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Abstract

Diabetes mellitus (DM), which affects a substantial portion of the population and has become more common in modern
society, is actually a metabolic condition. The hallmark of diabetes mellitus is excessively high blood sugar levels brought on
by a breakdown in glucose homeostasis brought on by a partial or complete lack of insulin in the body or by insulin activity.
Hyperglycaemia is caused by changes in insulin levels or activity as well as cell activities that affect the biochemical processes
involved in the metabolism of carbohydrates, proteins, and lipids in target organs like the liver function. skeletal muscle,
kidney, and adipose tissue. 1.5 million deaths per year are attributed to diabetes, and 48 percent of these fatalities occurring
before the age of 70. Premature mortality from diabetes increased by 5% between the years 2000 and 2016. Therefore, it's
essential to pick the appropriate diabetic therapy. Professional anti-diabetic medications are available to treat diabetes,
however there are significant concerns over their cost and side effects. The drawbacks of currently available drugs necessitate
the development of new, less expensive, and safer remedies. While Anisomeles malabarica (A. malabarica), an indigenous
medicinal plant, has been shown to have anti-epileptic, anti-diabetic, anti-proliferative, and other qualities, the focus of this

review is on AM's anti-diabetic advantages.
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pathways in various organs such the liver, skeletal muscle,
kidney, and adipose tissues, resulting in hyperglycaemia.
Glycaemic control and fasting are two incredibly complex
and important systems that regulate metabolism in the

Introduction

As per the Diabetes Association, there are 425 million
diabetics throughout the planet, with that number estimated

to rise to 629 million by 2045 [1]. Diabetes is a disorder in
which high blood sugar levels occur as a consequence of a
disturbance in glucose homeostasis caused by a problem such
as loss of insulin level and insulin action. Changes in insulin
levels and/or activity, as well as changes in f - cell activities,
all affect carbohydrate, protein and lipid metabolic biological

An Overview of Anti-diabetic Efficacy and Biochemical Mechanism of Anisomeles Malabarica (Malabar

Catmint): A Review

hepatocytes and peripheral tissues, and both are important
in metabolic disorders [2]. Insulin dependency is a
complication of type 1 diabetes mellitus, which occurs when
the pancreas produces little or no insulin, necessitating
the use of an insulin injections supply. Overweight and
insufficient physical activity are common causes of type

Bioequiv & Bioavailab Int ]


https://medwinpublishers.com/BEBA/
https://portal.issn.org/resource/ISSN/2578-4803#
https://medwinpublishers.com/
https://doi.org/10.23880/beba-16000201

Bioequivalence & Bioavailability International Journal

2 diabetes, which leads to insulin resistance and reduced
natural insulin production as the illness advances. DM is
caused by a lack of glycemic control, and insulin is required
to regulate and utilize glucose from blood to the targeted
cells. Continuing to have unusually high glucose levels causes
long-term, permanent harm to the human body. Neuropathy
and a therosclerosis are two well-known side consequences
of persistently elevated glucose levels in blood. End organ
damage results, ranging from skin infections, coronary
artery disease, and strokes to microvascular consequences
such as peripheral neuropathies, diabetic nephropathy, and
retinopathies [3,4]. Drowsiness, hunger, thirst, headaches,
impaired vision, frequent urination, discomfort or tingling
sensations, loss of weight, and skin infections are all signs
of diabetes mellitus. Randomized or fasting blood sugar
readings, as well as glycosylated haemoglobin (HbA1lc)
values, are used to make the diagnosis. Patients are educated
on the significance of nutrition, workout, and weight
reduction (if relevant) after being diagnosed, and most are
ultimately put on medication. Insulin treatment is the very
first therapy for people with type 1 diabetes, although the
pharmacological choices for patients with type 2 diabetes
are significantly wider, encompassing insulin treatment. An
HbA1lc of more than 6.5 percent, a fasting plasma glucose
measurement of more above than 6.9 mmol/L, or a random
blood glucose value of more than 11 mmol/L are all used
to diagnose diabetes. Glycated hemoglobin values are often
used as a reference for glycemic management in diabetics,
with a goal of lower than 7% for most individuals and a more
flexible target of lower than 8% for older patients as well as
those with impairments. Patients with type 1 diabetes are
encouraged to monitor their glucose levels athome, including
fasting and random blood glucose levels, to evaluate if insulin
dosage changes are necessary [5-8].

