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ABSTRACT

Plants are important sourpe of medicines. Rwux haustafits, I*^spideza cTtneota,

Rubia cordifolia, Nepeta gmndifolia and Strobilutthes dalhousianwt ne traditionallyused

frlk medicines to treat different diseases like diabetes, stornach disorder, liver

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

pharmacological investrgation of these plants from Poonch AJ&K Pakistan. Currmt

rcsearch was intended frr screening of these selected medicinal plants R. hawtafis, L.

ctmeatq, R cotdifolia, N. grandiforra and S. dalhousiantrs to ewluatc safety and

antihlperglycemic activity in the mice. The most active antidiabetic plants (L.aorcan nd

R.cordifotia) were fiuther investigated by fractionation using the solvents (n-hexane, ethyl

acctate, n-butanol and aqueous) on increasi4g polarity basis. Crude methanolic extracts of

these plants were prepared and investigated for asrte toxicity test. Extract doses (250, 500

and 1000 nglkg) trcahent in mice for 24 horus did not show any behaviour change and

lethality in mice showing tlrat LDso frr extract of selec,ted plants was bepnd lOOtlmg/kg.

Methanolic crffiact of selected plants wene tested for antihlperglyce,mic effect in mice.

Ciroup ooe (G-I) treatd as nomal conhol while G. II to G.VIII intoxicated with alloxan

monohydrate (tOOmg/tg) for 6 days after2days' intenalto induce diabetes. G-III was given

treaheftofantihlperglycemic dnrg (Glibenclamide 0.5 mg/kg) while enimals in group four

to goup eight (G.IV-G. VItr) wereheatdwith methanolic extract of R haustarus (MERH),

L. aneata (MELC), R. cordiforra (MERC), N. grandiforr4 (MENG), S. dalhouviarus

(MESD) with aerialparts (leaves and ste,m), respectivelydaily for four weeks. Blood ghcose

level @GL) was significantly dccreasd (P < 0.05) due to alloxan induced [perglycemia

and normal incnease in body weight (BlV) on treahent of SD (0.smg/kg) arrd L.anneata arrd

R. cordifolia (100 mg/kg) respectively in goup G.Itr (SD), G.V (MELC) aod G.VI (MERC).

Methanolic extract of most active antihlperglyce,mic plants (L. aneata ard R.cordifolia)

was zubjected for firther investigation Fractions of solnents (z-hexane, ethyl acetatg z-

brutanol end an aqueous fraction) were analysed for antihyperglycemic effect in mice against

alloron-induced diabetes and DPPH antioxidant activity. High lwel ofBGL due to Alloxan

inducd diabetes significantly (P < 0.05) decreased as oompare to TC with the treatment of

Rcordifoliaethyl acetate fraction (EFRC), n-brutanol fraction of R. cordiforr4 (BFRC), ethyl



acetate fraction of L.aneata (EFLC) and n- brutanol fraction of L.aateara (BFI,C) in time

dqendeN$ mrnn€f,'. Similarly, BW was normally incr€ased with heatment of EF and n-BF

of both plants comparable to SD. Antioxidant activity by DPPH assay of R.cordifolia d
L.anqta. The highest antioxidant activity was rwealed by EFRC followed by BFRC and

MERC (ICso values 34.9,36.86 and 38.19 pglr.I";) of R. andifolia and by BFLC tullowed

by EFLC aod MEIJC (ICso valucs 30.89, 31.42 ail 36.apglnL) of L. ctneara, that is

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

activity and antioxidant potential is associated withphytochemicals (phe'lrolics, flavonoids,

saponins, terpenoids, Tanninsand alkaloids) identified during qualitative analysis. The

compormds identified by HPLC anlysis (Mangiferine pupurinE 2- methyl anthraquinone

IGe,mpferot and charatine) attibuted to the antihperglycernic effect confirming the most

acdive antidiabetic fractions against alloxan induced diabetes in mice. In conclusion; Over

all our investigated plants exhibitd antihlpeqglyce,mic effect against alloxan-induced

pancreatic darnaged mice. R. adifolia ad L. qneate have most active antihyperglyce,mic

eftc't against alloxan induced diabetes in mice due to ethylacetate and n-brutanol fractions

associatcd to antioxidant activity ofphenolic and flavonoid contents.

x\flt
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CHAPITR OIITE INTRODUCTION

CIIAPTER 1

INTRODUCTION

Insulin deficiency causes the Diabetes mellitus (DM) disorder duriag its

production or its action or both. Iong term hlperglyce,mia due to change in metabolic

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

treatd pmp€rly thcn serious complications like muscular tissue damage, retinopathy

(Ad€n and Ramsey, 2015;Bearse et a1.,2004),complications as neuropathy (Seki et al.,

2004), nepkopathy (tooker et a1.,2003), heart disorders (Svensson et a1.,2004) and

problems ofulceration (Wallace et a1.,2002) occur. Normal range ofblood glucose lwel

(BGL) according to body needs is contrrolled by insulin and glucagon tlat are pancreatic

hormones. High lerd of BGL stimulates p-cells of Islets of Iangerhans to secrete

insulin. Insulin helps in absorption of sugar in muscles and red blood cells, out of the

blood frr the coazumption during metabolic prrooess. Glucagon, on the other hand in

respour of low BGL is secneted by c- cells of the pancrcas, for the release of glucose

from liver and muscles (Gupta aod De 2012).

Diabetes type I and t,,pc 2 re fws main types basd on etiology of disease

(Albcrti and Zimmet, 1998). In insulin deperndent diabetes mellitus (IDDM tlpe l); no

insulin secretion takes place and patients often need insulin rtplace,me,nt therapy frr life.

Tlpe la (No/o of tpe l) and tpe lb (l0o/o of tlpe 1) are two tlpes of tlpe-I insulin

dependetr diabetes rnellitrs (IDDM). Addison's disease, Grave's disease and

Hashirnoto's thyroiditis cause the damages of pancreatic p.cells and lead to tlpe la

(Atkinson and L,Iaclarco, 1994, Bett€rle et a1.,1984). Howwer, tpe lb is idiopathic

whose etiology is unidcntified. Itrsulin deficie,ncy in such type of patients leads to

ketoacidosis (Mclarty et a1.,1990).In non-insulin dependent diabetes mellitus (NIDDM;

typ2),there is abnormality in secretion insulin and its resistance @efronzo et a1.,1992).

It is predo,minant in elderly people (over 40 years). Pople with obesity, decreased body

activity and interestiqgly sufrer frrom MDDM (Zimmef et al., 1990). The disease is

decreased by frctors like dietry supplements, oral hypogbrc€mic age,nts and physical

actinities (Zirrtue/.. et a1.,2001). During the pregnancy, anothq tlpe of diabetes called

gestational diabetes (GD) onsets characterizd by glucose intolerance (Bastaki, 2005).
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Hpergtyc€, ia in both tpe 1 and typ2 diabetes is due to loss of p-cells or their

fnnctions on involve,ment of ge,netics and environmental frctors (Skyler et al., 2017).

Serrcral diseases like pancreatitis, cystic fibrosis, Orshing's syndrome acromegaly lead

to DM uhimately (Bastaki, 2005). DM is also induced by some dnrgs zuch as

glucocorticoids, niacin and interferon @andit et a1.,1993).

In both tlpes of diabetcs; slmptoms are same brut difrer intensively. Elevated

blood-gfucose levels are initial slmptoms ofunheated diabetic patients. Consequently,

increased loss ofglucose inuring thirst de,hydration and raisd water ons'rmption occur

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

insulin deficie,lrcy chru;ar/cqizd by frtigUe, nausea and vomiting slmptoms. Suoh

patients develop bladder, skilr, and vaginal infections. Blurrd vision is also caused by

DM. Morover, v€ry high suga'-levels lead to ooma and erren death (Gupta and Dg

2012).

Measurement of frsting plasma glucose (FPG), at early mondng is most oorlmon

method frr diagnosis ofdiabetes. FPG level less than 100 mg/dl in patients is considered

normal; while those with 100-125 mgldL;prediabetic and those having higher tban 125

mgdL are diabetic (Peters et a1.,199O. Recently, it is concluded that pr€diaHes or tlpe

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

et a1.,2018).

The main focus to tneat diabetcs is carrid by regulatiag and deqeasing blood

glucosc to normal lwel. Traditional and spthetic medicines stimulate p-cells of

pancreas decrease the BGL by inhibiting other hormones that oftenly increase BGL. DM

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

glycogen release, imprrove,ment of blood cirsulation and resisting liplds peroxidation

(ldankil et a1.,200O. Biguanides; are knovm dnrg tbat reduces hepatic gluconeogenesis

and elenat€ the insulin-stimulatd uptalce and utilization of sugar. Biguanides are

ineflective in the absence of instrlin. Mctfrnnin is most important example. Ccrtain

€DzJm,es are inhibited by alpha-glucosidase inhibitors, which are cause the metabolism

of carbohydrates in the small intestine by reducing the absorption in the blood.

Thiazolidinediones (TZDs) is anoths important class of oral antidiabetic agents which

are potent to reduce the increased lwel of glucose in liver, skeleal muscles and adipose
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tissre. Free frtty acids levels cause the p-cell death, TZDs can enhance F- cell firnction

by lowering the free frtty acids (Ifuski, 2004). Non-zulfonylurease secretagogues are

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

mechanism brut differently binding with p-cells reccptors (Mayerson and Inzucchi,

2002).

Performance of nutritional assessment to monitor th€ diabetic patients with

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

aod life style is made according to instnrctions with set goals. The set goals in nutritional

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

trigbrc€ride appropriatcly. Maintenance of prop€r balance of nutrients like

carbohydrates, frtq ptoteins and calories is perfrrmed based on the individual's

treatm€,nt plan food taken in proper pland progr@ (Chiasson et a1.,2003).

For diabetic patients self-manag€menq blood glucose monitoring and proper

exercise are also critical components. Contnol of glucose, increase sensitivity to insulin

uptake, minimizing the cardionascular risk frctors, weight loss and diabetes-related

complications ar€ firther reducod by exercise. Diabetic patie,nts can make adjustment to

diet, medications and exercisebyperforming the self-monitoriag ofdailyblood glucose

levels (Kitabchi et a1.,2001).

Medicinal plants had be€n primary souroe frr treatuent ofdiseases. About 7000

plants species incMing lichens andtreeshavebeenused fromtimeto time formedicinal

pnrpos€s (Arrowsmith et a1.,2009). Herbs have been utilized to isolate or qrnthesize

oonventional dnrgs (Rates, 2001). Medicinal properties of 2000 plants herre been

reported in Ayurveda (tr(ryoor, 2000). According to Chinese Pharmacopoeia, there are

over 5700 tadrtional medicines, which had been derived from medicinal plants (Lt et

a1.,2008). Estimate showed that 500 herbs arc still utilized for therapeutic benefits in

cowentional medicines (Ermns et a1.,2009).

Th€re re36 millionpeople acrross the worlds that die due to non-communicable

diseases such as canoetr, diabetes, chronic lungs caneer and cardiovascrrlar diseases.

Different tlpes ofre,medies are practiced all over the world to get rid ofdiseases. One of

these is the traditional medicines. The sum total of skills, knowledge, practices based on
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theories, beliwes and different cultures of the human experiences, frr the maintenance

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

Modern medicines are discovered and dwelopd by chemical methods aod their

approach frr ommon person are ostly and have side effec'ts in the body when taken

overdose. Pharmacologically tested plant's derived compounds are used in rnodern

medicines. Effective standards are tested from natural souroes in modern wa)rs. There

are about 120 active compoundq which are isolated fiom plants having therapeutic and

haditional uses with 80% positive correlation (Fabricant and Norman, 2011). Drugs

dwelopment aod discovery in modern medicines aod health depe,nds upon medicinal

plants. In process of drugs dwelopment pharmac,eutical dnrgs are idcntified and bmougfot

to market (La at a1.,2012).In pharmaceutical industries, plants arp mainly used to

ottain compounds as natural souroes. Medicinal plants have potential to groduce drugs

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

a1.,2010).

Pakistan is dcveloping cormtry and it depends on plants for shelter, foo4

agriorlture, frdder and medicines (Shinwari, 2010). Doctors in Paldstan; due to lack of

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

to pdients. They consider that plant based corrpounds may be toxic @adsha et al.,

20ll). Mdicinal plants in Pakistan have been shrdies from different regions. These

medicinal plants are reported to have astive compounds to heat various diseases. (Silva

and Fernandes, 2010). Phenolic constituens have also antioxidant property (Rana et al.,

2ilq. Medicinal plants have antioxidant potential ard Cichoiwt intyhts is an important

sonroe of natural antioxidants (Rafique et al., 2014). Diffcrent types of dnrgs are

obtained from medicinal plants. In industrial countries, 80% pople use traditional

medicines and these are derived from plants which have medicinal value (Abmad et al.,

2011).

Natural prroducts are important srunce for drugs discovery and drugs

dwelopment. Heftal preparations are important because of theh co$ effectiveness and

least side eftct and used for various treahents especially in rural areas (Aryra et al.,

20ll). Atthough the synthetic drugs are commonly usd to treat diabetes howwer, they

€xhibit prrominent side effects and those effects cannot be rev€rsed. Plant basd
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medicines have less side effect that is why they are liked by most ofthe populations (Rao

et a1.,2010).

Studies hane shonm that various anti-inflammatory age,nts and anti-oxidants are

derived fiom plants aod plants basd dnrgs ane notr toxic and safe to use @avithra et al.,

z}l3).Npmbers ofhuman aitne,nts are treated byherbal medicines since lo4g and Indian

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

being used sinceprehistorictime in Indiantraditional medicines, whichhaveproventhe

anti-hlpeqglfrcemic effect (Ggpta et al., 2008).

Plants against hyperglycemia from Azad Jammu and Ikstrnir (AJ&K) are less

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

flora, lvhich can be studid or investigated ocperimentally frr pharlnacological

investigations. f,)ue to increasing rate of diabetes and urgent need of antihperglycemic

drugs having minimal side effects, prrsent study is carrid out to onduct phytochemical

investigation and antihlperglycemic effects of traditiondly used medicinal plants in

Poonch Azad lammu and Ikshmir (AJ&K) Pakistan with folowing objectives.

1.1. Obiectives of Current Study

The objectives of present study were:

1. To deermine anti-hyperglyce,mic effect of methanolic extracts of selected plants

@oonch AJK) against alloxan induced hyperglycemic mice.

2. To study anti-hyperglfrcemic effect of different fractions of most active plants to

detemnine rnost active frastions.

3. To carry out phyto-chemical analysis of methanolic erilract and most active fractions

of anti-hyperglycemic plants.

frrbyhemlcd Inradgdon udAndhyperglpcmlc Efiect of TreditimdlyUrcd Meddnrllhrtr
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CIIAPTER 2

REVIEW OF LITERATURE

Metabolic dysfunctioning of frts, cartohydrates and proteins causes the chronic diabetes.

There are two main types of diabetes mellitus (DM) ie. idiopathic and secondary. Insulin

dependent diabAes (IDDM) and non-insulin dependmt diabetcs mellitus (iIIDDM) are two

ty1les ofidiopathic diabetes. IDDM is commonly (tlee 1) and NIDDM (tlpe 2). Pancreatic

p cells secrete insulin and regulates carboh$rate metabolism. After the absorption of food,

particles into blood stream Inesenoe 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 cncrgy, which is used in various life process (fuioq 2010).

2.1. Classilication of diabetes mellihrs (DM)

2.l.L llae l Diebetec

Iryortantlythe major deftct oftpe 1 diabetes is the deficicncyofinsulin where as

frilnre of inzulin sec,retion aod insulin resistance are two main dsfects observed lntypp2

diabetes (Anon, 2010). When F cells fril to secrete insulin due to destnrction caused by

macrophages and dendritic cells present in the rurroundings of p cells atrigens, th€n type I

DM onsets. CDE+ T-cells causi4g beta-cell death in series of intcrleukin signaling. The

autoimmune destnrction to p cells lead to deficiency of inzulin: causing the impaired

glncose, prcteiq and lipid metabolisn (Yoon et a1.,2005; Ozougwg 2013;Ahna4 2014).

Interaction of genetic and environmental frctors also causes Type I DM. Multiple

genes are involved that cause tlp€ I diabetes and one of the important goe is located on

chromosome 6 and 8 polymorphisim on human leukocytes antige,n (IILA) region that

increasc the genetic risk in type I diabetes development (Ulbelen et al., 1977; Powers,

2015a).

