasis
tea) metabolism
Nigella sativa Thymoquinone, nigellidine, Antioxidant and anti-inflammatory | Hyperglycemia; improved [31]
alkaloids effects; modulation of insulin signaling metabolic parameters
Ginkgo biloba Flavonoids, terpenoids, Antioxidant and anti-inflammatory Potential cardiometabolic [32]
ginkgolides activity; vascular protection protection
Hibiscus Anthocyanins, phenolic Antioxidant activity; modulation of lipid Potential | glucose, blood [33]
sabdariffa acids, flavonoids and glucose metabolism pressure and lipids

Molecular Mechanisms of Herbal Antidiabetic and

action of phytocompounds in

lowering postprandial

Metabolic Actions

The characteristics of diabetic pathology and metabolic
disorders include the presence of a number of factors caused
by insulin deficiency, insulin resistance, problems in
carbohydrate and lipid metabolism, oxidative stress,
inflammation, impairment of mitochondrial functioning, and
alterations in gut microbiota. The current treatment of
diabetes is aimed at addressing one specific target; in turn,
natural products contain a complex of compounds that allow
them to regulate  several metabolic  pathways
simultaneously®®. Main categories of phytochemicals,
namely flavonoids, phenolic acids, alkaloids, terpenoids,
saponins, stilbenes, polysaccharides, and coumarins have the
impact on carbohydrate breakdown, pancreatic [-cells,
insulin signaling, glucose absorption, lipid metabolism,
inflammation, and gut microbiota®.

Inhibition of a-amylase and a-glucosidase

Inhibition of the degradation of carbohydrates via digestive
enzymes in the intestine is the one of the first mechanisms of
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hyperglycemia. First of all, dietary starch is broken down by
a-amylase enzymes into oligosaccharides and carbohydrate
molecules. Afterward, oligosaccharides are digested into
monosaccharides, which are then absorbed into the body by
brush-border a-glucosidases such as maltase, sucrase and
other. Numerous phytochemicals found in plants affect these
enzymes by means of hydrogen bonding, hydrophobic
effects, n—m interactions, and enzyme-substrate interaction®.
Flavonoids like quercetin, catechins, rutin, as well as other
polyphenols have been proven to inhibit activity of
carbohydrate hydrolases through interaction with amino acid
residues in or close to the enzyme active site. Inhibition of a-
amylase and a-glucosidase results in decrease in glucose
liberation from complex carbohydrates, hence gradual and
limited increase in postprandial blood glucose. Such
mechanism of action not only contributes to the reduction in
excess production of insulin but also is beneficial in cases of
impaired glucose tolerance. It needs to be noted that the
level of enzyme inhibition depends on phytochemical
structure,  hydroxylation,  glycosylation, size and
concentration of the compounds™.
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Regulation of insulin secretion and sensitivity

The phytochemicals of herbs can be of great importance in
controlling insulin secretion from the -cells of the pancreas
and insulin sensitivity peripherally. Phytochemicals like
flavonoids, polyphenols, alkaloids, terpenoids, and saponins
can help to protect the pancreatic B-cells from the stress of
oxidation, dysfunction of mitochondria, endoplasmic
reticulum stress, and chronic inflammation that result in
impairment of insulin secretion. Some phytochemicals are
capable of increasing the secretion of insulin through the
modulation of ATP-sensitive potassium (K_ATP) channels,
voltage-dependent calcium channels, intracellular Ca2+
signaling, and cAMP signaling pathway, resulting in
exocytosis of insulin granules*’.  Furthermore, the
phytochemicals of herbs can enhance the action of insulin
through stimulation of IR, IRS, PI3K, and Akt signaling
pathways.. These pathways activate the GLUT4
translocation, glycogen synthesis, and glucose uptake, while
inhibiting the glucose production by the liver. The herbal
phytochemicals have the ability to block the mediators of
inflammation and oxidative signaling pathways that cause
disruption of the insulin signaling and insulin resistance in
muscle, fat tissue, and liver. Thus, the maintenance of B cell
function and insulin signaling pathway is an important
molecular mechanism responsible for antidiabetic activity of
herbal medicines®.

Modulation of GLUT4 and glucose uptake

The gut microbiota is considered an essential regulatory
element in glucose and lipid metabolism, which establishes
the functional link between the intestine, liver, pancreas, fat
tissue, and the brain. The occurrence of diabetes and obesity
is typically accompanied by changes in the microbial
diversity, intestinal permeability, microbial metabolites, and
bile-acid metabolism. Phytochemicals from herbs can
change the microbial population and metabolic activity of
the intestinal microflora, while microbial biotransformation
of the plant chemical can form metabolites with a unique
biological profile. One of the effects of the microbiota
modulation is the production of SCFA such as acetate,
propionate, and butyrate that can be capable of activation of
G-protein  coupled  receptors GPR41/FFAR3 and
GPR43/FFAR2¥. Metabolites are involved in hormone
release from the intestines, immune response, energy
metabolism, insulin sensitization, and GLP-1 secretion. The
herbs may increase the integrity of the intestinal barrier
through modulating tight-junction proteins such as occludin,
claudins, and ZO-1, leading to a reduction in endotoxin
lipopolysaccharide translocation from bacteria. Modulation
of microbial bile-acid metabolism influences the FXR and
TGR5 signaling, thus affecting glucose regulation, lipid
metabolism, energy expenditure, and incretin release™.

AMPK, PI3K/Akt, and insulin-signaling pathways

The phytochemicals in herbs can influence the metabolism
of glucose and energy through various signaling pathways,
specifically through the AMPK, PI3K/Akt, and the insulin-
signaling pathway. The role of AMPK is significant in the
process of sensing the cellular energy levels and, when
activated, stimulates glucose uptake and fatty acid oxidation
and, on the other hand, prevents gluconeogenesis in the liver
and fat formation. Plant-based substances can activate
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AMPK using upstream activators such as LKB1 and
CaMKKZp to increase the efficiency of energy metabolism.
Simultaneously, the PI3K/Akt pathway is an insulin-
signaling pathway wherein insulin binds to the receptor
leading to the activation of IRS-1/2 and the PI3K. The Akt
pathway is then activated to help with the translocation of
GLUT4 and glucose uptake, glycogen synthesis, and
inhibition of gluconeogenesis by way of inhibiting FOXO1
and downstream gluconeogenic enzymes such as PEPCK
and glucose-6-phosphatase. Herbal phytochemicals can help
increase the efficiency of these signaling pathways as well as
reduce oxidative stress and inflammatory signaling that
affect the function of the insulin receptors**2

Modulation of Oxidative Stress, Inflammation, Lipid
Metabolism, and Gut-Metabolic Signaling

Plant-based phytochemicals have a multi-target effect on
metabolism by regulating oxidative stress, inflammation,
lipid metabolism, and gut-metabolism interplay, which are
closely related to the pathogenesis of diabetes and metabolic
disorders. Polyphenols, flavonoids, terpenoids, alkaloids,
and other active plant components are capable of reducing
oxidative stress by neutralizing reactive oxygen species
(ROS) and up-regulating endogenous antioxidants via
Nrf2/ARE pathway, thus increasing the expression of
superoxide dismutase, catalase, glutathione peroxidase,
heme oxygenase-1, NAD(P)H quinone dehydrogenase 1,
and other enzymes. On the other hand, herbal substances are
able to decrease chronic inflammation by preventing the
activation of NF-xB, MAPK, TLR4, and NLRP3
inflammasome signaling, hence decreasing the production of
pro-inflammatory cytokines, such as TNF-a, IL-1pB, IL-6,
and, as a consequence, improving insulin sensitivity®.
Additionally, herb-based phytochemicals affect lipid
metabolism by suppressing hepatic lipogenesis via
regulation of SREBP-1c, acetyl-CoA carboxylase (ACC),
fatty acid synthase (FAS), and stearoyl-CoA desaturase-1
(SCD1) and stimulation of fatty-acid oxidation by way of
AMPK, PPARa, and CPT-1 signaling pathways. The
mentioned mechanisms could result in the reduction of
triglyceride accumulation, hepatic steatosis, and lipid-
induced insulin resistance. Moreover, herbal interventions
can influence the composition of gut microbiota, stimulating
the growth of healthy bacteria and regulating the production
of short-chain fatty acids*.

PRECLINICAL AND CLINICAL EVIDENCE OF
HERBAL INTERVENTIONS

The antidiabetic and metabolic role of herbs have been
explored through a series of studies using in-vitro, animal
and human approaches. In-vitro data from enzyme inhibition
assays and cellular experiments have shown that herbal
extracts and their phytochemicals are capable of inhibiting
enzymes o-amylase and a-glucosidase, enhancing glucose
uptake, promoting insulin release, protecting pB-cells of
pancreas and regulating pathways related to oxidative stress,
inflammation and lipid metabolism. The animal experiments
using induction of diabetes by streptozotocin and alloxan,
induction of insulin resistance by a high-fat diet, obesity
models and genetically diabetic animals have provided
additional evidence for reduction in blood glucose levels,
improvement in glucose tolerance and insulin resistance,
protection of B-cells of pancreas and positive effect on
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dyslipidemia, lipids accumulation in the liver, oxidative
stress and inflammation®®. Human trials have tested certain
herbs and phytochemicals for their ability to affect fasting
and postprandial glucose, HbAlc, insulin resistance, lipid
profile, body weight and metabolic biomarkers; several
interventions have been promising for the management of
diabetes and its metabolic complications. Data on certain
medicinal plants and phytochemicals, such as Momordica
charantia, Trigonella foenum-graecum, Gymnema sylvestre,
Curcuma longa, Panax ginseng, Berberis species, curcumin,
berberine, resveratrol, quercetin, catechins show various and
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While promising pre-clinical data have been reported, some
critical issues still exist between pre-clinical and clinical
studies, especially related to dosing, pharmacokinetics,
bioavailability, standardization, efficacy, and safety
concerns. It is thus essential to conduct large-scale
randomized clinical trials using well-characterized and
standardized formulations of herbs, along with
pharmacokinetics, mechanisms of action, and safety studies
over a long period of time*.

multitarget mechanisms (Table 2).