With the onset and development of DM, the activity
of important governing carbohydrate metabolism
involved enzymes in the glycolytic, gluconeogenic, and
glycogenolytic processes varies substantially, culminating
in chronic hyperglycemia [9]. In those with diabetes (either
type 1 or type 2), and to a lesser degree in those with
insulin resistance, chronic hyperglycemia causes oxidative
stress. Reactive hypoglycemia oxidative stress is caused
by a number of metabolic processes, including protein
kinase C activation, glucose autooxidation, methylglyoxal
production and glycation, sorbitol generation, hexosamine
metabolism, and oxidative phosphorylation. The relationship
between oxidative stress and diabetic complications
has been explored extensively [10-12], including by our
own research. Systemic hyperglycemia causes diabetic
nephropathy, retinopathy, neuropathy, and cardiovascular
complications. The most often used therapeutic
medications in the treatment of diabetes mellitus include
insulin, insulin secretagogues (Sulfonylureas), insulin
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sensitizers (Thiazolidinediones and Biguanides), non-
secretagogues (Meglitinides), glycosurics, alpha-glucosidase
inhibitors, and peptide analogues [13]. Excess weight,
hypoglycemia, digestive disturbances, heart problems,
anaemia, kidney ailment, oedema, raised LDL cholesterol and
triglycerides (TG), and bladder cancer have all been reported
as side effects. Additionally, these drugs are costly [14,15]
and as a consequence, people are moving to sustainable
resources and complementary treatments, especially
natural products, to assist them control diabetes-related
comorbidity. Antihyperglycemic compounds derived from
medicinal plants include flavonoids, terpenoids, proteins,
glycosides, phenolics, alkaloids, and steroids [16,17].
Medicinal herbs and organic ingredients have been proven in
studies to restore glucose, protein metabolic enzymes, lipid,
and improving glycemic control in diabetes patients [18,19].

From classical era, traditional medicines and their
formulations have been used in many traditional medical
systemsacrosstheglobe.Severalresearchhavebeenpublished
on ethnomedicinal strategies to diabetes treatment and the
use of natural chemicals obtained from plants. For example,
before 1978, Bever and Zahnd investigated hypoglycemic
plants [20]. In a similar manner, Atta-Ur-Rahman and
Zaman collected a study of the literature on the anti-diabetic
effects of 343 traditional medicines that have been used
traditionally or have been shown to have a hypoglycemic
impact in animal studies [21]. Another research discovered
over 1,200 species across 183 families as well as 725 genera
are used to treat diabetes symptoms in both conventional
and experimental medicine. The most common families
among them were Euphorbiaceae, Asteraceae, Fabaceae,
Liliaceae, Lamiaceae, and Poaceae [22]. Anacardium
occidentale, Momordica charantia, Allium sativum, Allium
cepa, Aloevera, Lupinus albus, Catharanthus roseus, Eucalyptus
globules, Syzygium cumini, Tecoma stans, Trigonella foenum-
graecum,Urtica dioica and a variety of other plants are
used in various nations. Li, Zheng, et al. Looked studied 86
crude medicines utilised in Chinese Traditional Medicine
to treat DM (82 crude plant medicines and 4 crude animal
medicines) [23]. According to Simmonds and Howes, 656
flowering plants from 111 families and 437 species were
used for diabetes therapy in the past [24]. Giovannini et al.
looked at the use of 16 species of plants for diabetes therapy
in 7 Central American countries, showing experimental
evidence for their own use in traditional medicine [25].
Harlev, et al. investigated the traditional medicines used
by ethnic groups residing in desert and semi-arid regions
to treat diabetes [26]. Moradi, et al. investigated the anti-
diabetic effectiveness and function of 30 commonly used
medicinal plants to control diabetes [27]. Some other
ethnobotanical and ethnopharmacological studies have
shown the use of medicinal plants to cure DM. For example,
Eddouks et al. discovered that indigenous Moroccans in
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the south-east region employed 37 medicinal herbs to
treat diabetes [28]. Among the most often used plants
were Artemisia herba-alba, Amni visnaga, and Trigonalla
foeniculum-granum. Tag, et al. discovered 46 traditional
medicines used by the ethnic communities of Arunachal
Pradesh, in northeast India’s Himalayas, to cure DM [29].
Only a few natural products or mimic compounds have been
approved as anti-diabetic medicines, despite hundreds of
research on ethnopharmacology or anti-diabetic potential of
herbal remedies or natural products. Metformin is the only
anti-diabetic medication developed on the basis of galegine,
a naturally occurring molecule present in plants Galega
officinalis. Despite this, ethnopharmacological approaches,
as well as the isolation and characterization of active
constituents and their modes of action, are being applied in a
rising number of research to produce effective anti-diabetic
herbal medications [30].

