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ABSTRACT

Diabetes mellitus (DM) is a common and serious bata disorder throughout the world.
Despite the availabilities of hypoglycemic agentsnf natural and synthetic sources,
diabetes and its complications continued to be gombealth care problem. The
management of diabetes without any side effectstils a challenge; therefore plants
continue to play an important role in the discoveiymew compounds for the treatment of
this disease. The study was undertaken to evatln@teomparative effects of some selected
medicinal plants on blood sugar level, lipid prefiatnd oral glucose tolerance test in

alloxan-induced diabetic rats.

The dried coarse powders from plants were exhaalgtiextracted with ethanol by cold
extraction. An effort was made to investigate tloeite toxicity (LDyg) of the extracts.
Diabetes was induced in Norwegian Long Evans ratsabsingle intra-peritoneal
administration of alloxan monohydrate (110mg/kgklitinary hypoglycemic properties
were investigated at 30, 60 and 90 mins after théadministration of extracts in fasting
rats. The qualitative presence of phytoconstituenthe extracts was also determined by
standard methods. On the basis of preliminary songethe planGrewia asiatica (GAE),
Alpinia nigra (ANE) andUrginea indica (UIE) extracts with demonstrable hypoglycemic
activity were further evaluated for their safetylaificacy in alloxan-induced diabetic rats.
After induction of diabetes the rats were dividetbiseveral groups for oral administration
of GAE (200, 400mg/kg), ANE (50, 100, 200 mg/kgdddlE (12, 25 mg/kg) once daily
for a period of 15 days. Metformin (150mg/kg) wased as standard drug. The survival
rate, time course of changes in blood sugar leffB8S) and body weights were measured
after the treatment. We have also estimated seiglycerides (TG), total cholesterol (TC)
and high density lipoprotein (HDL), serum glutamixaloacetic transaminase (SGOT) and
creatine kinase-myocardium type (CK-MB). To compte effects of GAE200, ANE100
and UIE25 in diabetic rats, we have examined OQipId profiles, liver glycogen and
histopathology. A comparativer-vitro antioxidant activity including flavonoid content,
phenolic content, total antioxidant activity, rethg power capacity and 1,1-diphenyl-2-
picryl-hydrazyl (DPPH) free radical scavenging watyi were also carried out. Finally, the
bioactive principles from UIE were isolated and ntiged through bio-assay guided

fractionations using chromatographic techniquesspattral analysis respectively.

Our results demonstrated that ethanol extracts fptants were non-toxic in rats. All the
plants possessed hypoglycemic activities of whi&fEG200mg/kg), ANE (100mg/kg) and
UIE (25mg/kg) showed remarkable efficacy. Prelimynphytochemical analysis of GAE,
ANE and UIE revealed the presence of triterpenttédonoid, steroid, glycoside, saponin

and tannin. The 15 days survival rate among thertrent groups was 100% (p<0.0@1

X



DC). Oral administration of GAE, ANE and UIE sigondntly lowered the fasting blood
sugar levels and the effects were dose-dependeal.il@estion of GAE, ANE and UIE
significantly improved body weight and organ weigimd reduced the levels SGOT and
CK-MB. The data revealed that the level HDL incexhand the level of TC and TG were
significantly decreased with GAE, ANE and UIE dtddse levels. Also the increment of
LDL, VLDL and LDL/HDL ratio were significantly atteuated after the treatment. Diabetic
rats treated with GAE, ANE and UIE, showed sigmifit improvement in oral glucose
tolerance andestored the liver glycogen content. All the extsdtave favorable effects on
the preservation pancreatic morphology as evidebgedcrease number of viabfecells

of the pancreas. Among the treatment groups UKERBved most significant reduction in
blood sugar level, lipid profile, and restoratioh liwer glycogen and normalization of

pancreatig-cells architecture.

The free radical scavenging activity of extractsE;ANE and UIE showed considerable
total antioxidant activity with 16 of 76.450.21ug/ml, 43.250.15.9/ml and 27.580.021
ug/ml, respectively in DPPH scavenging assay. Amthrggthree plant extracts the UIE
showed the highest iron reducing capacity (absa#ddn31 at 200 g/ml vs ascorbic acid
standard 1.55 at 200 pg/ml), total phenol cont8At7dmg of GAE/g dried extract), total
flavonoid (67.72mg of quercetin/g dried extract)datotal antioxidant (307.25 mg of
ascorbic acid/g dried extract).

Two compounds UC-1 and UC-3 were isolated from rctitom fractions of UIE and were
identified as 5,7-dihydroxy-2-methyl-4H-chromen-deo and 5-hydroxy-7-methoxy-2-
methyl-4H-chromen-4-one, respectively. These comgdeuwere the first report of
isolation from the plantrgineaindica. Further, rats treated with UC-1 and UC-3 showed a
significant improvement in glucose tolerance, attgad blood sugar levels and lipid
profiles; and restored liver glycogen content. Omgestion of UC-1 and UC-3
significantly reduced the levels of SGOT and CK-8well as improvement in pancreatic

[-cell architectures.

We concluded that the plant bark @fewia asiatica (Phalsa), rhizome ofAlpinia nigra
(Jangli Ada) and bulb ofUrginea indica (Bon Pianj) as well as isolated compounds UC-1
and UC-3 exhibited significant effects on the fagtblood glucose level, improvement in
liver glycogen content, serum SGOT, CK-MB levelsvesll as organ protection. The
beneficial effects of extracts as well as isolatechpounds can be partially explained by
the preservation of pancreafiecell structure through the suppression of oxidaswress.
However, the exact mechanism by which UC-1 and Usx&ted its beneficial effects in

alloxan-induced diabetic rats remained to be ehteid!.
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Chapter 1: Introduction

1.1. Introduction

1.1.1 Plant as a Sour ce of Drugs

Plants have been primary source of medicines intrdditional healthcare systems
worldwide and even currently in developed and nebshe developing countries. The
approach to characterization and isolation of actngredients from plants started in
the late 19 century. Consequently, chemical constituents fedlaare used as

important drugs as such or as their derivativeiday. During 1983 to 1994, 39% of
the New Approved Drugs (NAD) was of natural molesylproducts derived semi-

synthetically from natural source and/or synth@ticducts [1]. Parallel to synthetic

drugs, the use of natural products is growing erptially around the world, because
of their compatibility with the human body, cheagsmeand minimum side effects.

During the last decade there has been a majoraserm the use of medicinal plants
all over the world particularly in U.S.A. and Euegm countries. The global demand
for botanical and plant derived drugs is expecteth¢rease from US $19.5 billion in

2008 to US $32.5 billion in 2013, with an annualwgth rate of 11.0% [2].

The number of higher plant species on this plasetstimated as 250,000 [3]. Of
these, about 6% have been screened for biologitiita and 15% are reported to be
phytochemically characterized [4]. In Asia espdgitie southern region shares about
20% of the all known vascular plants in the globeluding 7000-8000 species of
medicinal plants [5]. According to the World Heafiimganization (WHO), about 65-
80% of the world’s population relies on traditiomakdicine for their primary health
care [6]. The investigations on the therapeutidiagtion of the plant have lead to the
discovery of several clinically applicable drugg.edigoxin, morphine, reserpine,
taxol, vincristine etc. In addition elucidationtbi structure of active principles paved
the way for synthesis and derivation for compouwtts higher efficacy and lower
adverse effect such as metfomine, oxycodon, temppsamiodarone etc. [7].
Accumulating evidences clearly showed that planmts @ch source of bioactive
chemical entities and thus, plants continue to gegthe attention of scientists

associated with drug discovery.

The beneficial effects of plants typically resuitsm the secondary metabolites like

alkaloids, tannins and phenolic compounds [8]. €hescondary metabolites exert
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their effects resembling to the endogenous subssalike ligands, hormones, signal
transduction molecules or even neurotransmittelhofigh herbs have been priced
for their medicinal, flavoring and aromatic qualgi for centuries, the synthetic
products of the modern age surpasses their impmtaor a while. However, the
blind dependence on synthetic drug is over and lpesme returning to the naturals in
terms of safety and security of health. Howevererddic evidences need to be

created for their efficacy through extensive pharohagical and chemical studies.

India has a rich heritage of usage of medicinahtslan the Ayurvedic, Siddha and
Unani system. Many Indian plants have been invatd)for their beneficial effects

in different animal models and patients. Todayditranal medical practice is still the

mainstay of health care delivery system especiallthe rural areas of Bangladesh
where conventional medical facilities are not witlthe reach of most people. About
85% of the population relies on it for their medlicare [9]. Indigenous peoples have
a long history and expertise in the use of medigaants and their knowledge can be
documented as the basis for the development ofdeagbounds.

Among the South Asian countries, Bangladesh endomitdhuge sources of herbal
medicines. Out of 500 species of medicinal plabsua 250 species are used for the
preparation of traditional medicines in BangladeBangladesh has a number of
indigenous people or tribes, including the Chaknteros, Santals, Marmas, Oraon,
Mrus, Rakhains, Tripuras and others. They haver tbein traditional medicinal
practitioners, known as kabiraj [9]. However, mdjoof these plants have not yet
been scientifically evaluated [10].

Currently, there are several initiatives takingcplavorldwide to support herb use in
the maintenance of health and the prevention atrtrent of disease. In fact, hundreds
of thousands of scientists around the globe arertegp on new plant-derived
compounds and their biological activity. Herbs haldyreat promise for improving
health, but growth will not be possible without tianing research and increasing
awareness of sustainable trade [11]. Attempts Hasen made by scientists to
rationalize the scientific basis and practice @f itdian Traditional medicinal plants.
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1.1.2. Diabetesthe Silent Killer

Diabetes is one of the commonest endocrine dispratkbecting mankind worldwide
[12]. It may be defined as metabolic disease,atyticharacterized by loss of glucose
homeostasis occurring due to defects in insulimes®n or insulin action resulting
from impaired metabolism of glucose, lipids andeotbnergy yielding fuels such as
lipids and proteingl3]. It has now become an epidemic with a worldwidcidence
of 10% in the general population [14]. The Inteimadl Diabetes Federation (IDF)
haspredicted that theumber of individuals with diabetes in the worldlwise from
382 million in 2013 to 592 million in the year 208®]. The prevalence of DM is
increasing at a much faster rate in developing t@mthan in the developed nation.
South Asian region including Bangladesh is the nvoerable focus. In 2011, the
IDF also estimated that 4.8 million people livimgBangladesh had Diabetes and by
2030, that number is expected to grow to 16.8 amlliThis explosion in diabetes
prevalence will place Bangladesh among the top reagit countries in terms of
diabetic patients in 2030 as shown in Figure 14].[Decreased physical activity,
increasing obesity, stress and changes in fooducopison have been implicated in

this increasing prevalence in the past two decades.
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Figure 1.1: Current status of diabetes in top eight countries.

Diabetes is being projected as the World’'s mairalder and killer in the next 25
years [17]. Patients with diabetes experience Bagmt morbidity and mortality from
microvascular such as retinopathy, neuropathy, mg@tthy and macrovascular

complications such as heart attack, stroke andplperal vascular disease. The
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complications are far less common and less sewgveaple who have well-controlled

blood sugar levels [18].

Diabetes is one of the costliest health problenthéworld. Healthcare expenditures
on diabetes were expected to account for 11.6%eofdtal healthcare expenditure in
the world in 2010. Estimated global healthcare exares to treat and prevent
diabetes and its complications were expected tatbbeast US $376 billion in 2010.
By 2030, this expenditure is projected to exceanest®S $490 billion [19]. Thus,
Diabetes is one of the most prevalent and devagtathronic non-communicable

diseases having serious health, economic and smmakquences.

1.1.3. Pathogenesis of Diabetes Mellitus

Diabetes can be classified into three major categotype 1 diabetes, type 2 diabetes

and gestational diabetes mellitus [20].

1.1.3.1. Type 1 diabetes mellitus

Type 1 diabetes mellitus, known as insulin depenhdébetes mellitus or juvenile-
onset diabetes is more prevalence among young e@d@pl. It results from an
absolute deficiency of insulin, commonly causecthgonic autoimmune diseasieat

results from a complex interaction of both genetnd environmental factors [22].

The pathogenesis of type 1 diabetes is summaneEdyure 1.2.

HLA-linked susceptibily
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Viral infection Idiopathic (primary
* autoimmunity)
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v

p cell damage

v

Type 1 diabetes mellitus

Figure 1.2: Pathogenesis of type 1 diabetes mellitus [23].
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1.1.3.2. Type 2 diabetes mellitus

Type 2 diabetes mellitus, commonly known as nomdingdiabetes mellitus occurs in
adult patients aged 40 years and above. It isygpaolc disorder with obesity related
insulin resistance playing a major role in its dres&d progression. It is characterized
by excessive hepatic glucose production, decremsedin secretion from pancreatic
pS-cells and insulin resistance in peripheral tissueh as muscle, adipose and liver
[24]. There are convincing data to indicate a genebmponent associated with
insulin resistance [23]. Insulin resistance is @dee of the offspring of parents with
type 2 diabetes. In type 2 diabetes, the insubistance has been suggested to have a
co-dominant mode of inheritance [25]. Insulin remise is also caused by acquired
factors such as obesity, sedentary life style, paagy and hormone excess. The
pathogenesis of insulin resistance and type 2 thahe summarized below (Figure
1.3). During its early stage, insulin resistanceaspensated by hyperinsulinemia and
thus, preserving normal glucose tolerance. Detatiton into impaired glucose
tolerance occur where either insulin resistanceesmes or the insulin secretory

responses decrease or both [26].
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Figure 1.3: Progressive pathogenesis of type 2 diabetes ne[Rib]
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1.1.3.3. Gestational diabetes

Gestational diabetes or Type Ill is a type of diabewhich develops during
pregnancy and may improve or disappear after dglivEven though it may be
transient, gestational diabetes may damage theéhheélthe fetus or mother, and
about 40% of women with gestational diabetes devéype 2 diabetes later in life
[27].In recent years, a sub-type of type 2 diabetesitogllknown aghe maturity

onset diabetes of the young (MODY) has been idedtih children and adolescents
and affecting about 2% of people with diabetes. MOB believed to be caused by
mutations in the glucokinase that plays a promirrefeg in hepatic and pancreatic

glucose metabolism [28].

1.1.3.4. Other forms of diabetes

Diabetes may develop as a consequence of otheaséiseor medication called
secondary diabetes. Davidson (1994)ed some causes of secondary diabetes, a term
coined by Davidson (19913s “other types” of diabetes, these include paticrea
diseases such as pancreatitis, surgery, cystiositbrand the use of other drugs not

prescribed for the condition such as contraceppiMs, diuretics, steroids, genetic

syndromes (extremely rare) and endocrine diseasels €ushing syndrome and

Acromegaly [29].

1.1.4. Complications of Diabetes Mellitus

Uncontrolled hyperglycemia in both type 1 and tyRediabetes lead to the
development of both acute and long term compliastif80]. Acute complications
include diabetic ketoacidosis, nonketotic hyperdam@oma and diabetic coma.
Elevation of blood glucose level for longer perioidtime leads to damage to blood
vessels by altering vascular cellular metabolisrascular matrix molecules and
circulating lipoproteins. It is now well establish¢éhat hyperlipidemia represents a
major risk factor for the premature development atherosclerosis and its
cardiovascular complications [31, 32]. There arsoainultiple abnormalities of
lipoprotein metabolism in very low density lipopeot (VLDL), low density

lipoprotein (LDL) and high density lipoprotein (HDIn diabetes responsible for both
microvascular and macrovascular diseases [33, B4itrovascular disease leads to

retinopathy, neuropathy and nephropathy and masooNar disease leads to
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cardiovascular disease, mainly by acceleratingrasicterosis [35]. These disorders
including coronary artery disease, leading to myaiea infarction (heart attack) or
angina, stroke (mainly ischemic type), peripherakoular disease contribute to
intermittent claudication (exertion-related footrpaas well as diabetic foot [34].

Chronically elevated blood glucose levels lead tacreéase production of
mitochondrial reactive oxygen species (ROS), wlactivate a number of metabolic
pathways such as the polyol pathway, formationdvaaced glycation end product
(AGE), hexosamine pathway and also the proteinddn@ (PKC) pathway (Figure:
1.4) whose end products contribute to the developroklong term complication of
diabetes [30].
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Figure 1.4: Metabolic pathways activated by chronically eledablood glucose levels as
well as the resultant long term complications abdites mellitus [29].

1.1.5. Treatment of Diabetes M dllitus and ItsLimitations

The chronic hyperglycemia of diabetes can lead wiiple organ damage, which are
devastating to the individual and very expensivéhohealth services [36Available
evidence indicates that diabetes related compticatcan be prevented or delayed by
achieving tight glycemic control [37]. Thereforeuah effort has been devoted to the
search and development of optimal therapeutic regenfor the management of
diabetes [38]. Regardless of the type of diabgtasents are required to control their

blood glucose with medications and/or by adherimgah exercise program and a
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dietary plan [25]. Insulin therapy by injectiongssen to those with type 1 DM and
also to some patients with type 2 DM when oral lgfpoaemic drugs fail to lower
blood glucose [39]. Patients with type 2 DM areallsuplaced on a restricted diet and
are instructed to exercise, the purpose of whiaingmily is weight control. If diet and
exercise fail to control blood glucose at the dmkirlevel, oral antidiabetic
medications such as sulfonylureas, repaglinidefamain, a-glucosidase inhibitors
and thiazolidinediones (TZDs) are prescribed (eith®ne or in combinations of
different classes) together with dietary restrictend exercise programs [40]. When
hyperglycemia becomes severe, patients are ussaditched to insulin injections

with or without oral agents to improve insulin acti41].

Oral antidiabetic agents exert their actions byiotsr mechanisms (Table 1.1)
including reduction of hepatic glucose productienhancement of insulin secretion
by pancreatig-cells, improvement of insulin sensitivity and initikin of intestinal

glucose digestion and absorption.

The use of these drugs is however, limited by thet that they have their own
drawbacks, ranging from the developing of resistaamied adverse effects to lack of
responsiveness in large segment of patients. Threger adverse effects, such as
potential hypoglycemia, weight gain, gastro-intesti discomforts and also
lactoacidosis prompt patients to stop taking ai#betic medications [42]. In addition
to their potential side effects, many of the orati-diabetic agents have higher
secondary failure rates [41]. Furthermore, desihigeintensive use of current anti-
diabetic agents more than 50% type 2 diabetic patistill exhibit poor glycemic
control and some (18%) develop serious complicatiithin six years of diagnosis

[43]. So, clearly there is a need for new anti-diabagents.

1.1.6. Antidiabetic Plantsin Traditional Medicines
1.1.6.1. Scope of alternative remedies

The limitations of currently-available oral antidetic agents either in terms of safety
and efficacy coupled with the emergence of theadisento a global epidemic have
encouraged a concerted effort to discover drugsctita manage type 2 diabetes more

efficiently [44]. In addition, the world health @agization has also recommended and
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encouraged the use of alternative therapy espgamtountries where access to the
conventional treatment of diabetes is not adegj4&ie With increasing incidence of
diabetes mellitus in rural population throughow torld, there is a clear need for the
development of indigenous, inexpensive anti-diabetigs of natural origin [46].

Table 1.1: Pharmacologic therapy of type Il diabetes and corspa of available agents.

M edication M echanism of action Benefits Risks and concerns
Sulfonylureas Binds to sulfonylurea Extensive experience; UKPDSHypoglycemia; weight
(glyburide, receptor, stimulating data show improve microvasculargain; may impede
glipizide, insulin release. outcomes; low cost; once dailyischemic preconditioning.
glimepiride) dosing.

Meglitinides Binds to sulfonylurea Targets postprandial glucoseHypoglycemia, weight
(Repaglinide, receptor, stimulating mimics  physiologic  insulin gain, no long term
nateglinide) insulin release. secretion. experience, extensive
frequent dosing
(compliance)
Biguanides Decreases hepatic Weight loss or weight neutrality; Diarrhea, lactic acidosis,
(Metformin) glucose production. lipid and other nonglycemic many contraindications to
vascular benefits; UKPDS dataconsider before
show improved macrovascularprescribing; lowers
outcomes; once daily dosingvitamin B, levels (but no
available  (sustained releaseapparent hematologic
product) indices)
a-glucosidase Retards gut Targets postprandial glucosejntestinal gas, expensive;
inhibitors carbohydrate weight neutral; non-systemic. frequent dosing
(Acarbose) absorption. (compliance)
Thiazolidiediones Activates PPAR, Addresses primary defect ofLiver monitoring still
(Rosiglitazone, increasing peripheral T2DM; no hypoglycemia, lipid advised, edema, weight
pioglitazone) insulin sensitivity. and other nonglycemic vasculargain, no long term
benefits, potential experience, slow onset of
antiatherosclerotic properties,action, expensive.

potential for B-cell preservation,
once daily dosing.