2.1.2.I!pe 2 Dirbetes
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Tte resistance to insulin secretion is main abnormality in type 2 diabetes (Weyer ef

al., 1999). When there is inadcquatc insulin secretion in the F-cells their chances of

dwelopmernt of diabetes are enhanced and glucose metabolism is diminished than normal

mnge in the blood (Iriplitt et a1.,2014; I(han et a1.,2014). Sweral frctors like inzulin

resistance deficiency and lifestyle frctors i.e obesity, over eati4g and stress are responsible

frr cansing Typ2 diabetes mellihrs (Khan et a1.,1993; I(aku, 2010; Khan et a1.,2014).

2.1.3. Gestetiond Diabetes

Harrison's principle of internal medicines elplains that 4o/o of pregnant women dwelop

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

increascs the insulin secretion to normal range maintenance of ghcose concentration

However, duri4g the pregnancy GDM risks frctor can decreasd by obserrring the blood

glucose (Triplitt et a1.,2014).

2.1A. Dlegnosir of Diebeter

Slmptoms ofDM and gtucose conccntrationrandomly; higherthanmtrge of200 mg/dl are

the criteria frr diagnosis of DM and oral glucose tolerance test (OGTT) is another frctor

considened fiom plasma glucose concentration for 2 horus abone 11.1 mmoVl. (200 mg/dl)

(Anoq 20101' Standad treahent Guidelineq 2014; Power 2015 a). Glycated hemoglobin

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

haemoglobin percentage attac,hed to glucose (Anoq 2010; Powers, 2015a).

2.1.5. Signs and Slmptoms

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

tlpe I diabetes mellitus. Due to eroess concentration of glucose a hypenosmolar

environment causing frequent urination High plas'ma glucose concentration enhances the

chances of dehydratioq as a result patient water intake incneases. The excess of plasma

glucose cause serious effects and energyrequirrments are declined in the body so that food-

eati4g requirements are also enhanced and in case of We 2 diabetes frtigue is major

symptom in the patie,nts (Standard treahnent guidelines, 2014).
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2.1.6. Screening for Diabetes Mellitus

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

baving body mass index at25 kg/mz or above. Following are the risk frctors i.e. history of

frmily, physical inactivity, cardiovascular diseases and high triglyceride lwel in the blood.

The age of40 years is also considered as rislc frctor even there are no slmptoms ofdiabetes

appcar in the people and life style is -ainly important during this age (Standard tr€atuent

Guidelines 2012, 2Ol4).

2.2. Mamgement of Diabetes Mellitus

Non-dnrg thenpy

Petient educetion: Education to therapy is main frctor oonsidered duri4g the management

of diabetes. In case of e,lnergency assistance patient should wear dis€ase identification

bracclct carrd or necklace.

L,lfestyle chenges: Ioss of overureight aod exercise are recomme,nded to manage it in

addition to walking and climbing the stairs (Standard heatment Chridelines,2014; Power,

2015b).

Nufition controk Low frts die like fuit and vegetables are rpcommended to -atrage the

diabetcs which include a fresh ftiit at one time, protein, vitamin C, one part of dark gIE€Nl

rrcgaables and one yellow omnge fuits (Standard Treatment Guidelines 2014; Powers,

20lsb).

Drug therepy

It is dfficult to teat the diabetes mellitru brut proper managenrent byusing glucose

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

biomarker to monitor the hlpeqglycemic patient is IIbAlc is the marker whose target ditrers

firom puag aduh to elderly people with significant difference. Conrplications related to

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

key role f6 rnanage it. In the patients of tlpe I diabetes the insulin is administered while

ftlrtoytetcdIn'edgrdmeudAnfihpergtfenlcEfiectofTiadtdonrllykedMedcitr lPhntr
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TW}diabctes is characterized nainly by insulin resistance and its treatment is performed

by oral anti-@erglycemic medicines (Standard treatment guidelines, 2014;Powers, 2015b;

Triplitt et al,20l4).

Inrulin lherepy

Thc injections of insulin is administ€red in tpel diabetes which is mainly used in

diabctic ketoacidosis (DIG) and pregnanry. Ihe adverse reactions to brain damage occurs

in insulin therapy in most cases. Rapid acting (RAI), short acting (SAI), intermediate acting

insulin and loag lasti4g insulin are important injections of insulin for diabetes (Powers,

2015b; Trblitt et a1.,2014). RAI allows physiological restore of functions and their action

time is short having least risk of hlperglycemia after mealing @ower 2015 b; Triplitt .,

2014). SAI is administered before meal and is regular insulin molesule. SAI may cause early

postprandial hyperglycernia and late postprandial hpoglyce,mia if given at meal time. Such

tpe of insulin is used to manage diabetic ketoacidosis @owers, 2015b; Triplitt et a1.,2014).

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

predic.table ac'tions othennise intermediate acting insulin is unpredictable used alone

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

Ont Anfi-diebetic Drugs

In order to maintain norrnal glucose level in the body aod to prwent the

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

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

restriction in case of 6pe 2, diabetes (Triplitt et a1.,2014; Sumrall et a1.,2009). Hepatic

output of glucose coomrytion by muscular tissues of periphery is reduced by biguanides

dnrgs. The metformin dnrg is commonly used which has no direct etrect on pancreatic beta

cclls. This drug declines the endogeneous insulitr, plasma triglycerides and LDL-C by 8-

15% require,ments (Triplitt et al.,20l4;Sutrall et a1.,2009). Sulpbonylurcas are orallyused

hpoglycemic dnrgs that bind to receptors of sulfonylurea located onbeta cells ofpancreas

(Trblitt et a1.,2014; Sumall et a1.,2009). Alpha glucosidase inhibitors drugs are also

zuggested to treat the diabetes but they show conpetitive inhibition to a-ghcosidase
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€nzlmes that reduces the glucose excursiotrs in post meal by d6plining the prrocess of

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

carbohydrates and reduces the glucose concatration about 30-50o/o in the patie'lrts (Sumall

et al., 2009; IG,nnedy et al., 2015).

Thiazotidinedioncs (TZDs) wo,rk by linkage with paoxisomes proliferator activated

receptor gamma (PPAR+), which is fourd in fat, muscle and liver. TZDs are used to

improve the insulin sensitivity. TZDrs are used in combination with other anti-diabetic

medicines or as monothet"py agents (Sumrall et a1.,2009;IGnnedy et a1.,2015).

Mcg[tinidet: Theyareoftencalled short acting secretagogucs, whichabsorbedrapidly. The

nateglinide and repaglinide is commonly used dnrg of this class. Mechanism of action of

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

channels (triplitt et al., 2014; Sumrall et al., 2009; IGnnedy et al., 2015). Dipeptidyl

peptidase-a (DPP4) inhibitors are drugs, which proloqg the half-life of GLP-I in the blood

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

2.3. Monitoring of Diabetes

By consistent monitoring mortality, rate and morbidity can be reducod significantly

and other risk frctors can be reduced which are associated to diabetes mellitus.

Comprehensive education about nutrition, regular exercise and therapeutic regime to the

patients reduces the diabetes in the patients (Standard heatue,nt guidelines 2014; Powers,

201s b).

2.4. Complications of Diabetes

Acutc as well as chonic complications of DM can lead in body, which affect

difrenent olgan s5ate,ms. Hlpenosmolar and hlpaglyce,nric non- kaotic syndromes 61p main

complications associatd with diabetes whereas vascrrlar (micno vasc'ular and macrro

nascutar) and aonvasorlar (loss of hair, gastno paresis, infections and skin complications)
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complications ar€ chonic types of diabetcs (Triplitt et a1.,2014; Powers, 2015b; Standard

treatm€'nt Guidelines 2012).

i- Dlebetes ketoecidoris @I(A): DKA is a life threating diabetic disorder which de,mands

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

disorder is hogrs to days. The frctors that lead to Dtr(A are insulin omission, less

administration ofinstrti& diseases like pancreatitis and myocardial infrrcttion which are most

commonlyoccur in Tlpe I diabetes (Triplitt et al.20l4;Powers,2015b).

Symptomr: [.oss of appetite, rrcmiting, dry skin, drowsiness, confirsion, blurred vision and

s1rrong fiuitybreath odour arekeysymptoms ofDI(A (Triplitt et a1.,2014;Powers,2015b).

Trcehent: Insulin therapy, electrrolyte replace,meirt and oral or intravenous fluid

replacement are applied to rev€rsc DKA aod it needs observations about blood pressune,

pnlse rde, respiration, mental state and fluids frr l-4 hours daily Griphtt et a1.,2014;

Powers,20l5b).

li-Hyper osmolirr non ketotic dlebeter (tIOMq is a spdrome which occurs in old age

people having diabetes mellitus Type 2 and where it occurs due to insulin deficiency

(Powers, 2015c; Stadard treahent Guidelines, 2012).

Symptomc: Extreme dehydration, in conscioustess and severe hyperglycemia are

important synptoms which dwelop in days and weeks and there is rare acidosis and

ketone,mia with some gaps of anion metabolism @owers, 2015c; Standard treatment

guidelines' 2012).

Treehent: Fluid replacement may take to stabilize the hlperosmolar conditions and close

monitoring of fluids in the patients and replace,ment of electnolyes is necessary which is

taken with the inEavenous itrsulin therqy @owers, 2015c; Standard treatment guidelines,

2012).

Phytoyhenicd Inwffgtdon end Anti\Dergbremic Efiect of Tredltionrlly UrcdMedficinrl Phntr
tnAzedJemnu rnd Kuhmir Pege 13



CEAPIERTWO REVIEW OF LITERATURE

2.5. Medicinal Plants

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

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

parts of medicinal plants aDd natural products are rrsed in many parts of the world frr variety

of hnman ailments (Dyub€ni and Buwq 2012; Marcyi, 2013). Mdiciml plants play

important role frr antihlperglycemic effect by resorting the function of pancreatic tissues

and increasing the absorption of insulin or inhibiting the glucose absorption through srnall

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

not oompletely treatd brut can be ctu€d to certain extot that patie'nt can live like normal

lifestyles (Malviya et a1.,2010). The DM is serious healthproblem all ovq the world and is

serious thr€at for human beings. The plants derived drugs have more efficacies to tneat the

diabetes and they have proven the anti-diabetic effects. Different studies have shonrn the

hpoglycemic efrects against diabetes. C€rtain plants contain antioxidant like glycosides,

alkaloids, terpenoids, flavonoids, cartenoids, etc., having antidiabetic effect (Malviya et al.,

2010).

2.5.1. Bioactive Compounds in Medicinal Plants

Secondry metabolites derived fiom plants are known as bioactive compounds. These

metabolites are 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 producing various secondary meabolites (Anin et al., 2013). Because of qualitative

phytoche,mical analysis of different plant, fractions give rise to wide variety of bioactive

metabolites. Digitalis pwureo ard Berberis aistata plants contain metabolites zuch as

saponins, alkaloids, glycosides, crrmarinq phenols, taonins, triterpanoids and steroids

(Sbrestha et al., 2015). The qualitative tests of Sanadera indica, saponins, flavonoids,

alkaloidq saponinq tannins and resins @eepa d a1.,2015). The pesences of bioactive

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

ttis reasoq the identification and isolation ofbioactive metabolites of plants being essential
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in order to understarul the natune of the secondary metabolites responsible for its medisinal

property that wil be therapzutically active and efficacious (Annapurna, 2015; Bcmhoft,

2010). Flavonoids, proanthocyanidins, alkaloid, glycosides, tannins anthraquinones,

terpenoids, phenylpropanoids, saponins, steroids aod phenolic compounds are most important

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

fignins (Deepa et a1.,2015). Medicinal plants have known to treat variety of infectious

conditions in hnman, due to the presence of the above me,lrtioned secondary metabolites

shown to have antimicnobial, antifungal'and antioxidant prroperties (Belakhdar et a1.,2015;

Padet a1.,2012).

2.5.2. Plants Species with Anti-Diabetic Properties

People arc frmiliar with plants based medicinal products since old ages

(Subbrulkshmi and Naik, 2001). Irrportant dnrgs are also derived from plants and that is

why medicinal are important s)uroe ofdrugs. M€tformin is an important antihlperglycemic

dnrg and is derived fromGalega offrcirulis (Cirover et a1.,2002). Morethan 800 plants are

reported frr anti-hlperglyce,mic effects (Alarcon-fuuilara et al., 1988). Important

corrpounds which are plants derivatives are alkaloids, glycosideg galactomannan,

hypoglycans, steroids, terpenoids and flarrcnoids that have promising effect against

hperglycemia (Ivorra et a1.,1988; Maries and Farnsworth, 1995). Manage'ment of DM is

perfomed by using medidicinal plants in the Native Americans Chinese (Vuksao et al.,

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

2001; Grover et a1.,2002).

2.5.3 Medicinal Plants with Anti-Hlperglycemic Properties

Various plants are used frr teatmet ofDM and important one that re reported in literature

are discrrssed here. Aloe barbadewis is widely used plant to one the Tlpe 2 diabetes (Vogler

and Ernst, 1999). Study shows that leafexhacts of G. sylva*rc administ€rd as conventional

drug srpple,me,nt in diabetic patients of Tlpc 2 diabetes at 400 meldry frr 18 to 20 months

have significantly reduced the lwel of BGL (Bhaskran et a1.,2001). Gymnemic acids

Phytoyhenfcd Inwrdgrtion udAndhy,pcrglpenic Efiest of TredldonrllyUredMedidnd Plrn6
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which prevents the glucose uptatce in the intestine is reported to presqil in leaf extracts of

G. sytvestre (Shimizu et a1.,1999).

Monurdica clwrantia is well known as bitter gourd. Bitter gourd is frequently used as an

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

et a1.,2001). It is reported from different studies that bitter gud posscss anti-diabetic

properties. The ftrit has the ability to increase the cell's uptake of glucose and potentiate the

effect of instrlin (Grcver et a1.,2002). The hlpoglycemic effect is attributed to oompounds

present plants (Mcvhorter, 2001). Ocimum tenuiflorun containing a number of aromatic

componnds and used as medicinal purposes worldwide. Basils, partiorlarly O. tenuitlntm

s]ro. O. sancfifin, have been more extensively studid for their hlpoglycemic properties

(Cirover et a1.,2002).

Fenngreek (TngoneWofoenwt-graeanm) is a popular h€rb. In experimental animals'

hwogbrccmic activity of T. foenun-graecum has bcen reported (Crrover et a1.,2002;Yils

et a1.,2002). A dose r€spoDse relationship between trcatment etrect of T.foaum graecrmt

sed aod blood glucose lwels in rats has b€€n reported earlier (Vats et al., 2002).In an

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

glucose larcl by admidstration of 7. fooum graectmt on 15t aod 306 day of experiments

by 14.4 arfi,46.60/o respectivel (Vats et a1.,2003). Anacardhmt occidennle bas been used

frr teatment of diabetes and it has proven anti-hyperglycemic effect (Ikmtchouing et al.,

1998; Sokeng et a1.,2001). Mice treatd with leaves extract of A. occidentale hrve

antihlpe4glyce,mic and renal protective effect against streptozotocin induced diabaes

Cfdong et a1.,2006). It is reported from various studies thut A. squomosa has antidiabetic

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

pancr€as and also increases the consrmpion ofglucose in the muscles having fte high gafety

(Gupta et a1.,2005).

Caruwlia ewiformis DC. It is native plant of Central America and West Indies and is

also reported to be cultinated in humid regions of Africa and Asia. The seeds are reported

for antihlpqlycemic effect and anti-hlpercholestrole,mic ac{ivities (Marfo et a1.,1990).

Phytoyhenfcd lrrcrtigrdon rnd Andhypergb'cemlc Eficct of Trdldonellyured Mcdidnrf PhnA
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Tte aqueous extract of seeds have reduced the BGL in urine in diabetes mellitus patients

(Rachel, 2003). Canovalia ensdormis DC which is shrubby plant and [6s high medicinal

values is distributed in South India It was onsidered as remedy for hlperglycemia (Asolkar

et a1,192; Samani et a1.,2018). In orperimentxl enimals, this plant has anti-hlperglyce,mic

eftcts in significant nanners @waliya and Shirsat,20l7). Cassra Heinii having high

medicinal nalue is used to cune hypeqglycemia by folk people in South India, which has

antihlryerglyccmic properties during experime,nts against alloxan-induced diabetes in rats.

DnrS eftct is associatd to enhance the insulin uptake and acceleration of glucose

maabolism (Bab,u et a1.,2002).