Lamiaceae belonging medicinal plant Anisomeles
malabarica is native to Asia’s tropical and subtropical zones.
Anisomeles malabarica, usually known as “Malabarcatmint,”
is a South Indian upright plant. Since the time of the ancient
Indians, Chinese, Egyptians, and many other nations,
medicinal plants have been significant components in
traditional medicine and human diet [31,32]. Medicinal
plants are the primary source of care for the large percentage
of people on the planet. Herbal teas, infusions, ointments,
syrups, liniments, and powders were initially utilised in their
basic forms as herbal forms [33]. With 60 percent of the
world’s population, Asia is the largest continent. The Asian
continent, as well as the islands in the Indian and Pacific
Oceans, make up the region. Traditional medicine and a
variety of species and aromatic plant have been used since
antiquity [34]. Nevertheless, in many nations, the biodiversity
of medicinal plant species has yet to be properly investigated.
Labiatae, also known as the mint family, is a very popular
medicinal plant family. With around 220 genera and nearly
4000 species world - wide, the Labiatae family (Lamiaceae) is
among the largest and most unique flowering plant families.
Herbs or shrubs having a fragrant scent make up this family
of plants. They are widespread in Asia, the Maltese Islands,
as well as other Mediterranean nations. The Labiatae family
has a large number of members which are used in ancient
times medicine. Mints, spearmint, tulsi, thyme, and coleus are
examples of culinary and decorative plants [35]. The strong
fragrant essential oil, saponins, tannins, and organic acids
are all therapeutic components. Sedative, tonic, diuretic,
antispasmodic, and antibacterial characteristics are all
found in Labiatae plants. Various essential applications have
been given for Anisomeles malabarica (A. malabarica). A.
malabarica is a fragrant, highly pubescent perennial plant
that grows to a height of 1-2 metres. Flowers are purple,
in closely packed whorls of somewhat interrupted spikes;
fruits are nutlets, carrying ellipsoid and compact seeds
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[36]. Leaves seem to be simple, opposite, really quite thick,
fragrant, oblong-lanceolate, acute, and white below, pale
above, crenate-serrate. Peimiratti, Malabarcatmint, Bhutan
kusham, and Peyameratti are some of the plant’'s common
names. The taxonomic classification of A. malabarica Shown
in Table 1.

Division Spermatophyta
Sub-division Angiospermae
Class Dicotyledone
Sub-class Gamopetalae
Series Bicarpellate
Order Lamiales
Family Lamiaceae or Labiatae
Genus Anisomeles
Species Malabarica
Botanical name Anisomeles malabarica

Table 1: A. malabarica’s taxonomic classification is given
[37].

Since A. malabarica is a medicinal plant, has been used
as a folkloric medicine to treat amentia, anorexia, fevers,
swellings, rheumatism. The plant A. malabarica is used
traditionally in the treatment of intermittent fever, colic
dyspepsia and curing wounds [38].

Earlier phytochemical studies of A. malabarica have
shown the presence of many chemical constituents as shown
in Table 2.

Plant Phytochemicals

Anisomelic acid

Anisomelolide

2-acetoxymalabaric acid

Anisomelyl acetate anisomelin

Betulinic acid

Anisomeles malabarica R-sitosterol,

Gerainic acid

Malabaric acid

Ovatodiolide

Triterpenebetulinic acid
Citral

Table 2: Shows phytochemical A. malabarica [39,40].