Insulin Increases insulin Extensive  experience, rapidlyHypoglycemia, weight
supply effective in all circumstances, nogain, injections and more

contraindications, UKPDS datafrequent glucose

show improved microvascular monitoring required,

outcome, cardiovascular andincreases complexity,

mortality benefits demonstrated instigma.
acute settings, low cost
(traditional forms, analogs are

most expensive)

PPARy, peroxisome proliferator activator receptorUKPDS, United Kingdom Prospective Diabetes Study.
(Adapted with permission from Inzucchi SE: Yale Imtes Facts and Guidelines. New Haven, Yale Diabete
Center, 2004.)
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The management of type 2 DM (NIDDM) is possiblehntihe drugs that can either
lower the blood sugar level or restore the livgreghen level. In modern system of
medicine, there is no drug, which is reported tblgcboth mechanisms [47]. The
hypoglycemic effect of several herbal extracts hageen confirmed in human and
animal models of type 2 diabetes and many of theveational drugs have been
derived from these medicinal plants. Metformin,easl toxic biguanides and potent
oral glucose-lowering agent, was developed fféatega officianalisand used to treat
diabetes [7].0Out of dozens of oral medicationsdiabetes; only one medication i.e.
metformin is approved for use in children with détds [48]. In developed countries
the use of antidiabetic herbal remedies is repaxeldave been increasing since the
introduction of insulin and synthetic oral hypogiyeic agents during the early part of
the 20" century. This renewed interest in herbal antigigbremedies in developed
countries is believed to be motivated by severatofs, including side effects and
high secondary failure rates [49]. However, in récgears, there has been a
resurgence of interest in medicinal plants with dglgcemic potential in developing

countries.

1.1.6.2. Scientifically validated antidiabetic plants

The Natural Products Alert (NAPRALERT) databastsimsver 1200 species of plants
representing 725 genera in 183 families extendiog fthe marine algae and fungi to
plants with antidiabetic activity. Over half of thepecies have been used
ethnopharmacologically in traditional medicine asidiabetics, and some 50% of
these traditional remedies have been studied erpatally [50].

The most commonly used medicinal plants whose biglodose lowering effects
have been tested and confirmed in different pairthe world (especially in India
subcontinent) includeAllium cepa QOnion), Allium sativum (Garlic), Aloe vera
(Ghritokumari), Cinnamomum tamala, Coccinia indic@elakucha), Gymnema
sylvestre(Gurmar),Momordica charantiaBitter Melon), Murrayi koningii (Jhumka
lata ), Ocimum sanctun(Tulsi), Panax ginsengAsian), Trigonella foenum-graecum
(Methi), Pterocarpus marsupiurgPitshul) andSyzigium cuminiKalojam) [51, 52]. In
Bangladesh, the uses of traditional medicinal gldat the treatment of DM are in
primary stage. Rahmaet al, have reported 30 species from 18 families fa th
treatment of diabetes in Bangladesh [53]. Plantspased, active principles as well as

11
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the possible mechanism of action of commonly usediomal plants are summarized
in Table 1.2.

Table 1.2: List of scientifically validated antidiabetic plant

Plant and Family Plant part Active ingredient Mechanism of action References
Allium cepa (Onion) Onion = S-methyl cysteine sulphoxide Stimulate insulin secretion = [54].
Alliaceae bulbs = S-allylcysteine sulphoxide Compete with insulin for insulin- = [55, 56].

inactivating sites in the liver
Allium sativum Garlic = S-methyl cysteine sulphoxide- Stimulate in vitro insulin = [57]
(Garlic), gloves precursor of allicin and garlic secretion
Alliaceae oil Inhibit glucose production by the = [58]
liver
Aloe vera Leaf pulp = Phytosterols Stimulate synthesis and/or = [59]
(Aloe barbadensis) and gel release of insulin
Aspholedeceae Alter activity of carbohydrate = [60].
metabolizing enzymes
Catharanthus roseus Freshleaf = Alkaloids: catharanthine, Increases hepatic utilization of = [61]
(Madagascar juice leurosine and vindolinine glucose
periwinkle) = Tannins Supress activities of = [62].
Apocynaceae gluconeogenic enzymes
Cinnamomum cassia Bark = Cinnamaldehyde Enhances insulin action = [63]
(Chinese cinnamon) = Cinnamic alcohol Increase glucose uptake and = [64].
Lauraceae = Methyl hydroxyl chaconne glycogen synthesis
polymer
Coccinia indica Leaves = Beta sitosterol Suppress glucose 6- = [65]
Cucurbitaceae phosphatase
Stimulate glycogen synthase = [66].
activity and reduction of
phosphorylase activity
Fiscus bengalensis Leavesand = Lecoperlargonin derivative Increases insulin secretion = [67]
Moraceae bark Inhibit insulinase activity = [68].
Gymnema Sylvestre = Gymnemosides and gymnemic Stimulate insulin secretion from = [69]
(Gurmar). Leaves acid (from the saponin fraction) rat islets. Decreases the activity
Asclepiadaceae = Triterpene glycosides of gluconeogenic enzymes
Induce beta cell regeneration = [70].
Ginseng Root and = Polysacharides Slow digestion and absorption of = [71]
(Panax ginseng) leaves = Ginsenosides CHO
Araliaceae = (steroidal saponins) Affect NO mediated glucose = [72].
transport
Mormordica charrantia  Fruit pulp, = Charantin (a peptide) Stimulatie insulin secretion = [73]
(Bitter melon) seed, = Insulin like polypeptide P Supress the activities of = [74]
Cucurbitaceae leavesand = ("vegetable insulin") gluconeogenic enzymes
whole plant Increases the number of beta = [75]
cells in diabetic rats
Murrayi koningii Leaves = (Carbazole alkaloids Stimulate insulin secretion = [76]
(Curry leaf) = Copolin-a-glucoside Increases glycogenesis and = [77,78].
Rutaceae decrease glycogenolysis and
gluconeogenesis
Ocimum sanctum Leaves = Pectins Stimulate insulin secretion = [79, 80, 81]
(Holy basil)
Lamiaceae
Opuntia streptacantha  Fruit = Saponins and glycosidic Stimulated insulin release from = [82]
(Cittrus colynthis) components isolated pancreatic islets
Cactaceae
Polygala senega Rhizomes = Triterpenoid glycosides Increases insulin sensitiviry = [83]
Polygalaceae = (Senegin Il)
Polygonatum officinale  Rhizomes = Unknown Decreased hepatic glucose = [84]
Liaceae output
Increased insulin sensitivity = [52]
Pterocarpus Bark = Epicatechin and catechin Prevent beta-cell damage inrats = [85]
marsupium (tannin) Regenerate functional = [86]
Fabaceae = Pterostilbene (flavonoid) pancreatic beta cells
Enhances insulin release = [51]
Syzigium cumini Seeds, = Mycaminose Stimulate kinases involved in = [67, 88].
(Eugenia jambolana) leaves and peripheral utilization of glucose
Myrtaceae fruit pulp
Trigonella foenum Seeds = Alkaloid-trigonelline, Slow down digestion and = [89]
graecum (Fenugreek) = nicotinic acid, and coumarin absorption of CHO
Fabaceae = 4-hydroxyisoleucine Incease glucose induced insulin = [90].
= Galactomannan release
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1.1.6.3. Mode of action of antidiabetic medicinal plants

Plant-based products have been popular all oventhie for the centuries and herbal
alternatives are proven to provide symptomaticefednd assist in the prevention of
the secondary complications of diabetes. Some Herbs also been proven to help in
the regeneration oR-cells and thus overcoming insulin resistance. ditgon to
maintaining normal blood sugar level, some herbs aiso reported to possess
antioxidant activity and lipid lowering actiohe majority of plants with blood
glucose lowering activity appear to contain polysecides, glycosides and
flavonoids. Several investigations indicated thptaat and/or its product may contain
one or more active principles which may act syrstically to exert a greater blood
glucose lowering efficacy through a combinationnodre than one mechanism [52,
87].

The mechanisms by which herbal antidiabetic rensetieluce blood glucose levels
are more or less similar to those of the synthetad hypoglycemic drugs and are
summarized below [91, 92):

» Stimulation of insulin synthesis and/or secrefimm pancreati®-cells
Regeneration of damaged pancreftaells

Improvement of insulin sensitivity

Mimicking the action of insulin (acting like insa)

vV V V V

Alteration of the activity of glucose metaboliziegzymes
» Slowing down the absorption of carbohydrates fthengut

Many of the herbal drugs used in diabetes also latexidant activity can reduce
oxidative stress induced by high glucose levehmtody [93]. However, most of the
species of higher plants have not been screenedhfemical or biologically active
constituents [94]. So there is a big challengeutly fexploit medicinal biodiversity to
look for phytochemicals with antidiabetic propestieOn the basis of folkloric
reputation and literature review we selected eighticinal plants with antidiabetic
activity available in Bangladesh [10]. Thereforee tresearch protocol was designed
to compare the antidiabetic, lipid-lowering andiexitdant activities of plants extracts
such asGrewia asiatica Linn., Corcorus ollitoriou Linn., Alpinia nigra Prunica
granatumLinn., Jatropha curcad.inn., Cinamomum tamal&ees.,Urginea indica
andHollarhena antidysentericf.) Wall., respectively and/or isolated compounals i
alloxan-induced diabetic rats.

13



Chapter 1: Introduction

1.1.7. Alloxan-Induced Animal Model

Alloxan or mesoxalylurea is an organic compoundetas a pyrimidine heterocyclic
skeleton. This compound has a high affinity for evadnd therefore exists as the

monohydrate. 0
HN

(] N ]
H

Figure 1.5: Alloxan.

Alloxan has two distinct pathological effects:
> It selectively inhibits glucose-induced insulin ss®on through specific
inhibition of glucokinase, the glucose sensor effitcell.
» It causes a state of insulin-dependent diabetesughr its ability to induce

reactive oxygen species (ROS) formation, resultintpe selective necrosis of

S-cells[95].
Alloxan (110 mg/kg/bw)
|
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Bindswith B cell Selective p cell uptakeviathe
GLUT2 glucose transporter
\4
Inhibition of glucokinase pB-cdl toxicity through ROS
Y
Inhibits glucose-induced insulin p-cell death through necrosis
secretion
\ 4 A 4
Insulin dependent diabetes mellitus Insulin independent diabetes
(IDDM) mellitus (NIDDM)

\ /

Alloxan induced diabetes

Figure 1.6: Schematic representation of the mechanism of acfiatioxan.
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Hyperglycemia can directly cause increased ROSrgéon. Glucose can undergo
auto-oxidation and generate hydroxyl free radid@$i®) [96]. In hyperglycemia,
there is enhanced metabolism of glucose througlpohgml (sorbitol) pathway, which
results in increased intra cellular osmolarity, ldegd glutathione reserves and

enhanced production of free radicals (Figure 197).[

AGE AGE
Aldose

Reductase ] SDH
Glucose > Sorbitol
Glucose

Glutathion
Reductase

Oxidised Reduced
GSSG GSH

Figure 1.7: Hyperglycemia increases oxidative stress.

Free radicals are generated as byproducts of naratlalar metabolism can result in
cell dysfunction and destruction resulting in tissojury. The increase in the level of
ROS in diabetes could be due to their increasediyatcon and/or decreased
destruction by nonenzymatic and enzymatic catal@#er), glutathione peroxidase
(GSH-PX) and superoxide dismutase (SOD) antiox&ldf8]. The level of these
antioxidant enzymes critically influences the spsitdity of various tissues to
oxidative stress and is associated with the dewedop of complications in diabetes.
This is particularly dangerous for tfiecells of islet, which is among those tissues that
have the lowest levels of intrinsic antioxidant etefes [99].Furthermoreexcessive
generation of ROS has pathological consequencdading damage to proteins,

lipids and DNA [100].
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1.2. Plants Under Study

The plants for the study were selected on the hafsikeir folkloric reputation and
ethnobotanical reports for the treatment of diabeted related complications are
shown in the Table 1.3.

Table 1.3: List of selected medicinal plants and their useadspa

L ocal name Botanical name Family name  Plant parts BNHVA*
Phalsa Grewia asiatical.inn. Tiliaceae Stem bark DACB- 33102
Jangli Ada Alpinia nigra (Gaertn.B. L.  Zingiberaceae = Rhizome DACB- 33200

Burtt.
Bon Piaj Urginea indicaKunth Liliaceae Bulb DACB- 33199
Tossa pat Corchorus olitoriusLinn Malvaceae Seed DACB- 33232
Dalim Prunica granatuniinn Lythraceae Stem bark DACB- 33184
Tejpat Cinnamomum tamalblees et Lauraceae Stem bark DACB- 33203
Eberm
Kurchi Holarrhena antidysenterica Apocynaceae Stem bark DACB- 33214
(L.) WALL
Bagbherenda  Jatropha curcad.inn. Euphorbiaceae Root DACB- 33179

*Bangladesh National Herbarium voucher/ access no.

16



Chapter 1: Introduction

1.2.1. Taxonomy of the Selected Plants.

|. Grewia asiatica Linn.

Grewia asiaticaLinn. (Tiliaceae) is an exotic bush plant consadehorticulturally as
a small fruit crop but also used as a folk mediciflge phalsa plant is native to the
Indian subcontinent and Southeast Asia and nowlyicldtivated on a commercial
scale in the northern and the western states o, lIithkistan, Philippines and other

tropical countries [101].

Botanical Name : Grewia asiaticaLinn.
Synonims : Grewia subinequali®C.
Common Names:

Bengali/Vernacular Name: Phalsa, Phassa, Falsa. (Ben.)

English Name . Asiatic grewia, Phalsa (Eng.)

Distribution in Bangladesh
In Bangladesh it grows in the forests of Sylhdijttagong and different Sal forests

and is also planted in many areas of the coun®y [1

Taxonomy of Grewia asiatica Linn [102]

Kingdom . Plantae
Subkingdom  : Viridaeplantae | " :
Division . Tracheophyta
Class : Magnoliopside
Order : Malvales
Family : Tiliaceae
Genus : Grewia

Figure 1.8: Fruits and leaves ddrewia asiatica.
Species : Grewia asiatica
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I1. Alpinianigra (Gaertn.) B. L. Burtt.

Alpinia nigra (Gaertn.) Burtt (Zingiberaceae) is an aromatic Aeeous plant, grows
well on riverside and can grow on land and is tiated thought-out tropic Asia,
from India to Ceylon, Indo-china (Thailand, Philipps, Singapore, Myanmar,
Borneo, Indonesia and Malaysia) [103]. It is notyoan edible vegetable but also
used in folk remedies. The members of family Ziegdzeae have been subjected to
extensive chemical and pharmaceutical investigatioecause of their use in Indian

and oriental medicines [104].

Botanical Name : Alpinia nigra (Gaertn.) B. L. Burtt
Synonims . Alpinia allughas(Retz.) Rosco€&Zingiber nigrumGaertn,

Heritiera allughas
Common Names:
Bengali/Vernacular Name: Jangli Ada, Tara. (Ben.)

English name : Wild Ginger (Eng.)

Distribution in Bangladesh
In Bangladesh it grows by the side of streams amdis in all areas of the country

[10].

Taxonomy of Alpinianigra (Gaertn.) B. L. Burtt. [105]

Kingdom . Plantae
Subkingdom . Viridaeplantae
Division . Tracheophyta
Class . Liliopsida
Order . Zingiberales
Family : Zingiberaceae
Genus . Alpinia
Species : Alpinia nigra Figure 1.9: Rhizomes and IeavesAfpinia nigr.
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[11. Urgineaindica, Knuth.

Urginea indica Knuth (Liliaceae), commonly called ‘Indian squils a small,
glabrous, bulbous, herb, grows best in dry, sawilg,specially in the seacoast. It is
medicinally very important and marketable bulbs alpéained after about 4-5 years
[106]. It is a widely diffused plant occurring itams of India and dry hills of lower
Himalayas, Africa, Mediterranean region, AbyssinNybia and Senegambia and
Germany [107].

Botanical Name: Urginea indicaKunth.
Synonims : S. indica Roxb.
Common Names:

Bengali/vernacular name: Bon Piaj, Jangli Piaj, Jangli Rashun (Beng.)
English name . Indian Squill, True Squill, Sea Onion (Eng.)

Distribution in Bangladesh
Grows wild in sandy-areas of Chittagong and Coxzds [10].

Taxonomy of Urginea indica Knuth [108]

Kingdom : Plantae
Subkingdom : Tracheobionta
Division : Magnoliophyta

Superdivision : Spermatophyta

Class . Liliopsida
Order . Liliales
Family . Liliaceae

Genus  : Urginea

Species : Urginea indica Figure 1.10: Whole plant olUrginea indica.
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IV. CorchorusolitoriusLinn.

Corchorus olitoriusLinn. (Tiliaceae) is an annual herb with slendenss. It(Jute) is
an important green leafy vegetable in many troparalas including Egypt, Sudan,
India, Bangladesh and in tropical Asian countrike the Philippines and Malaysia,
as well as in tropical Africa, Japan, South Amertba Caribbean and Cyprus [109].

Botanical Name: Corchorus olitoriusLinn.

Common Names:

Bengali/Vernacular Name: Tossa pat (Beng.)
English Name . Jute, Jew’s mallow. (Eng.)
Distribution in Bangladesh

Bangladesh is the second highest producer of ljuie cultivated all over Bangladesh
specially in Dhaka, Mymensing, Tangail, Comilla, ila, Jessore, Pabna, Rajshahi
[10].

Taxonomy of CorchorusolitoriusLinn [110]

Kingdom : Plantae
Subkingdom . Viridaeplantae
Division . Tracheophyta
Class : Magnoliopsida
Order : Malvales
Family : Malvaceae
Genus : Corchorus

Figure 1.11: Leaves ofCorchorus olitorius

Species  : Corchorus olitorius
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V. Punica granatumLinn.

Punica granatunLinn. (Lythraceae) is a native of Iran and is esieely cultivated
as fruit tree or ornamental or for medicinal pug@s Mediterranean region such as
Spain, Morocco, Egypt, Afghanistan and Iran. lca@nmonly found in tropics and
subtropics [111].

Botanical Name: Punica granatuniinn.

Common Names:

Bengali/Vernacular Name : Dalim, Anar (Beng.)
English Name : Pomegranate (Eng.)
Distribution in Bangladesh

It is cultivated and grown naturally all over Baadgsh [10].

Taxonomy of Punica granatum Linn. [112]

Kingdom . Plantae
Subkingdom . Viridaeplantae
Division . Tracheophyta
Class : Magnoliopsida
Order . Myrtales
Family . Lythraceae
Genus . Punica
Species - Punica granatum Figure 1.12: Fruit of Punica granatum
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VI. Cinnamomum tamala Nees et Eberm

Cinnamomum tamaleNees et Eberm (Lauraceae) is an evergreen tropieal
belonging to the family Lauraceae. It is found mdilh along the North -Western
Himalayas, in Sikkim, Assam, Mizoram and Meghalayas also found in tropical
and sub-tropical Asia, Australia, Pacific regiondaSouth Asia such as Nepal,
Bangladesh and Myanmar. Its leaves are used iannchokery and as bay leaves in
Europe [113, 114].

Botanical Name : Cinnamomum tamalblees et Eberm

Common Names:

Bengali/Vernacular Name: Tejpatta (Beng.)
English Name : Indian Bay Leaf, Bay Leaf (Eng.)

Distribution in Bangladesh

Cultivated commercially in Sylhet and different i@t of Bangladesh [10].

Taxonomy of Cinnamomum tamala Nees et Eberm. [115]
Kingdom . Plantae

Subkingdom : Viridaeplantae

Division . Tracheophyta
Class : Magnoliopsida
Order . Laurales

Family  : Lauraceae
Genus : Cinnamomum

Species : Cinnamomum tamala
Figure 1.13: Leaves ofCinnamomum tamala
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VII. Holarrhena antidysenterica (L.) WALL.
Holarrhena antidysentericdL.) WALL. (Apocynaceae) is a medicinal plant. & i
indigenous throughout the Indian subcontinent amahd all over the country in

deciduous forests up to 900 meters [116].

