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ABSTRACT

In recent years, the use and search for drugs d@athy supplements derived from plants have acagderin the
treatment of diabetes and hypertension becauseh@fhtazardous adverse effects of the current therdpy
comparison was made between the antidiabetic-gngiftgnsive activities of aqueous extracts of leafgSynodon
dactylon and Phyllanthus niruriin rats with simulteous type 2 diabetic and hypertension. The agaatst of
leaves of Cynodon dactylon (200mg/kg/day)and Phitfllas niruri (600mg/kg/day) was administered orailty
Diabetic Control (DC), SHR and Diabetic-SHR (D-SHR)dy weight of animals were measured weekly tiirout
the study (28 days). Blood glucose level and totadlesterol level was measured at day O after étida of
diabetes and at day 28. Arterial blood pressuralbthe groups was measured at day 14 and day 2&ibguff
method. Serum glutamic oxaloacetic transaminaseO(Bdevels in all the groups were measured at the ef
experiment. No loss in the weight of animal waseoled in the group treated with the aqueous heex#lacts.
The study showed that herbal extracts preventeeha#ttion of the blood glucose and total cholestéeokls;
significant decrease in mean arterial blood pregs(MABP) and decrease in SGOT level. The findifigseostudy
support the traditional use of C. dactylon and Run for the treatment of diabetes and arterialggytension, and
indicate that they may have a beneficial effegdtients with co-existing diabetic hypertension.

Key words: Diabetic hypertensionCynodon dactylon, Phyllanthus niruriSpontaneously hypertensive rats,
Streptozotocin,

INTRODUCTION

Diabetes mellitus (DM) and hypertension (HTN) hasmerged as major medical and public health issues
worldwide, and both are important risk factors doronary artery disease (CAD), heart failure, ametlorovascular
disease. DM is increasing in epidemic proportiolebally [1]. DM exerts a significant burden resagiin increased
morbidity and mortality, decreased life expectarayd reduced quality of life, as well as individead national
income losses. Additionally, HTN affects about &ilkon people worldwide [2] and it is estimatedattby 2025, up

to 1.56 billion adults worldwide will be hypertewsi [3]. Raised blood pressure (BP) is estimatedase 7.5
million deaths.
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DM and HTN are also known to coexist in patients [fdeed, there is a strong correlation betweeanging

lifestyle factors and increase in both DM and HTXe presence of hypertension in diabetic patiembstsintially

increases the risks of coronary heart diseasekestmwephropathy and retinopathy. For all these idenstions,

therapeutic interventions should target all th& factors, including blood glucose levels and daterypertension.
In this context, many studies have demonstratea@liliy of phytotherapy to significantly decregdasma glucose
level and blood pressure, in addition to the cotieaal hypoglycemic agents and hypotensive drugslus the

treatment of T2DM and arterial hypertension.

Since from ages, plants have been the main souramedicines for human beings. Plants contain variou
phytochemicals which can play an important roleeiducing occurrence of several diseases by boogpngarious
organ functions. Numerous traditional healing heabd their parts have been shown to have medivalak and
can be used to prevent, alleviate or cure sevanaian diseases [5]. It is estimated that 70-80 %euiple
worldwide rely chiefly on traditional, largely heabmedicine to meet their primary healthcare néégds].

Cynodon dactylon(L.) (Family: Poaceae) is a perennial grass, pEsssarious medicinal properties such as
antimicrobial and antiviral activity [8]. Furtherme the aqueous extract of this plant has antlammmatory [9],
diuretic [10], and anti-emetic [11] activity. It fidbeen reported to possess anti-arrhythmic [12}i@protective
[13], antioxidant [9], immunomodulatory [14], amtiraphylactic and mast cell stabilizing [15] activiCynodon
dactylonhas been used as an Indian traditional medicinadthma [16]. Leaf, root and rhizome of the plaate
been used in folk medicine in various countriesaascystitis [17], antihysteria, antipsychotic [1&htigonorrheal
infection [19]. The phytochemical studies @ynodon dactylorrevealed the presence of flavonoids, glycosides,
saponins, tannins, carbohydrates and essentj@MR1]

