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ABSTRACT

Plants ue important sounoe of medicines. Runax haustatus, I*;pidez.a cltneata,

Rubia cordifolia, Nqteta grandifolia and Stobilstthes dalhousiatflitt w haditionallyused

folk modicines to treat diffcrcnt diseases like diabetes, stomach disorder, liver

complications, depression and skin diseases. There is no record found which shows the

phrmacological investigation of these plants fiom Poonch AJ&K Pakistan Current

r€s€arch was intended for screening of these selected medicinal plants R haustatus, L
ancata, R cordifolia N. grwrdifolia and S. dalhousiantrs to evahrate safety and

antihlperglycemic activity in the mice. The most active antidiabetic plants (L.cuneata nd
Rcordifolia) were firtber investigated by fractionation usi4g the solvents (n-hexang ethyl

awtate, n-biutanol and aqueous) on increasing polarity basis. Crude methanolic extrasts of

these plants were prepared and investigated frr acute toxicity test. ExEact doses (250, 500

and 1000 mg/kg) treafrnent in mice fur 24 hours did not show any behaviou change and

lethality in mice showing that LDso fur extract of selected plaots was be5ond l000mg/kg.

Methanolic extract of selected plants were tested for antihlperglyce,mic efrest in mice.

Cnroup one (G-I) treatd as normal contrrol while G. II to G.VI[ intoxicated with alloxan

monohydrate (100me/kg) for 6 days aftq2days' interval to induce diabetes. G-III was gven

treahent ofantihlperglyccmic drug (Glibenclamide 0.5 ag/kg) while animals in group four

to goup eight (G. IV-G. MII) were Ecatd with methanolic extract of.R. haustatus (MERH),

L. ctnuta (MELC), R. cordiforra (MERC), N. grandiforrc (MENG), S. dalhousiarus

(MESD) with aerial parts (leaves aod stem), respcc'tively daily for frur wceks. Blood glucose

lwel @GL) was significantly decreased (P < 0.05) dtre to alloxan induced hlperglycemia

and norrnal incnease in bodyweight (B\U ontrestuent of SD (0.5m9/kg) ald/,.cwteata nd
R. codifolia(l0O mg/kg) respectively in goup G.m (SD), G.V (MELC) and G.VI (MERC).

Methanolic Grilract of most active antihlpeqglycemic plants (L. anneata afi R.codiftlia)

was srbjectod frr firrther investigation. Fractions of solvents (z-hexane, ethyl acetate, z-

butarcl and an aqueous taction) were analysed for antihlpeqglyce,mic effect in mice against

alloxan-induced diabetes and DPPH antioxidant activity. High level ofBGL due to Alloxan

induced diabaes significantly (P < 0.05) decreased as compare to TC with the tneahent of
Rcordifoliaethyl acetate fraction (EFRC), n-butanol fraction of R. cordiforrc (BFRC), ethyl



acetate fraction of L.aopara @FLrC) and n- biutanol fraction of L.ancata @FLC) in time

depende,nt rnann€r. Similarly, BW was normally increasd with treatment of EF and n-BF

of both plants comparable to SD. Antioxidant activity by DPPH assay of R.cordifolio d
L.aneau. ft6 highest antioxidant ac{ivity was rweald by EFRC followed by BFRC and

MERC (ICso values 34.9,36.86 atrd 38.19 tlglnL) of R cordifolia andbyBFLC followed

by EFLC and MEIJC (ICso nalues 30.89, 31.42 d 36.apglnL) of L. ameara, that is

comparable to standard ascorbic acid (ICso 34.41) antioxidant activity. Antihlperglyce,mic

ac.tivity and antioxidant potential is associated with phy,tochemicals (phenolics, flavonoids,

soponins, terpenoids, Tanninsaod alkaloids) identified duriqg qualitative analysis. The

compounds identified by HPLC anlysis (l\dangiferine, purpurine, 2- methyl anthraquinone

IGe,mpferot and charatine) attribiuted to the antihpergl)rccmic efrect confirming the most

active antidiabaic fractions against alloxan induced diabaes in mice. In conclusion; Over

all our investigated plants exhibitd antihlpeqglyccmic effect against alloxan-induced

pancreatic damaged mice. R. cordifolia frd,L. a,tteate have most astive antihlperglycemic

effest against alloxan induced diabetes in mice due to ethylacetate and n-bnrtanol fractions

associated to antioxidant activity ofphenolic and flavonoid contents.
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CEAPIERONE INTRODUCTION

CHAPTER 1

INTRODUCTION

Insulin deficie,ncy causes the Diabetes mellitus (DM) disord€r during its

production or its action or both. Iong term hperglycemia due to change in metabolic

processes in the body is led by DM (Mulfitar et a1.,2019; Bastaki, 2005). If it is not

trcdcd prop€rly then serious complications like mussular tissue damage, rainopathy

(Arden and Ramsey, 2015;Bearse et al.,20B),oomplications as neuropathy (Seki et al.,

20M), nephopathy (tooker et alo 2003), heart disorders (Svmsson et a1.,20O4) and

problems ofulceration (Wallace et a1.,2002) ocsur. Normal mnge ofblood glucose lwel

(BGL) accordiqg to bodyneods is controlledbyinsulin and glucagonthat arepancreatic

hormones. High level of BGL stimulates F-cells of Isles of Langerhans to secrete

insulin- Insulin helps in absorption of zugar in muscles and rd blood cells, out of the

blood frr the consmption druing metabolic prooess. Glucagon, on the other hand in

rcsponsc of low BGL is secreted by c- cells of the pancrea$ for the release of glucose

fiom liver and muscles (Gupta and Dg 2012).

Diabetes type I and t)1le 2 te ffis m4in tlpes basd on etiology of disease

(Alhi 2sl Timmet, 1998). In insulin dependent diabetes mellitus (IDDM tlpe 1); no

insulin secretion takes place and patients often need insulin replace,me,nt therapy for life.

Type la (90o/o of tlpe l) and tpe lb (l0o/o of type 1) are two tlpes of tlpe-I insulin

dependefr diabetes mellihrs (IDDM). Addison's disease, C.nave's disease and

Hashimoto's thyroiditis cause the damages of pancreatic p-cells and lead to tlpe la
(Atkinson and Maclarrcn, 1994, Betterle et al., 1984). Howwer, t)rpe lb is idiopathic

whose etiology is uaide,ntifid. Insulin deficiency in zuch tlpe of patients leads to

ketoacidosis (Mclartyef a1.,1990).Innon-insulin depadent diabetes mellitus (NIDDM;

tpz),theme is abnormality in secretion insulin and its resistance @efronzo et a1.,1992).

It is prdominant in elderlypeople (over 40 years). Pople with obesity, decreased body

activity and interestiagly suffer from NIDDM (Zimmet et a1.,1990). The disease is

decreased by factors like dietry srlrylements, oral hypoglyce,mic ageirts and physical

activities (Zimmet et a1.,2001). During the prregnanry, another tlpe of diabetes called

gestational diabetes (GD) onsets characterizd by glucose intolerance (Bastaki, 2005).

P@yhcnicd Inwrdgatton udAnfrhypergtycemlc Efiect of TndldoetlyUredMedtcinrt Plrntt
inAzedJemmu rndKmhmlr Pege 2



CHAPIER ONE INTRODUCTION

Hyperglycemia in both E?e I and tpe 2 diabetes is due to loss of p-cells or their

functions on innolve,ment of genetics and e,nvironmental frctors (Skyler et al., 2017).

Serreral diseases like pancreatitis, cystic fibrosis, Cushing's syndrome acromegaly lead

to DM rrltirnffely (Bastakr, 2005). DM is also induced by some drugs zuch as

gluoocorticoids, dacin and interftmon (Pandit et a1.,1993).

In both tlpes of diabetes; slmptorns are sarrc but diff€r intensively. Elevated

blood-glucose levels are initial synptoms ofuntreated diabetic patients. Consequently,

increascd loss ofglucose in urine, thirst dehydration and raisd water @nsumption oscur

due to DM. There is loss in weight in spite of increase appetite and food intake duri4g

insnlin deficie,ncy charailqizd by frtig,rg nausea and vomiting symptoms. Such

patients dcvelop btadder, skiq and naginal infections. Blurrd vision is also caused by

DM. Morover, v€ry high srgar-lwels lead to ooma and even death (Gupta and De,

2012).

Measure,ment of frsting plasma glucosc (F?G), at early morning is most oommon

method for diagnosis ofdiabetes. FPG lcvcl less than 100 mg/dl in patients is considened

normal; while those with 100-125 meldL;prediabetic and tbose having higher than 125

mgldil- are diabetic (Peters et al., 19gq. Recatly, it is concluded that prcdiab€tes or tlpe

2 diabetes in children and adults can be diagnosed by AlC, FPG, or 2-h PG (Arsalanian

et a1.,2018).

The main focus to treat diabetes is carrid by regulating and decreasing blood

glucose to normal level. Traditional and synthaic medicines stimulate p-cells of
pancreas decnease the BGL by inhibiting other hormones that oftenly increasc BGL. DM

is treated by mechanisms like increase in glucose utilization in the body, reduction in

gl)rcogcn release, improvement of blood circulation and resisting lipids peroxidation

(l,Iaokil et a1.,200q. Biguanides; are known dnrg that reduces hepatic gluconeogenesis

and elenate the insulin-stimulated uptake and utilization of sugar. Biguanides are

ineffective in the abseirce of insulin Metfrrmin is most important example. Certaitr

@zlmes are inhibited by alpha-glucosidase inhibitors, which ar€ caus€ the metabolism

of caftohydrates in the small intestine by reducing the absorption in the blood-

Thiazolidinediones (TZ)s) is another important class of oral aatidiabetic agents which

arc pote,lil to reduce the increased lwel of glucose in liver, skeletal muscles and adipose
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tissrc. Free frtty acids levels cause the p-cetl deatb TZDs can enhance F cell firnction

by lowering the free frtty acids (Ifuskt 20M). Non-sulfonylurease secretagogues arc

oral hpoglycemic that increases the secretion of insulin fiom active F-cells by similar

mechanism brut differently binding with p-cells receptors (tvlayerson aod Inzucchi

2002).

Perbrmance of nutritional assessment to monitor the diabetic patients with

medical nutrition therapy by metabolic status, food intake, readiness to make changes

aod lifp style is madc accordiag to instructions with set goals. The set goals in nutritional

therapy include balancd blood glucose lwel, concentration of lipids, cholesterol and

tiglS,caide aprpropriately. Maintenance of prop€r balancc of nutrients like

cartohydrates, frts, prroteins and calories is performed bascd on the individual's

treahcnt plan food taken in proper planed progr@ (Chiasson et a1.,2003).

For diabetic patients self-manage,ment, blood glucose monitoring and proper

exercise are also critical components. Contol of glucosg increase sensitivity to insulin

uptake, minimi-ing the cardiovasculu risk frctors, weight loss and diabetes-related

corylications are firther rducd by exercise. Diabetic patients can make adjustment to

diet, medications and exercise byperfrrming the self-monitoring of dailyblood ghcose

levels (Kitabchi et a1.,2001).

Mdicinal plants had been primary sourte fur treatrrent of diseases. About 7000

plants species inchdiag lichens andtrecshavebeenused fiomtimeto time for medicinal

purpos€s (Arowsmith et a1.,2009). Hefts have bee,n utilized to isolate or qrnthesize

connentional drugs (Rateq 2001). Medicinal properties of 2000 plants heve been

rcpottd in Ayuneda (IGpoor, 2000). According to Ctrinese Pharmacopoeia, there are

over 5700 traditional medicineg which had beeir derived fiom medicinal plants (Lu et

al.,2Ul,B). Estimate showed that 500 herbs are still utilized for therapeutic benefits in

conventional medicines (Evans et a1.,2009).

Thene are 36 millionpeople acnoss the worlds that die due to non-communicable

diseases such as canoetr, diabeteq e,honic lungs canoer aod cardiovascular diseases.

Ditr€nent tlpes ofrernedies are practiced all over the world to get rid ofdiseases. One of
these is the traditional medicines. The zum total of skill+ knowledge, practices based on
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theories, believes and ditrerent cultures of the human experiences, frr the maintenance

of health and treamelrt of diseases are defined as traditional medicines (WHO, 2008).

Modern medicines are discovered and dwelopd by chemical methods and their

approach frr ommon person are costly and have side effects in the body when talcen

ovemdose. Pharmacologically tested plaut's derived coryounds are used in rnodern

medicines. Effective standards are tested ftom natural sourees in modern ways. There

are about 120 active compoundq which are isolated from plants having theraper:rtic and

haditional uses with 80% positive correlation (Fabricant and Norman, 20ll). Drugs

development and discovery in modern medicines and health depends upon medicinal

plants. lnprocess ofdnrgs dwelopment pharmaceutical dnrgs are identified and h,ought

to marke (La at a1.,2012).In pharrnaceutical industries, plants are mainly used to

ohain compounds as natural sounoes. Mdicinal plants have potential to produce drugs

and their phrmacological use is reported to be of 20% of plants in the world (Faraaz et

a1.,2010).

Paldstan is dweloping cormtry aod it depads on plants for sheher, foo4

agriorlture, fodder and medicines (Shinwari 2010). Doctors h Pakistan; due to lack of

reliability and less knowledge about the medicinal plants; do not prescribe herbal drugs

to pdie,nts. They consider that plant bascd compounds may be toxic (Badsha et al.,

20ll). Medicinal plants in Pakistao have been studies from different regions. These

medicinal plants are reported to have active compounds to treat various diseases. (Silva

and Fernandes, 2010). Phenolic constituents have also antioxidant pmp€fiy (Rana et al.,

2016). Medicinal plants hane antioxidant potential arld Cichoiunt intyhs is an important

souroe of natural antioxidants (Rafique et al., 2014). Different types of drugs are

obtained fiom medicinal plants. In infustrial countries, 80% pople use traditional

medicines and these are derived fromplants which have medicinal value (Ahnad et al.,

20rl).

Natural products arle important lxruroe for drugs discovery aod drtrgs

derrclopment. Heftal preparations are important because of their cost e,ffective,ness and

least side effect and used frr various treatmeirts especially in nral areas (Ar5ra et al.,

2011). Afthough the spthetic drugs are cornmonly used to treat diabetes howwer, they

€xltibit pnominent side effects and those effects cannot be rwersed. Plant based
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medicines have less side effect that is why they are liked by most ofthe populations (Rao

et a1.,2010).

Studies have shown tbat various anti-inflammatory agents and anti-oxidants are

derived from plants and plants basd drugs are non toxic and safe to use (Pavithra et al.,

2013). Numbers ofhuman ailments aretreated byherbalmedicines since long and Indian

ayurveda have already mentioned it in the literature. Sweral anti-diabetic plants are

being used since prehistoric time in Indian traditional medicines, which have proven the

anti-hlperglfrcemic effect (Gupta et al., 2008).

Plants against hpaglycemia fiom Azad Jammu and Ikshmir (AJ&K) are less

studid fiom pharmacological point of view. Ethno-botanical survcy shows a diverse

flora, which can be studicd or investigatd op€rimentdly for pharmacological

investigations. Due to ineeasing rate of diabetes ard urgent need of antihlperglyce,mic

dnrgs havi4g minimal side effectq p1.gscnt shrdy is carrid out to ondust phytochemical

investigation and antihypeqglycemic effects of traditionally used medicinal plants in

Poonch Azad Jammu and IGshmir (AJ&K) Pakistan with fr[owing objectives.

1.1. Obiectives of Current Shrdy

The objectives ofpresent study wcre:

1. To determine anti-hlperglycemic effect of methanolic extrac'ts of selected plants

@oonch AJK) against alloxan induced hlpeqglycemic mice.

2. To study anti-hlperglycemic effect of different tactions of most active plants to

daermine most active fiactions.

3. To curyout phyto-chemical analysis ofmelhanolic extract and most active tactions

of anti-hlperglycemic plants.
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CIIAPTER 2

REVIEW OF LITERATTIRE

Metabolic dysfunctioning of frts, carbohydrates and proteins causes the chnic diabetes.

There are two main tpes of diabetes mellihrs (DM) ie. idiopathic and secondary. Insulin

dependent diabetes flDDM) and non-inzulin depe'nde,nt diabetes mellitus G.IIDDM) atp two

tlpes ofidiopathic diabetes. IDDM is commonly (tfe l) and NIDDM (typ2). Pancreatic

p cells secrete insulin and regulates carbohydrate metabolism. After the absorption of fuod,

particles into blood sheam ples€nce of carbohydrates stimulate pancreatic p cells to secrete

insulin. Insulin frcilitates the glucose particles to enter into body cell where it is metabolized

and produce @figy, which is used in narious life process (AnoD, 2010).

2.1. Clrssilieation of diabetes mellihrs (DM)

2.l.l.Ilpe l Diabetec

kportanfly the major defect oftlpe I diabetes is the deficiency of insulin where as

frilure of insulin secretion and insulin resistance are two main defects observed in type 2

diabetes (Anoq 2010). When p cells fail to secrete insulin due to destnrction caused by

macrophages and dendritic cells present in ttre sunoundings of p cells antigens, then t,rpe I

DM onsets. CD8+ T-cells causing beta-cell death in series of interleukin signaling. The

autoimrrune destnrction to p cells lead to deficienry of insrlin, causing the impaired

glucose, prctein, and lipid metabolism (Yoou et a1.,2005;Ozougnq 2013;Ahma4 2014).