Botanical Name: Holarrhena antidysentericé..) WALL

Common Names:

Bengali/Vernacular Name: Kurchi (Beng.)
English Name : Tellichery (Eng.)

Distribution in Bangladesh
Forests of Dhaka, Tangail, Chittagong, Chittagonj Hacts and Cox’s Bazar,

Sylhet and Dinajpur [10].

Taxonomy of Holarrhena antidysenterica (L.) WALL [117]

Kingdom . Plantae
Subkingdom : Tracheobionta
Division : Magnoliophyta
Class : Magnoliopsida
Subclass : Asteridae
Order : Gentianales

Family : Apocynaceae

Genus : Holarrhena Figure 1.14: Leaves oHolarrhenaantidysenterica

Species. Holarrhena antidysenterica
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VII1. Jatropha curcas

Jatropha curcas(Euphorbiaceae)s a large shrub, 3-4m high, native of topical

America, occurring almost throughout India and mdaman Island [113].

Botanical Name : Jatropha curcas

Common Names:
Bengali/Vernacular Name: Bagbherenda (Beng.)
English Name : Purging nut, Physic nut (Eng.)

Family : Euphorbiaceae

Distribution in Bangladesh

It is grown throughout the country and grown ase fence in the villages [10].

Taxonomy of Jatropha curcasLinn[118]

Kingdom . Plantae

Subkingdom : Viridaeplantae

Division . Tracheophyta
Class . Magnoliopsida
Order . Malpighiales

Family : Euphorbiaceae

Genus : Jatropha Figure 1.15: Leaves and fruits afatropha curcas

Species: Jatropha curcas
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1.2.2 The Ethnopharmacological I mportance of the Selected Plants

The medicinal importance of the selected plantdisted in Table 1.4.

Table 1.4: The medicinal importance of the selected plants.

Plant name Plant parts Phar macological activity

Grewia Stem Bark Antidiabetic, demulcent, febrifuge andbitiousness, vata,

asiaticalLinn. kapha, urinary troubles and burning vagina etc9]11

Fruits Astringent and stomachic, tonic and aphiadjs
inflammations, burning sensation, troubles ofodtr
respiratory, cardiac and blood disorders, feveata, kapha,
biliousness, diarrhoea and remove the dead foettrs
[120].

Seed Anti-fertility. [121].

Leaves Pustular eruptions, antibiotic action et21].

Alpinia nigra Rhizome Diabetes, stimulant, decoction; stomachtarminative,
laxative, antiflatulent, diuretic, expectorant, iamtgal,
headache, rheumatism, bronchitis, liver and kiddisgases,
dyspepsia, gastric disease, vomiting, sea-sickicbgst pain,
tubercular glands and impotence ¢122].

Urginea indica Bulbs Diuretic, cardiac stimulant, expectorant,ociic bronchitis,
asthma, hypoglycemic and anticancer etc. [123].

Also used in arthritis, rheumatism, coetaneous and
subcutaneous parasitic infection; dropsy, male ilisger
allergies and gout etc. [105].
Corchorus Seeds Gonorrhea, chronic cystitis, pain fever,tambrs. [112].
olitorius
Leaves Control blood pressure, cholesterol byild-diabetes and
prevent heart disease, diarrhea, stomach achentdyge
cancer etc. [112].

Punica Flowers Styptic to gum and useful in vomiting, dpgitmodynia,

granatum ulcers, pharyngodynia, epistasis ¢1d.4].

Fruits Anemia, hyperdypsia, hyperglycemia, pedtodiseases,
splenopathy, bronchitis, dysentery and diarrhoéd]j1

Cinnamomum Leaves Hypoglycemic, stimulant and carminativeg[12

tamala

Stem Bark Anorexia, bladder disorders, dryness autim coryza,

diarrhoea, nausea, spermatorhea etc. [125].

Holarrhena Stem Bark Amoebic dysentery, diarrhea, asthma, dhrgoneumonia
antidysenterica and malaria [126].

Root Antibacterial [126].

Fruits Aanti-cancer and antihyperglycemia [127].
Jatropha Leaves Glactagogue, rubefacient, suppurative asetticidal, ulcer,
curcas tumor and scabies [113].

Root Anthelmintic [113].

Seeds Purgative, rheumatism and leprosy [113].

25



Chapter 1: Introduction

1.2.3. Biological Investigation and Scientific Reports on the Selected Plants

Some reported biological works of the selectedtglare listed in the Table 1.5.

Table 1.5: Some reported biological works on the selectedt@pacies.

Plant species Plant parts Phar macological activity
Grewia Fruits Radioprotective [128], neuroprotective [128htiemetic
asiatica activities [130], antioxidant activity [131] etc.

Leaves Hypoglycemic activity [132, 133, 134].

Alpinia nigra Rhizome Antibacterial activity [135], antioxidamictivity [136],
anthelmintic efficacy [137].

Urginea indica Bulb Cure patients with ischemic heart diseases,
cardiomiopathy and corpulmonale [138], antifungal

activity [139], antitumor and anticancer activityp].

Corchorus Seeds Antibacterial or antifungal activity [141]ntigertility
olitorius Linn activity [142].
Punica Flower Hypoglycemic activity [143], improved postipdial
granatumLinn hyperglycemia [144]

Fruit Antibacterial activity [145], anticancer activitj146],

antioxidant effect, anti-atheroscletic activity 14

Cinnamomum Leaves Antibacterial activity [148], Anti-inflamnaty activity
tamala [149], antidiarrhoea [150].
Holarrhena Stem bark Antibacterial and antifungal activity I15antioxidant
antidysenterica activity [152].

Seed Antidiabetic and antihyperlipidemic [153].
Jatropha Fruit Antimicrobial activity [154], anti- HIV actity [155],
curcas antiferlity activity [156].

Bark Wound healing activities [157].

1.2.4. Phytochemical I nvestigation and Scientific Reportson the Selected Plants.

Previous phytochemical studies on the selectedglaawve resulted in the isolation of
alkaloids, glycosides, steroidterpenoids, flavonoids, tannins, fats and many rothe

phytochemicals. Some of the research work carngdsgpresented in Table 1.6.
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Table 1.6: Some chemical compounds isolated from selected pfaties.

Plant species  Plant parts

Chemical constituents Chemical structures

Grewia

asiatica

Fruits

Flowers

Seeds

Leaves

Anthocyanin-type
cyanidin 3-glucoside
[158], vitamins A and C,
minerals, carotenes and
dietary fibres etc [159].

Grewinol, a long chair o
keto-alcohol, 1 a,
tetratricontane 22-ol 13- "¢ f
one [160]. ol

Grewinol

A delta-lactone, 3, 21, 24
trimethyl- 5, 7-
dihydroxyhetriacotanoic
acidé-lactone [161].

Tetratricontane 22-ol 13-one

Oil that contains 8%
palmitic acid, 11% stearic
acid, 13.5% oleic acid,
and 64.5% linoleic acid
with 3% unsaponifiable
[162].

Flavonoids such as,

guercetin, kaempferol, on
isorhamnetin, o o O
isorhamnetin 3-0- O |
rhamnoside, vitexin,
kampferol-7-O-glucoside
and kampferol-3-O-(6

O-E-p-coumaroyl)-
glucoside [163].

OH

Vitexin

Table 1.6 contd...
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Plant species Plant parts Chemical constituents Chemical structures

Alpinia nigra  Rhizome B-caryophyllene oxide,
a-pinene, linalool, a-
phellandrene geranyl
acetate S-pinene anda-
pinene anda-humulene
etc [164].

p-caryophyllen oxide o- Humulene

Seed Two bioactive flavone
glycosides, {astragalin
(1) and kaempferol-3-
Oglucuronide (2)} [165].

oH © 1. R=Glu
2. R= GluUA
1. Astragalin,
2. Kaempferol-3-o glucuronide
Urginea Bulb Cardiac glycosides,
indica scillaren-A and scillaren-
B [166]. A novel
cardiogenin, 6- o o
desacetoxy scillirosidin o o
[167]. Two 7 N
bufadienolides oH
(scilliphaeoside and o,c,, OH HO)\)IOH oH
anhydroscilliphaeosidin) ° °°
[168]. Three flavonoid Scillaren A Scilliphaeoside
glycosides, 5,6-

dimethyoxy-3',4"-
dioxymethylene-7-O-
(6"-beta-D-
glucopyranosyl-beta-D-
glucopyranosyl)
flavanone (1), 5,4
dihydroxy-3-O-alpha-L-
rhamnopyranosyl-6-C-
glucopyranosyl-7-O-(6"-
para-coumaroyl-beta-D-
glucopyranosyl) [139].

Table 1.6 contd...
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Plant species Plant parts Chemical constituents

Chemical structures

Corchorus  Seed Cardenolide
olitorius Linn glycosides,
erysimoside,
olitoriside,
corchoroside A and
coroliside. [169, 170].
on Erysimoside  Olitoriside
Jo]
o]
=
OH
o O
HO' Ho (0]
OH HO
Corchoroside A " Coroliside B
Punica Fruit Phenolic compounds,
uircetin, myricetin
granatum q y o
Linn [171] The
Anthrocyanine,
cyanidin-3-  glucose,

cyanidin-3-rutinose,
delphinidin-3- glucose

and pelagonidin-3-

glucose [172].

Quircetir Myricetin

OH

OH
@D
2
20
=
[0}
OH O._OH
HO OH

OH

Cyanidin-3- glucose
OH

5 L

0.

0

& 0

OH O._OH
HO OH

OH

Pelagonidi-3- glucost

Table 1.6 contd...
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Plant species Plantparts Chemical constituents Chemical structures
Cinnamomum Leaves Gglycosidic compound, O OH
tamalaNees kaempferol -3 -o- O 0 O O‘
glycopyranoside, HO OH o
. OH OH O OH
guercetin-3-o- o
sophoroside, o OH
Kaempferol 3,7-

Kaempferol 3, 7-dirhamnoside

dirhamnoside and
guercetin-3-o-rutinoside
glycoside. Polyphenolic
compounds, 3,4'5,7-

tetrahyroxyflavone;

3,3,4'5,7-

pentahydroxyflavone Kaempferol -3-0 34'5.7-

[173]. p-D-glucoside  Tetrahyroxyflavine
Holarrhena Bark O-free Steroidal X
antidysenterica alkaloids  (conessine, )
(L.) WALL conissimine),

conkurchine group N

alkaloids (including \ .

. Conessine X=CHl
conessidine) and O- Conissimine
containing alkaloids
(holarrhimine, HO NH,

holafrine, holarrhetine).

Two new alkaloids -

holacine and HoN

holacimine isolated Holarrhimine
from bark [174].

. . . HO NH
Seed  Alkaloid  Holarricine o 2
[175]. )
HoN
Holarricine
O-containing alkaloids h‘l\
Leaves (kurchiphyl_lamine and o o
kurchiphylline). Three
new HN \,‘q
aminodeoxyglycosteroi Kurchiphyllamine Kurchiphylline

ds — holarosine B and
holantosines E and F.
[176].

Table 1.6 contd...
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Plant species Plant parts Chemical constituents Chemical structures
Jatropha Roots Two lanthyrane o Q
curcas diterpenes Q Ho

cuculanthyranes A and
B, Curcusones A and B,

and curcusones Cand  cycylanthyrane A Cuculanthyrane B

O HO o 0

[177].
Curcusone A Curcusone B
Seed Jatropherol-I [178] OH
OH
o OH
OH
Jatropherol

1.3. Aimsand Objectives
The main objectives of the present investigatioesew

+ Phytochemical and pharmacological screening oftplan evaluate the

hypoglycemic properties of extracts from differptant.

« Safety and efficacy of plant extracts and compagadvaluation of their
hypoglycemic, hypolipidemic and antioxidant actvit alloxan-induced

diabetic rats.

+« Isolation and identification of bioactive princiglérom the plant extract

and further evaluation for their anti-diabetic putals.

31



Preliminary
Screening of
Plants



Chapter 2: Preliminary Screening of Plants

2.1. Introduction

Over the years, various medicinal plants and tegiracts have been reported to be
effective in the treatment of diabetes [50]. Thednlycemic actions of some of these
phytoconstituents have been evaluated and confirinecnimal models [179]
suggesting that natural products could serve asuece for effective anti-diabetic
agents. In this viewpoint, | have studied the pmelary pharmacological and
phytochemical screening of selective medicinal pfpecies such &rewia asiatica
Linn., Corcorus ollitoriou Linn., Alpinia nigra, Prunica granatum Linn., Jatropha
curcas Linn., Cinamomum tamala Nees., Urginea indica and Hollarhena
antidysenterica (L) Wall., respectively which can be the basistfog development of
new drugs [180] and can offer a new avenue to dweldpment of new therapeutics

in the management diabetes and its long term coatpins.

2.2. Materials and Methods

2.2.1. Collection of Plant Materials

Fresh plant parts from the eight selected medicplahts were collected from
different region and areas of Bangladesh. Fresht pteaterials were washed under
running tap water, air dried and then grinded ne fpowder and then stored in airtight

bottles.

Collection

Exraction

Biological Screening

Phytochemical
Screening

Figure 2.1: Preliminary screening protocol.

2.2.2. Preparation of Plant Extract

The powdered plant materials were extracted withifred spirit (96% ethanol). The
extracts were defatted with petroleum ether foresgvtimes. Then, the defatted
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liquors were allowed to evaporate using rotary evajpr at temperature 40-45°C
under reduced pressure. Finally, a highly cone¢edr crude ethanol extracts were

obtained and kept in a desiccator to dry to gigelal mass.

Parts of different plant

Sundried for 7 days & drying at
room temperature
\ 4

Grinded

Powdered plant materials

Extraction with rectified spirit
$ (96%),at room temperature

Crude ethanol extract

Extraction with pet. ether, 3 times
"at room temperature

Defatted ethanol extract of different plant

v v v v
Grewia Alpinia Jatropha Urgineaindica
asiatica nigra curcas (UIE-9.31Q)

(GAE-5.560) (ANE-6.16) (JCE-4.33g)
\ 4 \ 4 \ 4 \4

Corcorus
ollitorious
(COE-4.129g)

Prunica
granatum
(PGE-3.6gm)

Cinamomum
tamala
(CTE-3.45¢q)

Hollarhena
antiidysenterica
(HAE-2.56Q)

Figure 2.2: Schematric representation of extraction procedBAE, ethanol extract dbrewia

adiatica; COE, ethanol extract a@orcorus ollitorious; ANE, ethanol extract oflpinia nigra;

PGE, ethanol extract dPrunica granatum; JCE, ethanol extract afatropha curcas, CTE,
ethanol extract o€inamomum tamala; UIE, ethanol extract dfirginea indica; HAE, ethanol
extract ofHollarhena antidysenterica.

2.2.3.Biological Screening
2.2.3.1. Acutetoxicity study

The acute oral toxicity study was carried out adogy to OECD guidelines [181]. No
sign of toxicity and mortality were found even afggiministration of a limit dose of
2000mg/kg body weight of plant extracts for 3 dayth exceptions for the plant
extractsJatropha curcas and Urginea indica whereby the administration of a limit
dose was of 200mg/kddence, one-fifth of Ly doses of the ethanol extracts of all
the eight plants.e. 200 mg/kg/day p.o. oGrewia asiatica, 400 mg/kg/day p.o. of
Corcorus ollitorious, 100 mg/kg/day p.o. ofAlpinia nigra, 500 mg/kg/day p.o. of
Prunica granatum, 20 mg/kg/day p.o. ofatropha curcas, 400 mg/kg/ day p.o. of
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Cinamomum tamala, 200 mg/kg/day p.o. oHollarhena antidysenterica and 25
mg/kg/day p.o. olUrginea indica, respectively, were selected for the evaluatibn o

antidiabetic effects.

2.2.3.2. Experimental animal

The most commonly used animal models for screeairantidiabetic activity are the
alloxan induced diabetic animal models [182]. Aloexert their diabetogenic action
when administered parenterally: intravenously, apéritoneally or subcutaneously
[182]. The dose of these agents required for indudiabetes depends on the animal

species, route of administration and nutritionatis.

Nine-weeks-old Norwegian Long Evans rats (140-1y@uwchased from ICDDRB,

Dhaka, Bangladesh were kept in cages and maintaneell ventilated room under
conditions of light and dark cycle. They were a#a with standard rat diet and
waterad libitum. Throughout the study the animals were cared cor@ance with the

guidelines of our institution. The experimental tol was approved by Institutional
Animal, Medical Ethics, Biosafety and Biosecuritpr@mittee (IAMEBBC) at the

Institute of Biological Sciences, University of Rhahi, Bangladesh.

2.2.3.3. Induction of diabetes

After fasting 16hrs, diabetes was induced into tatsin intra-peritoneal injection
(i.p.) of alloxan monohydrade (110 mg/kg), dissdhwe saline. After 96 hrs, plasma
glucose levels were measured by glucometer (Cl&heck-TD 4226, Germany)
using a blood sample from tail-vein of rat. Raithwblood sugar level higher than

11.5 mmols/l are considered as diabfi].

2.2.3.4. Assessment of hypoglycemic activity of extractsin diabetic rats

Diabetic rats were treated with plant extracts me-fifth of LDso doses of the
respective ethanol extracts. The suspensions odagtwere prepared by using 0.5%
methyl cellulose (MC) (SD fine chemicals, Mumbaidig) in water. Treatment with
plant extracts was started 96 h after alloxan tigec After 1 hour of feeding of
extracts blood samples were collected from thevii of rats at 0, 30 and 60 mins.
Plasma glucose level was estimated using glucostasx and peroxidase method
[183].
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2.2.4. Phytochemical Screening

Qualitative phytochemical analysis of the crude gemof the plant materials for the

identification of phytoconstituents such as alkddoiglycosides, tannins, steroids,

phenols, terpenoids and flavonoid etc. were caraet using standard procedures
described below [184, 185, 186].

Table 2.1:Phytochemical tests for the screening of plantaets:

Alkaloids: 200mg plant material in 10ml methanol, filtered 2wl filtrate + 1%HCI +
Steam, 1ml filtrate + 6 drops of Mayor’s reagen@gdier’'s reagent /Dragendroff’s
reagent. Creamish precipitate/brownish-red preatipibrange precipitate indicated the

presence of respective alkaloids.

Steroids (Liebermann-Burchard reaction): 200mg plant material in  10ml
chloroform, filtered. A 2ml filtrate + 2ml acetimhydride + conc. k80,. Blue-green

ring indicated the presence of steroids.

Terpenoids: 2ml filtrate + 2ml acetic anhydride + conc,30,, Blue-green ring

indicated the presence of terpenoids.

Flavonoids: Water extract of the plant was reduced to drynesshe boiling water
bath. The residue was treated with dil. NaOH, feid by addition of dil. HCI
solubility and color was noted. A yellow solutiorittvNaOH which turns colorless

with dil. HCI confirmed the presence of flavonoids.

Cardiac glycosides (Keller-kiliani test):2ml filtrate + 1ml glacial acetic acid + FeCl

+ conc. HSO,. Green blue color indicated the presence of aargliycosides.

Saponins (Frothing test): 0.5ml filtrate + 5ml distilled water. Frothing pé&tence

indicated the presence of saponins

Tannins and phenols:200mg plant materials in 10ml distilled water,dikd. 2 ml
filtrate + 2 ml 15% FeGl Blue-black precipitate indicated the presenceohins and

phenols.

2.3. Results and Discussion

On the basis of folkloric reputation eight selecteddicinal plants (1 Kg each) were

cold extracted with 96% ethanol and the % yieldextfacts of the screened plants

are shown in Table 2.2.
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Table 2.2: The yield of different plant extracts.

Scientific name Plant part Yield (g) Yield (%)
Grewia asiatica Stem bark 5.56 11
Corcorus ollitorious Seed 412 0.82
Alpinia nigra Rhizome 6.16 1.23
Prunica granatum Stem bark 3.65 0.73
Jatropha curcas Root 4.326 0.86
Cinamomum tamala Bark 3.45 0.69
Hollarhena antiidysenterica Bark 2.56 0.512
Urginea indica Bulb 9.31 1.86

The results of anti-hyperglycemic effect of all thight plant extracts on the fasting
blood sugar levels of diabetic rats are shown let2.3. Our study indicated that the
doses GAE (200mg/kg), ANE (100mg/kg) and UIE (25xgy/showed remarkable

and comparable glucose lowering efficacy (Tablg.2.3

Table 2.3:Hypoglycemic effect of different plant extracts.