Table 2: Preclinical and Clinical Evidence of Herbal Interventions in Diabetes and Metabolic Disorders

Evidence Models/subjects commonly | Major parameters Major findings/effects Key molecular | Major limitations Ref.
category used evaluated mechanisms
In-vitro Enzyme assays; pancreatic a-Amylase/a- Inhibition of a-Amylase/a- High concentrations [47]
evidence B-cells; skeletal muscle glucosidase activity, carbohydrate digestion; glucosidase, may be required;
cells; adipocytes; glucose uptake, insulin enhanced glucose uptake; | GLUT4, limited representation
hepatocytes secretion, oxidative protection of B-cells; AMPK, of whole-body
stress, inflammatory reduced oxidative stress PI3K/AKkt, metabolism; poor
markers, lipid and inflammation; Nrf2, NF-xB, prediction of
accumulation improved lipid NLRP3 absorption and
metabolism pharmacokinetics
Animal Streptozotocin/alloxan- Blood glucose, glucose Reduced hyperglycemia; | AMPK, Species differences; [48]
studies induced diabetic models; tolerance, insulin, improved insulin PI3K/AKkt, variable doses and
high-fat-diet-induced insulin | HbAlc, lipid profile, sensitivity; preservation GLUT4, treatment duration;
resistance; genetically oxidative stress, of B-cell function; PPARs, Nrf2, differences from
diabetic and obese models inflammatory improved dyslipidemia; NF-«xB, human disease;
biomarkers, reduced hepatic lipid SREBP-1c, uncertain human-
histopathology accumulation and ACC, CPT-1 equivalent exposure
inflammation
Clinical Patients with type 2 Fasting glucose, Selected herbal AMPK, Small sample sizes; [49]
trials and diabetes, prediabetes, postprandial glucose, interventions may PI3K/Akt, short follow-up;
human obesity, metabolic HbAlc, insulin improve glycemic GLUT4, heterogeneous
studies syndrome, and related resistance, lipid profile, control, insulin PPARs, populations; variable
disorders body weight, sensitivity, lipid profile, antioxidant and | preparations and
inflammatory and and selected metabolic anti- doses; inconsistent
oxidative biomarkers biomarkers inflammatory clinical outcomes
pathways, gut—
metabolic
signaling
Selected Momordica charantia, Glycemic parameters, Potential multitarget AMPK, Differences in [50]
medicinal | Trigonella foenum-graecum, | insulin sensitivity, lipid effects involving glucose | PI3K/Akt, phytochemical
plants and | Gymnema sylvestre, metabolism, oxidative regulation, lipid GLUT4, composition; poor
phytochemi¢ Curcuma longa, Panax stress, inflammation, metabolism, antioxidant PPARs, standardization;
als ginseng, Berberis spp.; molecular biomarkers defense, inflammation, Nrf2/ARE, NF- | variable
curcumin, berberine, and gut microbiota kB, SREBP-1c, | bioavailability;
resveratrol, quercetin, gut limited high-quality
catechins, etc. microbiota/SC clinical evidence for
FA signaling several agents
Comparativ§ Herbal preparations HbAlc, fasting glucose, | Some herbal Multiple Natural origin does [51]
efficacy and compared with placebo, insulin resistance, lipid interventions show interconnected not ensure safety;
safety standard therapy, or profile, body weight, promising metabolic, herb—drug
combination therapy adverse events, herb— complementary effects; inflammatory, interactions,
drug interactions potential multitarget antioxidant, contamination,
activity may benefit and gut- adulteration,
multiple metabolic signaling hepatotoxicity/nephro
abnormalities pathways toxicity, and batch-
to-batch variability

ADVANCED DELIVERY SYSTEMS FOR HERBAL
BIOACTIVES

Nanoparticles and lipid-based nanocarriers

Delivery system based on nanoparticles has gained
tremendous interest for augmenting the efficacy of
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aqueously insoluble, poorly permeable, rapidly degradable
and low bioavailability herbal bioactives. Nanoparticles not
only increase the surface area of phytochemicals but also
increase their dissolution, protect bioactives from chemical
and enzymatic degradation, and enable sustained or
controlled release of drugs. Lipid-based nanoparticles such
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as solid lipid nanoparticles (SLNs), nanostructured lipid
carriers (NLCs), and lipid—drug conjugates are especially
effective for lipophilic phytoconstituents like curcumin,
resveratrol, quercetin, and polyphenols®’. The lipid-based
nanocarriers improve stability in the gastrointestinal tract,
lymphatic transport, and reduce first-pass effect. Moreover,
due to their nanoscale size, lipid-based nanoparticles also aid
in cellular uptake and increased distribution. This way, the
pharmacokinetics of phytochemicals could be improved by
lipid-based nanoparticles, leading to enhanced effects of
herbs on glucose metabolism, insulin resistance, oxidative
stress, inflammation, and lipid profile.

Phytosomes and nano-phytosomes

Phytosomes are drug delivery systems made of
phospholipids, where the bioactive components of the herbs
make molecular complexes with the phospholipids, typically
phosphatidylcholine.  The complexation makes the
interaction of the phytochemicals with the biological
membranes more effective and enhances their absorption
and systemic availability. Phytosomes are most effective for
the transport of polar or low-absorption herbal substances
whose efficacy is affected by poor gastrointestinal
absorption®***, Nano-phytosomes are smaller complexes that
increase the surface area and, therefore, increase the
possibility of improved dissolution and dispersion, as well as
the interaction with membranes and cell uptake. Several
studies have used phytosomes to improve the delivery of
various bioactive components with antioxidative, anti-
inflammatory, antidiabetic, and metabolic properties.

Liposomes and nanoemulsions

Liposomes are drug delivery vesicles that are made up of
phospholipid bilayer which encloses water-soluble as well as
lipophilic drugs. The protective capacity of liposomes to
preserve herbs from being decomposed and their interaction
with cell membrane make them suitable for the delivery of
poorly bioavailable phytoconstituents. Nanoemulsion is a
dispersion of submicron oil-in-water or water-in-oil
emulsions that contain either surfactant or emulsifier and is
well suited for poorly water-soluble as well as lipophilic
components of herbs®. Droplet size reduction leads to an
increased surface area for dissolving and digestion that can
improve the intestinal uptake. Besides, these systems can
help in improving the chemical stability as well as dispersion
of the phytoconstituents.

Polymeric and inorganic nanocarriers

Polymer-based nanocarriers are flexible systems for the
controlled and sustained release of natural plant-derived
compounds. Natural and synthetic polymers may be utilized
in the preparation of nanoparticles, nanocapsules, polymeric
micelles, and other carriers that would offer protection to
phytochemicals against early degradation and control the
release of these bioactives at certain biological targets. There
has been considerable research on biodegradable polymers
like chitosan, alginate, PLGA, and others for oral and
targeted delivery purposes®®®’. Surface modification of
polymeric carriers with appropriate ligands may also be
performed to enhance cellular internalization and tissue-
targeting ability of the carriers. Inorganic nanocarriers such
as selected biocompatible silicas, gold, iron oxide, and other
nanomaterials also offer more opportunities for controlled
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delivery and imaging, as well as surface functionalization.
The long-term safety, biodegradability, and toxicity of
inorganic nanomaterials need careful evaluation before
translating them to clinical use®.

Strategies for improving solubility, stability, absorption,
and bioavailability

One of the primary goals of such advanced delivery systems
is the improvement of unfavorable physicochemical and
pharmacokinetic properties of herbal bioactives. The use of
nanocarrier systems can enhance the water solubility of
herbal bioactives by decreasing particle size and increasing
their surface area or by incorporating poorly water-soluble
compounds into suitable lipids or polymers. Such
encapsulation provides protection against the oxidative,
hydrolytic, photolytic, and metabolic degradation of
phytochemicals, thus leading to their increased chemical and
physical stability. Additionally, increased interaction with
gastrointestinal membranes, enhanced mucus penetration,
and modulation of epithelial transport can facilitate
gastrointestinal absorption. In some cases, lipophilic systems
can enhance lymphatic absorption and decrease first-pass
effect™. Controlled and sustained release delivery can
provide prolonged maintenance of therapeutic levels and
decreased variability of the systemic levels of herbal
compounds. There are many other techniques that can be
used, such as surface modifications, mucoadhesive systems,
permeability enhancement, and responsive release systems.

Combination and targeted delivery approaches

The use of combination and targeted delivery methods is
another cutting-edge approach aimed at optimizing the
therapeutic potential of phytochemical bioactives in
complicated metabolic diseases. The combination delivery
strategy can include either multiple phytochemicals with
various mechanisms of action or a mixture of herb-derived
bioactives with antidiabetic medicines. These drugs will
produce additive or synergistic effects in relation to their
activity in regulating glucose metabolism, insulin resistance,
inflammation, oxidative stress, and lipids imbalance®.
Encapsulation in one nanocarrier may increase the stability
of multiple therapeutic compounds and their simultaneous
delivery. Meanwhile, targeted delivery can be performed by
decorating the surface of nanocarriers with ligands, peptides,
antibodies, carbohydrates, and other targeting molecules that
specifically interact with the cell receptors. This approach
may result in the selective delivery of a drug to such
metabolically important organs as the liver, pancreas,
skeletal muscles, adipose tissue, and intestine. Therefore, the
efficiency of therapy may be increased while the nonspecific
delivery will be decreased, and the doses needed to
administer the drug will be reduced®®*.

Future Perspectives And Emerging Trends

Precision medicine, nanotechnology, artificial intelligence,
microbiome research, and systems biology may drive the
future of herbal-based interventions for the management of
diabetes and other metabolic disorders. Individualized herbal
treatments may allow one to choose appropriate
phytochemicals based on an individual's genetic, metabolic,
inflammatory and microbiome status, thus enhancing
efficacy of treatment while reducing variability of response.
Pharmacological network, molecular docking,
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metabolomics, proteomics, and artificial intelligence (Al)
may help discover novel targets, synergistic effects, modes
of action and herb-drug interactions among various
phytochemicals®2. Because of the complex nature of diabetes
and metabolic disorders, which are characterized by
numerous interacting mechanisms, including insulin
resistance, oxidative stress, chronic inflammation,
mitochondrial dysfunction and dysregulation of lipid
metabolism, the future treatments may be focused on multi-
targeting and combination therapies as opposed to mono-
molecular targets. Such advanced drug delivery systems as
phytosomes, nano-phytosomes, liposomes, nanoemulsions,
solid lipid nanoparticles and polymeric nanoparticles may
resolve the problem of poor solubility, stability, rapid
metabolism and low bioavailability of numerous herbal
compounds®®*, Future developments in the area of targeted
and responsive nanocarriers may allow enhanced delivery of
phytochemicals to metabolically active tissues such as liver,
pancreas, skeletal muscle, adipose tissue, and intestine.The
gut microbiome is yet another novel therapeutic target as
there can be significant modulation by herbal bioactive
compounds of the microbial diversity, short chain fatty acid
synthesis, integrity of the intestinal barrier, bile acid
metabolism, and gut hormones like GLP-1. The combination
therapy involving standard herbal formulations along with
conventional antidiabetic or hypolipidemic medications can
be useful, but this would need careful evaluation of
pharmacokinetic and pharmacodynamic interactions. In
addition, the standardization of phytochemicals, botanical
identification, quality control, and advanced analytics would
be necessary to ensure reproducibility and batch consistency.
In future clinical studies, emphasis needs to be placed on
well-designed, large-scale and long term randomized
controlled trials involving standardized formulations and
clinically relevant dosing with simultaneous
pharmacokinetic, efficacy and safety evaluations. Lastly,
harmonization of regulations, Good Manufacturing
Practices, scalable manufacturing processes, and post
marketing surveillance would be crucial to translating novel
herbal bioactives to clinically proven therapies for diabetes
and metabolic disorders®*®.