Interaction of genetic and environmental frstors also causes Type 1 DM. Multiple

gcncs are involved that cause type I diabetes and one of the important gene is located on

chrcmosome 6 and 8 polynorphisim on human leukocytes antigen ([ILA) region that

increase thc genetic risk h tpe I diabetes dwelopment (Ulbelen et al., 1977; Powers,

2015a).

2.1.2.I!,pe 2 Diebetec
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The resistance to insulin secretion is main abnormality in tlpe 2 diabees (Wqrcr et

al., 1999). Whe,n thse is inadequate insulin secretion in the F-cells the'n chances of

dwelopment of diabetes are enhanced and glucose metabolism is diminishd than normal

mnge in the blood Griplitt et al., 2014; Khan et al., 2014). Several frctors like insulin

resistance deficiency and lifestyle frctors i.e obcsity, over eating and stress arc responsible

frr cansing Type2 diabetes mellitus (Iftan et a1.,1993;Kaku" 2010;Khan et a1.,2014).

2.1.3. Gestationd Dlabetes

Harrison's principle of internal medicines explains thil, 4o/o of pregnant women develop

gestational diabetes (Powers, 2015a) In Gestational Diabetes mellitus (GDM) body

increases the insulin secretion to normal mnge maintenance of glucose concentration.

Howerrer, duri4g the plegnancy GDM risks frctor can decleasd by obserning the blood

glucose (Trblitt et a1.,2014).

2.1.4. Diagnosis of Diabetec

Synpoms ofDM and glucose concentrationrandomly; higherrhan range of200 agldLare

the criteria for diagnosis of DM and oral glucose tolerance test (OGTT) is another frcto,r

considened from plasma glucose concentration for 2 hours above 11.1 mrnoUl. (200 mg/dl.)

(Anoq 2010; Stadard heatmeril Guidelines,2014; Power 2015 a). Glycated hemoglobin

AIC test (HbAlC) above 6.5 o/o is also oonsidered in laboratory test for estimation of

hae,moglobin pencentage attachd to gfucose (Anoq 2010; Powers, 2015a).

2.1.5. Signs and Slmptoms

Polyria, polphagia and polydipsia which are more commonly found synptoms in

t,"e I diabetcs mellitus. Due to exeess concentration of glucose a hlpe,rosmolar

environment causi4g frequent urination High plasna glucose concenhation enhances the

chances of dehydratiog as a result patient water intake increases. The excess of plasma

glucose cause serious effests and energyrequirements are declined in the body so that food-

eating require,ments are also enthanc€d and in case of We 2 diabctes frtigue is -ajor
symptom in the patie,lrts (Standad treahent guidelines, 2014).
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2.1.6. Screening for Diabetes Mellihts

DM of Type I recommendation is performed in high risk people and Tlpe 2 in people

having bodymass index d.25kg/a2 or above. Following are the rislc frstors ie. history of

frmily, physical inactivity, cardiovascular discases and high trigbrc€ride lerrel in the blood.

The age of40 years is also considered as risk frctor erren there ar€ no synptoms ofdiabetes

appcar in thc people and life style is mainly important during this age (Standard tream€xrt

Gnidelines 2012, 201 4).

2.2. Menegement of Diabetes Mellitus

Non-dmg therepy

Petient educefion: Education to therapy is main fac'tor aonsidered during the manageme'nt

of diabetes. In case of emergency assistance patient should wear disease identification

bracelet card or necklace.

Lifestyle etrenges: Loss of overweight and exercise are recommended to manage it in

addition to walking and climbing the stairs (Standard treahcnt Guidelines,2014; Power,

20r5b).

Nutrition controk low frts diet like frtrit and vegetables are reornmended to manage the

diabetes which include a fresh fruit * one timg protein, vitamin C, one part of dark gre€n

negetables ond one pllow omngc fuits (Standard Treatmeirt Guidelines 2014; Powers,

2015b).

Dmg therapy

It is difficult to treat the diabetes mellitus b,ut proper manage,ment by using ghrcose

lowering medications, healthy nutrition and exercise keeps the BGL in normal range. The

biomarka b monitor the hperglyce,mic patient is HbAlc is the marker whose target ditr€rs

fron pung adult to elderly people with significant difference. Complications related to

diabetcs and education to understand the diseases related to cardiormscular disease play a

key role to nrnrge it. In the patients of tlpe I diabetes the insulin is administerd while
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Type2 diabet€s is characterized mainly by insrlin resistance and its treatm€nt is performed

by oral anti-hperglycemic medicines (Standad treahe, rt guidelines, 2014; Powers, 2015b;

Triplitt et a1.,2014).

Insnlin lhenpy

The injec'tions of insulin is administ€red in tpel diabetes which is mainly used in

diabetic ketoacidosis (DIG) and pregnancy. Ihe adverse reac'tions to brain damage oocurs

in insulin therapy in most cases. Rapid ac{ing (RAI), short actiag (SAI), intermediate acting

insulin and long lasting insulin are important injec{ions of insulin for diabetes @owers,

20l5b;Triplitt et a1.,2014). RAI allows physiological rpstore of firnctions aod their action

timc is short having least risk of hlperglycemia after mealing (Power 2015b; Triplitt .,

2014). SAI is administened befure meal and is regular insulin molecule. SAI may cause early

postpandial hlperglyce,mia and late postprandial hpoglyce,mia ifgiven at meal time. Such

tpe of inzulin is used f6r manage diabetic ketoacidosis (Powerq 20t5b;Triplitt et a1.,2014).

Regular and rapid iDsulin in combination to intermediate acting insulin are used having

predic{able actions otherurise intermediate acting insulin is unpredictable used alone

@owerq 2015b; Triplitt et a1.,2014).

Ord Anfi-diebetic Drugc

In order to maintain normal glucose lwel in the body and to prwent the

complications due to increase concenhation of glucose the oral anti-diabetic drugs are

mainly applied to the diabetic patients. Oral therapy is prescribed and with continued diet

rcstriction in case of type 2, diabetes (Triplitt et a1.,2014; Sumall et a1.,2009). Hepatic

output of glucose consmption by musanlar tiszues of poiphery is reduced by biguanides

drugs. The metfrrmin drug is commonly used which ha" no direct effect on pancreatic beta

cells. This &ug declines the endogmeous insulin, plasma triglycerides and LDL-C by 8-

15% require,ments (Triplitt et a1.,2014; Sumall et a1.,2009). Sulphonylureas are orallyused

hnogbrcemic drugs that bind to receptors of sulfunylurea located onbeta cells ofpancreas

(Tnplitt et al.,2Ol4; Sumrall et a1.,2009). Alpha glucosidase inhibitors dnrgs are also

suggested to treat the diabetes but they show competitive intribition to c-glucosidase
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enzynes that reduces the glucose excrrsions in post meal by declining the prrocess of

digestion aod reduce the reabsorption of starch. Acorbose dnrg that inhibits the digestion of

carbohydrates and reduces the ghcose concentration about 30-50o/o in the patie'nts (Sumrall

et a1.,2009; Kennedy et a1.,2015).

Thiazolidindiones (TZ)s) work by linkage with peroxisomes proliferator adinated

r€ceptor gemma (PPAR+), which is found in fat, nnrscle and liver. TZDs are used to

improrrc the insulin sensitivity. TZ)s are used in combination with other anti-diabetic

medicines or as monotherapy agents (Sunrall et a1.,2009;IG'nnedy et a1.,2015).

Meglftirfde* thcy are often called short acting secretagogues, which absorbod rapidly. The

vateglinide and repaglinide is commonly used drug of this class. Mechanism of action of

these drugs is through insulin stimulation ofpancreatic p- cells by interaction to potassium

channels Clnplitt et al., 2014; Sumrall et al., 2009; Kennedy et al., 2015). Dipeptidyl

peptidasea (DPP4) inhibitors are drugs, which prolong the half-life of GLP-I in the blood

(Triplitt et a1.,2014; Sumrall et a1.,2009).

2.3. Monitoring of Diabetes

By consistent monitoring mortality, rate and morbidity can be reduced significartly

and other risk frctors can be rducd which are associatd to diabetes mellitus.

Comprehensive education about nutition, regular exercise and therryeutic regime to the

poie,nts roduoes the diabetes in the patients (Standard Eeatrnent guidelines 2014; Powers,

2015 b).

2.4. Complications of Diabetes

Acrrte as well as chronic corrplications of DM can lead in body, which affect

ditr€rent organ s;rste,ms. Hlperosmolar and hypergb'c€,mic non- ketotic s5ndnomes arp main

conplications associated with diabetes whereas vascrrlar (micro vascular and macno

vascular) and nonrasorlar (loss of hair, gastro paresis, inftctions and skin cornplications)
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corylications are chronic tlpes of diabetes (Triplitt et al.,20l4;Powers, 2015b; Standard

treahent Guidelines 2012).

t- Diebetec lretoacidosis (DI(A): DI(A is a life thr€ati4g diabetic disorder which demands

more insulin. Younger people are mostly affected by DI(A and time taken to dwelop zuch

disod€r is hours to days. Tte frctors that lead to DKA are inzulin omission, less

adminishation ofinzuliq diseases like pancreatitis and myocardial infrrction which are most

commonly occur in Type I diabetes (Triplitt et a1.,2014;Powers, 2015b).

Symptoms: [.oss of a1ryetite, vomitr4g dry sldn, drowsiness, confusion, bturr€d vision and

suong fuity breath odour are key s)4nptoms of DKA (Triplitt et a1.,2014; Powers, 2015b).

Treefuent: Insulin therapy, electrolyte replacement and oral or intravenous fluid

replacement are applied to teirerse DI(A aDd it needs observations about blood pnessune,

pnlse ratg respiration, meirtal state and fluids for 1-4 horns daily (TripHn et a1.,2014;

Powers,2015b).

ii-E1per oamohr non lretotic dlebetec (tIOl.K) is a spdrome which occurs in old age

pople having diabetes mellitus Type 2 and wherc it occtrs due to insulitr deficiency

@owers, 2015c; Standard treahe, rt Gtridelines,2012).

Symptoms: Extreme dehydration, in consciousness and serrere hlpeqglyce,mia are

important symptoms which develop in days and weeks and there is rare acidosis aod

kaonemia with some gaps of anion metabolism (Powerq 2015c; Standard treahnent

guidelines, 2012).

Trpetment: Fluid replace,ment may take to stabilize the hperosmolar conditions and close

moni0oring of fluids in the patients and replace,ment of electrolyes is neccssary which is

taken with the intraveoous insulin therapy (Powers, 2015c; Standmd heatm€nt guidelines,

2012).
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2.5. Medicinal Plants

Various diseases are treated with application of medicinal plants since lo4g in the

human history and the key role is performed by natural compounds ofthese plants. Different

parts ofmedicinal plants and natural prroducts are used in manyparts ofthe world for variety

of human ailnents @yrbeni and Buwq 2012; Mamyi, 2013). Medicinal plants play

important role for antihlpaglycemic effect by resorti4g the function of pancreatic tiszues

and increasing the absorption of inzulin or iuhibitiag the glucose absorption tbrough small

intestine in addition to accelerating the carbohydrates metabolism. Afthough the diabetes is

not oompletely heated btrt can b€ c'urd to ccrtain extent that pdient can live like normal

lifestyles (Mdviya et a1.,2010). The DM is serious health problem all over the world and is

seriors threat for human beings. The plants derived drugs have morp efficacies to treat the

diabetes and they have prove,n the anti-diabetic effects. Different studies have shown the

hpoglyce,mic effects against diabetes. Certain plants contain antioxidant like glycosides,

alkaloids, terpe,noids, flavonoids, carte,noids, etc., having antidiabetic effect (Malviya et al.,

2010).

2.5.1. Bioactive Compounds in Medicinal Plants

Secoadry metabolites derived from plants are known as bioactive compounds. These

metabolites arp not involved in metabolic activity of cell slmthesis and they regarded as

products of biochemical spthesis (Wadood et a1.,2013). These bioactive metabolites have

important function in the living plants so most species ofmedicinal plants see,m to be capable

of p,oducing various secondary metabolites (Amin et al., 2013). Because of qualrtative

phy,tochemical analysis of different plant, fiactions give rise to wid€ variety of bioactive

metabolites. Digitalis prnpurea ard Berberis uistata plants contain metabolites srch as

saponinsr alkaloids, glycosides, cumarins, phenols, tannins, triterpenoids and steroids

(SMha et a1.,2015). The qualitative tests of Samadem indica, saponins, flavonoidg

alkaloidq saponins, tannins and resins @eepa et a1.,2015). The presences of bioactive

metabolites in human and animal body elicit pharmacological or toxicological effests. Due to

t\is reaso& the identification and isolation ofbioactive metabolites of plants being ess€ntial
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in order to utrd€rstand the nature of the secondary maabolites responsible for its medicinal

property that will be therapeutically active and efficacious (Annapurna, 2015; Bernhoft,

2010). Flanonoids, proanthocyanidins, alkaloi4 glycosides, taonins anthraquinones,

terpenordg phenylpropanoids, soponins, stenoids and phe,nolic compounds are most important

bioactive metabolites of plants @ernhoft, 2010; Wadood et a1.,2013) as well as resins and

lignins @eepa et a1.,2015). Medicinal plants have known to trest variay of infectious

oonditions in human, due to the presence of the above mentioned secondary metabolites

shown to have antimicrobi4 antifungal and antioxidant properties @elalfrdar et a1.,2015;

Panla a1.,2012).

2. 5.2. Plants Species with Anti-Diabetic Properties

People are frmiliar with plants basd medicinal products since old ages

(Subbrulkshmi and Naik, 2001). Important drugs are also dqived from plants and that is

why medicinal are important sounoe ofdnrgs. Metformin is an important antihlperglycemic

drng and is derived fromGalega oficirulis (Crrcver et a1.,2002). More than 800 plants are

reported for anti-hlperglycemic eftcts (Alrcon-fuuilua et al., 1988). Important

compounds which are plants derivatives are alkaloids, glycosides, galactomannan,

hwogbrcan+ steroids, terpenoids and flavonoids that have promising effect against

hperglycemia (Ivorra et a1.,1988; Maries and Farnsurorth, 1995). Management of DM is

perfrmed by using medidicinal plants in the Native Americans Ctinese (Vuksan et al.,

2000), South Americans (Garcia et a1.,2001) as well as in Asians (Subbrulkshmi and Naik,

2001; Grover et al., 2002).

2.5.3 Medicinal Plants with Anti-Hyperglycemic Properties

Various plants ae used for treabnet ofDM and important one that me reported in literature

rediscussedhqe.Aloebarbd.ensis iswidelyusedplantto oue theType2 diabetes (Vogler

and Etast, 1999). Study shorvs that leafextracts of G. sylvestre administered as conventional

drug srppleme,nt in diabetic patients of Tlpe 2 diabetes at 400 melday for 18 to 20 months

have significantly reduced the lwel of BGL (Bhaskarr" et a1.,2001). C4mne,mic acids
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which preve,nts the glucose uptake in the intestine is reported to preseirt in leaf extrasts of

G. sytva*re (Shimizu et a1.,1999).

Momardica charantia is well known as bitter gourrd. Bitter gourd is frequently used as an

antihlperglycemic agent in Asian and Latin American countries (Ahmed et a1.,2001;Mirura

et a1.,2001). It is reported fiom diff€rent studies that bitter gund possess anti-diabetic

ploperties. The ftrit has the abilityto increase the cell's uptake ofglucose and potentiate the

effect of insulin (Crover et a1.,2002). The hlpoglycemic efrect is attrib,uted to compounds

present plants (Mcurhorter, 2001). Ocimtmt tenuitlorum containing a number of aromatic

coryonnds and usd as medicinal pnrpos€s worldwide. Basils, partiorlarly O. tenuitlantm

s),n. O. smdutn, bave been more extensively studied for their hlpoglycemic properties

(Crrover et a1.,2002).

Fenugreek (Tigonellafoerunn-graean) is a popular h€ft. In experime,ntal enimals'

hypoglycemic activity of T. foanoil-graecrm, has becn reported (Grover et a1.,2002; Vats

et a1.,2002). A dose rcspons€ relationship befive€n treafrnent effect of T.foerum graecron

seed and blood glucose lerrels in rats has been reported earlier (Vats et a1.,2002).In an

investigation, it is reported that SZT induced rat showed a significant decrease in blood

glucose level by administratio t of T. foenurn gmacwn on I 56 and 30fr day of orperiments

W 14.4 d 46.60/o respectivet (Vats et a1.,2003). Anacardilm occidennle has been used

frr freatnent of diabetes and it has proven anti-hlryerglycemic effect (IGmtchoutng et al.,

1998; Soke,ng et a1.,2001). Mice heated with leaves ercract of A. occid.entale bzve

affihlpeqglycemic and roal protective effect against streptozotocin induced diabees

(Tedong et a1.,2006). It is reported fiom rrurious studies that A. squorrrosa has antidiabetic

activity. It inhibits the glucose output fiom liver and enhances uptake of insulin from

pancreas and also increases the consumption ofghcose in the muscles having the high safety

(Gupta et a1.,2005).

