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ABSTRACT

Diabetes mellitus (DM) is a serious and complex metabolic disorder
characterized by elevated blood glucose levels. In recent years, researchers have gained
much more interest in natural products as alternative sources for diabetes treatment.
Though many potential agents have been identified, their clinical utility is limited
because of their adverse effects. Therefore, there is a keen interest in discovering natural
compounds to treat diabetes efficiently with fewer side effects. Dalbergia latifolia (DL)
has been explored extensively because of its diverse pharmacological activities,
including diabetes. Therefore, the present research work aimed to identify and isolate
the potential antidiabetic agents from the heartwood of DL.

Initially, the thirteen active constituents of DL were identified based on the
literature, and the identified compounds were pharmacoinformatically evaluated using
SwissADME, Molinspiration, Protox-ii, and PyRx web tools. Based on the results
obtained from the pharmacoinformatic evaluation, compounds with good potential for
diabetes were selected and further screened by /n silico docking. In the Lipinski rule of
5, except compound 7 (molecular weight >500), all the compounds obeyed this rule.
All compounds except compound 1 exhibited better aqueous solubility. In the
pharmacokinetic study, all the compounds except compounds 7 and 12 showed
improved gastric absorption if taken orally, and compounds 7, 8, 9, and 12 are less
likely to cross the BBB. In the lead likeness, compounds 1, 3, 4, 5, 9, 10, and 13 are
likely lead-like compounds. In the bioactivity score, among the GPCR ligands,
compounds 7, 8, 10, and 12 are highly active in ion channel modulator activity, and
compounds 3 and 12 are highly active in kinase inhibitor activity. All the compounds
are moderately active in nuclear receptor activity. Compounds 3, 8, 9, 11, and 12 are
highly active in protease inhibitor activity, and only compound 12 is highly active in
enzyme inhibitory activity, except for compounds 1, 2, 4, 5, and 6, which are highly
active. Among the predicted toxicology classes, compounds 1, 4, and 13 belong to class
5, indicating that the LDso values range from 2500 to 4000 mg/kg.

Auto dock vina was used to check the binding affinity of the compounds with
the target (a-amylase). Among all compounds 1,2,7,8,9, and 11 showed lower binding
affinity in the range of -9.0 k/cal and -7.4 k/cal for a-amylase enzyme (IHNY). They



also formed bonds with the crucial amino acids of IHNY. Among all the compounds
that showed better therapeutic potential, we successfully extracted Dalbergin (DGN)
and Isoliquiritigenin (ISG) from the heartwood. We evaluated their antidiabetic
potential both in vivo and in vitro. a-amylase activity inhibition of ISG and DGN was
found to be 99.05 + 8.54% (IC50 = 0.6025 ng/mL) and 84.68 + 5.2% (IC50 = 0.0216
pg/mL) respectively. Glucose uptake assay revealed DGN (158%) promoted maximum
uptake compared to ISG (77%), which was over control. /n vivo, anti-diabetic activity
was evaluated by inducing diabetes in SD rats with the help of low-dose (35 mg/kg )
Streptozotocin (STZ) and a High-fat diet (HFD). After the continuous administration
of DGN (5 mg/kg, 10 mg/kg) and ISG (5 mg/kg, 10 mg/kg) for 14 days, we observed a
reduction in the blood glucose levels, body weight, blood urea, serum creatinine, serum
glutamate oxaloacetate transaminase, serum glutamate pyruvate transaminase, alkaline
phosphatase levels, low-density lipoprotein, total cholesterol, very low-density
lipoprotein than diabetic control group indicates the potency of ISG and DGN against

diabetes.
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1. INTRODUCTION

DM is a complicated metabolic disorder that causes high blood sugar levels,
excessive thirst, increased hunger, and frequent urination (1). Elevated blood glucose
levels are mainly caused by insufficient insulin from the pancreas, problems with
insulin secretion, unresponsive pancreatic 8 cells, and an excess of glucose produced
from the liver (2). The prevalence of high blood sugar levels significantly affects the
occurrence of both nervous and vascular complications (3).

The International diabetes federation (IDF) released its latest data Nov, 2021,
revealing that 536.6 million people worldwide have diabetes, with projections
indicating up to 783.7 billion cases worldwide by year 2045 (4) is shown in Fig 1.
Among all types of DM, type 2 diabetes was the most prevalent in all age groups (96%)
(5). Recent research conducted by multiple investigators has revealed that closely
monitoring and controlling blood glucose levels can significantly reduce the occurrence

of DM and its associated long-term complications (6).

EPIDEMIOLOGY OF DIABETES

W 2000
m2011
2021
H 2030

W 2045

Fig.1. Prevalence of diabetes and its projection by 2045 . (Data was shown in millions)

A glucose rich environment over time causes several physiological and pathological
alterations. The harmful effects of hyperglycemia on cells , tissues, and organ systems

are intensified through various mechanisms. In addition to causing oxidative stress,
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hyperglycemia can also increase the polyol pathway, activate protein kinase C, improve
the hexosamine biosynthetic pathway, encourage the production of advanced glycation
end products and gene expression. Further, chronic hyperglycemia damages the
pancreatic B cell and causes insulin resistance, which results in severe complications
(3). In T2DM patients, strict blood glucose management has successfully decreased
microvascular consequences, according to the United Kingdom Prospective Diabetes
Study (UKPDS)(7).

Controlling blood sugar levels after meals helps minimize the risk of side effects
and improves the overall health of individuals with diabetes (8). An effective way to do
this is to promote glucose uptake into skeletal muscle by restricting or delaying the
release of glucose into the bloodstream by inhibition of alpha amylase (9,10). Inhibiting
this enzyme can significantly lower the blood glucose level after a meal, assisting in
controlling blood sugar. The researchers aim to use a-amylase inhibitors to regulate
carbohydrate digestion and increase GLUT4 activity for targeted sugar control and
better metabolic health.

Increasing GLUTH4 translocation may greatly enhance insulin sensitivity and overall
glucose uptake by muscle and adipose tissues, which are essential factors in managing
conditions like T2DM and obesity (11). In addition, initial findings from clinical trials
indicate encouraging benefits, with participants demonstrating improved glycaemic
management and decreased insulin resistance after incorporating a-amylase inhibitors
(12,13).

Our body's organs have specific functions that help to regulate blood sugar levels.
These functions open exciting possibilities for developing medications that can assist
in managing diabetes and enhancing overall health. Synthetic antidiabetic drugs are
readily accessible and target different body areas to lower blood glucose levels
effectively. These targets include the placenta (a-amylase and glucosidase inhibitors),
brain and stomach (DPP4 inhibitors, GLP-1 analogues), pancreas (sulfonylureas,
meglitinides, = DPP4-inhibitors, = GLP-1 analogues), liver  (biguanides,
thiazolidinediones), muscle, and adipose tissue (glitazones-muscles and adipose tissue)
(10). Empagliflozin, canagliflozin, dapagliflozin, and ertugliflozin are new medications
approved by the European Medical Agency (EMA) (14), and sotagliflozin (LX4211),

LX2761, semaglutide, HMS5552, and advanced smart insulin formulations are in

2



clinical trials (15). These synthetic drugs are showing inadequate efficacy and
producing many undesirable effects like hypoglycemia, weight gain, metabolic
acidosis, reduced vitamin B> absorption, edema, cardiac failure, flatulence, and
inflammation of the pancreas (16).

Nevertheless, the exorbitant prices and side effects associated with these
medications have intensified the exploration of alternative therapies. Historically, using
plant parts or crude extracts has been common in treating various diseases, a traditional
approach documented in the research literature. Incredible plant sources have
demonstrated remarkable efficacy in managing diabetes and offer a potential approach
to this problem (17). A surprising variety of natural phytoconstituents have been found
to have hypoglycemic properties. These include steroids, chalcones, carotenoids,
tannins, saponins, peptides, lipids, glycopeptides, flavonoids, alkaloids, terpenoids,
phenolics, and even lesser-known compounds such as iridoids and imidazolines (18).
Their proven antidiabetic properties make them an exciting avenue for seeking relief
and improving overall wellness. More than 800 plants have been studied scientifically
for their antidiabetic activity (19)(20). In conventional medical systems across the
globe, numerous species of Dalbergia are utilized to treat a wide range of disorders
(21).

Dalbergia latifolia (DL) (synonymous name Dalbergia emarginata Roxb,
Amerimnon latifolium Roxb Kuntze.), widely recognised as Indian rosewood, is a
member of the genus Dalbergia and family Fabaceae (Leguminosae). Traditionally, the
decoction of bark was given in diarrhoea (22), bark and leaves were used for leprosy
(23,24), and oil was used for skin diseases (25). In recent years, DL has been in the
limelight due to its pharmacological actions. Recent studies have shown that DL has
antitermitic action (26), anthelminthic activity (27), antibacterial activity (25),
antifungal activity (26), cerebroprotective effects (28), antioxidant activity (29),
hemolytic activity (30), immunomodulatory activity(31), nootropic, anxiolytic activity
(32), in vitro anticancer activity (33) and antidiabetic activity (34).

In silico analysis using advanced computational techniques allows researchers to
test and analyse plant-derived pharmaceutical compounds virtually. By mapping the
interactions between these compounds and biological targets, scientists can identify

promising candidates for further research, saving valuable time and resources. This
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data-driven approach enables rapid screening of a large drug area for new effective and
safe plant-based therapies and increases opportunities related to the discovery (35)

ADMET (absorption, distribution, metabolism, excretion, and toxicity) assays are
important complements to in silico studies and provide important insights into the
pharmacokinetics and toxicology of plant-derived compounds. These comprehensive
assays help to understand the composition of these compounds and their derivatives in
the human body, ensuring that only promising candidates move forward in the drug
development process. ADMET assays effectively mitigate the risks associated with
conventional drug-discovery methods by providing a pre-assessment priority that can
control drug potential absorption, distribution, metabolism, and toxicity management.
Combining in silico and ADMET assays could revolutionise the biopharmaceutical
industry by accelerating the discovery and development of plant-based therapeutics
(36).

These compounds bind to an enzyme called a-amylase, reducing its ability to
break down carbohydrates efficiently. Plant-derived o-amylase inhibitors are
increasingly important in promoting overall health and well-being, supported by a
growing body of scientific evidence.

Recent studies have shown that various extracts of plant parts consist of alkaloids,
glycosides, flavonoids, phenols, resins, tannins, steroids, and carbohydrates (32,37,38).
The bark extract of DL exhibited antidiabetic activity (34), while the leaf extract
showed in-vitro o-glucosidase activity (39). However, the specific constituents
responsible for this activity and their underlying mechanism have yet to be evaluated
thus far. In this study, we initially identified the active constituents of DL and
performed in-silico molecular docking against the a-amylase enzyme. We also studied
the ADMET properties of the molecules, which found more potential against a-
amylase. Finally, two compounds were isolated, namely Dalbergin (DGN) and
Isoliquiritigenin (ISG). Next, our study investigated in vitro a-amylase inhibitory
activity and in vivo DGN and ISG antidiabetic activity using low-dose STZ and HFD.

DGN belongs to the neoflavones class of chemical compounds and is extracted
from Dalbergia species. The structure of these neoflavonoids is derived from the
skeleton of 4-phenylcoumarin. It possesses anti-inflammatory, anti-cancer (40), anti-

ulcerogenic, anti-osteoporotic (41) and antioxidant properties (42).
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One of the most prevalent chalcone type flavonoids ISG is extracted from the
roots of the liquorice plant, Glycyrrhiza species. Because of its potential health benefits
and pharmacological properties, including antioxidant, anti-inflammatory (43), anti-
microbial(44), anti-diabetic(45), hepatoprotective(46), cardioprotective (47) and
anticancer activities, ISG has attracted a lot of attention in the medical and nutritional
fields in recent years (48).

The search for antidiabetic drug activity in animal models is an essential step in
developing novel therapies for diabetes. Intensive preclinical studies in animal models
can yield important information about potential antidiabetic agents' efficacy, safety, and
mode of action. Well-designed animal studies using appropriate mouse or mouse strains
can study the glucose-lowering effects of candidate drugs and other key markers of
diabetic health, pancreatic function, and diabetic complications; their impact can be
seen more clearly (49). A high-fat diet (HFD) with streptozotocin (STZ)
supplementation is a common animal model used to study type 2 diabetes and its
complications in rats. This model mimics human type 2 diabetes, which, many times,
begins with insulin resistance, followed by progressive pancreatic beta cell dysfunction.
STZ by itself merely induces betacell dysfunction, whereas high fat diet induces

insulin resistance (50).
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2. REVIEW OF LITERATURE

One of the most significant public health challenges worldwide after cancer and
heart disease is diabetes. Despite the advancement of medications and medical
approaches, effective diabetes care remains a challenge, and these aspects are the focus
of studies worldwide (51).

Elevated blood glucose levels and abnormalities in the metabolism of fat, protein,
and carbohydrates are the hallmarks of diabetes mellitus. Insulin is the hormone
secreted by the endocrine gland pancreas (52). Disturbances in insulin secretion or
decreased insulin function in our body lead to increased blood glucose levels. Elevated
blood glucose increases water intake, frequent urination, hunger, and weight loss. Full
or Partial insufficiency of insulin secretion damages the eyes, kidneys, neurons, brain,
heart, and extremities. Many predisposing parameters play a vital role in the
development of diabetes. Age, sex, genetics, ethnicity, and family history also
contribute to the development of diabetes (53).

2.1. Epidemiology

Diabetes is currently one of the most significant public health challenges
worldwide, after cancer and heart disease. It is widely prevalent and poses a
considerable health risk in people of all ages due to its involvement in multiple body
systems and the occurrence of serious complications (51). The World Health
Organization (WHO) estimates that diabetes affects more than 537 million individuals
worldwide. According to projections, this number would rise to 700 million by 2045.

Almost ninety percent of the cases are suffering from Type 2 diabetes, which is mainly
induced by overweight and decreased physical activity. According to the Indian
Diabetic Federation (IDF) 2021 data, the prevalence of diabetes in the top three
countries is China (10.6%), India (9.6%), and the USA (10.7%). Without strict
guidelines, the trend is expected to reach 10.4 % in 2030 and 10.8 % in 2045 in India
(54).

2.2. Etiology

The specific root cause of diabetes is unknown, but many factors contribute to its
development, including overweight, sedentary lifestyle, unhealthy diet, and genetic
predisposition (55). Insulin is the hormone secreted by the endocrine gland of the

pancreas to control the elevated levels of blood glucose (52). B cell dysfunction and
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insulin resistance (IR) are triggering factors of hyperglycemia, leading to the
development of Type 2 diabetes (56). Elevated blood glucose increases water intake,
frequent urination, hunger, and weight loss. Full or partial insufficiency of insulin
secretion damages the eyes, kidneys, neurons, brain, heart, and extremities. Age, sex,
genetics, ethnicity, and family history also contribute to the development of diabetes
(57).

2.3. Types of Diabetes

According to the WHO, diabetes is classified into four major types.

2.3.1. Type 1 diabetes (Insulin-dependent diabetes mellitus -IDDM)

Total deficiency of insulin secretion in the body occurs in type 1. 5- 10% of the
diabetic population belongs to this kind of diabetes. People who have Type 1 diabetes
require a regular dose of insulin. It often occurs in children (Juvenile diabetes) and
adults. Autoantibodies are the primary reason and are initially found in 85-90% of
patients with fasting hyperglycemia. The development of this specific type of diabetes
can be attributed to the damage caused to pancreatic cells by cellular-mediated
autoimmunity. This mechanism plays a significant role in triggering the condition.
Markers of autoimmunity include autoantibodies against the protein tyrosine
phosphatases [A-2 and TA-2b, islet cell autoantibodies, insulin autoantibodies, and
Glutamic Acid Decarboxylase GAD (GAD65) autoantibodies. In certain people, such
as newborns and young children, the rate of B-cell death is quick, whereas in adults, it
is slow (58).

2.3.2. Type 2 diabetes (T2DM) (non-insulin-dependent diabetes mellitus-NIDDM)

It arises from a decrease in the body’s insulin production or insufficient insulin
secreted to reduce elevated blood glucose levels caused by insulin resistance. T2DM
accounts for 90-95% of the diabetic population, and these patients do not require insulin
for a lifetime. It may be asymptomatic in some patients, but gradually, the sugar level
will increase daily. In many patients, insulin resistance is the major root cause of
obesity, diabetes, thyroid, autoimmune disorders, and cancer. When there are no
symptoms, and this kind of diabetes goes misdiagnosed for a long time, hyperglycemia

slowly rises (58).



2.3.3. Gestational diabetes

It occurs in pregnant women (gestational diabetes) due to elevated blood glucose
levels. Pregnant women are strongly advised by the American Diabetes Association
(ADA) to undergo diabetes testing at their initial prenatal appointment. In most cases,
gestational diabetes disappears after delivery. The criteria were applicable whether the
problem remained after pregnancy, and it did not rule out the potential that undetected
hyperglycemia may have emerged concurrently during or before the pregnancy.
However, in most cases, gestational diabetes is resolved with timely delivery (58).
Gestational diabetes mellitus complicates around 7% of pregnancies, resulting in more
than 200,000 cases per year (59).
2.3.4. Secondary diabetes

The term "secondary diabetes" refers to a type of diabetes that occurs when the
beta cells in the pancreatic islets are damaged and when an acquired condition, such as
endocrinopathies, leads to insulin resistance. In some cases, insulin secretion and 3 cell
functioning are both normal. Other factors are contributing to increased blood glucose
levels. Ex: Pancreatitis, steroid-induced diabetes, viral infections destroying f cells of
the pancreas, etc (58).
2.3.5. Other forms of diabetes
2.3.5.1. Maturity onset diabetes of the young (MODY)

Genetic mutation causes MODY'. If a parent carries this gene mutation, there is
a 50% chance that any of their children will inherit it. Irrespective of an individual’s
lifestyle, weight, or ethnicity, the manifestation of MODY in a child is typically
observed before the age of 25 if they inherit the mutation (58) .

2.3.5.2. Neonatal diabetes

A gene alteration that affects insulin synthesis contributes to the development of
neonatal diabetes and increases glucose levels significantly. Neonatal diabetes is of two
types: 1) Transient and 2) Permanent. Transient neonatal diabetes is a condition that
typically resolves on its own before the child reaches one year of age. However, it's
important to note that permanent neonatal diabetes, which accounts for 40% to 50% of

cases, does not go away and lasts indefinitely (58).



2.3.5.3. Wolfram syndrome

It is a rare genetic syndrome consisting of four conditions: diabetes mellitus,
Diabetes Insipidus, Deafness, and Optic Atrophy. It is caused by mutations in the WFS1
or WFS genes and affects one in 500,000 people (60).

2.3.5.4. Alstrom syndrome

It is an autosomal recessive genetic disorder that originates from mutations in the
ALMSI1 gene. Its clinical presentation encompasses a spectrum of manifestations,
comprising obesity, type-Il diabetes, cardiomyopathy, renal failure, retinal
degeneration, and orthopedic and rheumatologic complications (60).

2.3.5.5. Latent autoimmune disease in adults (LADA)

It shares genetic features with type-1 (HLA-DQB1, INS VNTR, PTPN22) and
type-1I (TCF7L2) diabetes. It appears to be a combination of both type 1 and type 2
diabetes. Because of this, some people refer to it as type 1.5 or type 1 1/2 diabetes (61).

2.3.5.6. Type 3 and Type 3c diabetes

Type 3 diabetes is associated with insulin resistance and insulin growth like factor
dysfunction, which exclusively occurs in the brain, are the causes of Alzheimer’s
disease, one of the main causes of dementia. STZ induced experimental brain diabetes
shares many characteristics with AD, such as disruptions in acetylcholine homeostasis
and cognitive impairment (62).

Type 3¢ diabetes develops due to direct damage to the pancreas by external agents.
This type of diabetes is associated with pancreatitis, pancreatic cancer, cystic fibrosis,
and hemochromatosis (58).

2.3.5.7. Steroid-induced diabetes

It occurs in the patients when they are using steroids for prolonged periods. This
form of diabetes is prevalent among individuals with a higher susceptibility to
developing type 2 diabetes (58).

2.3.5.8. Cystic fibrosis diabetes

Cystic fibrosis is a hereditary disorder that affects certain people from birth. It is
usually diagnosed before the child's first birthday and is caused by inheriting a damaged
CFTR gene from both parents. Individuals diagnosed with cystic fibrosis produce dense

and adhesive mucus, which has the potential to accumulate in the lungs, pancreas, and



various organs within the body. Symptoms include high blood sugar levels, breathing
difficulties, lung infections, and digestion problems (58).
2.4. Signs and symptoms of diabetes
2.4.1. Type 1 diabetes

The primary symptoms are Nausea and vomiting. The later stage is diabetic
ketoacidosis, a metabolic disturbance characterized by the smell of acetone; the
breakdown of muscle and fat for energy leads to weight loss. In the advanced stage, it
leads to a coma and sudden death (63).
2.4.2. Type 2 diabetes

Early symptoms are increased frequency of urination, water intake, excessive
eating, and weight loss. Late symptoms are poor wound healing, blurred vision,
infections, agitation, lethargy, and ketoacidosis (64).
2.5. Diagnosis of diabetes (65).

Physicians recommended general tests to detect diabetes and monitor blood sugar
levels, as shown in Table 1.

Table 1. Categories of diabetes based on Blood sugar levels

Categories Based on Values mg/dL
Normal Pre-prandial blood sugar 70-99
Prediabetic Pre-prandial blood sugar 80-130
Borderline diabetes  Pre-prandial blood sugar 130-180
Diabetes Pre-prandial blood sugar >200
Normal Postprandial blood sugar > 140-160
Prediabetic Postprandial blood sugar > 160-180
Diabetic Postprandial blood sugar > 200
Normal Glycated hemoglobin (HbAlc) <5.7%
Diabetes Glycated hemoglobin (HbAlc) >6.0 %
Diabetic Random blood sugar >200

2.5.1. Significance of Hbalc
The hemoglobin Alc (HbAlc) blood test is a medical exam to check blood
glucose levels. It measures the percentage of glycated hemoglobin in the blood and

provides an average blood glucose reading for the previous two or three months.
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Hemoglobin that has glucose bound to it is called glycated hemoglobin. HbAlc is a
vital tool in diabetes management as it provides a long-term view of blood glucose
control. It is crucial in preventing complications associated with high blood glucose
levels. According to the American Diabetes Association, individuals with diabetes
should get their HbA 1c levels measured at least twice a year or more frequently if their
blood glucose levels are not well controlled. Maintaining HbAlc levels within the
recommended range can help reduce the risk of complications associated with diabetes.
The target HbAlc level may vary depending on individual circumstances such as age,
duration of diabetes, and other health conditions (53).
2.6. Clinically available antidiabetic medications and their mechanism of action
Subcutaneous administration of insulin is generally recommended in type I
diabetes. However, insulin is also recommended in type 2 diabetes due to the
progressive loss of pancreatic f cells. Table 2. gives the different classes of drugs used

in type 2 diabetes, their mechanism of action, and side effects.
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Table 2. List of antidiabetic drugs and mechanisms of action in treating type 2 diabetes.

Oral hypoglycemic

Mechanism of action Drugs Side effects
agent
1. Drugs bind to ATP-sensitive potassium
channels in the pancreatic B-cell membrane, Tolbutamide,
blocking the efﬂ1.1x of K+. anF1 leading to Glirr'le.pi‘ride Risk of hypoglycemia,
depolarization. This depolarization opens the  Glipizide . .
Sulfonylureas 9y ) . . Weight gain
Ca” channel. Calcium in tissues releases  Glyburide
insulin.
2. it enhances f cell sensitivity to insulin.
Biguanides It reduces liver production of glucose, . Metabolic acidosis, Weight
. . . . e Metformin L.
(metformin) increases insulin sensitivity. loss, Reduced vitamin
Enhances the sensitivity to insulin B12 absorption, weight loss
Thiazolidinediones It sti‘mulates g‘amma isoform of PPARs Rgsiglitazone Weight gain,
(TZD) (peroxisome proliferator-activated receptors)  Pioglitazone Edema,

and reduces insulin resistance.

Cardiac failure.
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a-glucosidase
inhibitors

Meglitinides

Amylin analogues

DPP-1V inhibitors
GLP-1
agonists (incretin
mimetic drugs

GLT-2 inhibitors

It inhibits a-glucosidase, an enzyme that
breaks down starch and disaccharides into
monosaccharides.

Drugs bind to ATP-sensitive potassium
channels in the pancreatic B-cell membrane,
blocking the efflux of K" and leading to
depolarization. This depolarization opens the
Ca’" channel, and calcium in tissues releases
insulin.

It mimics the effects of the pancreatic
hormone amylin. It Reduces glucagon release
and gastric emptying.

Increase the levels of incretin, GLP, and GIP
Reduces glucagon secretion and reduces

hepatic glucose output.

Prevention of reabsorption of blood glucose
from the proximal tubule of the kidney

Acarbose
Voglibose
Miglitol.

Nateglinide
Repaglinide

Pramlintide

Saxagliptin, Sitagliptin

Exenatide,
Liraglutide,
Albiglutide

(Canagliflozin,
Dapagliflozin,

Flatulence, diarrhoea,
feeling of satiety

Risk of hypoglycemia
Weight gain

Risk of hypoglycemia

the

Gastrointestinal complaints,

inflammation of the pancreas
Vomiting, inflammation of

the pancreas, and pancreatic

cancer

Genital yeast infections, UTI,

frequent urination.

13


https://www.amboss.com/us/knowledge/General_mycology#xid=KM0Upg&anker=Z1376b189aaece66ba470501afc5faf90

Overall, drug therapy in T2DM improves insulin sensitivity, increases glucose
utilization by muscles, decreases hepatic glucose output, and reduces the
gastrointestinal absorption of carbohydrates.

