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ABSTRACT

The aim of the present study was to investigaterthdtro angiotensin converting enzyme (ACE) iitbity and
antioxidant activities of the aqueous leaf extraetl ethanolic seed extract of Raphanus sativus. lbafonging to
the family Brassicaceae. The ability to inhibit AQ#s evaluated by quantifying the decrease in N2f3-
furyl)acryloyl]-L-phenylalanylglycylglycine (FAPGQ@)eak area at 345 nm using reverse phase high peéafoce
liquid chromatography (RP-HPLC). FAPGG was usedtessubstrate in the assay. The antioxidant agtiwftthe
extracts was determined by evaluating its hydrosadical, superoxide anion radical, nitric oxide radl
scavenging abilities, reducing power ability, fansochelating ability and total phenolic and flavashgontents. The
ACE inhibitory potency of the seed extract (278 58Zug/ml) was found to be higher than the leafagxtand is
compared with the standard drug lisnopril (0.19 0P ng/ml). However, both extracts possess sigmific
antioxidant activity when compared with the stamblafhe results of this study suggest that the eti@aseed
extract of R.sativus has promising bioactive conmgsuwhich might have a beneficial effect in thetreent of
hypertension and cardiovascular diseases.
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INTRODUCTION

The renin-angiotensin system participates extehsiire the pathophysiology of myocardial infarctiodiabetic
nephropathy and congestive heart failure. Thiszatbn has led to a thorough exploration of theimeangiotensin
system and the development of new ways for inmigiits actions [1]. Angiotensin converting enzyrdCE), a
crucial enzyme in the regulation of the renin ateigin system, is a zinc-containing peptidyl dippthydrolase
whose active site consists of three parts: a cathtecbinding moiety such as the guanidinium gro@iprginine, a
pocket that accommodates a lipophilic side chaimarafno acid residues at C-terminal and a Zn iore Zh ion
binds to the carbonyl group of the penultimate igepbond of the substrate, thereby making the caibgroup
polarized and subjecting it to a nucleophilic attf?].

Currently available ACE inhibitors are syntheticapimacological drugs and their use in healthy or-ilisk
populations is not advisable because of their agveffects like dry cough, skin rashes and angiatieedema [3].
Certain compounds derived from plant extracts filkdrolysable tannins [4phenylpropanes [5], proanthocyanidins
[6], flavonoids [7], terpenoids [8nd peptide amino acids [9] have been reportedhtgir in vitro ACE inhibitory
activity. These findings opens up the possibilityfinding newer plant derived compounds which mirsjmthetic
ACE inhibitors and provide health benefits withauty adverse side effects.

11
Scholars Research Library



M Umamaheswariet al Cent. Euro. J. Exp. Bio., 2012, 1 (1):11-17

The reactive oxygen species (ROS) include freecadslisuch as superoxide anior, (9 hydroxyl radical (OB,
hydroperoxyl (HOQ, peroxyl (ROO), alkoxyl (RO) and non-radicals like hydrogen peroxide ,@5),
hypochlorous acid (HOCI), ozone {Cand singlet oxygen (9. Similarly, reactive nitrogen species (RNS) imtgu
nitric oxide (NO), peroxy nitrite (ONOQ, nitrogen dioxide (N®) and dinitrogen trioxide (MDs). Oxidative stress
is a condition in which there is an increased potidn of oxygen species and diminished levels dfoaidant
system resulting in cell damage leading to the q@ethesis of a variety of diseases. Antioxidantsqre the
oxidative reactions that occur naturally in tissbgsscavenging the free radicals, chelating metas iand acting as
electron donors [10].

The oxidative stress in cardiac and vascular myscgaused by ROS has been noted to induce cardidaatissue
injury and to sustain homeostasis of the vascubdl, & balance between the endogenous transmitiagstensin
II, nitric oxide, and ROS is of great value. It hasen clearly noted that hypertension caused bgnatally
increased levels of angiotensin Il is mediatedart py superoxide anions [11]. The cardiovascuiseabes caused
by increased levels of angiotensin Il are fountbéamediated by vasoconstriction and thus decreameckntration
of vascular nitric oxide seems to promote the aegisin || dependent cardiovascular diseases [12].