Canawlia ensiformis DC. It is native plant of C€Dtral America and lVest Indies and is

also repotted to be cultivatd in hlmid regions of Africa and Asia. The seeds are reported

frr antihyperglyce,mic effect and anti-hlpercholestolemic activities (Ndarb et a1.,1990).
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The aqueous eilract of seeds have reduced the BGL in urine in diabetes mellitus patients

(Rachel, 2003). Carcvalia ensdormis DC which is shrubby plant aod has high medicinal

values is distributd in Soulh India. It was oonsidered as re,medy for hperglyce,mia (Asolkar

et a1.,192; Samani et a1.,2018). In experimentx[ enimals, this plant has anti-hlperglycemic

effects in significant maoners @evalifra and Shinat,2017). Cassia Heinii having high

medicinal nalue is used to cure hperglyce,mia by folk people in South Indiq which has

antihlperglyce,mic properties during arperiments against alloxan-induced diabetes in rds.

Drugs eflect is associated to qrhance the insulin uptake aod acceleration of glucose

metabolism (Babu et a1.,2002).

Catharutthw nosewt mosflyused as an anticancer agent, brut hot wder erilract is also used

to trreat diabetes (Rasineni Ket a1.,2010). It was reported that alcoholic extract of C. roseus

show antihlperglycemic effect ('aa"g et a1.,2015; Chattopadhyay et a1.,1991). C. hrdica

ond C. nowrcs are usod in frlk medicine for treahent of hyperglyce,nia in South East Asia

and Africa commonly. Pectin a che,mical corrpound found in Auit of C. indica plant is

rcsponsible frr antihyperglycemic activity (Kumar et a1.,1993). Ircaf juice of C. rouses

showed significant antidiabetic activity and zupports the tradrtional usage ofthe fiesh leaves

by frlk people frr the contol of diabetes. (Nammi et a1.,2003). Hpoglycemic ac,tivity is

exhibitd by alcoholic extract of this plant. The mechanism of action is due to their F-cell

restordiveproperties against alloxan-induced damage (Sivakumar, 2010). Ethanolic erilrapt

of. C. fanestratun, stffi, and C. rosew leaves have shonm potcNrt antihlperglyce,mic effect in

alloxan-induced diabetic rats. C. fenestratwt and C. nosew could therrefore be used as an

afternativeremedy for diabetes mellitus and its complications. (tvlanoharan et a1.,2011).

Coccilh$ hirwas Linn are bitter, acri{ laxative, demulcent, tonic and diuretic. Aquous

extract of C. himtfis leaves show antihlperglyce,mic in alloxan-induced diabetic mice. l1e
hpoglycemic activity of aqueous extract of C. hirsufirs due to loweri4g of senrm glucose

lerrel in diabetic mice. Morover, the extract prwents loss of body weight (Badole et al.,

2006). Fians hispifu Linn is comoonly knovm as Daduri and is used for treahent of
hpergtyc€mia. F. hispida is mostly found througfuout India Various studies sa t\is plant

have reported antidiabetic effects of different compounds obtained from F. bengalensis
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(Geetha et o1.,1994;Ch€rian and Augusti, 1993). The hpoglycemic effec-t ofwater-soluble

fraction of the alcoholic e:rtract of F. hispido W) in normal and diabetic albino rats

concluded that F. hispida is directly act on p-cells and decline the frsti4g BGL aod alloxan

induced hperglycmicrats (Ghosh et al.,20M).

Munaya koenigii Linn is commonly knowa as Curry patta is used as a spice in India. Its

aquoous e#ract is reported to antihlperglycemic eftst in mice against alloxan induced

diabetes (Naraf'an et a1.,2005). About 60 days' diet 6rea1glent showed significant decrease

in BGL (Iftm et a1.,1995). It is observed that oral adminishation of different doses of M.

koentgii leaves to diabetic rats show hypoglycemic activity (Yadav et a1.,2002). M. koenigii

significantly lower the BGL aod play an important role in glucose metabolism. (IGsari er

a1.,2005).

Panax ghaeng f,inn. In Asian cormtries, Panu ginseng root has been used clinically in the

treahqrt oftpe II diabetes. The plant pt)sscsses antihyperglycemic activity in vitno as well

as in vivo animal studies. The ginsenoside play important role in hyporglyce,mic action and

pharmacological etrect on energy metabolism ( Luo and Luo, 2008). Sfiyguim anmini

Linnhave bee,n reportod to show hpoglycemic activity and different parts of medicinal

plants have been used against hypergtpe,mia in different Asian countries (Ayanagormder et

al.,2ffi8). HSrpoglyce,mic effect has b€en found in leaves, seeds, ftrit ad bark of^S. antini
(Achrekar dd.199l).
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2.S.4.Plants under Study

The tradftionally used medicinal plants fur heating various diseases are selected for this

study are:

2.5.4.1Runax haugnus

Botanical name:

Vernacularname:

Famity

Runq lnsntus

lfiatimber, Cturkt, lfrati buti

Polygonaceae

Figure 2.lz Ramarhauslatus D. Don

Runq haustatusD. Don @olygonaceae) is abrushy shrub up fs pQ cm high. It occurs chiefly

on dry rocks and hillsides of western Himalayas fiom Kumaon to IGshmir, at altittrdes

between 300 and 2400 meters.
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Medicind use: All partt o1'ttis R. hastatushasb€en usd as medicine, as tonic, as a laxative

aod used in rheumatisur (Shinwari et a1.,2003). Different parts of rR. hastafiB has b€en

reported to be usd surc diff€rent diseases lik bleeding of lungs, piles bilious complaints and

skin diseases. (Gorsi and Miraj, 2002). Various parts of this plant has also been used for

dinretiq carminative, purgative and flavouring agent (Ullah and Rashid,2007). R. hostaus

has been used as a folk medicine against sexually transmittd diseases including AIDS

(V€rmani and Grg, 2001). Thrcat parn, onstipation and skin disorders arc treated with

fiesh rhizome of .R. hastatus (Zneung et a1.,2009). Its seeds are reported to have cooling

properties while shoots and leaves have diuretic properties (tlaq et al.,2Oll). Due to its

pleasant tastg shoots and other parts like leaves are in food like pickles and chutnys (Irfrn

et a1.,2018). Roots are reported to used in rheumatism, backachg asthma cough and fev€r

(Abbasi et a1.,2012; Abbasi et a1.,2010). The aerial parts (leaves and )ou4g shoots) ue

used as carminativg purgatine, diuretic and in stomachproblems (Murad et a1.,2011).

Previour phemecologicd shrdy: Prwiously, leaves of R. hasafirs were ewhnted for

phenolic compounds (Shahecn et al.,z0ll).It is thought that roots of R lusntzs might

have antioxidant activity against free radicals. ftis plant is also used in traditional medicines

(Si4gh et al,2013; Alamgeer et a1.,2018).

2.54.2. Lerydw cuneata

Botanical narne: I*.spenua cwteata

Vsnacularname: Koochr,Chinesebiushclover,silkybushclover.

Family: Fabeacae
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tr'igure 2.2: Leqedeu cunetu (Ilun.Cours) G. Don

te^cpedqt canuta (G. Don) is common herb widely distributd in diffcrent ountries of

south East Asia and rmrious states of America (Dmg et a1.,2007).

Mdidnd we: In Eastern Asia this plant is rqortd as herbal medicine frr anthelmintic,

depurative aod tonic activities. It is also rrported as natural deworming agent because it

contains high-condensed taonin content (Shaik et a1.,2006; Lange et a1.,2006).In China

diabetes tpell is reported to be treatd by root md aerial parts of Z. ctneata (Su, 1999).

Hemahria, insomnia and malnutrition are dso treatd with Z. ctne.ata (Xu PH., 2010). L
aneata is commonly used frr the treafinent of different diseases like asthma, involuntary

emission of semen, hyperglycemia and impote,nnce since lo4g (Dmg et a1.,2007).

Pr:eviour pharmacologicd study: Prwious ph)4ochemical zuch as pinito[ farmins, !-
sitosterol, and flavonoids are reported to investigate from Z. ctneata (Yong-Han and Su-

Noh, 2ffi8). Isoorientin Isovitexiq vic€Ndn II Lucenin II, desmodin, trifolin hperin and

hirsutrin has also been reported fiom L. aneata. Quercetin and kaempferol are important

flavonoids that have been isolated fr,om Z. anneato (Yoo et al., 2015). Previous

phytochemical studies bave revealed flavonoids, stero\ triterpenoids (Kwon et a1.,2009;
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Deng et al.,2D7) and phenylpropanoidglycosides (Zrou et al.,z0lq oonstituents showed

autioxidant etrects (Kim and Kin", 2007; Kim and Ryrl 2008; Cto et a1.,2009; Kim aod

Kim,2010; Cho et al,.20ll) anti- inflammatoryeffects (L@ et a1.,2013) and antibacterial

activities (Sang K et al.,20ll). Aerial part of this plant is reported to contain flavonoid$

which showed protective effect against diftrent disord€rs ofkidney, liver and lungs (Kwon

et a1.,2007; Kim and Sharma, 2016).It has been reported fiom various phyoche'mical

studies that various flavonoids like (isovitexin, desmodin, isooricntin, luce,nin II, vicenin II

and homoadonivernith), O-glycosyl flarrcnols like (hfperin, trifrlin, juglanin, hirsuhin and

aviorlarin) and agbrcones like (kaempfaol aand qurercctin) have been isolatd fiom aerial

partsof Lctneata€xtract(Kwon eta1.,2009;Matsuzaki eta1.,1990; hangetal.,2[q.

2.5A3 Rubia cordifolia

Botanical narne: Rubia cordifolia

Vernacular name: hdian madder, manjistha Khornati

Family: Rubiaceae
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Xlgure 232 ktbia cordifolb (GaDd) Verdc

Distribution: It is distributed in Soulh Asian, South East Asian countries and China. This

plant is reportdto be frequentlypresent adjacent to rivers, strearls, aod upto 3750 m altihrde

fi,om sea level in forests (Varier, 1995;Devi and Siril, 2014).

Medicind uses; Indian folk medicines use the active parts (stem and roots) of R. cordifolia.

Various parts of R. cordifolia are used as antiseptic, blood puritnng agent, antidysentric

agat and astringent. Hepafioprotective, antiviral aad anti-rheumatic activities are also

exhibitd by R. cordiforrc (Kamboj, 2000; Prajapati and Parmar, 2011). It is reportd that

root qtract has been used against many discases, ie. pectoral disease, slow healing of
bmoken bones, cougb hperglyc€,mia, Neuralgia, otopathy, hemorrhoids, splenopathy,

arthritis' tub€rsular condrtions ofskin, general debility tubercrrlosis and urethorrhoea (Devi

aDd Siril, 2014). Leaves have antioxidant and antiviral activities (Bhat et a1.,2018: Bbatt

and KushwalL 2013). It is also reported that R urddolia is used as immunomodulator,

hepetoprotectivg nqlhroprotective, analgesic and diuretic. R. cordiforr4 exhibited potent
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antioxidant activity against lead nitrate and radiation induced toxicity (Tripathi 6fl $ingh,

2007; I"odia aod Kansala, 2012).

Previous Phemecologicel shrdy: Prwiously it is reported to study about wound healing

and antioxidanssst ac{ivities (Bhatt and Kushwah2013; Prajapati and Parmar, 20ll). The

phytoche,mical studies are reported about its stem and roots prrcviously. On leaves of .R.

cordifolia;thene is little research studies has been perfrrmed about theh phytochemicals.

2.5.4A Ncpeta gnnilifuru

Botanical nam€: Nepeta granditlora

Vernacular Dame: Cafuint

Famrlfr Lamiaceae

Ftgure 2.42 Nepeu gandifuru M. Bieb
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Medicind use: It is a good honeyplant; decordive features. N. grandiflora is traditionally

used as antitussive, anti-spasmodic, anti-asthmic, anti-diuretic and sedative agents and also

used as a rrrnedy frr snake and scorpion bite. @utt ef a1.,2015).

Previous phemecologicel study: Aerial parts of N. grandifloru oontain diff€rent esse,ntial

oils, steroids, tannins and flavonoids. Tradrtionally this plant is also used as folk medicine

durfuE anemia as zubstitute frr tea Gfovtuq 20M).

2.5.4.5 Sfro bil anth es dolh o tuh on us

Botanical name:

Vernacular namc:

Family

Strobilantlw s dallwusiemus

lvlalol

Acanthaceae

-t.
a t q H

Flgure 2.52 Svobihnthes dtkousbnus M. Bieb
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Distibution: It is present with wide distribiution in Poonch, Bagh and forward I(ohota Azat

Kashnr, Pakistan (Iftan et a1.,2012).

Mcdicinrt uce: Folk people of IGshmir mostly use its leaves and roots for treabnent of

stomach proble,ms, liver corylication aad diabetcs. Previous pharmacological investigation

is not anailable about this plant in literature survey.
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CHAPTER 3

MATERIALS AI\D METHODS

3.1. Chemicals and Solvents

Solvents (n-hexane, Ethylaceate, n-Butanol and Methanol) used in experiments

were of analytical grade from registered chemical companies (Sigrna Aldrich).

While the solnents (orthophosphoric acrd,85o/o, acetonitrile and methanol) of HPLC grade

were also puctasea from registered chemical companies (Sigma Aldrich). Standard

oompounds (tvlangiferine nryuine IGempferol Charatine and 2-methyl anthaquinone)

and standard dnrg (a[oxan) were also purrchased from Siga Aldrich.

3.2. fnsftuments @quipments and glass wares)

Equipment used were rotary walrcrator, specfiophotometer (UV-visible), glucomst€r,

syringe nylon fika (0.45pm), mechanical grinder, laboratory centrifuge, filter papers

(WhattmanNo.l), beakers, volumetric flasks, firnnels, Agllqrt 1200 HPLC system (fuilent

Technologies, Santa Clara, CA), frlcon tubeq glass vials, sonicator, dlgital balance, ovczq

Eppendod tcst tubes and cotton etc.

33. Study Design

Initially five selected plants were investigated frr antihlperglyce,mic effect in mice model.

The'lr most antihlperglycemic active one was ftrther studid through frastionation prcoess

usiag differelrt solvents on polarity basis. The most active plants were firther investigated

for antioxidant adivities and phyoehemical analpis.
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3.4. Ptrrnts Material

3.4.1. Selection and Collection of Plants Material

Ethno medicinally important plants, used by fulk people to teat diabetes and other

diseases of various localities of Poonch Division of AJ&K were collected in the growth

season (Apnl to September). Standard procedure was used for preparation of herbarium

sheets ofplants (Khan et a1.,2012).

3.4.2. Identification of Plant Samples

Plams were identified by plant taxonomist @r. Azaq Associate Prroftssor,

Government Boys Degree College Hajira AJK). Correctly, identified specimens (kmu
lwstatus, Lespedeza ctmeatea, Rubia cordifolio, Nepeta grandiflora ail, Strobilanthes

dollnwieqtrzs) were deposited as voucher specimens (0441, W2,04Pi3,0444 ad 0445

respectively) in the herbarium (Medicinal and aromatic plants of AJ&K) at Gonernment

Boys Dcgree College Abasspur AJ&K for future reftrence.

Tabld.l. Plants used under study

i.N. Botanical name Vernicular name Family Parts used

I Rrmtqlwstatus Khatimber Polygonaceae Aerial parts

2 kspedcza cuneotea Chines brush

clover

Fabeacap Aerial parts

3 Rubia cordifolia Indian rnadder
Rubiaceae Aerial parts

4 Nepeta granditlora Cafiaint Lamiaceac Aerialparts

5 S:tru bilonthe s dallous i e srus IV[alool Acanthaceae Aerialparts

Phytoyhmicd Irvcdpdm endAntihyperglycenlc Efiect of TredilimrttyUledMcdlciltlPtrntt
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3.5. Preparation of Methanolic Extract Gffi) of Plants

Plants were allowed to dry at rcom ternperature for ten days and thm sarrples w€re

grindedbymechanical grinder into powder form. Plants samplewere separatelypacked into

polythene bags to avoid moisture and contamination after weighing prcp€rly.

3.5.1 Extraction Procedure

The prrotool (Elaloui et a1.,2016;Ya et a1.,2014) was used to prepare methanolic

extract (ME) of samples. Drid powdered samples (1009 each) of plants were dippd itr

methanol (t:3) in five separate flasks (1000 mL each) and were kept for soaking frr one

weelcThen each sample was sqlarately filtered usiag filter paper. The process of extraction

was repeatd thrce times for separation of extracts. Under reduced pressure at 40 oC, whole

filhate of each plant was concentrated us' g rctily oraporater. All extrads wene named as

methanolic extract of Runq hastaus (MERH), methanolic extract of Lcspedeza ctnpotea

(MELC), methanolic qrtract of Rubia codifolia (MERC), methanolic extract of Nepeta

grodillora ([,ENIC/ and methanolic extract of Sttobilantlrcs dolhousieonu (MESD) frr
plant one to plant five (Pl-P5) respectively.