In certain circumstances, medicinal plants’ crude
extracts may be utilised as medicines. Medicinal plants may
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supply physiologically active compounds as well as lead
structures for the creation of improved derivatives. Some
natural sources botanical substances have a wide variety of
chemical active components that may interfere with all of
the mosquito’s biological activities, interrupting its life span
and dispersion and reducing danger to people and animals.
As crude material, particular active components, essential
oils, several therapeutic plants were evaluated for its
pesticide and repellent capabilities [41]. This study gives an
overview of the many kinds of molecules found in plants, and
provides examples of the different types of molecules and
secondary metabolites that have contributed to the creation
of these pharmacologically active extracts. As a result, some
information on the importance of A. malabarica against
malarial vectors and the therapeutic properties were briefly
proven which are anti-anaphylactic, anti-pyretic action, anti-
bacterial, anti-allergic, anticancer, anti-pyretic action, anti-
carcinogenic, anti-inflammatory, anti-allergic, antiepileptic,
antifertility, antispasmodic, and other medicinal properties
[42].

Anti-Allergic

As the world’s population grows, so does the prevalence
of allergic disorders, and increasing morbidity is a key
problem. Several natural compounds have been discovered
to have anti-allergic properties. Furthermore, plant
preparations have been shown to be beneficial in clinical
studies and to have extra benefits when combined with
Western drugs, including synergism and immune system
regulation [43]. Anti-allergic effects have been discovered in
the essential oil of A. malabarica.

Anti-Anaphylactic

Hypersensitivity is a life-threatening allergic response
that occurs suddenly. Anaphylaxis is a life-threatening
systemic allergic response that happens abruptly after
coming into contact with an allergen. Anaphylaxis affects
0.05-2 percent of individuals worldwide however at time
in their lives, and the incidence of occurrence seems to be
rising [44]. Currently, there is a greater emphasis on plant
study across the globe, and there is a growing body of
data demonstrating the enormous therapeutic potential
employed in diverse traditional systems. Essential chemical
components in A. malabarica operate as an anti-anaphylactic
agent [45].

Antibacterial

Pathogenic bacteria have developed several defensive
mechanisms against antimicrobial treatments, resulting
in an increase in drug resistance to both old and new
medications. The emergence of antibiotic resistance in
pathogenic microbes has necessitated the testing of a
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number of medicinal plants for possible antimicrobial
properties. Chemical constituents from A. malabarica leaves
exhibit antibacterial activity over Gram-negative and Gram-
positive infectious bacteria such as, Klebsiella pneumoniae, E.
coli Staphylococcus aureus, pseudomonas aeruginosa, Vibrio
cholerae, and Proteus mirabilis [45-47].

Antiepileptic Potential

Antiepileptics (also termed as anticonvulsants
medications) are a class of pharmaceuticals that are used to
treat epileptic seizures. Anticonvulsants are also being used
more oftento treatbipolarillness. Traditional medicinal herbs
used to treat epilepsy have been demonstrated to exhibit
potential anticonvulsant effects in experimental animals of
anticonvulsant screening, making them a viable source for
finding novel antiepileptic chemicals. In folk medicine, A.
malabarica possesses a variety of medicinal properties. The
ethylacetate extract of the leaves of A. malabarica has been
reported to have antiepileptic properties [39].

Anti-Cancer

Cancerisamongtheworld’smostserioushealth concerns,
afflicting both poor and rich nations. Alternative medicine
uses medicinal plants and their extracted lead compounds
to treat neoplastic cells, which are abnormally proliferating
cells in the body that cause cancer. Anticancer drugs have
been isolated from a variety of effective chemicals obtained
from natural materials. These chemicals are designed to be
used in the development of cancer-fighting medications.
A. malabarica has a multitude of pharmacological actions,
according to Chopra, et al. [48]. Jeyachandran, et al.
reemphasized the anticancer properties of A. malabarica in
traditional medicine [40].

Antispasmodic: Antispasmodic is a medication used
to treat uncontrolled muscular movements, especially in
the bowels and stomach. The medicine phenobarbital,
which belongs to the barbiturate family of drugs. A.
malabarica has important chemical components that act as
antispasmodics [40].