Raphanus sativukinn. (Brassicaceae), basically known as radiskkammonly available throughout the world.
Different parts of radish including roots, seedd &raves are used for medicinal purposes [13]rafitees suggest
that leaves oR. sativuspossess gut stimulatory [14] and hepatoprotedntévities [15] and seeds possess anti-
microbial and diuretic activities [16]. However, report is available in the literature to our knedge regardingn
vitro ACE inhibitory and antioxidant activities of theesls and leaves Bf. sativusHence, the main objective of the
present study was to evaluate the ACE inhibitory antioxidant activities of the seeds and leaveR.dfativusl.
using variousn vitro models.

Hence, the main objective of the present study taasvaluate the ACE inhibitory and antioxidant atits of the
methanolic seed extract of A. graveolens usingtio yodels.

MATERIALS AND METHODS

Plant material

The seeds and leaves Rf sativuswere collected from Coimbatore district, Tamilnathdia during the month of
June 2010. The plant was identified and authemiicay Mr. G.V.S. Murthy, Joint Director, Botanicaurvey of
India, Tamil Nadu Agricultural University CampuspiGbatore bearing the reference no BSI/SC/5/08-€&41766.

Extraction

The seeds dR. sativud.. was washed thoroughly with distilled water ahigbd in open air at room temperature for
24 h. The seeds were powdered mechanically anddigwough No. 20 mesh sieve. About 500 g of powdes
soaked with 2 L of ethanol (95%) for 12 h and tmeacerated for 4 h at room temperature using a mégdla
shaker. The extract was filtered through a mudlithcand the residue was again soaked with the saruene of
95% ethanol for 12 h and then further extracted4fdr and filtered. The filtrates were then combitegkether and
concentrated under reduced pressure and concehinaderotary evaporator at 40°C [16].

Around 500 g oR. sativudeaves was washed with tap water and then soak2d'b L of distilled water for 3 days.
The plant material was filtered through a musliotleland the filtrate was collected. This procedues repeated
twice and the collective filtrate was concentrated rotary evaporator at 40°C to yield a thiclscaius extract [17].

Chemicals and instruments

Angiotensin converting enzyme from rabbit lung (E@.15.1), Furnacryloyl-lI-phenylalanylglycylglycifEAPGG)
and Lisinopril were purchased from Sigma Aldrict§Al 2-deoxy-2-ribose, (2-[4-(2-Hydroxyethyl)-1-piainyl]
ethane sulphonic acid (HEPES) buffer, pyrocateemal quercetin were purchased from Himedia Lab4g., IRd,
Mumbai, India. All other drugs and chemicals ugsethe study were purchased commercially and weenalytical
grade. HPLC instrument with L-4000 UV detector, 200 Intelligent pump and LiChrosorb RP-18 colum@ 7
mm) from HITACHI with Data Ace workstation was uskd the analytical studies (HITACHI Ltd, Tokyo,pkn).

Phytochemical screening of the extract
Chemical tests were carried out for the methanstied extract oR. sativusfor the presence of phytochemical
constituents like phenols, tannins, saponins, fiaias, terpenoids, alkaloids, glycosides and stierfii8].

12
Scholars Research Library



M Umamaheswariet al Cent. Euro. J. Exp. Bio., 2012, 1 (1):11-17

Angiotensin converting enzyme inhibition assay

The angiotensin converting enzyme inhibitory atyiviwas carried out by using n-furnacryloyl-I-
phenylalanylglycylglycine (FAPGG) as the substridi®]. The extract and the standard drug Lisino¢iimg/ml)
were prepared by dissolving in reaction buffer (HESP25mM, NaCl 293mM, pH 8.3). The assay mixtureO(ilb
consisting of 530l of FAPGG (3mM in reaction buffer) and 2@0 of extract at different concentrations (100-800
pg/ml) was incubated for 3 min at 37°C. The reacti@s initiated by adding 2@ of ACE solution (0.05U/ml) to
the test reaction and the samples were incubatedn® hour at 37°C. The reaction was then stopyestiding 80
ul of 5% trifluoroacetic acid solution and samplesrevcentrifuged at 9000 rpm for 5 minutes at roemgerature.
The enzymatic activity was calculated by quantidyithe decrease in FAPGG concentration by recordireg
decrease in absorbance at 345 nm using RP-18 cqk®nmm x 7 mm, 3 um pore size) with isocraticielutusing
acetonitrile and 1.1% trifluoroacetic acid in Mil in the ratio of 75:25 v/v; it was filtered thigiu 0.45 uL filter
(Sartorius, Germany) and using an ultrasonic bath degassed before use. The column temperaturamiisnt
and the total running time was 10 min using a flate of 1.5 ml/min with retention time of 2.7 mior FAPGG, the
injection volume was 20ul and the detection wavgtlerwas 345 nm. Percentage enzyme inhibition whslleded
by comparing the enzymatic activity with, and withanhibitor using the following formula,

%ACE inhibition = (1-a) x100
where a is the activity with inhibitor and activityithout inhibitor [2, 20].