Catlumnthus noseut mostlyused as an anticanoer agent, but hot water erftrad is also used

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

show antihlpeqglycemic effect (aarg et a1.,2015; Chattopadhyay et a1.,1991). C. indica

and C. nowes are used in folk medicine for treament of hlperglycemia in South East Asia

and Africa oommonly. Pectin a erhe,mical compound frund in fuit of C. indica plant is

rcsponsible for antihyperglyce,mic activity (Ifumar et a1.,1993). kaf juice of C. rouses

showed significant antidiabetic activity and supports tlre traditional usage ofthe fresh leaves

by frlk people for the contnol of diabetes. (Nammi et a1.,2003). Hpoglyce,mic activity is

€xhibitd by alcoholic extract ef rhis plant. The mechanism of action is due to their F-cell

rwtordiveproperties against alloxan-induced damage (Sirakumar, 2010). Ethanolic extract

of C. fenatratun stw, and C. nosew leaves have shown pote,nt antihlperglycemic effect in

alloxan-induced diabetic rats. C. fenestrutun aod C. ?oseut could therrefrre be used as an

alternative remedy for diabetes mellitus and its complications. (Manoharan et al.,20ll).

Comtfus hirsuttts Linn are bitter, afitdb laxative, dernulcent, tonic and diuretic. Aquous

extract of C. hircutus leaves show antihyperglyce,mic in alloxan-induced diabetic mice. Ihe

h5poglycemic activity of aqueous extract of C. hirsufirs due to loweriqg of senrm glucose

let/El in diabetic mice. Morovier, the erffact prevents loss ofbody weight @adole et al.,

2006'). Ficlts h@ifu Linn is commonly knowa as Daduri and is used for treahent of
hyperglyce'mia. F. hispida is mostly found througfuout India. Various studies sa ttis plant

havc reported antidiabetic effects of different compounds obtained from F. bengalensis

pnytqtte.ntcd Irrerdgltion lnd Andhypergbcemtc Efiect of Tiadldonrlly UtcdMedfldrd Ptrntr
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(Gestha et a1.,1994; Cherian and Augusti, 1993). The hypoglycemic effect ofwater-soluble

frac{ion of the alcoholic extract of F. hispida (bark) in normal and diabetic albino rats

concluded that ^F. hispido is directly act on p-cells and decline the frsting BGL and alloxan

induced hyperglyce,mic rats (Ghosh et a1.,2004).

Munaya koenigii Linn is commonly known as Currypatta is used as a spice in India. Its

aqueous extract is reported to antihlperglycemic eftct in mice against alloxan induced

diabetes (Narafran et a1.,2005). About 60 days' diet heatment slrowed significant decrease

in BGL (Iftan et a1.,1995). It is observed that ord administration of differernt doses of M.

koenigti leaves to diabetic rats show hlpoglyce,mic activity (Yadav et al.,2}Oz). M. kootigii

significantly lower the BGL and play an important role in glucose metabolism. (I(gsari et

a1.,2005).

Panax gircang Linn. In Asian cormtrieg Panar ginsengroot has been used clinically in the

tneahent of tlpe II diabetes. The plant posscsses antihlperglyce,mic activity in vitro as well

as in vivo admal studies. The ginsenoside play important role in hporglycemic action and

pharmacological effect oa en€rgy metabolism ( Luo and Luo, 200E). Syzyguim antini
Linnhave been reported to show hpogtycemic activity and diffcrent parts of medicinal

plants hane been used against hperglyce,mia in different Asian countries (Ayanagounder et

a1.,2008). Hpoglyccrnic effect has b€€n fouad in leaves, seedq Auit aDd bark of ,S. antini
(Achrekar et al., l99l).
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2.5.4.Plan6 under Study

The haditionally used medicinal plants for treatiag various diseases are selected frr this

studyue:

2.5.4.1 Rttnor har.stott s

Botanical Dame:

Ve,rnacrrlar narne:

Family

Rumq lusntus

lfiatimber, Cturki, l&ati biuti

Polygonaceae

Figure 2.lz Rwnax haugaus D. Don

Rwnq lwustatus D. Don @olygonaceae) is a b,ushy shrub up to 90 qn high. It occurs chiefly
on dry rocks and hillsides of wester:r Himalayas from Kurraon to lkslmir, at altitudes

betrneen 300 and 2400 metas.

pVoVtcmicd Inwrdgefion .od
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Medichal ure: All partg sfthis X. hastatush*qbeen used as medicine, as tonic, as a laxative

and used in rhegmatism (Shinwari et a1.,2003). Ditrerent parts of R. hasnfis has been

rqorted to be used clre differe,nt diseases lik bleeding of lu4gs, piles bilious complaints and

slcin diseases. (Gorsi and Miraj, 2OOZ). Various parts of this plant has also been used for

dinretic, carrrinative, purgative and flavouring age,lrt (Ullah and Rashid,2007). R. lustaus

has bcen used as a folk medicine against sexually hansmitted diseases inchrding AIDS

(Vermani and Garg, 2001). Thrcat palq corstrpation and skin disorders are treated with

fresh ftizome of R. ,rastotus ( ang et a1.,2009). Its seeds are reported to have cooling

properties while shoots and leaves bave diuretic properties (tlaq et a1.,2011). Elueto its

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

et a1.,2018). Roots are reported to used in rheumatism, backache, ast}ma cough and fwer

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

rued as carminative, purgative, diuretic and in stomach p,roble,ms (Murad et a1.,2011).

Prwious phermecologicel study: Previously, leaves of R hastalas were evaluated for

phenolic coryounds (Shalre€n et a1.,2011). It is thouglt that roots of R. lnstafis might

have antioxidant activityagainst freeradicals. This plant is also used intraditionalmedicines

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

2.5.4.2. Leqedul caneotu

Botanical name: Laryedua anneata

Vernasular narne: Ifuochi, Chinese brush clover, silky brushclover.

Family: Fabeacae
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Figure 2.2: Iaspedw caneato (Ilum.C.ours) G. Don

Lespedea anneata (G. Don) is common h€ft widely distributed in different countries of
soutlr East Asia and various states of America (Deng et a1.,2007).

Medtchd use: In Eastern Asia this plant is rcported as hqbal medicine for anthelnintic,

depurative and tonic activities. It is also reported as natural de*rorming agcnt because it

soafains high-condensed tannin conte,nt (Shaik et a1.,2006: Iange et a1.,2006). In China

diabetes tpe-Il is reported to be treated by root md asial parts of Z. ctorcata (Su, 1999).

Hematuria, insomnia and rnalmrtrition arc also heated with .f,. anneata (Xu PH., 2OlO). L.
qneata is oommonly used fur the treaErcnt of different diseases like asthma, involuntary

e,rrission ofsemcn, hwergl)rc€,mia and impotance since long @eng et al.,ZOO7).

Prcvious phermecologicel shrdy: Previous phytochemical such as pinitol, tannins, b-

sitosterol aod flavonoids are reported to investigate fiom Z. cutuata (Yong-Han and Su-

Noh, 200E). Isoorientin Isovitexiru vicenin II Lucenin II, des;modin, trifolin h)"€rin and

hirsutrin has also been reported fiom L. cttnuta. Quercetin and kacrnpferol are important

flavonoids that have been isolated fiom 2,. anneata (Yoo er at., 2015). Previous

phytoche'mical shrdies have rwealed flavonoids, stmls, triterpaoids (Kwon et a1.,2009;

Phytoyhemicd Invtrfigedon rnd Andhyaergbremic Efiect@ phntr
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Dog et a1.,2007) and phenylpropanoidglycosides (frou et al.,2[q oonstituents showed

antioxidant effects (Kim and Kfun., 2007; Kim and Ryr, 2008; &o et a1.,2009; Kim and

Kitn, 2010; Cho et a1,.2011) anti- inflammatory effects (Lee et a1.,2013) and antibaCIerial

ac{ivities (Sang K et al.,20ll). Acrid part of this plant is rcported to contain flavonoidq

which showedprrotective effest against ditrerent disordersofkidaey liver and lungs (Kwon

et al., 2007; Kim and Sharma, 2016). It has been reported from various phytochemical

studies that various flavonoids like (isovitexiq desmodin, isooricntirt luc€nin II, vic€nin II
and homoadonivernith), O-glycosyl flavonols like (hperin, tifrlin, juglani& hirsutrin and

aviorlarin) and aglycones like (ka€mpf€rol aand qurercetin) have been isolated from aerial

partsof L. cwneata erftract (Kwon et a1.,2009;[datsuzaki et a1.,1990; Z\aryet al.,zllq.

2.5.4.3 Rubia codifolia

Botanical narle: Rubia cordifolia

Vernacular neme: Indian madder, nanjislta I(hornati

Family: Rubiaceae
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Figure 232 Rubiacoilifolia (Gand) Verdc

Distribution: It is distribruted in South Asran, South East Asian countries and China. This

plant is reportd to be frequently present adjacent to rivers, strearls, and upto 3750 m altitude

fiom sea level in forests (Varier, 1995;Devi and Siril, 2Ol4).

Medielnd urcs: Indian folk medicines use the active parts (stem and roots) of R. cordifotia.

Varions parts of .R. cordifolia are used as antiseptic, blood purifyrng agcnq antidysentric

ag@t and astriagent. Hepatoprrotective, antivhal and anti-rheumatic activities are also

exhibitd by R. ardiftrtlz (IGmboj, 2000; Prajapati and Parmar, 2011). It is reported that

root extract has be€n used against many diseases, ie. pectoral disease, slow healing of
broken bones, cougb hyperglyce,mia, Neuralgia, otopathy, he,morrhoids, splenopathy,

arthritis' tubersular conditions ofslcin, geireral debilitytuberculosis and urethrorrhoca (Devi

atrd Siril., 2014). Leaves have antioxidant and antiviral activities (Bhat et al.,20l8z Bbatt

and Kushwalr, 2013). It is also reported that R ardifotia is used as immunomodulator,

hepctoprotective, nephroprrotectivg anatgesic and diuretic. R. urdiforr4 srftibited potent

P@!fremlcd Inwrdgelion end Andhy,pergb,cemtc Eficct of TndidolrrUy Urea }feAUnrt phntr
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antioxidant activity against lead nitrate and radiation induced toxicity (Tripathi and Siqgh,

2007 ; todia and IGnsal a\ 2012).

Prcvious Phamecological study: Prwiously it is reported to study about wound healing

and antioxidanssst activities (Bhatt aod Iftrshwah 2013; Prajapati and Parrnar, 20ll). The

phyocherrical shrdies are reported about its stem and roots prwiously. On leaves of R.

cordifolia;there is little research studies has been performed about their phytoche,micals.

25.4A Ncpett grtuldt@ru

Botanical narle: Nepeta granditlom

Vernacular narne: Camint

Family. Iamiaceae

Ftgure 2.42 Nepeta gmndifuru M. Bieb
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Mediclnd use: It is a good honeyplant; decorative features. N.Srandifllorc is traditionally

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

used as a re,medy frr snake and scorpion bite. @utt er a1.,2015).

Prcviour phemrcologicel study: Aerialparts ofrV grandiflomontain different essential

oils, steroidg tannins and flavonoids. Traditionally this plant is also used as folk medicine

during anemia as substitutc fortea (Ifuvhq 20M).

2.5.4.5 Stobil u nfltgs dol h o us icon us

Botanical Damc:

Vqnacular nrne:

Family

Strubilantlrc s dolhousie arus

Malol

Acanthaceae

l';: Fd--
Figune 2.52 Swobilanfies dalhoasiannsM. Bieb
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Ilfstibution: It is present with wide distribrution in Pooncb, Bagh and forward Ibhota Azad

Kashnir, Pakistan (Khan et a1.,2012).

Mdichrl ure: Folk people of IGshmir mostly use its leaves and roots for treatuent of
stomach problems, liver complication and diabetes. Previous pharrnacological investigation

is not available about this plant in literature survey.
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CIIAPTER 3

MATERIALS AND METHODS

3.1. Chemicals and Solvents

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

were of analytical grade pruchased fiom regist€rd chcmical companies (Sigma Aldrich).

While the solve,lrts (orthophosphoric acrdS5o/o, acetonitrile and methanol) of HPLC grade

wene also purctrased from registered chemical companies (Sigma Aldrich). Standard

compognds (Mangif€rine, Purprnine, Ikempferol, Ctaratine and 2-mahyl anthraquinone)

ad standard dnrg (a[oxan) were also purchased from Sigma Aldrich.

3.2. Instrrments @quipmenh and glass wares)

Equipmcnt used were rctary oralrcrator, specttnophotomeer (W-visible), glucometer,

syringe nylon filter (0.451m), mechanical grinder, laboratory centrifuge, filter papers

$mattrranNo.l), bealrers, volumetric flasls, funnelsr Agilent 1200 HPLC s)rst€,tn (Agilent

Tectrnologie+ Santa Clara, CA), frlcon hrbes, glass vials, sonicator, digital balance, oveq

Epp€ndorq test tubes and cotton etc.

33. Study Design

Initially five sclected plants werc investigated for antihlperglyce,mic efrect in mice model.

Thcn most antihyperglyce,mic active one was fiuther studid tbrough fractionation prosess

gsiag different solvents on polarity basis. The most active plants were firther investigated

for antioxidant activities and phytoe,herrical analysis.
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3.4. Plrnts Material

3.4.1. Selection and Collection of Planh Material

Ethno medicinally important plants, used by folk people to treat diabete.s and other

diseases of various localities of Poonch Division of AJ&I( were collested in the grovilh

season (April to September). Standard procedure was used for preparation of herbrium

sheets ofplants (Khan et a1.,2012).

3.4.2. Idenffication of Plant Samples

Plants were ide, tified by plant taxonomist (Ih. Azam, Associate Prroftssor,

Government Bop Degree College Hajira AJK). Correctly, identified specimens (Rumw

hostatus, Lespedeza cuneatea, Rubia cordifolia, Nepeta grandiflora d Strubilanthes

dalhousieamu) were deposited as voucher specimens (0441, W2,043,0444 ad 0445

respectively) in thc herbarium (Medicinal and aromatic plants of AJ&K) at Government

Bop Degree College Abasspur AJ&K for firture reference.

Tabld.l. Plants usd und€r shtdy

Phybyhemicd Invrrdgeflm end Antihlperglycemlc Efiect of Tredidurllyutcd Meddnrl Ptrntl

l.N. Botanical narne Vernicrrlar name Family Parts used

I Rwtuhostottts Khatimber Polygonaceae Aerial parts

2 I*speden ctmedea Ctrines bush

clover

Fabeacae Aerialparts

3 Rubiacordifolia Indian madder Rubiaceae
Aerial parts

4 Nepeta grodiJlora Catmint Lamiac,eae Aerial parts

5 Sttobil ontlu s dallnus i e anus Irdalool Acanthaceae Aerialparts
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3.5. Preparation of Methanolic Extract Gm) of Plants

Plants were allowed to dry at room te,mperature for ten days and then samples were

grrnddbymechanical grinderinto powder form. Plants samplewere separatelypacked into

polythene bags to avoid moisture aod contamination after weighing prop€rly.

3.5.1 Extrection Procedure

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

erffact (ME) of samples. Drid powdened samples (1009 each) of plants were dipped in

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

weelcThe,lr each sample was s€parately filtffd usiag fiher paper. Tte process of entraction

was repeatd thrce times for separation of extracts. Under reduced pr€ssure d,40 oC, whole

filtrate of each plant was concentrated u ' g rotary evaporater. All e*racts were named as

methanolic extract of Rwtq hastaas (MERII), methanolic extract of Lespedcza cuneatea

(MELC), methanolic extract of ktbia cordifolia (MERC), methanolic extract of Nepeta

grandiflora (MENG/ and methanolic erdract of Sttobilanthes dalhousieazns (MESD) for

plant one to plant five @l-P5) respectively.

3.6 Anfihyperglycemic Activity of ME of Selected Plants

Antihpeqglycemic activity of ME of each seles'ted plant was tested acording to standard

procdrrre discussd below :

3.6.1 Experimental Animals

In this qe€riment 40 male albino mice @ALB/o) weighing about 28 +Sg,were purchased

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

steel cages maintaining the conditions at 25+5 0C having t2 h lighUdark qdes, in the

qe€rimer$alroom ofanimal house ofNIH Islamabad. Before start of experiment, all mice

were allowed to acclimatize upto 7 days providing prop€r diet and water (Figure 3.1).