CONCLUSION

The use of herbal drugs and bioactive compounds derived
from plants has great potential as complementary therapies
for the treatment of diabetes and metabolic diseases. Various
phytochemicals such as flavonoids, phenolics, alkaloids,
terpenoids, and saponins have been shown to have positive
impacts on different levels of therapy such as improving
insulin sensitivity, regulating glucose and lipid metabolism,
inhibition of carbohydrate digestive enzymes, and reduction
of oxidative stress and chronic inflammation. Nevertheless,
their wider application in therapy is restricted due to
inconsistencies in the composition of phytochemicals,
extraction methods, bioavailability, dosages, standardization,
and quality controls. Safety issues, interaction between herb
and drugs, contamination, and limited clinical trials are some
issues that require further research. The use of advanced
drug delivery systems such as phytosomes, liposomes,
nanoparticles, and other types of nano-carriers can improve
the  stability, solubility, and bioavailability of
phytochemicals.For future research, emphasis should be
placed on standardization, mechanism validation, and
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pharmacological and clinical assessment of the herbal
preparations. The inclusion of metabolomics, systems
biology, pharmacogenomics, and artificial intelligence may
help achieve personalized herbal therapies guided by
biomarkers. Effective regulations and manufacturing
processes will be necessary for clinical application of the
herbal products. In all, evidence-based herbal medicines
have potential benefits in managing the increasing problem
of diabetes and other metabolic diseases.

REFERENCES

1. Antar S.A., Ashour N.A., Sharaky M., Khattab M., Ashour N.A., Zaid
R.T., Roh E.J., Elkamhawy A., Al-Karmalawy A.A. Diabetes mellitus:
Classification, mediators, and complications; A gate to identify
potential targets for the development of new effective treatments.
Biomed. Pharmacother. 2023;168:115734. doi:
10.1016/j.biopha.2023.115734. [DOI] [PubMed] [Google Scholar]

2. World Health Organization . Diabetes. WHO; Genave, Switzerland:
2024. [(accessed on 14 November 2024)]. Available online:
https://www.who.int/news-room/fact-sheets/detail/diabetes. ~ [Google
Scholar]

3. Shaikh A.A., Kolhatkar M.K., Sopane D.K., Thorve A.N. Review on:
Diabetes mellitus is a disease. Int. J. Res. Pharm. sSci. 2022;13:102—
109. doi: 10.26452/ijrps.v13i1.27. [DOI] [Google Scholar]

4. Bastaki S. A review diabetes mellitus and its treatment. Int. J. Diabetes
Metab. 2005;13:111-134. doi: 10.1159/000497580. [DOI] [Google
Scholar]

5. Dey R.K. Diabetes Mellitus: A comprehensive review of
pathophysiology, management, and emerging therapeutic approaches.
Diabetes Mellitus. 2023;6:96—-100. [Google Scholar]

6. Mishra R, Pal R, Khan Z, Sahoo S, Chawra HS, Kumar D. Solid lipid
nanoparticles (SLNPs): a state-of-the-art formulation strategy and their
applications against tuberculosis (TB) and analgesic effects.
Nanoscience & Nanotechnology-Asia. 2025
Jun;15(3):E22106812379362.

7. Lu X, Xie Q., Pan X., Zhang R., Zhang X., Peng G., Zhang Y., Shen
S., Tong N. Type 2 diabetes mellitus in adults: Pathogenesis,
prevention and therapy. Sig. Transduct. Target. Ther. 2024;9:262—-286.
doi: 10.1038/s41392-024-01951-9. [DOI] [PMC free article] [PubMed]
[Google Scholar]

8. Tegegne B.A., Adugna A., Yenet A., Yihunie Belay W., Yibeltal Y.,
Dagne A., Hibstu Teffera Z., Amare G.A., Abebaw D., Tewabe H., et
al. A critical review on diabetes mellitus type 1 and type 2 management
approaches: From lifestyle modification to current and novel targets
and therapeutic agents. Front. Endocrinol. 2024;15:1440456-1440475.
doi: 10.3389/fend0.2024.1440456. [DOI] [PMC free article] [PubMed]
[Google Scholar]

9. Yameny A.A. Diabetes mellitus overview. J. Biosci. Appl. Res.
2024;10:641-645. doi: 10.21608/jbaar.2024.382794. [DOI] [Google
Scholar]

10. Kaur S., Gadpayle D., Kumari A., Kaur G., Seen K., Bhardwaj R.,
Kumar A. Antidiabetic potential of underutilized crops: Nutritional,
phytochemical insights, and prospects for diabetes management. Appl.
Food Res. 2025;5:101127. doi: 10.1016/j.afres.2025.101127. [DOI]
[Google Scholar]

11. Chanda S., Ramachandra T.V. A review on some therapeutic aspects of
phytochemicals present in medicinal plants. Int. J. Pharm. Life Sci.
2019;10:6052-6058. [Google Scholar]

12. Nafiu M.O., Hamid A.A., Muritala H.F., Adeyemi S.B. Medicinal
Plants:  Ethnopharmacology, Phytochemistry and  Therapeutic
Applications.  Elsevier; Amsterdam, The Netherlands: 2023.
Preparation, Standardization, and Quality Control of Medicinal Plants
in Africa. Chapter 7. [DOI] [Google Scholar]

13. Whaley A.O., Whaley A.K., Kovaleva E.L., Frolova L.N., Orlova A.A.,
Luzhanin V.G., Flisyiuk E.V., Shigarova L.V., Pozharitskaya O.N.,
Shikov A.N. The Standardization of Officinal Medicinal Plants Used in
the Eurasian Economic  Union: Comparison  with  Other
Pharmacopoeias. Pharm. Chem. J. 2024;23:349-419. doi:
10.1007/s11101-023-09887-8. [DOI] [Google Scholar]

14. Gupta U, Kosey S, Pal R. Advancements in nanotechnology-based
targeted drug delivery systems for glioblastoma chemotherapy: A
comprehensive review. Journal of Drug Delivery Science and
Technology. 2025 Sep 1;111:107181.

15. Forni C., Facchiano F., Bartoli M., Pieretti S., Facchiano A,
D’Arcangelo D., Norelli S., Valle G., Nisini R., Beninati S., et al.
Beneficial Role of Phytochemicals on Oxidative Stress and Age-

[86] CODEN (USA): AJPRHS



https://doi.org/10.1016/j.biopha.2023.115734
https://pubmed.ncbi.nlm.nih.gov/37857245/
https://scholar.google.com/scholar_lookup?journal=Biomed.%20Pharmacother.&title=Diabetes%20mellitus:%20Classification,%20mediators,%20and%20complications;%20A%20gate%20to%20identify%20potential%20targets%20for%20the%20development%20of%20new%20effective%20treatments&author=S.A.%20Antar&author=N.A.%20Ashour&author=M.%20Sharaky&author=M.%20Khattab&author=N.A.%20Ashour&volume=168&publication_year=2023&pages=115734&pmid=37857245&doi=10.1016/j.biopha.2023.115734&
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://scholar.google.com/scholar_lookup?title=Diabetes&publication_year=2024&
https://scholar.google.com/scholar_lookup?title=Diabetes&publication_year=2024&
https://scholar.google.com/scholar_lookup?title=Diabetes&publication_year=2024&
https://doi.org/10.26452/ijrps.v13i1.27
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Res.%20Pharm.%20Sci.&title=Review%20on:%20Diabetes%20mellitus%20is%20a%20disease&author=A.A.%20Shaikh&author=M.K.%20Kolhatkar&author=D.K.%20Sopane&author=A.N.%20Thorve&volume=13&publication_year=2022&pages=102-109&doi=10.26452/ijrps.v13i1.27&
https://doi.org/10.1159/000497580
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Diabetes%20Metab.&title=A%20review%20diabetes%20mellitus%20and%20its%20treatment&author=S.%20Bastaki&volume=13&publication_year=2005&pages=111-134&doi=10.1159/000497580&
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Diabetes%20Metab.&title=A%20review%20diabetes%20mellitus%20and%20its%20treatment&author=S.%20Bastaki&volume=13&publication_year=2005&pages=111-134&doi=10.1159/000497580&
https://scholar.google.com/scholar_lookup?journal=Diabetes%20Mellitus&title=Diabetes%20Mellitus:%20A%20comprehensive%20review%20of%20pathophysiology,%20management,%20and%20emerging%20therapeutic%20approaches&author=R.K.%20Dey&volume=6&publication_year=2023&pages=96-100&
https://doi.org/10.1038/s41392-024-01951-9
https://pmc.ncbi.nlm.nih.gov/articles/PMC11445387/
https://pubmed.ncbi.nlm.nih.gov/39353925/
https://scholar.google.com/scholar_lookup?journal=Sig.%20Transduct.%20Target.%20Ther.&title=Type%202%20diabetes%20mellitus%20in%20adults:%20Pathogenesis,%20prevention%20and%20therapy&author=X.%20Lu&author=Q.%20Xie&author=X.%20Pan&author=R.%20Zhang&author=X.%20Zhang&volume=9&publication_year=2024&pages=262-286&pmid=39353925&doi=10.1038/s41392-024-01951-9&
https://doi.org/10.3389/fendo.2024.1440456
https://pmc.ncbi.nlm.nih.gov/articles/PMC11527681/
https://pubmed.ncbi.nlm.nih.gov/39493778/
https://scholar.google.com/scholar_lookup?journal=Front.%20Endocrinol.&title=A%20critical%20review%20on%20diabetes%20mellitus%20type%201%20and%20type%202%20management%20approaches:%20From%20lifestyle%20modification%20to%20current%20and%20novel%20targets%20and%20therapeutic%20agents&author=B.A.%20Tegegne&author=A.%20Adugna&author=A.%20Yenet&author=W.%20Yihunie%20Belay&author=Y.%20Yibeltal&volume=15&publication_year=2024&pages=1440456-1440475&pmid=39493778&doi=10.3389/fendo.2024.1440456&
https://doi.org/10.21608/jbaar.2024.382794
https://scholar.google.com/scholar_lookup?journal=J.%20Biosci.%20Appl.%20Res.&title=Diabetes%20mellitus%20overview&author=A.A.%20Yameny&volume=10&publication_year=2024&pages=641-645&doi=10.21608/jbaar.2024.382794&
https://scholar.google.com/scholar_lookup?journal=J.%20Biosci.%20Appl.%20Res.&title=Diabetes%20mellitus%20overview&author=A.A.%20Yameny&volume=10&publication_year=2024&pages=641-645&doi=10.21608/jbaar.2024.382794&
https://scholar.google.com/scholar_lookup?journal=J.%20Biosci.%20Appl.%20Res.&title=Diabetes%20mellitus%20overview&author=A.A.%20Yameny&volume=10&publication_year=2024&pages=641-645&doi=10.21608/jbaar.2024.382794&
https://doi.org/10.1016/j.afres.2025.101127
https://scholar.google.com/scholar_lookup?journal=Appl.%20Food%20Res.&title=Antidiabetic%20potential%20of%20underutilized%20crops:%20Nutritional,%20phytochemical%20insights,%20and%20prospects%20for%20diabetes%20management&author=S.%20Kaur&author=D.%20Gadpayle&author=A.%20Kumari&author=G.%20Kaur&author=K.%20Seen&volume=5&publication_year=2025&pages=101127&doi=10.1016/j.afres.2025.101127&
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Pharm.%20Life%20Sci.&title=A%20review%20on%20some%20therapeutic%20aspects%20of%20phytochemicals%20present%20in%20medicinal%20plants&author=S.%20Chanda&author=T.V.%20Ramachandra&volume=10&publication_year=2019&pages=6052-6058&
https://doi.org/10.1016/B978-0-12-809286-6.00007-8
https://scholar.google.com/scholar_lookup?title=Medicinal%20Plants:%20Ethnopharmacology,%20Phytochemistry%20and%20Therapeutic%20Applications&author=M.O.%20Nafiu&author=A.A.%20Hamid&author=H.F.%20Muritala&author=S.B.%20Adeyemi&publication_year=2023&
https://doi.org/10.1007/s11101-023-09887-8
https://scholar.google.com/scholar_lookup?journal=Pharm.%20Chem.%20J.&title=The%20Standardization%20of%20Officinal%20Medicinal%20Plants%20Used%20in%20the%20Eurasian%20Economic%20Union:%20Comparison%20with%20Other%20Pharmacopoeias&author=A.O.%20Whaley&author=A.K.%20Whaley&author=E.L.%20Kovaleva&author=L.N.%20Frolova&author=A.A.%20Orlova&volume=23&publication_year=2024&pages=349-419&doi=10.1007/s11101-023-09887-8&