3.6 Antihlperglycemic Activity of ME of Selected Plants

Antihlperglycemic activity of ME of each selected plant was testd acmrding to standard

procdure dissuss€d below:

3.6.1 Erperimental Animals

In this eryerime,nt 40 male albino mice @ALB/c) weighing about 28 *59, wene purchased

from National Institute of Health (NIID Islamabad. Animals woe housed in the stainless

steel cages naintaining the onditions at 25+5 0C having 12 h lighUda* grcles, in the

experimental room of animal house ofNIH Islamabad. Before start of experiment, all mice

weire allowod to acclimatize upto 7 days providing prop€r dia and water (Figure 3.1).
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3.6.2. Acute Toxicity Test

Acute oral toxicity test of each selected plants (MERH, MELC, NIERC, MENG and MESD)

ruas carried out by the standard procedure and guideline adopted according to Organization

frr Emnomic Cooperation and Dwelop,ment (OECD Texlt 425,2008) with standard

procedure with slight modification (Ghazanfar et al., 2014). Mice were kept frsting

overnight before oral dosing. Selec'ted doses (250, 500, 1000 mg/kg) of each plant extact

were administ€rcd orally to testcd mice and all tested mice were observed for 24 hours frr

behavioral, adverse changes and lethality.

3.6.3. Antihyperglycemic Effect of Selected Medicinal Elant exfract (ME)

Against Alloxan Induced Diabetic Mice

Dose selection: After testi4g the oral toxicity, onetenth (l/l0th) ofmaximum tolerated dose

(1000 mglrg. b.w) of each plant srftract was selected frr firther operimcntal process of

antihlperglyce,mic activity.

Doce cdculrtions: Normal saline (0.9Y") was used to dissolve metlranolic extract of each

plant. Dose calculation was made according to guidelines laid by OECD-425. Calculations

were following:

Dore cdculrtion for normel seline: Daily maximum dose consrmption of each mouse for

eryerimcnt was calsulated as:

The dosc frr one mouse (28g) per dayrequired: Q.Jf mt

5 mice in each goup per day required as 5x 0.56 = !.$ mr.

Dose frr 5 mice of28 days required as 2.8 tO8:78.41rL

Phnt ertract dose cdculetion: Required dose of entract for 28 g mouse was 2.8 mg (100

mg/kg) per day. For 5 mice in each goup the required dose was l4^g;that was 392mg for

28 days. Total of 392 mg (0.3929.) of each plant extract was weighed seperately and put

into100 mL eacb S-frlcon tubes separately. lAen with the help ofsyringe; 84 mL ofnonnal
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saline solution was added in each frlcon hrbe. Extract of each plant was prcp€rly dissolved

using sonicator. Similar way was followed for alloxan dose calculation.

Stenderd entihlaerglycemic drug dose celculltion: Standard procedures (Vanitha et al.,

20l3,:Bulfiari et a1.,2015) were used to calculate the dose of antihlperglycemic standard

dnrg (Glibenclamide) for 5 animals of standard dnrg tneatrrent goup (GIID with 0.5 mg/kg.

Dose required frr one mous€ was 0.l4mglday. Required dose frr 5 mice was 0.7 mg / day

that was 19.6ag frr 28 days. Total 19.6 ag staodard dnrg was weighed and transfprred into

frlcon tube (100 mL) with addition of 90 mL of normal saline solution in falcon tube using

syringe. Sonicatorwas used for efficient dissolving of dnrg.

3.6.4. Experimental Design for Antihyperglycemic Activities

Itrstitutional Bioethics and Biosaftty Commiftee (IBBC) of the University (IIU) through

assigned ntrmberNo. IIU (BI&BIyXtsAS-IBBC-201G06 dated JuIy 13,20161, approved

the erperiment on mice and guideline laid by OECD423 (adoptd on 17fr Dece,mber 2001)

were followed. Random division of animals into groups was perbrmed (n=5). Crroupl:

Normal contol goup (NC); prcvidd with standard diet for 28 days. Ctroup-Il: Toxicant

contrrol goup GC). Crroup-III: Staodard drug (SD) treahnent group. Crroups IV- VIft were

plant methanolic extract Eeahents. QlifusNrslamide dose (0.5 mg/kg) in G-III was given

according to protocols adopted by Issa et al., (2015) frllowing liule modifications.

3.6.5. Treafuent Procedure

Cirroupl: Normal contrrol (NC) was provided with normal fed and water for 28 dap.

Crroupll: Toxicant conhol (TC): Dosed with Alloxan (100 me/kg) by intraperitoneal

injections frr 6 dap with 2 days interval. CirouptrI: Staodard drug (SD) treahnent grcup:

Alloxan as in G-Il+staodard antihlperglycemic drug (Glibenclamide, 0.5 mgkgld) orally

administered upto 28 days. Crroup.IV: Alloxan as in G-II * methonolic extract ofplant one

(I\ERH) orally administered daily (100 me/kg) frr 28 days. Crroup-V: Alloxan as in G-II +

methonolic extract of plant two (lUELtC) orally administ€rd daily (100 mglkg) up to 28
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days. Crroup-Vl: Alloxan as in G-II+ methonolic ercract of plant three (MERC) orally

administ€rd daily (100 me/kg) up to 28 days. Croup-MI: Alloxan as in G-II+ methonolic

cxtract ofplant four (MENG) orally administered daily (100 me/kg) up to 2E days. Group-

MII: Alloxan as in G-II+ methonolic extract ofplant five (MESD) orally administered daily

(100 mg/kg) up to 28 dap.

tr'igure 3.1: Mice eceJrmatized before experiment
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figur€ 3.2: Mice sorted for assecsment of antihlperg$cemic effect of selected plrnts

extrect

Figure 33: Blood collection
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3.6.6. Analysis for BGL and BW of Mice During Treatment with

Methanolic Extract of Selected Plants

Blood glucose lwel @GL) was assessed by glucometer method on 0,7t, l4b,2ld and 28ft

dayduriqg the experimental process (Crtujal et a1.,2016).

3.7. Shortlisting of Most Active Antihyperglycemic Plants

Most active antihlperglfrcemic plants were selected for fiuther investigation based

on experime,nts against alloxan-induced diabetes in mice.

3.8. Analysis of Shortlisted Most Active Antihlperglycemic Plents

3.E.1. Ertraction of ShortHsted Most Active Phnts

Preparation of more quantity of methanolic extract of most active plants @.

cordifolia frd L. aneata) was performed according to our prwions metlod during the

screening of plants in this study. For +his pu{pose, lkg (10009) of each powderred plant

mat€rial (R arddolia ud L. ctncata) was treated frr cold maceration prooess. lkg (1000

gm) of each plant materid was soaked in methanol with 1:3 (3000 mL) in a 5 liters rouad

bottom flasks separately and k€pt frr 4 days with daily shaking. Then the samples of each

plant were fift€rd through filter paper. The process was repeated thee times for maximum

€xhaction. Whole extract was dried and madc concentrated using rotary erralnrator at 40 0C

under reduced prcssure. After that extract were weighted separately and were assigned

number as mcthanolic extract (MERC/ as plant A (P-A) and mettranolic e*ract (MELC) as

plant B (P-B).
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3.8.2. Fractionation of Shortlisted Most Active Plants Exfiacts (MERC

and MELC) and Their AntihlperElycemic Activities

3.8.2.1. f,'ractionetion Process of MERC and MELC

Fractionation of methanolic extract of two shortlisted plants (R. cordifolia arrd L.

cwrcan) was performed according to standad procedure (UI-Haq et a1.,2012). All plant

extracts were fractionated by organic solve,nts (n-hexane, ethylacetate, n-butanoD and water

separatelyon increasing polaritybasis. ME ofR cordifolia ardL. anteata having mass of

1009 each were srspended sqffately in the distilled water (200 mL) to make aqueous

suspension of ME of each plant. Four fiactions ie. n-hexane fraction (HF'), ethyl acetarc

fiaction @F), n-biutanol fraption (BF) and an aqueous fraction (AF) of aqueous srspension

ofeach plant were forrred with parhtion by separatrng funnel. During this process, n-hexane

(3x200 nt) was addd in aqueous suspension ofME of eac,h plant in separating funnel and

shakd vigorously. The n-hexane layer was separated and dried at 40 lC byrotaryerraporator

und€r rducd pressure. This was n-hexane fraction (IIF). Now in aqueous portion ethyl

acelals (3x200nl) was added in separatiag funnel and shakcd vigrously. After sqraration

of layers, ie. upper layer of ethyl acetate; was dried by rotary waporator at 400C under

reduced pressur€ for each plant separately. This was ethyl acetate fraction (EF). Iater on in

remaining aqueous put of each sample, n-butanol (3x200mL) was added. Again two layers

in separating firnnel were dweloped for each sample as; anupperpart ofn-btrtanol and lower

layer of aqueous portion. After se,paratiqg both layers of each plant by separating funnel;

samples were dried using rotary eiraporator under reduced pressure at 40 0C. There were n-

brutanol fraction (BF) and an aqueous fraction (AF). All the fiactions were weighed

separatelyand labcld as methanolic extract of R. urdiforrc (MERC), n-Hexane fraction of

R ardifolia (HFRC), ethylacetate fraction of R. cordifolr4 (EFRC), n-btanol fraction ofR.

ardifolia (BFRC), aod aqueous fiaction of R. cordifolia (AFRC). Similarly, metbanolic

€xtract of L. aneatc (MELC), n-Hexane fraction of L. qneara (IIFLC), ethyl acetate

ftaction ofZ. ctnteata (EFLC), n-butanol fraction of L. anneata (BFI,C) and aqueous fraction
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of L. aneata (AFLC). To avoid contamination of samples the dried extracts were k€pt in

refrigerator d. 40 C until firther investigation.

Ivldtrdic Erhct (lilE) =1 gg,

I

+ su"Erdedhdidifldwffipmt)

Wehrsuspendm dItilE
I

+ Erhelimwift rhsne(2mr3ot)

Aqueosputio

I

+ Erhrliilwift dftyhsd#(E0x3mL)

Aqmsportin

rllsue trdin(IlF)

gfltytrc*tefildim GF)

I

+ Ertadirnwitha-hmd(2mBot) u-Buholtuim FF)

ApmoAedftn (AF)

Fig 3.4: trtectionation scheme of methenolic extrect ME) (t l-Haq et a1.,2012).

3.8.2.2. Anti-hlperglycemic Efects of Fractions of Shorflisted Active

Plants (R cordifolit andL caneatal

3.8.2.2.1. Experimental Animals

In surr€nt esperiment total55 male albino mice of28+5g purchasd NIH Islamabad

were kept in stainless steel cages providing 25+50C for l2Hrs lighUda* cycles conditions.

Dose selection end celculrtion: Dose of all selected fractions ofboth plants were talcen as

l/106 ofmaximum tolerated dose (1000 nykg). The dose was calculated in the similar way

as calculated previous eleeriment.
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3.t.2.2.2. Experimental D esign

Four fractions i.e HF, EF, BF and AF of ME of most active plants were tested for

their antihyperglycemic eflects. E:rperimentdgouping was designed according to standard

proodure (Surana et a1.,2008; Ctnran and IGntharia, 2013). Mice were dividd into elwen

goup (n:5 in each) frr treatuent eftct of both plant fractions. Normal control (NC),

toxicant coffio (TC) and staodard drug (SD) contnol were conunon while the mice in plant

treahcNrt goups GV-\ro) were of two tlpes e.g groups A (IV-VID were freated with R

urdifolia frastions and Crrroups B (IV-V[! were treated L. cuneata fractions respectively.

Animals in all groups wene provided a@ess with normal fed aod water for 28 days.

3.8.2.2.3. Treafuent Procedures with Different Fractions of Most Active

Antihlaerylycemic Plants

Ciroupl: (NC); Normal fed and water prcvidd up to 28 days. Crroup-tr: (TC): Alloxan

(100 mg/kg) administered by intraperitoneal injections with 2 days' itrerval for 6 days.

Ciroup.Itr standard drug (SD) treatd group: Alloxan as in grroup-tr + standard dnrg

(Glibenclamide 0.5 ne/kg) orally administered up to 28 dap. Animals in Crroups A (IV-

VID and B GV- VII) were treated as (Fig 3.5):

A: Treafinent with R. cordifolia fractions

Crorp A-IV: Alloxan as in group-Il + heatme,nt with n-hexane fraction of R. cordifolia

(HFRC); oral administration ofdose (100 ag/kg) once dailyup to 28 dap.

Group A -V: Alloxan as in group-Il + treafine,nt with ethyl acetate fraction of R. cordifolia

(EFRQ; oral administration of dose (100 mg/kg) once daily up to 28 days.

Grcnp A -VI: Alloxan as in group-Il + treatment with n-biutanol fiaction of R cordifolia

(BFR9; oral adminishation ofdose (100 mg/kg) once dailyup to 28 dap.

Crroup A -VII: Alloxan as in group-tr + treahent with aqueous fraction of R. cordifolia

(AFRC) oral administration ofdose (100 mg/kg) once dailyup to 28 days.
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B: Treatment with L. cuneata fractions

Crroup B-IV: Alloxan as in group-Il + treahent with n-hexane fraction of L. ctncata

(HFLC); oral administration of dose (100 ag/kg) once daily, up to 28 dap.

Croup B -V: Alloxan as in group-Il + heatment with ethylacetate fraction of L. cune.ata

(EF C); oral administration of dose (100 ng/kg) once daily, up to 28 days.

Crnoup B -M: Alloxan as in group-Il + heafinent with n-butanol fraction of L. cwteata

(BFLC); oral adminishation of dose (100 mg/kg) once daily, up to 28 days.

Ciroup B -VII: Alloxan as in group-tr + tneahent with aqueous frastion of L. cttnean

(AFLC); oral adminishation of dose (100 ne/kg) once daily, up to 28 days. fill animals

were properly discard€d after orperiment (Fig 3.6).

Flgure 3.5: Mice mrted for treetuent wlth difierent frrctions of R.cordifolia (A) rnd

Lcaneau @)

Phytoyhenicd Inredgrtim rnd Andhwergt!,eenic Efiect of Ttdldonelly Uled Mdicind Plmtr
inAzedJrmmurrdK$hmir Pege 39



CEAPIERTHREE MATERIALS AI\D METHODS

Figure 3.6: Mice for discerd efter experiment

3.9 Analysis for Blood Glucose Level and Body lVeight of Mice Iluring

Treafuent with Fractions of .R. codifolit and L cta.czto

Glucometer was used to measre the blood glucose level @GL) in all the groups

with 7 days' internal (0,7, 14,21 and 28 days) furing the experiment prooess with same

procedure discussd earlier (Crunjd et al., z01q.

3.9.1. Determination of Most Active tr'ractions

ForR ardiftlia d L. atteata frastions testd against alloxan-induced diabetes in

mice, most ac{ive fractions ofboth plaots woe selected frr firther phytochemical analysis.
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3.10. Bioactivity l)etermination (DPPH Assay for Antioxidant

Activif)

Radical scavenging effect of methanolic qtract md fractions of most active plants

was determined with standard procedure (Labiad et a1.,2017; CiotzaJlez et a1.,2016) with

some modifications using 2,2 dryhenyl-l-picrylhydrazyl (DPPID as fiee radical.

3.10.1. DPPH Assay and Celculation of ICso

To dcermine the antioxidant activity, DPPH (6 mg) solution was prepared by

dissolving it in100 mr.ofmethanol. This DPPH solution (2800 pL) was mixed in each plant

samples (200 pL) solution, adding in glass vials leading the final concenhation of 150, 110,

70, 35,25 and I 0 @g lf,) respectivety. All the samples were shaken well and kept d rcom

tqerature (250C-280C) for I hour. Measuremcnt of absorbance was carried at 517nm

usrng spectnophotomer. DPPH (2800 pL) solution and mixtune ofmethanol (200 pL) taken

as negative contol while positive control was ascorbic acid standard while methanol as

blank to check the activity of sample. Antioxidant activity (o/o) was measued according to

forrrula grven below and calculation of ICso was mase by linear regression of standard

ascorbic acid by gaphic method.

o/o[A= [(Abc-Abs) =.Abc] x 100

"Ah" was absorbance ofcontrol ond "Abs" means absorbance oftest saryle.

3.1 1. Phytochemical Analysis

3.1 1.1. Qualitative Phytochemical Analysis

auaUuative analpis was performed by standarrd procedures (Salee,m et a1.,2018; Labiad

et a1.,2017).

L Tests for tr'Irvonolds: Methanolic extract and most ac'tive fractions ofboth active plants

Le R. corddorto (MERC, EERC, and BFRC) and L. anrcata (MELC, EF IJC and BFIrC)
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solutions wene added with fcw pieces sf magnesftrm ribbon and with the addition of few

drops of conc. HCt Pink coloru appearance showed the presence of flavonoids.

tr. Tectr for Phenols e Tannlnsz 2ml (2Yil F{,h solutionwas addd in 2ml of extract

sample. Blue green colour showed the presence of phenol while black color showed the

pres€nce oftannins in the samples.

IIL Tests for Saponinsz 2 ml sample of plant was added with 5 ml distilld water in test

tube and shald it. Saponins shown were in frrm of foam formation

fV. Tects for Terpenoids: 2 ml of chloroform was added in each extract sample then

eraporated to dry, then 2ml of conc. HzSOI was added and heati4g fortwo mimrtes, grayrsh

colour appearance showed the presence of terpenoids while absence of grayish colour

confirrred the absence of terpenoids.

V. Tects for Nkeloids: 2 ml of lo/o HCI was addd in extract samples of each plants

followed by trcatrng aod addition of Mayer's and Wagner's reageffs to this mixtue. Tubity

ofprecipitates showed the prese,nce of alkaloids.