Phyllanthus niruriL., (Family: Phyllanthaceae) is a little shrub fduboth in tropical and subtropical countries.
Several species from this genus are used worldimidelk medicine for diverse therapeutic purposgg][Various
active constituents to which the biological activibf P. niruri has been attributed include lignans, tannins,
coumarins, terpenes, flavonoids, alkaloids, sapomind phenylpropanoids. These active constitudotsyawith
common lipids, sterols and flavonols are mainlyrfdun the leaves, stem and roots of the plant T2&se all
phytochemicals present in. niruri exert different pharmacological actions, for exéeng) hepatoprotective [23,
24] and anti-viral properties by lignans [25] b)tiamicrobial activity by terpenes [26] c) anti-osdt[27],
antileishmanial [28], andanti-inflammatory actiesi by flavonoids [29], d)antispasmodic activity][3mooth
muscle relaxation effect by alkaloid[ 31]e) aldeshkrctase inhibitory (ARI) activity [32] by glycosd
(quercitrinand geraniin).

It is desirable to explore the action of herba¢dicines for safe and effective management of bedes
hypertension, a) As the diabetes and hypertensimas become a global burden and long term manademitn
available pharmacological therapy is gradually iggticostlier, sometime ineffective as well as akged with
number of side effects, b) As patients have to goms separate medicine for these two diseases thbathh
diseases are existed in same individual i.e. dibieypertensive patients.

Here we report antidiabetic antihypertensive atiaf the water extract from leaves Gfynodon dactylorand
Phyllanthus niruriwith a view to provide scientific evidence of moaédines in Streptozotocin induced diabetes in
SHR to evaluate and compare their antidiabeticantithypertensive activity. The effects producedtmse extracts
on arterial blood pressure, blood glucose level, tatal cholesterol and SGOT level were evaluated.

MATERIALSAND METHODS

Plant material

The fresh aerial parts of leaves@fnodon dactylomndPhyllanthus niruriwere collected from outskirt of Palghar,
Maharashtra, India and authenticated by AgharkaeReh Institute, Pune, India. The animal usagepob was
approved by the IAEC of National Toxicology Cerifneough Protocol No0.38/1415.

Preparation of the aqueous extract
Aerial parts of leaves of. dactylonand P. niruri were dried under shade and coarsely powdered. &edd
material was subjected to continuous hot percalaigoxhlation) with distilled water. After the exiwive
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extraction, the solvent was removed under reducedspre (Buchi RV-100) using rotary flash evaparaben
finally dried in desiccator.

Animals used

The Male Wistar rats weighing 200-250 grams wepepred from in-house animal facility of NationalXieology
Centre, Pune. They were housed under standard tamsdiof temperature and relative humidity with he
light/dark cycle. Animals were fed on standard caereial pellet diet and wated libitum

Induction of diabetes

Male Wistar rats were kept on fasting overnight &trceptozotocin (Sigma-Aldrich Ltd, Mumbai), 55 g/ in

0.1M citrate buffer, pH 4.5 was administered ingdgoneally (i.p.) for the induction of diabete2]2The animals
were bled through the retro orbital plexus and dledas collected in heparinised tube. The plasmaogke was
measured in a biochemical analyzer by GOD/POD neethbe rats that developed more than 250 mg/dlasfrpa
glucose [23] on the™8day of induction were selected for the study.

Animal experimentation
In the present study the animals were distributéd 12groups containing six animals each (n=6ha following
manner:

Group | (NC): Normal Control (0.1 M citrate buffer (pH 4.5)).

Group Il (NC-AECD): Normal Control + aq. extract &. dactylon(200mg/kg/day, p.o.,)

Group Il (NC-AEPN): Normal Control + aq. extract &%. niruri (600mg/kg/day, p.o.,)

Group 1V (DC): Diabetic Control (STZ injected rats)

Group V: D+AECD (Diabetic rats + aq. extract ©f dactylon200mg/kg/day, p.o.,).

Group VI: D+AEPN (Diabetic rats + aq. extract®f niruri 600mg/kg/day, p.o.,).

Group VII: SHR

Group VIII: SHR+AECD (Hypertensive rats + aq. extracCofdactylon200mg/kg/day, p.o.)
Group IX: SHR+AEPN (Hypertensive rats + aq. extracPohiruri 600mg/kg/day, p.o.,).