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Kesharwani et al

Related Diseases. Biomed. Res. Int. 2019;2019:1-16. doi:
10.1155/2019/8748253. [DOI] [PMC free article] [PubMed] [Google
Scholar

Al-Ishag R.K., Overy AJ., Bisselberg D. Phytochemicals and
Gastrointestinal Cancer: Cellular Mechanisms and Effects to Change

Cancer Progression. Biomolecules. 2020;10:105. doi:
10.3390/biom10010105. [DOI] [PMC free article] [PubMed] [Google
Scholar

Begum V.S.M., Tarig N.P.M., Hemapriya J., Shariq K.M. Plants
Secondary Metabolites as Medicines: A Review. 1JZ1. 2022;8:490-493.
doi: 10.33745/ijzi.2022.v08i01.056. [DOI] [Google Scholar]

Enioutina E.Y., Salis E.R., Job K.M., Gubarev M.I., Krepkova L.V.,
Sherwin C.M.T. Herbal Medicines: Challenges in the modern world.
Part 5. Status and current directions of complementary and alternative

herbal medicine worldwide. Expert Rev. Clin. Pharmacol.
2016;10:327-338. doi:  10.1080/17512433.2017.1268917. [DOI

[PubMed] [Google Scholar]

Pérez-Flores J.G., Garcia-Curiel L., Pérez-Escalante E., Contreras-
Lopez E., Aguilar-Lira G.Y., Angel-Jijon C., Gonzalez-Olivares L.G.,
Baena-Santillan E.S., Ocampo-Salinas 1.0., Guerrero-Solano J.A., et al.
Plant Antimicrobial Compounds and Their Mechanisms of Action on
Spoilage and Pathogenic Bacteria: A Bibliometric Study and Literature
Review. Appl. Sci. 2025;15:3516. doi: 10.3390/app15073516. [DOI]
[Google Scholar

Verma S, Panday D, Vasanthi AV, Sahoo S, Roli, Yadav A, Ghosh B,
Pal R. Micro Novel Carriers: Reshaping Tuberculosis Therapy by
Targeting Alveolar Macrophages, Reducing Drug Resistance, and
Shortening Treatment Durations-A 2020-2025 Comprehensive Review.
Recent Patents on Nanotechnology. 2026.

Sundaram M.K., Khan M.A., Alalami U., Somvanshi P., Bhardwaj T.,
Pramodh S., Raina R., Shekfeh Z., Haque S., Hussain A.
Phytochemicals induce apoptosis by modulation of nitric oxide
signaling pathway in cervical cancer cells. Eur. Rev. Med. Pharmacol.
Sci. 2020;24:11827-11844. doi: 10.26355/eurrev_202011 23840.
[DOI] [PubMed] [Google Scholar]

Lin R., Hu X., Chen S., Shi Q., Chen H. Naringin induces endoplasmic
reticulum stress-mediated apoptosis, inhibits B-catenin pathway and
arrests cell cycle in cervical cancer cells. Acta Biochim. Pol.
2020;67:181-186. doi: 10.18388/abp.2020_5182. [DOI] [PubMed]
[Google Scholar

Mahmoud V.L., Shayesteh R., Foong Yun Loh T.K., Chan S.W., Sethi
G., Burgess K., Lee S.H., Wong W.F., Looi C.Y. Comprehensive
Review of Opportunities and Challenges of Ethnomedicinal Plants for
Managing Type 2 Diabetes. Heliyon. 2024;10:€39699. doi:
10.1016/j.heliyon.2024.e39699. [DOI] [PMC free article] [PubMed]
[Google Scholar

Hui H., Tang G., Go V. Hypoglycemic Herbs and Their Action
Mechanisms. Chin. Med. 2009;4:11. doi: 10.1186/1749-8546-4-11.
[DOI] [PMC free article] [PubMed] [Google Scholar]

Kooti W., Farokhipour M., Asadzadeh Z., Ashtary-Larky D., Asadi-
Samani M. The Role of Medicinal Plants in the Treatment of Diabetes:
A Systematic Review. Electron. Physician. 2016;8:1832-1842. doi:
10.19082/1832. [DOI] [PMC free article] [PubMed] [Google Scholar]
Salleh N.H., Zulkipli I.N., Mohd Yasin H., Ja’afar F., Ahmad N., Wan
Ahmad W.A.N., Ahmad S.R. Systematic Review of Medicinal Plants
Used for Treatment of Diabetes in Human Clinical Trials: An ASEAN
Perspective. Evid.-Based Complement. Altern. Med.
2021;2021:5570939. doi: 10.1155/2021/5570939. [DOI] [PMC free
article] [PubMed] [Google Scholar]

Pal R, Ghosh B, Dutta P, Mukeshkumar Shah T, Singh A. Cutting-edge
nano novel drug delivery carriers (NDCs) for tuberculosis (TB)
management: insights into clinical trials and patent landscape. Journal
of Microencapsulation. 2026 Jun 13:1-31.

Mourya R., Sharma R. Interaction Between Anti-Diabetic Drugs and
Herbs: A Review. Pharmacogn. Res. 2025;17:385-401. doi:
10.5530/pres.20252023. [DOI] [Google Scholar

Dash J.R., Kar B., Pattnaik G. Pharmacological Interaction Between
Anti-Diabetic Drugs and Herbs: An Overview of Mechanism of Action
and Clinical Implication. Plant Arch. 2020;20:3661-3668. [Google
Scholar

Li X., Geng-Ji J.-J., Quan Y.-Y., Qi L.-M., Sun Q., Huang Q., Jiang H.-
M., Sun Z.-J., Liu H.-M., Xie X. Role of Potential Bioactive
Metabolites from Traditional Chinese Medicine for Type 2 Diabetes
Mellitus: An Overview. Front. Pharmacol. 2022;13:1023713. doi:
10.3389/fphar.2022.1023713. [DOI] [PMC free article] [PubMed]
[Google Scholar

Chattopadhyay K., Wang H., Kaur J., Nalbant G., Almaghawi A.,
Kundakci B., Panniyammakal J., Heinrich M., Lewis S.A., Greenfield
S.M., et al. Effectiveness and Safety of Ayurvedic Medicines in Type 2

ISSN: 2320-4850

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Asian Journal of Pharmaceutical Research and Development. 2026; 14(5): 78- 88

Diabetes Mellitus Management: A Systematic Review and Meta-
Analysis. Front. Pharmacol. 2022;13:821810. doi:
10.3389/fphar.2022.821810. [DOI] [PMC free article] [PubMed]
[Google Scholar]

Shukla K, S V, Mishra R, Sahoo S, Saxena G, Shah TM, Rahaman A,
Chawra HS, Pal R. Nanoparticles (NPs) as a cutting-edge therapeutic
strategy and their current status in tuberculosis (TB): a comprehensive
review. Recent Advances in Drug Delivery and Formulation. 2026.
Zanzabil K.Z.,, Hossain M.S., Hasan M.K. Diabetes mellitus
management: An extensive review of 37 medicinal plants. Diabetology.
2023;4:186-234. doi: 10.3390/diabetology4020019. [DOI] [Google
Scholar

Asiago O.H., Reddy K.S. Protective effect of achyranthes aspera
against high fat diet and streptozotocin induced diabetes in rats
[Adventure] J. Chem. Health Risks. 2023;13:3124-3131. [Google
Scholar

Vijayaraj R., Naresh Kumar K., Mani P., Senthil J., Jayaseelan T.,
Dinesh Kumar G. Hypoglycemic and antioxidant activity of
Achyranthes aspera seed extract and its effect on streptozotocin
induced diabetic rats. Int. J. Biol. Pharm. Res. 2016;7:23-28. doi:
10.1016/S2221-1691(11)60051-8. [DOI] [Google Scholar

Priyamvada P.M., Mishra P., Sha A., Mohapatra A.K. Evaluation of
antidiabetic and antioxidant activities of Achyranthes aspera leaf
extracts: An in vitro study. Int. J. Pharm. Life Sci. 2021;10:103-110.
[Google Scholar

Njideka B.E., Theophilus A.E.N., Ugochukwu N.T. Use of
Achyranthes aspera Linn Tea as antidiabetic and hypolipidemic herbal
tea. Int. J. Health Sci. Res. 2019;9:32-38. [Google Scholar
Sanie-Jahromi F., Zia Z., Afarid M. A review on the effect of garlic on
diabetes, BDNF, and VEGF as a potential treatment for diabetic
retinopathy. Chin. Med. 2023;18:18-31. doi: 10.1186/s13020-023-
00725-9. [DOI] [PMC free article] [PubMed] [Google Scholar]

Xie C., Gao W., Li X, Luo S., Wu D., Chye F.Y. Garlic (Allium
sativum L.) polysaccharide ameliorates type 2 diabetes mellitus
(T2DM) via the regulation of hepatic glycogen metabolism. NFS J.
2023;31:19-27. doi: 10.1016/j.nfs.2023.02.004. [DOI] [Google
Scholar

Ghosh B, Sharma P, Goyal S, Chaturvedi V, Reena K, Pal R. Next-
Generation Nanocarriers-Based Nanoformulations for Polycystic Ovary
Syndrome (PCOS): A Deep Insight into Clinical and Patents
Perspectives. Drug Delivery Letters. 2026.