3.11.2. Quantitative Phytochemical Analysis

Phytoche,rrical quantification of ME and active fiactions of shortlisted antihyperglycemic

activeplanns(R. cordifoliaailL. aar.ata) wasperformed fortotalphenolic contents C[PC)

aDd total flavonoids contenta (TFC) with standard procedure (Sembiring et a1.,2018).

3.11.2.1. Assay for Total Phenolic Content (IPC)

TPC was estinatd accordiag to Folin-Ciocaltzu metlpd. Usrng Gallic acid (GA) as

standard the absorbance was measured at765nrn. Firstly prepared GA solution then scrial

dilutions (500, 250, 125, 50, 25, 10, 5 ad 2.s@elnL) respectively) were prepared fiom the

stock solution Similarly, the solution of all samples w€rc prepar€d. Absorbance of all

samples including gallic acid solutions was measured d,765 nm. Ploted the calibration curve

ofGA from nalues obtainedbythe ditrerence ofabsorbance oftested GA solutions naluses

aod ralues ofblank absorbance ofGA During this metho4 4pLof exfrad.solution +180pL
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distilled wat€r 4pLFolin-Ciocaltzu reagent afteru'ards (all this was done in three replicates

using 96-well plate) for each sample extract. Reagent was added and then shaked it

vigorously. Aqueous sodium carbonate (27o) solution (l2pL) of was addd after 4 minutes

and then the mixture was allowed to stand in dark with intermittent shaking. Blank was

prqared with 4 pL exfra*, solution +180 pL distilld water + l2pL of aqueous sodium

carbonate (2%d solutioq usd against the test samples while rcading absorbance at765 nm-

Calsulation TPC concentration was performed by equation constnrc'ted from standard GA

calibration curye. Results were er(pressed as pg p€r mg of GAE equivalent filglryGAE) of

erilract.

y= 0.005X- 0.011, (R2:0.987).

3.11.2.2. Assay for Total Flavonoid Contents (tFC)

Aluminum chloride method was used to evaluate total flavonoid contat (TFC) with

describd method (Sembiring et a1.,2018) using qu€rcctitr as the staodard. DiffGrent

conceirtrdions (500, 250,125,50,25,10, 5 and 2.5 @glr.L)) of quercetin solution were

prepared using methanol Standard solutions were tested similar to samples using alunrinium

trichloride Qo/o NClt). The measrement of absorbance was made at 415 nm against the

blank quercetin solution. Quercetin calibnation curvie was plotted for the vafues obtained by

srbrtracting tbe blank valucs from tested quercetin values. During this assay, 100 pL of

e,ilracts solution were added in the l00pL of2o/o aluminium trichloride in methanol (all this

was perfurmed in three rqllicates using 96-well plate). Absorbance was read at 415 nm

against blank samples (100-pL extrast solution along with 100-pL methanol) after 40

minutes. Concentration of flavonoid corrpounds was calculated according to equation

obtained from standard quercetin calibration curve. The results were e4pressed as pg lmg

QE ofextract. y: 0.005X<).054, GF+.902).
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3.12. Identification of Compounds

3.12.1. mLC of Methanolic Extract of R. cordifolia (MERC) and L
cuneatc (MEIC) and their Most Active Fractions

IIPIJC was performed for ME and most astive fractions of antihlperglycemic plants

(R. codifolio ard./,. cwteata) for the identification ofbioactive che,mical comporurds. HPLC

was curied by co-elusion with reference standard compounds (Ijaz et a1.,2019).

Refenence Stendards: In preseirt investigation, 3 standards of phenolic compounds

mangif€ring purpurine and Charatin we,re used for HPIJC profiling of R. cordifolia ard

IGempferol mengiferine, purpurine and 2-methyl anthraquinone frr L. anneata.

Plent Sempler: fire sarrples frr analysis were methaoolic extrac'ts of R. cordifolia afr L.

anrp.ata (MERC and MEIJC) and their most active antidiabetic fractions (EFRC, BFRC,

EFLC and BFLC).

Prtpention of Semples: All samples (plant extract and standards) were prepared in IIPLC

grade nethanol (lmdml)) in amber Eppendorftubes to avoid from effect oflight. Solutions

were sonicated (10 mint) for prroper mixing. Nylon mpmbrane filters (0.a5pm) were used

for filtration of samples in separate Eppendorftubcs.

Apparafirs! TheHPLC rsedwas aLC-2010 CIIT s)rstem(Shi-madzu, K)nlb,

Japan), having quaternry low pressue gradient punp with an auto-sempler, degasser,

block-heating tSpe column ove& LIV detector set at 254nm and a Shi-maddu LC-solution

work$ation An agilent 1200 HPLC (fuilent technologies Santa Clara CA) was equipped

with an online vacuum degasser, a Quat pump, an automated injection valvg a thermostated

column compartm,ent; a DAD and an dgilent Che,m Station were selectd to amilyze

samples.

Phytoyhomicd Inrmtigetion rnd Anfi\pergbrcemic Efiect of Tldtdondly Ured Meddnrt PLntr
in AzadJrmmu.Dd Krilmlr PtEc44



CHAPTERTEREE IT{ATERIALS AND METEODS

Conditions of HPLC: HPLC using Crr oolumn (250 mmx4.6 mm i.d., 5 pm, Waters,l\dA

USA) in tandem with a Phenomenex Crs guad cartridge (4.0 mmx3.0 rnm, Phenomenex,

Torrance, CA). Colunn was eluted by using acetonitrile and water in 18 min" The flow rate

was set at 1.0 mUmin while the cohrmn ternperaturt was set at 30oC. Spectra wene recorded

fiom 190 to 400 nm while the chromatogram was acquired fr.254 wn-

tr'igure 3.7: EPLC Instrument uced for quditetive endysis of plents extrects and

their ective fractions
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3.13. Statistical Analysis

Data was orpressed as mean values + standard error of means (S.E) with five animals in

each group. Comparison between the groups was performed by one-way analysis ofvariance

(AllOVA) using Statistics 8.1, followd by Tukey HSD test urith P < 0.05 considering

statistically significant (Khan et a1.,2020). Calculation of mean and standard dwiation of

DPPH assay and TPC and TFC was perfrrmed fiom calibration cunre constnrcted by Excel

2010.
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CHAPTER 4

RESULTS

4.1. Acute OraI Toxicity Test

Resuhs of acute oral toxicity test showed that there was no behavioural change in the mice

with test doses (250, 500, aod 1000 mg/kg) ofeach plant e*ract. There was not any lethality

in mice during 24 hours' observation. Mice r€maind normal up to 14 days observatiors.

4.2. AatihSperglycemic Effect of Methanolic Extract (ME) of

Selected Plants

The eflect of different teahents on blood glucose lwel (BGL) of mice is represented in

table 4.1 while the body weight is re,presented in table 4.2 below. The BGL in the goup

l(normat conhol) re,mained 96.m+0.65, 96.86+{.56,98.4*0.64, 99.1G+1.54, 98.60+0.93

(me/duwk) fiom day zero up to 28th day rcspectively. The blood glucose lwel of group II

(Diabetic contol) was signfficantly increased 100.40+0.62,256.15+0.78, 274.10+0.96,

294.&L{.74, 325.80+l.aa @gldfiJwk) with the treatue, t of alloxan (100 agikg/wk) as

compared to nonnal control group (G. D. BGL with the heatme,nt of standard drug

(Glibe,nclamide 0.5 mg/kg) and methanolic extract of selected plants (R. haustatus, L.

ctneata" R cordifolia, N. SrandtfoliaadS. delhousiaruwiththe doseof 100 mglkg) inthe

tr€stm€nt goups (G.III- G.VIII), after alloxan induced diabetes; was significantlyreduccd

as compared to diabetic control group generally. This effest a65 highly significant (P< 0.05)

on time dependent mannetr i.e after 14th day treament as shown in table 4.1 and figure 4.1 .

The BGL was almost same befrre the trreahnent of standard drug and selected plant aaract

rcspectivelyon day soveL Thc oomparison ofblood ghcose level amo4g treatuent groups

(G.[V-G. MII) of selected plants erffact showed that G.V aod G.VI highly reduced the blood

glucose lwel which is comparable to standard &trg (Glibenclamide) treaheNt (G.trD while

the G.M VII and MII harc shown the similar effect with less reduc{ion of BGL which was

incr€asd due to alloxan induction.
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The table 4.2 showed the effect of different treatue,lrts on body weight (BlV) in the gloup I

(normal conhol) significantly increased, 26.14+0.67,27.30fi.62, 30.80+{.75,32.70+{.54,

36.3210.58 (g/wk) from day zen, up to 28th day respectively. The body weight in-group tr

(TC) was significantly decreased 27.4W.92, 26.90+0.83, 25.54+{.66, Y+.50+0.63,

22.80+{.68 (g/wk) with the treahent of alloxan (100 mg/kg) as compared to normal contnol

goup (G.l). BW with the treament of standard dnrg (Glibenclamide O.sme/kg) and

methanolic entract of selected plants (^R. hawtatus, L. cTtneoto, ^R. cordifolia, /V.

gmndifoliaand S delhotsiaru with the dose of 100 ag/kg) in the treatme' t grcups (G.III-

G.VIID raspectively, after alloxan induced diabetes; was significantly increased as coryared

to diabetic contrrol group. This effect was highly significant (P < 0.05) on time depcndent

manner ie after 14th day trem.ent as shown in table 4.2 and figrre 4.2. The body weight was

almost same before the treafinent of standard drug and selested plant extract respec'tively on

day seve,lr. fire comparison of blood glucose lwel among treatmcnt groups (G. IV-G. Vlf)
ofselected plants extract showed that in G. V and G.M the body weight increases with passage

oftime, which is comparable to standard drug (Glibenclamide) treafio€ot (G.IID while the G.

M G.Vtr and G.VIII have shown the similar effect with reduction in BIV which was

decreased due to alloxan induction.
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CHAPTER FOUR RESI]LTS

4.3. Antihyperglycemic Effect of Different f,'ractions of R. cordifolin

The effect of treahent of differeNf fractions of R cordifolia on BGL of alloxan induced

diabetic mice is represe,nted in table (4.3) while on body weight is represented in table (4.4) below.

The BGL in the Soup I (NC) r€mained 95.80+1.19, 98.10+0.85, 99.3G11.32, 98.40+1.22,

99.3G0.88 (ag/duwk) from dayzero upto 28th dayrcspectively. The BGL ofgroup II (TC) was

significantly increascd 97.86d.1.32, 253.01+1.22, 263.52+1.13, 283.20+1.53, 313.4+1.27

(ne/duwk) with the tneatment of alloxan (100 mg/kg) as oompared nonnal contrrol goup I (NC).

BGL with the heahnent of standarrd dnrg (Gtbenclamide 0.5 mg/kg) and different fractions ofR.

cordifolia GIFRC, EFRC, BFRC and AFRC) with the dose of 100mg/kg) in the treahe' rt grcups

(G.Itr- G.AVII), after alloxan induced diabetes; was significantalyreduced as compared to diabetic

confiol goup generally. This efrecit yss highly significant (P < 0.05) on time dependent rnnner

ie after 14th day tneahnent as shown in table 4.3 and figurc 4.3. The blood glucose level was

almost same befrre the heatme,nt of standmd dnrg and R. cordifolia fractions respectively on day

seyen The corrparison of blood glucose lwel among treatment groups (G.AIV-G. AVII) of R.

cordifolia fractions showed that G. AV and G.AVI highlyreduced the blood glucose lwel which

is comparable to standard drug (Glibenclanide) treatment (G.IID while the G. AIVand G. AVII

have shown the similar effect with less reduction in BGL which was increased due to alloxan

induction.

The table (4.4) showed the effect ofdiffenent treahe, ts on bodyweight ofmice. 1}e body

weight in the gnoup (NC) significantly increase{ 28.10+0.71, 28.9W.75, 31.30+0.86,

32.62t4.93, 35.3G10.77 (glwk) Aom day zero up to 28th day respectirdy. The body weight in

goup tr (Diabetic contrrol) was significantly decreasd 29.0Gt1.23,28.580..1.03, 27.1G10.83,

25.32+{.39, 23.6?A.54 with the treament of alloxan (100 ag/kg/wk) as compared to norrnal

conhol grcup I (NC). Body weight with the treatmsil of standard drug (Glibenclamide 0.5

met@wll) and diff€r,eNt fractions of R coddorio (HFRC, EFRC, BFRC, AFRC with the dose of

100 ag/kglwk) in the treaftrcnt groups (G.III- G. AVII), after alloxan induced diabetes; was

significantaly increased as oompared to diabetic contrrol gloup generally. This effect w6s highly

Phlrtoyhenicd hrertigrtim rnd Anfihyperglycemtc Efiectof TrrditiondlyUredMedclndPtentt
ln Azed Jrmmu rnd Krrhmlr Pege 3f



CHAPTER FOIIR RESI]LTS

significant (P < 0.0, on time depe,ndant maoner ie after 14th day treahent as shovm in table

(a.4) and figrre (a.4). The bodyweight was almost same before the treahent of standard drug and

different fractions respcctively on day seven The comparison of blood glucose lwel among

treatment grcups (G.A IV-G. AVID of selec'ted plants erffact showed that in G. AV and G.AVI

the body weight increases with passage of time which is comparable to standard dntg

(Glibenclamide) heatment (G.Itr) while the G.AIV aod G. AVII have shown the similar effect

withreduction inbodyweight like group two (GJD.
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CHAPTER FOUR RESI]LTS

4.4. Antihnerglycemic Effect of Different Fractions of L
cuneatn

Tbe effect of treahelrt of different fractions of L. ctneata on BGL of alloxan induced

diabetic mice is reprresented in table 4.5 while on BW is represented on in table 4.6 below.

The BGL in the gnoup I (NC) re,mained 95.80+1.19, 98.00+0.85, 98.48+1.42,98.40+1.23,

98.2ffi.73 (mg/dUwk) fiom day zcro up to 28th day respectively. The BGL of group II

(TC) was significanfly increased 97.8ft1.32,253.0Gt1.22, 263.581.13, 283.20+1.53,

313.4+1.27 (ag/duwk) ontresrtrent of alloron (100 mg/kg) as compared normal contol

group (G. D. BGL with treament staodmd drug (Glibenclamide 0.5 mg/kg) and different

fractions of L. ctneata (tlHl,f,., EFLC, BFLC and AFLC) with the dose of 100mg/kg) in the

treahent goups (G.trI- G. BVID, after alloxan induced diabetes; was significanfly reduced

as coryared to diabetic conhol group generally. This effect wss highly significant (P < 0.0,

on time depe,ndent manner i.e after 14th day heatrrent as shown h table 4.5 and figure 4.5.

The blood glucose lerrel was almost same befrre the heatment of standard drug and I.
anneata fractions respectively on day sEyert. The comparison ofblood glucose lwel among

trcatm€, t grcups (G.BIV-G. BVII) of L. cttncate fractions showed that G.BV and G.BVI

highly reduced the blood glucose lerrel which is comparable to standard dntg

(Glibenclamide) treafinent (G.Itr) while the G. BIVand G. BVII have shown the similar

effect with less reduction in body weight which was decreased due to alloxan industion

The table 4.6 showed the eftct ofdifferent tcahcnts on body weight of mice. The

bodyweight inthegroupl (normal conhol) significantlyincrease{ 27.94t4.80,28.90L{.75,

3 1 .30+0. 86, 32.62A.93, 3 5.3 O10 .7 7 (glwk) fiom day zero up to 28th day respectively. The

body weight in-goup II (Diabetic conhol) was significantly decreasd 28.06+{.61,

27.10+0.68,26.14+0.69, 25.08+0.50,23.62fi.5a @/wk) with the treah€Nrt of alloxan (100

ng/kg) as compared normal conhol goup I (NC). Bodyweight with treatme, t of standard

drug (Glibe,nclamide 0.5 mg/kg) aDd difrenent fractions of R cordifolia (I#LC, EErc,

BFIf, AFLC with the dose of 100 me/kg) in the treatmsil groups (G.III- G. BVID, after

alloxan induced diabetes; was significantly incneased as oompare to diabeic contol gloup

II CfC) generally. This effect was highly significant (P < 0.05) on time dependent rranner

P@yhcmtcd Irrcdigedo endAnfi\perglpenic Efiect of llrdtdondlyUtGd Medclnd Plantr
lnAzrdJemmulnd KrrhDir Pege 6l)



CEAPTER FOUR RESI]LTS

ie. after 14th day treatment as shown in table 4.6 and figure 4.6 below. The body weight

was almost same before the treahent of standamd dnrg and different fractions respec-tively

on day ssycrr. The comparison of blood glucose level among treatment grcups (G.BIV-G.