Antioxidant activity

Hydroxyl radical scavenging activity

Hydroxyl radical scavenging activity of the extragtdetermined by its ability to scavenge the hygifoadicals
produced by the EDTA-B&H,0,-ascorbic acidystem by the Fenton reaction [21]. The reactioxtuné consists a
final volume of 1.0 ml which contains 100 of 2-deoxy2-ribose (28 mM) in phosphate buffeluson (20 mM, pH
7.4), 500ul of the extract at various concentrations (5u8@ml) in buffer solution, 20@l of 1.04 mM EDTA and
200 uM FeCk (1:1v/v), 100ul of H,O, (1.0 mM) and 10Qul of ascorbic acid (1.0 mM). Test samples were
incubated at 3T for 1 h. The free radical damage on the substdetexyribose was assessed with the thiobarbituric
acid test. The positive control used for this assag quercetin (5-80 pg/ml). The percentage inbibibf the
extract and standard was calculated [22].

Superoxide radical scavenging activity

Superoxide radical generation using the phenazirethasulfate(PMS)-b-nicotinamide adenine dinucleotid
(NADH) system. The superoxide radicals are gendratea PMS-NADH system by oxidation of NADH and
assayed by the reduction of nitroblue tetrazolilNBT). In this experiment, the superoxide radicatsavgenerated
in 3 ml of Tris—HCI buffer (16 mM, pH 8.0) containg 78 mM NADH, 50 mM NBT, 10 mM PMS and samples to
be tested at different concentrations (25-4g0ml). The color reaction between superoxide rddiaad NBT was
detected at 560 nm using a UV-spectrophotometetttangercentage inhibition calculated. Ascorbidagas used
as positive control [23].

Nitric oxide radical scavenging activity

Various concentrations of the extracts (50-8@0ml) and sodium nitroprusside (5mM) in phosphatéfdy saline
(0.025 M, pH 7.4) in a total volume of 3 ml wasubated at room temperature for a period of 150 ifiter
which, 0.5 ml of the incubated solution and 0.5Gniess’ reagent (1% sulphanilamide, 2% O-Phosplawid and
0.1% naphthyethylene diamine dihydrochloride) wadeled togather and allowed to react for 30 min.t@bn
samples without the test compounds but with eqallme of buffer was prepared in a similar mannedase for
the test. The absorbance of the chromophore forthethg diazotisation of nitrite with sulphanilamidend
successive coupling with naphthyethylene diamimgdfiochloride was measured at 546 nm. The expetiman
carried out using curcumin (50-8Q@/ml) as positive control [24]. The percentage lition of the extract and
standard was calculated.

Ferrous chelating ability

In the Fé" chelating assay, Eelevel in the assay mixture is determined by meaguhe formation of the Eé&
ferrozine complex. The reaction mixture containiagious concentrations (50-8@@/ml) of the extract was added
to 2mM ferric chloride (0.1 ml) and 5mM ferrozin@.2 ml) to begin the reaction and the resultingtorx was
shaken and left to stand for 10 min at 25° C. Thsoebance of the assay solution was measured atrb6Phe
experiment was carried out using ascorbic acidg@@1g/ml) as positive control. The percentage ¢imgjaffect of
ferrozine-F&" complex formation was calculated [25].
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Reducing power ability

Reducing power ability was measured by mixing lextract of various concentrations (50-80§/ml) prepared
with distilled water to 2.5 ml of phosphate buff&2 M, pH 6.6) and 2.5 ml of 1% potassium ferrivge and

incubated at 50°C for 30 min. Next an aliquot & &l of trichloroacetic acid (10%) was added to tthigture and

centrifuged for 10 min at 3000 rpm, 2.5 ml from tgper part was diluted with 2.5 ml water and shakéh 0.5

ml fresh 0.1% ferric chloride. The absorbance wassnred at 700 nm. The reference solution was e s
above, but contained water instead of the sampieseased absorbance of the reaction mixture itecmcreased
reducing power. Butylated hydroxyltoluene (BHT) wes®d as positive control [26].