Anti-Carcinogenic

Toxins are engaged in mutagenesis, carcinogenesis, and
genotoxicity. The usage of medicinal herbs, or natural
anticarcinogens, is one of the most effective strategies
to reduce the harmful effects of carcinogens. Flavonoids,
coumarone, phenolic, anthraquinones, tannins,
carotenoids, saponins, and other compounds fall under this
category. These natural compounds are beneficial not only
in the initial chemoprevention, but also in the prevention
of developing cancer, which is the most crucial factor
to determine survivability [48]. Anti-carcinogenic agents
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were discovered in abundance of A. malabarica [45].

Anti-Inflammatory

The quality of a medication or therapy that lowers
inflammation is known as anti-inflammatory. Anti-
inflammatory medicines, as opposed to opioids, which
impact the central nervous system, account for nearly half of
analgesics. They relieve the pain by lowering inflammation.
The occurrence of chemicals such as tri-terpenoids, flavones,
flavonones, and phenols in A. malabarica may explain its
anti-inflammatory effect [49].

Antifertility

Refers to the inability to conceive or get pregnant. Many
plants have been used to lower fertility in the past, and
current scientific study has verified that at least some of
the herbs studied have anti-fertility effects. A. malabarica’s
antifertility capability was proven by Setty, et al. [50].

Antipyretic Activity

Refers to the ability of medications or plants to lower
fever. Antipyretics allow the hypothalamus to counteract
a rise in temperature caused by interleukin. The body then
strives to bring the temperature down, lowering the fever.
Plants utilised as antipyretic agents include Adansonia
digitata, Berberis species, Capparis zeylanica, Cleome
viscose, Vernonia cinerea including A. malabarica [51,52].

Epilepsy, Fever, and fever caused by teething in
children are all treated with an extract of the leaves in
traditional medicine. Rheumatoid arthritis is treated by an
external application of a leaf extract and essential oil [53-
55]. Alcohol and aqueous extracts of the leaf have been
proven to have significant spermicidal activity in prior
studies [56]. The plant also contains antisomelic acid,
ovatodiolide, anisomelyl acetate (diterpene), and betulinic
acid (triterpene) [57]. Morphologic and anatomic features,
physiochemical constants, and phytochemical screening of
A. malabarica leaves, as well as the macroscopical properties
of A. malabarica, as indicated in Table 3.

In the anatomical characteristics, the lower epidermal
part of the leaves is covered by a thick layer of cuticle. The
epithelia are all polygonal, which means they seem to be the
same size and shape. Paracytic stomata is shown on both
surfaces. A layer of extended palisade cells makes up the
leaf mesophyll. There are 2 type of collenchymatous cells in
the layers of the epidermis of the midrip portion of the leaf.
The vessels of the vascular bundles are annular and swirly
thickened. The various isolates were found to a preliminary
phytochemical screening. Other phytocomponents such as
alkaloid, tannin, sugar, saponin, protein, steriod, and others
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are found [59].

Character Observation
Colour Pale green((LlJJerpeirSsuurléaccee;), greenish
Odour Aromatic and enjoyable
Size 5-7 cm in length, 3-4.5 cm in width
Surface Wody and soft
Shape Lanceolate - Oblong
Type Simple
Arrangement Opposite
Petiole 1-1.5 mm in length
Margin Serrate - Crenate
Apex Acute
Venation Pinnate
Midrib Projected ll(l);/)v;errs:lfrf?::é depressed

Table 3: Macroscopic characteristics of Anisomeles
malabarica [58].

The leaves of A. malabarica are used to treat intermittent
fever, dyspepsia, boils, colic, and tetanus. In Indian traditional
medicine, the leaf extract is used for cough, stomach ache,
epilepsy, cold, fever, and fever induced by teething in
children, and the infusion of the leaf and essential oil is used
locally to treat rheumatoid arthritis. A. malabarica has been
demonstrated to have high therapeutic potential, including
anti-inflammatory, antiepileptic, cold, fever, cytotoxic impact
on cancer cells, anti-cancer activities [60] and the focused
anti-hyperglycemic and anti-hyperlipidemic activities have
been shown in the past [61,62].