2.7. Diabetic complications

Extremely high blood sugar levels in individuals with diabetes can pose
significant threats to the health and quality of life for individuals living with this
condition. There are two types (66).
2.7.1. Microvascular

Long term elevated blood sugar levels cause damage to small blood vessels all

over the body, which results in complications like Diabetic retinopathy, diabetic
nephropathy, and diabetic neuropathy. If diabetic retinopathy is not treated , it can cause
blindness, similarly, diabetic nephropathy can cause renal failure that necessitates
dialysis or a kidney transplant. Diabetic neuropathy can also result in severe pain and
loss of sensation in the extremities, which raises the possibility of infections or injuries
that might not be discovered until they are severe.
2.7.2. Macrovascular

Macrovascular complications of diabetes are a critical concern that demands
immediate attention. Long term high blood sugar levels can cause blood vessels to
harden and narrow, increasing the risk of macrovascular problems, such as
cardiovascular disorders like heart attacks and strokes, in people with diabetes. This
vascular damage not only increases the risk of life threatening events but also
contributes to poor health outcomes that can diminish quality of life.
2.7.3. Mechanisms of diabetic complications
Increased intracellular hyperglycemia and insulin resistance in the target cells of
diabetic complications, causes increased mitochondrial super oxide free radicals, which
also directly deactivates two anti-atherosclerotic enzymes, prostacyclin synthase and
eNOS, and activates five pathways involved in the pathophysiology of complications.
These include increased flux of glucose and other sugars through polyol pathway
expression of the receptor and production of advanced glycation end products (AGEs),
hyper glycemia induced activation of protein kinase ¢ (PKC) isoforms, and over activity

of the hexosamine pathway . But T2DM lacks a definitive inheritance pattern, however
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numerous affected individuals have atleast one close relative, such as a parent or sibling
with the disease.

2.7.3.1 Polyol pathway: 1t was first described in 966. The enzyme aldose reductase is
the focus of polyol pathway. Normally, Aldose reductase converts harmful aldehydes
into the cell to inert alcohol. However, when glucose content is too high, this enzyme
converts glucose to sorbitol, which is subsequently oxidized to fructose by the enzyme
sorbitol dehydrogenase (SDH), with NAD" as a cofactor. NADPH is the cofactor
required to produce intracellular glutathione. Reduced glutathione levels are decreased
by polyol pathway, making cells more vulnerable to intracellular oxidative stress (67).
2.7.3.2 Advanced glycation end products (AGEs)

When blood sugar and protein or fat mix together dangerous substances known as
AGEs are created. There are 3 main pathways that intracellular AGE precursor
production can harm cells (68).

1. Modification of the intracellular protein which is involved in the control of gene
transcription.

2. AGE precursors are diffusing out of the cell and altering the nearby extracellular
matrix molecules, which alters matrix cell signaling and results in cellular dysfunction.
3. The diffused AGE precursors diffuse out of the cell and alter blood proteins like
albumin.

A variety of cells and tissues may be impacted by AGE-modified proteins in the blood
stream. It has been demonstrated that a particular AGE receptor (RAGE) mediates
signal transduction by producing ROS, activating NFkB. And p21 ras (69).

2.7.3.3. Hyperglycemia induced activation of protein kinase c (PKC) isoforms

A molecule known as Diacylglycerol, an essential activating cofactor for the classic
isoforms of protein kinase-C, -f, -8, and -a, is synthesized in greater amounts when
cells experience internal hyperglycemia. When PKC is activated, it has range of effects
include increase in vasoconstrictor endothelin-1, transforming growth factor-f,
plasminogen activator inhibitor-1 and decrease in vasodilator producing endothelial
nitric oxide synthase (eNOS)(70). Overall, activation of PKC leads to blood flow
abnormalities, vascular occlusion, increased pro inflammatory gene expression and

production ROS. Numerous animal studies, including Ishii H ef al., demonstrated that
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inhibition of oral PKC inhibitor stopped early alterations in the diabetic kidney and
retina (71).
2.7.3.4. Hexosamine pathway and over modification of proteins by N-acetyl
glucosamine.
When cell’s glucose levels are elevated, most of the glucose is metabolized through
glycolysis, first to glucose -6-phosphate, then to fructose -6- phosphate and then on
through the rest of the glycolytic pathway. But some of that fructose -6- phosphate is
diverted into a signaling pathway, where it is converted to glucosamine-6-phosphate
and then to uridine diphosphate (UDP) N acetyl glucosamine for the final step. This
was added to the serine and threonine residues of transcription factors and other
proteins. This over modification results in pathological changes in gene expression
leading to elevation of specificity protein 1 (transcription factor), resulting increased
expression of transforming factor B1 and plasminogen activator inhibitor-1. Litty et al.,
demonstrated that hypoglycemia induces abnormalities in porcine kidney cells
mediated through hexosamine pathway (72). Clark RJ et al., demonstrated that
hyperglycemia impairs cardiomyocyte calcium cycling through increased N acetyl
glucosamine (73).

2.8. Carbohydrates and diabetes

Glucose is the primary source of energy for body cells. Glucose comes from the
liver and the digestion of carbohydrates in food and drinks. The pancreas produces
insulin, which acts like a key to unlocking the cells and allowing glucose into them.
The body automatically regulates insulin levels in healthy individuals to maintain stable
glucose levels. Insulin is released continuously throughout the day, with additional
insulin released after meals. However, in type 1 diabetes, insulin must be taken
periodically to keep blood glucose levels (74).

The digestion of carbohydrates starts immediately after chewing the food in our
mouth. The inhibition of glucose absorption is one of the key strategies used to treat
diabetes. The digestive enzyme o-amylase facilitates the hydrolysis process of starch,
forming a mixture of oligosaccharides. These oligosaccharides include maltose,
maltotriose, and several o-(I-6) and a-(1-4) oligo glucans (Fig.2). They are
subsequently broken down to glucose by the action of a-glucosidases which, upon

absorption, enter the bloodstream. The rapid breakdown of this dietary carbohydrate
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results in increased blood sugar levels, a condition referred to as hyperglycemia. To
control hyperglycemia, medical professionals frequently prescribe antidiabetic
medications. One effective strategy is to slow down the digestion of carbohydrates. By
slowing down the breakdown of carbohydrates, these inhibitors reduce glucose
absorption, helping lower blood sugar levels after meals (75).

2.9 Role of phytoconstituents

Phytoconstituents, which are bioactive compounds derived from plants, have been

shown to exhibit various pharmacological properties that can contribute to the
management and prevention of diabetes. Since ancient times, plant sources of
antidiabetic compounds have been widely used since they are safer and less expensive
than synthetic pharmaceuticals. These compounds include flavonoids, polyphenols,
alkaloids, and terpenes, each possessing unique mechanisms through which they can
influence metabolic processes. Research indicates that many phyto constituents can
enhance insulin sensitivity, which is crucial for maintaining normal glucose levels in
the body. Their incorporation into daily dietary practices not only offers promising
avenues for prevention but also complements traditional medical approaches aimed at
controlling this chronic disease.

In addition to exhibiting anti-inflammatory qualities, traditional herbal remedies and
functional foods are thought to improve diabetic syndromes through six noteworthy
mechanisms of action, such as increased insulin secretion and sensitivity, glucose
uptake by muscle cells and adipose tissues, inhibition of intestinal glucose absorption,
and inhibition of hepatocyte glucose production.

2.10. Lifestyle modification in diabetes

In addition to lowering blood glucose with medications, lifestyle modifications
should address any associated risk factors such as obesity, smoking, hyperlipidaemias
and hypertension.

Dietary guidelines: Daily consumption of dietary fat 25-35 %, protein intake 10-15
%, carbohydrates 50-60%, fibre intake 35 grams per day will be beneficial in the
management of diabetes (76).

Exercise: Daily 45-60 mins of exercise lowers cardiovascular risk factors, helps to
lose weight, improves blood glucose control in T2DM. Insulin actions in the muscle

and liver can be modified by the exercise and physical activity(77).
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Sleep: insufficient sleep and poor sleep hygiene were linked to increased HbAlc
levels in adults with T2DM. High fasting glucose concentrations are observed in below
5-6 hrs sleep and above 9-10 hrs sleep (78).

Stress management: People with diabetes experience higher levels of stress and
anxiety. Stress also increases Hbalc and blood glucose. In a experiment conducted by
araban ef al., on stress management training for 3 months successfully reduced HbAlc
levels from 8.52 to 6.1 (79).

2.11. Types of amylases

Amylase is an essential digestive enzyme secreted mainly by the salivary glands
and pancreas. However, it is also present in minute levels in other tissues in the body.
Its scientific exploration dates to the early 1800s, when it was initially denoted as
diastase before being renamed amylase in the early 20th century. The three fundamental
variations of amylases (o, B, y) exert distinct effects on carbohydrate molecules. o-
Amylase, a ubiquitous protein, is present in microorganisms, plants, animals, and
humans. In the meantime, -amylase may be found in both plants and bacteria, and y-
amylase can be seen in both plants and animals (80).

There are two variants of the amylase enzyme: P-type and S-type. P-type amylase
is produced by pancreatic acinar cells and released into the gastrointestinal system. S-
type amylase activity, which starts the digestion of carbohydrates when food is in the
mouth and esophagus, is most active in the salivary glands. S-type amylase is also
present in striated muscle, lungs, adipose tissue, fallopian tubes, ovaries, semen,
colostrum, tears, and testes (81). a-amylase hydrolyzes the -1,4 bonds of starch to

glucose, maltose, and maltotriose, with dextrin as the predominant product.

18



POLYSACCHARIDES

( 250 POST FRANDIAL
mﬂi‘ HYPERGLYCAEMIA

Eiral L
\INHIBITORS) -iw I 99 WINS

L] n

il
i Yo

e 4 MONOSACCHARIDES
PANCREATIC ENZYMES o

Fig.2. Mechanism of a-amylase inhibitors

The inhibition of a-amylase holds promise for effectively regulating blood
glucose levels in individuals diagnosed with T2DM (Fig.2.). Inhibiting this enzyme
can significantly lower the blood glucose level after a meal, assisting in controlling
blood sugar. Acarbose (o-amylase inhibitor) helps manage T2DM by reducing
carbohydrate absorption. However, it is important to note that several side effects,
including abdominal distention, flatulence, diarrhoea, and meteorism, can accompany
it (82).

The significant inhibition of a-amylase may cause these serious side effects.
Previous research has suggested that phenolic compounds derived from food could
delay glucose absorption by inhibiting carbohydrate-hydrolysing enzymes. This
approach could be considered suitable for treating T2DM. Certainly, ongoing efforts
are dedicated to exploring natural digestive enzyme inhibitors as potential means to
counteract the symptoms of diabetes, with a focus on minimizing associated side
effects. Extensive research has been conducted to discover effective and non-toxic
inhibitors of a-amylase derived from natural products to find potential treatments for
T2DM.

T2DM continues to be a significant issue in healthcare globally, even after
decades. A key component of glycemic management and the prevention of
complications from diabetes is glucose-lowering medication in combination with a

healthy lifestyle. Due to the emergence of resistance and the unfavorable consequences
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associated with the long-term usage of these drugs, significant research is now being
done to increase the glucose-lowering effectiveness of future diabetic treatments (83).
2.12. Pharmacoinformatic studies

Drug discovery is an ongoing process, but many lead compounds fail to enter the
market due to their poor pharmacokinetic parameters (35). The ideal oral medication
will reach its site of action quickly, thoroughly, and specifically after entering the
digestive tract. It won't interact or bind to similar receptors, and it won't inadvertently
bind to passing serum proteins. The perfect substance may act as a substrate for liver
enzymes and transporters that degrade or remove foreign substances from the body in
a completely predictable manner. However, in the real world, lead compounds rarely
exhibit ideal characteristics.

Drug-likeness was proposed as a valuable guide in early drug research to increase
the chances of a chemical entering and succeeding in clinical trials (84). In
pharmacokinetics, most drugs are easily absorbed, distributed, metabolized, and
excreted without producing toxicity in our bodies. These parameters (ADMET) can be
studied in computational studies using web servers. Computational methods do not
provide confirmation; they provide information about the most likely drug-like
compounds among various molecules. The methodologies have been widely
established in medicinal synthetic chemistry; nevertheless, further exploration is
needed to fully investigate their applicability in studying natural chemicals (85).
2.12.1. In silico studies

Docking has emerged as a critical tool in drug discovery. It enables scientists to
gain valuable insights into the intricate interactions between chemical compounds and
their molecular targets. By utilizing this technique, researchers can deepen their
understanding of how these compounds function at a molecular level, paving the way
for more efficient and effective drug development strategies.

2.12.2. In silico evaluation

Identifying an a- amylase inhibitor with fewer side effects is difficult because of
the complexity of diabetes and its underlying mechanisms. Although it is a challenging
task, significant progress is being made in diabetes research to develop more effective
and safer treatment options for individuals with diabetes. The screening aims to identify

potential therapeutic substances for further preclinical research in developing new
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medicines. Some proteins and their protein data bank (PDB) IDs are mentioned in

Table 3. below.

Table 3. Examples of PDBs in the evaluation of antidiabetic activity

SI1.No PDB ID Target enzyme Ref

L. INOI Glycogen phosphorylase (86,87)

2. 3G9E PPAR vy (88)

3. 2P8S Dipeptidyl peptidase 4 (89)

4. ST19 Protein Tyrosine 90)
Phosphatase 1B

5. SEQG GLUT]1 catalytic site (91)

6. 4RCH Glucokinase (92)

7. 10SE a-amylase (93)

8. 20MJ a-Glucosidase (94)

9. 3BAJ a-amylase (87)

10. ISAY Glycogen Synthase 89)
Kinase-3

11. 1EKO Aldose Reductase (89)

12. IVJT a- Glucosidase (89)

13. SNNS a- Glucosidase (87,95)

14. 2QOE Dipeptidyl peptidase 4 (90)

5. TTAA a-amylase (96)
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Before commercialization, it must show satisfactory drug likeness and
pharmacokinetic parameters (97).
2.13. Induction of diabetes in animals
STZ is an antibiotic isolated from Streptomyces achromogenes in 1960. STZ can
selectively target and destroy the B cells of the pancreas (98). This property makes it a
powerful tool for studying diabetes and other conditions involving these specific cells'
dysfunction or loss. Except for rabbits, animals like rats, mice, and monkeys are more
sensitive to STZ and produce elevated blood glucose levels, more water intake, and
frequent urination in laboratory animals, which are the characteristic features of
diabetes in humans.
2.13.1. Common methods to induce diabetes in rats
2.13.1.1. STZ only
This approach involves administering
a) Administration of a concentrated dose of STZ (200mg/kg). Within 48 hours, the
blood glucose level surpasses 500 mg/dL.
b) Administration of a concentrated dose of STZ (65mg/kg). Within 3-7 days, blood
glucose levels raise >500 mg/dL(99).
2.13.1.2. STZ+ Nicotinamide
In this model, nicotinamide partially protects against the damaging effects on the
pancreas and produces T1DM (insulin deficient) (100).
2.13.1.3. STZ+ HFD
In this model, a high-fat diet produces insulin resistance in rats, a characteristic
feature of T2DM in humans. Instead of a normal chow diet, rats are provided with High
Fat Diet (60% of total recommended calories are from fat) for 2-3 weeks. Within 3-4
days of administering 35mg/kg STZ, diabetic animals exhibit blood glucose levels
>350mg/dL (101).
2.13.1.4. Alloxan-induced diabetes
Administration of 160 mg/kg alloxan produces diabetes with a minimal mortality rate

(102).
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+¢ I phase 30 min: Decrease in blood glucose concentration.
+¢ Il phase: 1-2 hr, Increase in blood glucose concentration and low insulin level
s III phase: 4-8 hr, Decrease in blood glucose concentration.
% IV phase: 12-48 hr, Diabetic hyperglycemic phase.
2.13.1.5. Differences b/w Alloxan and STZ
Alloxan follows 4 phases(I-IV) after administration, whereas STZ follows 2
phases (II-IV) [(No phase-I) &(phase-III)] (103).
2.14. a-amylase inhibitory potential of Isolated secondary metabolites
The development of medicinal plant extracts or their secondary metabolites as a
reliable and supplemental natural medicine for treating diabetes is gaining interest due
to their widespread availability and few negative side effects. The prospective inhibitors

of the a-amylase enzyme are shown in Table 4. below
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Table 4. List of a-amylase inhibitors and their 1Cso values from various plant species

SN Botanical name of the Bioactive secondary metabolite I1Cso Acarbose ICso Ref
.No e
plant compound isolated category (mean £SD) (mean £SD)

1. Melilotus officinalis Isoquercitrin Flavonoid 9.65 +0.43 png/ml 17.68 £ 1.24 ng/ml  (104)

2. Euryale ferox Epicatechin gallate Flavonoids 0.92 £023 mg/ml 01.08 £0.1 mg/ml  (105)

3. Punica granatum Tricetin Flavonoid 0.44+ 0.12 mg/ml 0.38+0.018 ug/ml  (106)

4. Melilotus officinalis Rutin Flavonoid glycoside 11.42 £ 0.62 pg/ml 17.68 £ 1.24 ng/ml  (104)
Quercetagetin 7-O- _ _

5. Tagetes minuta L. Flavonoid glycoside 7.8 uM 7.1 uM (107)

B-D-glucopyranose

6. Phyllanthus debilis Glochidon Triterpenoid 38.15+1.4 uM 33.68 £3.12 uM (108)

7. Fassiflora ligularis Ligularoside A Triterpenoid saponin 409.8 £11.4 uM 234.1 £15.9 uyM (109)

8. Tamarindus indica L Xyloglucan polysaccharides 72.69 +£0.84 pg/ml 92.49 +£1.97 pg/ml (110)

Phenolic acid
9. Quercus variabilis Ellagic acid o 0.19 £ 002 pg/ml 0.25 pg/ml (111)
derivative

10.  Rubus chingii hu Chingiitannin A Ellagitannins 4.52 £0.30 uM 35.71 +4.93 uM (112)
Penta-O-galloyl-f-

11.  Rhus coriaria Gallotannins 6.30 +£0.18 uM 10.69 £0.50 uM (113)

D-glucopyranose

Dehydrodieugenol

12.  Ocimum tenuiflorum B Phenolic 29.6 uM 13.85 uM (114)
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Cardiospermum
13. Berberine Alkaloid 72 % at 10 pg/ml (115)
halicacabum

14.  Dregea volubilis Drevoluoside Alkaloid 51.3+£2.1 uM 36.3£ 0.5 uM (116)

The values are expressed as mean £SD. Acarbose 1is used as a standard drug
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2.15. Ayurvedic medication for diabetes

Ayurveda is a traditional practice of the Indian medical system traced back to
1000 BC. It connects physiological, psychological, and spiritual processes to live
healthily. The primary goal of Ayurveda is to balance five basic elements such as air,
water, fire, earth, and vacuum. Currently, the Indian government has brought all the
traditional systems under one roof, implemented regulations and framing policies, and
is looking for growth of the Indian medical system across the globe (117).

Ayurveda has several formulations for the management of diabetes. Commonly
used Indian herbs in the treatment of obesity and diabetes includes Triphala choornam,
kolakulathadi choornam, dhanyamala, mahashivagarba taila, balaguduchyadhi taila,
yashtimadhu panta, madanaphala yoga, avipatti choorna, K.V erandamoola Kashaya,
tilataila, honey, shatapushpa kalka, madanaphala, shilajit, A. V nimbamritadi erandam.
The top 10 plants used in the treatment of diabetes include Pomegranate, Ivy guard,
Holy fruit tree, Margosa tree, Tinospora, Turmeric, Madhunashini, Indian kino tree,
fenugreek, and bitter melon.

Despite the availability of existing antidiabetic medicines, looking for new
antidiabetic sources from nature appears desirable, as they may contain plant
constituents that have a safe and alternative impact on DM. Alternatives are required
due to the failure of existing treatments to treat all unwanted effects of diabetes, their
high cost, and reduced availability. Even though the availability of several insulin
formulations and many synthetic antidiabetic medications, there is still a need to
discover and develop innovative antidiabetic therapies. Traditionally, humans have
used plant parts or crude extracts to cure many diseases. More than 800 plants have

been studied scientifically for their antidiabetic activity (16).
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Table 5. List of Ayurvedic preparations available in India for the management of diabetes

S.No
1

Trade name/generic name

Diabetes Care kit

Diabetex strong capsule

SMB capsules

Suga Heal

Amree plus

Sanyasi Diab Controller
Tablet

Vansar Karela Jamun Juice

Manufactured by

Search wellness

Multani Pharm. LTD

Sai health care

Trigonella labs

Aimil  Pharmaceuticals

Ltd

J. A. Pharma

Shree Baidyanath
Ayurved Bhawan Pvt. Ltd.

Ingredients

Jamun Beej, Kusumakar Ras, Gurmar, Shilajit

Syzygium cumini seeds, Gymnema sylvestre, Embelica officinalis,
Trigonella foenumgraecum, Tinospora cardiofolia, coccinia grandis,
Bombex ceiba, Asphaltum punjabianum

Syzygium  cumini, Berberis Aristata, Gymnema Sylvestre,
Momordica Charantia, Curcuma longa, Pterocarpus
Marsupium,Azadirachta indica, Asphaltum punjabianum

Trigonella  foenumgraecum, Embelica officinalis, Tribulus
terrestris, Camellia sinensis, Gymnema Sylvestre, Linum
usitatissimum, Piper nigrum

Momordica charantia, Trigonella foenumgraecum, Withania
somnifera, Tinospora cordifolia, Prunus dulcis

Azadirachta indica, Momordica charantia, Syzygium cumini,
Tinospora Cordifolia, Citrus limon. Gymnema Sylvestre, Withania

somnifera, Swertia chirayita,

Momordica charantia and Syzygium cumini
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10

11

12

Diabiant Sugar Care Tablet

Good health sugar knocker

Tri-Origin Ayurveda

Daitrin Tablet

Diabza Sugar Controller

Withania somnifera, Gymnema Sylvestre, Momordica charantia,

Ambic Ayurved India Pvt

Syzygium cumini, prameha gaj kesari, Pterocarpus marsupium,
b Azadirachta indica

Ocimum sanctum, Momordica charancia, Eugenia jambolana,
Sushrut Ayurved Emblica officinalis, Tinospora cordifolia, Salacia retriculata,
Industries Pterocarpus marsupium, Gymnema Sylvestre, Curcuma longa,

Cinnamomum zeylanicum, Lagerstroemia speciosa
Gymnema Sylvestre, Enicostema axillare, Holarrhena pubescens,
JB's Natural Panchratna
Centratherum anthelminticum, Andrographis paniculata, Terminalia
Products
chebula, Tinospora cordifolia
Curcuma longa, Syzygium cumini, Aegle marmelos, Cucumis
‘ sativus, Phyllanthus emblica, Momordica charantia, Gymnema
Jiva Ayurveda
Sylvestre, Trigonella foenumgraecum, Azadirachta indica, Acacia
nilotica
Terminalia arjuna, Ficus racemose, Ficus religiosa, Mangifera
Jantayu Panchgavya indica, Cinnamomum cassia, Pterocarpus marsupium, Trichosanthes
Research Ayurveda dioica, Catharanthus roseus, Moringa oleifera, Annona squamosa,

Salacia chinensis,
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2.16. Dalbergia latifolia

Dalbergia latifolia (DL) (synonyms: Dalbergia emarginata Roxb, Amerimnon
latifolium Roxb Kuntze), also known as Indian rosewood, is a member of the Dalbergia
genus in the Fabaceae (Leguminosae) family. It is also known as Black Rosewood,
Blackwood, Indian palisander, Java palisander, Rosetta rosewood, Bombay blackwood,
East Indian rosewood, and Elite rosewood (118). It is exported to Europe under the
name of Bombay blackwood or rosewood. Genus Dalbergia is named in honor of two
brothers, Nicholas Dahlberg (Botanist) and Carl Gustav Dahlberg (119).
2.16.1. Ecology

DL is native to India and Indonesia. It is growing throughout India except for Jammu

&Kashmir, Himachal Pradesh, and Sikkim, as extreme weather conditions may be one
of the reasons (120). The genus consists of approximately 274 species across the world.
In tropical Africa (Nigeria, Kenya, Uganda, and Tanzania), it is planted on a small scale
as an aromatic plant. DL is famous for its fragrance and is grown as a decorative plant
in tropical Asia. It was also used as a shade tree in agroforestry areas (121).
2.16.2. Biology

DL grows up to 40 meters long and 180 centimeters in diameter, slightly twisted
and branchless up to 12-24 meters. In many parts of tropical Asia, DL grows in
deciduous forests at altitudes of up to 900—-1500 meters, with annual rainfall ranging
from 750 to 5000 mm. It can thrive for up to 6 -7 months in low rainfall areas (below
40mm) and survives in areas where relative humidity is 40-100%, max temp 37°C -
50°C, and min temp 15°C. In dried areas, the tree undergoes leaf shedding in January,
and new leaves emerge in April-May. Flowering starts in December and lasts until
March. Conversely, the trees maintain their green foliage throughout the year in humid
areas. They grow on vertisols and well-drained gneiss, trap, alluvial, and laterite soils.
In India, DL is reported to be scattered in forest areas, and optimum conditions for this
species are reported in the Bombay region. It is a good shade tree for coffee plants

(118).
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2.16.3. Morphological features

DL consists of a single-stemmed deciduous tree that grows up to 20-40 meters.
Different plant parts are shown in Fig.3. from A-F. The bark is thin, irregular, and grey.
Leaves are odd-pinnate, alternate, 5-7 unequal leaflets generated from the same rachies.
Flowers are white and 0.5-1 cm long. The pods are brown with 1-4 seeds. It takes 240
years for a tree to attain a max diameter of 220-250 cm and a height of 30-35 meters.

The life span of heartwood is over 120 months (122).

B. BARK C. SEEDS

E. HEART WOOD F. FLOWER

B S
SN SENAL IR

Fig.3. Morphological features of DL
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According to the Indian Forest Act of 1927, the exportation of DL wood was
illegal. It was included in the red list (vulnerable) of the International Union of
Conservation of Nature (IUCN)(90) and the “Convention on International Trade in
Endangered Species of Wild Flora and Fauna (CITES)” annexure II B (123).

Due to the low viability of seeds and indiscriminate cutting, stock growth in India
was reduced, creating a crisis in the timber industry. To overcome the situation, tissue
culture methods (Micropropagation) are utilised to speed up the production of plant
stocks. The studies reported that the DL plant can be regenerated from a young shoot
callus (124) and immature embryos without a callus (125). It was also demonstrated
that callus-mediated shoot bud formation and rooting of shoot bud formation of DL in
a suitable media. (126). Single and multiple shoots were produced from mature
rosewood trees in vitro (127)The Kerala Forest Research Institute in Thrissur, Kerala,
India, has maintained this plant's germplasm resources (128)Due to overexploitation,
Kerala, Tamil Nadu, Gujarat, and Karnataka restrict the export of DL (129).