Estimation of total phenolic content

Total phenolics present in the extract can be edtch using folin-ciocalteu reagent and pyrocatedmwlthe
standard. An aliquot of 1 ml of extract solutionaiiest tube was added to 0.2 ml of Folin-Ciocateagent (1:2 in
distilled water) and, after 20 min, 2 ml of purdievater and 1 ml of sodium carbonate (15%) was édééer 30
min, the absorbance was measured at 765 nm. Tdiepteenolic compounds present in the extract weterchined
as ug pyrocatechol equivalent (PCE) with the usd@standard pyrocatechol graph [27].

Estimation of total flavonoid content

Total flavonoids present in the extract can berdeiteed by treating it with aluminium nitrate ané:thcomparing it
to that of the standard quercetin. One mg of theek was first added to 1ml of ethanol (80%) &odh which 0.5
ml was added to the test tubes containing 0.1 maloiminium nitrate (10%), 0.1 ml of 1 M potassiacetate and
4.3 ml of ethanol (80%). After a period of 40 niire absorbance of the supernatant solution wasumegat 415
nm using UV spectrophotometer [28].

Calculation of 50% inhibitory concentration (IC sg)

The concentration (ug/mL) of the extract requiredstavenge 50% of the radicals was calculated mgube
percentage scavenging activities at five differenhcentrations of the extracts. Percentage inbibifi%) was
calculated using the formula:

1% = A. — A/ A. x 100
where A is the absorbance of the control ands&he absorbance of the sample.

Statistical analysis
All the experiments were carried out in triplicated results expressed as mean + SEM. Significdfdreinces
among means of samples were evaluated by one-vedysinof variance (ANOVA).

RESULTS AND DISCUSSION

Phytochemical screening of the extract
Phytochemical screening showed the presence ofngnphenolics, flavonoids glycosides and sterdidghe
extract.

Angiotensin converting enzyme assay

The ACE inhibitory activity ofR. sativusseed and leaf extracts were represented as pageeACE inhibition.
Among the extracts assayed, the seed extract deratatsACE inhibitory activity at a concentratioh80 pg/ml,
showing an inhibition greater than 50%. The seetfaek showed an l§ value of 278.54+1.67 pg/ml at a
concentration below 800 pug/ml, whereas the leafekdid not show prominent ACE inhibitory activay the same
concentration. These results were compared withahthe standard drug lisnopril, which showed 81190.56%
inhibition at a concentration of 0.8 ng/ml with BBy, value of 0.19+0.02ng/ml. Both the extracts inl@HIACE in a
concentration-dependent manner and the inhibitiothe seed extract was moderate when comparee tstahdard
drug, lisnopril (Table 1). However, at higher doséshe extract, ACE would be significantly inhiit. Flavonoids
are a group of polyphenolics compounds, which Hmeen reported to possess ACE inhibitory activify Thus, the
presence of phenolic and flavonoid content in ttteaets would have contributed towards ACE inhdbiti
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Table 1. ACE inhibitory activity of extracts of R. sativus

Concentration| - ICs0
Plant extracts wg/ml % Inhibition wg/ml
100 41.02 £0.50
200 47.31+£0.73
RSEE 400 5528 + 0.66 278.54 +1.67
800 62.20+0.72
100 05.05+0.25
200 4.21 +0.40
RLAE 400 21.46 £ 0.56 )
800 22.06 + 0.47
Standard 0.1 43.12 £0.23
Lisnopril 0.2 50.38 + 0.32
(ng/m) 04 77.92 +0.45| 0-19%0.02
0.8 81.98 + 0.56

RSEE- Raphanus sativus seed ethanolic extract
RLAE- Raphanus sativus leaf aqueous extract

ICso- concentration needed to obtain 50% inhibitiolAGIE activity
All values determined were mean + SEM; n=3