Scientific name Plant Dose Blood glucose level (mmols/I)
part (mg/kg) 0 min 30 min 60 min

Grewia asiatica Stem bark 200 17.1+2.00 13.6 +1.4012.3+0.70
Corcorus ollitorious Seed 300 17.8+0.14 158+050 14.2+0.15
Alpinia nigra Rhizome 100 179+£170 13.9+15012.2+0.45
Prunica granatum Stem bark 400 18.8+050 17.7+x040 15.2+0.25
Jatropha curcas Root 10 18.1£0.25 17.4+£0.32 16.1+£0.54
Cinamomum tamala Bark 400 17.2+0.15 15.8+0.14 14.8x0.44
Hollarhena antiidysenterica Bark 200 17.7 £ 0.35 152+0.70 14.2+0.22
Urginea indica Bulb 25 184+1.00 13.3+2.00 11.1+0.70

37



Chapter 2: Preliminary Screening of Plants

On the basis of hypoglycemic activity three pla@tewia asiatica, Alpinia nigra and
Urginea indica were selected for phytochemical screening. Theultsesof
phytochemical analysis of the selected plant etgrae shown in Table 2.4.

Table 2.4:Preliminary phytochemical analysis of selected riedi plants.

Secondary metabolites Inference
Grewia asiatica Alpinia nigra Urginea indica

Alkaloids - - -
Steroids and triterpenoids + + +

+ + +
Flavonoids + + +

+ + +
Glycosides + + +
Saponins + - -
Tannins + + -

(+), indicates presence and (-), indicates absence

2.4. Conclusion

The present investigation indicated that amongs#lected eight (08) medicinal plant
species, the stem barks of the pl@newia asiatica, rhizomes of the planAlpinia
nigra and bulbs of the plantrginea indica have demonstrable hypoglycemic
activities. The phytochemical screening revealedgresence of steroids, terpenoids,
flavonoids, glycosides, saponins and tannins whathly be responsible for the
glucose lowering activity of the extracts. Howevdyrther pharmacological
investigations are required to know the effectshogée (03) prominent plant extracts

in diabetic rats.
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Chapter 3: Rationale of the Study

3.1. Background

Diabetes mellitus is a debilitating and often lifeeatening disease and the
prevalence of diabetes is increasing among thedwampulations [187]. In addition to
insulin currently available oral hypoglycemic ageate not effective because of their
poor therapeutic outcomes. Lower efficacy, hight evgl less availability are of great
concern in the management of diabetes mellitus][188&cientific investigation of
traditional herbal remedies for diabetes may previdaluable leads for the
development of alternative drugs and therapeutateggies. Thus, the development of

new oral hypoglycemic agents and adjuncts to ai&tic therapy is imperative [189].

Scientific evaluation of several Indian plant spechas proved the efficacy of the
botanicals in reducing blood sugar level [51]. Ehare numerous plants still await
scientific investigation, which have mentionedhe indigenous systems of medicine.
A large number of plants screened for their antidiec effect have yielded certain
interesting leads, but till to date no plant-bagedg has reached such an advanced
stage of development [190]. Hence, the interekembal drug research continues with
an expectation that some day, we would be ableitg fa safer and more effective

compound that will replace currently available anahthetic drugs [17].

The three plant$Grewia asiatica Linn, Alpinia nigra (Gaertn.) Burtt andJrginea
indica, Knuth. were selected on the basis of their premy hypoglycemic and
phytochemical screening. The plants are grown ingBalesh and are distributed
thought-out tropical Asia and have a folkloric reggion of hypoglycemic activity
[10].

According to ethnomedical survey the pl@rewia asiatica (Family:Tiliaceae) have

been used as antidiabetic, antifertility, anti@at antipyretic, analgesic,
antibacterial agents [119, 120AIpinia nigra (Gaertn.) Burtt (Zingiberaceae) is
widely used in the ayurvedic system of medicinéhmtreatment of diabetes mellitus,

dyspepsia, vomiting, obesity, rheumatism, bronshiiver and kidney diseases [122].

Traditionally, the bulbs obUrginea indica Knuth (Family: Liliaceae) have been used
as hypoglycemic, expectorant and cardiac stimulaatsl also reported to have

anticancer activity [105].
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A comprehensive literature review showed that, mlmer of chemical constituents
were isolated from the planGrewia asiatica and Alpinia nigra but there were only
few reports on the isolation of bioactive compoundsnfrthe plantUrginea indica
(Table 1.6). However, the extracts and isolated pmmds from the planGrewia
asiatica (Bark), Alpinia nigra (Rhizome) andJrginea indica (Bulbs) have not been
so far evaluated for their anti-diabetic and hyjpademic activity (Table 1.5). The
present investigation was therefore undertaken sgess the hypoglycemic and
hypolipidemic efficacy of ethanolic extraot Grewia asiatica (Bark), Alpinia nigra
(Rhizome) andUrginea indica (Bulbs)in diabetic rats and isolation and identification

of bioactive compounds frotdrginea indica (Bulbs).

3.2. Study Protocol

The present study has given an insight into thetqafmemical and biological
investigations of selected Bangladeshi medicinah{s which includes:

1. Preliminary phytochemical and pharmacological screening of plants.

» Collection of plants materials and extraction widetified sprit (96%
ethanol) by cold extraction method.

e Preliminary phytochemical analysis of crude ethaewtracts from
different plants.

e Preliminary pharmacological (blood glucose lowerirgfficacy)
screening of the crude ethanol extracts from dsfieplants in alloxan-
induced diabetic rats.

2. Evaluation of the hypoglycemic, hypolipidemic and antioxidant activity of
the plant extractsin alloxan-induced diabetic rats.

» Survival rates in rats after oral administratiorpteint extracts.

* Time course of changes in (0, 5, 10 and 15 dayb)aad sugar levels
and body weights in diabetic rats.

» Effects of plant extract on oral glucose toleranests (OGTT) in
diabetic rats.

» Effect of plants extracts on lipid profile (TC, TGDL, VLDL, HDL
& LDL/ HDL ratio).

* Measurement of liver glycogen, SGOT and CK-MB leaéier 15
days of oral treatment with plant extracts.
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* Finally, analysis of in-vitro antioxidant activiief the extracts

» Determination of total phenolic and flavonoid caonitef the plant
extracts by Folin—Ciocalteu reagent and Aluminiurnlodde
respectively.

» Determination of the total antioxidant activity thie extractives by
the method of Prietet al., (1999) and reducing power capacity by
the method of Oyaizet al., (1986).

» Observation ofin vitro free radical scavenging activity of the
different extract using DPPH assay.

3. Isolation and identification of bioactive principles from the biologically
active plant extract and evaluation for their anti-diabetic potentials.

» Fractionation of the crude ethanol extract suceegsiwith petroleum
ether, chloroform, ethyl acetate and finally withter.

* Evaluation of the blood glucose lowering efficacy the crude
fractions in diabetic rats.

* Isolation of pure compounds from most effectivectian by TLC and
PTLC  chromatographic analysis.

* Identification and characterization of pure commsity 1D and 2D
'H- and**C- NMR spectral analysis.

* Finally, evaluation of the anti-diabetic activity isolated compounds
in diabetic rats.
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Chapter 4: Safety and Efficacy of Plant Extracts

4.1. Introduction

In preliminary pharmacological screeningrewia asatica, Alpinia nigra and
Urginea indica have been found to possess hypoglycemic actastghown in Table
2.3. We investigated the safety and efficacy of glent extracts in alloxan-induced
diabetic rats after 15 days of oral administratiénmarily, we observed the survival
rate, time course of changes in blood sugar ang baghts after oral ingestion of
plant extracts/drug in diabetic rats. Further, ve@ehestimated various biochemical
parameters, such as fasting blood sugar level (F&3um triglycerides (TG), total
cholesterol (TC), low density lipoprotein (LDL),dh density lipoprotein (HDL), very
low density lipoprotein (VLDL), enzymes serum gimia-oxaloacetic transaminase
(SGOT) and creatine kinase-MB (CK-MB) after 15 daferal treatment.

4.2. Antidiabetic and Hypolipidemic Activity Assay

4.2.1. Materialsand Methods

4.2.1.1. Drugs and chemicals

The standard drug, Metformin HCI was the generoifis sample obtained from
Square Pharmaceuticals Ltd., Pabna, Bangladeshoxakll monohydrate was
purchased from Sisco Research Laboratories Pvt, Maimbai, India. Blood glucose
concentration was measured by using a glucometss [@uch Ultra, Japan). Plasma
TG, TC, HDL, SGOT and CK-MB concentrations were lgned using commercial
diagnostic kits (Human, Germany). All other cherticand solvents used were of

analytical grade.

4.2.1.2. Plant materials

The plant parts were collected in fresh conditiconf matured plants. The rhizomes
of the plantAlpinia nigra (Gaertn.) Burtt were collected from Meharchande th
adjoining area of Rajshahi University campus, Ralpghduring the month of January-
February in 2010, the bulbs &frginea indica, Knuth. were collected from sandy-
areas of Chittagong during the month of April-May 2010 and the stem barks of
Grewia asiatica Linn. were collected from botanical garden of Rajg University,

Rajshahi during the month of June-July in 2010peetvely.
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4.2.1.3. Preparation of plant extracts

The collected plant parts were washed with runniager, chopped into pieces and
sun dried for several days. The dried plant malenvere coarse powdered in an
electrical grinder after overnight drying in oveeldw 50°C. The powdered plant
materials were then extracted withctified spirit 6% ethandlin flat bottom glass

containers (Aspirator). The bottles were kept atmiotemperature and allowed to
stand for 7-10 days with occasional shaking andirg. The extracts thus, obtained
were filtered using cotton and then through fijjaper (Whatman Fitter Paper No. 1).
The filtrates wer@efatted with petroleum ether for several timesen, the defatted

liquors were allowed to evaporate using rotary evajor at temperature 40-45°C
under reduced pressure. Finally, a highly coneg¢edr crude ethanol extracts were

obtained and kept in a desiccator to dry to givelsnasses.

4.2.1.4. Experimental animal

Nine-weeks-old Norwegian Long Evans rats (140-17@g)xhased from ICDDRB,
Dhaka, Bangladesh were kept in cages and maintamneell ventilated room under
conditions of light and dark cycle (12hrs). Thegre allowed with standard rat diet
and waterad libitum. Throughout, the study the animals were caredcoom@ance
with the guidelines of our institution. The expeeintal protocol was approved by
Institutional Animal, Medical Ethics, Biosafety an@iosecurity Committee
(IAMEBBC) at the Institute of Biological SciencedJniversity of Rajshahi,
Bangladesh.

4.2.1.5. Induction of diabetes

After 16 hrs of fasting, diabetes was induced irdts by a single intra-peritoneal
injection (i.p.) of alloxan monohydrade (110 mg/kdissolved in saline. After 96hrs,
plasma glucose levels were measured by glucom@ter Touch Ultra, Japan) using a
blood sample from tail-vein of rats. Rats with dilosugar level higher than
11.5mmols/I were considered as diabetic.
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4.2.1.6. Experimental protocol design

After induction of diabetes, rats were divided irgeveral groups for the oral
administration of extracts/drugs or vehicle for dadys. Age-matched healthy rats
were used as normal control. The rats were dividiedfollowing groups-

1. Control Groups:

Group Drug
Normal Control (NC) Vehicle 0.5% MC
Diabetic Control (DC) Vehicle 0.5% MC

2. Diabeticratstreated with standard drug Metformin

Group Drug
Diabetic Standard (DS) Metformin, 150mg/kg, 0.5% MC

3. Diabetic ratstreated with different doses of Grewia asiatica extracts (GAE)

Group Drug
GAE200 GAE 200mg/kg, 0.5% MC
GAE400 GAE 400mg/kg, 0.5% MC

4. Diabetic ratstreated with different doses of Alpinia nigra extracts (ANE)

Group Drug

ANE50 ANE 50mg/kg, 0.5% MC
ANE100 ANE 100mg/kg, 0.5% MC
ANE200 ANE 200mg/kg, 0.5% MC

5. Diabetic ratstreated with different doses of Urgineaindica extracts (UIE)

Group Drug
UIE12 UIE 12mg/kg, 0.5% MC
UIE 25 UIE 25mg/kg, 0.5% MC

4.2.1.7. Time course of changesin blood glucose levels

The diabetic rats were subjected to oral admirtistmaof different doses of plant
extracts daily for 15 days. Group NC and DC reegivehicle, 0.5% MC and Group
DS received metformin (150 mg/kg) in 0.5% MC. THedd glucose levels of rats
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were measured on day 0, before the initiation amdlays 5, 10 and 15 during the
course of treatment. Blood samples were drawn ftbentail-vein of rats. Blood

glucose levels were measured by enzymatic andly38].

4.2.1.8. Measurement of body weight and organ weight

The body weight of rats from each group was measar® day, before treatment and
after 15 days of the oral administration of extséitugs.At the end of experiments,
the rats were anesthetized, chest opened and Biragles were withdrawn directly
from aorta and poured into blood collecting tube,(EDTA, Spain). The blood
samples were centrifuged at 4000 rpm for 10 min(tésa-centrifuge, Centurion,
UK) and the plasma sample were freeze up at -40At@ turther biochemical
estimation. Rats were sacrificed and liver, parsgeand heart sample were removed
and cleaned of the surrounding tissues. The owmggights (OW) were measured
immediately and the ratio of organ weights to bodgight (OW/BW) were
calculated. Then, parts of pancreas were stardd% formalin for histopathology

and liver samples were stored in a refrigerated@tC for glycogen estimations.

4.2.1.9. Analysis of lipid profile

The concentration of TC, TG and HDL cholesterolevereasured colorimetrically by
blood analyzer using commercially available wetgesda diagnostic kits (Human,
Germany). The concentrations of low density lipdgiro (LDL) and very low density
lipoprotein (VLDL)-cholesterol were calculated bysing Friedewald formula,
VLDL=TG/5, [LDL=TC-(HDL+VLDL)] [191]. The ratios ¢ LDL to HDL

cholesterol were calculated.

4.2.1.10. Estimation of serum glutamic oxaloacetic transaminase (SGOT) and

creatinine kinase (CK-MB) levels

Estimations of CK-MB was done by immunoinhibitioretinod using (Humazym UV-
test) according to the manufacterer’s protocol [19Phe liver enzyme such as serum
glutamate oxaloacetate transaminase (SGOT) wasnuetal by using kits obtained

from commercial suppliers [193, 194, 195].
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4.2.2. Statistical Analysis

Data were expressed as MeantStandard error of (&&#v). Statistical comparison
were performed by one-way analysis of variance (AMA{@followed by Tukey’s test.
Results considered as significant when p<0.05.tis8tal calculations were done
using MS Excel and graphs were prepared using GPaghPrism Software, version
5.00 for Windows.

4.3. Results and Discussion
4.3.1. Grewia asiatica
4.3.1.1. Survival rate

Table 4.1 shows the survival rate among the rdats 45 days of oral ingestion of
GAE. Three of 5 (60%) rats died in Group DC betwdays 1 to1l5. None of the rats
died in Groups DS, GAE200 and GAE400. The 15 daysvival rate was
significantly higher among the treatment groupsitimaGroup DC (p<0.001).

Table4.1: Survival rate in rats after oral administratiorddferent doses of GAE.

Treatment and dose 0 Day 5 Days 10 Days 15 Days
Normal Control (NC) 100 100 100 100™
Diabetic Control (DC) 100 80 60 4g™
Diabetic Standard (DS) 100 100 100 100™
GAE 200 (200mg/kg) 100 100 100 100™
GAE 400 (400mg/kg) 100 100 100 100™

The results are expressed in percentages (%). @aap comprised of 5 animals. Control group recel¥&db
methyl cellulose and standard group received meifod 50mg/kg/day. T p<0.05, t1 p<0.01 and 111 p&D.0
vs. NC *p<0.05, **p<0.01 and *** p<0.001 vs DC.

4.3.1.2. Hypoglycemic effect of GAE in alloxan-induced diabetic rats

Time course of changes in blood sugar levels wikosvs in Figure 4.1. On 0 day,
before treatment the blood glucose levels wereifsigntly higher in DC rats
compared to NC (p<0.01). On day 5, 10 and 15, bloed sugar levels were
significantly lowered in Groups DS, GAE200 and GAB4when compared with
Group DC rats. The effects of GAE on blood sugsaele were dose-dependent and
no significant differences between Groups GAE208E@00 and Group DS were

observed during the course of treatment.
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Figure 4.1: Time course of changes in blood sugar level afemtment of rats wittGrewia
adiatica extract. Data expressed in Mean+SEM. Control gnageived 0.5% methyl cellulose
and standard group received 150mg/kg Metforminp<®.05, 11 p<0.01 and 111 p<0.001 vs.
NC *p<0.05, *p<0.01 and *** p<0.001 vs DC.

4.3.1.3. Changesin body weight, organ weight and their ratio

Body weight, organ weights and organ weight to bagyght ratios are summarized
in Table 4.2. Body weights and organ weights wereresed in Group DC compared
to Group NC rats. Although treatment with GAE imyed body weights, organ
weights and organ weight to body weight ratios, éfiects were not significant

among the treatment groups.

Table 4.2: Effect of GAE on body weight, organ weight and orgeeight to body

weight ratio in alloxan-induced diabetic rats.

Group BW (g) HW (g) LW (g) PW (g) H/B (g/kg) L/B (g/kg) P/B (g/kg)

NC 150+7  0.48+0.025 5.51+0.47  0.40+0.04 3.1+0.1 58523  2.3+0.4
DC 12046 0.34+0.025 3.5+0.22 0.25+0.02  2.6+0.2 26.5+2.7  2.0+0.08
DS 143+7  0.49+0.03  5.1+0.81  0.38+0.04  3.2+0.22 RBAR  2.2+0.26
GAE200 1366 0.47+0.035 4.23+0.26 0.30+0.03  3.25+0.1 30+1 2.140.1

GAE400 130#5 0.45+0.023 4.11+0.25 0.26+0.035 3.3+0.2330.5+1.1 2.0+0.02

The results are expressed as Mean+SEM. H/B, ratieaft weight to body weight; L/B, ratio of liver ight to
body weight; P/B ratio of pancreas weight to bodyigive t p<0.05, {1 p<0.01 and {if p<0.001 vs. NC;
*p<0.05, **p<0.01 and *** p<0.001 vs. DC.

4.3.1.4. Alteration in lipid profile

The changes in lipid profile are shown in Table. 4The data revealed that both TC
and TG levels were significantly elevated in Grdd@ compared to the Group NC

rats. The level of TC and TG were significantldueed after ingestion of GAE (200
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and 400) and were comparable to NC rats. The @ldsBL level was significantly
lower and the levels of VLDL, LDL and LDL/HDL ratiwere significantly higher in
Group DC. The increment of VLDL, LDL and LDL/HDL tia were significantly
attenuated and HDL level was restored among thatnent groups and was
comparable to NC rats. The Group GAE 400 exhibgezhter improvement in lipid

profile among the treatment groups.

Table 4.3: Effect of GAE on lipid profile in alloxan-inducedatetic rats.

Group 4T C (mg/dl) ®TG (mg/dl) VLDL LDL (mg/dl) HDL (mg/dl) LDL/HDL

NC 70.0+7.4 71.746.6 14.3+4.5 37.645.6 29.045.7 1.3.0+0.37
DC 136.7+14.7""  115.745.88" 23.1+1.17""  76.3+4.33"" 574177 13.2+0.4"
DS 79.0+6.27 73.5+6.16" 9.8+3.6” 25.0#5.56°  41.5+2.12"  0.60+0.06"
GAE200 68.325.65" 83.7+5.01 16.7+1 18.0#3.74™  29.3+3.62°  0.61+0.08"

ook

GAE400 67.3+8.04" 77.0+3.74" 15.4+.74 16.3+2.94 34.3+2.01"  0.48+0.05"

The results are expressed as Mean+SEM. Each gauprised of 5 animals. Control group received®rbethyl cellulose
and standard group received 150mg/kg metformip<<005, 1 p<0.01 and 111 p<0.001 vs. NC; *p<0.05, **p<0.01 and ***
p<0.001 vs. DC.