Pf@hcmtcdlnracdgedm rnd Andhwereb,Eemic Efiect of TredifionrllyUredMdidndPhntl
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3.6.2. Acute Toxicity Test

Acute oral toxicity test ofeach selected plants (MERH, MELC, MERC, MENG and MESD)

was carried oU by the standard procedure and guideline adopted according to Organization

for Eoonomic Cooperation and Dwelopment (OECD Test 425, 2008) with standard

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

overnight befrre oral dosi4g. Selec{ed doses (250, 500, 1000 mgftg) of each plant ortract

were administered orally to tested mice and all tested mice wene observed for 24 hours for

behavioral, adverse chang€s and lethality.

3.6.3. Antihyperglycemic Elfect of Selected Medicinal Elant extract (ME)

Against Alloxan Induced Diebetic Mice

Doce sclection: After testing the ord toxicity, one-tath (l/lOth) of maximum tolerated dose

(1000 rrglkg b.w) of each plant erffact was selected for ftrth€r etrperime,ntal process of

antihlperglyce,mic activity.

Dosc cdcuhtions: Normal saline (0.9o/o) was used to dissolve methanolic erffact of each

plant. Dose calculation was made according to guidelines laid by OECI)-425. C-alwlations

were following:

Dose calculrtion for normel saline: Daily maximum dose consrmption of each mouse for

srp€rim€Nil rvas calsulated as:

Tlre dose frr one mouse (28g) per dayrequired = $.Jf mT

5 mice in each group per dayrequired as 5x 0.56 : 2.8nL

Dose frr 5 mice of28 days required as 2.8 x28:78.4mL

Plrnt ertrect doae calcuhdon: Required dose of entract for 28 g mouse was 2.8 mg (100

ngftg) p€r day. For 5 mice in each goup the required dose was 14.g; that was 392mg for

28 days. Total of 392 mg (0.392gm.) of each plant odract was weighed seperately and put

into100 nL eacb 5-frlcon tubes separately. Then with the help of syringe; 84 mL of normal

Phytoyhcmicd Invtrtigrtlon md And\Derg[Ecmlc Efiect of Tirdldonrlly Ured Mdidntl Plrnb
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saline solution was added in each frlcon tube. Extrast of each plant was prcp€rly dissolved

usl4g sonicator. Similar waywas followed for alloxan dose calculation

Strnderd entihlpergtycemic drug dose cdculetion: Standard procedures (Vanitha et al.,

2||3;Bulfiari et a1.,2015) were used to calculate the dose of antihyperglyce,mic standard

dnrg (Glibenclamide) frr 5 animals of standard dnrg heatment goup (GtrD with 0.5 me/kg.

Dose required frr one mouse was 0.l4mg/day. Required dose for 5 mice was 0.7 mg I day

that was 19.6mg for 28 days. Total 19.6 mg standard dnrg was weighed and transferred into

frlcon tr$e (100 mL) with addition of 90 mL of normal saline solution in frlcon tube using

syringe. Sonicatorwas used for e'fficient dissolving of dnrg.

3.6.4. Experimental Design for Antihyperglycemic Activities

Institutional Bioethics and Biosafety Committee (BBC) of the University G[UI) through

assiergd numberNo. IIU (BI&BIyIBAS-IBBC-201606 dated July 13' 2016; apprroved

the orperiment on mice and guidcline laid by OECD423 (adopted on 176 Deceurber 2001)

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

Normal contrrol goup (NC); provided with standard diet for 28 days. Crroup-Il: Toxicant

confiol goup GC). Group-trI: Stadard dnrg (SD) treameNrt goup. Croups [V- VIII: were

plant nethanolic extrac{ heatments. Glibenclamide dose (0.5 nglkg) in G-trI was ghrcn

accordiag to protocols adopted by Issa et al., (2015) following little modifications.

3.6.5. Treafuent Procedure

Croupl: Normal contol (NQ was provided with normal feed and water for 28 days.

GroupII: Toxicant contnol (TC): Dosed with Alloxan (100 mg/kg) by intraperitoneal

injections for 6 days with 2 days interual. GnouptrI: Standard drug (SD) treahent group:

Alloxan as in G-Il+standard antihyperglyce,rnic drug (Glibenclamide, 0.5 rielkgld) orally

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

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

methonolic erffact of plant trro (MELIC) orally administqed daily (100 me/kg) up to 28
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days. Cnoup-VI: Alloxan as in G-II+ methonolic exdract of plant tltree (MERC) orally

adginistered daily (100 mg/kg) up to 28 dap. Croup-MI: Alloxan as in G-II+ methonolic

qrtract ofplant foru (MENG) orally administ€red daily (100 mg/kg) up to 28 days. Crroup-

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

(100 mg/kg) up to 28 days.

Itgure 3.1: Mice eceJemetized before expedment
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Flgure 32: Mlce sorted for essessment of entihlperglycemic effect of selected phntt

extrect

tr'igure 3.3: 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 0,7ft, 14b,21'[ aod 286

daydnriqg the experimentalprocess (Gunjal et al.,2016).

3.7. Shortlisting of Most Active Antihyperglycemic Plants

Most ac{ive antihlperglycemic plants were selected for fiuther investigation based

on operiments against alloxan-induced diabetes in mice.

3.8. Analysis of Shortlisted Most Active Antihyperglycemic Plants

3.t.1. Ertrection of Shortlisted Most Active Plrnts

Preparation of more quantity of melhanolic extract of most ac'tive plants @.

cordifotia d L. aneata) was perfr,rmed according to our prwious method duriag the

screening of plants in this shrdy. For this purpose, lkg (1000g) of each powdered plant

material (R. ardiftlia d L. ct*eata) was tneated for cold maceration prooess. lkg (1000

gm) of each plant material was soaked in methanol with 1:3 (3000 mL) in a 5 fiters round

bottom flasks separately and kept for 4 days with daily shaking. Then the samples of each

plant were filtered through filter paper. The process was repeatd three times for maximum

oftraction. Whole extract was dried and made concentrated using rotary anporator at 40 0C

urder reduced plessurc. After that entract were weighted separately and were assigned

number as m€thanolic exhact (MERC/ as plant A (P-A) and methanolic extract (MELIC) as

plant B (P-B).
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3.8.2. Fractionotion of Shortlisted Most Active Plants Extracts (MERC

and MELC) and Their Antihyperglycemic Activities

3.t.2.1. Fractionation Process of MERC and MELC

Frac'tionation of methanolic extract of two shortlisted plants (R. cordifolia and L.

anean) was performed accordiag to staDdard procedure (Ul-Haq et a1.,2012). All plant

erffacts were Aac{ionated by organic solvents (n-hexane, ethylacetate, n-butanoD aod water

separatcly on increasing polarity basis. ME ofR cordifolia and I. ctnenta having mass of

1009 cach were mspended seperately in the distilld water (200 mL) to make aqueous

srspension of I\[E of each plaot. Four fractions i.e. n-hexane fraction (Itr), ethyl acetate

fraction (EF), n-biutanol frac{ion (BF) and an aqueous fraction (AF) of aqueous suspe,nsion

of each plant were formed with partition by separatiag firnnel. During this process, n-hexane

(3x200 mt) was addd in aqueous zuspension of ME of each plant in separating funnel and

shaked vigorously. The n-hexane layer was separated and dried at 40 oC by rotary evaporator

under reduced pressure. This was n-hexane fraction (HF). Now in aqueous portion ethyl

arf,tfre(3x200ml.) was added in separatr4g funnel and shaked vigrously. After separation

of layery ile. u1ryer layer of ethyl acetate; was dried by rotary waporator d 400C under

reduced pr€ssure for each plant separately. This was ethyl acctate fraction (EF). Later on in

r€maining aqueous put of each samplg n-butanol (3x200ml-) was added. Again two layers

in separating funnel were developed for each sample as; an upper part ofn-butanol and lower

laym of aqucous portion. After separatiag both layers of eac,h plant by separating ftnnel;

samples wene dried using rotary waporator under reduced pEssurc at 40 0C. There were n-

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

separatclyand labeld as methanolic extract of R. ardiforr4 (MERC), n-Hexane fraction of

R. cordifolia (HFRC), ethylacetate fiaction of R. cordifolic @FRC), n-btanol fraction ofR.

urddolia (BFRC), and aqueous fraction of R. andiforra (AFRC). Sinilarly, methanolic

extract of L. ctneato (MH,f,), n-Horane fiaction of L. atuata (HFLC), ethyl acstate

frac,tion of^[. ctup.ata (EFIJC), n-biutanol fraction of L. anneata (BFIC) aod aqueous fraction
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of L. aneata (AFLC). To avoid oontamination of samples the dried ortracts were kept in

refrigerator d. 40 C until firther investigation.

lfidtuolic Ertact (ME) =190,

I

+ Suryeodcdh di*ind wdrp(ht)

Wehrsuryendo dME
I

+ Extutin wifr rhqms (2m r3nl) rHtrme frrdim (tu)

Aqueonpoilio

I

+ Erhctiuwiftdyhc#(rl0r3nt,) Ettyl&€defildiilFr)

Aqumupottin
I

+ Ertndinrihatrilmd(2ffix3il) +Buhnolfrrdio @F)

Aqumsfrrdtun (f,F)

Fig 3.4: Xlectionetion scheme of methenolic ertrect (ME) (Ul-Haq et a1.,2012).

3.8.2.2. Anti-hlperglycemic Efects of Fractions of Shortlisted Active

Plants (R cordifolia andl. cuneata)

3.t.2.2.1. Erperimental Animals

In current esperiment total 55 male albino mice of28+5g pruchasd NIH Islamabad

were kept in stainless steel cages prcviding 25+5oC br 12 Hrs lighUdark cycles conditions.

Dose selection end catculetion: Dose of all selested fractions ofboth plants were taken as

1/106 ofmaximum tolerated dose (1000 ng/kg). The dose was calculated in th€ similar way

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

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

their antihperglycerric effects. Experimental gouping was desigued accordiag to standard

procedure (Surana et a1.,2008; Ctaran and Ikntharia, 2013). Mice were dividd into eleven

goup (n=5 in each) for teffirent eftct of both plant tactions. Normal contrrol (NC)'

toxicant coffi (TC) aDd standad drug (SD) contnol rvene oommon while the mice in plant

heatment grcups (IV-W) were of two types e.g gtoups A (IV-VD were treated with R.

cordifolia Aactions and Groups B (IV-VI! were treated L. anuta fractions respec'tively.

Animals in all groups wene prcvidd aooess with norrnal ftd and water for 28 days.

3.8.2.2.3. Treafuent Procedures with Different Fractions of Most Active

Antihyperglycemic Plants

Crroupl: (N9; Normal feed and water providd up to 28 days. GtoupII: (TC): Alloxan

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

Group.III standard dnrg (SD) treatd grcup: Alloxan as in gloup-Il + standard dntg

(Glibenclamide 0.5 ag/kg) orally administcred up to 28 days. Animals in Groups A (fV-

VID and B GV- VID weretneatedas (Fig 3.5):

A: Treatment with R. corWia fractions

Cnoup A-IV: Alloxan as in group-Il + treaffient with n-hexane fraction of R. cordifolia

(HFRC); oral administration of dose (100 mg/kg) once dailyup to 28 days.

Crroup A -V: Alloxan as in group-Il + treffii€nt with ethyl acEtedle fraction of R cordifolia

(EFRC); oral adrrinistration of dose (100 ne/kg) once daily up to 28 days.

Croup A -VI: Alloxan as in group-Il + treatment with n-brutanol fraction of R. cordifolia

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

Ciroup A -\trI: Alloxan as in grouptr + heatment with aqueous fraction of R. cordifolia

(AFRC) oral administration of dose (100 mg/kg) once dailyup to 28 days.

ftytoynenmt Invedgdm rnd Andhypergt!rcemlc Efiect of lledldonrlly Ured Medcinrl Phnt!
ln^lztd&mmuudlhrhnlr Pege3t



CEAPTERTEREE MAIERIALS AIYD METHODS

B: Treatment with L. caneata fractions

Gnoup B-IV: Alloxan as in group-Il + treafiment with n-hexane fraction of L. cuneata

(HFI,C); oral administration of dose (100 mglkg) once daily, up to 28 days.

Group B -V: Alloxan as in group-Il + heatuent with ethylacetate fraction of L. ctnpata

(EFLC); oral administration of dose (100 mgfu) once daily, up to 28 days.

Gnoup B -M: Alloxan as in group-Il + treahent with n-biutanol fraction of Z. aneata

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

Group B -MI: Alloxan as in group-Il + heahnent with aqueous fraction of L. anneab

(AFtC); oral administration of dose (100 mg/kg) once daily, up to 28 days. All animals

were p,roperly discaded after orperiment (Fig 3.6).

Figure 3.5: Mice sorted for treahent with difierent frecdons of Rcordifolb (A) end

Lcaneota (B)
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Figure 3.5: Mice for dlsceld efter experiment

3.9 Analysis for Blood Glucose Level end Body Weight of Mice During

Treafuent with Fractions of R cordifolia andL canetu

Gluoomcter was used to measre the blood glucose lwel (BGL) in all the grcups

with 7 days' interval (0,7, 14,21and 28 days) during the erperiment prooess with same

procedure discusscd earlier (Crudal et al.,zOlq.

3.9.1. Detcmination of Most Active Fractions

For ft. cordifolia atrd L. ctneata frac'tions testd against alloxan-induced diabetes in

mice, most active fractions ofbothplants were selected br firtherphytochemical analpis.

@ rna hOlypergb,cemlc Eficct of T[ditionrlty UrcdMedcinrl Phntr
uizra.rrmmnmdKerhmir Pege{l)



CEAPTERTHREE MAIERIALS Ar{D METEODS

3.10. Bioactivity Determination @PPH Assay for Antioxidant

Activity)

Radical scavcnging effect of metlranolic extract and fractions of most active plaats

was determinod with standard procedure (tabiad et a1.,2017; Ciotzalq, et a1.,2016) with

some modifications using 2,2 dryhayl-l-picrylhydrazyl (DPPH) as free radical.

3.10.1. DPPH Assay and Calculation of ICso

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

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

samples (2W tlil-) solution, adding in glass vials leading the final concentration of 150, I10,

70,35,25 ad10 0E hil) respectively. All the samples were shalcen well and k€pt at loom

temperatnre Q50C-280C) for I hour. Measre,ment of absorbance was carried at 517nm

usiag spectrrophotomer. DPPH (2800 pL) solution and mixture ofmetlanol (200 pL) taken

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

blank to checl( the activity of sample. Antioxidant activity (7o) was measurd according to

frrmula grven below and calculation of ICso was -a"e by linear regression of standard

ascorbic acid bygraphic method.

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

"Abc'was absorbance ofcontrol and *Abs'means absorbance oftest sample.

3.1 1. Phytochemical Analysis

3.11.1. Quelitative Phytochemical Analysis

Qualitative analysis was performed by standard procedures (Salee'm et a1.,2018; Labiad

et a1.,2017).

L Testr for trIevonoids: Methanolic extract and most active fractions ofboth active plants

Le R ardifortu (MERC, EFRC, and BFRC) and Z. anneata (MELC, EF LC aod BFLC)
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solutions were added with few pieces of rnagnesium ribbon and with the addition of few

drops of conc. HCL Pitrk colour appeararce showed the presence of flavonoids.

II. Terts for Phenok e Tenntns: 2rnl Qo/o) FeCb solutionwas addd in 2ml of extract

samplc. Blue green colour showed the presence of phe,nol while black color showed the

prcs€nce oftannins in the samples.

m. Terfi for Seponlns: 2 ml sample ofplant was added with 5 ml distillcd water in test

tubc aod shakd it. Saponins shownwere in form of foam formation.

IY. Tccts for Terpenoids: 2 ml of chlorofrrm was added in each extract sample the,n

enaporated to dry, then 2mt of conc. HzSO+ was added and heating for two minutes, gayish

cologr appearancc showed the presence of terpenoids while absence of gnyish colour

confirmed the absence of terpenoids.

V. Tec6 for ||kelolds: 2 ml of lo/o HCI was addd in extract samples of each plants

foltowed by hcattng and addition of lvlayer's and Wagner's reagents to this mixture. Turbity

ofprecipitates showed the presence of alkaloids.

3.11.2. Quantitative Phytochemical Analysis

Phytochemical quantification of ME and active fractions of shortlisted antihlperglycemic

active plants (R. ardifolia and L. aoteata)was performed for total phcnolic contents GPC)

and total flavonoids conte,nta C[FC) with standard procdure (Se,mbiring et a1.,2018).