Antioxidant assay

Superoxide radical scavenging activity

The superoxide anion radical scavenging abilityhef extracts were determined by the PMS-NADH systghere
it generates superoxide radicals which reduce B€& & form a chromophore (diformazan) that abs@ts60 nm.
Determination of the resulting absorbance proviaeseasure of the level to which the extract was éblinhibit
NBT reduction by the superoxide radical [29]. Thearacts showed significant (P<0.01) superoxide snging
activity. The scavenging activity of the seed esttrddCsq 239.99 + 0.32ug/ml) was higher than that of thef le
extract (1Gy 345.45 + 0.46pg/ml) when compared with standacdrsc acid (1G, 61.71 + 0.85ug/ml). Thus, both
the extracts exhibited superoxide anion scavengitigity in a concentration dependent manner (Taple

Table 2. Antioxidant activity of the extracts ofR. sativus

Antioxidant Activity Standard RSEE RLAE
Superoxide radical scavenging assay 61.71 £ 0.8539.99 + 0.32| 345.45 +0.46
Hydroxyl radical scavenging assay 16.90 + 0.1830.27 £ 0.14 | 57.77 £0.75
Ferrous chelating ability 89.28 + 0.141 665.66 + 0.46| 271.42 +0.43
Nitric oxide radical scavenging assay 173.42 + 0.1593.93 + 0.79| 363.63 + 0.64

RSEE- Raphanus sativus seed ethanolic extract

RLAE- Raphanus sativus leaf aqueous extract

All values determined were mean +SEM; n=3

Hydroxyl radical scavenging activity

Hydroxyl radical scavenging activity was measurgdassessing the inhibition of deoxyribose degradatyy
hydroxyl radicals produced by Fenton reaction. Btite extracts and the standard (quercetin) intdbitee
formation of hydroxyl radicals. The scavenging wtyi of the R. sativusseed extract was higher ¢¢30.27 +
0.14pg/ml) than that of the leaf extract{{67.77 + 0.75ug/ml) and is compared with the stashdmercetin (I1G
16.90 + 0.18ug/ml) (Table 2). The hydroxyl radidal an exceedingly reactive free radical which haerb
implicated as an extremely damaging species of ROffee radical pathology, capable of damaging alrradl
molecules present in living cells. It can join reatides in DNA as well as cause strand breakagehatitimately
lead to carcinogenesis, mutagenesis and cytotgxithie hydroxyl radical scavenging ability of artrext gives a
direct relation to its antioxidant activity. Theilgty of the extracts to inhibit hydroxyl radicalediated deoxyribose
damage was determined by means of th&-&ependent deoxyribose assay. Malondialdehyde, gradation
product of deoxyribose produces a pink chromogeh thiobarbituric acid [23]. Both the plant extrasicavenged
the hydroxyl radicals present in the reaction mitand thus the degradation of deoxyribose wasepited.

Nitric oxide radical scavenging assay

The extracts oR. sativuseffectively reduced the generation of nitric oxilem sodium nitroprusside. The seed
extract showed strong nitric oxide scavenging &gti{fCso 193.93+0.79 pg/ml) and that of standard curcumis w
171.42 + 0.15 pg/ml. The leaf extract {£@363.63 + 0.64ug/ml) also showed good scavengiriifyabrable 2).
Nitric oxide (NO) is a potent pleiotropic agent atwed in various physiological processes like srhomtuscle
relaxation, inhibition of platelet aggregation amdjulation of cell mediated toxicity. However, opeyduction of
NO manifest in various pathological conditions bally by formation of peroxynitrites. In the nitrioxide
scavenging assay, sodium nitroprusside reactsaxigjen to produce nitrite ions that is determingdibing Griess
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reagent [30]. The extracts were found to decreas@tiantity of nitrite ions which can be attributedhe presence
of phytochemical constituents.

Ferrous chelating ability

Addition of the extracts dR. sativusnterferes with the ferrous-ferrozine complex anel ted colour of the complex
decreased with the increasing concentration oe#teacts. Thus metal chelating ability of the estsavas denoted
by the extent of ferrous-ion-ferrozine complex fation [29]. Both the extracts captured ferrous idredore
ferrozine and thus have ferrous chelating abilithe absorbance of the extracts decreased with dsicrg
concentration (50 to 800 pg). Among the extracssets the leaf showed higher chelating activitys¢IZ71.42 *
0.43 pg/ml) than the seed extract4J665.66 + 0.46 pg/ml). The kgof the standard, ascorbic acid was found to be
89.28 + 0.14 ug/ml (Table 2). It was reported that chelating agents that can fosnbond with a metal, are most
efficient as secondary antioxidants because theyedse the redox potential and thus steady thezexidorm of
the metal ion. Our results show that the extraetgehgood ability for iron binding, signifying itsnoxidant
activity.