A. Malabarica Anti-diabetic Effects are Mediated
by Biochemical Processes

Kotha et al, 2019 tested the anti hyperglycemic
activity of different solvent extracts of A. malabarica in
STZ-induced diabetic rats and isolated the active fraction
of AM (AMAF) from the ethyl acetate extract, which had
the best antihyperglycemic activity. AMAF showed a high
anti-hyperglycemic impact and improved glucose control
in diabetic rats due to the presence of unsaturated fatty
acids and phenolic compounds that were extracted and
characterised from AMAF [62]. AMAF increased insulin
levels while reducing HbA1lc in diabetic rats. The effects of
the A. malabarica active fraction (AMAF) on key regulatory
carbohydrate metabolicenzymessuchashexokinase, glucose-
6-phosphatase, glucose-6-phosphate dehydrogenase, and
fructose 1,6-bisphosphatase, as well as oxidative stress and
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antioxidant enzymes such as catalase, superoxide dismutase,
and glutathione-s-transferase were investigated in this
A. malabarica was collected and processed as previously
described CP Preethy, et al. [61,62]. In a nutshell, ethyl
acetate extract was prepared by soaking A. malabarica leaf
powder in a glass jar for 48 hours at room temperature, then
filtering the solvent. STZ was generated in ice cold citrate
buffer by diabetic mellitus induction in albino males to cause
diabetes in overnight fasting mice [61,62]. The active part
and glibenclamide (also referred as glyburide, a sulfonylurea
group of drugs) were administered orally to the respective
groups each morning over 30 days through stomach
intubation. Water was provided to normal and diabetic
control rats. On days 8, 15, 22, and 31, all experimental rats
had their body weights assessed. On day 31, all five groups
of rats were slain by anaesthetizing them with anaesthetic
ether and cervical dislocation after an overnight fast. Blood
and tissues were collected and stored at -80°C until required.

Discussion

To evaluate the beneficial effects of the active
components of A. malabarica leaves on experimentally
developed diabetes mellitus rats, Kotha, et al. Utilised
streptozotocin-induced diabetic rats [62,63]. Normal
rats were given a single dose of STZ intraperitoneally,
which produced hyperglycaemia by selectively killing the
pancreatic-cell population, resulting in insulin deficiency
and leads to diabetes mellitus. Consistent hyperglycaemia
and insufficient glycaemic control, which are distinguishing
features of diabetes mellitus, lead to diabetes-related micro-
and macrovascular complications, which may be delayed or
averted by maintaining rigorous glycaemic control [16,17].
Figure 1 show that AMAF treatment resulted in significantly
lower fasting blood glucose levels, increased insulin
production, and a reduced HbAlc in STZ-induced diabetic
rats.

production, lowers the blood glucose and HbAlc.

Figure 1: Schematic representation showing active fraction of A. malabarica antidiabetic potential by enhancing insulin

Raised SGOT, SGPT, ALP, and bilirubin are one of the
pathophysiological abnormalities in liver function markers
in artificially induced diabetic rats [64]. In the diabetic AMAF
therapy group, the active fraction lowered these elevated
liver function markers to near-normal levels. Diabetic rats
had increased serum urea and creatinine levels, suggesting
renal failure [65].

Significant decreases in blood urea and creatinine
were detected in diabetic rats given the active component,
probably owing to AMAF’s direct or indirect glycemic control
activities. Chronic hyperglycemia leads to oxidative stress in
a number of organs, such as the liver and kidney, leading to
malfunction, as seen by elevated hepatic and renal functional
markers. Figure 2 shows that AMAF therapy improved
glycemic control and lowered oxidative stress.
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Figure 2: Showing the antioxidant effect of A. malabarica
to treat kidney and liver dysfunction due to chronic
hyperglycaemia.
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In AMAF, for the first time caffeic acid, luteolin, quinic
acid, kaempferol, and chlorogenic acid were identified
[62]. Caffeic and chlorogenic acids were discovered to have
anti-hyperglycaemic and antioxidant effects in diabetic
rats [66,67]. Phenolic substances such as kaempferol and
luteolin have been found as antioxidants [68,69]. Studies
have connected free radical generation, lipid peroxidation,
and glycaemic regulation to the development of diabetes
mellitus [10-12]. Malondialdehyde (MDA), a by-product of
lipid peroxidation, was discovered in larger levels in diabetic
rats as compared to normal rats. MDA levels are proportional
to lipid peroxidation, which lowers the fluidity of the cell
plasma membrane and alters the function of membrane-
bound enzymes and receptors. Vinod, et al. Demonstrated
the antioxidant activity of A. malabarica in vitro, but no in
vivo studies with plausible mechanisms of action have been
established [70]. After treatment with AMAF, MDA levels
in both tissues of diabetic rats were reduced, suggesting
that free radical generation and lipid peroxidation were
avoided. This suggests that A. malabarica active component
may have a protective effect against oxidative stress and
associated illnesses. A number of phytoconstituents have
been demonstrated to have strong antioxidant activities in
diabetic rats [71]. As illustrated in figure 3, AMAF activity
on chronic hyperglycaemia induces oxidative stress [10-12].