Group X: D+SHR (Diabetic Hypertensive rats)

Group XI: D+SHR+ AECD (Diabetic Hypertensive + ag. extrac€ofdactylon200mg/kg/day, p.o.)
Group XlII: D+SHR+ AEPN (Diabetic Hypertensive rats + ag. ecttcd P. niruri 600mg/kg/day, p.o.)

The treatment with plant extract (1 ml) was giveilydfor 28 days using gastric cannula. No detdetamitation or
restlessness and noticeable adverse effect @gpiratory distress, abnormal locomotion or cagfepas observed
after extract administration. Throughout the expertal period, the body weight was monitored.Tha\stwas
conducted for 28 days to evaluate the potentidhefextracts to lower blood glucose level and meaderial blood
pressure.

Biochemical examination

During 28 days study, blood was withdrawn at aeridl of 7 days from the retro orbital plexus undeaesthesia
of the fasted animals. Blood glucose levels wees thstimated by GOD/POD method in an auto analyzielg the
commercial enzyme estimation kit (Coral Biosystemsdja) besides this, parameters like total cheles, SGOT
were monitored by using commercial kit (Coral Bgtems, India).

Blood pressure measur ement

Animals were anesthetized with Ketamine/XylazinelY1Mean arterial blood pressure (MABP) was reedridy
tail-cuff method (ADInstruments ML125 NIBP Powerlalat 14" day and 28 day upto end of the study and
expressed as mm Hg.

Statistical analysis

Data were expressed as mean + SEM of six obsengtitatistical analysis was done using one-wajysisaof
variance followed by post-hoc test, Bonferrani'sttby using Graph pad Prism 5 version. Statistsoghificance
was considered ak 0.05.
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RESULTS

Effect on body weight

The control animals showed a linear proportion riwgh in terms of weight whereas the untreated etiapSHR
and Diabetic SHR rats were found to have signiticagight loss. However, Administration of two extitsfor 28
days were able to correct this aberration signifiiga(p<0.05). The results of all the extracts testedpaesented in
Figl.
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Fig.1- Effect of aqueous extract of C. dactylon and P. niruri on body weight of rats
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Data were analysed by one way ANOVA followed byfeBami’s test. Values are represented as mearE#\8. (n=6);

Fig. 2- Effect of aqueousextract of C. dactylon and P. niruri on blood glucose
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Data were analysed by one way ANOVA followed byféBamni's test. Values are represented as mearEt8. (n=6);® Value significantly
different from NC,(p< 0.05)’ Value significantly different from DC, (p< 0.05)alue significantly different from D-SHR, (p< 0.05)

Effects on blood glucose

Streptozotocin induced diabetic rats showed a 28.68e in the plasma glucose levels as compareabtmal
control group. Treating those hyperglycemic rathwiqueous extract &. dactylon(200 mg/kg) andP. niruri (600
mg/kg) resulted in significant reduction in the gtaa glucose levelp& 0.05) which came at par with the normal
control animals at the end of 28 days study. Ondther hand the diabetic control animals which irexk no
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treatment continued to show high plasma glucosautitrout the study (Fig.2).Plasma glucose levelgmiesl at 0
and 28 days after treatment with ag. extracCotlactylonandP. niruri in hypertensive rats was almost similar to
that of pretreatment levels.

Effects on total cholesterol

Total cholesterol level were found to be signifitar(p<0.05) increased in the vehicle treated diabetaugrin
comparison with the control group. Treatment witlo textracts for a 28 days significantly attenuafe<D.05) the
elevated total cholesterol level in comparison wité vehicle treated diabetic rats given in Fig.8tal cholesterol
levels observed at 0 and 28 days after treatmehtan. extract o€. dactylonandP. niruri in hypertensive rats was
almost similar to that of pretreatment levels.

Fig.3- Effect of aqueous extract of C. dactylon and P. niruri on total cholesterol
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Data were analysed by one way ANOVA followed byféBami's test. Values are represented as mearEt\8. (n=6);® Value significantly
different from NC,(p< 0.05) Value significantly different from DC, (p< 0.05)/alue significantly different from D-SHR, (p< 0.05)

Fig.4- Effect of aqueous extract of C. dactylon and P. niruri on mean arterial blood pressure
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Data were analysed by one way ANOVA followed byféBamni's test. Values are represented as mearEt\8. (n=6);® Value significantly
different from NC, (p< 0.05) Value significantly different from DC, (p< 0.05)yalue significantly different from SHR, (p< 0.0%)alue
significantly different from D-SHR, (p< 0.05); afte4 days and 28 days treatment.
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Effects on blood pressure