Abdullah H., Miladiyah I. Garlic (Allium sativum L.) Efficacy as an
adjuvant therapy for type 2 diabetes mellitus: A scoping review. In:
Nurdiyanto H., Miladiyah 1., Jamil N.A., editors. Proceedings of the 3rd
International Conference on Cardiovascular Diseases (ICCvD 2021)
Atlantis Press International BV; Paris, France: 2023. pp. 419-434.
[DOI] [Google Scholar

Harshali, Thakur P., Mukherjee G. Aloe Vera as an Antidiabetic and
Wound Healing Agent for Diabetic Patients. JPRI. 2021;33:256-263.
doi: 10.9734/jpri/2021/v33i57A33994. [DOI] [Google Scholar

Zhang Y., Liu W., Liu D., Zhao T., Tian H. Efficacy of Aloe Vera
supplementation on prediabetes and early non-treated diabetic patients:
A Systematic review and meta-analysis of randomized controlled trials.
Nutrients. 2016;8:388. doi: 10.3390/nu8070388. [DOI] [PMC free
article] [PubMed] [Google Scholar]

Budiastutik 1., Subagio H.W., Kartasurya M.l., Widjanarko B., Kartini
A., Soegiyanto S., Suhartono S.S. The effect of aloe vera on fasting
blood glucose levels in pre-diabetes and type 2 diabetes mellitus: A
systematic review and meta-analysis. J. Pharm. Pharmacogn. Res.
2022;10:737-747. doi:  10.56499/jppres22.1378_10.4.737. [DOI]
Google Scholar

Abo-Youssef A.M.H., Messiha B.A.S. Beneficial effects of aloe vera in
treatment of diabetes: Comparative in vivo and in vitro studies. Bull.
Fac. Pharm. Cairo Univ. 2013;51:7-11. doi:
10.1016/j.bfopcu.2012.03.002. [DOI] [Google Scholar

Amar K, Sahoo S, Mishra R, Dutta P, Ghosh B, Pal R. Lipidic
nanocarriers  (liposomes): A potential targeting strategy for
cosmeceutical and therapeutic applications—an in-depth review. Curr
Nanomed. 2026;16.

Rahman A.H.M.M., Iffat Ara Gulshana M. Taxonomy and medicinal
uses on amaranthaceae family of rajshahi, Bangladesh. AEES.
2014;2:54-59. doi: 10.12691/aees-2-2-3. [DOI] [Google Scholar]
Aneja S., Vats M., Aggarwal S., Sardana S. Phytochemistry and
hepatoprotective activity of aqueous extract of Amaranthus tricolor

Linn. Roots. J. Ayurveda Integr. Med. 2013;4:211-217. doi:
10.4103/0975-9476.123693. [DOI] [PMC free article] [PubMed]

Google Scholar
Rahmatullah M., Hosain M., Rahman S., Rahman S., Akter M.,

Rahman F., Rehana F., Munmun M., Kalpana M. antihyperglycemic
[87] CODEN (USA): AJPRHS