2.16.4. Uses of DL Heartwood

Among all species of Dalbergia, DL produces the most valuable timber. The
wood of DL is well known for its applications in the wooden industry. It is used in
making passenger ships, cabinets, high-class bentwood furniture, umbrella handles,
musical instruments, handles of heavy-duty hammers, and axes. It was used in
agriculture to make wheel rims, spokes, poles, and shafts. In India, DL is planted as a
roadside tree, a soil nitrogen enhancer, and provides mulch (118). The DL trees are a
great source of forage for honeybees, yielding dark amber-coloured strong honey (130).
2.16.5. Pharmacological actions

Traditionally, the decoction of bark was given in diarrhoea since ages (22), bark
and leaves were used for leprosy (23,24), and oil was used for skin diseases (25). In
recent years, DL has been in the limelight due to its pharmacological actions (Table 6).
Recent studies have shown that DL has antitermitic action (26), anthelminthic activity
(27), antibacterial activity (25), antifungal activity (26), cerebroprotective effects (28),
antioxidant activity (29), hemolytic activity (30), immunomodulatory activity(31),
nootropic, anxiolytic activity (32), in vitro anticancer activity (33) and antidiabetic
activity (34). Recent studies have shown that various extracts of plant parts consist of

alkaloids, glycosides, flavonoids, phenols, resins, tannins, steroids, and carbohydrates
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(32,37,38). The bark extract of DL exhibited antidiabetic activity (34), while the leaf
extract showed in-vitro o-glucosidase activity(39). A few compounds, like
Isoliquirigenin, Latifolin, and all-E lutein (Table 7.) have been isolated and evaluated
for pharmacological activity. Products (Table 8.) from DL were also used in

preparations for anti-aging and essential oils.
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Table 6. Different pharmacological actions of DL extracts

SLNo  Pharmacological activity Plant part Extract Refere
nces
1 Antibacterial activity against Methanolic (25,38,
E.Coli, Staphylococcus epidermidis, 131,13
Bacillus subtilis, —Bacillus brevis. Methanolic/E  2)
Pasedomonas aeruginosa, thanolic/Chl
Proteus mirabilis, Enterococcu Bark oroform
faecalis, Roof
Staphylococcus aureus, Acinetobacter
baumannii, Citrobacter freundi,
Enterobacter aerogenes.
Staphylococcus aureus.
Antibacterial activity against E.Coli Heartwood Chloroform
and Staphylococcus aureus extract
2 Antifungal activity against Root Methanoli (133,13
Candida Albicans c/Ethanolic/ 4)
Fomitopsis palustris, Heartwood  Chloroform,
Cladosporium cladosporioides Hot light
petroleum
3 Anti-termite activity against Hot light (135,136
Reticulitermes speratus Kolbe petroleum, )
Heartwood Acetone
extract/ether
Reticulitermes speratus Kolbe soluble
fraction
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11

Antioxidant activity

DPPH

DPPH, SOD

DPPH ACTIVITY

Nitric oxide scavenging activity,
reducing

potential activity,
Ferric thiocyanate scavenging activity

Anti hyperglycaemic activity

Anti-obesity activity

Anticancer activity
MTT assay against L6, EAC, MCF 7,
HEP G2, and Hela cell lines

MCF10A (breast cancer cells)

Antioxidants (catalase, SOD, MDA,
MPA)

and cerebroprotective action

Inhibitor activity on nitric oxide
production

DPPH

Nephroprotective action

Leaves

Wood of root

Bark

leaves

Bark

Whole

plant

Root wood

bark

leaves

heartwood

leaves

Methanolic (137—

Methanolic

Ethanolic

Methanolic

Hydroalcoh
olic

Methanol

139)

(140)

(29)

(138,141

fraction of )

hydroalcoho

lic extract

Methanolic
Methanolic

Methanolic

Ethanol-
toluene
extract
Methanolic

extract

(142)

(137)

(143)

(144)
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12 Antimutagenic activity leaves Methanolic (145)

extract
13 Antihemolytic action leaves Methanolic (30)
extract
14 Nootropic activity, anxiolytic, and roots Ethanolic (146)
locomotor activity extract
15 Immunomodulatory activity bark Hydroalcoh  (147)

olic extract

Thus, this study was conducted to study the pharmacoinformatic parameters of
previously identified compounds from DL, their isolation, and evaluation for
antidiabetic activity using in vitro and in vivo methods.

2.16.6. Active Constituents of DL

Many active constituents like latifolin(136,148), O-dimethyl Latifolin(149), (R)-
Dalbergione (150), B-sitosterol, Dalbergin (151), lupeol (152), Dalbinol (153), Dalbin
(154), Latinone (155), Dalcriodain (156), Dalbergiphenol, 4-methoxy dalbergione
(157), Obtusafuran, Isoparvifuran (158) These were reported from various parts of DL.
Some essential oils, spathulenol, a-Berga motene, B elemene from DL wood were also
reported (159).

Table 7. Pharmacological activities of isolated compounds of DL

Reported
S.No Active constituent Plant part  pharmacological Ref
activity
o Cytotoxic
1 Isoliquiritigenin heartwood . (138)
activity
o Antitermitic
2 Latifolin heartwood _ (136)
action
3 All-E lutein leaves Anti haemolytic (160)

35



Table 8. DL as an ingredient in marketed products

S. No

Trade name/generic
Purpose
name
Rosewood oil Anti-ageing
Veda earth bathing soap Essential oil
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3. RATIONALE OF THE STUDY
3.1 HYPOTHESIS

Prevalence and Challenges of Diabetes Treatment

Diabetes is a metabolic disorder characterised by disturbances in carbohydrate, fat,
and protein metabolism (161). T2DM is the most prevalent form of diabetes. The
treatment of diabetes can be challenging due to uncontrolled postprandial
hyperglycaemia and genetic factors. Elevated blood glucose levels in the blood may
cause different types of complications in the body (162). Effective treatment is
challenging due to uncontrolled postprandial hyperglycemia, genetic factors, and
adverse effects of current pharmacological therapies. One practical therapeutic
approach to control hyperglycaemia is inhibiting the conversion of polysaccharides to
monosaccharides by a-amylase and o-glucosidase enzymes in saliva and the small

intestine (163).
Limitations of Existing Therapies

Acarbose, Voglibose, and miglitol are clinically approved a-amylase inhibitors
for controlling diabetes in many patients. These drugs prolong the release of
carbohydrates from the stomach and effectively control the elevation of postprandial
blood glucose (164). Approximately twenty to thirty percent of the population
experiences a variety of adverse reactions to these medications, including abdominal
discomfort, bloating, diarrhoea, and flatulence (165). These limitations underscore the
need for safer and more effective therapeutic options. Due to the lack of adequate and
safer treatment options, there is a need to identify potential candidates capable of

overcoming the above-mentioned limitations.
Potential of Plant-Derived Compounds:

In recent years, compounds derived from plants have been researched for their
potential to treat diverse chronic diseases, including diabetes. One of such teeming
plants identified recently was Dalbergia species, i.e., DL. Many DL extracts have been
reported to have utility in traditional systems of medicine worldwide in treating various
diseases. DL have shown promise due to their traditional medicinal uses for various
conditions including body aches (166), leprosy (167), skin diseases (25), and their
reported hypoglycemic properties (140).
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Knowledge Gap in Current Research

While DL extracts have demonstrated hypoglycemic activity, the specific compounds

responsible for this activity have not been identified or thoroughly studied.

These observations led to the design of the current work, which aims to conduct /n
silico studies to identify lead compounds against alpha amylase enzyme (1HNY), their
isolation and evaluate its pharmacological activity (in vitro and in vivo) toward diabetes

(Fig.4).
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3.2 AIM

Extraction, Pharmacological, And Pharmacoinformatic Evaluation of Active

Constituents of DL as Potential Antidiabetic Agents

3.3 OBJECTIVES
The objectives of the proposed research work are enlisted as:

1. Isolation of active constituents of DL by using different extractive methods

2. Structural analysis of isolated compounds by using IR, NMR, and MS spectral
methods

3. Molecular docking of active constituents with a-amylase enzyme (PDB: THNY)
and study of pharmacokinetic parameters using different computational
techniques. Identification of hit molecules based on virtual screening among all
isolative constituents.

4. In vitro Evaluation of enzymatic inhibitory activity against the a-amylase

enzyme.

5. In vivo evaluation of hypoglycaemic activity
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4. MATERIALS AND METHODS

4.1 Materials and Equipment

Table 9. List of chemicals used and manufacturer/supplier

S.No Chemical name Manufacturer/Supplier
Sodium carboxy methyl
1. Loba Chemie, Mumbai, India
cellulose
2. Methanol Molychem, Mumbeai, India
Hi-Media Laboratories Pvt Ltd,
3. Ethanol
Mumbai, India
Sisco Research Laboratories Pvt Ltd,
4. Chloroform
India
5. Diethyl ether Loba Chemie, Mumbai, India
6. Benzene ACS Chemicals, Gujarat, India
7. Light petroleum Ether Ranchem Pvt Ltd, India
8. n-hexane ACS Chemicals, Gujarat, India
9. chloroform Merck International, Gujarat, India
Sodium dihydrogen
10. Loba Chemie, Mumbai, India
phosphate
Hi-Media Laboratories Pvt Ltd,
11. Sodium citrate
Mumbai, India
12. TLC Plates Merck, USA
13. Sephadex LH20 Merck, USA
Silica gel 100-200 mesh
14. Loba Chemie, Mumbai, India
size
15. DMSO Loba Chemie, Mumbai, India
16. STZ SRL Diagnostics, India.
17. Acarbose TCI (India)
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Table 10. List of equipment used and manufacturer/supplier

S.No Equipment name Manufacturer/Supplier

1 Centrifuge REMI, RM-12C, Mumbai, India

2 pH Meter PerkinElmer, USA

3 FTIR PerkinElmer, USA

4 Electronic weighing CY360, Shimadzu Co Ltd, Japan
balance

5 Soxhlet apparatus Borosil, India

6 Rotavapor R-100, Buchi ,mumbai

7 Bath sonicator Loba Life, Lobachemie, Mumbai, India

8 Melting point apparatus Popular, India

4.2. Plant material

Heartwood of DL was collected from the Suresh Agroforestry Network
(Bangalore, Karnataka) and was authenticated by Prof. MD. Mustafa, Department of
Botany, Kakatiya University, Warangal. The plant materials were washed, dried,
powdered, and stored until further use.

4.3. Pharmacoinformatic Methods

The active constituents of DL were identified by performing an extensive
literature survey, and the pharmacoinformatic study of identified compounds was
performed.
4.3.1. Smiles of the compounds

The smiles of active constituents of DL were obtained from the PubChem
database and structure file generator, a free online tool accessible on the SwissADME
website (168).
4.3.2. ADME

Predictive ADME studies provide useful insights into how chemical compounds
function in the human body, including metabolism, distribution patterns, and their
interaction with proteins. Early ADME computation during the discovery phase has
been shown to substantially decrease the percentage of clinical failures in clinical trials

(169). Smiles of each compound are required to run the Swiss ADME tool
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(http://www.swissadme.ch). The software computes an array of parameters, including

molecular weight (MV), rotational bonds (nRB), hydrogen bond donors (nHBD),
hydrogen bond acceptors (nHBA), inhibition of cytochrome isoforms (CYP), skin
permeability (LogKp), gastrointestinal absorption (GIA), permeability, p-glycoprotein
substrate, water solubility, blood-brain barrier (BBB) and skin permeability (cLogP).
The compounds were primarily assessed for their drug-like properties using Lipinski's
rule of five. The following properties are required of drug-like compounds as per the
rule: molecular weight (MV) < 500 daltons, nHBA < 10, nHBD <5, and clogP < 5.
Additionally, substances that exhibit multiple violations of these set limits have not
been accepted (168).
4.3.3. Determination of bioactivity scores
The bioactivity score values of a compound can be used to assess its potential as

a drug candidate. Canonical SMILES strings of the compounds were acquired from

PubChem and converted into mol or. sdf files with the help of open Babel software

(139), and then added to the Molinspiration program (97). The Molinspiration web

application (https://www.molinspiration.com) was employed to forecast the effects of

bioactive synthetic compounds on various human receptors, such as ion channels,

nuclear receptors, kinases, proteases, and G-Protein coupled receptors (GPCRs) (170).
4.3.4. Determination of toxicity

The toxicity prediction of newly designed therapeutic molecules before their

utility in humans has a significant role. Using combinatorial toxicity predictions can
effectively reduce the necessity for animal testing, offering a swifter alternative to
ascertaining harmful doses on animals. The compounds' toxicity was studied using

ProTox software (https://tox-new.charite.de/protox II). ProTox-II software predicts

better than other commercial software, such as Discovery Studio's TOPKAT (171). To
forecast several toxicity endpoints, such as toxicity targets, immunotoxicity,
carcinogenicity, mutagenicity, hepatotoxicity, cytotoxicity, acute toxicity, and adverse
outcome (Tox21) pathways (Fig.5). The toxicity of the compounds was measured in
terms of the LDso (lethal dose in 50% of the population). The LDso values for toxic
dosages are frequently expressed in mg/kg body weight. As per the GHS, an
internationally recognized system for chemical classification and labeling globally,

toxicity classes are defined (172)
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« 1. Fatal (LDso <5)

2. Fatal (5§ <LDso <50)

3. Toxic (50 <LDso <300)

% 4. Harmful (300 < LDso < 2000)
5. May be harmful (2000 < LDso < 5000)
6. Nontoxic (LDso > 5000).

Tox21 Hepatotoxicity
Nuclear
receptor
signalling Carcinogenicity
pathways
Immunotoxicity
Tox21 Stress Mutagenicity
response
pathways
Cytotoxicity

Fig.5. Study of different toxicities using the Protox-II web tool

4.3.5. Docking studies
4.3.5.1. Molecular docking
Molecular docking, a virtual screening method, is a computational approach for
identifying bioactive interactions between ligands and target proteins through their
structure and orientation to the binding site (173). However, pyrx is an innovative
program that combines multiple open-source applications, such as open Babel, auto
dock, and vina, for performing docking-based virtual screening (DBVS) seamlessly

(174).
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4.3.5.2.  Protein preparation

Protein Data Bank (PDB) ID: 1HNY is the three-dimensional crystal structure of
human pancreatic a-amylase obtained from the website (https://www.rcsb.org). Biovia
Discovery Studio Visualizer was used for protein preparation.
4.3.5.3. Ligand preparation

Chem Bio 3D ultra-12.0.2 was used to minimize energy, while Chem Draw Pro
12.0.2 was used to draw the structures of ligands. Energy minimization aids in
determining the ligand's bioactive conformer form (175).
4.3.6. Extraction of Active Constituents

The active constituents having greater potential towards a-amylase inhibition

(from docking) were extracted from DL.

4.3.6.1. Extraction of DGN from DL Heartwood

DGN was extracted from DL heartwood using the method demonstrated by
Dervilla M. X. Donnelly et al. (176) With slight modifications. Briefly, DL heartwood
powder (2.5 kgs) was subjected to soxhlation using benzene (2L) as a solvent for three
days to extract the active constituents of DL. The evaporation of extract obtained after
soxhlation processes resulted in a green-coloured paste (212 gms). Then, the paste was
dissolved in acetone (500 ml) and evaporated, which produced dark red oil (157 gms).
Furthermore, the red oil was subjected to column chromatography using (60-120) silica
gel. Elution was carried out by using chloroform and chloroform-ethyl acetate mixtures
(9.5:0.5, 9:1, 3:1, 1:1, and 1:3), and nine fractions (Fr:1-9) were obtained. All the
obtained fractions were rechromatographed using benzene and ethyl acetate (5:1) to get
nine subfractions (Fr:1A-9A). Again, fractions Fr: 3A (35 gms), 4A (27 gms), and 5A
(16 gms) were eluted successfully with methanol: water (1:3). The resultant extractive
content from fractions Fr: 3A, 4A, and 5A were collected and evaporated. The obtained
powder 3A1(902mg), 4A1 (650 mg), and SA1 (110 mg) was analysed by NMR (Bruker
Avance 400 MHz). The results were compared with the chemical structures of various
active constituents of DL to confirm the specific active constituents. The structure of
fraction 3A1 was matched with Dalbergin.
4.3.6.2. Extraction of ISG from DL heartwood.

Similarly, with some modifications, ISG was extracted from DL heartwood
according to the method described in section 4.3.6.1. Briefly, DL heartwood powder
from the central trunk (1.5 kgs) was subjected to Soxhlation for 96 h using ethyl alcohol

(4L, 99.5 % pure) as the solvent. The resultant extract was concentrated using rotavapor
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(Rotavapor® R-300, 15 min) at bath temperature between 50-53 °C. Subsequently, the
extract (176gms) was subjected to chromatography on a Sephadex LH 20 column
employing varying ratios of methanol: water (30:70, 50:50, and 70:30 v/v), and four
distinct fractions were collected ( Fr:1 (3 gms), Fr:2 (15 gms), Fr:3 (4 gms) and Fr:4 (1
gm). Fr-2 was chromatographed on a silica gel column using CHCI3: MeOH (10:1) as
the solvent system (1.5L). As a result, two subfractions were obtained and named Fr-
2A (760 mg) and Fr-2B (333mg), as shown in Fig.6. Furthermore, Fr-2A and Fr-2B
were analysed by NMR, FTIR and compared with the structures of reported active
constituents of DL (177-180)
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DALBERGIA
LATIFOLIA HEART
WO0O0D e > J —
-,; EXTRACTED
' WITH SEPHADEX-
ETHYL LH-20
ALCOHOL

' MeOH: H20
30:70 50:50 70:30

EXTRACT IS COLLECTEDANDEVAPORATED y |

MeOH: H20

30:70 50:50 70:30 1
L]
Fr-1 Fr-2 Fr-3 Fr-4

CHCLs: MeOH (10:1)

Fig.6. Isolation of ISG from the heartwood of DL

4.3.7. Characterization of isolated compounds
4.3.7.1.NMR Spectral analysis (3C and 'H)
Before spectrum analysis, the solubility of the resulting fractions was examined

in CHCL3, DMF, and Dimethyl Sulfoxide (DMSO). Five milligrams of Fr 3A1 and
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five milligrams of FR-2A were dissolved in 0.4 ml of deuterated chloroform-D and
DMSO-D6, respectively.
4.3.7.2.FTIR

The mortar was filled with two to three milligrams of fraction 3A1, KBr powder
was added, and the mixture was ground thoroughly with a pestle. The sample was
placed between two stainless steel discs and put in an IR spectrum holder to prepare the
disk for spectral analysis. A similar procedure was performed for Fr.2A.
4.3.8. In vitro studies
4.3.8.1. a-amylase inhibitory activity

Determination of o-amylase activity was carried out by the GOD-POD
method(181). Final values are expressed in terms of ICso. Sample dilutions of DGN,
ISG, and acarbose [0.1, 0.5, 1.0, 2.5, 5.0, 10.0, and 25.0 ug/mL in sodium phosphate
buffer (pH 6.9)] were prepared. Enzyme solution (10 pL) containing 20 mg/mL
pancreatic a-amylase was placed in the defined well of a 96-well plate. Each dilution
(0.1,0.5, 1.0, 2.5, 5.0, 10.0, 25.0 pg/mL) was added in a volume of ten microliters, and
the resulting mixture was incubated at 37°C for 10 minutes. The reaction was started
by adding 50 pL of substrate (0.1% soluble starch), and the mixture was further
incubated at 37°C for 15 minutes. After 15 minutes, 100 uL of GOD-POD Reagent was
added to the mixture. The plate was then incubated at 37°C for 10 minutes.
Subsequently, the absorbance of the mixture was measured at a wavelength of 490 nm
using a microplate reader (iMark, Bio-Rad). Acarbose, a known standard a-amylase
inhibitor (25 pg/mL final concentration), was taken as a positive control. The
experiment was repeated thrice. The a-amylase activity of DGN and ISG was
determined, and their ICso values were calculated.
4.3.8.2. In vitro glucose uptake assay

The glucose uptake assay using L6 cell lines was carried out using the GOD-POD
method (182). L6 cells, obtained from NCCS Pune, were placed at a density of 8 x 104
cells per well in 24-well cell culture plates and cultured in standard medium for 24-48
hours. After the cells had fully differentiated, they were washed twice with KRPH
buffer, which has 20 mM HEPES, 5 mM KH2PO4, 1 mM CaCl2, 136 mM NaCl, 4.7
mM KClI, and a pH of 7.4. Subsequently, the cells were placed in glucose-free DMEM
and incubated at 37°C for 18 hours. The medium was disposed of, and the cells were
rinsed once with KRPH buffer. Different concentrations of metformin (1 mM), DGN
(313.5 pg/mL, 627 pg/mL, and 1254 pg/mL), and ISG (336 pg/mL, 672 pg/mL, and
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1344 pg/mL) were added to the cells. Then, 1-methoxy glucose (2-DG) was introduced
and left to sit for 30 minutes. After that, the cells were incubated for 30 minutes in
KRPH buffer containing 2% (v/v) bovine serum albumin and 10 mM 2-DG. The liquid
part of the cell contents was collected to estimate the amount of glucose present. To
remove any extra 2-DG, the cells were washed three times with KRPH. Next, they were
broken down using extraction buffer, frozen, thawed, and heated to 85°C for 40 minutes
to break down endogenous nicotinamide adenine dinucleotide phosphate (NAD(P)).
Finally, they were centrifuged for two minutes at 500 rpm. The resulting supernatant
was analysed for 2-deoxyglucose-6-phosphate (2-DG6P) content by a GOD-POD
Enzyme Assay Kit. Ten microliters of the sample were combined with 1 mL of reagent
(GOD-POD reagent) and incubated at 37°C for 10 minutes. Using a microplate reader,
the absorbance of the test compound (At) and standard (As) relative to the blank was
measured at 505 nm. To determine the blank value, lysates of cells not exposed to 2-
DG were examined. By comparing the data to standards, nanomoles of 2-DG were
computed. The standard was 2-DG6P, authentic. Metformin (1 mM) was utilised as the
negative control, and insulin (0.1 U/mL) as the positive control. The concentration of

glucose was calculated by using a given formula
Glucose concentration (mg/dl) = (As/At) * 100
where As= Absorbance of standard, At=Absorbance of test

4.3.8.3. In vitro cytotoxicity assay

The neutral red uptake assay is a cell viability assay that can assess compound-
induced cytotoxicity (183). In 96-well plates, the cells (5000-8000 cells/well) were
cultured for 24 hours at 37°C with 5% CO2 in DMEM (AT149-1 L) supplemented with
10% FBS (HIMEDIA-RM 10432) and 1% antibiotic solution. The media was taken out
the following day, and each plate well was filled with fresh culture medium. The
designated wells were filled with five microliters of treatment dilutions of DGN and
ISG (0, 1, 10, 50, 100, 250, 500, and 1000 pg/mL), and the treated plates were then
incubated for an entire day. The specified wells were then filled with 100 pLL of NRU
(40 pg/mL in PBS) and incubated for one hour using a Heal Force-Smart cell CO2
Incubator-Hf-90. After 1 hr, the medium was removed, and Neutral red dye was
extracted using 100 pL of destaining solution, and the absorbance was measured at 540

nm using a plate reader.
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4.3.9. Antidiabetic activity

4.3.9.1. Experimental animals

After isolation of compounds, Form-B for conducting animal experiments was
submitted. 80 SD/Wistar rats ,either sex were approved by IAEC members with
approval number LPU/IAEC/2023/25. 80 Sprague Dawley (SD) rats (160-300 gms) of
either sex were purchased from the central animal facility, National Institute of
Pharmaceutical Education and Research (NIPER), Mohali, Punjab, India. Rats were
acclimatised and housed in standard propylene cages and maintained at 55+5%
humidity and 22+2 C temperature with a 12:12 h light and dark cycle. Before dietary
manipulation, a commercially available normal pellet diet and water ad libitum were
provided. Briefly, a total of 80 rats (either sex) were taken and divided into 10 groups
(GPs), as shown in Table 11. A normal pellet diet (NPD) was given to the first three
GPs (GP1, GP2, and GP3), and the remaining GPs (GP4 — GP19) were given HFD (58%
fat, 25% protein, and 17% carbohydrate, as a % of total kcal) and water ad libitum.
4.3.9.2. Induction of diabetes

A single, low dose of STZ (35 mg/kg) was used to induce Diabetes in SD rats using
the method reported by Srinivasan et al., 2005 (50). After two weeks, a single dose of
STZ was injected into each rat present in the GPs (GP4 — GP1¢) intraperitoneally (i.p.).
The control GP (GP1) was given a phosphate buffer at 1 mL/kg i.p. (pH 4.4).

Table 11. Animal experiment design

GP. Diet type,
GP Name Animals
No. Doses and route of drug treatment
GP1  Vehicle control NPD* + 0.5% CMC (p.o.) (Vehicle) 8
GP2  DGN per se NPD + 10 mg/kg 8
GPs  ISG perse NPD + 10 mg/kg 8
HFD#+ 35 mg/kg of STZ (single
GPs  Negative control 8
dose, i.p.)
HFD + 35 mg/kg of STZ (single
GPs  Positive control dose, i.p.) + 20 mg/kg of acarbose 8
(p.0.)
HFD + 35 mg/kg of STZ (single
GPs  DGN low dose 8

dose, i.p.) + 5 mg/kg (p.o.)
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HFD + 35 mg/kg of STZ (single
GP7  DGN high dose 8
dose, i.p.) + 10 mg/kg (p.o.)

HFD + 35 mg/kg of STZ (single
GPs  ISG low dose 8
dose, i.p.) + 5 mg/kg (p.o.)
HFD + 35 mg/kg of STZ (single
GPy  ISG high dose 8
dose, i.p.) + 10 mg/kg (p.o.)
HFD + 35 mg/kg of STZ (single
dose, i.p.) + DGN 5 mg/kg (p.o.) + 8

ISG 5 mg/kg (p.o.)

GP1 Combination
0 (DGN+ISG)

#Normal Pellet Diet, # High Fat Diet, GP = group, STZ= streptozotocin, DGN=

Dalbergin, ISG= isoliquiritigenin, i.p = intra peritonial, p.o = per oral

The doses of DGN 5mg/kg and 10 mg/kg are selected based on the recent study on
osteoporotic effect the DGN conducted by Choudary D et al., (184). The dose of ISL
Smg/kg and 10 mg/kg was based on recent study conducted by zhan c et al.,(185) on
protective effect of ISL on cerebral ischemia. To compare the effect of DGN and ISG
in HFD fed rats , the dose of 10 mg/kg of DGN and ISG were given to NPD fed rats
for easy comparison. By utilizing these specific doses, the impact of DGN and ISG on
metabolic parameters, including body weight, blood glucose levels, lipid profile, liver

profile and kidney profile were assessed in 14 days of the study.