3.11.2.1. Assay for Total Phenolic Content (IPC)

TPC was estimated accorrding to Folin-Ciocalteu method. Using Gallic acid (GA) as

standard thc absorbance was measured at 765nm. Firstly prepared GA sotution then s€rial

dilutions (500, 250, 125, 50, 25, 10, 5 and 2.5@Er..I-) respectively) were prepared from the

stock solution Similarly, the solution of all sanrples were prepared. Absorbance of all

samples including gallic acid solutions was measured a[765 nm. Ploted the calib,ration curve

of GA firom nalues obtained by the difference of absortance of tested GA solutions valuses

and values ofblank absorbance ofGA. During this metho{ 4pLof extrail solution +180pL
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distillcd wat€r +4pLFolin-Ciocalteu reagent aftern ards (all ttris was done in three replicates

using !)6-well plate) for each sample extact. Reagent was added and then shakd it

vigoronsly. Aqueous sodium carbonate (270) solution (l2pL) ofwas addd after 4 minutes

and thm the mixture was allowed to stand in dark with int€rmitt6f shaking. Blank was

pnepared with 4 pL efrac/., solution +180 pL distilld water + l2pL of aqueous sodium

carbonate (270) solution, used against the test samples while rcadhg absorbance at765 nm-

Calculation TPC concenhation was perfrrmed by equation constnrctod from standard GA

calibration curye. Results were expressed aspg p€rmg ofGAE equivalent (pglmgGAE) of

cxtract

y=0.005X- 0.011, G3=O.ggZ).

3.11.2.2. Assay for Total Flavonoid Contents (IFC)

Aluminum chloride method was used to evaluatetotal flavonoid content (TFC) with

describd method (Sembiring et a1.,2018) using quercetin as the standard. Different

concentrations (500, 250, 125, 50,25, 10, 5 and 2.5 (pglnL)) of quercetin solution were

prepared using methanol StaDdard solutions were tested similar to samples using aluminium

trichloride (2o/o NCls). The measurement of absorbance was made at 415 nm against the

blank quercetin solution Qu€rc€tin calibnation curve was plotted fur the nafues obtained by

suttracting the blank values from tested qu€rcetin values. During this assay, 100 pL of

cxtracts solution were added in the l00pl of2o/o aluminium trichloride in methanol (all this

was perfrrmed in thr€e replicates using 96-well plate). Absorbance was read at 415 nm

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

minutes. C.onceirtration of flavonoid compounds was calsulated accordiag to equation

obtainod from standard quercetin calibration curve. The results werc erynessed as pg lnrg

QE ofexhact. y: 0.005X{.054, GP=O.g0Z).
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3.12. Identifrcation of Compounds

3.12.1. mLC of Methanolic Extract of x. cordifolit (MERC) ond L
caneatc MELC) and their Most Active Fractions

IIPIJC was performed for ME and most ac'tive fractions of antihyperglycemic plants

(R cordifolio afr L. cttnuta) for the ide,ntification ofbioac'tive chemical compounds. IIPLC

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

Reference Strnderds: In preseirt innestigation, 3 standards of phenolic compounds

mangiferine, prryurine and Charatin were used for HPIJC profiling of R. ardifolia d
IGeinpferol mangiferine, purpurine and 2-methyl anthraquinone fur L. anneata.

Plrnt Semplec: The samples frr analysis were methanolic extracts of R. cordfolia d L.

a,ngata (!{ERC and MEI,C) and their most active antidiabetic fractions (EFRC, BFRC,

EFLC aod BFIJC).

Preperefion of Semplec: All samples (plaat extract and standards) wereprepared in IIPLC

gnde methanol (lmg/mt)) in amber Eppendorftubes to avoid from effect oflight. Solutions

were sonicatd (10 nin| for proper mixing. Nylon memb'rane filters (0.a5pm) were used

frr fltration of sarrples in separate Eppendorftubes.

Apparatus: The HPLC equipment used was aLC-2010 C HT qrstem (Shi-madzu, Kloto,

Jryan), having quaternary low pressre gradie,rt pump with an auto-sampler, degasser,

block-heatl4g tJpe column oven, LIV detector set at 254nm and a Shi-maddu LC-solution

workstntion An agilent 1200 HPLC (Agilent technologies Santa Clara CA) was equippd

with an online vacuuln degasser, a Qrut pump, an autornated injection valvg a thermostded

colnmn comparhent; a DAD and an fuilent Chem Station were selected to nilyze

samples.
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Conditions of EPLC: HPLC usiag Crs olumn (250 mmx4.6 mm i.d., 5 pm, Waters,I\dA

USA) in tand€m with a Phenomenex C6 guard cartridge (4.0 mm x3.0 mm, Phenomene:r,

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

was set at 1.0 mumin while the column temp€ratur€ was set at 30oC. Spectra wene recorded

from 190 to 400 n- while the chromatograxn was acquired at254 nm-

Figure 3.7: EPI,C Instrument used for quelitetive analysis of plants extrects rnd

their active frections
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3.13. Statistical Analysis

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

each group. Comparison betrreen the groups was performed by one-way analysis of nariance

(AI{OVA) usitrg Stdistics 8.1, followd by Tukey HSD test with P < 0.05 oonsidering

stdistically sigFificant (Iftan et a1.,2020). Calculation of mean and standard deviation of

DPPH assay and TPC and TFC was performed from calibration curve constnrcted by Excel

2010.
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CIIAPTER 4

RESTILTS

4.1. Acute Oral Toxicity Test

Reslhs of acute oral toxicity test slrowed that there was no behavioural change in the mice

withtest doses (250, 500, and 1000 mg/kg) ofeachplant srffiact. Therewas not anylethality

in mice during 24 hours' obsernation. Mice r€maind norrnal up to 14 days observations.

4.2. Antihyperglycemic Effect of Methanolic Extract (ME) of

Selected Plants

The effect of different treatnents on blood glucose level (BGL) of mice is rep,resented in

table 4.1 while the body weight is represented in table 4.2 below. The BGL in the goup

!(normal control) r€mained 96.00+0.65, 96.86+0.56,98.M.il,99.181.54, 98.6GI0.93

(ng/dl^rk) fiom day zero up to 28th dayrespectively. The blood glucose lenel of group II

@iabetic contol) was significantly increasd 100.40r{.62,256.15+{.78,274.1M.96,

294.M.74, 325.80+1 .aa (rylduJwk) with the teatment of alloxan (100 ag/kg/wk) as

compared to normal contnol grcup (G. D. BGL with the treatnent of standard drug

(Glibenclamide 0.5 mg/kg) and methanolic extract of selected plants (R. lnusntus, L.

cut eata, R cordifolia, N. grandifolio ad S. delhousiaza with the dose of 100 mg/kg) in the

treatm€nt grcups (G.III- G.VItr), after alloxan induced diabetes; was significantlyreduced

as oompared to diabetic contol group generally. This erffect wss highly significant (P< 0.05)

on time dependent mann€r ie after 14th day treatuent as shown in table 4.1 ad figure 4.1.

The BGL was atnost same before the treatment of standarrd dnrg and selected plant ortract

respectivelyon day soyen The omparison ofblood ghtcose level among heatment groups

(G.IV-G. VIII) ofselectedplants extract showedthat G.V aDd G.VI highlyraduced the blood

ghrcose level which is comparable to standard dnrg (Glibenclamide) treament (G.trt) while

the G.IV, VII aDd VIII have shown the similar effect with less reduction of BGL which was

increasd due to alloxan induction
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The table 4.2 showed the e,fiect of different tr€afnents on body weight (BItr) in the goup I

(normal control) significantly increase4 26.14J4.67,27.30+0.62, 30.8010.75,32.70+0.54,

36.32JO.58 (e/wk) fr,om day zero up to 28th day respectively. The body weight in-group tr

(TC) was significantly decreased 27.40+0.92, 26.90+0.83, 25.54+0.66, 24-50+0.63,

22.80+0.68 (dwk) with the trreahe,nt of alloxan (100 mg/kg) as compared to norrnal conhol

goup (G.1). BW with the treafinent of standard drug (Glibe,nclamide 0.5mg/kg) and

methanolic extract of selected plants (X. haustatus, L. anneata, R cordifolia, lU

grudtfolilaand s. delhousiaru with the dose of 100 mg/kg) in the treahe,rt groups (G.[I-

G.VIID respectively, after alloxan induced diabetes; was significantty incneased as compued

to diabetic contol grcup. This effec't w6s highly significant (P < 0.05) on time dependent

manncr ie after 14th daytneatment as shown in table 4.2 atdfigrue 4.2.T\ebodyweight was

almost samc before the treament of standard dnrg and seles:ted plant ortract respec'tively on

day swe,n The comparison of blood glucose lwel among treament groups (G. fV-G. Vlf)

ofselected plants €xhact showed that h G. V and G.M the body weight increases with passage

oftimg which is comparable to standard dnrg (Glib€nclamide) treafinent (G.UD while the G.

IV, G.VII and G.VIII have shovm the similar effect with reduction in BW which was

decreasod due to alloxan induction.
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CEAPIER FOUR RESIJLTS

4.3. Antihyperglycemic Effect of Different Fractions of R cordifolit

The eflect of treffient of different frac{ions of R cordfolia on BGL of alloxan induced

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

The BGL in the goup I (NC) remained 95.8011.19, 98.10+{.85, 99.30+1.32,98.4W1-22,

99.36+0.88 (ag/duwk) fiom day zero up to 28th day respectively. The BGL of group II (tC) was

significantly hcrcased 97.8tu1.32, 253.01+1.22, 263.581.13, 283.20+1.53, 313.4+1.27

(me/duwk) withthc treahent of alloxan (100 mg/kg) as oryared normal contrrol goup I (NC).

BGL with the treatment of standard dnrg (Glibenclamide 0.5 mg/kg) and diff€rent fiactions ofR.

cordifolia (IIFRC, EFRC, BFRC and AFRC) with the dose of l0Omg/kg) in the treahent grcups

(G.I[- G.AVII), after alloxan induced diabetes; was significantaly roduced as compared to diabetic

contol Foup generally. This effect was highly significant (P < 0.05) on time dependent manner

i.e after 14th day treaErcnt as shovm in table 4.3 and figur€ 4.3. The blood glucose level was

alrnost same befrre the treahent of standard drug and R. ardifolia fractions respectively on day

soyien. The comparison of blood glucose lwel among treatrrent groups (G.AIV-G. AVII) of R.

ardifolia fractions showed that G. AV and G.AVI highly reduced the blood glucose lwel which

is comparable to standard dnrg (Glibenclamide) teatuent (G.IID while the G. AIVand G. AVII

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

induction.

The table (4.4) showed tlre effect ofdifferent trcaEnents on body weight ofmice. The body

weight in the group (NC) significantly increased, 28.10+0.71, 28.90H'0..75, 31.3G10.86'

32.62+{.93,35.30+0.77 (glwk) fiom day zero up to 28th day respectively. The body weight itr

grcup II (Diabetic control) was significantly decreased 29.081.23, 28.5G+0.1.03, 27.10+0.83,

25.32A.39,23.62A.54 with the treatmeirt of alloxan (100 ag/kglwk) as compared to normal

confiol goup I (NC). Body weigfot with the tr€atm€nt of standard drug (Glibenclamide 0.5

mg/kg/wk) and diff€meNrt fractions of R. orddori4 (HFRC, EFRC, BFRC, AFRC with the dose of

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

significantaly increased as compared to diabetic contol goup generally. This effect w6s highly

Ph!'toyhenlcd Invutigetion rnd Andhyperglyeemic Efiect of TiedldmrllyUredMedldnrt Plentr
inAzdJemmu udKrrhmlr Pege 54
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significant (P < 0.05) on time dependant manncr i.e after 14th day treahent as shown in table

(a.a) and figrre (4.4).The body weight was almost same before the tretuent of standard drug and

diff€rent fractions respectively on day ssyen- The comparison of blood glucose lwel among

treatme, t groups (G.A fV-G. AVII) of selected plants srftract showed that in G. AV and G.AVI

the body weight incneases with passage of timc which is comparable to standard dntg

(Glibenclamide) treatmcil (G.fD while the G.AIV and G. AVII bave shown the similar effect

with reduction in body weight like grcup two (G-ID.
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CHAPTERFOUR RESI]LTS

4.4. Antihyperglycemic Effect of Different Fractions of L
cunedn

Ttre effec't of treabnent of differe,nt frac'tions of L. ameata ot BGL of alloxan induced

diabetic mice is represented in table 4.5 while on BW is re,presented on in table 4.5 below.

Thc BGL in the goup I (NC) re,maircd 95.8Gt1.19, 98.0Gj0.85, 98.4E+1.42,98.40+1.23,

9E.2ffi.13 (mg/dUwk) from day zcro up to 28th day respectively. The BGL of group II

(TC) was significantly increas€d 97.5G1.32,253.0GI1.22, 263.52+,1.13, 283.2G11.53'

313.U+1.27 (mg/duwk) on treahrent of alloxan (100 mg/kg) as compared normal conhol

goup (G.D. BGL with trcafine,nt staodard dnrg (Gtibenclamide 0.5 me/kg) and different

fractions of L. ane.ataQ{FLC,EFLC, BFIJC andAFLC) withthedoseof 100rng/kg) inthe

treahnent grcups (G.m- G. BVID, after alloxan induced diabetes; was significanflyreduced

as compared to diabetic control group g€n€rally. This effect was highly significant (P < 0.05)

on time depende,nt menn€f ie after 14th day treatnent as shown in table 4.5 ad figure 4.5.

The blood glucose lwel was almost same befrre the treabne,nt of standard dnrg and .[.

cttnuta fractions respectively on day sEven The comparison ofblood glucose lwel among

tneatment g1rups (G.BIV-G. BVII) of L. aneafe fiactions showed that G.BV and G.BVI

highly reduced the blood glucose lwel which is comparable to standad drug

(Glibenclamide) treahent (G.Itr) while th€ G. BIVaDd G. BVII have shown the similar

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

The table 4.6 showed the eftst of difrerent treatments on body weight of mice. The

bodyweight in the goup I (normal contrrol) significantly increas€{ 27.94+0.80,28.980.75,

3 1 .3010.86 ,32.62+0.93, 35.30+0 .77 (Ellu*) fiom day zero up to 28th day respectinely. The

body weight in-goup II (Diabetic control) was significantly decreasd 28.0G0.61,

27.1Gr0.68,26.14+0.69, 25.08+0.50,23.62A.54 (glwk) with the treahent of alloxan (100

mg/kg) as ooryared normal control goup I (NC). Body weight with treament of standard

dnrg (Glibenclamide 0.5 mg/kg) and diffrrent fractions of R. cordifolia (l#I,C., EELTC,

BFIJC, AFLC with the dose of 100 ag/kg) in the trcatmeNrt groups (G.Itr- G. BMI), after

alloxan induced diabetes; was significantly increased as oompare to diabetic contrrol group

II GC) generally. This effect was highly significant (P < 0.05) on time dependent manner

P\ftoyhemicd Irrredigrtion rnd Anti\perg[remlc Efiect of Trdtdonrlly UrcdMdflcinrl Phntt
lnAzadJemmurnd Klrhmlr Prge 5l)



CEAPITR FOUR RESIJLTS

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 standard dnrg and different fractions respectively

on day ssy€D. The comparison ofblood ghcose lwel among heatment goups (G.BIV-G.

BVID of selected plants crilract showed that h G.BV and G.BVI the body weight increases

with passage oftime which is comparable to standad dnrg (Glibenclamide) tre"atment (G.IID

while the G. BIVand BMI bave shoum the similar eflec't with reduction in body weight

which was decreased due to alloxan induction

Phytoyhemtcd Inwdgdm lndAndhypergt!,cemlc Eficct of lhaditionellyUledMedicirdPlrntr
inAzrdJrmmurnd K$hmir Pege 61
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CEAPIER FOUR RESIILTS

4.5. Antioxidant Activity of Methanolic Extracts and Fractions

of Shortlisted Active Plants (DPPH radical scavenging assay)

DPPH assay for ME and fractions of R. cordifolio, frd L. ctneata was daermined using

ascortic acid (standard antioxidant compor rl). Absorbance of selested oncentrations (10,

25,35,70i 110 ad 150 (pglrrL) of ascorbic acid and samples were measured. Calibration

curye frr ascorbic acid and oftest samples was plotted to determine the percent inhibition.