BVID of selected plants €xtrac{ showed that in G.BV and G.BVI the bodywcight incneases

with passage oftime which is comparable to standard drug (Glibenclamide) treahneot (Gnf)

while the G. BIVand BVII have shown the similar eftct with reduction in body weight

which was decr€ased due to alloxan induction

PhyQthemtcd Innrdgedon end Anfi\pergt!,ccntc Efioct of ltedtdonettyUredMedcindPlenti
inAzedJemnu ud Kuhmlr Page 61
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CEAPTER FOITR RESTILTS

4.5. Antioxidant Activity of Methanolic Extracts and Fractions

of Shorflisted Active Plants (DPPH radical scavenging assay)

DPPH assay br ME and fractions of R. cordifolia, d L. anneata was detennined using

ascorbic acid (standard antioxidant compound). Absorbance of selected concentrations (10,

25,35,70, 110 ad 150 @Elr.L) of ascortic acid and samples were measred. Calibration

cuwe frr ascorbic acid and of test samples was plotted to detennine the percent inhibition.

ICso vafue was calculated fromregression equation

Y:0.711X+25.51, R2 = 0.976

4.5.1. DPPH Radical Scavengrng Activity of R cordifolia aind L
caneilo

When concentration of sample is increascd then percent (7o) radical scavenging

effect of R cordiforra is also increased (Table 4.7) thalt showed concentration dependent

eftct both by standad antioxidant ascorbic acid (AA) and samples. Methanolic erdract

(IVIERC) as well as its different fractions (IIFRC, EFRC, BFRC and AFRC) erftibitd thc

radical scave,nging effect (% inhibition). AA showed the highest ac'tivity (126.3+{.10)

followed by EFRC (123.11+0.85), BFRC (120.53+1.36), MERC (119.00+0.87), AFRC

(109.10+{.85) and HFRC (106.77+1.66) shonmbelow (Iable 4.7). Standard ascotbic acid

conceirtrations (10,25,35,70, I 10 ad 150 (pglml-) was used to make calibration curye

for calculation of ICso. The samples (MERC, IIFRC, EFRC, BFRC, AFRC and AA) have

the ICso nalue of 38.19, 48.52,34.9,36.86,44.88 and34.4l (Felr.L) respectively. EFRC

showed lowest ICso value 29.92 pglml. The orderofdecreasing ICsovalues ofMERC and

its different fractions is; HFRC> AFRC> MERC> BFRO EFRC (Iraving IC so nalues of

a8.S2pglmL 4a.88pglmL, 3&.l9pglml-, 36.86pglm[a afr, 34.9pelnL) respectively.

Standard ascorbic acid have ICso nalue 34.41 pglmL.T\e highest antioxidant activity is

o(hibitd by sample; baving lowesr ICso value. Similarly, the scavenging effect (Yo) of L.

annuta is also increased with increasi4g concentration of sarnple (Table 4.7). MELC as

well as its different fractions (HFLC, EFLC, BFLC and AFLC) harrc shown high

Plrytoyhomicd Invrrdgrdon rnd Aufi\rpcrglfemlc Efiect of ThdtdonrllyUrcdMeddtrdnrilr
lnAzrd&mnurndKrrhmlr Pege 6t6



CHAPIER FOUR RESI]LTS

scave,nging eftct (% inhibition). AA showed highest scavenging eflect (126.3+4.70)

fotlowed by BFIf (125.13+1.03), EFLC (124.37+1.21), MEIrC (120.13+{.81), AFLC

( 1 I 0.41 +1.43) and HFLC ( I 08.33+2.08) as shown by below (Table 4.7). Standard ascorbic

acid oonccnffiions (10, 25,35,70, 110 and 150 @glr.L) were used for calculation oflCso

by construction of calibration curye. The tested samples (MEIJC, [IFI]C, EELC, BFLC,

AFLC and AA have the ICso value of 36.4, 47.08,31.42,30.89, 47.49 arrd34.4l kl4elE.I-)

respectively. BFLC showed lowest ICso rralue 30.89pglml-. The order of decreasing ICso

values of MELC and its diflErent fractions is; AFLF HFLC> MELC> EFIJC> BFLC

(having ICso vahres of 47.49 pg lf, 47.08pglmL, 36.apglmL, 3l.42pglnL, ed

30.89pelr..I;) respectively showing that sarrplcs with lowest ICso value showed highest

antioxidant activity.

Phl,toyhenicd Inwrtigrtim rnd Anti\perglpenlc Efiect of TleditimrllyUledMcddr.lPlantr
in Azd Jemmu lrd Klrhmlr Pege 57
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CEAPIERFOUR RESTILTS

Ascorbic Acid calibration curue
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Fig 4.7: Ascortic Add stendard curve for ICso

4.6. Phytochemical Analysis (Qualihtive)

Resnlts of qualitative analysis of R. Cordifo&a methanolic extrasts (MERC), L. ctneata

methanolic extracts (ItlEIC) and their most active fractions (EFRC, BFRC and EFLC,

BFLC) arc r€prcsented in tabte (a.8)

The rresnlts show that in case of R. cordifolia alkaloids, phenols, flavonoids, tannins,

saponins and terpenoids are present in methanolic extract (MERC). The ethyl acetate

fraction (EFRC) showed the presence of phcnols, flanonoids and salrcnnins where as

alkaloids t€nnin and terpenoids were found abse,nt. The n-brutanol Aaction of R. codifolia

(BFRC) showed the presence of phenols and flavonidq saponins and terpenoids while

alkaloids and tannins we,re frund absent. the results show that in case of L. cttneata

alkaloidsr phenols, flavonoids, tannins, saponins aod terpenoids are present in methanolic

€xtract (It[EIC). Its ethylacetate fraction @FRC) showed the presence of alkaloids,

flavoniods, saponins and tapenoids whilephenols aod fanning were found to be absent. The

P\ttbyhemtcd Inwtigedm end Andhperglycemic Efiect of ltedifionelly Urcd Meddnrl Plutt
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n-biutanol fraction of R. cordforro (BFRC) slrowed the presence of phenols, flavonoids,

tannins and terpenoids while alkaloids and saponins were frund absent as shown in table

(4.8) below.

Table 4.t. Quditative enalystr of phytoelemicals

MFR Mettranolic exhact of R cordifori4, EFRG Ethyl acetate tac'tion of R cordifolia,

BFRC= n-Butanol fraction of R cordifolia, liIFl,G Methanolic extract of L. ctne,ata,

EFIJC= Ethyl acetate ftaction of L. ctneata allrdBFLG n-Butanol fraction of L. qnean.

+ (Pres€nt) - (Absent

P@yhemtcd Inrectigrdm endAntirypergtltenic Efiet of TiditionrtlyUrcdMedclnrl Pluts

PhY,toche,micals Plants /extract

R. corddolia L. anneata

MERC EF RC BFRC MEIJC EF LC BFLC

Alkaloids + + +

Phe,nols + + + + +

Flavonoids + + + + + +

Tmnins + + +

Sqonins + + + + +

Terpenoids + + + + +

inAzed&mnuend K$hmir Prge 7)
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4.7. Quantative Analysis (Total phenolic contents and Total

Flavonoid contents)

4.7.1. Total Phenolic Contents (tPC)

The total phenolic contents (fPCpglmg GAE) were calculated according to standard

calibration cuwe of Gallic acid (G.A pelr.L) as represented in fig. (4.8) below. The results

show the prescnoe of phenolic contents of R. codifolio and L. qneata in table (a.9) and

(4.10) below. The results show that TPC in MERC, EFRC and BFRC hwe99.732+0.938,

207.30Gf..730 aod 119.120+0.893 (pelmg GAE) respectively. Similarly, the results of Z.

anuta show the pres€noe of phe,nolic contents in table ( Table 4.10) below. The results

show that TPC in MEIJC, EFLC and BFLC have 101.26 t1.039, E0.699t0.542 ad
204.184+ii.986 (pglmg GAE) respectively.

Teble 4.9 TPC of R cordilolia

IIIFRG Metbanolic erdract of R. cordifo&a, EFRC= Ethyl ace/rfre fraction of R. cordifolia

and BFRGn-Butanol fiaction of R cordifolb.

Phy'toyhmicil hrcrdgedon rnd Andhpergbremic Efiect of Tirdldonrlly UredMedficind PLntr

Sr. No Plant/E ffact TPC (pglme GAE), Mean + S.D

I MERC 99.7380.938

2 EFRC 207.306r'4.730

3 BFRC 119.120+{.893

in Azrd Jrmmu rnd Krrhmir Prge 7l
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Teble 4.10IPIC of L caneota

MELG Methanolic extract of L. ct*eata,EHl-C: Ethyl acetate fraction of L. qneato frd

BFI.G n-Butanol fiaction of L. aneata.

Gallic Acid Standard Calibration Curve for TPC
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Hgure 4.t: Gdlic acld cellbration curye

Phyhyhcnicd Inverttgrtim endAnflhypergtycemic Efiect of Tldldondly U.edMedidnrlPtrntr
lnAzrdJemnurrdKrrhmlr PtgeT2

Sr. No Plaot/E rhact TPC (pglmg GAE), Mean + S.D

I MEI,C 101.2681.039

2 EFIJC 80.699+{J..542

3 BFIJC 204.184+0.986
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4.7.2. Total Flavonoids Contents (fFC)

The contents of total flavonoids (TFC pglmrg QE) were calculated according to

standarrd calibration curve of Quercetin @Slil) as represented in figure 4.9 below. fire

results show the presmce of total flavonoids contents (TFC) of R. cordifolia ard L. cuneata

in table 4.11 ad 4.12 below. The results show that TFC in MERC, EFRC and BFRC have

96.5il)&.9fl6,195.224+0.940 aDd 76.848+0.519 (ltglag QE) respectively. Similarly, the

results show the presenoe of total flavonoids contents (TFC) of L. anneato tn tablc- 4.12

below.The results show that TFC in MEIJC, EFIJC and BFLC have 86.376d1.012,

95. 4 1 0+9. 8 73 and 203 .97 W. 3 5 9 (pelmg QE) respectively.

Table 4.11. TFC (pm/mg QE) of.R. codilolia

\,fFRG Methanolic €xtract of R. cordifori4, EFRG Ethyl adcate fraction of R. corddolia

and BFRC= n-Butanol fiac{ion of R cordifolia.

Phytoyhemtcrl lrrcrdgrdm end Antthypergbremlc Efiect of TradlflondlyUredMedicinrlPlen6

Sr. No Plant/Exharct TFC (pglag QE), Mean + S.D

I MERC 96.5il+0.996

2 EFRC 195.224+0.940

3 BFRC 76.848+0.519

ln AzedJemmu ud Krrhmlr Prge 73
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Teble 4.12.II'C of (pm/mg QE) L cunetu

IIIFICF Methanolic extract of L. aneato,EHlF Ethyl acstate fraction of L. ctneata ard,

BFIJC: n-Butanol fraction of L. cuneata.

Quercetin Standard Calibration Curve for TFC
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Hgure 4.9: Quercetin Cdibretion Cune

Phytoyhemicd Invtrtigedon endAntihlperglyeemtc Efiect of TirdtdonrllyuledMcdidul PLnts
lnAzrdhmmumdKrrhmir Prye74

Sr. No Plant/E>rtract TFC (pglmg QE), Mean + S.D

I MEIJC 86.37G1.012

2 EFIJC 95.410+9.873

3 BFLC 203.970+0.359
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4.8. IIPLC ofR. cordifolin

IIPIJC of most active plant (R cordifoli@ against mtihlpeqgb,cemia is prresented in

figrrre (figure 4.13, figure 4.14, afr figrre 4.15) below. The cbromatograms of standard

cornpounds are shown in figrres (figure 4.10, figure 4.11, aod figure 4.12) below.

Ivlangifcrine$ Purpurine and Charatine were three standard compouods used whose

retention time is 9.102, 12.400, aDd 31.814 (nin). There is shown the presence of

mangiferine in all the samples while the purpurine is present in methanol extract and

ethylacaae fractions wh€reas the charatine is abse,nt in all frac'tions.

Teble 4.13. EPLC of idenffied compounds ln .B cordifolia

IIIFRG Methanolic erffact of R cordifo&a, EFRC= Ethyl amtate fraction of R. arddolia

and BFRC= n-Butanol fraction of R. cordifolia.

ptlrtoytenicd Invedgrtim end Antlhyaerglpemic Efiect of Tididmrlly UtedMdtdnd Plrnb

Sr.

No

Extract C,omporurd ide,ntified R.T (min| ofidentified comp. RT (minD

standards

I MERC Maneif€rirc 9.158 9.102

Purpurine 12.398 2.q0

2 EFRC Uangitrine 9.125 9.t02

Purpurine 12.494 12.400

3 BFRC Ivlangif€rine 9.102 9.102

lnAzrdJrmmumdKmhmir Prge 75



CEAPTER FOUR RESI]LTS

zm

t.flt
EE

t r.m
s],{ugo

om

Figure 4.10: Chrcmatognm of rtrnderd-1(Mrngtferine)

0.50

o.40

E o.ro
Il,

$ o-zo

0.10

0.00

Figure 4.11: Chrcmetogrem of stenderd-2 @urpurine)

Phytoytenlcd trvtrtigedon udArdhyperglycentc Efiect of TrditionrltyUredMeddnrl Phntt
ln AzrdJenmuendKuhmir Prge 76



CEAPTER FOUR RESTTLTS

zo

rJ0

r.o

050

0s

Umin

Figure 4.12: Chromatogram of stendard-3 (Cherattne)

35.m

t/min

Figure 4.13: Chromatogram of MF R cordifolia

Phyto5ttentcd Invrrtigrtim ud Antlhlperglycenic Efiect of Trrdidondly Ured Meddnd Plentr

E
E
t
rO
tY

)

0.50

0./o

c0t
E

S o.2o(I
f

0.(n

.olo
IGIIm

[i.

in AzedJrmmu rnd Krrhrnir PrryrEn



CEAPIERFOUR RESI]LTS

0_00

^ o.dl
EE{
Bo'
f( 

oao

ux,

to{
N

Umin

Figure 4.14: Chrcmatogrem of EF R cordilolit

120

1.00

^ 0.80
E

5 o.eo
ro
N
5 o.1o

0.20

0.00

25.00

Ilgure 4.15: Chrcmetogrem of BX' R cordifolia

P@yhemicd Inwrfigrtim rnd Antqrpergtl,Emic Efiect of Trrditimrlly UredMedlcind Phnb

Jo
*

IL
t/min

in Azed Jrmmu rnd l&rhmir Prge 7t



CEAPTER FOUR RESI]LTS

4.9. HPLC of L cuneatt

HPLC tests of.[. anneata indicates the presence of kaemlilero[ mangiferine aod purprine

in methanolic fraction The mangifering 2-methyle antlraquinone and purpurine rctention

timcs ar€ mate,hed with peaks in n-biutanol fraction. Whereas, none ofthese compounds were

identified in ethylacetae fraction or in very minute arnount. The chromatograns ofstandard

compounds (Ikmferol, Mangiferines,2-methyl anthraquinone and purpurine) are shown in

figrrres (figurc 4.16,4.17,4.18, ad 4.19 respectively) and that of idcntificd compounds in

figurcs 4.20-4.22 in table (Table 4.14) below.

Teble 4.14. EPLC of tdentlfied compounds in I. cuneata

Sr.

No

Extract Compound identified R.T(min)

ofidentified oomp.

R.T (min) of

standards

I MEIJC tvlangiferine 9.095 9.195

rurpurine 12.058 12.280

Ikernpferol 10.855 10.999

2 EFLC

3 BFIJC Mangiferine 9.095 9.195

mrpurine 12.058 t2.280

2-methyl

anthraquinone

11.490 tt.u7

MFrC= Methanolic extract of L. anncata,EElF Ethyl acetate fraction of L. aneata and

BFLC= n-Butanol frac'tion of L. aneata.

Phytoyhcmtcd Invtiligrdm ud Antlhlperglpemtc Efiect of TrrdldonellyUredMdtdrrlPlrntr
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CHAPTER 5

DISCUSSION

5.1. Discussion

Diabetes is a common metabolic disorder which is worldwide present and mostly

oc@rring in dweloping coutries aod leading cause of pre, ature deaths and disability.

Nnmber of diabetic people incneasing since 1980 due to diabetic typ 2 and other frc'tors

likc obesity and over*,eight; aod the number of cardiovassular diseases have also incneased

the death rate up to 2.2 million associated to high BGL. The managcment of diabetes is

much cost-effective and hectic in poor population of the under dweloped countries. The

sylrthetic dnrgs are cost-effective and app,roach to common people is not easy that is why

the mortality rate due to diabetes is high. These syntheic dnrgs also impair the body

metabolites and cause serious side efus. Plants basd medicines to treat diabetes are

practicd trow a dap by pharmaccutics and health cue professionals all over the world.

Possible managerrent of diabetes is rugent to reduce the mortality rate (Chang et o1.,2013).

Due to easily uailability ofherbal medicines aod low osf dweloping countries population

(80% p@ple) rely mostly on plant basd medicines. There is recomme,ndation by WHO to

includc the plant basd medicines for heahh car€ programs with provcn safety and efficacy.

(WHO, 20l l). IGeping fts importance of medicinal plants under consideration and urgent

ncad of safe anti-diabetic medicines, qmcnt study was designed to orplore anti-diabetic

plants of AzadJammu and IGshmir Pakistao.