The rats showing non-fasting blood sugar >300 mg/dL after 3 days of STZ
administration were considered for evaluation of antidiabetic activity (Fig.7). An
assessment was made on the impact of treatments on rats' body weight and biochemical
parameters. Additionally, the study included the measurement of both feed and water

intake, and the corresponding diet was maintained throughout the study.
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Fig.7. Schematic representation of in-vivo antidiabetic activity. GPs-Groups, N-
No. of animals per group, NPD- Normal Pellet Diet, HFD-High Fat Diet, STZ-

Streptozotocin

4.3.9.3.Composition of HFD

The required ingredients for preparing 1 kg of HFD include normal pellet diet
powder (365 gms), lard (310 gms), casein (250 gms), cholesterol (10 gms), vitamin and
mineral mix (60 gms), DL-methionine (3 gms), yeast powder (1 gm), and sodium
chloride (1 gm) (50).
4.3.9.4.Preparation of HFD

The normal pellet diet powder was taken to make the laddus for daily
consumption, and the required quantities of all the ingredients were added and mixed
well. A little water was added to the preparation, and 30-50 gms of laddus were made.

The freshly prepared diet mixture was stored at 4°C to maintain its freshness.
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4.3.9.5. Estimation of Biochemical Parameters

Upon completion of the study, all the animals underwent an overnight period of fasting
and were subsequently euthanised by decapitation. Blood was collected from the
retroorbital plexus of the rats while they were under light ether anesthesia. The blood
was collected using a capillary tube and transferred into Eppendorf tubes. The collected
blood was centrifuged (5 min, 5000 rpm) to separate the serum. The lipid, renal profile,
and liver function tests were performed (Roche Cobas C 111 Biochemistry analyser)
using commercially available kits (Rapid diagnostics pvt 1td, Delhi).

Lipid profile:

The assay measures both free cholesterol and cholesterol esters using an enzyme driven
reaction. cholesterol esterase hydrolyses cholesterol esters into cholesterol,
cholesterol oxidase converts cholesterol into cholest-4-ene-3-one plus hydrogen
peroxide. The hydrogen peroxide is then detected with a highly specific colorimetric
probe. Samples are compared to a known concentration of cholesterol standard in a 96
well plate reader. Samples and standards are incubated for 45 mins at 37°C and read the
absorbance at 540-570 nm. (The same kit provided the reagents for separation and
quantification of LDL,HDL and VLDL).

Liver profile :

SGPT/ALT:

At 37°C and pH 7.04 , alanine and a-ketoglutaric acid react to form pyruvic acid and
glutamic acids, which are catalyzed by alanine amino transferase (ALT). Next, pyruvic
acid and phenylhydrazine were combined to produce phenylhydrazone.
Phenylhydrazone is a reddish brown solution under alkaline conditions. ALT activity
can be calculated by measuring the OD values at 510 nm.

SGOT: The reaction between a-ketoglutarate and L-aspartate, which yields glutamate
and oxaloacetate, is catalyzed by aspartate aminotransaminase. In the presence of
malate dehydrogenase, oxaloacetate and NADH react to produce malate and NAD. At
340 nm, absorbance decreases as NADH is changed into NAD. The rate of decrease in
absorbance is measured and is proportional to AST in the sample.

Alkaline phosphatase (ALP): in alkaline conditions, 4-nitro phenol phosphate is
hydrolyzed by the enzyme alkaline phosphatase to yield 4-nitrophenol. 4-nitrophenol
formed is detected spectrophotometrically at 405 nm to give a measurement of alkaline

phosphatase activity in the given sample.
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Kidney profile:
Serum creatinine: In an alkaline environment, creatinine reacts with picric acid to form
an orange red color complex. The development of this orange red color was read in
colorimeter at 500-520 nm.
Blood urea: The test utilizes a metabolic enzyme urease to measure the concentration
of urea. Urease converts urea to ammonia, which is measured calorimetrically at
620nm.
4.3.9.6. Blood glucose determination, body weight changes, and water intake
The blood glucose levels were determined by collecting the blood from the tail

vein using a glucometer (Dr Morepen, BG-03). The body weight of each rat was
carefully measured using an analytical balance (Shimadzu) before and after treatment
by DGN and ISG, respectively. The consumption of water by experimental rats present
in each GP was measured and provided ad [libitum access to water to ensure proper
hydration(186)
4.3.9.7. Histopathological studies of the pancreas

After decapitation of the animal, the pancreas was isolated carefully and preserved in

10% formalin solution until further histopathology study.
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CHAPTER-5




S. RESULTS AND DISCUSSION

5.1. statistical analysis

Various groups were compared using one-way analysis of variance (ANOVA)
with Tukey's posthoc test for multiple comparisons.

5.1.1. Lipinski’s Rule of Five

Lipinski’s Rule of Five was often misused and misinterpreted in most cases. It

was originally designed to facilitate the development of bioavailable oral drugs and was
not intended to control the medicinal chemistry of all small-molecule drugs. Oral
administration is an acceptable goal for many treatments but is not an absolute
requirement. To be clear, the rule of five is not a quantitative estimate of oral absorption,
and compounds that do not meet any of the five criteria are not necessarily “absorbed”
orally. This rule does not classify all well-absorbed and poorly absorbed compounds,
but it easily and quickly provides a good level of classification (187,188).

Table 12. Physicochemical properties of selected compounds

Lipins
Properties .
Comp Name of the ki rule

ound compound R
M. Wt HBA HBD CLogP y/n

B
1. Dalbergin 268.26 2 4 1 2.83 yes
2. Dalbergione 224.25 3 2 0 2.58 yes
3. Dalbergichromene 254.28 2 3 1 2.99 yes
4. +-Methoxy 25428 4 3 0 254 yes
Dalbergione

S. Methyl dalbergin 282.29 3 4 0 3.17 yes
6. Latifolin 286.32 5 4 2 3.10 yes
7. Dalbin 588.56 7 13 5 0.59 no

8. Dalbinol 426.13 4 8 2 2.12 yes
9. Sisafolin 342.30 4 7 2 2.22 yes
10. Obtusafuran 256.30 2 3 1 3.06 yes
11. Isoparvifuran 254.28 2 3 1 3.45 yes
12. [-sitosterol 414.71 6 1 1 7.19 yes
13. Isoliquiritigenin 25625 3 4 3 237 yes
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Following the Lipinski Rule of Five, it was observed that all compounds
demonstrated a molecular weight within the specified range (molecular weight < 500),
except for compound 7, which exhibited a molecular weight of 588.56 g/mol. The
remaining 12 compounds with a mol weight <500 had good absorption, transport, and
diffusion potential. Lipinski's rule also states that compounds with HBA < 10 and HBD
<5 will have more excellent permeability when administered. Compounds with RBs<15
have greater molecular flexibility. Except for compound 7 (Dalbin), all the compounds
had better HBA (<10) and HBD (<5) values. In the case of nRB, all 13 compounds were
present (nRB< 15), improving oral bioavailability. Several recommendations have been
proposed to evaluate drug-likeness: a partition coefficient (log P) in the -0.4 to and +5.6
range, a molar refractivity ranging between 40 and 130, a molecular weight ranging
from 160 and 480, and a few heavy atoms ranging from 20 and 70 (189).

Drug metabolism, pharmacokinetics, pharmacodynamics, and toxicological
profiles are all impacted by the key physicochemical feature of lipophilicity (log P),
which is part of what makes a drug have ADMET properties (190). The unionized
solute’s partition equilibrium between an immiscible organic solvent and water is
represented by the molecular parameter log P. CLogP values are calculated and shown
in Table 12. Except for compound 12, all the compounds obeyed the rule of ClogP
(<5). When compounds in the early stages of research were compared with
commercialized oral medications, it was shown that A high lipophilicity(>5) often
results in molecules with limited solubility, poor absorption, and rapid metabolic
turnover. In general, a medication with low lipophilicity will have poor ADMET
characteristics. High lipophilicity will cause adverse effects by binding to the undesired
site on the receptors (190).

5.1.2. Solubility
In the drug discovery process, the drug's solubility is a key element for checking
drug permeability across membranes. The aqueous solubility of all the compounds was

estimated using the Swiss ADME computational tool (http://www.swissadme.ch). This

web tool determines the physicochemical properties, lipophilicity, water solubility,
pharmacokinetics, drug likeliness, and medicinal chemistry of the selected compounds.
All the results are shown in Table 13. The values were calculated on the Log S scale.

All the compounds except compound 1 exhibited better aqueous solubility.
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Table 13. Comparison of aqueous solubility using 3 different classes

LogS (ESOL) LogS (Ali) Class LogS (SILICOS-

Compound Class IT) Class
Value solubility Value solubility Value solubility

1. -3.66 ++ -3.61 ++ -5.68 -
2. -2.91 ++ -2.92 ++ -3.63 ++
3. -3.67 ++ -3.53 ++ -4.79 +
4. -3.12 ++ -3.32 ++ -3.97 ++
S. -3.86 ++ -3.72 ++ -6.38

6. -4.03 + -4.61 + -4.51

7. -3.57 ++ -3.93 ++ -3.27 ++
8. -3.84 ++ -3.93 ++ -5.06 +
9. -3.64 ++ -4.20 + -5.15 +
10. -3.91 ++ -3.89 ++ -4.69 +
11. -4.37 + -4.57 + -5.75 +
12. -7.90 + -9.67 + -6.19 +
13. -3.70 ++ -4.48 + -3.23 ++

- no solubility, + mild soluble, ++ more soluble

5.1.3. Pharmacokinetic properties

Following the earlier procedure, the pharmacokinetic parameters of all 13
compounds were calculated using the Swiss ADME tool. Table 14 displays the
estimated absorption of each drug through the gastrointestinal tract. A substance is
considered well absorbed when at least 90% enters the bloodstream. All the compounds
except compounds 7 and 12 exhibit improved gastric absorption if taken through the
oral route(191). After oral administration of substances, the ADMET-blood- brain
barrier model predicted blood-brain barrier (BBB) penetration. Only chemicals that
target the central nervous system require penetration across the BBB(192). The capacity
of all the compounds to cross the BBB was assessed and shown in Table 14. It shows
that compounds 7, 8, 9, and 12 are less likely to cross the BBB and may cause fewer
CNS side effects. By pushing toxins and xenobiotics from cells as a biological barrier,
P-glycoprotein is the most studied ATP-binding cassette (ABC) transporter. Numerous
in vitro and in vivo studies have demonstrated the critical role of p-glycoprotein in the

drug distribution and absorption process(193). Drug-drug interactions can be attributed
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to the inhibition or activation of P-glycoprotein respectively. Monitoring solely the
plasma concentration may lead to a substantial underestimation of the potential risk of
p-glycoprotein mediated medication interaction. According to animal research, tissue
distribution is substantially more affected by P-glycoprotein inhibition than plasma
concentration, especially regarding the brain. Therefore, it is imperative to carefully
consider the danger of P-glycoprotein-mediated medication interactions and drug
resistance. Among all the compounds, compounds 7 and 10 are the substrates for P-
glycoprotein. Therefore, fluctuations in the concentrations of compounds 7 and 10 are
possible at the receptor site (194).

Metabolic liability is a significant safety concern for pharmaceutical research
because it can result in a variety of problems, including poor bioavailability due to
increased clearance, toxic effects from drug accumulation, and interactions between
drugs (195). Cytochrome P450 monooxygenase is a key player in drug metabolism and
elimination in living organisms. The results of the drug metabolism prediction against
the cytochrome P450 (CYP) monooxygenase family isoforms are shown in Table 14.
Compounds 5 and 6 inhibit all the CYP isoforms. Compounds 7 and 9 did not inhibit
any of the isoforms. Specifically, majority of compounds (N=9) inhibiting CYP1A2,
69.23% of compounds are inhibiting CYP1A2, 53.84% of compounds are inhibiting
CYP2C19, 46.15% compounds are inhibiting CYP2C9, 53.84% are inhibiting
CYP2C9, 53.84% compounds are inhibiting CYP2D6, and 46.15% compounds are
inhibiting CYP3A4. Inhibition or activation of CYP isoenzymes leads to toxicity or
decreased therapeutic activity. Metabolites are compounds generated after the
completion of phase I or phase Il reactions in the liver. Metabolite prediction is essential
in drug discovery. Web tools such as Nexus Meteor, BioTransformer, GLORYY,
XenoSite server, MetScore, and SMARTCyp are widely used in the drug discovery
process for metabolite detection(196).

Kp is commonly used to quantify the dermal absorption potential of chemical
and naturally derived compounds. However, the lack of experimentally measured Kp
values under standardized and consistent processes frequently makes it difficult to use
Kp for regulatory purposes when developing standards. (197). Table 14. shows the
LogKp values of 13 selected compounds. All the compounds are impermeable, as they

have negative log values. Seven had a high negative log p value (-9.52 cm/s).
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Table 14. Results of pharmacokinetic properties

Properties Compounds
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CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4- cytochrome p isoforms H-high, L-low, N-no, Y-
yes. GIA- gastrointestinal absorption, BBB- blood-brain barrier, P-Gp-P-glycoprotein.

When substances are delivered orally, bioavailability refers to the degree and rate at
which they are absorbed into the body and eventually reach the desired areas(198). The
different oral bio scores used were as follows: 1) 0.85 PSA 0< 75 A2 2) 0.56
75<PSA<150 A% 3) 0.55 Pass rule of five, 4) 0.17 fail rule of five, and 5) 0.11 PSA>150
A2(199). Gastrointestinal absorption of all the compounds is shown in Table 15. Except
for compound 7, all the compounds had a bioavailability score of 0.55, and compound
4 had an oral bioavailability score of 0.85. These findings also indicated that all the
compounds, except compound 7, obeyed the Lipinski rule. Compound 7 is not
necessarily of use. However, it can be modified to improve its bioavailability.

5.1.4. Lead likeness and synthetic accessibility (SA)

Lead likeness is characterized by the physical and chemical similarity of the
compound with the reference or standard compound. It was calculated based on the
following criteria: 1) 250<Mol. Weight <350, 2) XLOGP< 3.5, and 3) No of Rotable
bonds <7 (200). Compounds 1, 3, 4, 5, 9, 10, and 13 are likely lead-like compounds.

The SA of a lead candidate is an essential factor in lead discovery, regardless of

how the lead candidate was identified. When many molecules need to be ranked

58



according to their synthetic accessibility, such as when buying samples for screening,
choosing hits from high-throughput screening for further investigation, or ranking
molecules produced by various de novo design approaches, the calculated SA score
may support multiple drug discovery processes. The SA scores of all the compounds
are shown in Table 15. A score of 1 is very easy, whereas a score of 10 is very difficult
to use to synthesize a molecule. Compounds 1, 11, and 13 had lower SA scores than
the other compounds (201).
Table 15. Lead likeness and SA of compounds

Compounds  Bioavailability = Lead Synthetic accessibility (1
score likeness Easy- 10 Difficult)
1. 0.55 yes 2.96
2. 0.55 no 3.05
3. 0.55 yes 3.13
4. 0.85 yes 3.41
5. 0.55 yes 3.08
6. 0.55 no 3.08
7. 0.17 no 6.14
8. 0.55 no 4.64
9. 0.55 yes 3.29
10. 0.55 yes 3.33
11. 0.55 no 2.97
12. 0.55 no 6.30
13. 0.55 yes 2.52

5.1.5. Bioactivity score

The oral bioavailability of a potential medicine is what Lipinski's rule of five
measures, however, as this is the desired feature for a molecule with drug-like
characteristics. Then, using a different strategy, similar searches in the chemical space
of substances with comparable structures to those under study and known
pharmacological effects were considered. The bioactivity scores, which are a measure
of a potential drug's capacity to interact with various receptors, that is, to function as
GPCR ligands or kinase inhibitors, to act as ion channel modulators, or to interact with

enzymes and nuclear receptors—were calculated using the same software. The
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matching SMILES notations were entered into the easily accessible online
Molinspiration software to determine the oral bioavailability prediction (202). The
bioactivity scores of the compounds were calculated based on the interactions of the
GPCR ligand, ion channel modulator, nuclear receptor ligand, kinase inhibitor, protease
inhibitor, and enzyme inhibitor and are shown in Table 16. These organic compound
bioactivity scores can be translated into three categories: highly active (bioactivity score
> 0), moderately active (bioactivity score between -5.0 and 0.0), and inert (bioactivity
score -5.0). Among the GPCR ligands, compounds 7, 8, 10, and 12 are highly active in
ion channel modulator activity, compounds 3 and 12 are highly active in kinase
inhibitor activity, all the compounds are moderately active in nuclear receptor activity,
compounds 3, 8, 9, 11 and 12 are highly active in protease inhibitor activity, only
compound 12 is highly active in enzyme inhibitory activity, except for compounds 1,
2,4, 5 and 6, is highly active. These receptors are involved in many physiological
responses, such as smell, vision, taste, immunity, mood regulation, hormonal
regulation, and cell growth. Therefore, inhibition or activation of these receptors is
pivotal in disease management.

Table 16. Study of bioactivity score

Ion Nuclear
Compound Gper channel Kinase receptor Protease = Enzyme
ligand inhibitor inhibitor  inhibitor
modulator ligand
1. -0.50 -0.54 -0.25 -0.02 -0.69 -0.07
2. -0.63 -0.22 -0.56 -0.66 -0.64 -0.13
3. -0.25 0.07 -0.26 0.63 -0.35 0.40
4. -0.72 -0.40 -0.35 -0.73 -0.55 -0.07
S. -0.49 -0.57 -0.25 -0.08 -0.62 -0.00
6. -0.08 -0.18 -0.27 -0.03 -0.36 -0.07
7. 0.06 -0.48 -0.46 -0.15 -0.13 0.24
8. 0.05 -0.31 -0.40 0.14 -0.29 0.31
9. -0.39 -0.37 -0.19 0.22 -0.51 0.07
10. 0.17 -0.21 -0.27 -0.07 -0.46 0.27
11. -0.33 -0.51 -0.18 0.02 -0.58 0.03
12. 0.14 0.04 -0.51 0.73 0.07 0.51
13. -0.13 -0.11 -0.32 0.00 -0.32 0.09
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5.1.6. Toxicity prediction

Many pharmacokinetic, pharmacodynamic, and toxicological concerns need to
be considered in virtual screening methods. The predicted oral toxicity (LDso), toxicity,
hepatotoxicity, carcinogenicity, immunity, and mutagenicity of all the compounds are
shown in Table 17. Compounds 7 and 8 are highly toxic and belong to class 1, whereas
compound 4 is the least toxic and belongs to class 5. Among the predicted toxicology
classes, compounds 1, 4, and 13 belong to class 5, indicating that the LDso values range
from 2500 to 4000 mg/kg. According to the toxicity prediction software, the degree of
protox-II hepatotoxicity, carcinogenicity, immunotoxicity, and mutagenicity was
calculated. All the responses are shown as inactive or active. All the compounds are
safe because they are neither hepatotoxic nor mutagenic. Compounds 1 and 5 all
exhibited carcinogenicities. Except for compounds 1, 5, and 6, all the other compounds
were immunotoxins.
Table 17. Pro Tox II software predicted organ toxicity, hepatotoxicity,

carcinogenicity, immunotoxicity, and mutagenicity.

Compou Predic Predict Mutagenici Hepatotoxici Carcinogenic Immunot

nd ted LD ed ty ty ity oxicity
50 toxicity
class
1. 2850 5 Inactive Inactive Active Inactive
2. 1520 4 Inactive Inactive Inactive Active
3. 500 4 Inactive Inactive Inactive Active
4. 4000 5 Inactive Inactive Inactive Active
5. 2000 4 Inactive Inactive Active Inactive
6. 1000 4 Inactive Inactive Inactive Inactive
7. 4 1 Inactive Inactive Inactive Active
8. 4 1 Inactive Inactive Inactive Active
9. 500 4 Inactive Inactive Inactive Active
10 1743 4 Inactive Inactive Inactive Active
11 2000 4 Inactive Inactive Inactive Active
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12 890 4 Inactive Inactive Inactive Active

13 3600 5 Inactive Inactive Inactive Active

5.1.7. Validation and Analysis of Docked Target Human Pancreatic a-amylase-

Ligand Complex Structures.

Docking was done by using the PyRx virtual screening tool in which the protein
human pancreatic a-amylase (PDB ID: 1HNY) and ligands were opened, energy
minimised, converted the protein, ligands into pdbqt file and grid generated by giving
X=155.646, Y=3.7682, Z=-74.5905 dimension of ligands and human pancreatic o-
amylase (PDB ID: 1HNY, Fig.8). The ligands docked 10 times, and the average binding
affinities of ligands with zero rmsd were calculated and presented in Table 18. Among
all, Dalbin, Dalbinol, Dalbergin, Dalbergione, sisafolin, and Isoliquiritigenin showed
lower binding affinity in the range of -9.0 k/cal and -7.4 k/cal. Acarbose is shown
binding affinity of -8.4 k/cal The Dalbergin and Isoliquiritigenin bind the amino acid
residue of the target protein (Fig.9 and Fig.10), as shown in Table 19.

Table 18. Docking scores of selected compounds

Binding
Name of the
S.No. Structure Affinity

compound
k/cal
H,CO 0__0O
O %
1 HO Dalbergin -7.7
1
2 0 Dalbergione -7.5
I 6]
0 0
O >
3 HO Dalbergichromene -7.7
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4-Methoxy Dalbergione

HCO 0__0
O =
HscO:? Methyl dalbergin
H3CO O OCHj4
HO% Latifolin
! OH
O’

—0

Dalbin
HO
fe) (@)
HO OH
OH
O/
Dalbinol

-6.9

-8.5
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10

11

12

13

Sisafolin

Obtusafuran

Isoparvifuran

[-sitosterol

Isoliquiritigenin

-6.8

-7.4
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Fig.8. Human pancreatic a-amylase protein structure (PDB ID: 1HNY).
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Fig.9. 3D view of interactions of DGN with amino acids of 1THNY and 2D
interaction of DGN with amino acids of 1THNY.

65



LEU

A:162 -

A:101

Tl A59
AB2

~ fo!
- -

ASP .~
A:197 S .
N N /’ <
~. LR \{/
- . i
~ . .
. : H
hes el
o ol
ARG ©
A:195
TRP
HIS A:58
A:299 i
A:300
Interactions
D van der Waals - Pi-Pi Stacked

- Conventional Hydrogen Bond
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Table 19. Interaction of Dalbergin and Isoliquiritigenin with amino acids

Ligand Interaction

Dalbergin Conventional hydrogen bond with
GLN A:63, Pi-Pi stacked with TRP
A:58, Pi-Pi T-shaped with TRP
A:59.

Isoliquiritigenin Conventional hydrogen bond with
ASP A:197, Pi-Pi stacked with
TYR A:62, TRP A:59.
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5.1.8. Profiling of DGN and ISG

The final compounds obtained from section 4.3.6.1 (Fr: 3A, 4A, and 5A) and
section 4.3.6.2 (Fr-2A and Fr-2B) were analysed using NMR (Bruker Avance 400
MHz). According to the NMR (1H and C13), FTIR and mass results of Fr:5A and Fr:2B
were identified as DGN and ISG, respectively. The NMR and FTIR results of Fr:5A
and Fr:2B are represented in Fig 11-16. The results obtained were confined to those
reported by Wangun el. &l., and cheng jun ma et al., (180,203).

5.1.8.1 DGN:

Colour: Pale Brown; Melting point: 207-209 °C (208-210 °C); FTIR (KBr): 3248,
2924,2853, 1691, 1145 cm™; 1H NMR (400 MHz, CDCI3) & 7.43 (d, ] = 2.7 Hz, 2H),
7.39 — 7.31 (m, 2H), 6.92 (s, 1H), 6.84 (s, 1H), 6.18 (s, 1H), 3.92 (s, 3H); °C NMR
(101 MHz, CDCl3) 6 161.49, 155.80, 150.07, 149.37, 142.44, 135.62, 129.58, 128.85,
128.33, 112.60, 110.54, 99.62, 56.48. Mass of the molecule:268.26 g/mol.

The FT-IR of compound DGN demarcated absorption bands at 3248 cm-1 for the
O-H phenol group, 2924 cm-1, 2853 for C-H-aromatic, and the appearance of the
carbonyl (C=0) groups at 1691 cm-1 conform the coumarin ring in the compound. The
IH NMR spectral data of compound DGN confirmed singlet peaks at 3: 3.92 ppm,
consistent with -OCH3 protons attached to the 7" position of the coumarin ring. The 6
aromatic protons were observed as multiplet in the region & 7.45-7.34, and a sharp
singlet peak at d: 7.48 ppm was attributed to the -CH (double bond) proton in the

compound.

5.1.8.2. ISG:

Color: Yellow; Melting point:200-203 °C (198-200 °C); FTIR (KBr): 3289, 1638,
1514, 1126; 1H cm-1; NMR (400 MHz, CDCL3+DMSO) & 13.49 (s, 1H), 9.95 (s, 2H),
8.07 — 7.18 (m, 5H), 7.03 — 6.46 (m, 2H), 6.64 — 5.66 (m, 2H); 13C NMR (101 MHz,
CDCL3+DMSO0) 6 191.72, 165.61 (d, J = 150.0 Hz), 160.14, 144.36, 131.65, 130.51,
126.19,116.94, 116.19, 113.47, 108.30, 103.42; Mass of the molecule:256.25 g/mol.
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5.2. In vitro studies
5.2.1. a-amylase inhibitory activity.

Flavonoids extracted from plant sources were reported to possess potent o-
amylase inhibitory activity (204). DGN and ISG were investigated for their a-amylase
inhibitory potential and compared with the standard (acarbose). The results revealed
that both DGN and ISG exhibited a-amylase inhibitory potential. DGN showed a better
ICso of a-amylase inhibitory action in a dose-dependent manner than ISG and acarbose.
At a concentration of 25 pg/ml, ISG inhibited 99.05+8.54% of a-amylase activity with
an ICso value 0.6025 pg/ml, DGN inhibited 84.68+5.2% of a-amylase activity with an
ICso value 00.02169 pg/ml, and acarbose inhibited 99.21+1.21% of a-amylase activity
with an ICso value 1.043 pg/ml. The order of a-amylase inhibitory potential of the
compounds is as follows: DGN > ISG > acarbose compared at maximum and standard
doses (Fig.17). The a-amylase inhibitory activities of DGN and ISG are shown in Table
20.

