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ABSTRACT

Lepidium sativum, commonly known as garden creadast growing annual herb that is native to Eggpt West
Asia, although it is now cultivated in the entirend. Its seeds are rich source of proteins, digthber, omega-3
fatty acids, iron, other essential nutrients and/foichemicals. Garden cress is widely used in fakligine for the

treatment of hyperactive airways disorders, suchastima, bronchitis and cough. Seeds are considareoe

galactogogue, emmenagogue and recommenced in miéion, bronchitis, muscular pain and rheumatisme T
present review deals with nutritional, phytocherieatimicrobial, toxicology and medicinal poteritiaf garden

cress seeds. It highlights anti-diabetic, laxativg;pocholesterolemic, fracture healing, analgesioagulant,

diuretic, hepatoprotective, antiashthamatic, ardidheal, antispasmodic and anti cancer activitidggarden cress
seeds. It also focuses on food products develogied garden cress seed or its fractions.

Keywords: Lepidium sativumphytochemicals, antimicrobial activities, medaiproperties

INTRODUCTION

Garden cress (Gclepidium sativunis an annual, herbaceous edible plant that is bxstby related to mustard and
watercress. Gc plant is native to Egypt and Sowbtsia. It is cultivated in India [1], North Aniea and parts of
Europe [2]. In some regions, Gc is known as gamlgpper grass, pepper cress, pepperwort or poos meapper.
The plant is cultivated as culinary vegetable akroAsia [3]. Gc seeds are well known for theirigas ethno
pharmacological properties [4].

Gc seeds are used in South Asia as traditional gimedito treat bronchitis, asthma and cough. Itdesalered
aborfacient, diuretic, expectorant, aphrodisiadjbacterial, gastrointestinal stimulant, gastrotpctive, laxative
and stomadic [5, 6].Gc seélreported to exhibit antirheumatic [7] and brooditatory potential [8].The paste of
GC seeds is applied in rheumatic joints to relitve pain and swelling. It is also useful in hiccaysentery,
diarrhea and skin disease caused by impuritiesazfdb[9, 10]. Ethanolic extracts of Gc seedre effective in
treatinginflammatory bowel disease. Traditional sweetslégtating mothers are prepared from the Gc seells [1
The present review deals with the nutritional, acéutical, antimicrobial properties and phytocheinoonstituents
of Gc seeds. It also highlights the potential of$8eds and its extracts for various medicinal uses.

69
Scholars Research Library



Snehal Doke and Manisha Guha

J. Nat. Prod. Plant Resour ., 2014,4 (1):69-80

The taxonomic classification [12]

Kingdom:
Division:
Class:
Order:
Family:
Genus:

Planate
Magnoliophyta
Magnoliopsida
Brassicales
Brassicaceae

Lepidium sativum

Vernacular names of Garden cress Plant in India:

Aadalu:
Chand Shura
Chansur:
Halim:

Holan:

Alian:
Allivirai:
Aseliyo:

Morphology of Gc seeds:Gc seeds are small, oval-shaped, pointed and tidiangt one end, smooth, about 3-4

Telugu
Sanskrit
Hindi
Urdu
Punjabi
Kashmiri
Tamil
Gujrati

Candriki:
Chandasura:
Common Cress:
Halim:

Haliv:

Allibija:

Asali:

Assamese
Oriya
English
Bengali
Marathi
Kannada
Malayalam

mm long, 1-2 mm wide, reddish brown in color. Arww present on both surfaces extending up to tvimigh
downward, a slight wing like extension present othithe edges of seed. On soaking in water seedseedls and
gets covered with transparent, colorless, mucilsigfe mucilaginous taste [13]. The seed length aidtiware 298 +
3.2um and 100 +1.%m respectively [14].

Microscopic characters of Gc seedsP Bigoniya et al. (2011) revealed that, endosperas vomposed of thick
walled polygonal cells and embryo appeared as mast structure surrounded by endosperm cells. Efie of
embryo were small in size and polygonal in shaj@é [1

Table 1 Chemical Constituents of Garden cress seed

Nutrient Whole Meal | Endosperm Bran
Moisture Content 4.14+0.05 2.58+0.01 4.27+0.0]
Protein 22.47+0.78 27.74+0.020  12.58+0.41
Fat 27.48+0.14 | 33.06+0.1  6.34+0.19
Carbohydrates 34.2410.9: 28.45+0.2. | 50.31+0.0:
Crude Fiber 7.01+0.08 4.00+0.13| 14.29+0.06
Ash 4.65+0.09 4.06+0.08 6.19+0.01
Energy (Kcal)** 474+1.06 523+0.82 363+0.87
Insoluble Dietary Fiber] 28.49+0.38 13.1040.620  74.07+1.48
Soluble Dietary Fiber| 1.51+0.09 0.50+0.01 0.93+0.01
Total Dietary Fibe 30+0.4% 13.6+0.6. 75+1.4¢

* By difference, ** Calculated

Source: [14]

Table 2 Carbohydrate profile of Garden cress seed

Carbohydrate Profile | % in Gc seeds
Starch 10.3+0.69
Pentosans 11.0+0.38
Free reducing sugz 0.76+0.0:
Crude fibe 16.5+1.0!
Acid detergent fiber 27.3+0.43
Neutral detergent fibe 35.7+0.82
Hemi cellulose 8.4+0.39
Cellulose 9.4+0.03
Acid insoluble lignir 17.940.4
Lignin 29.440.6.