Figure 3: Showing the activity of A. malabarica
constituent’s caffeic acid, quinic acid, lutetolin, kaempferol,
and chlorogenic acid preventing lipid peroxidation and
reduces level of Malondialdehyde showing anti-diabetic
activity by preventing pancreatic cell necrosis.

The actions of antioxidant enzymes such as GP,
SOD, and GST were significantly decreased in diabetic
group of rats, although CAT activity increased. These
alterations might be caused due to pancreatic-cell necrosis
and concomitant lower insulin levels [62], resulting in
prolonged hyperglycemia and an imbalanced hepatic
antioxidant state and lipid peroxidation, as demonstrated
in the study. After receiving AMAF, diabetic rats’ antioxidant
enzyme activity was restored. This might be due to the
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antioxidant potential of the AMAF, which aids in the repair
of the antioxidant protecting system by detoxifying and
avoiding lipid peroxidation. This finding is supported by
A. malabarica’s antioxidant activity in in-vitro [70]. This
antioxidant impact might be attributed to improved glycemic
control and insulin levels, as well as the consequences of
active ingredients such quinic acid, lutetolin, kaempferol,
caffeic acid, and chlorogenic acid. The necrosis of the islets of
Langerhans was discovered in pancreatic tissue, which could
be the underlying cause of the reduced insulin levels seen in
diabetic animals [62]. Similar histology in the pancreas of
STZ-diabetic rats has been observed by others [72]. AMAF
treatment repaired the abnormal architecture of pancreatic
tissue in diabetic rats, according to the study. This might
be because AMAF contains phytochemicals that help the
pancreas regenerate. As a consequence of decreased glycogen
levels and fat droplet production, chronic hyperglycemia and
hyperlipidemia cause degenerative changes in the histology
of the liver, including abnormal location and infiltration of
hepatocytic nuclei [73]. AMAF-treated diabetic rats revealed
regenerative changes in hepatic tissue, which might be
connected to decreased tissue lipid profiles and better
antioxidant mechanisms, according to our results. The
kidneys of STZ-induced diabetic rats showed renal lesions,
cell debris disseminated in tubular lumina, increased tubular
epithelial cell thickness, extensive cellular infiltration, areas
of bleeding in interstitial tissue, and degeneration with larger
Bowman’s capsule. In diabetic rats, however, treatment
with AMAF restored these changes, demonstrating that it
possesses renoprotective characteristics in hyperlipidemia
and hyperglycemia [62,63]. A partial or complete absence
of insulin impairs glucose homeostasis in both humans and
rodents, reducing hexokinase levels, glucokinase enzyme
activity, and GLUT-2 expression [74]. Insulin also supports
the synthesis of hepatic glycogen by mobilising glucose and
generating glycogenesis and glycolysis substrate. G6Pase
and FBPase, two key gluconeogenesis enzymes, are also
inhibited, which prevents hepatic glucose production. These
data show that restoring hexokinase and glucose kinase
activity improves diabetes management by restoring normal
glucose levels [75,76]. As evidenced by semi-quantitative
PCR data and enzyme activities, oral administration of
the active fraction of A. malabarica increased hexokinase
activity in hepatic and renal tissues, as well as upregulated
hepatic glucokinase expression, by stimulating the pancreas’
remnant or regenerated cells to secrete more insulin,
promoting glycolysis and glycogenesis while inhibiting
gluconeogenesis. Medicinal plant preparations have been
shown to have beneficial effects on glucose metabolism
enzyme activity in the past [77-79], which is compatible with
our results. PEPCK, G6Pase, and FBPase all play a role in the
gluconeogenic pathway. The expression and/or activity of
PePCK, G6Pase, and FBPase have been found to be indicators
of hepatic glucose production [79,80].
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An ethanolic extract of Artemisia dracunculus inhibited
PEPCK expression in STZ-induced diabetic rats, decreasing
hepatic glucose production [81]. In diabetic rats, AMAF
decreased PEPCK expression, likely reducing hepatic glucose
production. Insulin suppresses the activities of G6Pase
and FBPase under normal conditions. The insulinogenic
activity of AMAF [62], which was complimented by the T-cell
regeneration function of AMAF reported in our work, and/or
the insulin-sensitizing effect of AMAF [62], might explain why
these two enzymes were suppressed when diabetic rats were
given AMAF. Glucose-6-phosphate dehydrogenase catalyses
the rate-limiting step of the hexose monophosphate shunt.
G6PD activity in hepatic and renal tissues was much lower
in STZ-induced diabetic rats than in normal rats. Insulin
increases glucose 6-phosphate dehydrogenase activity in
a dose-dependent manner [82-89]. AMAF significantly
increased glucose 6-phosphate dehydrogenase activity in our
mice, likely through boosting insulin production, according
to our findings.