Table 20. Percent inhibition and ICso values of DGN, ISG and acarbose

%o of inhibition

. ICso value /mL
Concentrati (mean£SD) (ng/mL)
on (ng/mL)
DGN ISG Acarbose DGN ISG Acarbose

0.1 58.67+3.97 18.38+4.75 5.02+1.15

0.5 68.65+5.18 54.83+4.31 25.10+2.32

1 75.18+£3.14 58.80+6.60 40.66+3.99

0.02169 0.6025

2.5 76.37+£6.25 64.66+3.03 67.394+1.08 1.043

5 81.244+3.07 75.59+4.09 69.23+£1.41

10 81.59+4.72 96.20+1.72 78.70£1.25

25 84.68+5.22 99.05+8.54 99.214+5.84
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Fig.17. a-amylase inhibitory activity of DGN, ISG, and acarbose. All the
experiments were carried out in triplicate. @ Amylase inhibitory potential was
expressed in mean+SD values. (DGN: Dalbergin, ISG: Isoliquiritigenin).

5.2.2. Cytotoxicity assay

A neutral red dye uptake (NRU) assay developed by Rockefeller University was
used to determine the cytotoxicity of DGN and ISG on L6 cells (205). The
immunotoxicity and cytopathogenicity of infectious agents and the presence of toxic
substances depend on the entry of neutral red into a cell. The results of % of cell
viability and ICso values of DGN and ISG are shown in Fig.18. The % cell viability
was found to be concentration-dependent in the case of both DGN and ISG. However,
the cytotoxic effect of both compounds was observed to be minimal even after treatment
with 1000 pg/mL concentration of DGN and ISG. Therefore, these were used for the
glucose uptake assay with L6 cells. The ICso values of DGN and ISG in the NRU assay

were greater than 100 pg/mL, indicating that both compounds have a minimal cytotoxic

effect (206).
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Fig.18. Cytotoxicity assay of DGN, ISG, and acarbose. All the experiments were
carried out in triplicate. Cell viability potential was expressed in mean+SD values.
(DGN: Dalbergin, ISG: Isoliquiritigenin).

5.2.3. Glucose uptake assay

Glucose uptake assay in cell lines is a widely used technique for evaluating in-
vitro antidiabetic activity (207,208). Glucose uptake assay of DGN and ISG was carried
out using L6 cell lines by taking metformin (oral antidiabetic drug) and insulin
(injectable antidiabetic drug) as model drugs. In the present work, L6 cells were used
because they express appropriate levels of GLUT4 (207). The results demonstrated that
DGN has promoted maximum glucose uptake (158%) in cell lines at 1254 pg/mL, and
ISG has promoted maximum glucose uptake (77%) at the dose of 1344 pg/mL over
control. The glucose uptake assay for standard drugs and the ranking order for the
potency of the glucose uptake assay was as follows: insulin > DGN > metformin > ISG
compared at maximum and standard doses, as shown in Fig.19. The strong action of
DGN may be due to the translocation of GLUT4 to the target site (209) At a
concentration of 0.1U/mL, insulin exhibited glucose uptake of 193.42%, and metformin

at a concentration of 1mM reduced glucose uptake by 97.95 % over the control.
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carried out in triplicate. Glucose uptake potential was expressed in mean+SD
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5.3. In-vivo studies
One-way analysis of variance (ANOVA) with Tukey's post-hoc test for multiple
comparisons was used to compare various groups.

5.3.1. Body weight measurement

Obesity is known to be one of the contributing factors in the development of DM
(35)(210). When treatment GPs (GP4-GP¢) are fed with a high-fat diet, an increase in
body weight is noted. On the 15" day, more than 100 grams of weight increase was
observed in all the treatment GPs. In contrast, a reduction of 54 grams of weight was
observed on the 17th day in the treatment GPs compared to the weight observed on the
15" day. The decrease in weight might be due to the administration of STZ on the 15™
day ((50). Blood glucose levels were increased in all treatment GPs on the 17" day,
which confirmed the induction of diabetes by STZ (blood glucose >300 mg/dL). The
decrease in weight was attributed to an increase in glucose levels in the blood, which
was the typical sign of type 2 diabetes (T2D)(211). After confirmation of diabetes in
the rats (17" day), the treatment was started from the 18" day using DGN and ISG. The
reduction of body weight in comparison to the body weight observed on the 15" day
was noted on (the 31* day), and the order of decrease in weight was as follows: GP o>

GPs> GP7> GPy> GPs> GP¢> GP4.
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Additionally, no significant weight gain was observed in the control GP, DGN,
and ISG-treated rats (GP1, 2, and 3, respectively) until the end of the study. The effect
of DGN and ISG treatment on body weight is shown in Fig. 20 and 21. The obtained

results were matched with the results reported by Nambirajan et al.(212).
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weight on days 1, 15, and 31. Data expressed as mean + SD of body weight of each group (N=8). ‘***’ represents (P<0.001) compared to
the vehicle control group with treatment groups. ‘###’ represents (P<0.001) as compared to the negative control group with the treatment

group. One-way analysis of variance (ANOVA) with Tukey's post-hoc test for multiple comparisons was used to compare various groups.
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Fig.21. Variations in body weight of treatment GPs(N=8) at different time points
(1%t day, 15" day, and 31% day). The weight of each animal was measured before
and after the treatment.

5.3.2 Blood glucose estimation

HFD induces obesity and triggers an elevation of animal blood glucose levels,
which closely resembles the natural history and metabolic characteristics of human
T2DM. To induce diabetes in obese rats (GP4+-GP1o), a low dose of STZ 35 mg/kg was
administered through i.p. on the 15" day. STZ damages the beta cells of the pancreas,
leading to increased blood glucose levels in all obese animals (GPs-GP1¢) after 3 days.
To confirm diabetes in all the animals, blood glucose levels were recorded on the 17
day (Fig.7.). The pharmacological evaluation of DGN and ISG was started (18™ day)
after the confirmation of diabetes (above 300 mg/dL) in all the animals and continued
till 31% day. The rats in control GPs (GPi, GP, and GP3), which are on NPD, showed
no significant difference in pharmacological parameters. After 14 days of continuous
administration of DGN and ISG to treatment GPs (GP4-GP1o), a decrease in blood
glucose levels was observed in rats (GPs-GP10). The GPs (positive control) treated with
acarbose (20 mg/kg) showed minimum antidiabetic potential than DGN and ISG (both
individually and in combination) after the first seven days of treatment (25" day)

(Fig.21.).
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The reduction of blood glucose levels after the first week was noted. The order
was as follows GP9> GP7> GPs> GP 19> GPs> GPs> GP4. Further, treatment continued
until the 31* day, and the blood glucose levels were checked. A combination of
DGN+ISG showed maximum reduction of blood glucose levels (P<0.001; 262.80
mg/dL) than DGN, ISG (individually) at both high and low doses than acarbose after
two weeks (31% day) of treatment. This strong antidiabetic potential of ISG and DGN
might be due to strong inhibitory action against the a-amylase enzyme, confirmed by
in-silico docking studies. The order of antidiabetic potential of DGN, ISG, DGN+ISG,
and acarbose was as follows: GP1o> GPs> GP9> GP7> GPs> GPs> GP4. To compare
the results, there is no report of antidiabetic evaluation of antidiabetic activity of DGN.
However, the results obtained from this anti-diabetic evaluation of ISG was compared
with the antidiabetic potential of ISG isolated from the Glycyrrhiza glabra plant
reported by Gaur R, Yadhav K et al. (213).
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Fig.22. Effect of treatments on blood glucose levels on 18, 25™ an 315 days. Effect of treatments on glucose levels on days 18, 25 and 31.

Data expressed as mean £+ SD of blood glucose levels of each group (N=8). ‘***’ represents (P<0.001) as compared to the vehicle control

group with the negative control group. ‘###’ represents (P<0.001) as compared to the negative control group with the treatment group.

One-way analysis of variance (ANOVA) with Tukey's post-hoc test for multiple comparisons was used to compare various groups.
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5.3.3. Estimation of biochemical parameters

In the present study, the HFD was given to treatment GPs (GP4-GP1o) rats to
induce obesity and hyperlipidemia, which leads to T2D. Blood samples were collected
on the 15™ and 31% days to study and compare various biochemical parameters,
including total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL),
very low-density lipoprotein (VLDL), low-density lipoprotein (LDL), serum creatinine
(SC), serum glutamic oxaloacetic transaminase (SGOT), serum glutamate pyruvate
transaminase (SGPT), and alkaline phosphatase (ALP). As shown in Fig.2. and Table
21. It was noted that, except for HDL, all the lipid-based parameters were elevated in
the treatment GPs, except for GP2 and GP3, confirming the successful induction of
hyperlipidemia in all the obese rats (214).

5.3.4 Lipid profile

Blood samples were collected on the 17 and 31% days to study the effect of DGN
and ISG on TC, TG, VLDL, HDL and LDL. It was observed that TC, TG, VLDL, and
LDL levels were significantly (p<0.001) decreased in GPs-GP1os after treatment with
DGN and ISG than GP4 (negative control), whereas HDL levels were significantly
(p<0.001) increased in all treatments (HFD) GPs (215). The effect of DGN and ISG on
the lipid profile is represented in Fig.23. (A-E) and Table 21.

A B

* %k %

k%
w60 1 H#i#
T it

AAA

83



C D

70.00 10.00
###
60.00 " 9.00
: ] - 8.00
Fo.00 2 700
E«)OO %" 6.00
: 5.00
= 0.00 E 4.00
QOAOO = 3.00
> 2.00
10.00 1.00
0.00 0.00
CRENCI Y & & &
> \go S S \§o & \g’o _‘> @ \a & S NP\ o
oe‘& @ @\ Qe‘& 0&@ @\ Qé % ng zfp“ Q&% m&%{. o°& QQQ‘ 6 & = &% Q@é & %
AN NN A & ¥ R SR ¢ &
PO ) S N & S & F o N IS
45‘& o‘%o- @&0 ef’?\\ e‘*{o w‘}@ ea‘ef.'&g‘&. s \*0‘\ & mé@ .'\é\\ %z’@ Qd? @é wé@,-'\&@ .'&0\.'&%@
F Ny QS N DY o o X S o X & S &
& & F & * & O P& S
W S § S S
& e ¥ Y
o &
e 5
& N
Q ~oz’&
&

I i

Fig.23. Effect of treatments on lipid profile. Data expressed as mean £ SD (N=8)
of A) Cholesterol levels, B) Triglycerides, C) HDL, D) VLDL E) LDL. ¢***’

represents (P<0.001) as compared to the vehicle control group with the negative
control group. ‘### represents (P<0.001) as compared to the negative control
group with the treatment group. ‘##° represents (P<0.01) as compared to the
negative control group with the treatment group, and ‘#’ represents (P<0.05) as
compared to the negative control group with the treatment group. ‘"""’
represents (P<0.001) as compared to the positive control group with the treatment

group. ‘**’ represents (P<0.01) as compared to the positive control group with the
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treatment group. One-way analysis of variance (ANOVA) with Tukey's post-hoc
test for multiple comparisons was used to compare various groups.
5.3.5 Kidney profile

Elevated blood glucose levels alter the functioning of kidneys by altering blood
urea and serum creatinine(216). The effect of DGN and ISG on serum creatinine and
blood urea was evaluated to study kidney function. It was observed that there was an
increase in blood urea and serum creatinine in all treatment GPs (GPs-GP1o) after the
induction of diabetes in obese rats with low doses of STZ than in GP4. Whereas, after
treatment with DGN and ISG for two weeks, these parameters were significantly
(»<0.001) reduced in GP7-GP1o than GP4 (negative control). No significant difference
was observed with a low dose of DGN treatment in GP¢. The effect of DGN and ISG
on kidney function was represented in Fig.24. (A-B) and Table.21.
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Fig.24. Effect of treatments on kidney profile. Data expressed as mean = SD
(N=8) of A) Blood urea and B) serum creatinine. ‘***’ represents (P<0.001) as
compared to the vehicle control group with the negative control group. ‘###’
represents (P<0.001) as compared to the negative control group with the treatment
group. ‘##° represents (P<0.01) as compared to the negative control group with
the treatment group, and ‘#’ represents (P<0.05) as compared to the negative
control group with the treatment group. ‘***’ represents (P<0.001) as compared
to the positive control group with the treatment group. ‘**’ represents (P<0.01)
as compared to the positive control group with the treatment group. One-way
analysis of variance (ANOVA) with Tukey's post-hoc test for multiple
comparisons was used to compare various groups.
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5.3.6 Liver function tests

The liver is an organ essential for the continuous supply of glucose to various

organs in the body (217). Continuous administration of HFD has been closely linked to

various health issues, particularly hyperlipidemia and the development of fatty liver

(218). Many researchers reported that liver parameters like SGOT, SGPT, and ALP are

elevated after a continuous supply of HFD to obese rats. In diabetic rats SGOT, SGPT

and ALP levels were found to be significantly higher than those in normal rats (218).

However, after administering DGN and ISG to diabetic rats for 14 days, the levels of
SGOT, SGPT, and ALP were significantly decreased (Fig.25. (A-C), Table.21). These

results suggest that DGN and ISG were effective in reducing diabetes-induced liver

damage (219).
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Fig.25. Effect of treatments on liver profile. Data expressed as mean £ SD (N=8)
of A) SGOT: Serum glutamic oxaloacetic transaminase and B) SGPT: Serum
glutamic pyruvic transaminase C) ALP: Alkaline phosphatase. ‘***’ represents
(P<0.001) as compared to the vehicle control group with the negative control
group. ‘### represents (P<0.001) as compared to the negative control group with
the treatment group. ‘**”*’ represents (P<0.001) as compared to the positive
control group with the treatment group. ‘**’ represents (P<0.01) as compared to
the positive control group with the treatment group. One-way analysis of variance
(ANOVA) with Tukey's post-hoc test for multiple comparisons was used to
compare various groups.
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Table 21. Effect of DGN and ISG on lipid, kidney, and liver parameters

GPs

GP,
GP;
GP;
GPy
GPs
GPs
GP;
GPs
GPy
GPqo

Lipid parameters

Kidney parameters

Liver parameters

TC (mg/dL)

105.26+6.27

92.19+5.29

82.71+4.32
153.28+6.48
125.14+4.11
122.27+4.00
109.34+4.55
130.88+9.35

118.2748.16

99.00+2.16

TG
(mg/dL)
28.75+3.50
41.22+4.08
44.71+£3.77
72.32+4.90
49.55+2.58
65.04+£2.94
57.17+£2.83
60.25+1.71
37.58+5.56
45.27+4.99

HDL

(mg/dL)
25.05+9.07
26.07+6.55
25.23+4.12
30.25+8.06
35.57+7.68
36.89+8.04
45.25+5.42
40.23+5.51
50.21+9.38
57.89+6.06

VLDL
(mg/dL)
5.74+1.35
6.15+£2.02
5.93+1.26
9.30+1.40
6.33+0.91
8.38+1.28
7.75+1.42
8.12+1.26
7.53+0.78
6.89+2.24

LDL
(mg/dL)
35.03+3.99
32.89+3.78
31.33+4.90
59.65+8.66
38.28+9.07
54.38+5.84
50.65+2.35
52.06+3.38
48.29+4.94
40.50+1.28

BU
(mg/dL)
35.20+7.0
34.5542.8
33.59+8.0
50.27+2.6
30.38+2.0
45.60+7.3
33.50+3.0
40.38+1.0
38.63+3.3
36.00+1.6

SC (mg/dL)

0.350+0.13
0.360+0.02
0.365+0.13
0.650+0.10
0.480+0.12
0.600+0.10
0.560+0.10
0.520+0.05
0.480+0.12
0.450+0.12

SGOT
(U/L)
120.794+4.79
115.2349.80
112.20+3.30
160.27+5.23
125.87+43.83
145.74+2.89
137.45+3.74
130.25+6.14
126.55+4.62
132.65+3.27

SGPT(U/
L)
65.23+5.23
75.65+9.63
64.37+5.03
129.91+8.76
55.78+3.74
73.38+2.94
50.48+3.65
55.00+8.60
59.84:+4.32
57.29+8.52

ALP (U/L)

427.5+£9.71
450.1£11.5
436.4+6.7
660.6+25.3
431.3+1.7
586.6+11.2
536.5£10.5
555.8+£7.5
503.3+10.3
473.5+4.7

Each value is expressed as mean£SD (N=8).
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5.3.7 Histopathological evaluation of the pancreas

Pancreas from control and HFD-fed STZ induced diabetic rats demonstrated
pathological changes in the cell components. Therefore, it is advantageous to access the
efficacy of novel treatment medicines in enhancing the pancreatic architecture using a
T2DM model that exhibits significant pathological alterations in the pancreatic
architecture.

The administration of HFD primarily triggers an overproduction of insulin from the
pancreatic B-cell. However, this excessive insulin release is subsequently decreased due
to the partial destruction of working B-cells (220). As a result, rats experience frank
hyperglycemia when given a low dose of STZ (221). After the termination of the study
(14 days), the pancreas was carefully isolated and preserved in a 10% formalin solution
for histopathological studies. A histopathological study of pancreatic tissue sections
was performed at the Synergy Diagnostics laboratory in Jalandhar, Punjab. All tissue
samples were fixed on glass slides and fixed with hematoxylin (H) & eosin and
magnified under 40x. The pancreatic sections were examined (40X) for morphological
changes which include acinar parenchyma, size, shape and loss of islets of Langerhans.

5.3.7.1 Scoring of islets damage (222,223)

The criteria for scoring the islet cell destruction were as follows:
score 0 (normal): normal number of islet cells.

score 1 (mild): loss of 1/3 of islet cells.

score 2 (moderate): loss of 1/3 to 2/3 of islet cells.

score 3 (severe): loss of more than 2/3 of islet cells.

5.3.7.2 Scoring of islet recovery (222,223)

The criteria for scoring the regeneration were as follows:

score 0 (none): no regeneration.

score 1 (mild): regeneration of 1/3 of islet cells.

score 2 (moderate): regeneration of 1/3 to 2/3 of islet cells.
score 3 (prominent): regeneration of more than 2/3 of islet cells.

In the nontreatment GPs (GP;-GP3), histological characteristics sections showed
normal acinar parenchyma and islets of Langerhans. It was observed that islet cells of
Langerhans were degenerated (GP4-GP10), with a reduction in the cell size and number

of islet cells in the diabetic animals due to cytotoxic action of STZ. It was evident in
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GP4 that STZ injection resulted in severe loss of pancreatic islets and there is no
recovery (score 0) was noted after 14 days.

After treatment with acarbose 20 mg/kg, DGN 5 mg/kg, DGN 10 mg/kg, ISG 5 mg/kg,
ISG 10 mg/kg and DGN 5 mg/kg+ ISG 5 mg/kg (GPs, GPs, GP7, GPs, GP9, and GP1o
(Fig.26.) islet cells of Langerhans recovered from degeneration, and proliferation was
initiated. Regeneration scores of various groups: GP-5 (score-1), GP-6 (score-2),GP-7
(score-1),GP-8 (score-2),GP-9 (score-2),GP-10 (score-3). It is worth highlighting that
combining both compounds has been proven to be significantly more potent compared
to when they are used separately. Sections of ISG 5 mg/kg +DGN 5 mg/kg treated rats
showed normal pancreatic acinar parenchyma with the increased number of islets of
Langerhans, which are normal in size, shape and maximum recovery (score-3) noted
with this treatment (Table 22).Numerous histological investigations also showed that
different phytoconstituents effectively increased number of islets of Langerhans in
diabetic animals (224).

It was also observed that pancreatic acinar cells were damaged during the induction
of diabetes compared to the normal GPs (GP1-GP3). Recovery of cells was noted when
treatment was done with 5 mg/kg DGN, 10 mg/kg DGN, 5 mg/kg ISG, 10 mg/kg ISG
and 5 mg/kg DGN+ 5 mg/kg ISG. Maximum recovery was noted with the combination
of 5 mg/kg DGN+ 5 mg/kg ISG. This was attributed to the antidiabetic potential of
DGN and ISG.

90



Table22. Histopathological evaluation of pancreatic tissue
- (P.No.  Histopathology observation

(@ V) Acmar parenchymaof pancreas alongwith ducts and islets of Langerhans

(@ ¥) Acinar parendhymaof pancreas alongwith ducts and islets of Langerhans

s Acinar parenchymaof pancreas along with ducts and islets of T angerhans

Py Acnar parendymaof the pancreas, along withmarkedly reduced islets of T angerhans

(@ Acmar parenchiymaof the pancreas. Few islets of angethans noted

@s Acinar parenchyimaof the pancreas. Few islets of Langethans noted

G Acnar parenchymaof the pancreas with very few and mregularty shaped islets of Tangerthans

(@ 4 Acmar parenchynmaof the pancreas with very few and abnommally shapad islets of Tangerhans

Noral acinar parenchyima of the pancreas with an increased number of islets of Langethans, which are larger in size and
nomnal nshape

Noral acinar parenchyima of the pancreas with an increased number of islets of Tangethans, which are nomal in size and
shape. Maximumirecovery noted




Fig.26. The effect of DGN and ISG on the pancreas region (40X). The arrow indicates islets of Langerhans (GP=group). (DGN: Dalbergin,
ISG: Isoliquiritigenin
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5.4 Discussion

It is crucial to take a proactive approach to maintain optimal health and prevent
potential complications of diabetes. According to extensive research, a-amylase, which
is an enzyme released by the pancreas, holds great potential as a therapeutic target
because it plays a crucial role in breaking down carbohydrates. When this enzyme is
blocked, the process that breaks down carbohydrates is hindered, affecting the
absorption of glucose. As a result, the body's ability to efficiently absorb glucose
becomes sluggish. By inhibiting the activity of this enzyme, the risk of developing
diabetes and postprandial hyperglycemia can be lowered. Additionally, a-amylase
enzyme inhibitors may also be used in conjunction with other chemotherapeutic
medicines to treat diabetes.

Several herbal extracts are known for their anti-diabetic properties. Flavonoids in
plants have potent a-amylase inhibitory activity. The key enzyme in controlling blood
glucose is thought to be a-amylase, which primarily catalyses the hydrolysis of -1,4-
glucan in carbohydrates to increase postprandial blood glucose. Therefore, blocking a-
amylase activity would be a successful strategy to stop the absorption and utilisation of
carbohydrates in the small intestine, further assisting in the management of postprandial
blood glucose levels.

Animal studies have documented that DL extracts can reduce blood glucose
levels. An assessment of the antidiabetic potential of ethanolic bark extract at a dose of
500 mg/kg was conducted on rats with diabetes induced by alloxan. However, the active
constituent responsible for the antidiabetic activity has not been evaluated so far.

So, in this study, we focused on the utilisation of pharmacoinformatic tools for
the identification of binding of active constituents with a-amylase (1HNY) first, then
conducted ADMET studies to understand the pharmacokinetic and toxicity properties
of each active constituent. By following various extractive procedures, we finally
separated two compound DG and ISG. For these compounds, in vitro studies (o-
amylase inhibitory activity, cytotoxicity assay and glucose utilisation assay using L6
cell lines) and in vivo (antidiabetic evaluation using STZ+HFD diet) are conducted.

DGN has shown better a-amylase inhibitory action in a dose-dependent manner

compared with ISG and acarbose.
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Glucose uptake assay in cell lines is used widely for the evaluation of in-vitro
antidiabetic activity. Glucose uptake assay is generally carried out in L6, 3T3LI,
C2C12, Caco-2, and RIE- cells (225). L6 cells offer an excellent model for glucose
uptake since they express the insulin-sensitive GLUT4, have an intact insulin signaling
pathway, and have been widely used to shed light on the mechanisms behind muscular
glucose absorption. In the L6 glucose assay, all the results are dose-dependent, and
insulin produces maximum glucose uptake in both cases. Numerous investigations have
shown that the plasma membrane translocation of the glucose transporter GLUT4 is
necessary for the stimulation of insulin-induced glucose uptake in muscle and fat
tissues. A decrease in GLUT 4 translocation is one of the root causes of insulin
resistance (226).

So, in this study, we have studied the glucose uptake assay in L6 cell lines with
DGN and ISG. Our present study demonstrated that DGN and ISG promote glucose
uptake in cell lines. We have performed the glucose uptake assay also to standard drugs,
and the ranking order for the potency of glucose uptake assay follows
insulin>DGN>metformin> ISG compared at maximum and standard doses as shown in
Fig. 18. The strong action of DGN may be due to the translocation of GLUT 4 at the
target site.

The neutral red dye was used in in vitro tissue culture experiments to test the
immunotoxicity and cytopathogenicity of infectious agents and the presence of toxic
substances. Rockefeller University created the neutral red absorption cytotoxicity assay
as a cell viability chemosensitivity assay. It depends on living cells' ability to absorb
and bind the neutral red dye. This cationic dye concentrates in lysosomes after
permeating cell membranes via nonionic passive diffusion. It interacts hydrophobically
and electrostatically with phosphate and anionic groups inside the lysosomal matrix.
Once the dye has been dissolved, it is removed from the living cells using an ethanol
solution that has been acidified. A spectrophotometer is then used to measure the dye's
absorbance. The ICso values of DGN and ISG in NRU assay in cell lines are 1254 and
1344, indicating that both possess anticancer activity.

In rodent studies, HFD is often used to replicate the conditions of obesity, insulin
resistance, and glucose intolerance commonly observed in prediabetes. Rats fed a high-
fat diet (HFD) are often observed to develop insulin resistance, though not necessarily
progressing to hyperglycemia or diabetes. HFD is considered an effective approach to

initiating insulin resistance, a key feature of type 2 diabetes. Streptozotocin (STZ), on
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the other hand, is commonly used to induce diabetes by causing B-cell death through
DNA alkylation. While high doses of STZ lead to severe insulin secretion impairment
resembling type 1 diabetes, low doses result in mild impairment of insulin secretion,
mimicking the later stages of type 2 diabetes. Combining HFD with low-dose STZ has
emerged as a widely used method to develop a rat model that replicates the progression
from insulin resistance to B-cell dysfunction, closely resembling the natural history and
metabolic characteristics of human type 2 diabetes.

In the present study, HFD and low-dose STZ 35mg/kg were given to rats. HFD
induces insulin resistance, while STZ targets and destroys insulin-producing p-cells,
resulting in impaired insulin secretion and hyperglycaemia. The weight of the animals
decreased after a 14-day treatment with DGN and ISG, demonstrating the effectiveness
of these treatments in combating obesity induced by a high-fat diet.

The hallmark of diabetes is an elevation in blood glucose (227). Administration
of STZ at 35 mg/kg in HFD fed rats damaged the beta cells of the pancreas (GP 4 in
Fig.26), resulted in increased blood glucose levels. Administering DGN and ISG
resulted in a reduction in blood glucose levels and a reversal of histopathological
changes (GP 5-10 in Fig.26). Major difference is not observed in quantity of water and
food intake. In a recent study ISG was shown to stimulate AMPK and block the
mTORCI1 Pathway in diabetic mice indicating its antidiabetic potential (228). It was
reported that ISG has anti-inflammatory and antioxidant properties, may contribute to
enhanced pancreatic function (229). In recent studies DGN shown to exhibit the
anticancer activity by changing mRNA levels of apoptosis related proteins (230,231)
and anti-osteoporotic activity in ovariectomized rats (232).