In present study, mean arterial blood pressure ER Seaches uptol61.2 + 2.120mmHg Concomitant
administration of ag. extract d€. dactylon(200 mg/kg) and aq. extract &. niruri (600mg/kg) for 28 days
decreases blood pressure as depicted in Fig.4. Mearnal blood pressure reaches upé®.5 + 1.875 mmHgn
SHR treated with Streptozotocin. Administrationagf extract of herbal drugs for 28 days prevertedricrease in
mean arterial blood pressure in diabetic hypertengioup (D+SHR) as shown in Fig. 4.

Effectson SGOT

The effect of repeated oral administration of aqraet ofC. dactylon(200 mg/kg) andP. niruri (600mg/kg) for 28
days on SGOT in severe diabetic, SHR and D - SHprésented in Fig.5. Serum glutamic oxaloacetic@%{>
level decreased dynamically in D-SHR-AECD and D-SAEPN, (p< 0.05) after challenge with herbal extracts for
28 days. SGOT level reached peak during the stu@®HR and D-SHR groups.

Fig.5- Effect of aqueous extract of C. dactylon and P. nirurion SGOT at day 28
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Data were analysed by one way ANOVA followed byféBani's test. Values are represented as mearEt\8. (n=6);® Value significantly
different from NC, (p< 0.05} Value significantly different from DC, (p< 0.0%)yalue significantly different from SHR, (p< 0.0%)alue
significantly different from D-SHR, (p< 0.05);

DISCUSSION

It is desirable to explore the action of herbal oees for safe and effective management of DiabElgpertension
as a cost effective complementary therapies.

In the present study, the aqueous extract€yfodon dactylorand Phyllanthus niruriwere investigated for its
antidiabetic-antihypertensive activity in diabetigpertensive rats. The STZ-treated spontaneougigritgnsive rat
(SHR) has been extensively used an example of @&nma@del where hypertension and diabetes occur
simultaneously [33,34]. STZ-treated SHR (D-SHR) @lep a hyperglycaemic syndrome, associated witkeroth
biochemical and morphological changes that to sextent approach insulin-dependent diabetes meblibusbined
with hypertension [34]. Advantages of animal stgdiethe examination of alternative medicines drartefficacy
include the ability to define experimental condigsomore tightly and to undertake more detailed istudf the
biologic effects of the agents being used. The raeisims by which Streptozotocin brings about itdel state
include selective destruction of pancreatic insgktretings- cells, which make cells less active and leaddorp
glucose utilization by tissues [35].

In the present study, the administration of STAeomal and spontaneously hypertensive rats efiegtinduced
diabetes as reflected by glucoseurea, hyperglyceméhloss in body weight. The two plants extractstment
showed as significant antihyperglycemic effectst Bane of these extracts could produce any hypeghyc effect
in normal rats. The experimental results indicatieat the aq. extracts dfynodon dactylorand Phyllanthus
niruriexhibited a potent blood glucose lowering propéntyliabetic rats and diabetic hypertensive ratsSHR).
The capacity of plant extracts to decrease theagdelvblood glucose level near to normal glycogéenel is an
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essential trigger for the liver to revert to itsrm@al homeostasis during experimental diabetes. &hesults
suggested that one of the possible mechanisms lghw dactylonand P. niruri extracts bring about their
antihyperglycemic action is due to inhibition ofgatic glycogen degradation.

Induction of diabetes with STZ is associated with tharacteristic loss of body weight, which is tluéncreased
muscle wasting and due to loss of tissue protéf§ Diabetic rats and diabetic hypertensive rBxsSHR) treated
with the plant extracts showed significant gairbody weight as compared to the diabetic controlictvimay be
due to its protective effect in controlling muselasting (i.e. reversal of gluconeogenesis and gigonolysis) and
may also be due to the improvement in insulin g&mreand glycogenic control. Insulin deficiency dsao various
metabolic aberrations, namely increase blood gkicdscreased protein content and increased lef/elsotesterol
and triglyceride [37].