In the present stndy of early phasc of investigatioq it was found that there was no

mortality in mice treatd for acute oral toxicity test of selected traditionally used medicinal

plants (R.lustaus, L. cuneotea, R. cotdifolia, N. gmdiflora and S. dalhousieonzs/. It was

obs€n'ed that mice treding frr diabetes with doses (250, 500 and 1000 mg/kg) of each

selected plant methanolic extract did not show any behavioral change or lettrality and mice

re,mained normal. The LD50 value of exhact frr plants under shrdy was found to be beyond

Phyeyhenlcd Inverdgrdm rnd Andhlperglycenic Efiect of Tredldonrlly Urcd McddDrl Plrn6
ln AadJrmmurnd I(rrhmir Prge Si
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the 1000 mgkgrwealed that this dose is safe. Plants infusions and extracts to treat variou

diseases are administ€red by traditional herbal practitioners (Ghazanfrr et a1.,2014).To

investigate the pharmacologicaily effectiveness of these traditionally used

antihypaglycemic plants (R ttostatus, L ctmeatea" R. cordifoltq N. grmditlora aod ,S.

dalhousieotzs) after safe oral toxicity test, present study was firther elaborated for detail

investigation on the basis of solvents extraction method trsing in vivo ril)use rnodel

operimemation to sclEen the most active atri-hperglycemic plants from these selected

plarfs and fifiher aoalysis for anti.diabetic effect by fractionation of most active plants on

basis of increaslng polarity of solvents. Fortesting ofplarts for auti-diabetic effect in mouse

model is rnore accepted and has resemblance to human being (Hammeso et a1.,2019). On

the basis of preliminary scresning of selected plants for antihyperglycemic efrect against

alloxan in&rced diabetes in mice it was prcvcd by rezults that S. dalhousieotrzs have not

shown any antidiabetic effect but R hogans erdN. grodiflorahave shovm less antidiabetic

efrect as oompar€ lo L. ctmedea and R cordifulia These plant have none significant (P >

0.05) difrerencp in heatment groups (G.M VII and VItr) having lesVno reduction in BGI4

that was increased due to alloxan induced toxicity as cotrpare to diabetic control mice(G-

II), while the plants (L. curuotea d R cordifolia ) in thp treatment grcups (G.V and G.VI)

highly reduced the blood glucose lwel which is comparable to standard anti-diabetic drug

(Glibenctamide) treatment (G.Itr) and normal contrrol mice (G-I), harrc shown highly

significant (P <0.05) difference with most active anti-diabetic efrect (Iable 4.1 and Figur€

4.1). So the most active plants that harrc shown pote,ntial high 6i1i4i6etic efrect against

alloxan inducrd diabetic mice might be due to nature of phytochemical contents and their

separation in thc methanolic extract or tbe part of respective plant used (Belayneh and BimU

2018). The alloxan induction in mice have caused the effect on pancreatic F- cells damage

to mimic the inzulin production that enhanced tlrc increasing level of blood glucose on 76

day. The tr€dnent with selected plants extract caused the reconery of pancreatic cells

damage. The recovery effect ofplams (R. codifolia ad L. cwreata) intreatment groups (G-

V, G-Vt) is signfficant on treahent duration (14,21and 28th days) rcspectively showing

the time dependent effect against alloxan induced diabetes (Belapeh aDd Biru, 2018).

Ph;rtoyhemtcdhrcrdgetim rnd Antfr\perg[cemic Efiect of ltrditionrllyUrcdMcdicinrl?hntr
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The anti-diabetic effest of our selected plants ortract is fifiher elaborated by the

analysis of body weight of mice (Table 4.2, Figur€ 4.2). Normal mice (GJ) have increase in

average body weigh during the whole experimental duration while the alloxan induced

toxicity carsedttre mildly reductionofweight (g) ofmice as represeffed intoxicant coffiol

goup (G-tr). Similar behaviour of treatment effect is shov.rn by plant extract in neatment

groups (GJV G-VII and G-V[D. The trcatrcd effect with standard anti$perglycemic

dnrg (Glibenclamide O.smg/kg) kept the increase in body weiglrt (g) of mice (G-IID. The

plams g;dract (R. cordifotia ad L. cuneda) in trement grcups (G-V and G-VD also

increased ttre body werght of micr coryarable to nonnal goup (G-D and standard

antihlperglycemic drug (G-I[) as corryare to toxicant control goup (T.C. G-II). ThP

treffient effect oftbese two plants is time dependelrt slrowed the antihyperglycemic effect.

Simils investigation was performed by Emt et ol., (2014) in which evaluation of

methanolic erilract of aerial parts of some plants (Cleome ramosissima, Barleria bispinosa

and Tribulus nucroptens) was perforrred fur theh antihlperglglyce,mic and

antihlperlipidimic effect against streptozotacin (STa induced diabetic micebydose of 500

mg/kg. Th€s€ plants showed the highest redustion in BGL in significant manners by C.

ranosissim frllowed by B. bispiwsa and ?. ,tucropten$ upto twenty eight days treafinent

where theinzulin lwelwas significantlyincreased inplasmabytreahent of C. ramosissima

and f. nacroptenu by 100.06% and 189.9% respectively and reduced the low density

lipoprotein cholestero(LDl-C). The eftst ofthese plants extract incrcased both utilization

and tolerance of glucose in mice (E%at et a1.,2014). A shrdy performed earlier on anti-

diabetic potential of an aqueous stem bark extract of Fictts sycomorrat showed remarkable

anti-diabetic effec't on dloxan-induced diabetic mice tbat caused the reduction of BGL in

dosedependent mann€r (Njagi et a1.,2012). Earlier study about methanolic extract of Olea

eutupau leaves (IVCO) on streptozotocin (STZ) induced diabetes in rats; results €xhibitd

strong antihypeqglyc€,mic aod antioxidant potential @encheikh et al., 20Lq These

investigations show that the mettranolic exftract of plants possess the antihSrperglycemic

effect against toxicity inducd diabetes in mice which stro4gly supports our studies about

effect of selected plants metlranolic extract against alloxan induced diabetes in mice.

Phytoyhemicd lrrcrtigrdon end Anli\pergb,cemic Efiect of TitdiflondlyutcdMedcinrlPhntr
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Evalnation about antihlperglyce,mic effect of aqueous extract of L. cwneata against

streptozotocin (STz)-induced diabetes in rats is reported which this extract incneased the

sec,Fetion of insulin by regenerating the damaged p -cells ofpancreas and decreased serum

blood glucosc significantly. Resrlts of our investigation demonstrated the beneficial effect

on streptozotocin (STz)-induced damegcd pancreatic F cell in mice (Kim e, al.,20lQ.
Anti-diab€tic effect of R. ardifoliaLna(Rubiaceae) aquoous root extract on streptozotacin

(STA induced diabetic rat model is earlier rs?orted. R ardifolia root extract €xhibited

significant antihlperglycemic astivities on streptozotacin (STZ) induced hyperglycernic rats

by 2 weelrs oftreahent. The beneficial effect of R cordifoliarootextract heatment might

be due to different tlpes of active principles with diverse range of biological activities

(Baskar et a1.,200q. To investigate the pharmacological activities ofplants extracts ttrcre is

systematic approach which best enaluates any biological activity. To firther investigate tbe

most active antihperglycemic plants Aom selected plant under study; solvent-solvent

partition/fractionation was applied to separate the phytoconstittrents into respective fraction

bascd on incrcasing polarity of solvents. The most active antihyperglycemic plants (n.

cordifolia d L. curcata) fractions i.e n-hexane fraction of R cordifolia, ethyl acetate

fraction of Rcodifolra, n-btrtaool fraction of R cordifolia, aqueous fraction of R. cordifotia
(HFRC, EFRC, BFRC, AFRC) and n-bexane fraction of L. cuneata, ethyl acetate fraption

of L ctmeata, *btttarcl fraction of L. cuneato, aqtteous fraction of L cuneata (FIFLC,

EFLC, BFLC, AFLC) separated the constituerfs ofmethanolic extracts (IVIERC and MELC)

of R codifolia and L. ctruata. Solvent-solvent fiactionation technique on the basis of their
polarity of solvents from the methanolic extract of Carissa opaao leaves; showed stro4g

antioxidant activity by n-hexane, erh/acetatg n-butanol and aqueoru fractions (Sahreen er

al-,2017). Orresults about antihlperglyce,rric fractions ofmost active plants R ardifolia
(HFRC, EFRC, BFRC, AFRC) afr L. cuneata (HFLC, EFLC, BFLC, AFLC) have sbown

significant (P< 0.05) reduction in blood glucose lerd (BGL).

The results of R cordifofta fractions against alloxan induced diabetes show that all
the fractions (IIF'RC, EFRC, BFRC, AFRC) trreatrnent (100 mg/kg) have slrorrn the

significant reduction effect on BGL (Table 4.3 and Figure 4.3) that was elevated d.e to

lh{toy!:nicd Inwrdgrdon rnrd Aodhffergbce plena
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alloxan induction in mic,e as oorryarc to troxicant control goup (T.C-G.II) on time dependent

menn€tr (14,21and 28 days).The highest effect in treatment groups (G-AV and G-AVI) unas

shoum by polar fractions (EFRC ard BFRC) on day 28 significantly reducing the elevated

level ofBGL ncarly similar to standard antihlperglycemic drug (Glibenclamide 0.5 mg/kg)

heatment (G.I[). The more significant anti-diabetic effect of these fiactions to reduce the

elenated lerd of BGL is due to separation of phytochemicals in these solvent fractions as

compar€ to other fractions (HFRC and AFRC) dtrlng solvent-solnent partition The arti.
diabetic effect ofthese fractions is also zupported by measurement of body weight (BUD of
mice during the whole treatment period (table 4.4 ad Figure 4.4). The normal BW
(31.3Gr0.860, 32.62+0.92 and 35.30+0.76 g) on 14, zl and 28e day was decreased

(27.1Gr0.833,253A0.393 ad 23.62J&.5a3 g) on alloxan induction On tretment with

standard drug (glibenclamid ) and R. corddolia fractions (IIFRC, EFRC, BFRC and AFRC),

BW (g) was increased in trearncnt groups (G-III,G-AV and G-AVI ) significantly @< 0.05)

on day 14, 2l and 28 rcspectively as compared to toxicant ontnol grcup (G.ID aod

comparable to SD (G.IID, brut was no significant (P> 0.05) increase in body weight ofgroups

under heahnent (G-AIV and G-AMI ). These restrlts showed that the EFRC and BFRC have

sEo4g aoti-hlperglycerric effect against alloxan induced toxicity in mice. The effest ofthese

fractions (EFRC and BFRC have daoxified the effects of alloxan induced toxicity and kept

the BW increasc in normal way. Thc fractions (HFRC and AFRC) have less effect on alloxan

induced toxicity and Bw (g) rerrained decneasing during the treafinent.

Therwults of L. cttnufa fractions against alloxan induced diabetes showthat allthe

fractions (HFLC, EFLC, BFLC, AFLC) heshnent (100 nrg/kg) have shounr the significant

reduction effect on BGL (Table 4.5 and Figure 4.5) that was elernated due to alloxan

inductioninmice as corryareto toxicant conholgroup (tC-G.II) ontime dependent manner

(14,21and 28 days). The higbest eftct in treatment goups (G-BV and G-BVI) uas shovyn

by polar fiactions (EFLC and BFLC) on day 28 showing the highly significant effect to

re&rce the elenated level of BGL nearly similar to standard antihyperglycemic dnrg

(Glibenclamide 0.5 mg&g) treatmeut (G.I[). The highest antidiabetic effect of these

fiactions to redrrce the elenated level ofBGL is drrc to separation ofphytochemicals in these
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inAzrdJrmmu ud Kuhmlr ptge tg



CHAPTER I'TT/E DISCUSSION

solvent fiactions as compare to other fractions (HFLC and AFLC) during solvent-solrrcnt

partition The atri-diabetic efrect of these fractions is also supported by measrement of

body weight (BW) of mice during the whole treatuent period (Iable 4.6 ad Figure a.6).

The normal BW (31.3Gr0.860, 32.6?A.92 and 35.30+0.t6 d on ld 2l and 28m day was

deoeased (27.1Ot0.833, 25.32fr.393 a[d 23.62+0.543 g) on alloxan induc'tion. On

treatm€nt with standard drug (glibenclam@ and Z. annuta fractions (IIFLC, EFLC, BFIC

and AFLC), BW (g) was incfeased in treafincnt grcups (G-trI, G-BV and G-BV[)

significantly (P< 0.05) on day 14,21and 28 respectively as corrpared to toxicant ontrol

goup (G.fD and comparabte to SD (G.IID, but there was none-significant increase (P> 0.05)

in BW(g) in treafine,nt grcups (G-BIV aod G-BVII). These results showed that the EFLC

and BFLC have stro4g anti-hlperglyceuric effect against alloxan induced toxicity in mice.

Tteeffectofthese fiactions (EFIJC and BFIJC have detoxifiedthe effectsofalloxaninduced

toxicity and kept the BW increase in normal way. The fractions (IIFIJC and AFLC) have

less eftct onalloxan inducedtoxicityandBW(g) remaineddecreasing duringtheheatment.

The shrdy effect about aquoous and ethyl ar#,trfro etrtract of leaves br Senna singueruby

alloxan induced diabetes showed the reduction in BGL that was increased on toxicity

induction in alloxan in swiss albino mice by recovering the necrosis of pancreatic cells

(Njogtr et al.,zll7).Another sfirdy showed the similar findings by Arika et al., (2015) aod

I(ran et al., Q0l2) who reported that Lippia javanica ud Pappea capensis exhibited anti-

hperglyce,rric eftct. The possible mechanism of antidiabetic activity of R cordifolit frd

L. anneauis regenerating ability to damnged pancreatic F-cells aod stimulated the secrction

of inzulin from regenerated or r€mmnt fr cells (Muhndi, 2015). Otr findings about

antidiabitic activity of most active fractions of R ardiforra (EFRC and BFRC) and L.

aneata (EFIC and BFLC) are strrongly zupported by these findings discussed in earlier

studies.

Biological activities of medicinal plants are correlated to their antioxidant activity.

Therapeutic potential of plants is contribiutd to their antioxidant activities. DPPH assay is

an important tool for the analysis of plant €xtraets (Saheen et al., 2017). The results of

methanolic extract (MERC) as well as its difr€rent fractions (IIFRC, EFRC, BFRC and
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AFRC) showed effective free radical scaveirging effect (% inhibition). The antioxidant

scavenging etrEct of extract samples of R. cordifolia uus increased with increase in

concentrdion (Table 4.7). There is highest scavenging activity (%) of EFRC (123-11+0.85)

followedbyBFRC (120.53+1.36), MERC (119.0G0.87), AFRC (109.10+0.85) and HFRC

(106.77+1.66) as indicated in the tabh (a.D. otr results of antioxidant effects of samples

(MERC, HFRC, EFRC, BFRC, AFRC and AA having order of decreasing ICsonalues of

MERC and its difrerent fractions is; HFRC > AFRC > MERC > BFRO EFRC (having IC

so nalues of 48.52p/orL 44.88pglmL, 3l.l9pglml, 36.86pglmL, afi 34.9p9lnl)

respectively. The ICso results of BFRC and EFRC are v€ry close to ICso nalue of standard

antioxidant ascorbic acid is 34.41 pgf,. Results prove that lower is ICso value; has highest

antioxidant activity. The fractions (HFRC, EFRC, BFRC and AFRC) tested forDPPH assay

showed that EF'RC ad BFRC bave the stro4g antioxidant activity.

In our resuhs, radical scavenging effest (Y") of L. uneata is also increased with

inoeasing conceirtration of sample (Table 4.7). SemFIes of methanolic extract (MELC) as

well as its different frac{ions (HFLC, EFLC, BFLC aod AFLC) exhibitd free radical

scavenging efrEct (% inhibition). Highest scavenging effect of test samples of L. aneata

(MEIJC, HFIJC, EFLC, BFLC andAFIJC) was shownbyEFLTC andBFLC inconcentrdion

dependent manner. In case of antioxidant effects of above samples (MELC, HFLC, EEIJC,

BFLC, AFIJC and AA), the ICso value is decreased (36.4, 47.08,31.42,30.89, 47.49 ad

34.41(ttglnl)respectively showing incneasing antioxidant activity. The orderofdecreasing

ICsovalues ofMELrC and its ditrerent fractions is; AFLO HFLO MELC> EFII} BFLC

(having IC so nalues of 47.49 pg lmL 47.08pglmL,36.4p91mL,3l.a2pglmL, and

30.89pelml-) respectively. BFI,C and EFIJC showed lowest ICso value (30.89pe1m L and

3l.azpglmL) confirming the highest antioxidant activity against DPPH free radical in ou

findings, oomparable to ICso vahre of ascorbic aild(34.41 Fglml-). Ttese findings showed

that the phytoonsihrents separated in ethylacetae fractions (EF) and n-butanol fraction (BF)

of R. ardifoliofrdl. ctneatahave stro4g antioxidant activity. These are intermdiatepolar

fractions as oompare to aquous fraction (AF) and n-hexane fraction (IIF) of these
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investigated plants. Earlier studies on antioxidant activity of phenolic and flavonoid

frac{ions of Cleome gnailm a11d Maenu angolensis showed radical (DPPH) scavenging

activity by different fractions (n- hexane, dichloroforrn, acetonitril, ethyle acetate,

methanolic and n-butanol fraction) of each plant. The highest activity was shown by n-

butanol fraction (BF) and ethylacetate (EF) while lowest activity was exhibitd by

dichloromethane aod n-hexane fraction (Meda et a1.,2013). Simitar study about antioxidant

activity by DPPH assay showed the stnong antioxidant ac'tivity by n-brutanol (BF) of both

plants (Meda et a1.,2010). otr estimation ofR. ardifoliaafiL. cuneatafractions byDPPH

assay is similar in which restrlts are closely correlatod to findings performed earlier (Meda

et a1.,2010). In the study about antioxidant activity of Conocatpus erectus L. leaves n-

brutanol extract @F) showed the scave,nging activity for DPPH which was comparable to

antioxidant activity of ascorbic acfol (Hussein' 2016).