https://doi.org/10.1155/2019/8748253
https://pmc.ncbi.nlm.nih.gov/articles/PMC6475554/
https://pubmed.ncbi.nlm.nih.gov/31080832/
https://scholar.google.com/scholar_lookup?journal=Biomed.%20Res.%20Int.&title=Beneficial%20Role%20of%20Phytochemicals%20on%20Oxidative%20Stress%20and%20Age-Related%20Diseases&author=C.%20Forni&author=F.%20Facchiano&author=M.%20Bartoli&author=S.%20Pieretti&author=A.%20Facchiano&volume=2019&publication_year=2019&pages=1-16&pmid=31080832&doi=10.1155/2019/8748253&
https://scholar.google.com/scholar_lookup?journal=Biomed.%20Res.%20Int.&title=Beneficial%20Role%20of%20Phytochemicals%20on%20Oxidative%20Stress%20and%20Age-Related%20Diseases&author=C.%20Forni&author=F.%20Facchiano&author=M.%20Bartoli&author=S.%20Pieretti&author=A.%20Facchiano&volume=2019&publication_year=2019&pages=1-16&pmid=31080832&doi=10.1155/2019/8748253&
https://scholar.google.com/scholar_lookup?journal=Biomed.%20Res.%20Int.&title=Beneficial%20Role%20of%20Phytochemicals%20on%20Oxidative%20Stress%20and%20Age-Related%20Diseases&author=C.%20Forni&author=F.%20Facchiano&author=M.%20Bartoli&author=S.%20Pieretti&author=A.%20Facchiano&volume=2019&publication_year=2019&pages=1-16&pmid=31080832&doi=10.1155/2019/8748253&
https://doi.org/10.3390/biom10010105
https://pmc.ncbi.nlm.nih.gov/articles/PMC7022462/
https://pubmed.ncbi.nlm.nih.gov/31936288/
https://scholar.google.com/scholar_lookup?journal=Biomolecules&title=Phytochemicals%20and%20Gastrointestinal%20Cancer:%20Cellular%20Mechanisms%20and%20Effects%20to%20Change%20Cancer%20Progression&author=R.K.%20Al-Ishaq&author=A.J.%20Overy&author=D.%20B%C3%BCsselberg&volume=10&publication_year=2020&pages=105&pmid=31936288&doi=10.3390/biom10010105&
https://scholar.google.com/scholar_lookup?journal=Biomolecules&title=Phytochemicals%20and%20Gastrointestinal%20Cancer:%20Cellular%20Mechanisms%20and%20Effects%20to%20Change%20Cancer%20Progression&author=R.K.%20Al-Ishaq&author=A.J.%20Overy&author=D.%20B%C3%BCsselberg&volume=10&publication_year=2020&pages=105&pmid=31936288&doi=10.3390/biom10010105&
https://scholar.google.com/scholar_lookup?journal=Biomolecules&title=Phytochemicals%20and%20Gastrointestinal%20Cancer:%20Cellular%20Mechanisms%20and%20Effects%20to%20Change%20Cancer%20Progression&author=R.K.%20Al-Ishaq&author=A.J.%20Overy&author=D.%20B%C3%BCsselberg&volume=10&publication_year=2020&pages=105&pmid=31936288&doi=10.3390/biom10010105&
https://doi.org/10.33745/ijzi.2022.v08i01.056
https://scholar.google.com/scholar_lookup?journal=IJZI&title=Plants%20Secondary%20Metabolites%20as%20Medicines:%20A%20Review&author=V.S.M.%20Begum&author=N.P.M.%20Tariq&author=J.%20Hemapriya&author=K.M.%20Shariq&volume=8&publication_year=2022&pages=490-493&doi=10.33745/ijzi.2022.v08i01.056&
https://doi.org/10.1080/17512433.2017.1268917
https://pubmed.ncbi.nlm.nih.gov/27923318/
https://scholar.google.com/scholar_lookup?journal=Expert%20Rev.%20Clin.%20Pharmacol.&title=Herbal%20Medicines:%20Challenges%20in%20the%20modern%20world.%20Part%205.%20Status%20and%20current%20directions%20of%20complementary%20and%20alternative%20herbal%20medicine%20worldwide&author=E.Y.%20Enioutina&author=E.R.%20Salis&author=K.M.%20Job&author=M.I.%20Gubarev&author=L.V.%20Krepkova&volume=10&publication_year=2016&pages=327-338&pmid=27923318&doi=10.1080/17512433.2017.1268917&
https://doi.org/10.3390/app15073516
https://scholar.google.com/scholar_lookup?journal=Appl.%20Sci.&title=Plant%20Antimicrobial%20Compounds%20and%20Their%20Mechanisms%20of%20Action%20on%20Spoilage%20and%20Pathogenic%20Bacteria:%20A%20Bibliometric%20Study%20and%20Literature%20Review&author=J.G.%20P%C3%A9rez-Flores&author=L.%20Garc%C3%ADa-Curiel&author=E.%20P%C3%A9rez-Escalante&author=E.%20Contreras-L%C3%B3pez&author=G.Y.%20Aguilar-Lira&volume=15&publication_year=2025&pages=3516&doi=10.3390/app15073516&
https://doi.org/10.26355/eurrev_202011_23840
https://pubmed.ncbi.nlm.nih.gov/33275255/
https://scholar.google.com/scholar_lookup?journal=Eur.%20Rev.%20Med.%20Pharmacol.%20Sci.&title=Phytochemicals%20induce%20apoptosis%20by%20modulation%20of%20nitric%20oxide%20signaling%20pathway%20in%20cervical%20cancer%20cells&author=M.K.%20Sundaram&author=M.A.%20Khan&author=U.%20Alalami&author=P.%20Somvanshi&author=T.%20Bhardwaj&volume=24&publication_year=2020&pages=11827-11844&pmid=33275255&doi=10.26355/eurrev_202011_23840&
https://doi.org/10.18388/abp.2020_5182
https://pubmed.ncbi.nlm.nih.gov/32343512/
https://scholar.google.com/scholar_lookup?journal=Acta%20Biochim.%20Pol.&title=Naringin%20induces%20endoplasmic%20reticulum%20stress-mediated%20apoptosis,%20inhibits%20%CE%B2-catenin%20pathway%20and%20arrests%20cell%20cycle%20in%20cervical%20cancer%20cells&author=R.%20Lin&author=X.%20Hu&author=S.%20Chen&author=Q.%20Shi&author=H.%20Chen&volume=67&publication_year=2020&pages=181-186&pmid=32343512&doi=10.18388/abp.2020_5182&
https://doi.org/10.1016/j.heliyon.2024.e39699
https://pmc.ncbi.nlm.nih.gov/articles/PMC11648782/
https://pubmed.ncbi.nlm.nih.gov/39687111/
https://scholar.google.com/scholar_lookup?journal=Heliyon&title=Comprehensive%20Review%20of%20Opportunities%20and%20Challenges%20of%20Ethnomedicinal%20Plants%20for%20Managing%20Type%202%20Diabetes&author=V.L.%20Mahmoud&author=R.%20Shayesteh&author=T.K.%20Foong%20Yun%20Loh&author=S.W.%20Chan&author=G.%20Sethi&volume=10&publication_year=2024&pages=e39699&pmid=39687111&doi=10.1016/j.heliyon.2024.e39699&
https://doi.org/10.1186/1749-8546-4-11
https://pmc.ncbi.nlm.nih.gov/articles/PMC2704217/
https://pubmed.ncbi.nlm.nih.gov/19523223/
https://scholar.google.com/scholar_lookup?journal=Chin.%20Med.&title=Hypoglycemic%20Herbs%20and%20Their%20Action%20Mechanisms&author=H.%20Hui&author=G.%20Tang&author=V.%20Go&volume=4&publication_year=2009&pages=11&pmid=19523223&doi=10.1186/1749-8546-4-11&
https://doi.org/10.19082/1832
https://pmc.ncbi.nlm.nih.gov/articles/PMC4768936/
https://pubmed.ncbi.nlm.nih.gov/26955456/
https://scholar.google.com/scholar_lookup?journal=Electron.%20Physician&title=The%20Role%20of%20Medicinal%20Plants%20in%20the%20Treatment%20of%20Diabetes:%20A%20Systematic%20Review&author=W.%20Kooti&author=M.%20Farokhipour&author=Z.%20Asadzadeh&author=D.%20Ashtary-Larky&author=M.%20Asadi-Samani&volume=8&publication_year=2016&pages=1832-1842&pmid=26955456&doi=10.19082/1832&
https://doi.org/10.1155/2021/5570939
https://pmc.ncbi.nlm.nih.gov/articles/PMC8528580/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8528580/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8528580/
https://pubmed.ncbi.nlm.nih.gov/34691218/
https://scholar.google.com/scholar_lookup?journal=Evid.-Based%20Complement.%20Altern.%20Med.&title=Systematic%20Review%20of%20Medicinal%20Plants%20Used%20for%20Treatment%20of%20Diabetes%20in%20Human%20Clinical%20Trials:%20An%20ASEAN%20Perspective&author=N.H.%20Salleh&author=I.N.%20Zulkipli&author=H.%20Mohd%20Yasin&author=F.%20Ja%E2%80%99afar&author=N.%20Ahmad&volume=2021&publication_year=2021&pages=5570939&pmid=34691218&doi=10.1155/2021/5570939&
https://doi.org/10.5530/pres.20252023
https://scholar.google.com/scholar_lookup?journal=Pharmacogn.%20Res.&title=Interaction%20Between%20Anti-Diabetic%20Drugs%20and%20Herbs:%20A%20Review&author=R.%20Mourya&author=R.%20Sharma&volume=17&publication_year=2025&pages=385-401&doi=10.5530/pres.20252023&
https://scholar.google.com/scholar_lookup?journal=Plant%20Arch.&title=Pharmacological%20Interaction%20Between%20Anti-Diabetic%20Drugs%20and%20Herbs:%20An%20Overview%20of%20Mechanism%20of%20Action%20and%20Clinical%20Implication&author=J.R.%20Dash&author=B.%20Kar&author=G.%20Pattnaik&volume=20&publication_year=2020&pages=3661-3668&
https://scholar.google.com/scholar_lookup?journal=Plant%20Arch.&title=Pharmacological%20Interaction%20Between%20Anti-Diabetic%20Drugs%20and%20Herbs:%20An%20Overview%20of%20Mechanism%20of%20Action%20and%20Clinical%20Implication&author=J.R.%20Dash&author=B.%20Kar&author=G.%20Pattnaik&volume=20&publication_year=2020&pages=3661-3668&
https://scholar.google.com/scholar_lookup?journal=Plant%20Arch.&title=Pharmacological%20Interaction%20Between%20Anti-Diabetic%20Drugs%20and%20Herbs:%20An%20Overview%20of%20Mechanism%20of%20Action%20and%20Clinical%20Implication&author=J.R.%20Dash&author=B.%20Kar&author=G.%20Pattnaik&volume=20&publication_year=2020&pages=3661-3668&
https://doi.org/10.3389/fphar.2022.1023713
https://pmc.ncbi.nlm.nih.gov/articles/PMC9719995/
https://pubmed.ncbi.nlm.nih.gov/36479195/
https://scholar.google.com/scholar_lookup?journal=Front.%20Pharmacol.&title=Role%20of%20Potential%20Bioactive%20Metabolites%20from%20Traditional%20Chinese%20Medicine%20for%20Type%202%20Diabetes%20Mellitus:%20An%20Overview&author=X.%20Li&author=J.-J.%20Geng-Ji&author=Y.-Y.%20Quan&author=L.-M.%20Qi&author=Q.%20Sun&volume=13&publication_year=2022&pages=1023713&pmid=36479195&doi=10.3389/fphar.2022.1023713&
https://doi.org/10.3389/fphar.2022.821810
https://pmc.ncbi.nlm.nih.gov/articles/PMC9213670/
https://pubmed.ncbi.nlm.nih.gov/35754481/
https://scholar.google.com/scholar_lookup?journal=Front.%20Pharmacol.&title=Effectiveness%20and%20Safety%20of%20Ayurvedic%20Medicines%20in%20Type%202%20Diabetes%20Mellitus%20Management:%20A%20Systematic%20Review%20and%20Meta-Analysis&author=K.%20Chattopadhyay&author=H.%20Wang&author=J.%20Kaur&author=G.%20Nalbant&author=A.%20Almaqhawi&volume=13&publication_year=2022&pages=821810&pmid=35754481&doi=10.3389/fphar.2022.821810&
https://doi.org/10.3390/diabetology4020019
https://scholar.google.com/scholar_lookup?journal=Diabetology&title=Diabetes%20mellitus%20management:%20An%20extensive%20review%20of%2037%20medicinal%20plants&author=K.Z.%20Zanzabil&author=M.S.%20Hossain&author=M.K.%20Hasan&volume=4&publication_year=2023&pages=186-234&doi=10.3390/diabetology4020019&
https://scholar.google.com/scholar_lookup?journal=Diabetology&title=Diabetes%20mellitus%20management:%20An%20extensive%20review%20of%2037%20medicinal%20plants&author=K.Z.%20Zanzabil&author=M.S.%20Hossain&author=M.K.%20Hasan&volume=4&publication_year=2023&pages=186-234&doi=10.3390/diabetology4020019&
https://scholar.google.com/scholar_lookup?journal=Diabetology&title=Diabetes%20mellitus%20management:%20An%20extensive%20review%20of%2037%20medicinal%20plants&author=K.Z.%20Zanzabil&author=M.S.%20Hossain&author=M.K.%20Hasan&volume=4&publication_year=2023&pages=186-234&doi=10.3390/diabetology4020019&
https://scholar.google.com/scholar_lookup?journal=J.%20Chem.%20Health%20Risks&title=Protective%20effect%20of%20achyranthes%20aspera%20against%20high%20fat%20diet%20and%20streptozotocin%20induced%20diabetes%20in%20rats%20%5bAdventure%5d&author=O.H.%20Asiago&author=K.S.%20Reddy&volume=13&publication_year=2023&pages=3124-3131&
https://scholar.google.com/scholar_lookup?journal=J.%20Chem.%20Health%20Risks&title=Protective%20effect%20of%20achyranthes%20aspera%20against%20high%20fat%20diet%20and%20streptozotocin%20induced%20diabetes%20in%20rats%20%5bAdventure%5d&author=O.H.%20Asiago&author=K.S.%20Reddy&volume=13&publication_year=2023&pages=3124-3131&
https://scholar.google.com/scholar_lookup?journal=J.%20Chem.%20Health%20Risks&title=Protective%20effect%20of%20achyranthes%20aspera%20against%20high%20fat%20diet%20and%20streptozotocin%20induced%20diabetes%20in%20rats%20%5bAdventure%5d&author=O.H.%20Asiago&author=K.S.%20Reddy&volume=13&publication_year=2023&pages=3124-3131&
https://doi.org/10.1016/S2221-1691(11)60051-8
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Biol.%20Pharm.%20Res.&title=Hypoglycemic%20and%20antioxidant%20activity%20of%20Achyranthes%20aspera%20seed%20extract%20and%20its%20effect%20on%20streptozotocin%20induced%20diabetic%20rats&author=R.%20Vijayaraj&author=K.%20Naresh%20Kumar&author=P.%20Mani&author=J.%20Senthil&author=T.%20Jayaseelan&volume=7&publication_year=2016&pages=23-28&doi=10.1016/S2221-1691(11)60051-8&
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Pharm.%20Life%20Sci.&title=Evaluation%20of%20antidiabetic%20and%20antioxidant%20activities%20of%20Achyranthes%20aspera%20leaf%20extracts:%20An%20in%20vitro%20study&author=P.M.%20Priyamvada&author=P.%20Mishra&author=A.%20Sha&author=A.K.%20Mohapatra&volume=10&publication_year=2021&pages=103-110&
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Health%20Sci.%20Res.&title=Use%20of%20Achyranthes%20aspera%20Linn%20Tea%20as%20antidiabetic%20and%20hypolipidemic%20herbal%20tea&author=B.E.%20Njideka&author=A.E.N.%20Theophilus&author=N.T.%20Ugochukwu&volume=9&publication_year=2019&pages=32-38&
https://doi.org/10.1186/s13020-023-00725-9
https://pmc.ncbi.nlm.nih.gov/articles/PMC9936729/
https://pubmed.ncbi.nlm.nih.gov/36803536/
https://scholar.google.com/scholar_lookup?journal=Chin.%20Med.&title=A%20review%20on%20the%20effect%20of%20garlic%20on%20diabetes,%20BDNF,%20and%20VEGF%20as%20a%20potential%20treatment%20for%20diabetic%20retinopathy&author=F.%20Sanie-Jahromi&author=Z.%20Zia&author=M.%20Afarid&volume=18&publication_year=2023&pages=18-31&pmid=36803536&doi=10.1186/s13020-023-00725-9&
https://doi.org/10.1016/j.nfs.2023.02.004
https://scholar.google.com/scholar_lookup?journal=NFS%20J.&title=Garlic%20(Allium%20sativum%20L.)%20polysaccharide%20ameliorates%20type%202%20diabetes%20mellitus%20(T2DM)%20via%20the%20regulation%20of%20hepatic%20glycogen%20metabolism&author=C.%20Xie&author=W.%20Gao&author=X.%20Li&author=S.%20Luo&author=D.%20Wu&volume=31&publication_year=2023&pages=19-27&doi=10.1016/j.nfs.2023.02.004&
https://scholar.google.com/scholar_lookup?journal=NFS%20J.&title=Garlic%20(Allium%20sativum%20L.)%20polysaccharide%20ameliorates%20type%202%20diabetes%20mellitus%20(T2DM)%20via%20the%20regulation%20of%20hepatic%20glycogen%20metabolism&author=C.%20Xie&author=W.%20Gao&author=X.%20Li&author=S.%20Luo&author=D.%20Wu&volume=31&publication_year=2023&pages=19-27&doi=10.1016/j.nfs.2023.02.004&
https://scholar.google.com/scholar_lookup?journal=NFS%20J.&title=Garlic%20(Allium%20sativum%20L.)%20polysaccharide%20ameliorates%20type%202%20diabetes%20mellitus%20(T2DM)%20via%20the%20regulation%20of%20hepatic%20glycogen%20metabolism&author=C.%20Xie&author=W.%20Gao&author=X.%20Li&author=S.%20Luo&author=D.%20Wu&volume=31&publication_year=2023&pages=19-27&doi=10.1016/j.nfs.2023.02.004&
https://doi.org/10.2991/978-94-6463-048-0_49
https://scholar.google.com/scholar_lookup?title=Proceedings%20of%20the%203rd%20International%20Conference%20on%20Cardiovascular%20Diseases%20(ICCvD%202021)&author=H.%20Abdullah&author=I.%20Miladiyah&publication_year=2023&
https://doi.org/10.9734/jpri/2021/v33i57A33994
https://scholar.google.com/scholar_lookup?journal=JPRI&title=Aloe%20Vera%20as%20an%20Antidiabetic%20and%20Wound%20Healing%20Agent%20for%20Diabetic%20Patients&author=%20Harshali&author=P.%20Thakur&author=G.%20Mukherjee&volume=33&publication_year=2021&pages=256-263&doi=10.9734/jpri/2021/v33i57A33994&
https://doi.org/10.3390/nu8070388
https://pmc.ncbi.nlm.nih.gov/articles/PMC4963864/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4963864/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4963864/
https://pubmed.ncbi.nlm.nih.gov/27347994/
https://scholar.google.com/scholar_lookup?journal=Nutrients&title=Efficacy%20of%20Aloe%20Vera%20supplementation%20on%20prediabetes%20and%20early%20non-treated%20diabetic%20patients:%20A%20Systematic%20review%20and%20meta-analysis%20of%20randomized%20controlled%20trials&author=Y.%20Zhang&author=W.%20Liu&author=D.%20Liu&author=T.%20Zhao&author=H.%20Tian&volume=8&publication_year=2016&pages=388&pmid=27347994&doi=10.3390/nu8070388&
https://doi.org/10.56499/jppres22.1378_10.4.737
https://scholar.google.com/scholar_lookup?journal=J.%20Pharm.%20Pharmacogn.%20Res.&title=The%20effect%20of%20aloe%20vera%20on%20fasting%20blood%20glucose%20levels%20in%20pre-diabetes%20and%20type%202%20diabetes%20mellitus:%20A%20systematic%20review%20and%20meta-analysis&author=I.%20Budiastutik&author=H.W.%20Subagio&author=M.I.%20Kartasurya&author=B.%20Widjanarko&author=A.%20Kartini&volume=10&publication_year=2022&pages=737-747&doi=10.56499/jppres22.1378_10.4.737&
https://doi.org/10.1016/j.bfopcu.2012.03.002
https://scholar.google.com/scholar_lookup?journal=Bull.%20Fac.%20Pharm.%20Cairo%20Univ.&title=Beneficial%20effects%20of%20aloe%20vera%20in%20treatment%20of%20diabetes:%20Comparative%20in%20vivo%20and%20in%20vitro%20studies&author=A.M.H.%20Abo-Youssef&author=B.A.S.%20Messiha&volume=51&publication_year=2013&pages=7-11&doi=10.1016/j.bfopcu.2012.03.002&
https://doi.org/10.12691/aees-2-2-3
https://scholar.google.com/scholar_lookup?journal=AEES&title=Taxonomy%20and%20medicinal%20uses%20on%20amaranthaceae%20family%20of%20rajshahi,%20Bangladesh&author=A.H.M.M.%20Rahman&author=M.%20Iffat%20Ara%20Gulshana&volume=2&publication_year=2014&pages=54-59&doi=10.12691/aees-2-2-3&
https://doi.org/10.4103/0975-9476.123693
https://pmc.ncbi.nlm.nih.gov/articles/PMC3891176/
https://pubmed.ncbi.nlm.nih.gov/24459387/
https://scholar.google.com/scholar_lookup?journal=J.%20Ayurveda%20Integr.%20Med.&title=Phytochemistry%20and%20hepatoprotective%20activity%20of%20aqueous%20extract%20of%20Amaranthus%20tricolor%20Linn.%20Roots&author=S.%20Aneja&author=M.%20Vats&author=S.%20Aggarwal&author=S.%20Sardana&volume=4&publication_year=2013&pages=211-217&pmid=24459387&doi=10.4103/0975-9476.123693&