ICso nalue was calcrrlated fiomregression equation

Y = 0.711X+25.51, R2 = 0.976

4.5.1. DPPH Radical Scavengrng Activity of ft. cotdifolin and L
caneolfl

Whe,n concentration of sample is increased then percent (7o) radical scavenging

effect of R mrdiforr4 is also incr€asd (Table 4.7) thil. showed concentration dependent

effect both by standad antioxidant ascorhic acid (AA) and samples. Methanolic cxtract

(MERC) as well as its different fractions (IIFRC, EFRC, BFRC and AFRC) exhibited the

radical scavenging effect (% inhibition). AA showed the highest activity (126.3+0.70)

followed by EFRC (123.11+0.85), BFRC (120.53+1.36), MERC (119.00+0.87), AFRC

(109.10+0.E5) ad HFRC (106.77+1.66) shoumbelow (table 4.7). Standard ascorbic acid

concentrdions (10, 25,35,70, 110 aod 150 (pglr.L) was used to make calibration curve

fur calculation of ICso. The saryles (MERC, HFRC, EERC, BFRC, AFRC and AA) have

thelCsovalue of 38.19,48.52,34.9,36.86,4.88aurrd34.41 @Elr,L) respectively. EFRC

showed lowest ICso value 29.92 pglml,. The orderofdecreasing ICsovalues ofMERC and

its different fractions is; HFRC> AFRC> MERO BFRC> EFRC (having IC so nafues of

aS.s2pglml 44.88pglmL, 38.l9pglmL, 36.86pglaL, afi 349pdmiL) respectively.

Standard ascorbic acid have ICso value 34.41 pglmL.T\e highest antioxidant activity is

exhibited by saryle; having lowesr ICso value. Similarly, the scavenging effec't (o/o) of L.

ctsteata is also increased with increasing concentration of sample (Table 4.7). MEIf as

well as its different fractions (IIFLC, EFLC, BFLC and AFIJC) have shown high

Phytoyhonicd Inrcrdgedon ud And\pcrgb,Eenic Efiect of TrrdiliondlyUlcdMedldul Phntr
lnAzdJemmuudK$hmlr Prge55



CEAPIER FOUR RESULTS

scavenging efrEst (% inhibition). AA showed highest scavenging effec{ (126.3+0.70)

followed by BFIp (125.13+1.03), EFIrC (124.37+1.21), MEIJC (120.13+{.81), AFLC

(llO.41+1.43) andHFIJC (108.33+2.08) as shov,rnbybelow (Table4.7). Standard ascorbic

acid concentrdions (10, 25,35,70, 110 aod 150 (pgllmL) were used for calculation oflCso

by constnrction of calibration cuve. The tested samples (MELC, HFLC, EFIIC, BEIJC,

AFLC aod AA have the ICso value of 36.4, 47.08,31.42,30.89, 47.49 afr34.41 (Pelmif)

respectively. BFLC showed lowest ICso nalue 30.89pglml. The order of decreasing ICso

values of MELC and its different fractions is; AFLC> HFIJC> MELC> EFLC> BFLC

(having ICso vatues of 4t.49 pg lf, a7.il$pelml- 36.4p9/ml, 3l.42pglaL, ad

3[.E9pglnL) respectively showing that samples with lowest ICso nalue showed highest

antioxidant activity.
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Ascorbic Acid calibration curye
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X'lg 4.7: Accortic Acid standerd curve for ICso

y:0.7115x+ 25.516
N = 0.9764

4.6. Phytochemical Analysis (Qualihtive)

Results of qualitative analysis of R. Cordifolra methanolic extracts (MERC), L. cweata

methanolic extracts (MELC) and theh most active fiactions (EFRC, BFRC and EFLC,

BFIC) are represeirted in table (4.8)

The results show that in case of R. ardifolia alkaloids, phenols, flavonoids, fnnnins,

saponins and terpenoids are present in methanolic extract (IvGRC). The ethyl acetate

fraction (EFRC) showed the presence of phe,nols, flavonoids and saponnins wherre as

alkaloids tennin and terpenoids were found abse,nt. The n-brutanol fraction of R. corddolia

(BFRC) showed the prese, rce of phenols and flavonids, saponins and terpenoids while

alkaloids and tannins w€re found absent. The results show that in case of L. anqta

alkaloids, phenols, flavonoids, fannins, saponins and terpenoids are present in methanolic

erilract (IvCIC). Its ethylacetate ftaction (EFRC) showed the presence of alkaloids,

flavoniodq saponins and terpenoids while phenols and taonins were fuirnd to be absent. The

Phl,toyhcntcd Invrrdgrdon lnd Andhyperglfrpnic Efiect of Tirdtdonrlty Uled Medictn l Plrntr
in AzrdJemmurndK$hmir Pege 69
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n-brutanol fraction of R. urdfolia (BFRC) showed the prese, ce of phenols, flavonoidq

fennins and terpenoids while alkaloids and saponins were found absent as shown in table

(4.8) below.

Teble 4.t. Quditafive rnalysis of phytoetremicels

\,fFRG Methanolic €xtact of R. cordiforia, EFRG Ethyl acetate taction of R ardifolia,

BFRC= n-Butanol fraction of R cordifolio, MEIF- Methanolic erilract of L. anqta,

EFIJC= Ethyl amlate taction of L. ctncata aulilBFLG n-Butanol fraction of L. ameata.

+ (Pres€nt) - (Absent

P@yhemlcd Inredgrdm rnd Andhypergb,Eemlc Efiect of Tradifiondly Urcd Medicinel Plrntr

Phytochernicals Plants /extract

R. coilfolia L. annenta

MERC EF RC BFRC MELC EF IJC BFI,c

Alkaloids + + +

Phe,nols + + + + +

Flavonoids + + + + + +

fannins + + +

Salrcnins + + + + +

Terpenoids + + + + +

tnAzrdJrmmu.d K..hmir Prge fll
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4.7. Quantative Analysis (Total phenolic contents and Total

Flavonoid contents)

4.7.1. Total Phenolic Contents (IPC)

The total phenolic contats (fPCp9hry GAE) were calculated according to staodard

calibratbn curye of Gallic acid (G.A pelmL) as represented in fig. (4.8) betow. The results

show the pres€noe of phe,nolic contents of R. cordifolia arrd L. anneata in table (4.9) and

(4.10) below. The results show that TPC itr MERC, EFRC and BFRC have 99.732+0.938'

207.30ffi.730 and 119.120+0.393 (pelag GAE) respecitively. Similarly, the rezuhs of.t

a.neato show the prescnoe of phe,nolic contents in table ( Table 4.10) below. The restrlts

show that TPC in MELC, EFLC and BFL,IC have 101.26 j1.039, 80.6980.542 mrd'

,94.194t&.986 (pglmg GAE) respectively.

Teble 4.9IBC of R cordifolia

IvfFRG Methanolic extract of R ardifolra, EFRC: Ethyl acetate fiaction of R. cordifolia

aod BFRG n-Butanol fraction of R cordifolb.

Ph5rtoyhonicdlnwrtigelim endAntihperglyeenlc Efiect of TredilionrtlyUredMGddruI IhnB

Sr. No Plant/Extrac't TPC (pglmg GAE), Mean + S.D

I MERC 99.73D4.938

2 EFRC 207.30ffi.730

3 BFRC 119.120+0.893

ln AzrdJrmmu end Krrhmir P4e 71
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Teble 4.10 IPC ol L cuneata

MEL;C= Methaoolic extract of L. anneato,EHl,G Ethyl acetate fraction of L. ctneata nd

BFT. n-Butanol fraction of L. aneata.

Gallic Acid Standard Calibration Curue for TPC

1.5

L.4

1.2

€)a
9l
E6
f o.g
o0
i o.t

0.4

o.2

0
100 150 2n

Concentredoni (pgnl,)

tr'igure 4.t: Gd[c edd cdibretion curve

phrtoytenicd Inverdgrdon end And\pergbcemtc Efiect of Trrdtdmaltyu$dMedicinrlPltntr
lnAzrdJunurrdKr.hmir Ptgre12

Sr. No Plant/ErKtract TPC (fielag GAE), Mean + S.D

I MELC 101.26 jl.039

2 EFI,C 80.699j0.542

3 BFLC 2M.184+0.986
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4.7.2. Total Flavonoids Contents (IFC)

The oontents of total flarrcnoids (TFC pglmg QE) were calculated according to

standard calibration curye of Quercetin (p9lf,) as represelrted in figure 4.9 below. The

results show the pres€nce oftotal flavonoids contents (TFC) of R. ardifolia and L. cwwata

in table 4.11 ad 4.12 below. The rezults show that TFC h MERC, EFRC and BFRC have

96.564+0.996,195.224fi.940 aod 76.848+0.519 (pgfing QE) respes'tively. Similarly, the

results show the presmce of total flanonoids contents (TFC) of L. q,mean n table 4.12

below.The results show that TFC in MELC, EFIJC and BFLC have 86.376d.1.012,

95. 4 I 0+9. E 7 3 afr 203 .97 0+{.. 3 59 (pglmg QE) respectively.

Teble 4.11. TTC (pm/mg QE) of ^R. cordifolia

tvGRe IrAetnanolic erffact of R cordifori4, EFRG Ethyl acetate fraction of R. ardifolia

and BFRC= n-Butanol Aaction of R. cordifolia.

PhlrtoyhcdcdInvedgrtim rnd Andhperglpemlc Efiectof TlrdtdonrllyU.edMedcindPlentr

Sr. No Plant/Exhact TFC (pefng QE), Mean + S.D

I MERC 96.564H4..996

2 EFRC t95.22414.940

3 BFRC 76.848+0.519

ln Azed Jemmu rnd Krrhmir Prge 73
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Teble 4.12. TFC of (pm/mg QE) L canetu

MEI.G Methanolic extract of L. annenta,EElF Ethyl acetate fraction of L. uneata nd
BFIJC= n-Butanol fraction of L. anean.

Quercetin Standard Calibration Curue for TFC

1.6

L.4

1.2

a)taI
E
elf o.s
o,
t o.t

0.4

o.2

0

100 150 2@

Concenhefions pglml,

tr'igure 4.9: Quercetin Cdibration Cune

Sr. No Plant/Extract TFC (pglmg QE), Mean + S.D

I MEIJC 86.37tu|.0t2

2 EFLC 95.410+9.873

3 BFIJC 203.970t4.359

P\ttoyhemicd Invtrffgrdm rnd Andhy'perglycenic Efiect of Tredtdondly Urcd Medtcinrl Plutt
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4.8. HPLC of R. corditolit

HPIJC ofmost active plant (R cordifoliQ against antihlpeAglycernia is presented in

figrrre (figrre 4.13, figure 4.14, nd figure 4.15) betow. The cbromatograms of standard

compognds arc shown in figures (figrre 4.10, figrre 4.11, and figrre 4.12) below.

Ivlangifcrines, Purpurinc aod Charatine werc three standad compounds used whose

retation time is g.l}2, l2.4OO, and 31.814 (min). There is shown the presence of

mangiferine in all fts samFles while the purpurine is present in methanol extract and

ethylacAae fiac,tions whereas the charatine is absent in all fractions.

Teble 4.13. mLC of identified compoundr ln'r- cotdilolia

\,fFRG Methanolic e#ract of R. ardifo&a, EFRC= Ethyl adtatefraction of R. ardifolia

and BFRG n-Butanol fraction of R. cordifolb.

phrtoytenlcrl Invutigefion and Antihypergtycemlc Efiect of Treditionrlly Ured Mdidnd Phrtt
lnAzdJrmmu rndKmhmlr Pege 75

Sr.

No

Extract Compound ide'ntified RT (ninQ ofidentified comP. R.T (minQ

standarrds

I MERC Mangiferine 9.158 9.102

Purpurine 12.398 12.400

2 EFRC Mangiferine 9.125 9.102

Purpurine 12.494 12.400

3 BFRC Mangiferine 9.102 9.102
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4.9. mLC of L cuneata

HPLC tests ofZ. aneataindicates the prese,nce of kaemllerol, mangiferine and purpurine

in methanolic fraction J[e mangiferine, 2-methyle anthraquinone and prryrine retention

times are matehed with peaks in n-brutanol fraction Whereas, none ofthese compounds were

ide,ntified in e,thylacetac frastion or in very minute amount. The chromatograms of standard

cornpounds (Iftnf€rol, Mangiferines, 2-methyl anthraquinone and purpurine) are shown in

figrrres (figure 4.16,4.17,4.18, and 4.19 respectively) and that of identified oompounds in

figur€s 4.20-4.22in table (table 4.14) below.

Teble 4.14. mLC of identified compounds lnL cuneata

Sr.

No

Extract Compound id€ntified R.T(rin)

of identified comp.

RT (min) of

standards

1 MEIJC MangifErine 9.095 9.195

nrpurine 12.058 12.280

I(ae,mpferol 10.855 10.999

2 EFIJC

3 BFIJC Mangiferine 9.095 9.195

nrpurine 12.058 t2.280

2-methyl

antlnaquinone

11.490 tt.il7

I![Fr Cts Methanolic extract of L. aorcata,EHlF Ethyl acetate fraction of L. ctneata Nd

BFIC= n-Butanol fraction of L. qnqta.

Phytoyhcnicrl Invedgeflon end Anfihtpergb,Eemtc Efiet of Tnddondly UredMeddndPlentr
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Figure 4.16: Chrcmatogrem of studrrd-l (Keempfenol)
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Figune 4.17: Chrcmetogrem of stendald-2 (Mengiferine)
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CHAPTER 5

DISCUSSION

5.1. Discussion

Diabctes is a common metabotc disorder which is worldwide present and mostly

occgning in dweloping countries and leading cause of preinature deaths and disability.

Nnmber of diabetic people increasing since 1980 due to diabetic We 2 and other frctors

like obesity and overureight; and the number of cardiovascular diseases have also increased

the death rate up to 2.2 million associated to hrgh BGL. The manage,ment of diabetes is

much cost-eftctive and hectic in poor population of the under dweloped countries. The

synthetic dnrgs are cost-effestive and apprcac,h to comuron 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 effects. Plants basd medicines to treat diabetes are

practiced now a days by pharmaceutics and health care professionals all over the world.

Possible management of diabetes is urgcnt to reduce the mortality rate (Chang eto1.,2013).

Iluc to easily availability ofherbal medicines and low oos! developing countries population

(80e/o people) rely mostly on plant based medicines. There is recomme,ndation by WHO to

inclgde the plant bascd medicines for health car€ programs with proven saftty and efficacy.

(WHO, zlll).IGeping the importance of medicinal plants under consideration and urgent

need of safe anti-diabetic medicines, currcffi study was designed to explore anti-diabetic

plants of AzadJammu and IGshmir Pakistan.

In the prresent study of early phase of investigatioq it was found that there was no

mortality in mice treated for acrrte ord toxicity test of selected traditionally used medicinal

plants (R. hostatus, L. cweatea" R. cordifolia, N. grafriflora aod ,S. dalhousiemzs/. It was

-obserrred 
that mice treating frr diabetes with doses (250, 500 and 1000 ng/kg) of each

selec,ted plant methanolic extract did not show any behavioral clrange or lethality and mice

rmained normal The LD50 value of efiract frr plants under study was found to be bepnd

Phytoyhemtcel Inwrtigrfim md Anlihypcrglycemic Efiect of Trrdtdonrtly UledMdidnrlPhntl
lnAzedJemmuudKrrhmir Plget5
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the 10ffi rylkgrwealed that this dose is safe. Plants infusions and extracts to treat narious

diseases ap administ€red by traditional herbal practitioners (Ghazanfar et a1.,2014).To

investigate the pharmacologically effectiveness of these traditionally used

antihlpeqglyce,mic plants (R. hastatus, L cuneatea" R. cordfolia, N. grondiflora and ,S.

dalhousieutzs) after safe oral toxicity test, present study was further elaborated for detail

investigation on the basis of solvents extraction method usrqg in vivo lnouse rnodel

experimentation to screen the most active anti-hypeqglycemic plants from these selected

plants and furtlrer analysis for anti-diabetic effect by fractionation of most active plants on

basis of inq€asing polarity of solvents. Fortesting ofplants for anti-diabetic effect in rnouse

model is more accepted and h8s resemblance to human being (Hammeso et a1.,2019). On

thc basis of preliminary sp6pning of selected plants for antihyperglycemic effect agains

alloxan induced diabetes in mice it was proned by resuhs that .S. dalhousieanns have not

shovm any antidiabetic effect but R lwstatw and /V grandifloraharrc shovm less antidiabetic

effect as ooryare to L. cwteateo ad R cordifotia These plant have none significant (p >

0.05) difrercnce in treanent groups (G.M VII and V[I) having lesVno reduction in BGI4

that was incr€asd due to alloxan induced toxicity as coryare to diabetic contrrol mice(G-

II), while the plants (L curcatea and R cordifotia) in the treatment grcups (G.V and G.VI)
highly reduced the blood glucose level which is comparable to standard anti-diabetic drug

(Glibenclamide) treafinent (G.IID and normal contnol mice (G-!, have shown highly
significant (P <0.05) difference with most active anti-diabetic effect (table 4.1 and Figur€

4.1). So the rnost active plants that have shonm potential high antidiabetic efrect against

alloxan induced diabetic mice might be due to nattre of phytochemical contents and their
separation in ttrc methanolic extract or the part of respective plant used (Belayneh and Bim+
2018). The alloxan induction in mice have caused the effect on pancreatic p- cells damage

to mimic the insulin prodtrction that enhanced the increasing level of blood glucose on 26

day. The treaffnent with selected plants extract caused the recovery of pancreatic cells

damage. The recovery effect ofplants (R. cordifuliaardL. cuneata)intreatment groups (G-

V' G-Vp is significant on treahe,nt duration (14,21and 28th days) respectively slrowiag

the time dependent effect against alloxan inducod diabaes (Betapeh and Bimr, 20lS).