The GP-10 exhibited more favorable outcomes. But islet cell regeneration in GP6-
GP10 has attracted a lot of attention and has been proposed to compensate for the loss

of B-cell mass in diabetes mellitus (233).
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6. CONCLUSION

Even after identifying many compounds, treating diabetes effectively remains a
challenge. Most of the available compounds for diabetes possess certain side effects.
Since the last decade, many natural products have been identified and extracted from
various plant sources and extensively explored to treat multiple chronic diseases with
fewer side effects. DL is one of the plant sources that has been proven to have greater
therapeutic potential for diabetes. However, there is no research available to date on the
isolation of phytoconstituents of DL and the evaluation of their antidiabetic potential.

The current research study focused on assessing the antidiabetic potential of two
isolated phytoconstituents, namely DGN and ISG, from the heartwood of DL. The
evaluation involved studying in silico docking studies, ADMET, in vitro a- amylase
inhibitory action, glucose uptake assays, and in vivo antidiabetic evaluation. Both
compounds, ISG and DGN, exhibited effectiveness in all the areas of investigation: in
silico docking studies, ADMET, in vitro a-amylase inhibitory action, glucose uptake
assay, and in vivo antidiabetic evaluation. Insilco studies suggest that DGN and ISG
specifically bind the active site of alpha amylase enzyme (1HNY), which is important
in the control of post prandial hyperglycemia. Invitro and in vivo studies confirmed
the antidiabetic potential of DGN and ISG. In the docking studies DGN formed
conventional hydrogen bond with GLN, A:63 and ISG formed convention hydrogen
bonds with ASP, A:197.

These findings suggest that both ISG and DGN hold promise as potential treatments
for diabetes. Conducting a pharmacoinformatic study, isolating pure compounds,
performing molecular docking, characterising the compounds, and performing in vitro
and in vivo antidiabetic evaluations could all play a critical role in the development of
an innovative drug in the future. These studies could help clarify the pharmacological
mechanisms and aid in the development of medicinal formulas, nutraceuticals, and
functional foods for diabetes and related symptoms.

It 1s important to acknowledge that more research is necessary to fully
comprehend the mechanisms (wnt proteins, GSK-3f3, PI-3K, akt or protein kinase B,
PTP1B and IRS-1) underlying the antidiabetic properties of these phytoconstituents.
Nevertheless, these preliminary findings offer promising evidence for the therapeutic

potential of these plant-derived compounds.

96



CHAPTER-7




7. BIBLIOGRAPHY

10.

11.

12.

13.

14.

Katovich MJ, Meldrum MJ, Vasselli JR. Beneficial Effects of Dietary Acarbose in the
Streptozotocin-Induced Diabetic Rat. Metabolism. 1991;40(12):1275-82.

Roéder P V., Wu B, Liu Y, Han W. Pancreatic regulation of glucose homeostasis. Exp
Mol Med. 2016;48(219):1-19.

Giri B, Dey S, Das T, Sarkar M, Banerjee J, Dash SK. Chronic hyperglycemia mediated
physiological alteration and metabolic distortion leads to organ dysfunction, infection,
cancer progression and other pathophysiological consequences: An update on glucose
toxicity. Biomedicine and Pharmacotherapy. 2018;107:306-28.

IDF [Internet]. 2021. https://diabetesatlas.org/data/en/world/.

Ong KL, Stafford LK, McLaughlin SA, Boyko EJ, Vollset SE, Smith AE, et al. Global,
regional, and national burden of diabetes from 1990 to 2021, with projections of
prevalence to 2050: a systematic analysis for the Global Burden of Disease Study 2021.
The Lancet. 2023;402:203-34.

George F Cahill JMD, Donnell D Etzwiler M.D, Norbert Freinkel M.D. Control and
Diabetes. N Engl J Med. 1976;294(18):1004-5.

Robert C Turner RRHCACIMSDRMVFSEMANHMDWEKCF and DHadden.
Intensive blood-glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with type 2 diabetes
(UKPDS 33). THE LANCET. 1998;352:837-53.

Hinnen DA. Therapeutic options for the management of postprandial glucose in patients
with type 2 diabetes on basal insulin. Clinical Diabetes. 2015;33(4):175-80.

Nellaiappan K, Preeti K, Khatri DK, Singh SB. Diabetic complications: an update on
pathobiology and therapeutic strategies. Curr Diabetes Rev. 2022;18(1):31-44.

Janardhan S, Narahari Sastry G. Dipeptidyl peptidase [V inhibitors: a new paradigm in
type 2 diabetes treatment. Curr Drug Targets. 2014;15(6):600-21.

Leguisamo NM, Lehnen AM, Machado UF, Okamoto MM, Markoski MM, Pinto GH,
et al. GLUT4 content decreases along with insulin resistance and high levels of
inflammatory markers in rats with metabolic syndrome. Cardiovasc Diabetol. 2012 Aug
16;11.

Barrett ML, Udani JK. A proprietary alpha-amylase inhibitor from white bean
(Phaseolus vulgaris): A review of clinical studies on weight loss and glycemic control.
Vol. 10, Nutrition Journal. 2011. p. 1-10.

Yamagishi SI, Matsui T, Ueda S, Fukami K, Okuda S. Clinical Utility of Acarbose, an-
Glucosidase Inhibitor in Cardiometabolic Disor-ders. Curr Drug Metab. 2009;10:159—
63.

Bragagni A, Piani F, Borghi C. Surprises in cardiology: Efficacy of gliflozines in heart
failure even in the absence of diabetes. European Heart Journal, Supplement.
2021;23:40-E44.

97



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Salama M, Mohammed Ezzat S, salem M. Bioactive lead compounds and molecular
targets for the treatment of heart disease. Phytochemicals as Lead Compounds for New
Drug Discoverys. Vol. 488, . 2020. 1-381 p.

Khan V, Najmi AK, Akhtar M, Aqil M, Mujeeb M, Pillai KK. A pharmacological
appraisal of medicinal plants with antidiabetic potential. J Pharm Bioallied Sci.
2012;4(1):27-42.

Mirmiran P, Bahadoran zahra, Azizi Fereidoun. Functional foods-based diet as a novel
dietary approach for management of type 2 diabetes and its complications: A review.
World J Diabetes. 2014;5(3):267-81.

Wu CH, Hsieh HT, Lin JA, Yen GC. Alternanthera paronychioides protects pancreatic
B-cells from glucotoxicity by its antioxidant, antiapoptotic and insulin secretagogue
actions. Food Chem. 2013;139(1-4):362-70.

Tundis R, Loizzo MR, Menichini F. Natural Products as -Amylase and -Glucosidase
Inhibitors and their Hypoglycaemic Potential in the Treatment of Diabetes : An Update.
Mini-Reviews in Medicinal Chemistry. 2010;10(4):315-31.

Mojsov KD. Aspergillus Enzymes for Food Industries. Aspergillus Enzymes for Food
Industries.New and Future Developments in Microbial Biotechnology and
Bioengineering. Elsevier B.V.; 2016. 215-222 p.

Vasudeva N, Vats M, Sharma SK, Sardana S. Chemistry and Biological Activities of
the Genus Dalbergia-A Review. Phcog Rev. 2009;3(6):307-19.

Soudahmini E, Senthil GM, Panayappan L, Divakar MC. Herbal remedies of Madugga
tribes of Siruvani forest, South India. Natural Product Radiance. 2005;4(6):492-9.

Martha R, Mubarok M, Darmawan W, Syafii W, Dumarcay S, Charbonnier CG, et al.
Biomolecules of interest present in the main industrial wood species used in indonesia-
areview. ] Renew Mater. 2021;9(3):399-449.

Padal SB, Prayaga Murty P, Rao DS, Venkaiah M. Ethnomedical plants from paderu
division of visakapatnam district. Journal of Phytology. 2010(8):70-91.

Panda SK. Ethno-medicinal uses and screening of plants for antibacterial activity from
Similipal Biosphere Reserve, Odisha, India. J Ethnopharmacol. 2014;151(1):158-75.

Syafii W. Antitermitic compounds from the heartwood of Sonokeling wood (Dalbergia
latifolia Roxb.). Indonesian Journal of Tropical Agriculture (IJTA). 2000;9(03):55-8.

Daryatmo J, Hartadi H, Orskov ER, Adiwimarta K, Nurcahyo W. In vitro screening of
various forages for anthelmintic activity on Haemonchus contortus eggs. Advances in
Animal Biosciences. 2010;1(1):113.

Kulkarni SC, Pkm N, Sainadh NS, Vasanthakumar C. Evaluation of Cerebroprotective
Effect of Flavonoid of Dalbergia Latifolia Against Cerebral Ischemia Re-Perfusion
Induced Cerebral Infarction in Rats by BCCAO Method. RRIPTS. 2013;1(1):8—14.

Khalid M, Shoaib A, Akhtar J, Algarni MH, Siddiqui HH, Foudah Al. Anti obesity
prospective of Dalbergia latifolia (Roxb.) hydroalcoholic bark extract in high fat diet
induced obese rats. 3 Biotech. 2020;10(11):1-12.

98



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Niwa Y, Matsui C, Sukumwang N, linuma H, Ikeda Y, Koyano T, et al. Inhibition of
lysenin-induced hemolysis by all-E-lutein derived from the plant Dalbergia latifolia.
Planta Med. 2012;78(10):957-61.

Yadav SK, Nagarathna PKM, Yadav CK. Research article of evaluation of
immunomodulatory activity of Dalbergia latifolia on Swiss albino mice. J Pharm Biol
Sci. 2015;10:58-64.

Prasad DP, V Suba, S kavimani, V Ravi chandran. Neuropharmacological profile of
ethanolic extract of dalbergia latifolia roxb in swiss albino mice. JGTPS.
2013;4(3):1193-7.

Pkm N, Kumar Yadav C, Kumar Yadav S. Evaluation of Mutagenic Effect
(Antimutagenic) of Dalbergia Latifolia on Swiss Albino Mice. [JPTR. 2015;7(2):80—4.

Tiwari A, Choudhary NK. Phytopharmacological evaluation of dalbergia latifolia roxb.
for antidiabetic activity and its effect on lipid profile and hepatic enzymes of glucose
metabolism in diabetic rats. J Adv Sci Res. 2021;12(3):95-109.

John Hodgson. ADMET—turning chemicals into drugs. Nat Biotechnol. 2001;19:722—
6.

Najmi A, Javed SA, Al Bratty M, Alhazmi HA. Modern Approaches in the Discovery
and Development of Plant-Based Natural Products and Their Analogues as Potential
Therapeutic Agents. Vol. 27, Molecules. MDPI; 2022.

Jemiseye OT, Idowu PA, Agidigbi TS. In vitro Assessment of Selected Antibiotics,
Crude Extract of Dalbergia latifolia Leaf and Their Combination on MDR Salmonella
enterica Strain. Journal of Complementary and Alternative Medical Research.
2017;4(3):1-9.

Mishra MP, Padhy RN. In vitro antibacterial efficacy of 21 Indian timber-yielding plants
against multidrug-resistant bacteria causing urinary tract infection. Osong Public Health
Res Perspect. 2013;4(6):347-57.

Tripathi R. In Vitro A-Glucosidase Inhibitory Potential and Free Radical Quenching
Activity of Some Selected Medicinal Plants Total Poly Phenolic Content and Its
Pharmacological Activity of Medicinal Plant. JETIR. 2018;5(7):538-48.

Gautam AK, Kumar P, Kumar V, Singh A, Mahata T, Maity B, et al. Preclinical
evaluation of dalbergin loaded PLGA-galactose-modified nanoparticles against
hepatocellular carcinoma via inhibition of the AKT/NF-xB signaling pathway. Int
Immunopharmacol. 2024;140:112813.

Kumar P, Kushwaha P, Ahmad N, Maurya SW, Dev K, Khedgikar V, et al. Design and
synthesis of dalbergin analogues and evaluation of anti-osteoporotic activity. Bioorg
Med Chem Lett. 2017;27(8):1765-75.

Tsvetkov DE, Kumar R, Dmitrenok AS, Tsvetkov YE, Chizhov AO, Yashin AY, et al.
Components of the extracts of the knot wood of Dalbergia Sissoo Linn. and their
antioxidant activity. Vol. 68, Izvestiya Akademii Nauk. Seriya Khimicheskaya. 2019.

Gao Y, Lv X, Yang H, Peng L, Ci X. Isoliquiritigenin exerts antioxidative and anti-
inflammatory effects: Via activating the KEAP-1/Nrf2 pathway and inhibiting the NF-
kB and NLRP3 pathways in carrageenan-induced pleurisy. Food Funct. 2020 Mar
1;11(3):2522-34.

99



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

S8.

Kim HJ, Jang HN, Bae JY, Ha JH, Park SN. Antimicrobial activity, quantification and
bactericidal activities of licorice active ingredients. Korean Journal of Microbiology and
Biotechnology. 2014 Dec 1;42(4):386-92.

Yang L, Wang D, Zhang Z, Jiang Y, Liu Y. Isoliquiritigenin alleviates diabetic
symptoms via activating AMPK and inhibiting mTORCI signaling in diet-induced
diabetic mice. Phytomedicine. 2022;98:153950.

Ni B, Liu Y, Gao X, Cai M, Fu J, Yin X, et al. Isoliquiritigenin attenuates emodin-
induced hepatotoxicity in vivo and in vitro through Nrf2 pathway. Comparative
Biochemistry and Physiology Part C: Toxicology & Pharmacology [Internet].
2022;261:109430. Available from:
https://www.sciencedirect.com/science/article/pii/S153204562200165X

Gao M, Cai Q, Si H, Shi S, Wei H, Lv M, et al. Isoliquiritigenin attenuates pathological
cardiac hypertrophy via regulating AMPKa in vivo and in vitro. J Mol Histol. 2022 Aug
1;53(4):679-89.

Nihal PM, Mohapatra D, Manir AMAA, Mehra A, Sutrapu S, Harish V, et al. Unveiling
the Essence of Isoliquiritigenin: Exploring Its Chemistry, Pharmacokinetics, and
Pharmacological Potential. Chemistry Africa. Springer Science and Business Media
Deutschland GmbH; 2024.

Frode TS, Medeiros YS. Animal models to test drugs with potential antidiabetic activity.
Vol. 115, Journal of Ethnopharmacology. 2008. p. 173—-83.

Srinivasan K, Viswanad B, Asrat L, Kaul CL, Ramarao P. Combination of high-fat diet-
fed and low-dose streptozotocin-treated rat: a model for type 2 diabetes and
pharmacological screening. Pharmacol Res. 2005;52(4):313-20.

OMS(2017) OM de la S. world health organisation. 2017. p. 2 Diabetes @
Www.Who.Int. Available from: http://www.who.int/en/news-room/fact-
sheets/detail/diabetes

Diagnosis and  classification of  diabetes mellitus.  Diabetes  Care.
2014;37(SUPPL.1):81-90.

Diabetes care in the hospital: Standards of medical care in diabetes-2021. Diabetes Care.
2021;44(January):S211-20.

indian diabetic federation [Internet]. 2019. Facts-Figures (@ Www.ldf.Org. Available
from: http://www.idf.org/worlddiabetesday/toolkit/gp/facts-figures?language=es

Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, Siddiqi H, Uribe KB, et
al. Pathophysiology of type 2 diabetes mellitus. Vol. 21, International Journal of
Molecular Sciences. MDPI AG; 2020. p. 1-34.

Cerf ME. Beta cell dysfunction and insulin resistance. Vol. 4, Frontiers in
Endocrinology. 2013.

Diabetes care in the hospital: Standards of medical care in diabetes-2021. Diabetes Care.
2021;44(January):S211-20.

Classification and Diagnosis of Diabetes : Standards of Medical Care in Diabetes —
2022. Diabetes Care. 2022;45:17-38.

100



59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

Etminan-Baksh M, Tadi S, Hatami M, Darabi R. Prevalence of Gestational Diabetes
Mellitus and Its Associated Risk Factors in Boo-Ali Hospital, Tehran. Galen Medical
Journal. 2020 Dec 26;9:¢1642.

Sanyoura M, Woudstra C, Halaby G, Baz P, Senée V, Guillausseau PJ, et al. A novel
ALMSI splice mutation in a non-obese juvenile-onset insulin-dependent syndromic
diabetic patient. European Journal of Human Genetics. 2014;22(1):140-3.

Cervin C, Lyssenko V, Bakhtadze E, Lindholm E, Nilsson P, Tuomi T, et al. Genetic
similarities between latent autoimmune diabetes in adults, type 1 diabetes, and type 2
diabetes. Diabetes. 2008 May;57(5):1433-7.

De La Monte SM, Wands JR. Alzheimer’s Disease Is Type 3 Diabetes-Evidence
Reviewed. Vol. 2, Journal of Diabetes Science and Technology. 2008.

Wolfsdorf JI, Glaser N, Agus M, Fritsch M, Hanas R, Rewers A, et al. ISPAD
CLINICAL PRACTICE CONSENSUS GUIDELINES ISPAD Clinical Practice
Consensus Guidelines 2018 : Diabetic ketoacidosis and the hyperglycemic
hyperosmolar state. Pediatr Diabetes. 2018;19(May):155-77.

National Institute of Diabetes and Digestive and Kidney Diseases [Internet]. 2022.
Diabetes  complications. Accessed March 24, 2022. Available from:
https://www.niddk.nih.gov/health-information/diabetes/overview/symptoms-causes

Classification and Diagnosis of Diabetes : Standards of Medical Care in Diabetes —
2022. Diabetes Care. 2022;45(January): 1 7-38.

Nellaiappan K, Preeti K, Khatri DK, Singh SB. Diabetic Complications: An Update on
Pathobiology and Therapeutic Strategies. Curr Diabetes Rev. 2021 Mar 11;18(1).

sorbitol pathway. Science (1979). 1996;151:209-10.

Brownlee M. The Pathobiology of Diabetic Complications A Unifying Mechanism.
Diabetes. 2005;54:1615-25.

Lander HM, Tauras JM, Ogiste JS, Hori O, Moss RA, Schmidt AM. Activation of the
receptor for advanced glycation end products triggers a p21(ras)-dependent mitogen-
activated protein kinase pathway regulated by oxidant stress. Journal of Biological
Chemistry. 1997;272(28):17810-4.

Inoguchi T, Battant R, Handlert E, Sportsman JR, Heaths W, King GL. Preferential
elevation of protein kinase C isoform 1311 and diacylglycerol levels in the aorta and
heart of diabetic rats: Differential reversibility to glycemic control by islet cell
transplantation. Vol. 89, Medical Sciences. 1992.

Lewis JP, Tanke HJ, Raap AK, Beverstock GC, Kluin H, Gunaratne PH, et al.
Amelioration of Vascular Dysfunctions in Diabetic Rats by an Oral PKC beta Inhibitor.
Science (1979). 1996;272(23):728-31.

Kolm-Litty V, Sauer U, Nerlich A, Lehmann R, Schleicher ED. High Glucose-induced
Transforming Growth Factor 1 Production Is Mediated by the Hexosamine Pathway in
Porcine Glomerular Mesangial Cells. J Clin Invest. 1998;101(1):160-9.

Clark RJ, McDonough PM, Swanson E, Trost SU, Suzuki M, Fukuda M, et al. Diabetes
and the Accompanying Hyperglycemia Impairs Cardiomyocyte Calcium Cycling
through Increased Nuclear O-GlcNAcylation. Journal of Biological Chemistry. 2003
Nov 7;278(45):44230-7.

101



74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

diabetes education online. Diabetes Teaching Center at the University of California, San
Francisco. understanding carbohydrates. Available from: https://dtc.ucsf.edu/living-
with-diabetes/diet-and-nutrition/understanding-carbohydrates/

Tundis R, Loizzo MR, Menichini F. Natural Products as -Amylase and -Glucosidase
Inhibitors and their Hypoglycaemic Potential in the Treatment of Diabetes : An Update.
Mini-Reviews in Medicinal Chemistry. 2010;10(4):315-31.

Reynolds AN, Akerman AP, Mann J. Dietary fibre and whole grains in diabetes
management: Systematic review and meta-analyses. PLoS Med. 2020 Mar
1;17(3):¢1003053.

Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, et al.
Physical activity/exercise and diabetes: A position statement of the American Diabetes
Association. Vol. 39, Diabetes Care. American Diabetes Association Inc.; 2016. p.
2065-79.

Chaput JP, Després JP, Bouchard C, Tremblay A. Association of sleep duration with
type 2 diabetes and impaired glucose tolerance. Diabetologia. 2007 Nov;50(11):2298—
304.

Zamani-Alavijeh F, Araban M, Koohestani HR, Karimy M. The effectiveness of stress
management training on blood glucose control in patients with type 2 diabetes. Diabetol
Metab Syndr. 2018 May 8;10(1).

Mojsov KD. Aspergillus Enzymes for Food Industries. Aspergillus Enzymes for Food
Industries.New and Future Developments in Microbial Biotechnology and
Bioengineering. Elsevier B.V.; 2016. 215-222 p.

Hokari S, Miura K, Koyama I, Kobayashi M, Matsunaga T. Expression of a -amylase
isozymes in rat tissues. Comp Biochem Physiol. 2003;135(03):63-9.

Jean-Louis Chiasson, Robert G Josse, Ramon Gomis, Markolf Hanefeld, Avraham
Karasik, Markku Laakso. Acarbose for prevention of type 2 diabetes mellitus: the
STOP- NIDDM randomised trial. The lancet. 2022;359:2072-7.

Dhankhar S, Chauhan S, Mehta DK, Nitika, Saini K, Saini M, et al. Novel targets for
potential therapeutic use in Diabetes mellitus. Vol. 15, Diabetology and Metabolic
Syndrome. BioMed Central Ltd; 2023.

Ursu O, Rayan A, Goldblum A, Oprea TI. Understanding drug-likeness. Wiley
Interdiscip Rev Comput Mol Sci. 2011;1(5):760-81.

Hossain MU, Khan MA, Rakib-Uz-Zaman SM, Ali MT, Islam MS, Keya CA, et al.
Treating diabetes mellitus: pharmacophore based designing of potential drugs from
Gymnema sylvestre against insulin receptor protein. Biomed Res Int. 2016;2016.

Olaokun OO, Zubair MS. Antidiabetic Activity, Molecular Docking, and ADMET
Properties of Compounds Isolated from Bioactive Ethyl Acetate Fraction of Ficus lutea
Leaf Extract. Molecules. 2023;28(7717):1-19.

Hasan T, Islam A, Riva R ara khanom, Rahman MN, Ahmed S, Islam MA, et al.
Phytochemicals from Zingiber capitatum rhizome as potential a-glucosidase, a-
amylase, and glycogen phosphorylase inhibitors for the management of Type-II diabetes
mellitus: Inferences from in vitro, in vivo and in-silico investigations. Arabian Journal
of Chemistry. 2023;16(10):1-10.

102



88.

&9.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Srinivasan P, Vijayakumar S, Kothandaraman S, Palani M. Anti-diabetic activity of
quercetin extracted from Phyllanthus emblica L. fruit: In silico and in vivo approaches.
J Pharm Anal. 2018;8(2):109-18.

Nazir A, Shafiq N, Arshad U, Yasmin F, Nazir HA, Shaq N, et al. In silico screening of
Daphne tangutica Maxim plant for their bio-active phytochemicals as type 2 diabetes
potential inhibitors. Res Sq. 2022;2-29.

Nurmaylindha V, Widodo GP, Herowati R. Molecular docking analysis of Leucaena
leucocephala and Trigonella foenum-graecum chemical constituents on antidiabetic
macromolecular targets and prediction of the pharmacokinetic profiles. In: AIP
Conference Proceedings. American Institute of Physics Inc.; 2020. p. 1-11.

Almahmoud S, Wang X, Vennerstrom JL, Zhong HA. Conformational studies of
glucose transporter 1 (GLUT1) as an anticancer drug target. Molecules. 2019 Jun
7;24(11).

Hinklin RJ, Aicher TD, Anderson DA, Baer BR, Boyd SA, Condroski KR, et al.
Discovery of 2-Pyridylureas as Glucokinase Activators. J Med Chem. 2014 Oct
9;57(19):8180-6.

Timalsina D, Bhusal D, Devkota HP, Pokhrel KP, Sharma KR. a -Amylase Inhibitory
Activity of Catunaregam spinosa (Thunb.) Tirveng.: In Vitro and in Silico Studies.
Biomed Res Int. 2021;2021:1-11.

Guo W, Xiao Y, Fu X, Long Z, Wu Y, Lin Q, et al. Identification of novel a-glucosidase
and ACE inhibitory peptides from Douchi using peptidomics approach and molecular
docking. Food Chem X. 2023;19(100779):1-9.

Elwekeel A, El Amir D, Mohamed EIA, Amin E, Hassan MHA, Zaki MA.
Characterization of Possible a-Glucosidase Inhibitors from Trigonella stellata Extract
Using LC-MS and In Silico Molecular Docking. Plants. 2022;11(208):1-15.

Duhan M, Singh R, Devi M, Sindhu J, Bhatia R, Kumar A, et al. Synthesis, molecular
docking and QSAR study of thiazole clubbed pyrazole hybrid as a-amylase inhibitor. J
Biomol Struct Dyn. 2021;39(1):91-107.

Ilieva Y, Kokanova-Nedialkova Z, Nedialkov P, Momekov G. In silico ADME and
drug-likeness evaluation of a series of cytotoxic polyprenylated acylphloroglucinols,
isolated from Hypericum annulatum Morris subsp. annulatum. Bulgarian Chemical
Communications. 2018;50:193-9.

Junod A, Lambert AE, Orci L, Pictet R, Gonet AE, Renold AE. Studies of the
Diabetogenic Action of Streptozotocin. Proceedings of the Society for Experimental
Biology and Medicine. 1967;126(1):201-5.

Akbarzadeh A, Norouzian D, Mehrabi M, Jamshidi S, Farhangi A, Allah Verdi A, et al.
induction of diabetes by streptozotocin in rats. Indian Journal of Clinical Biochemistry.
2007;22(2):60-4.

Ghasemi A, Khalifi S, Jedi S. Streptozotocin-nicotinamide-induced rat model of type 2
diabetes (review). Vol. 101, Acta Physiologica Hungarica. Akademiai Kiado ZRt.;
2014. p. 408-20.