50.

51.

52.

53.

54.

55.

56.

57.

Kesharwani et al

and antinociceptive activity evaluation of methanolic extract of whole
plant of Amaranthus Tricolor L. (Amaranthaceae) Afr. J. Tradit.
Complement. Altern. Med. 2013;10:408-411. doi:
10.4314/ajtcam.v10i5.31. [DOI] [PMC free article] [PubMed] [Google
Scholar

Rahma K., Nurcahyanti O. Therapeutic effect of red spinach
(Amaranthus tricolor L.) extract on pancreatic MDA levels rats (Rattus
norvegicus) exposed to MLD-STZ. J. Biomed. Transl. Res.
2021;7:129-133. doi: 10.14710/jbtr.v7i3.12536. [DOI] [Google
Scholar

Singh A, Mandal RK, Sahoo S, Shah TM, Pal R. Gastro-Retentive
Drug Delivery Systems (GRDDs) as a Promising Strategy for Disease
Targeting: A Comprehensive Review. Drug Delivery Letters. 2026.
Ajao F.O., lyedupe M.O., Akanmu O., Kalejaiye N.O., Adegoke A.L.,
Adeniji L.A. Anti-oxidative, anti-inflammatory and anti-apoptotic
efficacy of Anacardium occidentale leaf extract in diabetic rats. Int. J.
Diabetes Clin. Res. 2023;10:177-188. doi: 10.23937/2377-
3634/1410177. [DOI] [Google Scholar]

Vasanth S, Mishra R, Sahoo S, Parveen S, Khan Z, Mumtaz, Rugaiya,
Pal R. Advancing mitochondrial health in Huntington disease (HD):
small molecule therapies and neurodegeneration. Current aging science.
2025.

Ponce-Mora A., Gimeno-Mallench L., Lavandera J.L., Giebelhaus
R.T., Domenech-Bendafia A., Locascio A., Gutierrez-Rojas I., Sauro
S., De La Mata P., Nam S.L., et al. Systematic Characterization of
Antioxidant Shielding Capacity Against Oxidative Stress of Aerial Part
Extracts of Anacardium occidentale. Antioxidants. 2025;14:935. doi:
10.3390/antiox14080935. [DOI] [PMC free article] [PubMed] [Google
Scholar

Abdullahi S., Olatunji G.A. Antidiabetic activity of Anacardium
occidentale in alloxan—Diabetic rats. Jnl Sci. Tech. 2010;30:35-41.
doi: 10.4314/just.v30i3.64622. [DOI] [Google Scholar

Olatunji L.A., Okwusidi J.l., Soladoye A.O. Antidiabetic effect of
Anacardium occidentale. Stem-bark in fructose-diabetic rats. Pharm.
Biol. 2005;43:589-593. doi: 10.1080/13880200500301712. [DOI]
[Google Scholar

Ukwenya V.O., Alese M.O., Ogunlade B., Folorunso I.M., Omotuyi
O.l. Anacardium occidentale leaves extract and riboceine mitigate
hyperglycemia through anti-oxidative effects and modulation of some

ISSN: 2320-4850

58.

59.

60.

61.

62.

63.

64.

65.

Asian Journal of Pharmaceutical Research and Development. 2026; 14(5): 78- 88

selected genes associated with diabetes. J. Diabetes Metab. Disord.
2022;22:455-468. doi: 10.1007/s40200-022-01165-2. [DOI] [PMC free
article] [PubMed] [Google Scholar]

Koli M, Shah TM, Dutta P, Patel N, Patel AK, Ghosh B, Singh A, Pal
R. Non-lonic Surfactants (NIOs) in Niosome Drug Delivery: In-Depth
Review of Clinical Trials, Patents in Tuberculosis (TB) and Oncology.
Current Nanomedicine. 2025.

Almalki G., Alothman N., Mohamed G., Akeel M., El-Beltagy A.E.-
F.B.M., Salem E.T. Modulatory role of Annona squamosa extract
against streptozotocin-induced diabetic nephropathy in male rats.
Egypt. J. Basic  Appl. Sci. 2024;11:536-556.  doi:
10.1080/2314808X.2024.2366610. [DOI] [Google Scholar

Sharma A., Chand T., Khardiya M., Yadav K.C., Mangal R., Sharma
A.K. Antidiabetic and antihyperlipidemic activity of Annona squamosa
fruit peel in streptozotocin induced diabetic rats. Int. J. Pharm. Sci. Res.
2013;4:200-208. [Google Scholar]

Gupta R.K., Kesari A.N., Watal G., Murthy P.S., Chandra R., Maithal
K., Tandon V. Hypoglycaemic and antidiabetic effect of agueous
extract of leaves of Annona squamosa (L.) in experimental animals.
Curr. Sci. 2005;88:1192-1196. doi: 10.1016/j.jep.2005.01.048. [DOI]
[PubMed] [Google Scholar]

Kaleem M., Asif M., Ahmed Q.U., Bano B. Antidiabetic and
antioxidant activity of Annona squamosa extract in streptozotocin-
induced diabetic rats. Singap. Med. J. 2006;47:670-675. [PubMed
[Google Scholar

Muszalska A., Wiecanowska J. Berberis vulgaris: A natural source of
berberine for addressing contemporary health concerns. Herba. Pol.
2024;70:13-38. doi: 10.5604/01.3001.0054.7646. [DOI] [Google
Scholar

Pang B., Zhao L.-H., Zhou Q., Zhao T.-Y., Wang H., Gu C.-J., Tong
X.-L. Application of berberine on treating type 2 diabetes mellitus. Int.
J. Endocrinol. 2015;2015:905749. doi: 10.1155/2015/905749. [DOI]
[PMC free article] [PubMed] [Google Scholar]

Meliani N., Dib M.E.A., Allali H., Tabti B. Hypoglycaemic effect of
Berberis vulgaris L. in normal and streptozotocin-induced diabetic rats.
Asian Pac. J. Trop. Biomed. 2011;1:468-471. doi: 10.1016/S2221-
1691(11)60102-0. [DOI] [PMC free article] [PubMed] [Google