®TC: Total cholesterol

PTG: Triglycerides.

4.3.1.5. Changesin plasma SGOT and CK-MB levels

Figure 4.2shows the levels of SGOT and CK-MB after 15dyasraf administration
of GAE in diabetic rats. The level of SGOT and ®- were significantly higher in
Group DC rats. Oral ingestion of GAE significantgduced the SGOT and CK-MB
levels and was comparable to NC rats. The effeCttSAE on SGOT and CK-MB
were dose-dependent.
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Figure 4.2: Effect of Grewia asiatica extract on SGOT and CK-MB in alloxan-induced diabeti
rats. The results are expressed as Mean+SEM. GiN@ipand DC received 0.5% methyl
cellulose and standard group DS received 150mg/ftionmin . T p<0.05, t1 p<0.01 and 11t
p<0.001 vs. NC; *p<0.05, *p<0.01 and *** p<0.001.\BC.
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4.3.2. Alpinia nigra
4.3.2.1. Survival rate

The effects of different doses Afpinia nigra extracts (ANE) on the survival rate of

diabetic rats are shown in Table 4.4. Sixty (6083 died in Group DC during the

course of treatment. The 15 days survival rate @nbe treatment groups was 100%
(p<0.001).

Table4.4: Survival rate in rats after oral administratiorddferent doses of ANE.

Group Total animals  Survivors Deaths  Survival rate (%)
Normal control (NC) 5 5 0 100
Diabetic Control (DC) 5 2 3 40"
Diabetic standard (DS) 5 5 0 100
ANE50 (50mg/kg) 5 5 0 100
ANE 100 (100mg/kg) 5 5 0 100
ANE 200 (200mg/kg) 5 5 0 100

Data expressed in percentages (%). Each groupremedpof 5 animals. Control group received 0.5%hylet
cellulose and standard group received 150 mg/kdommein. *p<0.05, *p<0.01 and *** p<.001 vs. DC, ¥0.05,
11 p<0.01 and 11 p<0.001 vs. NC.

4.3.2.2. Hypoglycemic effect of Alpinia nigra extracts (ANE) in diabetic rats

Time course of changes in the blood sugar levetiiaghetic rats are shown in Figure
4.3. The blood glucose levels were significantight@ar in Group DC compared to NC
rats. Oral administration of ANE reduced blood aulgvels in diabetic rats during
the course of treatment and the effects were deperdient. Group ANE100 and
Group ANEZ200 rats showed significant glucose longrefficacy between 10-15

days and were comparable to Group DS.
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Figure 4.3: Time course of changes in blood sugar levels @featment of rats witpinia
nigra. Data expressed in MeantSEM. Each group compriged animals. Control group
received 0.5% methyl cellulose and standard greapived 150mg/kg metformin. T p<0.05, 1t
p<0.01 and t1+ p<0.001 vs. NC; *p<0.05, **p<0.01 and *** p<0.001 vs. DC.
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4.3.2.3. Changesin body weight, organ weight and their ratio

Body weight, organ weight and organ weight to bagyght ratios are summarized in
Table 4.5 No significant changes in the body weight wereeobsd among the
groups during the course of treatments. The liverght and liver weight to body

ratios were improved among the treatment groups.

Table 4.5: Effect of ANE on body weight, organ weight and orgaeight to body
weight ratio in alloxan-induced diabetic rats.

Group BW (g) HW (g) LW (9g) PW (g) H/B (g/kg) L/B (g/kg) P/B (g/kg)
NC 150+7  0.5+0.025 5.51+0.47  0.4+0.04 3.1#0.1 353 2.3+0.4
DC 12046  0.3+0.02%" 3.5+0.23™  0.3+0.02 2.640.2 26.5#2%7  2.0+0.08
DS 143+7 0.49+0.03 5.1+0.81  0.38+0.04 3.2+0.22 2825 2.240.26

ANE 50 137+1.4  0..39+0.014 3.9+0.16 0.3+0.03 2.880. 285+0.9 2.240.43
ANE 100  140+1.08 0.43+0.016  4.4+0.21* 0.4+0.06 B0t 34.2+41.23* 2.5+0.16

ANE 200  1454#5.3* 0.44+0.029 5.1+0.35**  0.4+0.01 80131 35.2+1.04*  2.5840.22

The results are expressed as Mean+SEM. H/B, ratieart weight to body weight; L/B, ratio of livereight to body weight;
P/B ratio of pancreas weight to body weightp<.05, 1 p<0.01 and {7t p<0.001 vs. NC; *p<0.05, **p<0.01 and *** p<0.001
vs. DC.

4.3.2.4. Alteration in lipid profile

The changes in lipid profile are shown in Table 4CGaur results revealed that both TC
and TG levels were significantly elevated in Gr&@ rats. However, the treatment
with ANE significantly reduced both levels and #féect was comparable to NC rats.
The plasma HDL level was significantly lower ane tevels of LDL and LDL/HDL

ratio were significantly higher in Group DC ratshel HDL was increased and
increment of both LDL and LDL/HDL ratio were sigitiéntly restored among the

treatment groups and the effects were dose-dependen

Table4.6: Effect of ANE on lipid profile in alloxan-inducedabetic rats.

Group T C (mg/dl) PTG (mg/dl) VLDL LDL (mg/dl) HDL (mg/dl) LDL/HDL
NC 70.0+7.4 71.746.6 14.33+4.5 37.615.6 29.045.7 1.3+0.37
DC 136.7#14.7"  115.74588"  23.13+1.17" 76.3+4.33" 5.7+1.77" 13.2+0.8M
DS 79.0+6.27 73.546.16 14.7+25" 25.045.56" 415#217°  0.6020.06
ANES50 85.5+10.1 69.33+12.5 13.86:2.17 36.33+1.48" 23.66£3.34  1.1420.27"
ANE100  66+13.09" 62+2.17 12.4+1.7 26.66+1.97 36.3+4.26"  0.63+0.27"
ANE200  65%7.07" 56+12.02 11.241.5 19.25+1.08™ 40+1.41" 0.48+0.01"

The results are expressed as Mean+SEM. HDL, higisittelipoprotein; LDL, low-density lipoprotein, UBHDL, ratio of low-
density lipoprotein to high-density lipoprotein; déagroup comprised of 5 animals. Control group ikezk 0.5% methyl
cellulose and $<0.05, 11 p<0.01 and 7+t p<0.001 vs. NC; *p<0.05, **p<0.01 and *** p<0.001 vs. DC.

TC: Total cholesterol

PTG: Triglycerides.
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4.3.2.5. Changesin SGOT and CK-MB levels

The levels of SGOT and CK-MB are shown in Figur 4The relatively high levels
of SGOT and CK-MB indicating inflammation and tissdamage in diabetic rats.
However, treatment with ANE reduced the level ofCHGand CK-MB significantly.
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Figure 4.4: Effect of Alpinia nigra extract on SGOT and CK-MB in alloxan-induced diabeti
rats. The results are expressed as Mean+SEM<005, {1 p<0.01 and 111 p<0.001 vs. NC;
*p<0.05, *p<0.01 and *** p<0.001 vs. DC.

4.3.3. Urginea indica
4.3.3.1. Survival rate

Table 4.7 shows the survival rate among the gradipats after 15 days of treatment.
Three of 5 rats (60%) in Group DC died betweersdayo 15. None of the rats died
in UIE 12, UIE 25 and Group DS. The 15 days swalhrate were significantly higher
among the treatment groups than in Group DC (p<).00

Table 4.7: Survival rate in rats after oral administratiorddferent doses of UIE.

Treatment and dose Total animals  Survivors Deaths Survival rate (%)

Normal control (NC) 5 5 0 100
Diabetic Control (DC) 5 2 3 47"
Diabetic standard (DS) 5 5 0 100
UIE 12 (12mg/kg) 5 3 2 100
UIE 25 (25mg/kg) 5 5 0 100

The results are expressed as Mean+SEM. Each gmuprised of 5 animals. Control group received 0.5%
methyl cellulose and standard group received 15Kgngyetformin.*p<0.05, **p<0.01 and *** p<.001 vs.@Q
1p<0.05, t1 p<0.01 and 11 p<0.001 vs. NC.

4.3.3.2. Hypoglycemic effect of Urginea indica bulb extracts (UIE) in alloxan-
induced diabetic rats

Figure 4.5 shows the time course of changes indotugar levels. The blood glucose
levels were significantly higher in Group DC ratsThe extract, UIE showed

significant glucose lowering efficacy and the efsewere dose dependent.
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Figure 4.5: Time course of changes in blood sugar level afeatient of rats wittUrginea
indica. Data expressed in MeantSEM. Each group compri$esl animals. Control group
received 0.5% methyl cellulose and standard gregpived 150mg/kg metformin. *p<0.05,
**p<0.01 and *** p<.001 vs. DC and p<0.05, t1 p<D.&nd t11 p<0.001 vs. NC.

4.3.3.3. Changes in body weight and organ weight in rats treated with UIE

Table 4.8summarizes the body weight, organ weight and ongaight to body
weight No significant changes in organ weight to bodygheiratio were observed
among the experimental grougsring the course of treatments. The results redeal
that the liver and pancreas weight and their ratuese significantly improved in
UIE25 rats.

Table 4.8: Effect of Urginea indica extract on body weight and organ weight in

alloxan-induced diabetic rats.

Group BW (g) HW (9g) LW (g) PW (g) H/B (g/kg) L/B (g/kg) P/B (g/kg)
NC 15047 0.48+0.025 5.51+0.47 0.40+0.04 3.1+0.1 58623 2.3+0.02
DC 120+617  0.34+0.025tt 3.5+0.22t 0.2540.0211t (0222352 26.5+2.71 2.0+0.08
DS 143+7 0.49+0.03 5.1+0.81 0.38+0.04 3.240.22 245 2.2+0.26

UIE12 12643 0.37+0.021t 4.06+0:36  0.35+0.0T 2.940.18 32.1+£1.9t 2.1+0.01
UIE25 141+1 0.47+0.042 5.37+0715 0.41+0.05 3.37+0.24 38.06+2* 2.7+0.06*

The results are expressed as Mean+SEM. H/B, oatieart weight to body weight; L/B, ratio of livareight to body weight;
P/B ratio of pancreas weight to body weight. Eachug comprised of 5 animals. Control group rea2i®eé% methyl cellulose
and standard group received 150mg/kg metformip<005, 1 p<0.01 and 111 p<0.001 vs. NC; *p<0.05, **p<0.01 and ***
p<0.001 vs. DC.

4.3.3.4. Alteration in lipid profile

Table 4.9shows the changes in lipid profile after 15-daysoddl treatment. Our
results revealed that high level of TC and TG wagnificantly reduced among the
treatment Groups and were comparable to Group MCTae increment of both LDL

and LDL/HDL ratio were significantly attenuated wheompared with DC rats. The
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Group UIE25 exhibited greater improvement in ligicbfile among the treatment

groups and the effects were dose-dependent.

Table 4.9: Effect of Urginea indica bulb extract on lipid profile after 15 days in
alloxan-induced diabetic rats.

Group  °TC (mg/dl)  °TG (mg/dl) VLDL LDL (mg/dl) HDL (mg/dl) LDL/HDL

NC 70.047.4 71.746.6 14.3+4.5 37.645.6 29.045.7 1.3+0.37
DC 136.7#14.7"  115.7+5.88"  23.13+1.17 76.3+4.3M 5.7+1.7" 13.2+0.6"
DS 79.046.27" 73.546.16" 14.742.5 25.045.5" 41.522.4" 0.6020.06™
UIE12  111.6#540  104+2.31" 14.845.6 50.345.3 16.6+1.4M 3.240.19"
UIE25 5366679  51.66+241°  10.3+1.2§ 15.8+1.4™ 54.3+2.1" 0.29+0.013™

Data expressed in MeantSEM. VLDL, very low-densligyoprotein; LDL, low-density lipoprotein; HDL, higdensity
lipoprotein; LDL/HDL, ratio of low-density lipoprein to high-density lipoprotein. Control group eaed 0.5% methyl
cellulose and standard group received 150mg/kgameifi. tp<0.05, ¥+ p<0.01 and 11 p<0.001 vs. NC; *p<0.05, **p<0.01
and *** p<0.001 vs. DC.

3TC: Total cholesterol’TG: Triglycerides.

4.3.3.5. Changesin plasma SGOT and CK-MB levels

The levels of SGOT and CK-MB are summarized in Fegi6. In DC rats SGOT and
CK-MB levels were elevated as compared to NC rEte. relatively higher levels of
SGOT and CK-MB were significantly decreased andetifiect was dose-dependent.
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Figure 4.6: Effect of Urginea indica extract on SGOT and CK-MB in alloxan-induced diabeti
rats. Each group comprised of 5 animals. The tesut expressed as Mean+SEM. 1 p<0.05,
1 p<0.01 and 11 p<0.001 vs. NC; *p<0.05, **p<0.01 and *** p<0.001 vs. DC.

4.4. Conclusion

The present investigation indicated that the pads the plantsGrewia asiatica,
Alpinia nigra and Urginea indica possessed antidiabetic and hypolipidemic
properties. The extracts improved the organ wejghtgan weight to body weight
ratios, lipid profile and attenuated the SGOT arld-NIB levels in diabetic rats.
However, we were interested to know the possiblehaeism of their beneficial

effects in alloxan-induced diabetic rats.
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Chapter 5: Comparative Study of Plants

5.1. Introduction

Ehanol extract ofGrewia asiatica (GAE), Alpinia nigra (ANE) and Urginea indica
(UIE) have been found to ameliorate high level disoigar and lipid profile and thus
improved survival rate in diabetic rats (Chapter #herefore, the present study
protocol was designed to compare the effects ofettieacts from the three plants on
OGTT, lipid profiles, liver glycogen and histopalbgy in alloxan-induced diabetic
rats. This study also involved comparison iofvitro antioxidant potential of the
extracts from the three medicinal plants. On thashaf the comparable hypoglycemic
activity the doses of the extracts were selecte@AE (200mg/kg), ANE (100mg/kg)
and UIE (25 mg/kg), respectively (Table 2.3).

5.2. Materials and Methods
5.2.1. Comparison of Antidiabetic Activity
5.2.1.1. Experimental design

The animals, induction of diabetes and experimendidign for the comparative
antidiabetic activities were described earlier imafter 4, Section 4.2.1.4, 4.2.1.5, and
4.2.1.6.

5.2.1.2. Oral glucose tolerance test (OGTT)

Blood glucose levels of rats were measured aftstinig over-night. After 1 hour of
feeding of extracts and/drugs, all rats given zgbe load (2g/kg). Blood samples were
withdrawn from the tail-vein of rats at 0, 30, 60dal20 mins after glucose loading.
Plasma glucose level was estimated using glucosgasx and peroxidase method
[183].

5.2.1.3. Analysis of lipid profile

The concentration of TC, TG and HDL cholesterol evereasured colorimetrically by
blood analyzer using commercially available wetgesd diagnostic kits (Human,
Germany). The concentrations of low density lipagiro (LDL) and very low density
lipoprotein (VLDL)-cholesterol were calculated bysing Friedewald formula,
VLDL=TG/5, [LDL=TC-(HDL+VLDL)] [191]. The ratios ¢ LDL to HDL cholesterol

were calculated.
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5.2.1.4. Estimation of liver glycogen content

The liver glycogen content was determined accordmghe method described by
Tarnoky K.et al. [196]. Briefly, it utilizes the o-toluidine-gluse coupling reaction for
the estimation of glycogen after trichloroaceticdad@ CA) extraction, precipitation by

alcohol and hydrolysis.

5.2.1.5. Histopathological study

The histopathological studies of pancreas wereiezhrout at the Department of
Pathology, Rajshahi Medical College, Rajshahi, Bahesh. Briefly, for light
microscopy pancrease were fixed in PBS containidfp formalin. The tissues were
washed in running tap water, dehydrated in the efeing grades of isopropanol and
finally cleared in xylene. The tissues were thembedded in molten paraffin wax.
After embedding in paraffin, several transversdiges (5um) were cut from the mid
organ level and stained with hematoxylin-eosinnstdihe specimens were observed
under light microscope for any pathological chan@¢€$A-102; Olympus, Tokyo,
Japan).

5.2.2.In-Vitro Biological Assay for Antioxidant Activity
5.2.2.1. Determination of total phenolic content

The total phenolic contents of extracts frébnewia asiatica (GAE), Alpinia nigra
(ANE) and ofUrginea indica (UIE) were determined by the method described by
Singletonet al., [197] involving Folin-Ciocalteu reagent (FCR) @sdizing agent and

Galllic acid as standard.

The FCR actually measures a sample’s reducing tgp&hemical nature of the FC
reagent is not known, but it is believed to contagteropolyphosphotungstates -
molybdates. Sequences of reversible one- or twarele reduction reactions lead to
blue species, possibly (PMo\D40)4. In essence, it is believed that the molybdenum is
easier to be reduced in the complex and electaorster reaction occurs between
reductants and Mo (VI):

Mo (VI) + € - Mo (V)
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Materials:;

Folin-ciocalteu reagent, Sodium carbonate, Methé8igma, USA), Gallic acid (Wako
pure chemicals Ltd., Japan), Micropipette (10-100), fipette (1-10 ml), UV-
spectrophotometer (Shimadzu, USA).

Procedure;

1. 0.5 ml methanolic solution of extractives (or start) at various concentration
were introduced into test tubes.

2. 2.5 ml of Folin-ciocalteu reagent (diluted 10 timeish water) was added into
each of the test tubes.

3. 2.5 ml of sodium carbonate (7.5%) were added.

4. The test tubes were then incubated for 20 min @nrtemperature to complete
the reaction.

5. Then absorbance at 760 nm was measured by UV-$plotometer.

6. A typical blank solution contained all reagentsaptgplant extract or standard.

The total phenolic content was expressed as Gadid equivalents in milligrams per
gram extract as calculated from standard Gallid gcaph by the following formula:

C=(cxV)m

Where,
C = total content of phenolic compounds, mg/g plexitract, in Gallic acid

equivalents;
c = the concentration of Gallic acid establisheohfrthe calibration curve,
mg/mil;
V = the volume of extract, ml,
m = the weight of different pure plaxtracts, gm.

5.2.2.2. Determination of total flavonoid (TF)

Total flavonoid content of the different extractsrh Grewia asiatica (GAE), Alpinia
nigra (ANE) and of Urginea indica (UIE) were determined by aluminum chloride

colorimetric method. Quercetin was used as stand&&l.
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Principle:

The content of total flavonoid in different extriaets of plant extracts such as GAE,
ANE and UIE were determined by the well known aloomh chloride colorimetric
method. In this method aluminum chloride forms ctarpwith hydroxyl groups of
flavonoid present in the samples. This complex thasmaximum absorbance at 510

nm.

Materials:

Aluminum Chloride, 1ImM NaOH, Methanol (Sigma cheaticcompany, USA),
Quercetin (Wako pure chemicals Ltd., Japan), Migrege (10-100 ul), Pipette (1-10
ml), UV-spectrophotometer (Shimadzu, USA).

Procedure;

Total flavonoid (TF) was determined by the follogiprocedure by Ordone al.
[199].
1. 0.5 ml methanolic solutions of extractives or stddat various concentrations
were introduced into test tubes.
2. 2ml of distilled water was added into each of & tubes.
3. Then 0.15ml of 10% AlGlwas added.
4. After 6 min 1 ml of 1M NaOH was added and volumeniade up to 5ml with
distilled water.

5. The solution was mixed and absorbance measurelDairh

The total content of flavonoid compounds in plaxtr&cts was expressed as Quercetin
equivalents in mg per gram of plant extracts asutaled from standard Quercetin
graph was calculated by the following formula edurat

C=(cxV)m

Where,
C = total content of flavonoid compounds, mg/g plartract, in Quercetin

equivalent (GAE)
c = the concentration of quercetin established frib calibration curve,
mg/ml
V = the volume of extract, ml

m = the weight of pure plant extragis.
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5.2.2.3. Determination of total antioxidant capacity

Total antioxidant capacity of different extracterfr Grewia asiatica (GAE), Alpinia
nigra (ANE) and ofUrginea indica (UIE) were determined by the method described by
Prietoet al. [200] with some modifications.