103



101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Reed MJ, Meszaros K, Entes LJ, Claypool MD, Pinkett JG, Gadbois TM, et al. A new
rat model of type 2 diabetes: The fat-fed, streptozotocin-treated rat. Metabolism.
2000;49(11):1390-4.

Ashok D chougale shrimant NPPM and akalpita U arvindekar. Optimization of Alloxan
Dose is Essential to Induce Stable Diabetes for Prolonged Period. asian journal of
biochemistry. 2007;2(6):402—8.

Lenzen S. The mechanisms of alloxan- and streptozotocin-induced diabetes. Vol. 51,
Diabetologia. 2008. p. 216-26.

Paun G, Neagu E, Albu C, Savin S, Radu GL. In Vitro Evaluation of Antidiabetic and
Anti-Inflammatory Activities of Polyphenolic-Rich Extracts from Anchusa officinalis
and Melilotus officinalis. ACS Omega. 2020 Jun 9;5(22):13014-22.

Zhang L, Zeng J, Yuan E, Chen J, Zhang Q, Wang Z, et al. Extraction, identification,
and starch-digestion inhibition of phenolics from Euryale ferox seed coat. J Sci Food
Agric. 2023;103(7):3437-46.

Wu S, Tian L. A new flavone glucoside together with known ellagitannins and flavones
with anti-diabetic and anti-obesity activities from the flowers of pomegranate (Punica
granatum). Nat Prod Res. 2019 Jan 17;33(2):252-7.

Mohamed GA, Omar AM, El-Araby ME, Mass S, Ibrahim SRM. Assessments of Alpha-
Amylase Inhibitory Potential of Tagetes Flavonoids through In Vitro, Molecular
Docking, and Molecular Dynamics Simulation Studies. Int J Mol Sci. 2023 Jun
1;24(12).

Verma A, Pathak P, Rimac H, Khalilullah H, Kumar V, Grishina M, et al. A triterpene
glochidon from Phyllanthus debilis: Isolation, computational studies, and antidiabetic
activity evaluation. Biocatal Agric Biotechnol. 2021 Sep 1;36.

Monzon Daza G, Meneses Macias C, Forero AM, Rodriguez J, Aragén M, Jiménez C,
et al. Identification of a-Amylase and a-Glucosidase Inhibitors and Ligularoside A, a
New Triterpenoid Saponin from Passiflora ligularis Juss (Sweet Granadilla) Leaves, by
a Nuclear Magnetic Resonance-Based Metabolomic Study. J Agric Food Chem. 2021
Mar 10;69(9):2919-31.

Jiang X, Yang T, Li Y, Liu S, Liu Y, Chen D, et al. Ultrasound-assisted extraction of
tamarind xyloglucan: an effective approach to reduce the viscosity and improve the a-
amylase inhibition of xyloglucan. J Sci Food Agric. 2023;103(8):4047-57.

WuM, Yang Q, Wu Y, Ouyang J. Inhibitory effects of acorn (Quercus variabilis Blume)
kernel-derived polyphenols on the activities of a-amylase, a-glucosidase, and dipeptidyl
peptidase IV. Food Biosci. 2021 Oct 1;43.

Chen Y, Chen Z, Guo Q, Gao X, Ma Q, Xue Z, et al. Identification of Ellagitannins in
the Unripe Fruit of Rubus Chingii Hu and Evaluation of its Potential Antidiabetic
Activity. J Agric Food Chem. 2019 Jun 26;67(25):7025-39.

Gok HN, Deliorman Orhan D, Giirbiiz I, Aslan M. Activity-guided isolation of a-
amylase, a-glucosidase, and pancreatic lipase inhibitory compounds from Rhus coriaria
L. J Food Sci. 2020 Oct 1;85(10):3220-8.

Dandekar PD, Kotmale AS, Chavan SR, Kadlag PP, Sawant S V., Dhavale DD, et al.
Insights into the Inhibition Mechanism of Human Pancreatic a-Amylase, a Type 2

104



115.

116.

117.

118.

119.
120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Diabetes Target, by Dehydrodieugenol B Isolated from Ocimum tenuiflorum. ACS
Omega. 2021 Jan 26;6(3):1780-6.

Naik S, Deora N, Pal SK, Ahmed MZ, Algahtani AS, Shukla PK, et al. Purification,
biochemical characterization, and DPP-IV and o-amylase inhibitory activity of
Berberine from Cardiospermum halicacabum. Journal of Molecular Recognition.
2022;35(11):e2983.

Thuy NTK, Phuong PT, Hien NTT, Trang DT, Huan N Van, Anh PTL, et al. Pregnane
glycosides from the leaves of Dregea volubilis and their a-glucosidase and a-amylase
inhibitory activities. Nat Prod Res. 2021;35(21):3931-8.

Vasudevan R, Buch Z. Ayurveda for diabetes in India. Lancet Diabetes Endocrinol.
2016;4(11):884.

Orwa C. Agroforestree Database: a tree reference and selection guide, version 4.0.
http://www worldagroforestry org/sites/treedbs/treedatabases asp. 2009;

Mari Mut JA. Plant genera named after people (1753-1853 ). 2017;663.

India biodiversity portal/dalbergia latifolia [Internet]. [cited 2023 Feb 21]. Available
from: https://indiabiodiversity.org/species/show/31247

Sanjib SahaJamil A ShilpiJamil A ShilpiHimangsu MondalHimangsu Mondal Geoffrey
A. Cordell. Ethnomedicinal , phytochemical , and pharmacological profile of the genus
Ethnomedicinal , phytochemical , and pharmacological profile of the genus Dalbergia
L . ( Fabaceae ). phytopharmacology. 2013;4(2):291-346.

Sundararaj R, Shanbhag RR, Nagaveni HC, Vijayalakshmi G. Natural durability of
timbers under Indian environmental conditions—An overview. Int Biodeterior
Biodegradation. 2015;103:196-214.

Richter HG, Gembruch K, Koch G. onwards. CITESwoodID: descriptions, illustrations,
identification, and information retrieval. English, French, German, and Spanish
Version: 19th February. 2014;

Sita GL, Chattopadhyay S, Tejavathi DH. Plant regeneration from shoot callus of
rosewood (Dalbergia latifolia Roxb.). Plant Cell Rep. 1986;5(4):266-8.

Rao MM, Sita GL. Direct somatic embroygenesis from immature embryos of rosewood
(Dalbergia latifolia Roxb.). Plant Cell Rep. 1996;15(5):355-9.

Rao KS. Plantlets from somatic callus tissue of the East Indian Rosewood (Dalbergia
latifolia Roxb.). Plant Cell Rep. 1986;5(3):199-201.

Swamy BVR, Himabindu K, Sita GL. In vitro micropropagation of elite rosewood
(Dalbergia latifolia Roxb.). Plant Cell Rep. 1992;11(3):126-31.

Louppe D, Oteng-Amoako AA, Brink M. Plant Resources of Tropical Africa 7 (1).
Timbers 1. PROTA foundation; 2008.

Buvaneswaran C, Senthilkumar S, Saravanan S, Kathirvel P, Murugesan S, Prashanth
RS. Status and Recent Researches on Important Timber Trees of India. The Director,
ICAR-CIARLI, Port Blair; 2017. p. 1-424.

Abrol DP. Beekeeping: A compressive guide to bees and beekeeping. Scientific
Publishers; 2019. 1-896 p.

105



131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Prasad PKavimani SSuba VNadu TSanatorium TNadu T. Antimicrobial Activity of the
Root Extracts of DALBERGIA LATIFOLIA (ROXB.). Journal of Global Trends in
Pharmaceutical Sciences. 2013;4(1):1039-43.

Liu R hua, Wang D qing, Zhang P zhao, Shao F, Chen L ying, Huang H lian, et al. A
new diaryl 1, 2-diketone from the heartwood of Dalbergia latifolia. Nat Prod Res.
2018;(1):1-7.

Prasad PD, Kavimani S, Suba V, Nadu T, Sanatorium T, Nadu T. Antimicrobial Activity
of the Root Extracts of. 2013;4(1):1039-43.

Sekine N, Ashitani T, Murayama T, Shibutani S, Hattori S, Takahashi K. Bioactivity of
latifolin and its derivatives against termites and fungi. J Agric Food Chem.
2009;57(13):5707-12.

Sekine N, Ashitani T, Murayama T, Shibutani S, Hattori S, Takahashi K. Bioactivity of
latifolin and its derivatives against termites and fungi. J Agric Food Chem.
2009;57(13):5707-12.

Syafii W. Antitermitic compounds from the heartwood of Sonokeling wood (Dalbergia
latifolia Roxb.). Indonesian Journal of Tropical Agriculture (IITA). 2000;9(03):55-8.

Choi EM, Hwang JK. Screening of Indonesian medicinal plants for inhibitor activity on
nitric oxide production of RAW264. 7 cells and antioxidant activity. Fitoterapia.
2005;76(2):194-203.

Dhandapani T, Sasidharan K, Shanmugam G, Sadanandam V, Vasudevan R, Lalitha S,
et al. Characterization and Cytotoxic Activity of &lt;i&gt;Dalbergia latifolia&lt;/i&gt;
Wood Extract. American Journal of Agriculture and Forestry. 2020;8(5):208.

Khalid M, Siddiqui HH, Freed S. In-vitro Assessment of Antioxidant Activity of
Dalbergia latifolia Barks Extract Against Free Radicals. American-Eurasian Journal of
Scientific Research. 2011;6(3):172-7.

Tripathi R. In vitro a -Glucosidase Inhibitory potential and Free Radical Quenching
Activity of Some Selected Medicinal Plants Total poly phenolic content and its
pharmacological activity of medicinal plants. 2018;5(7):538—48.

Niraimathi V, Sundaraganapathy R. In vitro Anti Cancer Activity of Various Fractions
of Hydro Alcoholic Extract of D. latifolia Roxb. International Journal of
Phytopharmacology. 2014;5(4):272-83.

Kulkarni SC, Pkm N, Sainadh NS, Vasanthakumar C. Research and Reviews : Journal
of Pharmacology and Toxicological Studies Evaluation of Cerebroprotective Effect of
Flavonoid of Dalbergia Latifolia Against Cerebral Ischemia Re-Perfusion Induced
Cerebral Infarction in Rats by BCCAO Method . 2013;1(1):8—14.

Masendra M, Irawati D, Ridlo AS, Lukmandaru G. Phenol Contents and Antioxidant
Activity of Sonokeling (Dalbergia latifolia Roxb) Wood. Wood Research Journal.
2020;11(1):27-34.

Nagarathana P. K. M., Naresh K.*, Rajendra M. VJV. NEPHROPROTECTIVE
EFFECT OF LEAVES OF DALBERGIA LATIFOLIA ON GENTAMICIN-
INDUCED NEPHROTOXICITY IN. World J Pharm Res. 2018;7(8):860-76.

106



145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Nagarathna PKM, Yadav CK, Yadav SK. Evaluation of mutagenic effect
(Antimutagenic) of dalbergia latifolia on swiss albino mice. Asian Journal of
Pharmaceutical and Clinical Research. 2015;8(3):154-8.

P DP, Kavimani, S, Ravi Chandiran V S V. Neuropharmacological Profile of Ethanolic
Extract of Dalbergia Latifolia Roxb in Swiss Albino Mice. Journal of global trends in
pharmaceutical sciences. 2013;4(3):1193-9.

Kumar Yadav S, Pkm N, Kumar Yadav C. Research Article of Evaluation of
Immunomodulatory Activity of Dalbergia Latifolia on Swis Albino Mice. IOSR Journal
of Pharmacy and Biological Sciences Ver III. 2015;10(1):2319-7676.

Rao MM, Seshadri TR. Components of the heartwood of dalbergia larifolia, roxb.
Tetrahedron Lett. 1963;4(4):211-5.

Balakrishna S, Rao MM, Seshadri TR. Constitution of o-dimethyl latifolin. Tetrahedron.
1962;18(12):1503-7.

B. J. DONNELLY DMXD and CBS. Isolation of (s)-dalbergione. Phytochemistry.
1965;4:337-40.

D.M.X. Donnelly MRG and BIN. DALBERGIA SPECIES-III. Tetrahedron Lett.
1972;9(35):3721-4.

Dhingra VK, Mukerjee SK, Saroja T, Seshadri TR. Chemical examination of the bark
and sapwood of Dalbergia latifolia. Phytochemistry. 1971;

Chibber SS, Khera U. Dalbinol-a new 12a-hydroxyrotenoid from Dalbergia latifolia
seeds. Phytochemistry. 1978;

Index-dalbergia KW. DALBIN: A 12a-HYDROXY ROTENOID GLYCOSIDE
METABOLISM. 1979;18.

Criodain TO, O’Sullivan M, Meegan MJ, Donnelly DMX. Latinone, a phenanthrene-1,
4-quinone from Dalbergia latifolia. Phytochemistry. 1981;20(5):1089-92.

Donnelly DMX, Criodain TO, O’Sullivan M. Dalbergia species: XV. dalcriodain, a
binary neoflavanoid. In: Proceedings of the Royal Irish Academy Section B: Biological,
Geological, and Chemical Science. JSTOR; 1983. p. 39-48.

Sekine N, Ashitani T, Murayama T, Ogiyama K, Takahashi K. The bioactive extracts
of heartwood of Dalbergia latifolia. Journal of the Japan Wood Research Society
(Japan). 2009;

Liu RH, Mei DY, Lin S, Wang DQ, Shao F, Chen LY, et al. A New Benzofuran from
the Heartwood of Dalbergia latifolia. Nat Prod Res. 2019;33(1):47-52.

Aboaba SA, Ekundayo O, ugah T.C. Volatile oil constituents of the leaves and woods
of Cedrela odorata and Dalbergia latifolia from South West Nigeria. Southern Brazilian
Journal of Chemistry [Internet]. 2015;23(23):75-81.  Available from:
https://www.researchgate.net/publication/303952056

Niwa Y, Matsui C, Sukumwang N, linuma H, Ikeda Y, Koyano T, et al. Inhibition of
lysenin-induced hemolysis by all-E-lutein derived from the plant Dalbergia latifolia.
Planta Med. 2012;78(10):957-61.

Jeukendrup A, Williams C. Carbohydrate. Sport and Exercise Nutrition. 2011;31-40.

107



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

A Adeshara K, G Diwan A, S Tupe R. Diabetes and complications: cellular signaling
pathways, current understanding and targeted therapies. Curr Drug Targets.
2016;17(11):1309-28.

Inzucchi SE. Oral antihyperglycemic therapy for type 2 diabetes: Scientific review.
JAMA. 2002;287(3):360-72.

Cheng AYY, Fantus IG. Oral antihyperglycemic therapy for type 2 diabetes mellitus.
CMAJ Canadian Medical Association Journal. 2005;172(2):213-26.

Schneider CA. Acarbose treatment and the risk of cardiovascular disease and
hypertension in patients with impaired glucose tolerance. Diabetes und Stoffwechsel.
2003;12(5):266-8.

Jain SK. Dictionary of Indian folk medicine and ethnobotany. 1991.

Padal SB, Murty PP, Rao DS, Venkaiah M. Ethnomedicinal plants from Paderu division
of Visakhapatnam District, AP, India. Journal of Phytology. 2010;2(8):70-91.

Daina A, Michielin O, Zoete V. SwissADME: A free web tool to evaluate
pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small
molecules. Sci Rep. 2017;7(March):1-13.

Hay M, Thomas DW, Craighead JL, Economides C, Rosenthal J. Clinical development
success rates for investigational drugs. Nat Biotechnol. 2014;32(1):40-51.

Proudfoot JR. Drugs, leads, and drug-likeness: an analysis of some recently launched
drugs. Bioorg Med Chem Lett. 2002;12(12):1647-50.

Cheng F, Li W, Zhou Y, Shen J, Wu Z, Liu G, et al. admetSAR: a comprehensive source
and free tool for assessment of chemical ADMET properties. ACS Publications; 2012.

Banerjee P, Eckert AO, Schrey AK, Preissner R. ProTox-II: a webserver for the
prediction of toxicity of chemicals. Nucleic Acids Res. 2018;46(W1):W257-63.

Ferreira LG, Dos Santos RN, Oliva G, Andricopulo AD. Molecular docking and
structure-based drug design strategies. Vol. 20, Molecules. MDPI AG; 2015. p. 13384—
421.

Karthikeyan M, Vyas R. Open-Source Tools, Techniques, and Data in
Chemoinformatics. In: Practical Chemoinformatics. Springer India; 2014. p. 1-92.

Muti’ah R, Firman Firdausy A, Jati T, Dewi D, Rahmawati EK. In Silico Prediction of
The Antiangiogenesis Activity of Heliannuol Lactone sesquiterpenes Compounds from
Sunflower (Heliannthus annuus L.) [Internet]. Vol. 12, Indones. J. Cancer
Chemoprevent. 2021. Available from: https://www.rcsb.

X Donnelly DM, Criodain TO. Dalbergia Species: XV. Source: Proceedings of the
Royal Irish Academy Section B: Biological, Geological, and Chemical Science.
1983;83:39-48.

Udomputtimekakul P, Pompimon W, Baison W, Sombutsiri P, Funnimid N, Chanadee
A, et al. Profiling of secondary metabolites in aerial parts of phanera bracteata. Am J
Plant Sci. 2017;08(05):1100-34.

108



178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

Khamsan S, Liawruangrath S, Teerawutkulrag A, Pyne S, Garson M, Liawruangrath B.
The isolation of bioactive flavonoids from Jacaranda obtusifolia H. B. K. ssp.
rhombifolia (G. F. W. Meijer) Gentry. Acta Pharmaceutica. 2012;62(2):181-90.

Sano S, Okubo Y, Handa A, Nakao M, Kitaike S, Nagao Y, et al. Reinvestigation of the
Synthesis of Isoliquiritigenin: Application of Horner-Wadsworth-Emmons Reaction
and Claisen-Schmidt Condensation. Chem Pharm Bull. 2011;59(7):885-8.

Ma CJ, Li GS, Zhang DL, Liu K, Fan X. One step isolation and purification of
liquiritigenin and isoliquiritigenin from Glycyrrhiza uralensis Risch. using high-speed
counter-current chromatography. J Chromatogr A. 2005;1078:188-92.

Visvanathan R, Jayathilake C, Liyanage R, Sivakanesan R. Applicability and reliability
of the glucose oxidase method in assessing a-amylase activity. Food Chem. 2018 Mar
1;,275:1-29.

Yap A, Nishiumi S, Yoshida KI, Ashida H. Rat L6 myotubes as an in vitro model system
to study GLUT4-dependent glucose uptake stimulated by inositol derivatives.
Cytotechnology. 2007;55:103-8.

Cudazzo G, Smart DJ, McHugh D, Vanscheeuwijck P. Lysosomotropic-related
limitations of the BALB/c 3T3 cell-based neutral red uptake assay and an alternative
testing approach for assessing e-liquid cytotoxicity. Toxicology in Vitro. 2019;61:1-8.

Choudhary D, Kushwaha P, Gautam J, Kumar P, Verma A, Kumar A, et al. Fast and
long acting neoflavonoids dalbergin isolated from Dalbergia sissoo heartwood is

osteoprotective in ovariectomized model of osteoporosis: Osteoprotective effect of
Dalbergin. Biomedicine and Pharmacotherapy. 2016 Oct 1;83:942-57.

Zhan C, Yang J. Protective effects of isoliquiritigenin in transient middle cerebral artery
occlusion-induced focal cerebral ischemia in rats. Pharmacol Res. 2006 Mar;53(3):303—
9.

Volcko KL, Carroll QE, Brakey DJ, Daniels D. High-fat diet alters fluid intake without
reducing sensitivity to glucagon-like peptide-1 receptor agonist effects. Physiol Behav.
2020;221(112910):1-9.

Turner J V., Agatonovic-Kustrin S. In silico prediction of oral bioavailability.
Comprehensive Medicinal Chemistry II. 2006;5:699—724.

Van De Waterbeemd H. In silico models to predict oral absorption. Comprehensive
Medicinal Chemistry II. 2006;5:669-97.

Ghose AK, Viswanadhan VN, Wendoloski JJ. A knowledge-based approach in
designing combinatorial or medicinal chemistry libraries for drug discovery. 1. A
qualitative and quantitative characterization of known drug databases. J] Comb Chem.
1999;1(1):55-68.

Arnott JA, Planey SL. The influence of lipophilicity in drug discovery and design.
Expert Opin Drug Discov. 2012;7(10):863-75.

Daisy P, Suveena S, Rajalakshmi M, Lilly V. Ligand Based Virtual Screening on natural
compounds for discovering active ligands. Der Pharma Chemica. 2011;3(3):51-7.

Borra NK, Kuna Y. Evolution of toxic properties of Anti Alzheimer’s Drugs through
Lipinski’s rule of five. Int J Pure Appl Biosci. 2013;1(4):28-36.

109



193.

194.

195.

196.

197.

198.

199.
200.

201.

202.

203.

204.

205.

206.

207.

208.

2009.

Lin JH, Yamazaki M. Role of P-Glycoprotein in Pharmacokinetics. Clin Pharmacokinet.
2003;42(1):59-98.

Balayssac D, Authier N, Cayre A, Coudore F. Does inhibition of P-glycoprotein lead to
drug-drug interactions? Toxicol Lett. 2005;156(3):319-29.

Wang Y, Xing J, Xu Y, Zhou N, Peng J, Xiong Z, et al. In silico ADME/T modelling
for rational drug design. Q Rev Biophys. 2015;48(4):488-515.

Smith AME, Lanevskij K, Sazonovas A, Harris J. Impact of Established and Emerging
Software Tools on the Metabolite Identification Landscape. Frontiers in Toxicology.
2022;4(June):1-8.

Chen CP, Chen CC, Huang CW, Chang YC. Evaluating molecular properties involved
in transport of small molecules in stratum corneum: A quantitative structure-activity
relationship for skin permeability. Molecules. 2018;23(4):1-17.

El-Kattan A, Varma M. Oral Absorption, Intestinal Metabolism and Human Oral
Bioavailability. In: Paxton J, editor. Rijeka: IntechOpen; 2012. p. Ch. 1.

Martin YC. A bioavailability score. ] Med Chem. 2005;48(9):3164—70.

Teague SJ, Davis AM, Leeson PD, Oprea T. The Design of Leadlike Combinatorial
Libraries. Angew Chem Int Ed Engl. 1999 Dec;38(24):3743-8.

Ertl P, Schuffenhauer A. Estimation of synthetic accessibility score of drug-like
molecules based on molecular complexity and fragment contributions. J Cheminform.
2009;1(1):1-11.

Flores-Holguin N, Frau J, Glossman-Mitnik D. Chemical Reactivity Properties and
Bioactivity Scores of the Angiotensin II Vasoconstrictor Octapeptide. Cheminformatics
and its Applications. 2020;1-8.

Kong W, Sun R, Gao Y, Nan G, Yang G, Li Y. Dissociation Constants and Solubilities
of Dalbergin and Nordalbergin in Different Solvents. J Chem Eng Data.
2015;60(9):2585-93.

Tadera K, Minami Y, Takamatsu K, Matsuoka T. Inhibition of alpha glucosidase and
alpha amylase by flavonoids. J Nutr Sci Vitaminol. 2006;52(2):149-53.

Borenfreund E, Puerner JA. A simple quantitative procedure using monolayer cultures
for cytotoxicity assays. Journal of tissue culture methods. 1985;9(1):7-9.

van de Venter M, Roux S, Bungu LC, Louw J, Crouch NR, Grace OM, et al.
Antidiabetic screening and scoring of 11 plants traditionally used in South Africa. J
Ethnopharmacol. 2008;119(1):81-6.

Tortorella LL, Pilch PF. C2CI12 myocytes lack an insulin-responsive vesicular
compartment despite dexamethasone-induced GLUT4 expression. Am J Physiol
Endocrinol Metab. 2002;283(3):¢514-24.

Zheng Y, Scow JS, Duenes JA, Sarr MG. Mechanisms of glucose uptake in intestinal
cell lines: Role of GLUT2. Surgery. 2012;151(1):13-25.

Gupta RN, Pareek A, Manish Suthar, Rathore G, Basniwal PK. Study of glucose uptake
activity of Helicteres isora Linn. fruits in L-6 cell lines. Int J Diab Dev Ctries.
2009;29(4):172—6.

110



210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

Al-Goblan AS, Al-Alfi MA, Khan MZ. Mechanism linking diabetes mellitus and
obesity. Diabetes Metab Syndr Obes. 2014;7:587-91.

Chang WC, Wu JSB, Chen CW, Kuo PL, Chien HM, Wang YT, et al. Protective effect
of vanillic acid against hyperinsulinemia, hyperglycemia and hyperlipidemia via
alleviating hepatic insulin resistance and inflammation in High-Fat Diet (HFD)-fed rats.
Nutrients. 2015;7:9946-59.

Nambirajan G, Karunanidhi K, Ganesan A, Rajendran R, Kandasamy R, Elangovan A,
et al. Evaluation of antidiabetic activity of bud and flower of Avaram Senna (Cassia
auriculata L.) In high fat diet and streptozotocin induced diabetic rats. Biomedicine and
Pharmacotherapy. 2018;108:1495-506.

Gaur R, Yadav KS, Verma RK, Yadav NP, Bhakuni RS. In vivo anti-diabetic activity
of derivatives of isoliquiritigenin and liquiritigenin. Phytomedicine. 2014;21:415-22.

Pandey NK, Singh SK, Kumar B, Gulati M, Vishwas S, Khursheed R, et al. Expanding
arsenal against diabetes mellitus through nanoformulations loaded with glimepiride and
simvastatin: A comparative study. Environmental Science and Pollution Research.
2022;29(34):1-21.

Joerin L, Kauschka M, Bonnlédnder B, Pischel I, Benedek B, Butterweck V. Ficus carica
leaf extract modulates the lipid profile of rats fed with a high-fat diet through an increase
of HDL-C. Phytotherapy Research. 2014;28(2):261-7.

Sankeerthi C H SL V, Biri SRK, Rani T S, Gundu R, Vadlakonda A. A study on
evaluating blood urea and serum creatinine in diabetes mellitus patients. International
Journal of Clinical Biochemistry and Research. 2021;8(4):285-8.

Han HS, Kang G, Kim JS, Choi BH, Koo SH. Regulation of glucose metabolism from
a liver-centric perspective. Exp Mol Med. 2016;48:1-10.

Graham DS, Liu G, Arasteh A, Yin XM, Yan S. Ability of high fat diet to induce liver
pathology correlates with the level of linoleic acid and Vitamin E in the diet. PLoS One.
2023;18(6):1-15.