During the investigation on leaves extracts of Gaultheria proantbens L. it was

concluded that s,rst€m$ic phytoche,mical evaluation and compounds profiling by differe, t

fiactions (diethyl etlrer, ethyl acetate, z-brutanol and water fractions) showed the dose

d€pcndant eflEct etate and n-brutanol fractions showed highest activities at oncentration of

100 pglml, (Michel et a1.,2014). These findings ofantioxidant activity strongly support our

investigations about antioxidant activity of fiactions of selected plants (R cordifolia afr L.

aoreata). Carissa opeca leaves were evaluated frrantioxidant profile in which chloroform,

n-hexane, n-butanol, ethylaceate and aqueous e,ilract were investigated by DPPH assay in

which all the fractions hane shong antioxidant scanenging effect with highest activity of

methanolic fraction fullowed by chloroform fractioq n-hexane fraction aqueous fraction,

ethytacetate and n-brutanol fraction (Saheen et a1.,2017) which is little contrast to our

results in which order of antioxidant activity is EFRC > BFRC > MERC > AFRC > HFRC

for R. cordifolia and BFLC> EFLC, MEIJF HFLGAFIC fur L. aneata by DPPH assay.

This migbt be the nature of phytoconstituents and part ofplant used as well as the climatic

effect and geographic locality of plants.
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Standardized procedgre is of significance frr the crtrde ortraction of plants to get

desired portion for therryeutic purpose and remove the unwanted parts by treating urith

selective solnent (p€ndli et al., 2Ol4). Biological activities are associated to qualrty of

phytochcmicals like phcnolic and flavonoids, tannin$ terpenoids, saponins and alkaloids.

g1rr investigation about methanolic extract of R. cordifolia and L. cwuata (MERC and

I\15IC)) and their most active fractions (EFRC, BFRC and EFIJC, BFLC) screening,

showed the varietyofphytocheuricals. Allraloids, phanols, flavonoids, tanning saponins and

terpenoids are present in methanolic e>rtrac't (MERC) while ethylacetate fiaction (EFRC)

showed the presenoe of phenols, flavonoids and saponins whereas tamins and terpenoids

were absent. The n-brutanol fraction o f R. cordfolia @FRC) showed the pres€nce ofphe'nols

and flanonoids, salrcnins and terpenoids which are more variety as oompare to EFRC and

alkaloids and tannins are shown absent. Similarly, m L. cttncara; alkaloids, phe,nols,

flavonoids, tarmins, salrcnins and terpenoids were found present in methanolic e*ract

(I.GLC). Its ethylacetate fraction (EFRC) contained alkaloids, flavonoids' saponins and

terpenoids brut phenols 6ad lenning werp not separated by this solvent. In n-butanol fraction

of R. ardifolia(BFRC) therewerepresentphytochemicals likephe,no\ flarrcnoids, tannins

and terpe,noids. In +his n-butanol fraction (BFRC) alkaloids and saponins were not present

(Table 4.8). Phytoche,micals like alkaloids, phe,nols, flavonoids, tannins, saponins and

terpenoids, cartohydrate and steroids are v€ry valuable and they play important

physiological astions in the body used frr treatrnent of diseases (P€ndli et al., 2014).

Previously scrceNdng of biologically active compounds like glycosides, anthraquinones,

saponins, steroids, flavonoids and phenols from various solvent extrac{s of root stcm and

leaf in R. ardif,olia was perfomed by PeDdli et al., (2014). Scre€ning of similar

phytoche,micals also in our investigation showed that methanolic extract, ethylacetate and

n-brutanol has highest potential to separde the required biologically important aonstituents

from medicinal plants. These phytochemicals have shong anti bacterial, anti-inflammatory,

anti-diarheal and anticancerous activites (Lruet a1.,2002;Bachaya et a1.,2009). Varietyof

cornpounds ie., phenolic compounds, saponins, allraloids, flavonoids (srch as apigenin-7-

0-glucoside) and starch are contained in medicinal plants (Hule et al.,20l l). F'lavonoids are
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important 15r their anti-diabetic activity along with alkaloids (Firdous, 2014). Variety of

anthaquinones, naphthoquinones, tnterpenoids and clrclic hexapeptides had been identified

from this plant that possess anti-oxidation, anti-inflaomatory immunomodulatory and anti-

tumor activities (Shan et al.,2016). These rezults of R. cordifoliaruraldthat these plants

with methanolic extract (MERC) and their solvent Aactions (EFRC and BFRC) are

important for the prepration of drugs to treat the diffenent diseases including the diabetes.

Screening of phytochemicals tom methanolic extract and its fractions by solvents (n-

hexang ethyl acetate aod n-Butanol) of L. q,meata led to ide,lrtification of steroidg

flavonoids, phenolics, carotenoid, lignin and hexose on the basis oftheir spec{roscopic data

(Min er al., 2016) fennins, saponins, terpenoids and alkaloids are identified in our

investigation from aerial parts of.[. cuneata which were not screened earlier. The scneening

of these phytoche,micals from L. cuneata in ou investigation is important for drugs

discovery.

The important phytoche,micals of plants are phenolic and flavonoids, which play

important role in pharrraczutical dwelopment. The quantitative analysis of pollphenolic

compounds is esse,lrtial part to know about their total contmt in the respec{ive part ofplants.

orrr results about TPC (pglmg GAE) of R. cordifolra methanolic enract and its most active

fractions (MERC, EFRC and BFRC) showed 99.73U4.938, 207.306dl0.730 and

I19.12010.893 (fiel4g GAE) while L. ctneata and its active fractions (MELC, EFLC and

BFrc) showed 101.269+1.039, 80.699fi.542 and 204.18r++0.986 Arylme GAE)

respectively. This showed that highest TPC (pglne GAE) were pr€sent inEFRC

(207.30Gl0.730) followed by BFRC (119.120+0.893 pelure GAE) and MERC

(99.7380.938 pelrrg GAE) n R cordiftlia (table 4.9). The TPC (pglme GAE) in Z.

qneata were highest in BFIC (2M.184*0.9E6) followed by MELC (101.269j1.039) ad
EFI,C (S0.699+0.5a2) reqpestively (Table 4.10). The order of presence of TPC in bottl

plants are EFRC > BFIJC > BFRC > MELC > MERC > EFLC. The highest content in EFRC,

BFLC and BFRC showed that phenolic compounds are more separated in ethyl acetate
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fraction of R. cordifolia atdthen n-butanol fiaction @F) of both plants (R- cordiftlil d

L. anuta).

Results of total flarrcnoids (TFC pelmgQE) of R. cordifolia (MERC, EFRC and

BFRC) showed g6.5il)4.996, t95.22M.940 aod 76.848+{.519 @elmg QE) respectively

(Table 4.ll) while the results of TFC of L. aneata (J[/Eil,f,', EFLC and BFLC) were

86.37G1.0 12, g5.4llt9.873aod 203.97 O+A.3 59 (rrelag QE) respectively (table 4.12).

There were highest TFC (pglmg QE) in EFRC (195.224L{.940) followed by MERC

(96.564{0.996) and BFRC (76.848+0.519) of R. cordifolia showing that flavonoids are

more separated in ethyl awlate solve,nt during the frac'tionation of methanolic extract.

Similarly the results of L. annuta of TFC (pelry QE) showed that highest TFC is prese,nt

in BFLC (203.970+0.359) followd by EFLC (95.410t9.873) and MEIJC (86.37G1.012)

showing the more TFC separated in n-brutanol solvent aod then by ethyl acetate solvent

during fractionation of methanolic extract. The variations in TPC of same plant in different

solvents may be due to the nature of solvents polarities and also the nature of phenolic

compounds (Sembiring et a1.,2018). Different plants have diflerent phytochemicals present

and in onr studied plad the contelrts are different in both plant s (R. codifolia and L. aneata)

in solvenf and this diflerence is also due to plants belong to two different frmilies also and

different parts used (Serrbiring et a1.,2018) and geographical regions and nutrition ofplants

(Znang et a1.,2017).In another shrdy, same method of calcrrlation of TPC and TFC was

perforrred by Aryral et al., Q0l9) in vegetables from Nepal (Basella alba" Cassia tora,

Alterrunthem sessilis, Digem muricata,, Leucas eplwlotes, Portulaca oleracea, Ipomoea

aqntica afr Sotaruon nigrum) in methanolic extract in which A. sessilis had highest

phenolic contents with smallest in r. albabfiflavonoids wqs high rn P' oleracea while the

least was recorded br I. quotiu which showed that there was higher contents of these

phytochemicals as coryare to methanol extrast for R cordifolia ad L ctneata in our

investigation. Ttis difference is quiet repnesentation that gographical regiors, tlpe ofplants

and exhaction methods have effect on plants secondary metabolites contents. The solvents

and extraction procedure are important fictor for dissolving the plant compounds

P\rtoyhemtcd Inwrdgrdm ud Antthyaerglpemlc Efiect of lirdifionrtly U.ed Medcinrl Urntt
lnAzrdJlnmuendKuhmlr Pege 95



CEAPIERflVE DISCUSSION

(Siddhuraju et a1.,2003). The plant has valuable compounds in polar solvent erftract than

none polar solvents due to hydroxyl group so the separation of our compound (TPC and

TFC) fiom selected plants (R. cordifolia ail L. ctneata) in methanol is due to its polarity.

The partition of these compounds on their polarity basis having ditr€rent extradive

capacities (Russo et a1.,2015).

Identification of phytoche,micals is an important parameter for knowing the exact

role ofplants metabolites with biological activities. Pure ompounds have more prominent

biological activities than crude exffact or oomplex compounds when they are not separated.

In our results about analysis of pollphe,nolic compounds from most active anti-

hperglycemic plant (R cordifotia d L. aoteatQ, IIPLC tests confrmed the presence of

mangiferine in all samples of .R. cordifolia (lvIERC, EFRC and BFRC). The purpurine is

pres€nt in methanolic extract and ethylacetate fiaction of R cordiforfu (Figur€ 4.13 aod

Figrne 4.14) onlywhereas the charatine is absent in all samples ofR. codifolia (fable 4.13).

Similarly, the HPLC of L. aneafa showed the pesence magfirine and purpurine in MEI,C

(Figue 4.20) and its BFLC (Figrre 4.21) while IGe,mpferol is ide,ntified in MEIJC (Figure

4.20) afr2-methyl anthaquinonc in BFLC (Figure 4.21). Methanolic extract should show

good antidiabetic activity wheneas BFLC highly significantl hSpoglycemic activity. The

antidiabetic effect of EFLC might be due to prese,nce of other phenolic and flavonoid

coryounds, which may present in it because these staodards are not eMed fiom EFLC

(Figure 4.22). Rubiadin (1, 3-Dihydroxy-2-methylanthacene-9, l0-Dione), which is a

dihydroxy anthraquinone, and possesses effective antioxidant prcp€rty and prevents lipid

peroxidation was ideirtified from roots and a€rial parts by HPLC methodology (Mughees et

al.,20l7l.In earlier study thee steroids, nine flanonoids, two phenolics, one carotenoi4

one lignin and one hexose on the basis of their spectnoscopic data were isolatd and

identified :mL. a*lr;atabylvlmet al., (2010. Phytoche,micals like carbohyrlrate alkaloids'

amino acidq saponins, glycosides, phenolic compound and tannins were found as a major

constituent m R cordifoliaLinn. Root which play important role for biological activities

like antitoxin, antiseptic, antimutage,nic, anticarcinogeniq antidiabetic and antioxidant
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agents (Gupta and Gupt4 2Ol7). Ph;aiocheinical Mailqrzation of any drug is important

befrre the any pharmaoeutical activity. Che,mical chradqization of R. cordifolia showed

that it has proteins, glycosides, phenols, flavonoids and tannins in an earlier investigation

(Siddiqui et al.,2Qll). According to Kumar et al.,Q0l9) purpurin is also present in

traditionallyused plants in Himalapn region and these plants are used for treding varieties

of diseases. The oral administration of aqueous root erilract (lg/rgldr7 for 8 weeks) of R.

corddolia showed antihSperglycemic effect in mice due to pres€noe of Cordifoliol'

cordifodiol nrbiacordone, purpurin, alizarin compounds (Verma et a1.,2016;Baskar et al.,

2006). In our inrrcstigation, purpurin is id€ntifid from ethylacetate fraction and methanol

extract of R cordforr4 showitrg the evidence that antihlperglycemic effect is due to

che,mical compotrnd, plryurin in association with other phe,nolic and flavonoids. Naturally,

mangif€rin is predominant rnMangifera indica. Daily oral administration of400 mglkg M.

indicaenhact in labordory animals resulted in decrease ofsenrm glucose by some 60 mgldJ-

compared to ontrol in 15 days (Madhuri et al., 2017). In our investigation about

identification of compounds, it is widence fts1 mangif€rin identification in both the

fractions R orddotia (EFRC and BFRC) and its methanolic extract (IVGRC) exerted the

anti-hyperglyce,nic effect by 100 rytkg orally administered once daily in mice up to 28

days' treatme,nt after alloxan induced diabetes in mice for 6 days. Investigation on R

corddotia in another study was carried out to erraluate the diuretic activity of the

hydroalooholic extract ofroots in rats to support its fulklore claim about dfuretic proble,ms

and its r€sults showed the potential diurctic activity @awar et a1.,2009). R. cordifolia is

raditionalty usod as an anti-inflammatory antiseptic, and galactopurifier and during the

investigation of its anticancenous activities it was prorrcd that its meltanolic extract has

shong anticancer efu (Shilpa et al., 2012). Ka€mpf€rol, mangiferine, purpurine and

anthraquinones ar€ commercially available compounds having autidiabeticpotential. These

are used as standards for detecting the compounds in methanolic extract, ethyl acetate and

n-biutanol fractions of L. anenettaplant which is haditionallyused forthe tretuent oftlpe-

2 diabetic. Antihlperglyce,mic eftct of our investigated plants is associated to spergistic

effect of phytochemicals such as phenolic and flavonoids present m R. ardifolia and L.
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cmaato. Diabetes is increasiag health proble,m globally and there is urgent need for drugs

to tr€at it. Literature revieu, shows that there is not antidiabaic effect of R. ardifolia
reported from Poonch region ofAzad Jammu and IGshmir Pakistan and in our investigation

has becn perfrrmed first time ino inviw animal model.

5.2. Conclusion

Prcsmt investigation has been made to identify the potential plants in the alloxan induced

diabctcs rn'inviw Ep€rim€nt. Duriqg present investigations on antihlpeqglycerric effect of
selected plants against alloxan induced diabetes provide the widence that R hustatus, N.

grandifura and S. dolla usieanas have poor antidiabetic activity while R. cordfolia nd L.

cutuata have hlpoglycaemic activity and stroqg anti-diabetic eftct to reduce the increased

concentration ofBGL in mice. R. cordfolia and I. anneatahavc stimulation effect on p cells

of pancreas to secrete the insulin The most active anti-diabetic plants in ogr investigation

showed that the solvcnts frastions (ethylacaate fraction and n-butanol fraction) of R.

cordifolia and Z. cuneata have significant anti-diabetic effcct on alloxan induced diabetic

mice. This effect is due to the antioxidant activity ofthese solvents fractions that have been

demonstrated by DPPH assay. The anti-diabetic activity of two most active plants (R.

cordifolia ad L. cvneata) is associated to antioxidant activity and phytochemical contents

like phenolic and flavonoid$ specifically the compounds, mengiferine, prupgrine (in R.

cotdif,olia), lraempferrol and 2-methyl anthraquinone (in L. ctneate) identified by HpLC
profiIing (Table 4.13 and 4.14) rcspectively. The other phytochemicals such as fannins,

terpenoids, alkaloids and salrcnins may have synergistic effect against alloxan induced

diabetes in mice. Furthermone, the results obtained from this study confirmcd that LDso of
all the selected plants are safe for heating the diabaes and they are non-toxic to mice up to
1000 ag&g ofbody weight. This investigations on R. ardifolia atd L. cvneatastudies give

assuranoe that the bothplant species have anti-diabetic and antioxidant eflects that s;upports

or makes justification about the reported folkloric use of R. cordfolia 111fr, L. anneatato 6.eat

the diseases ofdiabetes in northern region ofAJ& I! Pakistan. In briefconclusion from our
investigation we say that R cordifolia has the most active anti-hlperglycemic effect in
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CEAPTERTIVE DISCUSSION

allorcn induced (100 mg/Kg) mice due to slmergistic effect ofphyochemicals like purprin

and mangiferinpresent in its fractions and methanolic offact.

Howwer, it is recomme'nded that:

the saft use ofR. cordifoliaad I. aneata.

mechanism of action ofthe antihlperglycernic efrects ofthese selected plants under

current $udies.

cordifolia andl,. annuta oouldbe assessed.
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