St@hc_mtcd Invrrdgetion ud AntihlAergt plrntr
lnAzrdJrmnu rnd Krshmlr ptge t6



CHAPTER FIVE DISCUSSION

The anti.diabetic effect of our selected plants exhact is firther elaborated by the

analysis of body weigh of mice (Table 4.2, Figure 4.2). Norrnal mice (G-I) have increase in

average body weight during the whole experimental duration while the alloxan indtrced

toxicity caused ttre mildly reduction ofweight (g) of mice as represented in toxicant contol

group (G-tr). Similar behaviour of treafinent efrect is shown by plant erffact in treatmem

grcups (G-IV G-VII and G-VIID. The treatment effect with standard antihlperglycemic

dnrg (Glibenclamide 0.5me/kg) kept the increase in body weight (g) of mice (G-III). The

plants qftract (R. codifolia afr L. cuneda) in trement grcups (G-V aod G-VI) also

increased the body weight of mice corryarable to normal goup (G-D and standard

antihperglycemic drug (G-I[) as compare to toxicant contrrol group (T.C. G-II). The

treatment effect of these two plants is time dependent showed the amihyperglycemic efrect.

Similar investigation was performed W Ezd et al., Q0l4) in which evaluation of

methanolic qfirapt of aerial parts of some plants (Cleome ramosissima, Barleria bispinosa

and Tibuhu macropterus) was performed for their antihlperglglycemic and

antihlperlipidimic eflec't against streptozotacin (STa induced diabetic mice by dose of 500

mglkg. These plants showed the highest reduction in BGL in significant menners W C.

ramosissim frllowed by B. bispinosa and f. mactoptents upto twenty eight days heatue,nt

where the insulin level was significantly increased in plasrna by treahent of C. ramosissima

d T. ,rrocropterus by 100.06% nd 189.9o/o respectively aod reduced the low density

lipoprotein cholesterol(LDl-C). Tte effect ofthese plants srilract inseased both utilization

and tolerance of glucose in mice (Ezat et a1.,2014). A shrdy performed earlier on anti-

diaHic potqftial of an aqueous stem bark extract of Fictn sycomorT$ showed remartable

anti-diabetic efrect on alloxan-induced diabetic mice that caused the reduction of BGL in

dosedependent menn€r (Njagi et a1.,2012). Earlier study about methanolic extract of Olea

eunopaea leaves (IVEO) on streptozotocin (STa induced diabetes in rats; rezults exftibitd

strrong antihlpeqglyce,mic and antioxidant potential @encheilfi et al., 20lq These

investigations show that the mettranolic entract of plants possess the antihyperglycemic

effect against toxicity induced diabetes in mice which strongly sulryorts oru studies about

effect of selected plants methanolic extract against alloxan induced diabaes in mice.

Pry,!ryhGnicel Inwrtigetion ud Andhpcrglycenlc Efiect of Tredtdonrlly Ured Medcinrt PLntl
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Evaluation about antihpergl)rc€mic eflec{ of aqueous extract of L. cuneata against

streptozotocin (STa-induced diabetes in rats is rtported which this extract increased the

secretiotr of insulin by regenerating the da-aged F -cells of pancreas and decreased s€rum

blood glgoose significantly. Results of our investigation demonstrded the be,neficial effec't

on streptorctocin (STA-induced damaged pancreatic ft cell in mice (Kim er al-,2016)-

&rti-diabeticefrect of R. cordifotioLinn (Rubiaceae) aqueousroot sr(Eactonstreptozotacin

(STa induced diabetic rat model is earlier reported. R ordifolia root extract enhibitd

sigFificant antihlperglyce,mic activities on @ozotacin (STZ) induced hlperglyce,mic rats

by 2 weeks of treafinent. The beneficial effect of R. rrlrdifoliarootcrffact treatment might

be due to different tpcs of active principles with diverse range of biological activities

(Baskar et a1.,2006). To investigde the ptrarmacological activities ofplants extracts there is

systematic approach which best erahrates any biological activity. To firtlrer investigate the

most actirrc antihyperglycemic plants from selected platr under study; solvent-solvent

partition/fractionation was applied to separde the phytoconstituents into respective fraption

based on increasrng polarity of solvents. The most active antihlperglycemic plants (R.

cordifolia ad L. ctnuata) fractions i.e n-henane fraction of R. cordifolia, ethyl acetate

fractionof Rcodifolia, n-bnrtanol fraction of R. cordifolia, aqueous taction of R. cordifolia

(HFRC, EFRC, BFRC, AFRC) and n-hexane fraction of L. ctneata, ethyl acetate fraction

of L. ctmeda, 1-brfiarcl frastion of L. aneata, aqneous fraction of L. cuneata (FWC,

EFLC, BFLC, AFLC) separated the constituents ofmethanolic extracts (MERC and MELC)

of R cordifutia ad L cuneda. Solvent-solvent fractionation technique on the basis oftheir

polarity of solvents from the methanolic extract of Carissa oPoaa leaves; showed stong

antioxidant activityby n-hexane, ethylacetate, n-butanol and aqueous fractions (Sahreen ef

at.,2017). orrresults about antihyperglyce,mic frac'tions ofmost ac'tive plants R cordifolia

(HFRC, EFRC, BFRC, AFRC) ail L. anneata (HFLC, EFLC, BFLC, AFLC) have shown

significart (P< 0.05) reduction in blood glucose level @GL).

The resuhs of R cordifolia fractions against alloxan induced diabetes show that all

the fractiors (IIFRC, EFRC, BFRC, AFRC) tneatment (100 mg/kg) have shown the

significant reduction effect on BGL Cfable 4.3 and Figure 4.3) that was elerated due to

ptytoynemtcrt tnvrrtgrton rnd Andhf,perglpemlc Efiect of lhditiondly UredMedfidnrl Plrntr
U^lzrAlrmmu.DdK$hmlr Prge tt



CHAPIER FIVE DISCUSSION

alloxan induction in mic,e as oomparc to toxicant control $oup (T.C-G.II) ontime dependent

menn€f, (14,21and 28 days).The highest effect intreatment groups (G-AV and G-AVI) was

shown by polar fractions (EFRC and BFRC) on day 28 significantly redtrcing the elevated

lerrcl of BGL nearly similar to standard atri$perglycemic drug (Glibenclamide 0.5 mgftg)

teafiment (G.Itr). The more significant anti-diabetic effect of these fractions to reduce the

elenated level of BGL is due to separation of phytochemicals in these solverfr fractions as

eotrpare to other fractions G$RC ard AFRC) during solvent-solneut partition. The afii-

diabetic effect ofthese fractiors is also zup,portedby measurement ofbody weiglrt (BW) of

mice dgring the whole tr€ahneut period (table 4.4 d Figure 4.4). The normal BW

(31.3010.g60,32.62+{.92 d 35.30+0.76 g) on 14,21 and 286 day was decreased

(27.1Gr0.833,25.32A.393 and 23.62J4.543 g) on alloxan induction On treahent with

standard drug (glibenclamid ) and R. cordifoliafractions (ItrRC, EFRC, BFRC aod AFRC),

BW G) was increased in treatme, t grcups (G-III,G-AV and G-AVI ) sigpificantly (P< 0.05)

on day 14, 2l and 28 respectively as compred to toxicant contrrol gloup (G.ID and

comparable to SD (G.trD, but was no sigDificant (P> 0.05) increase in bodyweight ofgroups

under treament (G-AIV and G-AVII ). These results showed that the EFRC and BFRC have

strong anti-hlperglyce,mic effect against alloxan induced toxicity in mice. The effect ofthese

fractions (EFRC ad BFRC have detoxified the effects of alloxan induced toxicity and kept

the BW increase in normal way. The fractions G$RC aod AFRC) bave less efrect on alloxan

inducd toxicity and BW (g) remained docreasing during the heatment.

The results of L. atneata frastions against alloxan induced diabetes show that dl thc

frastions (HFLC, EFLC, BFLC, AFLC) teatnent (100 mg[g) have slroumthe significatr

reduction efrect on BGL (Table 4.5 and Figure 4.5) that was elevated due to alloxan

inductioninmice as oompare to toxicantcontrrolgroup (t C-G.II) ontirne dependentmanner

(14,21and 28 days). The highest effect intreatment groups (G-BV and G-BVI) was shown

by polar Aactions (EFLC and BFLC) on day 28 showing the highly sigfficam effect to

reduce the elevated lenel of BGL nearly similar to standard antihypeqglycemic drug

(Glibenclamide 0.5 mg/kg) tredneilt (G.m). The highest anti-diabetic effect of these

fractions to reduce the elevated level of BGL is due to separation ofphytochemicals in these
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solveil fractions as compare to other fractions (HFLC ard AFLC) during solvent-solvefr

particion Thc anti-diabetic effect of these fractions is also zuppotted by measurement of

body urcight (BW) of mice during the whole treatneff period (tabte 4-6 ad Figure 4.6).

The normal BW (31.30+0 .860,32.62A.92 aad35.30+0.76 g) on 14,21and 28t day was

decneased (27.1Gt0.833, 25.32A.393 aod 23.62A.543 g) on alloxan induction. On

treEtm€N$ with standard drug (gtibe,nclamiQ zrrd, L. cuneatl frastions (HFLC, EEIJC, BFIC

and AFLC), BW G) was increased in treame,nt gpups (G-III, G-BV and G-BVD

sienificantly (P< 0.05) on day 14,21and 28 respectively as compared to toxicant onfiol

goup (G.tr) and comparable to SD (G.IID, butthene was none-significant inclease (P> 0.05)

in BW(g) in heatment grcups (G-BIV and G-BVII). These results showed that the EFLC

and BFLC hane stnong anti-hyperglyce,mic effect against alloxan induced toxicity in mice.

The eftctofthese fractions (EFIJC aodBFLC have detoxifiedthe effects ofalloxaninduced

toxicity and k€pt the BW increase in normal way. The tactions (HFI,C and AFLTC) have

less efrect on alloxan induced toxicity and BW G) remained decreasing during the treatm€' t.

The shrdy effect about aqueous and ethyl ac€tate qilract of leaves br Sewu singueruby

alloxan induced diabetes showed the reduction in BGL that was increased on toxicity

induction in alloxan in swiss albino mice by recoveri4g the nesrosis of pancreatic cells

(Njogu et al.,z}l7).Another study showed the similar findiags by Arika et al., (2015) and

IGrau et al., QOlz) who report d thil. LWia javanica afr Pappea capansis exhibited anti-

hpergtycemic effect. The possible mechanism of antidiabetic activity of R. cordifolia d
L. ctapttais regenerating abilityto damaged pancreatic p-cells and stimulated the secretion

of insglin fiom regenerated or remnant p- cells (Mukundi, 2015). Our findings about

antidiabitic activity of most active fractions of R ardforr4 (EFRC aDd BFRC) arrd L.

aneata (EFIJC and BFLC) are stroagly supported by thcse ftrdings disctlsscd in earlier

studies.

Biological activities of medicinal plants are correlated to their antioxidant activity.

Therryeutic potentid of plants is contribruted to their antioxidant activities. DPPH assay is

an important tool for the analysis of plant €xffacts (Sahre€n et a1.,2017). The results of

methanolic elffact (MERC) as well as its different fractions (HFRC, EFRC, BFRC and
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AFRC) showed effectine free radical scave,lrging effect (% inhibition). The antioxidant

scarrenging effect of extract samples of R. cordifolia nus increasd with increase in

concentration (fable 4.7). The,re is highest scavenging activity (7o) ofEFRC (123-11+0.85)

frlowedbyBFRC (120.53+1.36), MERC (119.00+0.87), AFRC (109.1G10.85) and IIFRC

(106.77+1.66) as indicated in the tabb (a.fl. otu results of antioxidant e,flpcts of samples

(MERC, HFRC, EFRC, BFRC, AFRC and AA having order of decreasing ICsovalues of

IvIERC and its difrerent frac'tions is; HFRC > AFRC > MERC > BFRC> EFRC (having IC

so values of 48.52pelElL 44.88pglmL, 38.l9pglmL, 36.86pglml, afi 34.9p91f,)

respec,tively. The ICso results of BFRC and EFRC are v€ry close to ICso value of standard

autioxidant ascorbic acid is 34.41 pglml.Results prove that lower is ICso value; has highest

antioxidant activity. The fractions (HFRC, EFRC, BFRC and AFRC) t€std forDPPH assay

showed that EFRC and BFRC have the sEong antioxidant activity.

In our rczults, radical scavenging efrect (%) of L. qneata is also increased with

inoeasing conce,lrtration of sample (Table 4.7). Smples of methanolic extract (MELIC) as

well as its different fractions (HFLC, EFIJC, BFLC and AFLC) enhibitd free radical

scavenging eflect (% inhibition). Highest scave,nging effect of test sarryles of L. ctncata

(MEIJC, HELC, EFLC, BFIrC aod AFLC) was shown byEFLC and BFLC in concentration

dependent menn€r. In case of antioxidant effects of above samples (MELC, HFLC, EFIJC,

BFIJC, AFLC and AA), the ICso nahre is decreased (36.4,47.0E,31.42,30.E9, 47.49 and

34.41 (pgtnl)respectively showrng inceasing antioxidant activity. The orderofdecreasing

ICsovalues of MELC and its ditrere,nt fractions is; AFLC> HFLC> MEIIC> EFIJC> BFLC

(traving IC so values of 47.49 pe lf, 47.08pglmL,36.4pglml,3l-42pglnl, and

3[.89pgtnL) respectively. BFLC and EFIrC showed lowest ICso nalue (30.89pglml and

3l.Opelml) confirming the highest antioxidant activity against DPPH fiee radical in our

findings, comparable to ICso \ralu€ of ascorbic acid (34.41 pgr.L). These findings showed

that the phytoonsituents separated in ethylacetae fractions (EF) aod n-butanol fraction @F)

of R cordifolia atd L. cttneatahave strrong antioxidant activity. These are intermediate polar

fractions as compare to aquous fraction (AF) and n-hexane fraction (Itr) of these
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investigatcd plants. Earlier studies on antioxidant activity of phenolic and flavonoid

tactions of CleomegmandraafrMaenuangolensis showedradical(DPPH) scavenging

activity by different fractions (n- hexane, dichloroform, acetonitril, ethyle acetate,

methanolic and n-brutanol fraction) of each plant. The highest activity was shovm by n-

butanol fraction @F) and ethylacetate (EF) while lowest activity was exhibited by

dichloromethane and n-hexane fraction (Meda et a1.,2013). Similar shrdy about antioxidant

ac,tivity by DPPH assay showed the shong antioxidant activity by n-brutanol (BF) of both

plants(Mda eta1.,2010). OurestimationofR. codifuliaandr. ct*patafractionsbyDPPH

assay is similar in which results are closely correlated to findings performed earlier (Meda

et a1.,2010). In the shrdy about antioxidant activity of Conocarpus erectus L. leaves n-

butanol e*ract (BF) showed the scave,nging activity for DPPH which was comparablc to

antioxidant activityof ascorbic acid (llusseilr, 2016).