Principle:

The phosphomolybdenum method usually detects adtois such as ascorbic acid,
some phenolicsy-tocopherol, and carotenoids. The phosphomolybdemeatihod was
based on the reduction of Mo (VI) to Mo (V) by tlatioxidant compound and
subsequent formation of a green phosphate/Mo (¥Wjptex in acidic pH. In essence, it
is believed that the molybdenum is easier to beged in the complex and electron-
transfer reaction occurs between reductants and\W)oand the formation of a green
phosphate/Mo (V) complex with a maximal absorpab®95 nm.

Mo (VI) + e - Mo (V)

Materials:

Sulphuric acid (Merck, Germany), Sodium phospha@monium Molybdate and
Methanol (Sigma chemical company, USA), Ascorbied a@nalytical or Reagent
grade), Water bath, Micropipette (100-1000ul), BRge (1-10ml), UV-
spectrophotometer (Shimadzu, USA)

Procedure;

1. 0.5 ml solutions of different extractives or stambat different concentrations
were taken into the test tubes.

2. 3ml of reaction mixtures (containing 0.6 M sulpltuacid, 28 mM sodium
phosphate and 1% ammonium molybdate) were addedeath of the test
tubes.

3. The test tubes were incubated ai®%r 10 mins to complete the reaction.

4. Then absorbance at 700 nm was measured using apdstrSphotometer
against blank after cooling at room temperature.

5. A typical blank solution contained 3ml of reactimixtures and the appropriate
volume (0.5ml) of the same solvent used for thepdaand it was incubated

under the same conditions.
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5.2.2.4. Reducing power capacity assessment

The reducing power of different extracts fraBnewia asiatica (GAE), Alpinia nigra
(ANE) and ofUrginea indica (UIE) were evaluated by the method described by Oyaizu
et al. [201].

Principle:

In this assay, the yellow color of the test solut@hanges to various shades of green
and blue depending on the reducing power of ardemti samples. The reducing
capacity of a compound may serve as a signifigaditator of its potential antioxidant
activity. The presence of reductants such as addox substances in the samples
causes the reduction of the*kéerricyanide complex to the ferrous form by dongti

an electron. The amount of ¥ecomplex can then be monitored by measuring the
formation of Perl's Prussian blue at 700 nm.

Fe’*-ferricyanide + e — Fé&'-ferricyanide
Materials:

Potassium ferricyanide and Trichloro acetic acideftk, Germany), Ferric chloride,
and Ascorbic acid (Sigma chemical company, USAp9phate buffer (Sigma-Aldrich,
USA), Water bath, Centrifuge machine, Pipette (1), UV spectrophotometer
(Shimadzu, USA).

Procedure:

1. 0.25 ml solution of different extractives or startat different concentration
was taken into the test tubes.

2. 0.625 ml of potassium buffer (0.2 M) and 0.625mlpotassium ferricyanide
(1%) solution were added into each of the testdube

3. The reaction mixture was incubated at@GCor 20 mins to complete the
reaction.

4. 0.625 ml of TCA (10%) solution was added into eatthe test tubes.

5. The total mixture was centrifuged at 3000rpm fomii@s.

6. 1.8 ml supernatant was withdrawn from the mixtund anixed with 1.8ml of
distilled water.

7. 0.36 ml of ferric chloride (0.1%) solution was add® the diluted reaction

mixture.

62



Chapter 5: Comparative Study of Plants

8. Then, absorbance at 700 nm was measured using &pévtrophotometer
against blank.

9. A typical blank solution contained all reagentseptcplant extract or standard
and it was incubated under the same conditionshasrdst of the samples

solution.
5.2.2.5. DPPH (1, 1-diphenyl-2-picrylhydrazyl) free radical scavenging assay

DPPH was used to evaluate the free radical scavgragtivity of various compounds
as well as extracts [202].

Principle:

The 1, 1-diphenyl-2-picrylhydrazyl radical (DPPHashbeen widely used to evaluate
the free radical scavenging capacity of antioxidaDPPH free radical is reduced to the
corresponding hydrazine when it reacts with hydnodenors. DPPH can make stable
free radicals in aqueous or methanol solution. Whth method antioxidant activity can
be measured by observing color change from pumlgetiow. The absorbance (517
nm) decreased when the DPPH was scavenged by iaxidant, through donation of
hydrogen to form a stable DPPH molecule. In theceddorm this molecule had an
absorbance at 517 nm which disappeared after astapbf an electron or hydrogen

radical from an antioxidant compound to becomeahblstdiamagnetic molecule.
CLO QO
O'N‘é"m' + RH —_— O’N‘é’m" + Re
NO,

NO,;

DPPH
517 nm

Materials:

DPPH and Methanol (Sigma, USA), BHT (Butylated loydr toluene), Pipette (1-10
ml), UV Spectrophotometer (Shimadzu, USA).

Procedure;

1. 2 ml methanol solution of the different extractives standard at different
concentration was taken into the test tubes.

2. 3 ml methanol solution of DPPH was added into exdche test tubes.

3. The test tubes were then incubated at room temper&r 30 mins in dark

place to complete the reaction.
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4. Then absorbance at 517 nm was measured using apestsSphotometer
against blank.
5. A typical blank solution contained all reagentseptgplant extract or standard.
6. The percentage (%) of inhibition activity was cddted from the following
equation:
1%= [(Ac—A1)/A0] X100,
Where,
1% is the percentage of scavenging activity
Ais the absorbance of the control, and
Ais the absorbance of the extract/standard.
Then % of inhibition was plotted against concemraiand from the graph Kg was
calculated.

5.3. Results and Discussion
5.3.1. Comparison of Antidiabetic Activity
5.3.1.1. Effect on oral glucosetolerancetest (OGTT) in diabetic rats

As shown in Figure 5.1, after oral glucose loadk thlood glucose levels were
significantly higher in DC rats. In Group DC, bloghlicose concentration were peaked
after 30 mins and remained high over 120 mins. s RaitGroups GAE200, ANE100
and UIE25 showed a significant attenuation in blghdtose concentration at 60 mins
and 90 mins as compared with Group DC. The pronedirglucose tolerance was
observed with Group UIE 25.
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Figure 5.1: Comparative effect of GAE, ANE and UIE on oral glsedolerance test (OGTT)
in alloxan diabetic rats. The results are expresseilean+ SEM. Each group comprised of 5
animals. Control group received 0.5% methyl ceieland standard group received 150mg/kg
metformin.
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5.3.1.2. Alteration in lipid profile

As shown in Figure 5.2 the levels of TC, TG, LDL,ML- cholesterol and LDL/HDL
were significantly higher and HDL-cholesterol wasvéred in Group DC than those in
Group NC rats. Administration of GAE200, ANE100 ddtE25 extracts significantly
decreased the levels of TC, TG, LDL and VLDL-chtéesl and LDL/HDL ratio while
the higher level of HDL-cholesterol was normaliz&fter the treatment. Among the
treatment groups the most significant improvemantigid profile was observed with
Group UIE25.
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Figure 5.2: Comparative effect of GAE, ANE and UIE, on lipid fl® in alloxan-induced
diabetic rats. The results are expressed as Me&t: $ p<0.05, Tt p<0.01 and 1t p<0.001 vs.
NC; *p<0.05, **p<0.01 and *** p<0.001 vs. DC.

5.3.1.3. Changesin liver glycogen

The level of liver glycogen is summarized in Figbt8.Theliver glycogen content was
lower in Group DC than that of Group NC rats. Oral irigesof GAE200, ANE100 and
UIE25 extractssignificantly restored the liver glycogen conteHbwever, the Group

UIE25 exerted most prominent effect among the tneat groups.
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Figure 5.3: Effect of GAE, ANE and UIE on liver glycogen in @dan-induced diabetic rats.
Control group received 0.5% methyl cellulose andchddad group received 150mg/kg metformin
Group. The results are expressed ami¥ SEM. T p<0.05, 11 p<0.01 and {11 p<0.001 vs. NC;
*p<0.05, *p<0.01 and *** p<0.001 vs. DC.
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5.3.1.4. Histopathology of pancreas

Figure 5.4 illustrates representative photographthio sections of pancreas stained

with Hematoxylin-eosin where NC rats showed no iéeckural changes.

Figure 5.4: Comparative histopathological findings in the paasr tissue of alloxan-induced
diabetic rats. Treated groups (HE staining, magaiidon 400x).a. Group NC: normal, round islets
with intact nucleush. Group DC: Islets damaged, shruken in size anddbsmble isletsc. Group
DS: normal and round islets are visualizédGroup GAE200 ané. Group ANE100 showed mild
to moderate reduction in cellular damage and sfzslets andf. Group UIE 25 showed almost
normal cellular population and size of islets.

The islets from rats of Group DC showed cellularekbiwg due to extensive
inflammations with complete loss of architecturepaincreatics-cells. There was a
reduction in the size and number of the isletsntraated DC rats. The diabetic rat
treated with UIE25 restored normal cellular popolatsize of islets, absence of islets
damage and presence of hyperplasia. The Group GAB2@ ANE100 rats also
showed mild to moderate reduction of necrosis efitfhets of pancreas. There was a
reduction in the size and increase in the numbdheislets in these treatment groups.
However, significant architectural improvement vadiserved with UIE25 than that of
DC rats.

5.3.2. Comparativel n-vitro Antioxidant Assay between the Plant Extracts
5.3.2.1. Determination of total phenolic content

The phenolic content of GAE, ANE and UIE were 44&5.72, and 87.74 mg of gallic
acid equivalent/gm of dried extract, respectivélig(re 5.6).The calibration curve for
determination of phenolic content using gallic agsdstandard is shown in Figure 5.5.
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0.80 «

0.40s

Absorbance

0.00

20 40 60

Concentration (ug/ml)

Figure 5.5: Calibration curve of gallic acid for the determimatiof phenolic contenf€ = 0.999).
Values are mean of triplicate experiments and sgpried as MeanSEM

From the results it was evident that the phenaatent of UIE was higher than that of

GAE and ANE. Hence, UIE fraction might serve as aodj source for phenolic

compounds as well as antioxidants.

100 -
90 1
80 A1
70 A1
60 1
50 1
40 4
30 A1
20 A1
10 -1

Gallic acid Eq. /gm of Sample

62.72
44.65

GAE ANE UIE

Name of Sample

Figure 5.6: Total phenol content (mg/gm plant extract in gadld equivalent) ehtanol
extracts ofGrewia asiatica (GAE), Alpinia nigra (ANE) andUrginea indica (UIE).

5.3.2.2. Determination of total flavonoid

The flavonoid content of the extractives was calted on the basis of the calibration

curve for quercetin (Figure 5.7).
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0.50 +

Absorbance
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Figure 5.7: Calibration curve of quercetin for the determinatafriotal flavonoid R = 0.998).
Values are mean of triplicate experiments and sgpried as Meah SEM.

The flavonoid contents of GAE, ANE, and UIE were139 50.46, and 67.72 mg of
QUE/gm of dried extractives, respectively (Figur8)5The results demonstrated that

UIE can serve as a good source of flavonoid.

80 1

o

o -

: 70

& 60 1

2 504 T

D 40 - T

g 30

< 50.47

= 204 39.12

I

T 104

>

© o . .
GAE ANE UIE

Name of Sample

Figure 5.8: Total flavonoid contents (mg/gm plant extract inepetin equivalent) of GAE,
ANE and UIE. Values are mean of triplicate experitaeand represented as MeaSEM.

5.3.2.3: Determination of total antioxidant content

The total antioxidant contents of GAE, ANE, and WEre calculated on the basis of
the calibration curve (Figure 5.9) for ascorbicdagnd the results were expressed as mg

of ascorbic acid/gm of extractives (Figure 5.10).
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1.25 1

1.00 s

0.75 ¢

Absorbance

0.50 s

0.25 s

0.00 v T ¥ »
0 20 40 60 80 100

Concentration (ug/ml)

Figure 5.9: Calibration curve of ascorbic acid for the deterrtiora of total antioxidant

contents (R= 0.999). Values are mean of triplicate experimerid represented as Me#n

SEM.
The total antioxidant contents of GAE, ANE, and WEre 213.36, 247.63, and 307.25
mg of ascorbic acid Eq/gm of dried extractivespeesively. The results demonstrated

that all extracts possessed antioxidant poterdfalghich UIE was the richest one.

213.36 247.63
50 1

Ascorbic acid Eq. /gm of Sample

GAE ANE UIE

Name of Sample

Figure 5.10: Total antioxidant activity of crude ethanol extraiGrewia asiatica (GAE), Alpinia
indica (ANE) andUrginea indica (UIE). Values are mean of triplicate experimentd egpresented
as Meant SEM.

5.3.2.4. Reducing power capacity

The Fé* reducing power of GAE, ANE, and UIE was determimiséhg ascorbic acid

as standard. The results are shown in Figure 5.11.
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All the fractions, UIE, ANE, and GAE, showed sigoént reducing power capacity
when compared with standard ascorbic acid at varicancentrations. The results

demonstrated that among the fractions UIE had sigstficant iron reducing capacity.
1.8 1

1.6 4

1.4

1.2 4

Absorbances

0.6 4

0.4 4 ANE

0.2 4

0 T T T 1
0 50 100 150 200

Concentration (ug/ml)

Figure 5.11: Reducing power capacity of ethanol extractsGoéwia asiatica (GAE), Alpinia
nigra (ANE) andUrginea indica (UIE). Here, Ascorbic acid (AA)= Standard. Valuge anean
of triplicate experiments and represented as MeS&EM.

5.3.2.5. DPPH radical scavenging activity

The results of DPPH radical scavenging assaysffarent plant extracts and ascorbic
acid standard are given in Figure 5.Ihe scavenging activities of all the crude
ethanol extracts were less than that of ascorbit standard. 165 of ascorbic acid
standard and ethanol extracts Gfewia asiatica (GAE), Alpinia nigra (ANE) and
Urginea indica (UIE) were 12.50ug/ml 76.45ug/ml, 43.25ug/ml and 27.5Qug/ml,
respectively (Figure 5.13).

120 4

100 - *
% 30 x
c
> ——AA
T 60
2 —a—UE
o
< 404 ANE
—— GAE
20 4
O L L L L]
0 50 100 150 200

Concentration (ug/ml)

Figure. 5.12:DPPH radical scavenging activity of crude ethamtiaets of GAE, UIE, ANEand
ascorbic acid (AA) standar®/alues are mean of triplicate experiments andesgmted as Mean
+ SEM.
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Figure 5.13: I1Csq (ug/ml) values of different extracts for DPPH radisgavenging activity.
Values are the mean of triplicate experiments apdesented as MeanSEM.

5.4. Conclusion

In conclusion, the results of the present studgrffedemonstrated that the ethanolic
extract of the bark oGrewia asiatica (GAE200), rhizome oAlpinia nigra (ANE100),

and bulb ofUrginea indica (UIE25) exhibited significant antihyperglycemic dan

antihyperlipidemic activity. These extracts alsmwbld significant improvement in

OGTT, liver glycogen content as well as pancregteells architectures (Figure 5.4).

The mechanism by which the plant extracts improdembetic condition can be

partially explained by the presence of considergjilantity of phenolic and flavonoid

type of antioxidants within the plant extracts teahibited free radical scavenging and

reducing power capacity. Amongst the three afodesedicinal plantslJrginea indica

(25mg/kg) showed the most significant antidiabatitivity in terms of its glucose (p <

0.001) and lipid lowering efficacy and restoratiminliver glycogen content as well as

antioxidant potencies. Considering all the resumty, future work directed on the

isolation and characterization of active principlesm the Urginea indica bulbs

extract.
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6.1. Introduction

The ethanolic extract ofJrginea indica bulbs (UIE), which is rich source of
antioxidant has been found to possess remarkabp@ghycemic, hypolipidemic
activities and also had beneficial effects on orgaotection (Chapter-5)Present
study was further designed to isolate the phytodct&is from the plantJrginea
indica Knuth. (Family: Liliaceae), that will further strgthen the ethnomedicinal use

of this plant in various herbal formulations foettreatment of diabetes

6.2. Materialsand M ethods
6.2.1. Collection of Plant Material and Preparation of Plant Extracts

As described in experimental protocol Chapter 4tiSe 4.2.1.2 and 4.2.1.3.

6.2.2. Solvent-Solvent Partitioning of Crude Extract

The whole extraction and partitioning process ievahin Figure 6.1. The powdered
bulbs (1.5 kg) were washed, sun dried for seveagsdand then grinded to coarse
powder. The powdered plant materials were soakédnectified spirit (96% ethanol)
for 7-10 days with occasional shaking and stiramgl the extracts were successively
filtered through cotton and filter paper and coriczed under reduced pressure to get

brownish mass (30 g).

| Plant material (1.5 Kg) I

Grinded Sundriedfor 7 days& dryingatroom
Y temperatureand extractionwith 4.5 L rectified

Crude rectified spirit extract (30 g)

300 ml pet ether 3 times,
W atroomtemperature

v

Pet. ether fraction (4.5 g) Rectified spirit fraction (25 g)

Addition of H,O(15ml)

Aqueous solution

100 ml CHCl;,3 timesat
W roomtemperature

!

Chloroformfraction (8.7 g) Aqueous fraction

100 ml EtOAc 3 timesat
roomtemperature

Ethyl acetate fraction (4.3 g) Aqueous fraction (9.19)

Figure 6.1: Schematic representation of solvent-solvent paniitig of the crude extract of
Urginea indica Knuth. bulb.
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The brownish mass (30 g) of the UIE was then dadlattith petroleum ether (300 ml
x 3) to get 25.0 g defatted extract. After addingdH15 ml) the extract was further
partitioned with CHG (100 x 3mL) and EtOAc (100 x 3mL) to get CHQUIC, 8.7
g), EtOAc (UIE, 4.3 g) and aqueous (9.8 g) fractiaespectively.

6.2.3. Investigation of Chloroform Extract

A portion of the chloroform soluble extract (UICg)Jdwas prepared for further
fractionation by column chromatographic method. W&s mixed well with a small
amount of silica gel in a mortar with pestle to gefree flowing powder and was
subjected to a column chromatography (26i80cm). The column was eluted with
the solvent/solvent systems as shown in the Talile 6

The elutes were collected in a number of conicdklmarked from 1 to 12. Each
fraction was spotted on TLC plates-fiexane: ethyl acetate (5:1)] and was viewed
visually, under UV and color changes were obserafer spraying with vanillin-
H,SO, reagent.

Table6.1: Solvent systems used in the column analysis ofrofdan fraction.

Fraction no. Solvent sysem Proportion Volumeduted (ml)
1 n-Hexane 100% 200
2 n-Hexane : Chloroform 99:1 200
3 n-Hexane : Chloroform 49:1 400
4 n-Hexane : Chloroform 20:1 200
5 n-Hexane : Chloroform 101 200
6 n-Hexane : Chloroform 51 400
7 n-Hexane : Chloroform 31 300
8 n-Hexane : Chloroform 21 300
9 n-Hexane : Chloroform 11 200
10 Chloroform 100% 300
11 Chloroform: Methanol 11 200
12 Methanol 100% 200

The fractions with similar spots were further condd into five sub-fractions (F1-
F5) that were assayed for their hypoglycemic atgtigTable 6.2). Fractions F-2, F-3
and F-4 showed hypoglycemic activity whereas F-ti &5 were shown to be

inactive.
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Table 6.2: Sub-fractionation of the chloroform fraction andeithhypoglycemic

activity.
Code of the similar Fraction Amount Hypoglycemic activity
fractions number (mg) in alloxan-induced diabetic rats
F-1 1to2 30 -
F-2 3to4 300 +
F-3 6to7 375 +
F-4 8to9 29 +
F-5 10to 12 49 -

6.2.4. Analysis of Fractions 3, 4,6 and 7

Fractions 3-4 showed one distinct spot with ligiéng as well as impurities shown in TLC
using solvent systemhexane: ethyl acetate (5:1). The spot showediymsist under UV
and vanillin sulfuric acid reagent and was furtbabjected to PTLC eluted by the same
solvent system. The bands which glow under UV werapped off separately and dissolved
in ethyl acetate and filtered through cotton plnd eollected in a beaker. After evaporation
under reduced pressure a colorless crystalline @angpwas obtained and designated as UC-

1, yield 75 mg and mp.156 - 1%7.

The fractions 6 -7 showed similar single spot oi€Tunder UV and with vanillin-sulfuric
acid reagent. These two fractions were combinedsalvént was evaporated off to a certain
volume and was allowed to stand overnight at efsigpr (4C). A few needle shaped crystals
were appeared. The crystals were washedmlittxane and upon recrystallization from
hexane-ethyl acetate afforded compound UC-3 (8Casggedles with mp. 165 - 166°C.