Results from present study have shown that MABP sigusificantly elevated in DC by about 30 % compiate
non-diabetic control group whereas it was verytgligincreased in D-SHR by about 3 % compared to-diabetic
SHR. The increase in MABP following induction ofatletes in rats was in good agreement with a prewstudy
[38]. Common observations in the clinic are diabetesepti generally have higher MABP than non-diabetic
patients [39], but it is not clear why not in diibeSHR. It may reflect the presence of a compemgaesponse that
opposes elevation of MABP in the underlying stdtbypertension following induction of diabetes lolgarly needs
further study.

Diabetic hypertensive rats treated with aqueousaebfC. dactylonandP. niruri exhibited significant decrease in
MABP compared with diabetic control, SHR and D-SHignifican{p< 0.05) decrease in mean arterial blood
pressure by about 10.7% in diabetic rats, 12% iR SER% in diabetic SHR respectively after 28 dagatment
with aqueous extract d&&. dactylon(200mg/kg of body weight) was observed. MABP wigmificantly decreased
(p< 0.05) by about 13.47 % in aqueous extrad® ofiiruri (600 mg/kg body weight) treated group comparedh wit
SHR group, 20.85 % in aqueous extractPofniruri treated group compared with D-SHR group [40]. Decin
mean arterial blood pressure in diabetic rats éxbatith aqueous extract Bf niruri was not significant.

SGOT is an enzyme found mainly in heart musclerlisells, skeletal muscle and kidneys. Injury testhtissues
results in the release of the enzyme in blood streglevated levels are found in myocardial infaneti cardiac
operations, hepatitis, cirrhosis, acute pancreatédcute renal diseases, and primary muscle disehseresent
study, administrations of aqueous extract€Cofdactylonand P. niruri shows significantg< 0.05) decrease in
SGOT level in diabetic and hypertensive animalss Tasult signifies that aqueous extract€odactylonand P.
niruri protects theorgans from injury or damage due td Hifpod pressure or myocardial infarction, cardiac
operations, primary muscle diseases.

Altogether the results obtained vivo indicated that oral treatment with aqueous extradtC. dactylonand P.
niruri decrease blood pressure of diabetic and hypeviemats. The hypotension can be correlatedstindicated
by prevention of abnormal vascular reactivity tosictor and dilator stimuli in the vasculaturdweedMABP.
One important observation was the aqueous extodgitants did not interfere with the animal growitiioughout
the study. This is a positive sign of biosafetytlodé extract to treat diabetic hypertension withaffecting the
normal body functions.

The presences of glycoside, flavonoid, saponinsjita sterol and carbohydrate in agueous extrd@s dactylon
and P. niruri, which are known to be bioactive for the managenwnhypertension and diabetes, may be
responsible for its action. It is well known thatriain flavonoids exhibit hypoglycaemic activitydais also known
for their ability of beta cell regeneration of peeas. Sterols have also shown to decrease bloodr sng
experimental animal models. The cardiac glycoside® also been proved for its cardio-protective @ardio tonic
activity thus, the significant antihypertensiveeetf of aqueous extracts 6f dactylonand P. niruri may be due to
the presence of more than one antihypertensiveipténand their synergistic properties.

To evaluate fast and short-lasting effect of tt@aied compounds, new pharmacodynamic and pharrmestink
studies of the plant chemical constituents shoelddveloped in contrast with the delayed onseh@ftypotension
and the slow washout after oral administration.
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CONCLUSION

The present study was conducted to evaluate thdiagtic antihypertensive activity of two herbaftracts in
ratswith simultaneous type 2 diabetic and hyperbensAfter completion of the study protocol, it wimind that
with test, the serum level of glucose and totalesterol improved significantlyp€0.05) as compared to diabetic
control, and in comparative evaluation the two fdafound to be safe as they did not shown any eigacute
toxicity. Meant arterial blood pressure was sigmifitly reduced p<0.05) in groups treated with herbal plant
extracts compared with control. The aqueous exiwc@ynodon dactylorwas found to be more efficacious as
compare to aqueous extract Bfiyllanthus niruri Hence, the data of present study provide impé&iudurther
molecular and mechanistic studies on the therapagtion ofCynodon dactylorand Phyllanthus niruriextracts,
before they can be considerable as a possibleceplent or adjuvant in the management of diabetpsrtgnsion.
Further investigations on identification of theieetprinciples and their mode of action are neeidedxplore the
molecular mechanisms involved in the observed tffec
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