Besides that, previous research has shown that people
with diabetes lose weight and have lower protein and
glycogen substance level in their tissues as a result of insulin
deficiency as well as resistance, resulting in excessive
breakdown or loss of structural tissue proteins and fat
degradation as a result of glucose homeostasis disturbances
[83,84]. STZ-induced diabetic rats exhibited considerably
lower body weights, protein, and glycogen content in their
tissues than normal control rats, according to this study.
AMAF-treated rats, on the other hand, were significantly
protected against body weight loss, protein and glycogen
breakdown in tissues, indicating that AMAF may have anti-
diabetic characteristics. Prior study [85-90] indicated that
diabetic rats’ hepatic and renal organs had increased body
weights, protein, and glycogen levels following treatment
with medicinal plants or their derivatives. We deduce that
the active fraction of A. malabarica leaves (AMAF) has a
significant glucose lowering and glycemic control effect based
on our previous and current results. It’s also possible that the
active portion activates and/or regenerates pancreatic cells,
leading the pancreas to produce more insulin. Quinic acid,
chlorogenic acid, caffeic acid, luteolin, and kaempferol are
some of the phytochemicals involved in AMAF’s anti-diabetic
properties [91-98].

The oral administration of the active fraction of A
malabarica (AMAF) reduced the pathological changes
associated with STZ-induced diabetes mellitus in
experimental rats, according to Kotha et al. The AMAF has
beneficial effects on body weights, glycogen, protein, GLUT-
2, hepatic and renal functional indicators, lipid peroxidation,
carbohydrate metabolic enzyme activities, and antioxidant
enzyme activities, according to the results of the study. AMAF
may have anti-diabetic characteristics in regulating glucose

Kulshreshtha M, et al. An Overview of Anti-diabetic Efficacy and Biochemical Mechanism of

homeostasis and protecting hepatic and renal tissues from
oxidative damage, perhaps delaying the development of
diabetes mellitus’ secondary complications.

Conclusion

Oral treatment of the active fraction of A. malabarica
(AMAF) in experimental rats decreased the pathological
alterations associated with STZ-induced diabetes mellitus.
According to the findings of the research, the AMAF has
favourable effects on body weights, glycogen, protein, GLUT-
2, hepatic and renal functional indicators, lipid peroxidation,
carbohydrate metabolic enzyme activities, and antioxidant
enzyme activities. AMAF may have anti-diabetic properties
in that it regulates glucose homeostasis and protects
hepatic and renal tissues from oxidative damage, perhaps
delaying the onset of diabetes’ secondary consequences. The
antioxidant potential of the AMAF, which aids in the repair
of the antioxidant protecting system by detoxifying and
avoiding lipid peroxidation. This antioxidant impact might be
attributed to improved glycemic control and insulin levels, as
well as the consequences of active ingredients such quinic
acid, lutetolin, kaempferol, caffeic acid, and chlorogenic acid.
The necrosis of the islets of Langerhans was discovered in
pancreatic tissue, which could be the underlying cause of the
reduced insulin levels seen in diabetic animals. This article,
concludes that the AM could be a used as medicinal plant to
treat diabetes for its safe and effective anti-diabetic potential.
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