Reducing power ability

The reducing power ability of the plant extractsreveletermined by measuring the transformation &t kms to
Fe** ions. Table 3 shows the reductive capabilitiesesfd and leaf extract Bf. sativusand the standard, BHT. The
reducing power increased significantly with inciegsconcentration of the extracts. The seed exth&. sativus
showed higher reducing ability (absorbance 0.36840837) than the leaf extract (0.3137 + 0.0072)weler, the
activity was less than the standard, BHT (absordn0653 + 0.024). The reducing power ability afcempound
usually depends on the existence of reductonesshwimainly act by breaking the free radical chaiact®n by
donating a proton [31]. The antioxidant principfgesent in the plant extracts could have causedetthection of
ferric complex into its ferrous form, thus accougtfor the reducing power ability.

Table 3. Reducing power ability of extracts oR. sativus

Plant extracts Concentration Absorbance nm
pg/ml

50 0.0619 + 0.0073

100 0.1245 + 0.0042

RLAE 200 0.1802 +0.0019
400 0.2524 + 0.0170

800 0.3137 £ 0.0072

50 0.0846 +0.0018

100 0.1392 + 0.0019

RSSE 200 0.1890 + 0.0071
400 0.2658 + 0.0035

800 0.3654 + 0.0037

50 0.6842 +0.013

Standard 100 0.7933 +0.005
BHT 200 0.8865 +0.005
400 0.9536 +0.014

800 1.0653 +0.024

RSEE- Raphanus sativus seed ethanolic extract

RLAE- Raphanus sativus leaf aqueous extract
BHT- Butylated hydroxyl toluene

All values determined were mean +SEM; n=3

Total phenolic content

Estimation of total phenolic content using FolimeCGalteu reagent is an easy, suitable and reproéunilethod

employed regularly in studying phenolic antioxidanit is calculated from the standard pyrocatearabh and
expressed as pg pyrocatechol equivalents (PCE)sé&é@ and leaf extract contains 16.79 + 0.012 ug/f@ and

10.19 + 0.083 ug PCE/mg respectively. Phenolicssamndary metabolites found in great abundangaaint

kingdom. These diverse groups of compounds hawsvet much attention as potential natural antioxida terms

of their ability to act as both efficient free redl scavengers and metal chelators [32]. It has begorted that the
antioxidant activity of phenols is principally dee their redox potential, hydrogen donating andylginhoxygen

guenching ability.

Total flavonoid content

The total flavonoid content in the extracts wasedmained as pg quercetin equivalent (QE) using thedsrd
quercetin graph. The total flavonoid content in$ked and leaf extract was found to be 0.72 = QUILQE/mg and
1.44 + 0.021 ug QE/mg. Flavonoids are water solpldenents present in the cytosol or stored in theuvle of the
plant cell and represent the largest group of camgs in plants. They exhibit numerous biologicdeef like
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antihepatotoxic, anti-ulcer, antiviral, anti-inflamatory, anticancer and anti-allergic activitiese¥linteract with the
cardiovascular system in several ways like, redycaactive oxygen species, increasing nitric oxidecentration
and also by inhibiting ACE mainly by binding to tde** at the active site. Flavonoids due to the preserficheir
phenolic hydroxyl groups are highly capable of sgmying ROS and are known to be potent antioxid&3fs

CONCLUSION

Currently available ACE inhibitors are synthetiapimacological drugs; their use in healthy or logkmopulations
is not advisable due to their adverse effects. &ertompounds derived from plant extracts like bjyglable
tannins [4], phenylpropanes [5], proanthocyanidj6k flavonoids [7], xanthones, fatty acids, terpiiso[8],

alkaloids [34] oligosaccharides and peptide amicdsa[9] have been reported for thairvitro ACE inhibitory

activity. These findings opens up the possibilifyfinding newer plant derived compounds which mimsymthetic
ACE inhibitors and provide health benefits withaaty adverse effects.