6.2.5. Analyssof Other Fractions
Although other fractions showed a number of spatstie amount of each fraction was
relatively small, hence were not analyzed.

6.2.6. Test of Purity of thel solated Compounds

From the chemical analysis two compounds UC-1 a@deWere isolated from chloroform

fraction. The purity of the isolated compounds werecked by determining value using
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commercially available pre-coated silica gel plateselgel 60 GF 254) as shown in Table

6.3.

Table6.3: R values of the isolated compounds.

Compound code Solvent system R:Value
uc-1 n-Hexane : Ethyl acetate (5:1) 0.72
Chloroform (100%) 0.68
uc-3 n-Hexane : Ethyl acetate (5:1) 0.53
Chloroform (100%) 0.50

6.2.7. Properties of the I solated Compounds

The isolated compounds were characterized by titepsical, chemical as well as

spectral data. In physical properties such as phly$orm, color, solubility, melting

point andR values were recorded. Chemical properties incluabdor reaction of the

isolated compound with specific spray reagent. Iginapectroscopic techniques e.g.
'H-NMR, *C-NMR and 2D NMR analysis were carried out for stmve elucidation.

6.2.7.1 Physical properties of compounds
a. Compound UC-1

Physical form Needle
Color Colorless
Melting point 156 -157C
R values

Solubility

Shown in the Table 6.3
Shown in the Table 6.4

Table 6.4: Solubility data of the compound UC-1.

Solvent Solubility
Cyclohexane Insoluble
n-Hexane Sparingly soluble
Petroleum ether Insoluble
Diethyl ether Sparingly soluble
Chloroform Insoluble
Ethyl acetate Insoluble
Acetone Soluble
Methanol Sparingly soluble
Acetic acid Soluble
Water Insoluble
DMSO Soluble

76



Chapter 6: | solation and Characterization of Bioactive Principles

b. Compound UC-3

Physical form . Needles

Color : White

Melting point ~ : 165 - 168C

Rs values : Shown in the Table 6.3

Solubility . Shown in the Table 6.5

Table 6.5: Solubility data of the compound UC-3.
Solvent Solubility
Cyclohexane Insoluble
n-Hexane Sparingly soluble
Petroleum ether (40-60) Insoluble
Diethyl ether Sparingly soluble
Chloroform Insoluble
Ethyl acetate Insoluble
Acetone Insoluble
Methanol Sparingly soluble
Acetic acid Soluble
Water Insoluble
DMSO Soluble

6.2.7.2. Chemical properties of compounds

Material and method

The melting point was measured by a Fisher meltioint apparatus'H and *C
NMR spectra were recorded on Bruker AM-300 and DBDQ instruments with
standard pulse sequences operating at 400 and M9 iM'H and *C NMR,
respectivelyH and'C spectra were referenced relative to DM&Js = 2.50 and
39.51 for'H and**C NMR, respectively). 2D NMR spectra (COSY, TCO$SQC,
HMBC) were recorded using the manufacturer's sogw&hemical shifts are given
in & values (ppm) and coupling constants (J) are giaemertz (Hz). Flash column
chromatography was carried out with silica gel 80-230 mesh, Merck, 50 idx220
mm) with a gradient elution of 100% n-hexane to %0C0HCk followed by CHC}:
MeOH (1:1).

TLC Analysis
Thin-layer chromatography (TLC) analysis was pemnfed on precoated silica gel
plates (Kieselgel 60, F254, 20x20 cm, 0.25 mm thiMlkrck). Spots were detected
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under UV light at 254 and 365 nm and by stainingotution of 1% vanillin-Sulfutic

acid in ethanol followed by heating.

CHCl; uc-1 F-2 CHCl; UC-3 F-3

Figure 6.2 TLC of CHCL fraction as well as isolated compounds. Solvestesy, n-
hexane : ethyl acetate (5:1). UC-1 (compound ©;3Xcompound 2), F-2, column fraction
2 and F-3, column fraction 3.

Preparative thin-layer chromatography (PTLC) wadqgomed on silica gel plates
(Kieselgel 60, F254, glass plate 20x20 cm, 0.5 nmmkf Merck). Spots were
detected under UV light at 254 and 366 nm.

6.2.7.3. Spectral properties

UC-1 (crystal, 75 mg): 5,7-dihydroxy-2-methyl-4Hromen-4-one; 'H NMR
(DMSO-ds, 400 MH2z):6 2.30 (3H, s, CH), 6 6.123 (olephenic 1H, s, H-3), 6.128
(1H, d,J = 2.4 Hz,H-6) and 6.28 (1H, d, J = 2.4 Hz, H-8) ppn>*C-NMR (DMSO-
dé, 100 MHz):3 168.49 (C, C-2), 108.79 (CH, C-3), 182.59 (C,4),-158.64 (C, C-
57, 99.61 (CH, C-6"), 165.05 (C, C-7’), 94.57 (CB;8),162.35 (C, C-9),104.22 (C,
C-3), 20.75 (CH, at C-2) ppmR; 0.72 (5:1, n-Hexane:Ethyl acetate).

UC-3 (Crystal, 80 mg)5-hydroxy-7-methoxy-2-methyl-4H-chromen-4-orid; NMR
(DMSO-d6, 400 MHz):8 2.33 (3H, s, Ch), 6.54 (1H, d,J = 2.4 Hz, H-8), 6.31 (1H,
d, H-6), 6.18 (olephenic 1H, s, H-3), 3.89 (3H,GCH; at C-7) ppm. *C-NMR
(DMSO-d6, 100 MHz):5 168.98 (C, C-2), 109.06 (CH, C-3), 182.80 (C, (188.55
(C, C-5"), 98.69 (CH, C-6"), 165.94 (C, C-7’), 93.3CH, C-8), 162.12 (C, C-
9),105.22 (C, C-3), 20.79 (GHat C-2),56.88 (OCklat C-6) ppm.R 0.53 (5:1, n-
Hexane:Ethyl acetate).
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6.3. Results and Discussion

6.3.1. Characterization

Compound UC-1 was obtained as colorless crystdl mijp. 156-157C. The'H NMR
spectrum (DMSQds) showed a sharp signal &2.30 (3H), one set of doublets at
06.28 and 6.128)(= 2.4 Hz) for meta coupled aromatic protons, dres singlets at
0 6.123 for olephenic proton (1H). These data indidhe presence of a flavonoid
moiety. The flavonoidic nature of the compound wpparent from the UV spectrum,
with absorption maxima at 275 and 324nm [203]. T{eNMR spectrum showed the
presence of ten signals at20.38, 94.18, 99.21, 103.85, 108.39, 158.26, 1.9
164.62, 168.13, and 182.21.

HO. 0)

OH 0]

Figure 6.3: Structure of UC-1 (5,7-dihydroxy-2-methyl-4H-chrem4-one )

Correlating'H NMR signals with**C NMR in gHSQC and gHMBC and comparing
with known literature data, the structure of thenpound UC-1 was determined as
5,7-dihydroxy-2-methyl-4H-chromen-4-one which waseypously isolated from

Dysoxylum macrocarpum [203] (Table-6.6).

Compound UC-3 (80 mg) was obtained as colorlesstairyith mp. 165-16%. The

'H NMR spectrum (DMSQ@i) showed a sharp signal a 2.33 (3H), one set of
doublets atd 6.54 and 6.31)= 2.4 Hz) for meta coupled aromatic protons, tarp

singlets a® 6.18 for olephenic proton (1H) and &t3.89 for methoxyl protons (3H).
These data indicate the presence of a flavonoietyol he flavonoidic nature of the
compound was apparent from the UV spectrum, wiogiiion maxima at 275 and
324nm [203]. The®®*C NMR spectrum showed the presence of eleven siga@l
020.79, 56.88, 93.31, 98.69, 105.22, 109.06, 158.68,12, 165.94, 168.98, 182.80.

HyCO o

OH o

Figure 6.4: Structure of UC-3 (5-hydroxy-7-methoxy-2-methyl-¢Hromen-4-one)
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Comparing'H and**C NMR of UC-1 with UC-3, it was found that both cpound
possess flavonoid nucleus. In addition, UC-3 showaeohethoxyl peak ad56.88
which was absent in UC-1. Based on previously repordata (Table-6.6), the
compound UC-3 was confirmed as 5-hydroxy-7-meth&ethyl-4H-chromen-4-
one which was also previously isolated frorysoxylum macrocarpum [203].

Table 6.6: Comparison ofH NMR (recorded in DMSQ@j) and**C NMR (recorded
in DMSO-ds) spectral data among pisonins B (recorded in GDCbmpound UC-1
and UC-3.

Position Pisonins B UcC-1 UC-3
ou (ppm) 3¢ (ppm) 9y (ppm) dc (ppm)  du (ppm) dc (ppm)

1 - - - - -

2 167.0 - 168.137 - 168.98
3 6.02, g, 0.6 108.2 6.123, s 108.39  6.18,s $09.0
4 183.0 - 182.215 182.80
5 152.1 - 158.262 158.55
6 130.2 6.128, d, 2.4 99.211  6.31,d,2.4 98.69
7 154.8 - 164.629 165.94
8 6.46, s 93.2 6.28, d, 2.4 94.187  6.54,d,2.4  3B3.

9 153.5 - 161.963 162.12
10 105.4 - 103.85 105.22
CHs-2  2.35,d,0.6 20.5 2.30, s 20.38 2.33, s 20.79

OCH;-6 4.01, s - -
OCHy-7 - - 3.89, s 56.88

* Data was determined carefully by details analg$iSIMR pattern.

6.4. Conclusion

Using chromatographic technique, we have isolateddhromone derivatives, UC-1
and UC-3 from the CHGfraction of the bulb ofJrginea indica. Based on théH and
13C NMR spectrum and a comparison with previouslyorssgl data, compound 1
(UC-1) was characterized as 5, 7 dihydroxy-2-mettijichromen-4-oneand
compound 2 (UC-3) as 5-hydroxy-7-methoxy-2-methigtkehromen-4-one and these
are the first report isolation from the plabt,genia indica. The plant extracts and its
fractions showed remarkable hypoglycemic activi{i€able-6.2). Hence, there is a
possibility that the compounds isolated from thanplrginea indica might have
some beneficial effects in alloxan-induced diabetits. So, we have further
investigated the effect of isolated compounds &bditic rats.

80



wdd

Chapter 6: | solation and Characterization of Bioactive Principles I

00T od

0 : 53]

ZH ¢ =71

0 a55

ou AT

ZHW ZETO00B6 66E a8
89LC€ Is
sisjauesed Bursssoold - g4
ZHW P66EZ06°66E 1045
gP 0 T4

D2EN 086 Td
HT TONN
======== TJ THNNVHD ========
T 0aL

D98 000000007 a
A £€°86C can
Dssn 0002 da
288N Q0P EB ma
§°CCE od

D98 TT06ZEL"C [o)4
ZH 656Z8BT 0 SEYAId
2H ¥0Z 5669 HMS

0 jlag

8 SN

OSHa INIATOS
89LTE aL

0ebz 20¥d 104

T/HT 4&ND uwI g QHEOMA
aoads WOHLSNI

0" LT WL
ODZETITLIO0C “@3ea
sxsjeweaed UOT3TsTnbOoV - zd
T ONDOoYd

z ONdXH
Z1-02-0SKHAa-T-2dN~ TUUNKH HWYN

sIigldwWRIEd BlEJ JUSIAND

<

juanjos

\
7

EET" 8
82T 9
LAY
€829

o

0BL &L

400 MHz).

Figure 6.5: '"H NMR spectrum compound UC-1 (DMS®

81




Chapter 6: | solation and Characterization of Bioactive Principles I

0% T sauudd 0¢ ov 09 08 00l ocl ovl 091 08l 00¢ 0ze
o €0 | L I , L 1 I 1 1 I 1 I
ZH 0 a7
0 gss
ou M
ZHW 0568%55°00T hm- -____ 4_
BOLEZE IS
saojourered Bursssdoid - zd
ZHW 9665106 66€ z04s
dpP 08772 £T1d
|p 087871 Z11d
gp 00°¢€ e1d
025N 0008 zadod
HT ZONN
9TZ3TeM £oudado
======== ¢J TANNVHD) =s====== 7
ZHH 096659G°00T TOds
P 09°0- T1d 1
o38N 007 ET 1d
DET TONN H:m>_om |
======== 3 TANNYHD ======== |
T 0L
D95 86666668 T I Tda
2@s 000000€0°0 TP
Q98 000000007 € Ta
A g°86¢ qL
Q9@sn 00°0¢ aa
Q2SN 006761 Ma
€°TZE0T o
038 QF6SPZE"T 0% |
ZH BBYLLE O SHYAIA
ZH 6297 GZTIGZ HMS
£ sa
000¢ SN
£T2a2 LNEATOS
09599 axn
bdbz 50¥dTNd
T/HT dNO wur §  JHE0¥d |
Joads HOYLSNI
FE"EE ST,
TZZITTOC “e3eq
sIsjeweIRd UOTITSTNDOY - Zd
T ONOOYd
T ONdXd
QqABD-0SHI - TN~ TUUnK HHYN
sI93sweled BB JUSIAND
I
mmgamm B W 0w I ek N
C DO g oo o oo o oo ™
AUII!H”VA“”“IFLHV % 5 B B @ P o o] o N U o [
-1 WP wu g (08 T v w oW .
Ul oy <100 W = WO w1
W NWNRE O o RN = U o
[N ~I O W (=2

Figure 6.6: *C NMR spectrum of compound UC-1 (DMS#Q-100 MHz).
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Figure6.7: HSQC spectrum of compound UC-1 (DM%i-100 MHz).
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Figure6.8: HMBC spectrum of compound UC-1 ((DMSdy;- 100 MHz).
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Figure 6.9: *H NMR spectrum of compound UC-3 ((DMSd: 400 MHz).
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Chapter 7: Pharmacological I nvestigation

7.1. Introduction

The compounds UC-1 and UC-3 are characterizedastBylchromone derivatives.
These are the first report of isolation from tharplJrginea indica. Chromones and

their derivatives are well known naturally occugioxygen-containing heterocyclic
compounds which reported to have important biolalgionctions, such as antitumor
[204], antihepatotoxic, antioxidant [205], anti{arhmatory [206], antispasmolytic,
estrogenic [207] and antibacterial activities [208)o, we consider the naturally
occurring chromone derivatives might have some fi@ak effects in alloxan-

induced diabetic rats.

Several chromone derivatives have been reported smme plant species which are
listed in the Table 7.1.

Table 7.1: Some reported chromone derivatives from differdamnts.

Plant Name I solated compounds Refferences
Eugenia caryophyllata 5,7-dihydroxy-2-methylchromone [209]
S-D-glucopyranoside
Adinarubella 5-hydroxy-2- methylchromone [210]
Pancratium maritimum 5,7- Dihydroxy-2- [211]

methylchromone and 5-hydroxy-
7-methoxy-2-methyl-chromone

Polygonum cuspidatum 5-Carboxymethyl-7-hydroxy-2- [212]
methylchromone

Leucasinflata 2-methylchromone [213]

Neochamaclea puluervienta ~ 2-methylchromone [214]

Tussilago farfara 6-acetyl-7-hydroxy-2,3- [215]

dimethylchromone and 6-
carboxy-7-hydroxy-2,3-
dimethylchromone

Aloe vera 2-methyl-chromone [216]

5,6,7-trihydroxy-2-methylchromone inhibitsglucosidase, an enzyme that catalyses
the final step in the digestive process of carbosigd Henceg-glucosidase inhibitors
can retard the decomposition and absorption ofadietarbohydrates to suppress
postprandial hyperglycemia that is the 2-methylolwoes reported to possess
hypoglycemic activity [217].
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Compounds UC-1 and UC-3 were also 2-methylchromdeesatives. So, there is a
possibility that the compounds isolated from thanplrginea indica might have
some beneficial effects in diabetic rats. Therefbrferther investigated the effect of
isolated compounds- UC-1, UC-3 and as well as tl¢her CHC} fraction (UIC)
after 7 days of oral administrations in alloxantindd diabetic rats. The mother UIC
fraction (from where the compounds were isolated)swalso investigated for

comparative study.

7.2. Antidiabetic Assay of UIC, UC-1 and UC-3

7.2.1. Materialsand M ethods

The animal, induction of diabetes and other matedad methods for the antidiabetic
assay of UIC, UC-1 and UCs8ere same as described in Chapter 4, Section 4.2.1.

7.2.2. Experimental Protocol

Diabetic rats were divided into 5 groups for thal@dministration of either extract,
compounds and/ vehicle for 7 days -
I. Group NC (Vehicle 0.5% methyl cellulose, n = 5)
Il. Group DC (Diabetic Control, Vehicle 0.5% MCs5)
[ll. Group DS (Diabetic Standard, Metformin HCEAmg/kg, op. n=5)
IV. Group UIC25 (Diabetic, UIC extract 25 mg/kg=rb)
V. Group UC-1 (Diabetic, UC-1 compound 5 mg/kg; B)
VI. Group UC-3 (Diabetic, UC-3 compound 5 mg/kgs B)

7.2.3. Biochemical Estimation

s FBS, OGTT, body weight changes
% Lipid profile, Liver glycogen, Enzymes SGOT, CK-MB

++ Histopathology of pancreas
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7.3. Results and Discussion
7.3.1. Effect of UIC25, UC1and UC30on OGTT

After oral ingestion of glucose the blood sugaelewvere significantly higher among
the diabetic rats. In group DC, blood glucose waeaked at 30 min and remained
high over the next 90 min. Rats treated with UCd &C3 as well UIC25 showed
significant improvement in glucose tolerance afiérmin of oral ingestion (Figure
7.1).

25 1 —e—NC
—a—DC

~ —A—DS
o 20
o) uiC25
E —%—UC1
\_g 15 4 —e— UC3
8
% 10 1
]
D
g s
[}

0 T T T T

0 30 60 90 120
Time (min)

Figure 7.1: Effect of UIC25 as well as isolated compounds UC# &C3 on oral glucose
tolerance test (OGTT) in alloxan diabetic rats. Tasults are expressed as MeantSEM. Each
group comprised of 5 animals. Control group ree@i0.5% methyl cellulose and standard group
received 150mg/kg metformin.f p<0.05, 71 p<0.01 and 1§t p<0.001 vs. NC; *p<0.05, **p<0.01

and ** p<0.001 vs. DC.

7.3.2. Changesin Blood Sugar Levelswith UIC25, UC1 and UC3

Figure 7.2 shows that the blood sugar level wasifssgntly higher in the DC. After 7
days of oral ingestion of UC1, UC3 and UIC25 sigaihtly reduces blood sugar

levels and result was comparable to NC rats.

407 tH
35 4

30 1

Blood Sugar Level (mmols A)
N
)
L

NC DC DS uic2s UC1 uc3

Figure 7.2: Effect of UIC25, UC1 and UC3 on blood sugar in alloxaduced diabetic rats. Each
group comprised of 5 animals. The results areesgad as Mean+SEM. Control group received
0.5% methyl cellulose and standard group receiva@hiy/kg Metformin.t p<0.05, 1 p<0.01
and 11 p<0.001 vs. NC; *p<0.05, **p<0.01 and *** p<0.001 vs. DC.
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7.3.3. Effect of UIC25, UC1 and UC3 on Lipid Profilein Diabetic Rats

Figure 7.3 revealed that the level of TC, TG andLL&e significantly higher in
diabetic rats. However, the compounds UC1, UC3 al the fraction UIC25
decreased the values to normal levels. The levelHBIL increased by the
administration of UC1 and UC3 as well the UIC25.