During the investigation on leaves extracts of Gaultheria proantberrs L. it was

concludod that syste,rrtic phytochemical e\raluation and compounds profiling by different

fiactions (diethyl ether, ettryl acetate, z-butanol and water fractions) showed the dose

depeodant eflect etde and n-biutanol fractions showed hlghcst ac'tivities at oncentration of

100 pglmt (Michel et a1.,2014). These findings of antioxidant activity stoagly srpport our

investigations about antioxidant activity of fractions of selected plants (R. cordifolia auldL.

ctneata). Carissa opaca leaves were evaluated for antioxidant profile in which chloroform,

n-hexane, n-butanol, ethylacetate and aqueous extract were investigated byDPPH assay in

which all the Aactions have sfiong antioxidant scavenging effect with highest activity of

methanolic fraction followed by chloroform fraction, n-hexane fraction aqueous taction,

ethylacetate od n-brutanol fraction (Sahrcen et a1.,2017) which is little contrast to our

rcsults in which od€r of antioxidant ac'tivity is EFRC > BFRC > MERC > AFRC > HFRC

frr R. urdifolia aod BFLO EFLC, MEIJC> HFLOAFLC for L. cuneataby DPPH assay.

This might be the nature of phytoconstituents and part ofplant used as well as the climatic

effect aod geogrryhic locality of plants.
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Standardized procedure is of significanoe for the cnrde extraction of plants to get

desired portion for therapeutic pupose and rernove the unwantod parts by heatiqg with

selestive solvent (Pendli et al., 2014). Biological astivities are associated to quality of
phy'toctremicals like phenolic and flavonoidq tamins, terpenoids, satrrcnins and alkaloids.

Or investigation about methanotc extract of R cordifolia nd L. cweata (MERC and

IGI,C)) and their most active fiactions (EFRC, BFRC and EFIf, BFLC) screenirg,

showed thc varieyofphytochemicals. Alkaloids, phanolq flavonoids, tanoins, saponins and

terpenoids arc pr€sent in methanolic exhact (MERC) while ethylacetate fraction (EFRC)

showed the presence of phenols, flavonoids and saponins whereas fenniqs and terpenoids

were abeent. The n-butanol fiaction of R. cordfolia (BFRC) showed the presence ofphenols
and flavonoids, saponins and terpenoids which are more variay as compare to EFRC and

alkaloids and tannins are shown absent. Similarly, n L. cttneua; alkaloids, phenols,

flarrcnoids, tanninsr saponins and terpenoids were found present in methanolic extract
(IVGIC). Its ethylacetate fraction (EFRC) contained alkaloids, flavonoids, saponins and

terpemoids but phenols aod tannins werre not separated by this solvent. In n-biutanol fraction

of R urdiforro (BFRC) therewercpresmtphytoch€micals likephenols, flavonoids, tannins

and terpenoids. In this n-butanol frastion (BFRC) alkaloids and saponins werE not present

(Table 4.8). Phytocherricals like alkaloids, pheno\ flavonoids, tannins, saponins and

terpenoidg carbohydrate and steroids are very valuable and they play important
phFiological actions in the body used for heatuent of diseases (pendli et al., 2Ol4).

Prwiously scrcening of biologically active compounds like glycosides, anthraquinoneg

saponinq stmids, flavonoids and phenols from various solvent cxtracts of roo! stem and

leaf in R. cordifolia was perfomed by Pendli et al., (2014). Scr€€ning of similar
phytoche,micals also in our investigation showed that methanolic erffact, ethylacetate and

n-brutanol has highest potential to separdc the required biologically important onstituents
firom medicinal plants. These phyochemicals have strong anti bacterial, anti-inflammatory,

anti-diarrheal and anticancerrotrs activites (Liaet a1.,2002;Bachaya et al.,2l}g).Varietyof
oomlrcunds ie., phenolic compounds, sa1rcnins, all@loids, 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 frr their anti-diabetic activity along with alkaloids (Firdous, 2014). Variety of
anthraquinoneq naphthoquinones, triterpenoids and cyclic hexapeptides had been identified

fiom this plant that possess anti-oxidation, anti-inflemmatory immunomodulatory and anti-

tunror activities (Shan et a1.,2016). Tlrese results of R. cordifoliareverrld that these plants

with methanolic extract (MERC) aDd their solvent fractions (EFRC and BFRC) are

important frrthc preparation of dnrgs to tneat the different diseases including the diabetes.

Screening of phytochemicals from metlranolic extract and its fiactions by solve,nts (n-

hexane, ethyl acetate and n-Butanol) of L. aneata led to idcntification of steroids,

flavonoids, phenolicg carotaoid, lignin and hexose on the basis oftheir spectroscopic data

(Min et al., 2016) Tannins, saponins, terpenoids and alkaloids are idcntified in our

investigation fiom atrid parts ofZ. qnteato which were not screened earlier. The scneening

of these phytoche,micals fiom L. unenta in ou investigation is important for drugs

discovery.

The important phytochemicals of plants are phenolic and flavonoids, which play

important role in pharmaceutical dwelop,rrernt. The quantitative analysis of polyphenolic

compounds is essential part to know about their total content in the respective part ofplants.

orrr results about TPC (pglmg GAE) of R. cordifo&a methanolic extract and its most active

fractions (l\,lERC, EFRC and BFRC) showed 99.732fi.938, 207.30ffi.730 and

119.120+{.893 (pglag GAE) while L. anneata aod its active fractions (MEIJC, EFLC and

BFIf) showed 101.26911.039, 80.6980.542 and 2M.184+0.986 (pdng cAE)

respectively. This showed that highest TPC firy|ry GAE) wcrt present inEFRC

Q07.30ffi.730) frllowed by BFRC (119.12G!0.893 pelme cAE) ad MERC

(99.7324.938 pglag GAE) in R ardifolia (Iable 4.9). The TPC (pelag cAE) in Z.

aneata were highest in BFLC (2U.184+0.986) followed by MELTC (101.269t1.039) and

EFIJC (80.69910.542) respectively (Table 4.10). The order of presence of TPC in both

plants are EFRC > BFIJC > BFRC > MELC > MERC > EFLC. The highest content in EFRC,

BFIJC and BFRC showed tbat phenolic compounds are more separated in ethyl acr,tate
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fraction of R. ardifolia d then n-bnrtanol fiaction (BF) of both plants (R. cordfolia afr
L. aneata).

Results of total flavonoids (TFC pelme QE) of R. cordifolia (MERC, EFRC and

BFRC) showod 96.5il+0.996,195.224+0.940 and 76.848+0.519 (pelry QE) respectively

(Table 4.11) while the results of TFC of L. ctneata (U.fE,l,C, EFIJC and BFLC) were

86.376+1.012,95.410t9.873aDd 203.97W.359 (pglmg QE) respectively (Table 4.12).

There wsr€ highcst TFC (r.rglmg QE) in EFRC (195.224fr.940) followed by MERC

(96.564+0.9%) and BFRC (76.E48+0.519) of R cordifo&a showing that flavonoids are

rnore separated in ethyl adate solvent during the fractionation of methanolic extract.

Similarly the results of L. aacara of TFC (frglqg QE) showed that highest TFC is present

in BFLC (203.97W.359) followd by EFLC (95.410+9.873) and MELC (s6.37tu1.012)

showiag the more TFC separated in n-btrtanol solvent and then by ethyl acetate solvent

during fractionation of methanolic exhact. The variations in TPC of same plant in different

solvents may b due to the nature of solvents polaritics and also the nature of phenolic

compounds (Sembiring et a1.,2018). Different plants have different phytochemicals present

and in onr studied plant the conte,nts are different in both plants (R cordifolia and Z. aneata)

in solvent, aod this differe, ce is also due to plants belong to two different frmilies also and

different parts used (Se,mbiring et a1.,2018) and geographical regions and nutrition ofplants

(1a"9 et a1.,2017).In another study, same method of calculation of TPC and TFC was

p€rformd by Aryral et al., Q0l9) in vegetables from Nepal (Basella alba, Cassia tora,

Alternanthera sessilis, Digera muricata,, Iflcas ceplulotes, Portulaca oleracea, Ipomoea

quatica ad Solarum nigrum) in methanolic extract in which A. sessilis had highest

phenolic conteirts with smallest in r. albabttflavonoids w6xs high h P. oleracea while the

least was recorded bt I. quatiu which showed that there was higher contents of these

phytoche,micals as oompare to methanol extract for R cordfolia frd, L. cwreato in our

investigation. This difference is quiet regrresentatlon that gographical regions, tlpe ofplants

and extraction methods have effect on plants secondary maabolites contents. The solvents

and extraction procedure are important frctor for dissolving the plant @rlpornds
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(Siddhuraju et a1.,2003). The plant has valuable compounds in polar solvent exhact than

none polar solvents due to hydroxyl grcup so the separation of our ompound (TPC aod

TFC) from selected plants (R. cordfolia and, L. aneata) in methanol is due to its polarity.

The partition of these corrpounds on their polarity basis having diffcrent extractive

capacities (Rnsso et a1.,2015).

Ide,ntffication of phytochemicals is an important parameter for knowing the exact

role ofplants maabolites with biological ac'tivities. Pure ompounds have more prominent

biological ac'tivities than cnrde extract or orylex compounds when thcy are not separded.

In our results about analysis of pollphenolic oottrporrnds fiom most active anti-

hperglycemic plant (R cordifolia alrd L. ameata), HPLC tests oonfirrred the prese, ce of
mangiferine in dl samples of R. cordifolia (MERC, EFRC and BFRC). The purpurine is

present in methanolic extrac't and ethylacetate fradion of R. cordiforrc (Figur€ 4.13 and

Figure 4.la) only whereas the charatine is abseirt in all samples ofI. ardifolia(table 4.13).

Similarly, the HPLC of L. anqfa showed thc presence magfirine and purpurine in MEI6
(Figure 4.20) aad its BFLC (Figure 4.21) while Ik€mpf€rol is identified in MEIJC (Figrre

4.20) and 2-methyl ne in BFLC (Figrre 4.21). Methanolic extract slrould show

good antidiabaic activity whereas BFLC highly significantl hlpoglycemic activity. The

antidiabetic effcct of EFLC might be due to presence of other phenolic and flavonoid

compoundg which may pnesent in it because these standards are not efuded fiom EFLC

(FigutE 4.22). Rubiadin (1, 3-Dihydroxy-2-methylanthracene-9, l0-Dione), which is a
dihydroxy anthraquinone, and possesses effective antioxidant prcperty and prcvents lipid
peroxidation was identified fiom roots and a€rial parts by HPLC methodolory (Mughees et

a1.,2017).In earlier study three sterroids, nine flavonoids, two phenolics, one carotenoid,

sas lignin and one hexose on ttre basis of their spectrroscopic data were isolatcd and

ideiltified inL. aneata$Mta et al., (2016). Phytoche,micals like carbohydrate, alkaloids,

amino acidg saponins, glycosides, phenolic oompound and tannins were found as a major

constitueot n R. cordifulia Linr. Root, which play important role for biological activities

like antitoxin, antis€ptic, antimutagenic, anticarcinogenic antidiabetic and antioxidant
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agents (Gupta d Grrptq 2017). Physioctre,mical charact€rization of any drug is important

befrre the any pharmaozutical activity. Chemical charact€rization of R. corddolia showed

that it has proteins, glycosides, phenols, flavonoids and taonins in an earlier investigation

(Siddiqui et al., 20ll). According to Iftrmar et al., Q0l9) pqpurin is also present in

traditionally used plants in Himalayan region and these plants are usod for tretiag varieties

of diseases. The oral administration of aqueous root erilract (lgtkglday for 8 weeks) of R.

cordifolia showed antihlperglycemic effect in mice due to prcs€nce of Cordifoliol,

cordifrdiol, rubiacordone, purpurin, alizarin compounds (Verma et a1.,2016;Baskar et al.,

2006). In orn investigation, purpurin is idcntified fiom ethylacetate fraction and methanol

extract of R cordifol;a showiag the widence that aatihyperglyce,mic effect is due to

che,mical compound, purpurin in association with otherphenolic and flavonoids. Naturally,

mangiftrin is predominant in Mangifera indica. Daily oral administration of400 mglkg M.

indi@ crilract in laboratory animals resulted in deqease ofserum glucose by some 60 mgldil-

compared to ontol in 15 days (tvladhuri et al., 2017). In oru investigation about

identification of compoundg it is widence that mangif€rin identification in both the

frac{ions R. corddolia (EFRC aDd BFRC) and its methanolic extract (MERC) exerted the

anti-hlperglycemic effest by 100 nrglkg orally administ€rd once daily in mice up to 28

days' trcahe,nt after alloxan induced diabetes in mice for 6 days. Investigation on R

codifolb in another study was carried out to waluate the diuretic activity of the

hydrcalcoholic extract ofroots in rats to zupport its folklore claim about diuretic proble,ms

and its resnlts showed the potential diuretic a,ctivity @awar et a1.,2009). R cordifolia is

hadftionally used as an anti-inflammatory antiseptic, and galactopurifier and duriag the

investigation of its anticancerous activities it was prcvd that its methanolic erffact has

sEong anticancer effect (Shilpa et al., 2012).Ikerrpfeno[ mangifaine, purpurine and

anthraquinones are commei,cially available compouads having antidiabetic potential These

are usod as staodads for dAecting the compouods in mcthanolic extract, ethyl acetate and

n-brutanol fractions of L. cuenettaplant which is traditionallyused frrthe treahent oftlpe-
2 diabetic. Antih5perglycerric eflect of our investigated plants is associated to synergistic

effect of phytoche,micals such as phenolic and flavonoids present n R. cordifolia d, L.
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cytooto. Diabetes is increasing heatth problem globally and there is urgent need for drugs

to 11'eat it. Lit€rature rwiew shows that there is not antidiabetic effect of R. cordifolia

reportcd fromPoonchregion ofAzad fammu and I(ashnir Pakistan and in ou investigation

has beenperbrmed first time lq iniw animat model

5.2. Conclusion

Pres€nt investigation has been made to identify the potential plants in the alloxan induced

diabetes ninviw experiment. During present investigations on antihyperglfrcernic effectof

selected plants against alloxan induced diabees provide the widence that R. hustatw, N.

Smndillora ad S. dallnusieanns have poor antidiabetic activity while R. ardifulia and L.

ct*eatahave hlpoglycaernic activity and sho4g mti-diabetic effect to reduce the increased

concentdion ofBGL in mice. R cordifolia ail L. cweatahave stimulation effect on p cells

ofpancreas to sccrete tbe insulin" The most active anti-diabetic plants in our investigation

showed that thc solrrcnts tactions (ethylacetnte fraction and n-butanol fraction) of R.

ardifolia and.[. ctncata have significant anti-diabetic effect on alloxan induced diabetic

mice. This effec,t is due to the antioxidant activity of these solvents fractions that bave been

demonshated by DPPH assay. The anti-diabetic activity of trno most active plants (R

corddolb d, L. c.uneata) is associated to antioxidant activity and phytochemical contents

like phe,nolic and flavonoids, specifically the compounds, mangifei'inE purpurine (in R.

codifol$, kacmpf€rol and 2-rnethyl anthraquinone (in L. aneat) identified by HPLC

profiling (Table 4.13 and 4.14) respec'tively. The other phytoche,micals zuch trs fannins,

terpenoids, alkaloids and saponins may have symergistic effec{ against alloxan induced

diabetes in mice. Furthermore, the results obtained frs6 this study confirmed that LDso of

all th€ selected plants are safe for heating the diabetes and they are non-toxic to mice up to

1000 mg/kg ofbody weight. This investigations orL cordifolia artdl,. ctnteata studies give

assuranoe that thebothplant species hane anti-diabetic and antioxidant eftcts that zupports

or makes justification about the reported folkloric use of R. cordifolia and L. cweata to treat

the diseases of diabetes in northern regiotr of AJ& K Pakistao" In brief conclusion from our

investigation we say that R ardifolia has the most ac{ive anti-hlpeqglyccmic effect in
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CEAPIE,RFITE DISCUSSION

alloxan induccd (l0O mg;/Kg) mice due to symergistic efrect ofphytochemicals like purpurin

and nangiferin present in its fractions and methanolic extract.

Howwer, it is rpcomme,nded that:

the saftuse of.R. cordifoliaand'L. anneat*.

mechanism of action ofthe antihlperglycemic effects ofthese selected plants under

curr€nt $udies.

cordifolia afr L. anneata ould be assessed.
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