The present study suggests that the seed extraBaphanus sativupossess angiotensin converting enzyme
inhibitory and antioxidant activities that might belpful in treating hypertension and preventingstmwing the
progress of cardiovascular disorders and free ahdidated disorders. Further investigations on ifmdation of
active compounds present in the extract imndvo studies are necessary to identify a potential etenentity for
clinical use in the treatment of hypertension atietprelated cardiovascular disorders.

REFERENCES

[1] R Kumar; VP Singh; KM Bakeffrends in Endocrin. Metal2007, 18, 54.

[2] D Ojeda; J Enrique; Z Alejandro; A Herrera-ArellaffoJaime; A Laura]. EthnopharmacoR01Q 127, 7.
[3] T Michel; BB Hoffman; 13 ed. McGraw-Hill Medical: New York201Q 745.

[4] AC Duncan; AK Jager; JV Stadeh;Ethnopharmacotl999 68, 63.

[5] DG Kang; YS Lee; HJ Kim; YM Lee; HS Led; EthnopharmacoR003 89, 151.

[6] L Actis-Goretta; JI Ottaviani; CL Keen; CG Frag&BS Lett2003,555, 597.

[71 MR Loizzo; A Said; R Tundis; KK Rashed; G Antoniatsit A Hufner; F MenichiniPhytother. Re2007, 21,
32.

[8] K Hansen; U Nyman; UW Smitt; A Adsersen; S Rajase&th;J. Ethnopharmacoll995 48, 43.

[9] BA Murray; DJ Walsh; RJ Fitzgerald; Biochem. Biophys. Method004 59, 127.

[10]M Valko; D Leibfritz; J Moncol; M Cronin; M Mazuij Telserint. J. Biochem. Cell BioR00g 10, 45.
[11]GX Zhang; S Kimura; K Murao; J Shimizu; H Matsuypd¥ Takaki; Cardiovascular Re2009 81, 389
[12]M GasparoHeart Failure Rev2002 7, 347.

[13]KR Krithikar; RD Basu; Indian Medicinal Plants, Val 2 ed. International Book Distributors: Dehradun,
1987 1198.

[14]MN Ghayur; AH Gilani;Phytotherapy Re2005 19, 750.

[15]R Anwar; M Ahmad;) Med Sci2006 6, 662.

[16]M Mirza; Pak Res Re2004 64, 101.

[17]HM Gilani; MG Nabeel Ethnopharmaco004 95, 169.

[18] GE Trease; MC Evans; Text book of pharmacognosy et Elsevier: Londor2005 343.

[19]B Holmquist; P Bunning; JF RiordaAnal. Biochem1979 95, 540.

[20]V Lahogue; K Rehel; L Taupin; D Harak; Food Chen201Q 118 870.

[21]B Halliwell; IMC Gutteridge; Ol AroumaAnal. Biochem1987, 165, 215.

[22]M Umamaheswari; TK ChatterjeAfr. J. Trad.2008 5, 61.

[23]TB Ng; F Liu; Y Lu; CHK Cheng; Z WandZomparative Biochem. Physiol. Part )03 136, 109.
[24]1KS Rao; PK Chaudhury; A Pradhdfgod Chem. ToxicoR01Q 48, 729.

[25] A Kumaran; RK JoelFood Chem2006 97, 109.

[26]JD Habila; 1A Bello; AA Dzikwi; H Musa; N AbubakaAfr. J. Pharm. PharmacoR01Q 4, 123.

[27] N Huda-Faujan; AS Noriham; AS Babffr. J. Biotechnol2009 8, 484.

[28]CY Hsu; YP ChanJ. ChangBiol. Res2007, 40, 13.

[29]B Hazra; S Biswas; N Manddjomed Cent Comp & Alter Med008§ 8, 63.

[30]KR Nagulendran; S Velavan; R Mahesh; BV Haze&id;Chem2007, 4, 440.

[31]M Gupta; UK Mazumdar; P Gomathi; RS Kumbgnian J Pharm Re2004 2, 119.

[32] H Zhou; Y Lin; Y Li; M Li; S Wei; W Chaifood Res Int2011, 44, 613.

[33] B Sarmadi; A Ismail; M Hamid=ood Res Int2011, 44, 290.

[34]H Oh; DG Kang; S Lee; HS LePjanta Med 2003 69, 564.

17
Scholars Research Library