Tt
140 1ttt 160
= 120 % 140
I k=)
E) 100 Xk E 120
> *kk ° 100 - **
] 80 E Tk
z Xk Kok % 80 *rx
o 60 3
> £ 6o
20
= 40 T 40
o
20 = 20
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NC DC DS UIC25 UC1 UC3 NC DC DS UIC25 UC1 UcC3
o o
90 Tt 60
= = *okk
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E E
) S 40
g g
K 3 30
2 2
©Q 9 20
2 2 t
] X 10
0
NC DC DS UIC25 UC1 UC3 NC DC DS UIC25 uUC1 UcC3

Figure 7.3: Effect of UIC25, UC1 and UC3 on lipid profile inlakan induced
diabetic rats. The results are expressed as mezast Each group comprised of 5
animals. Control group received 0.5% methyl celieland t p<0.05, 11 p<0.01 and
11 p<0.001 vs. NC; *p<0.05, **p<0.01 and *** p<0.001 vs. DC.
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7.3.4. Effect of UIC25, UC1 and UC3 on Liver Glycogen Level, SGOT and CK-
MB in Diabetic Rats

A significant decrease in the liver glycogen cohteras observed in DC rats. The
values were significantly restored among the treatngroups. Oral ingestion of
UIC25, UC1 and UC3 significantly reduced the eleddevels of SGOT and CK-MB
(Figure 7.4).
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CK-MB (UIL)

NC DC DS UIC25 UCl UC3

Figure 7.4: Effect of UIC25,UC1 and UC3 on liver glycogen content, SGOT and
CK-MB in alloxan induced diabetic rats. Data exgegb in MeantSEM. Each
group comprised of 5 animals. Control group rec&i®6% methyl cellulose and T
p<0.05, 1 p<0.01 and T§1 p<0.001 vs. NC; *p<0.05, **p<0.01 and *** p<0.001

vs. DC.

7.3.5. Histopathology of Pancreasin Diabetic Ratswith UIC 25, UC1 and UC3

Figure 7.5represents the photographs of thin sections of rpascstained with
Hematoxylin-eosin. The diabetic rats treated wit@lUand UC3 as well as UIC
showed reduction in cellular damage than that foundntreated Group DC. There

was also a mild improvement ficell size and number of viable cells was observed.
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'"':,:
}.

Figure 7.5: Histopathological findings in the pancreas tissfiealtoxan-induced
diabetic and treated groups (HE staining, magrtifica400x). a. Group NC rats
showed normal islets with intact nucleuls. Group DC pancreas showed marked
inflammation with damaged and shrunken cells @tsslc. DS almost normal islets
visualized with round and intact nucleds.Group UC 1 ande. Group UC 3 showed
reduction in cellular necrosis and increase in nemdells of islets.

7.4. Conclusion

Compounds UC-1 and UC-3 have beneficial effectsbtwod sugar levels, lipid
profile, OGTT and normalization of pancreaticell architecture in diabetic rats.
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Chapter 8: Summary

Diabetes is multifactorial disease that has a 8gant adverse impact on health and
mortality, particularly from cardiovascular diseas&raditionally, the plant has been
popularly used for the treatment of diabetes mullih India and subcontinents [218].
The plants provide a potential source of hypoglyicetnugs and many Indian plants
have been investigated for their beneficial effertsdiabetes. More than 800
traditional plants treatments for diabetes havenbeported, however, only a few
herbs have been scientifically evaluated [219, 2B@ngladesh has endowed with
huge sources of medicinal plant. However, majasftthese plants have not yet been
scientifically evaluated [10]. On the basis of folic reputation and few scientific
reports we have selected eight (08) plants inchudesGrewia asiatica Linn. (stem
bark), 2. Corcorus ollitorious Linn. (seeds), 3pidia nigra (rhizome), 4. Prunica
granatum Linn. (stem bark), 5. Jatropha curcas .L{root), 6. Cinamomum tamala
Nees. (bark), 7. Urginea indica (bulb) and 8. Hbkga antidysenterica (L) Wall.
(stem bark) for the present study proto€h the basis of preliminary screening the
plant extracts with demonstrable hypoglycemic aistithat is GAE, ANE and UIE
were further evaluated for their safety and effycat alloxan-induced diabetic rats.
Finally, we have evaluated the comparative effeftshe plant extracts on blood
sugar level, lipid profile and oral glucose tolerartest in alloxan-induced diabetic
rats. We have also carried out investigation on ifedation and identification of
bioactive principles from the plant extracts andtHear evaluation for their

antidiabetic potentials.

Briefly, plant parts were collected from the di#at areas of Bangladesh, dried and
the powdered plant materials were cold extracted @6% ethanol. The extracts were
subjected to acute toxicity testing and subsequepteliminary pharmacological and
phytochemical screenings were performed. The atmteity study showed that
extracts from eight plants were safe up to a dédse060mg/kg body weight [181]
with exception ofUrginea indica and Jatropha curcas whereby the limit dose was
200mg/kg body weight. No sign of behavioral chaagd mortality was noted with
extracts on 72hrs observation. Diabetes was indunted_.ong Evans rats by a single
i.p. injection of alloxan monohydrade (110 mg/kdh the present study, the
diabetogenic effect of alloxan was in accord wittevious studies [221]. In
preliminary experiment the hypoglycemic activity gént extracts were evaluated in

alloxan-induced diabetic rats after oral ingestaina single dose of the respective
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extract (Table. 2.3). Among the eight plant exsaGrewia asiatica Linn. (GAE,
200mg/kg),Alpinia nigra (ANE, 100mg/kg) andJrginea indica (UIE, 25mg/kg)
showed remarkable glucose lowering efficacy andetfiects were comparable. So,
the plant extracts with demonstrable hypoglycenciovay were undertaken for their

phytochemical analysis (Table. 2.4).

Preliminary phytochemical study of the three plamtgacts revealed the presence of
steroids, terpenes, glycosides, saponins, tanmdsflavonoids. These constituents
may in part be responsible for their hypoglycemitivaty of these extracts either
singly or in combinations. Several authors repotted some phytochemicals such as
polysaccharides [222], terpenes and tannins [228fpids [224] and alkaloids [225]
have been implicated in the antidiabetic activities plants. On the basis of
preliminary screening the most prominent plant aots that is GAE, ANE and UIE
were further evaluated for their safety and effycac alloxan-induced diabetic rats.
After induction of diabetes rats were divided intbfferent groups for oral
administration of extracts and/or vehicles for 1&ysl Metformin was used as a
standard drug and age-matched healthy rats wedeasseormal control.

Our results demonstrated that the 15 days survatal among the treatment groups
was 100%. Oral administration of GAE (200 and 4G§kg), ANE (50, 100 and 200
mg/kg) and UIE (12 and 25 mg/kg) significantly loweé the fasting blood sugar
levels during the course of treatment. In OGTT thdracts at different doses
increased the glucose tolerance suggesting theoiraprent of peripheral utilization
of glucose in glucose loaded rats (Figure 5.1). @ifiects of GAE, ANE and UIE on
blood sugar levels were dose-dependent. Amongrdagntent groups the effect of
UIE25 was most significant in reducing elevatedoblsugar level in alloxan-induced
diabetic rats. The effect of GAE was in accordawdé outcomes of Parveesi al.
showed that different parts Grewia asiatica possesses antihyperglycemic activity in
alloxan-induced diabetic rabbits [133]. The mechaniby which the extract
decreased fasting blood glucose levels in dialvats may be as result of stimulation
of the residual pancreatit:cells and probably by increasing peripheral uwitii@n of
glucose [226]. A number of medicinal plants haveerbeeported to have an
antihyperglycemic effect and a stimulatory effentiosulin release [227, 228]. The
hypoglycemic action of the plant may also be duéntweased glycogen synthesis,

decreased degradation of glycogen and inhibitioglwdoneogenesis in liver [76].
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Induction of diabetes with alloxan is associatethvaharacteristic loss of body and
organ weight, which is due to increase in musclsting [229] and loss of tissue
proteins [230]. Diabetic rats treated with GAE, AN&d UIE showed an

improvement in body weight and organ weight, whichy be due to its protective
effects against muscle wasting [231]. Although tireent increased organ weight to
body weight ratios, the most significant improvemem pancreas weight was
observed with UIE25 (Table 4.8).

Hyperglycemia is accompanied with an increase in TG, LDL and fall of HDL
which is attributable to excess mobilization of fedm the adipose due to under
peripheral utilization of glucose [232, 233]. Moveo, TC, TG, VLDL and LDL are
atherogenic biomarkers responsible for atherossigrtiowever, a higher proportion
of HDL is anti-atherogenic [234]. The data revedleat the level HDL increased and
the level of TC and TG were significantly decreassith GAE, ANE and UIE. Also
the increment of LDL, VLDL and LDL/HDL ratio werdagificantly attenuated after
the treatment. The most significant improvementipid profile was observed with
Group UIE25 (Figure 5.2). The regression of diabstate by the administration of
GAE, ANE and UIE improved the utilization of glu@and thereby suppressing the
lipid mobilizations. Moreover, lipid lowering effex of extracts may also be due to
low activity of cholesterol biosynthesis enzymesliirer and/or decreased level of
lipolysis in adipose tissues which are under thetrob of insulin [235]. Recent
studies indicated that triglycerides are indepehdisk factors for coronary heart
diseases [235] and most of the anti-hyperlipidednicgs do not decrease TG levels.
Interestingly, in this study GAE, ANE and UIE lowerit significantly and this effect
might be related to increase the endothelium bdipagrotein lipase- a key enzyme
which plays a major role in the transportation ametabolism of TGs of exogenous
origin [236].

Glycogen is the primary intracellular storable foofrglucose and its levels in various
tissues are a direct reflection of insulin sengitibecause insulin promotes glycogen
deposition by stimulating glycogen synthetase [237hduction of diabetes with
alloxan was associated with a marked reductionvar lglycogen stores which could
be attributed to a decrease in the availabilityhaef active form of enzyme glycogen
synthetase, which in turn results from low level iokulin [237, 238]. Oral

administration of GAE, ANE and UIE restored theeliwglycogen content possibly
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due to an increase level of insulin, which was emtdby the preservation of
pancreatigs-cells structure as revealed by microscopic examanat(Figure 5.4). The
number of functionally intacg-cells in the islet organ is of decisive importarice
the development course and outcome of diabetealldran-induced diabetes, (-)-
Epicatechin [239] and/inca rosea extracts [240] has been shown to actfbgell
regeneration. It was also suggested that regeaeraif islet p-cells following
destruction by alloxan may be the primary causéhefrecovery of alloxan-injected
guinea pigs [241]. In our studies, the Group GAE20@ ANE100 showed partial
reduction of necrosis of the islets of Langerhdree diabetic rat treated with UIE25
restored normal cellular architecture of isletsLahgerhan’s and absence of islets
damage. Among the treatment groups the signifieatititectural improvement was
observed with UIE25.

SGOT and CK-MB are the reliable markers of lived @ardiac damage, respectively
[239]. Oral ingestion of GAE, ANE and UIE signifily reduced the increased
levels SGOT and CK-MB (Figure 4.2, 4.4 and 4.6).ohm the treatment groups,
ANE and UIE showed demonstrable attenuation of S@@d CK-MB levels as noted

by the improvement in liver and heart weights (EablR and 4.8).

Oxidative stress is one of the major pathogenic haeisms considered to be
implicated in diabetes [242]. Persistent hypergiyizeis associated with oxidative
stress may result from an increased productionred fadicals and compromised
antioxidants defenses leading to the developmerdiafetic complications [243].
Lipid peroxidation, oxidative damage to DNA and teio may further complicate
disease conditions in patients with type 2 diab§d4]. Thus, treatment of diabetic
patients with plant rich in antioxidants may prdeebe advantageous in attenuating
these complications. So, we further tested theaetdrfrom three selected plants for
their antioxidant property using differemt-vitro methods. Our results indicated that
the extract from the bark @rewia asiatica Linn (GAE), rhizome ofAlpinia nigra
(ANE) andbulb ofUrginea indica (UIE) showed the highest total antioxidant content
Among the three extracts the UIE had highest tatgioxidant content whereas the
Alpinia nigra (ANE) andGrewia asiatica Linn (GAE) had moderate one (Figure
5.10. Also UIE showed the highest iron reducing capaeith absorbance of 1.31 at
200pg/ml whereas the GAE had the lowest reducipgaty with absorbance of 0.96
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at 200pg/ml (Figure 5.31 The results demonstrated that the pldnginea indica

(UIE) has the most antioxidant activity.

Polyphenols such as flavonoids, tannins and stdbeare the most abundant
antioxidants in the plant kingdom. Several studieported positive correlation
between phenolic content of plants with their aabétic activities [245, 246]. The
antioxidant activity of the polyphenolic compourglbelieved to be mainly due to
their redox properties, which play an importanermi adsorbing and neutralizing free
radicals, quenching singlet, triplet oxygen andlfecomposing peroxides. Our results
showed that among the three extracts, higher amafuphenolics was found in the
UIE (87.74mg of gallic acid equivallent/g dried edt) than that of ANE (62.72mg
of gallic acid equivallent/g dried extract) and GAE4.65 mg of gallic acid
equivallent/g dried extract) (Figure 5.6). Thes¢adadicated thatJrginea indica,
Alpinia nigra and Grewia asiatica were the significant source of phenolics. The
observed antioxidant activities of the extract rbaydue to the presence of hydroxyl
groups in phenolic compounds. Furthermore, flavdsoare the most ubiquitous
groups of plant secondary metabolites and have gouthxidant potential. The
flavonoid content of UIE, ANE and GAE were 67.72miyquercetin equivalent/g
dried extract, 50.46mg of quercetin equivalent/gedirextract and 39.11mg of
guercetin equivalent/g dried extract, respectiyEigure 5.8). Among the extracts, the
highest amount of flavanoid was found in UIE. Indi&idn, other compounds,
glycosides, terpenes, tannins and steroids have foemd in UIE, ANE and GAE
which might be responsible for their hypoglycemie daypolipidemic activity (Table
2.4).

Radical scavenging activities are very importarprevent the deleterious role of free
radical in diabetic disease. 1, 1-diphenyl-2-pidrytirazyl (DPPH) free radical
scavenging is an accepted mechanism by which adéots act. Our results revealed
that GAE, ANE and (UIE had DPPH radical scavenging activity withsdCof
76.45:0.21 pg/ml, 43.250.15 pg/ml and 27.580.021 ug/ml, respectively (Table
5.8). Among the extracts, UIE had the highest fisical scavenging activity with
ICs0 Of 27.5@&0.021 pg/ml which is almost similar to that of afto acid standard
ICs0 Of 12.5@0.17 pg/ml and the lowest activity was found witlAEs ICso Of
76.45:0.21 pg/ml (Figure 5.13). The results indicateat the extracts could serve as

free radical scavengers, acting possibly as prinaantyoxidants and might protect
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against pancreatig-cell damage in alloxan-induced diabetic rats. & baen found
that plants containing phenolics, flavonoids armbpherols reduce the DPPH radicals

by their hydrogen donating ability [247].

The results of the present study demonstratedthiea¢thanolic extract of the bark of
Grewia asiatica (GAE200), rhizome oAlpinia nigra (ANE100), and bulb ofJrginea
indica (UIE 25) exhibited significant glucose and lipaMering activity Amongst the
three aforesaid medicinal plant§lrginea indica (25mg/kg) showed the most
significant antidiabetic activity in terms of itdugose and lipid lowering efficacy,
organ protection as well as antioxidant potenci€kerefore, bioassay guided
fractionation ofUrginea indica bulb extract was carried out in order to isolatel a
characterize active principles responsible for @néidiabetic properties in alloxan-
induced diabetic rats.

A number of chemical constituents were isolatedhftbe plant$Grewia asiatica and
Alpinia nigra but there are only few reports on the isolatiopwfe compounds from
the plantUrginea indica (Table 1.6). Therefore, the ethanol extracofinea indica
bulbs was partitioned successively with pet-ett@droroform and ethyl acetate
(Figure 6.1). The successive fractions were furtheestigated for their antidiabetic
activity. Among the fractionated extracts, chlomfioextract (25mg/kg) was found to
possessn-vivo hypoglycemic activity whereas pet ether and etipgtate extracts
were devoid of activity [data not shown]. The CEClg) fraction was subjected to
bioassay-guided fractionation using column chrompaphic technique with n-
hexane-CHGJ, followed by CHC}-MeOH, which yielded five sub-fractions (F1-F5)
(Table 6.1 and 6.2). Based on hypoglycemic actikty and F-3 were further
subjected to chromatography with n hexane-ethytaéeeas solvent to afford UC-1
(colorless crystal, 75mg, 5,7-dihydroxy-2-methyl-4hfomen-4-one), and UC-3
(colorless crystal, 80mg, 5-hydroxy-7-methoxy-2tnye4H-chromen-4-one),
respectively (Figure 6.2). Structure of UC-1 and-B@ere determined by analysis of
its 1D and 2D'H- and™C-NMR spectra and confirmed by comparing NMR daith w
previously reported derivative isolated frdbysoxylum macrocarpum [203] (Table
6.6). Both the compounds were flavonoid in natune #his is the first report of

isolation of these two chromone derivatives froims filantUrginea indica.

Compounds such as flavanoids having phenolic grogy be responsible for
hypoglycemia and hypolipidemia by virtue of thentiaxidant activity. It has been
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reported that chromone derivatives may reduce jpastdial hyperglycemia by-
glucosidase inhibition [217]. However, no hypoglyte activity of Urginea indica
bulb as well as isolated compounds was previousponted. The wide variety of
phytoconstituent with different molecular structstgygested that there is a possibility
of different mechanisms involved in blood glucoseéring actions. Some have been
shown to inhibita-amylase while the others stimulating the releasesulin. For
examples, alkaloids inhibit-glucosidase and decrease glucose transport thribhegh
intestinal epithelium; polysaccharides increaselével of serum insulin, reduce the
blood glucose level and enhance tolerance to gidtass/onoids suppress the plasma
glucose, cholesterol and triglycerides; and alsweiase hepatic glucokinase activity
probably by enhancing the insulin release from peate islets; and saponins
stimulate the release of insulin and block the fatron of glucose in the blood stream
[248, 249].

Therefore, we have evaluated the hypoglycemic gundl lIowering effect of UC-1 and
UC-3 in alloxan-induced diabetic rats after 7dafy®mal administration. Rats treated
with UC-1 and UC-3 as well UIC25 showed a significamprovement in glucose
tolerance, reduced blood sugar levels and atteduatsh lipid profiles (Figure 7.1,
7.2, and 7.3). Oral ingestion of UC-1 and UC-3 #igantly restored liver glycogen
content and reduced the elevated levels of SGOT @GKeMB (Figure 7.4). In
histopathological study the compounds UC-1 and Ush@wed reduction in cellular

damage and increased number of viable cells (Fige

Our research work demonstrated that among the édg)tselected plants’ extracts,
the stem barks of the pla@rewia asiatica, rhizomes of the plarmlpinia nigra and
bulbs of the planUrginea indica have significant hypoglycemic activity. Prelimigar
phytochemical analysis of three plant extracts datid the presence of various
bioactive constituents such as steroids, terpdiagnoids, glycosides and tannins
(Table 2.4). Thé&rewia asiatica andAlpinia nigra extracts were found to be safe up
to 2000mg/kg whereadrginea indica was up to 200mg/kg. The extracts GAE (200
& 400mg/kg), ANE (50, 100 & 200mg/kg) and UIE (12 Z&mg/kg) improved the
survival rates, OW, OW/BW, and attenuated SGOT @KdMB levels in alloxan-
induced diabetic rats. The comparative study cledeimonstrated that the among the
three plants,Urginea indica (25mg/kg) showed the most significant antidiabetic

activity in terms of its glucose and lipid lowerirgfficacy, restoration of liver
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glycogen and architectural improvemenisieells of pancreas as well as antioxidant
potencies (Figure 5.10). This is the first repdrtaatidiabetic activity of ethanolic
extracts from the rhizome dlpinia nigra and bulb ofUrginea indica in alloxan-
induced diabetic rats. Two chromone derivatives; 1{& 7 dihydroxy-2-methyl-4H-
chromen-4-one) and UC-3(5-hydroxy-7-methoxy-2-metty-chromen-4-one) were
isolated from the bulb dfrginea indica and have found to be effective in reduction

of blood sugar levels, lipid profiles, SGOT andtoestion of liver glycogen.

We concluded that the plaGrewia asiatica (Phalsa), Alpinia nigra (Jangli Ada) and

Urginea indica (Bon Pianj) as well as isolated compounds UC-1 and UC-3 exbit
significant effects on the fasting blood glucoseeleimprovement in liver glycogen
content, serum SGOT, CK-MB levels as well as orgastection. The beneficial
effects of extracts as well as isolated compourass lze partially explained by the
preservation of pancreatftcell structure through the suppression of oxidastress.

However, the exact mechanism by which UC-1 and U&x8rted its beneficial

effects in alloxan-induced diabetic rats remaireted elucidated.
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