Bae CS, Lee Y, Ahn T. Therapeutic treatments for diabetes mellitus-induced liver injury
by regulating oxidative stress and inflammation. Appl Microsc. 2023;53(4):1-11.

Cao W, Liu HY, Hong T, Liu Z. Excess exposure to insulin may be the primary cause
of insulin resistance. Am J Physiol Endocrinol Metab. 2009;1-1.

Kaur J, Gulati M, Kumar Pandey N, Lal Khatik G, Alotaibi F, Kumar D, et al.
Antidiabetic evaluation of vanillic acid-glyburide loaded polymeric micelles in high fat
diet and streptozotocin induced diabetic rats. Res Sq. 2023;

Wickramasinghe ASD, Attanayake AP, Wijesiri TW, Peiris HH, Mudduwa LKB.
Pancreatic and hepatic histopathology of high-fat diet fed streptozotocin-induced Wistar
rat model of type 2 diabetes mellitus. Ceylon Journal of Science. 2024;53(2):235-42.

Attanayake AP, Jayatilaka KAPW, Pathirana C, Mudduwa LKB. Gmelina arborea
Roxb. (Family: Verbenaceae) Extract Upregulates the f -Cell Regeneration in STZ
Induced Diabetic Rats. J Diabetes Res. 2016;2016.

Nagappa AN, Thakurdesai PA, Rao NV, Singh J. Antidiabetic activity of Terminalia
catappa Linn fruits. J Ethnopharmacol. 2003 Sep 1;88(1):45-50.

111



225.

226.

227.

228.

229.

230.

231.

232.

233.

Mhatre V. Ho, Ji-Ann Lee and KCM, Dien. NIH Public Access. Surgery. 2008;23(1):1—
7.

Somwar R, Kim DY, Sweeney G, Huang C, Niu W, Lador C, et al. GLUT4 translocation
precedes the stimulation of glucose uptake by insulin in muscle cells: Potential

activation of GLUT4 via p38 mitogen-activated protein kinase. Biochemical Journal.
2001;359(3):639-49.

Attanayake AP, Jayatilaka KAPW, Pathirana C, Mudduwa LKB. Gmelina arborea
Roxb. (Family: Verbenaceae) Extract Upregulates the B -Cell Regeneration in STZ
Induced Diabetic Rats. J Diabetes Res. 2016;2016.

Yang L, Wang D, Zhang Z, Jiang Y, Liu Y. Isoliquiritigenin alleviates diabetic
symptoms via activating AMPK and inhibiting mTORCI signaling in diet-induced
diabetic mice. Phytomedicine. 2022;98:153950.

Alzahrani S, Zaitone SA, Said E, El-Sherbiny M, Ajwah S, Alsharif SY, et al. Protective
effect of isoliquiritigenin on experimental diabetic nephropathy in rats: Impact on Sirt-
1/NF«B balance and NLRP3 expression. Int Immunopharmacol. 2020;87:106813.

Mahdizade VF, GOLIAEI B, PARIVAR K, NIKOOFAR A. Effect of a neoflavonoid
(dalbergin) on T47D breast cancer cell line and mRNA levels of p53, bcl-2, and STAT3
genes. 2019;

Gautam AK, Kumar P, Kumar V, Singh A, Mahata T, Maity B, et al. Preclinical
evaluation of dalbergin loaded PLGA-galactose-modified nanoparticles against
hepatocellular carcinoma via inhibition of the AKT/NF-kB signaling pathway. Int
Immunopharmacol. 2024;140:112813.

Choudhary D, Kushwaha P, Gautam J, Kumar P, Verma A, Kumar A, et al. Fast and
long acting neoflavonoids dalbergin isolated from Dalbergia sissoo heartwood is

osteoprotective in ovariectomized model of osteoporosis: Osteoprotective effect of
Dalbergin. Biomedicine and Pharmacotherapy. 2016 Oct 1;83:942—57.

Banerjee M, Kanitkar M, Bhonde RR. Approaches Towards Endogenous Pancreatic
Regeneration. The Review of Diabetic Studies. 2005;2(3):165-165.

112



Annexure-1

EIOVELY Centre for

IPI ROFESSIONAL
W NIVERSITY Research Degree Programmes

LPU/CRDP/PHIVEC 20201 005/001 264

Dated: 25 Jun 2020

Srinivas Sutrapu
Registration Number: 41500404
Programme Mame: Doctor of Philosophy (Pharmacology)

Subject: Letter of Candidacy for Ph.D.
Dear Candidate,

We are very pleased to inform vou that the Department Doctoral Board has approved your
candidacy for the Ph.ID. Programme on 25 Jun 2020 by accepiing your research proposal
entitled: “EXTRACTION, PHARMACOLOGICAL AND PHARMACOINFORMATIC
EVALUATION OF ACTIVE CONSTITUENTS OF DALBERGIA LATIFOLIA AS
POTENTIAL ANTIDIABETIC AGENTS ™

As a Ph.DD. candidate you are required to abide by the conditions, rules and regulations laid
down for Ph.D. Programme of the University, and amendments, if any, made from time to
time.

We wish you the very best!!

In case vou have any query related to your programme, please contact Centre of Research
Degree Programmes.

Head

Centre for Research Degree Programmes

Maote;-This is a computer generated cerfificats and no signature is required, Plesse use the reference pumber genemted on this
certificate for fiture comversations.

Ialandhar-Dedhi G.T.Road, Phagwars, Punish (India) - 144411
Ph:+91-1524-444594 E-mail : drp@ipusnin  website © wawslpuin

113



Annexure-2

ANIMAL HOUSE
Lovely Institute of Technology (Pharmacy), Lovely Professional University
Ludhiana- Jalandhar G.T. Road, Phagwara (Punjab), 144411
Registration Number -954/PO/ReRcBiBt/S/06/CPCSEA

CERTIFICATE

This is to certify that the project titled “ ®harmacological evaluation of
isolated compounds from Dalbergia latifolia for its antidiabetic
activity "

(Thesis title: Extraction, pharmacological and pharmacoinformatic

evaluation of active constituents of Dalbergia latifolia as potential
antidiabetic agents) has been approved by the IAEC.

Name of Principal Investigator: Dr. Rashmi Saxena Pal
IAEC approval number: LPU/IAEC/2023/25
Date of Approval: 29" April 2023

Animals approved: 80 SD/Wistar rats, either sex
Remarks if any: - NA

YORRWPZCU) N

Dr. Monica Gulati ~ Dr. Navneet Khurana

Biological Scientist, Scientist from *
Chairperson JAEC

Annexure-3

114



Awards:

1. Got 2" prize on title “Insilico evaluation of potential alpha amylase inhibitors from
Dalbergia latifolia plant’ in the National Symposium on Translation Research and
Future Pharmaceuticals organised by JSS Academy of Higher Education and
Research, Ooty. Chennai.

2. Got 2" prize on the title “Imsilico docking studies, isolation, and in-vitro
antidiabetic evaluation of active constituents of Dalbergia latifolia” in International
Conference on Recent Advances In Health Sciences (ICRAHS- 2023) organised by
LPU, Punjab.

Presentations:

1. Given poster presentation on “Insilico evaluation of potential alpha amylase
inhibitors from Dalbergia latifolia plant” at “National symposium on translation
research and future pharmaceuticals” organized by JSS academy of higher education
and research, Ooty. Chennai. Tamilnadu.

2.Given oral presentation on “Imsilico docking studies, isolation, and in-vitro
antidiabetic evaluation of active constituents of dalbergia latifolia” at International
Conference on Recent Advances In Health Sciences (ICRAHS- 2023) organized by
LPU, Punjab.

Publications from Ph.D work:

Sutrapu S, Pal RS, Khurana N, Vancha H, Mohd S, Chinnala KM, Kumar B,Pilli G.
Diabetes Warriors from Heart Wood: Unveiling Dalbergin and Isoliquiritigenin from
Dalbergia latifolia as Potential Antidiabetic Agents in-vitro and in-vivo. Cell

Biochemistry and Biophysics. 2024 May 13:1-6.
Publication from allied work:

1. Pooja Agrawal, Vancha Harish, Sharfuddin Mohd, Sachin Kumar Singh, Devesh
Tewari, Ramanjireddy Tatiparthi, Harshita, Sukriti Vishwas, Srinivas Sutrapu, Kamal
Dua, Monica Gulati, “Role of CRISPR/Cas9 in the treatment of Duchenne
muscular dystrophy and its delivery strategies” Life Sciences, Volume
330,2023,1220

2. Nihal PM, Mohapatra D, Manir AM, Mehra A, Sutrapu S, Harish V, Mohd S.
Unveiling the Essence of Isoliquiritigenin: Exploring Its Chemistry, Pharmacokinetics,

and Pharmacological Potential. Chemistry Africa. 2024 Dec 18:1-20.

115



3.Nihal P M, Mohapatra D, Manir AM, Harish V, Singh SK, Lad SU, Sutrapu S,
Saini S, Mohd S. Reverse Phase-High-Performance Liquid Chromatography (RP-
HPLC) Method Development and Validation Using Analytical Quality-by-Design
Approach for Determination of Isoliquiritigenin in Bulk and Biological Sample.

ASSAY and Drug Development Technologies. 2024 Dec 1;22(8):409-24.

116



Copyright:

?Eg Txtracts from the
m, @ e
PROPER et Sa
mrimog o o (opyrights

nfefereafirem smafea, wra @w@r | Copyright Office, Government OF India

e Dated: 19122023

L fiwen esrRegustration Number L-139001/2023
2 aﬁmmm.mmm LOVELY PROFESSIONAL UNIVERSITY , LOVELY

10.

Name, addres: and natonality of the appheant

7 rivfrin # s e E
Nature of the applicant's interest in the copvright of the work

7 T R T
lazs and description of the work

o Him
itle of the waork

ot =
ge of the work

T @ A, S S e e AT e o e w T
T 7 7

Name, address and nationality of the author and if the author1s
deceased. date of bis decease

T # T S
[hether the work 15 published or unpublizhed

e WO O W S W T RS @ AW, T S <
Year and country of first publication and name, address and
nattonality of the publisher

T & WA T 76 SR 3w, 9w A, S mowe % AW, 9
sﬂ—{ \: - e - -

PROFESSIONAL UNIVERSITY, JALANDHAR DELHIGT
ROAD, FHAGWARA PUNJAB-144411
INDIAN

OWNER

LITERARY/ DRAMATIC WORK THE GRAPHICAL
ABSTRACT PRESENT THE IDENTIFYING THE ACTIVE
CONSTITUENTS OF DALBERGIA LATIFOLIA AS
POTENTIAL ANTIDIABETIC AGENTS

IDENTIFYING THE ACTIVE CONSTITUENTS OF
DALBERGIA LATIFOLIA AS POTENTIAL ANTIDIABETIC
AGENTS.

ENGLISH

SRINIVAS SUTRAFU , LOVELY PROFESSIONAL
UNIVERSITY, JALANDHAR, DELHI-GT ROAD, PHAGWARA
PUNJAB-144411

INDIAN

DR RASHMI SAXENA PAL , LOVELY FROFESSIONAL
UNIVERSITY, JALANDHAR. DELHI-GT ROAD, PHAGWARA
PUNJAB-144411

INDIAN

DE. GOVINDAIAH PILLI, WAYNE STATE UNIVERSITY,
DETROIT, MICHIGAN, USA-
INDIAN

DR. NAVNEET EHURANA , LOVELY PROFESSIONAL
UNIVERSITY, JALANDHAR, DELHI-GT ROAD, PHAGWARA
PUNIAB-144411

INDIAN

DR VANCHA HARISH , LOVELY PROFESSIONAL
UNIVERSITY, JALANDHAR. DELHI-GT ROAD, PHAGWARA
PUNJAB-144411

INDIAN

SHARFUDDIN MOHD , LOVELY PROFESSIONAL
UNIVERSITY, JALANDHAR_ DELHI-GT ROAD, PHAGWARA
PUNJAB-144411

INDIAN

UNPUBLISHED

NA

NA

117




3 uﬁ

it # vt W i s 7w @ o

TERT S w3 aj*aﬁm\‘ui i @ W T @
s 1 e, 47 TE

Names, addresses and nanionalines of the owners of vanous nghts
comprising the copynght in the work and the extent of nights held
by each, together with partieulars of assignments and hcences, 1f

any

3wt @ A, 9 S uf&m‘iém o
T FWE TR T @

Nmes:zddrmsmdmﬁmaﬁnsm
anthorsed to assizn or heence of nghts compmmgiﬁe copynght

rﬁ?ﬁwmmﬁmwﬁ'éﬁpﬁmmmmmm:
F, T AR T wwml‘tmmﬁmgrﬁ
ﬂ*mﬁﬁ E‘gﬁ
lflheworhsanﬁrhshcwm'k' the |cr:ahm:1 of the ungmalwurk
meluding name, 1ddr&andmtm]1tyufﬂ:e PEISON I possession
of the work. (In the caze of an archutectural work, the vear of
completion of the work should also be shown).

% o T T TR R W A A m e T s A
T ot = & o wwE o w A e R A A
wﬁﬁwﬁmaﬁﬁw.msrﬁwasnﬁwwﬁ)ﬁm
Tmﬁﬁﬂﬁ‘ﬂw IR WA BT A |

wark 15 an ‘Artisie work' which 15 wsed ar capable of b
nzed m relation to any goods or semvices, the application shou
melude 2 cernfication from the Rezstrar of Trade Marks m t
the provision to Sub-Section (1) of Section 45 of the Copyrightly.
1957, /

ﬂﬁ?ﬁwﬁlﬂ'ﬁ?ﬁ" .
qﬁwﬁ?uﬁwﬁf&ﬂwﬂ !

Tfthe work is an 'Arfistc wrk' , whether 1t 15 registered umder the

DElgnsﬁﬂEﬂDﬂ,lfmmhlh

T mee gt &, W e =t 2000 ® we
@ w § S =4 W &, O 9T aE St
nﬁmﬁmﬁﬁwﬁmwwuﬁmﬁ‘éaﬁ?uﬁm e

ot A v T #7

If the work 15 an 'Ariistic work', capable of being repistered as a
d&lgnmderﬂnDeslgnsAdZﬂMwheﬂmrlthasbeenawhedman
arficle though an ndustrial process and if yes the number of times
1t 15 reproduced.

Eret e Diary Number: 18409/2023-COL
i ot frféiDate of Application:

i #t e Date of Receipt:

13/07/2023
13/07/2023

118

LOVELY PROFESSIONAL UNIVERSITY , LOVELY
PROFESSIONAL UNIVERSITY, JALANDHAR. DELHI-GT
ROAD, PHAGIVARA PUNJAB-144411

INDIAN

NA

NA

NA

NA

THE WORE IS ORIGINAL AS DONE BY THE FACULTY AND
STAFF OF LOVELY PROFESSIONAL UNIVERSITY.




First oral presentation

J5§
ACADEMY
OF HIGHER
EDUCATION
& RESEARCH

CERTIFICATE

OF ACHEIVEMENT

(I I/

Presentation

Awarded to

_M(& rguw %q jormpu

7\
for securing the Em)a place in the pos.!er presentation titled

Iy

LATIFoug PNt "
\l
| nducted during the two day

National Symposium on ‘Translation Ressarch and Future Pharmc

! 6. M \‘\"\\\
Dr Monica Gulati Dr K Gowthamarajan

CHAIRPERSON ORGANIZING SECRETARY
Registrar Professor and Head
LPU, Punjab Dept. of Pharmaceutics

JSSCP, Qoty

Second oral presentation

119




G209
5“)0\’\! _,I\‘\
4y PROFES

L TNEE TR
€ i
‘L.*"“

,
M.JN

120



Cell Biochemistry and Biophysics
hitpsdolongs 101007 /51 2013-024-01 2 85-x

ORIGIMAL PAPER

li®

Diabetes Warriors from Heart Wood: Unveiling Dalbergin and
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Abstract

Diabetes mellitus 15 a senous and complex metabolic disonder chameterized by hyperglveemia, In recent vears natuml
products has gained much more interest by mesearchers as altemative sources for diabetes treatment. Though many potential
agents are identified so far but their dimcal vility 15 lmited because of their adverse effects. Thersfore, ther: is a keen
interest in discovering natural compounds o treat diabetes efficiently with less side offects. Dalbergia lanifolia is well
explored becanse of its diverse pharmacological activities including diabetes. Therefore, the present research work amed o
identify and isolate the potental antidiabetic agents from the heant wood of Dalbergia latifolia. We succsssfully extracted
DG and 1SG from the heartwood and evaluated their antidisbetc potential both in-vive and in-vitm, Alpha amylase
activity inhibiton of ISG and DGN was found to be 99052 854% (Kgp=06025pgmL) and 84.68+5.2%
(g = 00216 pgmL) respectively, Glucose uptake assay revealed DGN (158%) promoted maximuom uptake than ISG
(77%) over control, In vivo anti diabetic activity was evaluated by inducing diabetes in SD rats with the help of HFD and
STZ (35 mghkg body weight). After the continuous administration of DGN (S mghkg, 10mghkg) and 158G (5 mghkg,
10 mgfkg for 14 days, we observed the reduction in the blood glucose levels, body weight, total cholesterol, low density
lipoprotan, very low-density lipoprotein, blood urea, serum areatinine, serum glutamate oxaloacetic ransaminase, semm
glutamate pyruvate transarminase and alkaline phosphatase levels than vehicle group indicates the potency of 156G and DGMN
against diabetes,

Keywords Dalbergma latifolia - Dalbergin - Isoliquiritigenin - alfa-amylase - Glucose uptake assay - Antidiabetic evaluation

Introduction polyurea [1]. The increase in glucose levels in blood 1s
mainly due to inadequate release of msubin from the pan-

Diabetes mellitus (DM) is a complex metabolic disorder  ereas, degradation of the released insulin, lack of pancreatic
chameterized by hyperglvesmia, polydipsia, polvphagia and p cell sensitivity, and excess glueose production from the
liver [2]. The prevalence of hyperglycemia has a significant

impact on the inddence of both nervous and vascular

. complications [3]. According to the latest data (2023 June)

- :;']f,‘:';f\:’::]':,[;;’ymm"“ from the Waorld Health Organization (WHO), 520 million
T Geovindsish Fill people have diabetes, and it will be expectad to project up to
govipharma® gmail com 1.31 billion cases worldwide by 2050, Among all tvpes of
DM, type-T diabetes 15 more prevalent (9%6%) in all age

groups [4]. Recent studies by vartous ressanchers have

School of Pharmaceutical Scences, Lovely Professional

University, Phagwars, Punjsb 144411, India suggested that maintaining tght contml over blood glucose
2 School of Phar macy, Nalla Narasmha Reddy Bducation Socety's levels can have I‘-iﬂniﬁ"""m benefits in miﬁﬂdﬁnﬂ DM and its
Croup of Instimtions, Hyderabad, Telangana, India associated |.1.'I'JH—1.:II'I'I'I u.'ﬂ'l'lP-l‘i.L.dﬁ.l.‘l‘Jl. [5 ] The contml of
3 Faculty of Medicine, Depanment of Pathology, Wayne State Pi.‘l.‘lp’dﬂ.‘l"l.dl blaad Sugar levels not '-‘“1.'!' IT:lPl' minimize
University, Detroit, ML USA potential consequences but also promaotes overall well-being
Published online: 13 May 2024 £ Springer

121



Life Sciences
Volume 330, 1 October 2023, 122003

Review article

Role of CRISPR/Cas9 in the treatment of
Duchenne muscular dystrophy and its
delivery strategies

Poaju Agrawal °, Vancha Harish ® & & , sharfuddin Mohd °, Sachin Kumar Singh ® %,

Devesh Tewari ©, Ramanjireddy Tatiparthi °, Harshita °, Sukriti Vishwas °, Srinivas Sutrapu ©,

Kamal Dua ®9® Monica Gulati ®®

* School of Pharmaceutical Sciences, Lovely Professional University, Phagwara, Punjab
144411, India

: Faculty of Health, Australian Research Centre in Complementary and Integrative
Medicine, University of Technology Sydney, Ultimo, NSW 2007, Australia

© Department of Pharmacognosy and Phytochemistry, School of Pharmaceutical Sciences,
Delhi Pharmaceutical Sciences and Research University, New Delhi 110017, India

. Discipline of Pharmacy, Graduate School of Health, University of Technology Sydney,
Ultima, NSW 2007, Australia

® Uttaranchal Institute of Pharmaceutical Sciences, Uttaranchal University, Dehradun, India

Received 14 May 2023, Revised 27 July 2023, Accepted 3 August 2023, Available online 5 August
2023, Version of Record 10 August 2023.

What do these dates mean?

) Check for updates

Show less A~

122



Chemistry Africa
hittps:/dol.org10.1007/542250-024-01138-3

REVIEW

Unveiling the Essence of Isoliquiritigenin: Exploring lts Chemistry,
Pharmacokinetics, and Pharmacological Potential

P. Mohamed Nihal' - Debasish Mohapatra' - Alam Mohd Adil Alam Manir' - Anuradha Mehra' - Srinivas Sutrapu’ -
Vancha Harish' - Sharfuddin Mohd'

Received: 7 September 2024 / Accepted: 7 November 2024
€ The Tuntslan Chemical Soclaty and Springer Nature Switzerland AG 2024

Abstract

Isohquntigeme (ISL), a prominent chaleone-type favonoid prnmanly denved from houonce mots (Glveyrrhiza spe-
ciez), showeases remarkable therapeutic potential across a spectrum of pharmacological actions. Its diverse attmbutes
mnchide antioxmidant, ant-inflammatory, ant-diabetic, cardioprotective, hepatoprotective, newroprotective, and anficancer
properties. This comprebensive review investizates the chemistry, structure-activity relationships (SAR), pharmacokmet-
15, dervatives, novel formulations, and meode of action of ISL. The inmcate molecular structure of ISL and itz mincate
interactions with biological systems are meticulously elucidated. Insights info its pharmacckinetics, spannmg absorption,
dismbution, metabohsm, and excretion, are essenhal for discerning its 1 vive behavionr and therapeunic effectiveness.
Furthermaore, the review delves mto ISL's mode of achon, revealing it modulanion of cxidative stress, imflammatory path-
ways, ghucose metabolism, and cancer progression. underseoring its pharmacologieal versatility. By consolidating exishing
knowledgze and recent advancements i ISL research, the review emphasizes it prvotal mle in managing vanous disease
condifions. The integration of chemistry, pharmacokinetics, and mode of action enriches our understanding of ISL's thera-
peutic spectrum, facilitating 1ts rational development and clinical application 1 the realm of medicine.

Keywords Isohquintigenin - Chemistry - Pharmacokinetics - Pharmacology - Cancer - Molecular targets

Abbreviations Protem
Abbreviaton  Defimtion BEB Blood-Bramn Bamier
AET Protein Emaze B BCL-XL B-Cell Lymphoma-Extra Large
ALEP Alkahne Phosphatase CAM Cell Adhesion Molecules
AMP Adenosine Monophosphate CCL Chemokine (C-C Motif) Ligand
AMFE Adenosine Monophosphate-Activated CDK Cyelin-Dependent Kmase
Protein Kinaze CHE2? Checkpoint Kinasa 2
AOM Azoxymethane C-IAP12 Cellular Inhibitor of Apoptosis Protein 1
AP-1 Activator Protein 1 and 2
ATF6 Activating Transeription Factor 6 COX Cwelooxygenase
ATM Ataxia Telangiectasia Mutated DAFEL Death-Associated Protem Einase-1
ATP Adenosine Trphosphate EIF E2 Transeniption Factor
BAX B-Cell Lymphoma-2 Associated X EIF2 Eukarvotic Inthiation Factor 2
ELAM-1 Endothelizl Leukocyte Adhesion
Molecule-1
) EREB3 Ervthroblastic Oncogens B Homelog 3
:"*‘"‘“H@H - ERE Extracellular Signal Regulated Kinase
] ‘-i;hd FAS FattyAc?d Synthase .
harifmohd Avrndowslive com FASL Fatty Avid Synthase Ligand
GADDI153 Growth Arrest and DNA Damage-Indue-
' School of Pharmacentical Sciences, Lovely Professionsl ible 153
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ABSTRACT

The primary objective of the present investigation is to develop
and validate a simple, robust, and cost-effective isocratic reverse
phase-high-performance  liquid chromatography  (RP-HPLC)
method for determining isoliguiritigenin {ISU in both bulk and
biological samples using an analytical quality-by-design (AQLD)
approach. The central composite design was emplayed for method
optimization using Design Expert™ software, by taking mobile
phase ratio and flow rate as independent variables and peak area,
retention time, tailing factor, and thearetical plates as dependent
variables. The design suggested the use of a mobile phase can-
sisting of acetonitrile:0.2% artho-phosphoric acid [75:25, viv]
and a flow rate of 0.9 mL/min as optimal chromatographic con-
ditions. The detection of 5L was performed at 364 nm. The opti-
mized method was validated in accordance with International
Conferenceon Harmonization(ICH) 02(R 1] quidelines. The method
showedexcellentlinearty limitofdetection limitofquantification,
accuracy,precision rabustness andsystemsuitability Allvalidation

D0 101080/ adt 2004040

parametersfelbwithintheacceptablelimitsse thylCH Additionally the
applicabilityofthemethodi rbiologicalsam pleswereanalyzed Incon-
clusion, theresultssuggest thatthedevelopedandvalidated AQbD-
basedRP-HPLCmethodwaswell-suitedfortheestimationafiSLinbulk
andbiclogicakample.

Keywords: analytical quality-by-design, RP-HPLC, soliquir-
itigenin, CCD, bioanalytical method, validation

INTRODUCTION
soliquiritigenin (I5L) is one of the most abundant chalcone-
type Mavonoids isolated mainly from the roots of liquorice
(Glycyrrhiza species], heartwood of Dalbergia odorifera,
Dalbergia latifolia® and roots of Sophora flavescens.*
Chemically, 5L is 2°4 4-trihydroxychalcone (Fig. 7). 151 has
gamered considerable attention in the felds of medicine and
nutrition because of its potential health benefits and pharmaco-
logical properties such as antioxidant? anti-inflammatory,*
anti-microbial,* anti-diabetic,® hrpamprulmivr,? cardinpro-
tective,® and anticancer activities?

To hamess the therapeutic advantages of 5L and enable its
clinical use, the development of a suitable dosage form is
esseniial. As of the latest available information, 150 has not
been extensively marketed as an independent supplement or
medication. Although research often explores its potential
health benefits, the widespread availability of commercial

& MARY AN LIESERT, I, o VOL.oo N.co e MONTH 2024 ASSAY and Drug Development Technologles 1

124