Scholar

[88] CODEN (USA): AJPRHS


https://doi.org/10.4314/ajtcam.v10i5.31
https://pmc.ncbi.nlm.nih.gov/articles/PMC3847438/
https://pubmed.ncbi.nlm.nih.gov/24311858/
https://scholar.google.com/scholar_lookup?journal=Afr.%20J.%20Tradit.%20Complement.%20Altern.%20Med.&title=antihyperglycemic%20and%20antinociceptive%20activity%20evaluation%20of%20methanolic%20extract%20of%20whole%20plant%20of%20Amaranthus%20Tricolor%20L.%20(Amaranthaceae)&author=M.%20Rahmatullah&author=M.%20Hosain&author=S.%20Rahman&author=S.%20Rahman&author=M.%20Akter&volume=10&publication_year=2013&pages=408-411&pmid=24311858&doi=10.4314/ajtcam.v10i5.31&
https://scholar.google.com/scholar_lookup?journal=Afr.%20J.%20Tradit.%20Complement.%20Altern.%20Med.&title=antihyperglycemic%20and%20antinociceptive%20activity%20evaluation%20of%20methanolic%20extract%20of%20whole%20plant%20of%20Amaranthus%20Tricolor%20L.%20(Amaranthaceae)&author=M.%20Rahmatullah&author=M.%20Hosain&author=S.%20Rahman&author=S.%20Rahman&author=M.%20Akter&volume=10&publication_year=2013&pages=408-411&pmid=24311858&doi=10.4314/ajtcam.v10i5.31&
https://scholar.google.com/scholar_lookup?journal=Afr.%20J.%20Tradit.%20Complement.%20Altern.%20Med.&title=antihyperglycemic%20and%20antinociceptive%20activity%20evaluation%20of%20methanolic%20extract%20of%20whole%20plant%20of%20Amaranthus%20Tricolor%20L.%20(Amaranthaceae)&author=M.%20Rahmatullah&author=M.%20Hosain&author=S.%20Rahman&author=S.%20Rahman&author=M.%20Akter&volume=10&publication_year=2013&pages=408-411&pmid=24311858&doi=10.4314/ajtcam.v10i5.31&
https://doi.org/10.14710/jbtr.v7i3.12536
https://scholar.google.com/scholar_lookup?journal=J.%20Biomed.%20Transl.%20Res.&title=Therapeutic%20effect%20of%20red%20spinach%20(Amaranthus%20tricolor%20L.)%20extract%20on%20pancreatic%20MDA%20levels%20rats%20(Rattus%20norvegicus)%20exposed%20to%20MLD-STZ&author=K.%20Rahma&author=O.%20Nurcahyanti&volume=7&publication_year=2021&pages=129-133&doi=10.14710/jbtr.v7i3.12536&
https://scholar.google.com/scholar_lookup?journal=J.%20Biomed.%20Transl.%20Res.&title=Therapeutic%20effect%20of%20red%20spinach%20(Amaranthus%20tricolor%20L.)%20extract%20on%20pancreatic%20MDA%20levels%20rats%20(Rattus%20norvegicus)%20exposed%20to%20MLD-STZ&author=K.%20Rahma&author=O.%20Nurcahyanti&volume=7&publication_year=2021&pages=129-133&doi=10.14710/jbtr.v7i3.12536&
https://scholar.google.com/scholar_lookup?journal=J.%20Biomed.%20Transl.%20Res.&title=Therapeutic%20effect%20of%20red%20spinach%20(Amaranthus%20tricolor%20L.)%20extract%20on%20pancreatic%20MDA%20levels%20rats%20(Rattus%20norvegicus)%20exposed%20to%20MLD-STZ&author=K.%20Rahma&author=O.%20Nurcahyanti&volume=7&publication_year=2021&pages=129-133&doi=10.14710/jbtr.v7i3.12536&
https://doi.org/10.23937/2377-3634/1410177
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Diabetes%20Clin.%20Res.&title=Anti-oxidative,%20anti-inflammatory%20and%20anti-apoptotic%20efficacy%20of%20Anacardium%20occidentale%20leaf%20extract%20in%20diabetic%20rats&author=F.O.%20Ajao&author=M.O.%20Iyedupe&author=O.%20Akanmu&author=N.O.%20Kalejaiye&author=A.L.%20Adegoke&volume=10&publication_year=2023&pages=177-188&doi=10.23937/2377-3634/1410177&
https://doi.org/10.3390/antiox14080935
https://pmc.ncbi.nlm.nih.gov/articles/PMC12382801/
https://pubmed.ncbi.nlm.nih.gov/40867831/
https://scholar.google.com/scholar_lookup?journal=Antioxidants&title=Systematic%20Characterization%20of%20Antioxidant%20Shielding%20Capacity%20Against%20Oxidative%20Stress%20of%20Aerial%20Part%20Extracts%20of%20Anacardium%20occidentale&author=A.%20Ponce-Mora&author=L.%20Gimeno-Mallench&author=J.L.%20Lavandera&author=R.T.%20Giebelhaus&author=A.%20Domenech-Benda%C3%B1a&volume=14&publication_year=2025&pages=935&pmid=40867831&doi=10.3390/antiox14080935&
https://scholar.google.com/scholar_lookup?journal=Antioxidants&title=Systematic%20Characterization%20of%20Antioxidant%20Shielding%20Capacity%20Against%20Oxidative%20Stress%20of%20Aerial%20Part%20Extracts%20of%20Anacardium%20occidentale&author=A.%20Ponce-Mora&author=L.%20Gimeno-Mallench&author=J.L.%20Lavandera&author=R.T.%20Giebelhaus&author=A.%20Domenech-Benda%C3%B1a&volume=14&publication_year=2025&pages=935&pmid=40867831&doi=10.3390/antiox14080935&
https://scholar.google.com/scholar_lookup?journal=Antioxidants&title=Systematic%20Characterization%20of%20Antioxidant%20Shielding%20Capacity%20Against%20Oxidative%20Stress%20of%20Aerial%20Part%20Extracts%20of%20Anacardium%20occidentale&author=A.%20Ponce-Mora&author=L.%20Gimeno-Mallench&author=J.L.%20Lavandera&author=R.T.%20Giebelhaus&author=A.%20Domenech-Benda%C3%B1a&volume=14&publication_year=2025&pages=935&pmid=40867831&doi=10.3390/antiox14080935&
https://doi.org/10.4314/just.v30i3.64622
https://scholar.google.com/scholar_lookup?journal=Jnl%20Sci.%20Tech.&title=Antidiabetic%20activity%20of%20Anacardium%20occidentale%20in%20alloxan%E2%80%94Diabetic%20rats&author=S.%20Abdullahi&author=G.A.%20Olatunji&volume=30&publication_year=2010&pages=35-41&doi=10.4314/just.v30i3.64622&
https://doi.org/10.1080/13880200500301712
https://scholar.google.com/scholar_lookup?journal=Pharm.%20Biol.&title=Antidiabetic%20effect%20of%20Anacardium%20occidentale.%20Stem-bark%20in%20fructose-diabetic%20rats&author=L.A.%20Olatunji&author=J.I.%20Okwusidi&author=A.O.%20Soladoye&volume=43&publication_year=2005&pages=589-593&doi=10.1080/13880200500301712&
https://doi.org/10.1007/s40200-022-01165-2
https://pmc.ncbi.nlm.nih.gov/articles/PMC10225389/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10225389/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10225389/
https://pubmed.ncbi.nlm.nih.gov/37255827/
https://scholar.google.com/scholar_lookup?journal=J.%20Diabetes%20Metab.%20Disord.&title=Anacardium%20occidentale%20leaves%20extract%20and%20riboceine%20mitigate%20hyperglycemia%20through%20anti-oxidative%20effects%20and%20modulation%20of%20some%20selected%20genes%20associated%20with%20diabetes&author=V.O.%20Ukwenya&author=M.O.%20Alese&author=B.%20Ogunlade&author=I.M.%20Folorunso&author=O.I.%20Omotuyi&volume=22&publication_year=2022&pages=455-468&pmid=37255827&doi=10.1007/s40200-022-01165-2&
https://doi.org/10.1080/2314808X.2024.2366610
https://scholar.google.com/scholar_lookup?journal=Egypt.%20J.%20Basic%20Appl.%20Sci.&title=Modulatory%20role%20of%20Annona%20squamosa%20extract%20against%20streptozotocin-induced%20diabetic%20nephropathy%20in%20male%20rats&author=G.%20Almalki&author=N.%20Alothman&author=G.%20Mohamed&author=M.%20Akeel&author=A.E.-F.B.M.%20El-Beltagy&volume=11&publication_year=2024&pages=536-556&doi=10.1080/2314808X.2024.2366610&
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Pharm.%20Sci.%20Res.&title=Antidiabetic%20and%20antihyperlipidemic%20activity%20of%20Annona%20squamosa%20fruit%20peel%20in%20streptozotocin%20induced%20diabetic%20rats&author=A.%20Sharma&author=T.%20Chand&author=M.%20Khardiya&author=K.C.%20Yadav&author=R.%20Mangal&volume=4&publication_year=2013&pages=200-208&
https://doi.org/10.1016/j.jep.2005.01.048
https://pubmed.ncbi.nlm.nih.gov/15848023/
https://scholar.google.com/scholar_lookup?journal=Curr.%20Sci.&title=Hypoglycaemic%20and%20antidiabetic%20effect%20of%20aqueous%20extract%20of%20leaves%20of%20Annona%20squamosa%20(L.)%20in%20experimental%20animals&author=R.K.%20Gupta&author=A.N.%20Kesari&author=G.%20Watal&author=P.S.%20Murthy&author=R.%20Chandra&volume=88&publication_year=2005&pages=1192-1196&pmid=15848023&doi=10.1016/j.jep.2005.01.048&
https://pubmed.ncbi.nlm.nih.gov/16865205/
https://scholar.google.com/scholar_lookup?journal=Singap.%20Med.%20J.&title=Antidiabetic%20and%20antioxidant%20activity%20of%20Annona%20squamosa%20extract%20in%20streptozotocin-induced%20diabetic%20rats&author=M.%20Kaleem&author=M.%20Asif&author=Q.U.%20Ahmed&author=B.%20Bano&volume=47&publication_year=2006&pages=670-675&pmid=16865205&
https://doi.org/10.5604/01.3001.0054.7646
https://scholar.google.com/scholar_lookup?journal=Herba.%20Pol.&title=Berberis%20vulgaris:%20A%20natural%20source%20of%20berberine%20for%20addressing%20contemporary%20health%20concerns&author=A.%20Muszalska&author=J.%20Wiecanowska&volume=70&publication_year=2024&pages=13-38&doi=10.5604/01.3001.0054.7646&
https://scholar.google.com/scholar_lookup?journal=Herba.%20Pol.&title=Berberis%20vulgaris:%20A%20natural%20source%20of%20berberine%20for%20addressing%20contemporary%20health%20concerns&author=A.%20Muszalska&author=J.%20Wiecanowska&volume=70&publication_year=2024&pages=13-38&doi=10.5604/01.3001.0054.7646&
https://scholar.google.com/scholar_lookup?journal=Herba.%20Pol.&title=Berberis%20vulgaris:%20A%20natural%20source%20of%20berberine%20for%20addressing%20contemporary%20health%20concerns&author=A.%20Muszalska&author=J.%20Wiecanowska&volume=70&publication_year=2024&pages=13-38&doi=10.5604/01.3001.0054.7646&
https://doi.org/10.1155/2015/905749
https://pmc.ncbi.nlm.nih.gov/articles/PMC4377488/
https://pubmed.ncbi.nlm.nih.gov/25861268/
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Endocrinol.&title=Application%20of%20berberine%20on%20treating%20type%202%20diabetes%20mellitus&author=B.%20Pang&author=L.-H.%20Zhao&author=Q.%20Zhou&author=T.-Y.%20Zhao&author=H.%20Wang&volume=2015&publication_year=2015&pages=905749&pmid=25861268&doi=10.1155/2015/905749&
https://doi.org/10.1016/S2221-1691(11)60102-0
https://pmc.ncbi.nlm.nih.gov/articles/PMC3614224/
https://pubmed.ncbi.nlm.nih.gov/23569815/
https://scholar.google.com/scholar_lookup?journal=Asian%20Pac.%20J.%20Trop.%20Biomed.&title=Hypoglycaemic%20effect%20of%20Berberis%20vulgaris%20L.%20in%20normal%20and%20streptozotocin-induced%20diabetic%20rats&author=N.%20Meliani&author=M.E.A.%20Dib&author=H.%20Allali&author=B.%20Tabti&volume=1&publication_year=2011&pages=468-471&pmid=23569815&doi=10.1016/S2221-1691(11)60102-0&
https://scholar.google.com/scholar_lookup?journal=Asian%20Pac.%20J.%20Trop.%20Biomed.&title=Hypoglycaemic%20effect%20of%20Berberis%20vulgaris%20L.%20in%20normal%20and%20streptozotocin-induced%20diabetic%20rats&author=N.%20Meliani&author=M.E.A.%20Dib&author=H.%20Allali&author=B.%20Tabti&volume=1&publication_year=2011&pages=468-471&pmid=23569815&doi=10.1016/S2221-1691(11)60102-0&
https://scholar.google.com/scholar_lookup?journal=Asian%20Pac.%20J.%20Trop.%20Biomed.&title=Hypoglycaemic%20effect%20of%20Berberis%20vulgaris%20L.%20in%20normal%20and%20streptozotocin-induced%20diabetic%20rats&author=N.%20Meliani&author=M.E.A.%20Dib&author=H.%20Allali&author=B.%20Tabti&volume=1&publication_year=2011&pages=468-471&pmid=23569815&doi=10.1016/S2221-1691(11)60102-0&