Source: [15]
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Table 3 Mineral Content (mg/100g) of Garden creseed

Mineral Whole Meal Endosperm Bran
Potassium | 1193.95+10.51 945.1545.8] 1934.57+18.82
Phosphorous| 514.59+10.67 | 625.81+14.5p  209.92+0.7D
Magnesium | 315.25+3.63 334.95+3.16 303.63+1.37
Calciun 296.60+1.0. 210.51+1.0 556.32+3.0
Sulphur 293.02+14.27 149.31+3.48 239.48+10.47
Sodium 24.64+0.02 15.34+1.04 57.06+2.69
Iron 7.62+0.04 8.31+0.06 6.61+012
Copper 5.53+0.09 2.21+0.03 1.63+0.04
Zinc 5.05+0.07 5.31+0.02 2.98+0.41
Aluminium 2.82+0.1: 2.55+0.0! 4.82+0.0!
Manganes 2.57+0.0- 3.03+0.0! 1.87+0.0:
Boron 1.41+0.03 1.17+0.03 1.98+0.06
Molybdenum 0.43+0.08 0.33+0.16 0.58+0.10
Source: [14]

Table 4 Amino Acid profile of Garden cress seed

Non-essential g/100g Essential 9/100g
amino acids protein amino acids protein
Aspartic Acid | 9.76+0.03 | Histidine 2.66+0.09
Glutamic Acid | 19.33+0.19| Threonin 4.51+0.0B
Serine 4.96+0.09 | Arginine 8.04+0.0
Glycine - Valine 5.67+0.02
Alanine - Metheonin 0.97+0.0:
Tyrosine - Phenyl Alanine | 5.65+0.0
Proline - Isoleucine 5.11+0.03
Leucine 8.21+0.0]
Lysine 6.26+0.39
Total (%) 47.08
Essential Amino
Acid score (%) 28.53

Source: [14]

BR Moser et al. (2009) reported that the Gc seklas 1.3 % of free fatty acids, acid value of & KOH/g and
iodine value of 130 g,1100 g. The calculated molecular weight of Gc seieik about 891.94 g/mol. The primary
phytosterols detected in Gc seed oil includes t&itos (5.82 mg/g), campesterol (3.95 mg/g), andnasesrol
(3.44mg/g), with cholesterol (0.50 mg/g), stigmasit€0.30 mg/g), dihydrolanosterol (0.25 mg/g), abdmyrin
(0.16 mg/g) and other steroidal constituents. Téralined phytosterol content of Gec seed oil was lidhglg [16].
Extraction of Gc seed oil by cold press, solverd aopercritical C@extraction methods by BT Diwakar et al.
(2010) showed 21.54, 18.15 and 12.60% oil in Gd sespectively. The cold pressed oil has been tegdo have
low peroxide value and free fatty acid content cared to the oil extracted by other methods. Thal wdrotenoid
content of Gc seed oil was 1unol/100 g oil. The oil was stable up to 4 monthgl &C [17]. Gc seed oll is rich
source of natural antioxidant tocopherol. It comsatiotal 139.73 + 0.91mg/100gm tocopherol whichstitutes ofu-
tocopherol (17.19 + 0.52);tocopherol {-Tocopherol) an@d-tocopherol (111.56 + 0.37) [18].

Table 5 Fatty Acid Profile (%) of Garden cress seedil

Fatty Acid E;I-ali“(';%ﬁ%’) M Zia-Ul-Haqg et al. (2012)) RF Mohammed (2013)
Palmitic Acid (16:0) 10.1 10.3040.12 9.10
Palmitoleic Acid (16:1) - 0.7040.30 0.16
Stearic Acid (18:0) 2.9 1.90+0.19 4.40
OleicAcid (18:1) 22 30.50+0.16 26.42
Linoleic Acid (18:2) 11.8 8.60+0.38 8.64
a-Linolenic Acid 34 32.18+0.59 41.17
Arachidic acid(20:C 34 2.104+0.5 3.51
Eicosaenoic Acid (20:1 12 13.4040.66 -

Source: [17, 18, 19]
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Phytochemical constituents of Gc see:

RK Sharma et al. (2012) andC Yadav et al.(2011) reported the presence of phenolic compoualtts)oids,
cardiac glycosides, anthroquinones glycosides,nansteroids, flavonoicin Gcseedg20, 21].M Zia-Ul-Haq et al.
identified phenolic compounds in Gc seeds basetti@in mass spectrcharacteristic§18].

Table € Phenolic compounds identified in Garden cress seed

Compound [M-H]" (m/z) | Qualifier ions (m/z)
Gallic Acid 169 125
Protocatechuic Aci 153 109
Coumaric Acit 163 119
Caffeic Acic 179 135
Coumaric aci- hexosid: 32E 163,11¢
Caffeic Acic-hexoside 341 179, 135
Ferulic Acic-hexoside 355 193, 134
Vanillic Acid-hexiside 353 167
Caffeoylquinic aci 337 191, 179,173,135
Coumaroylguinic Aci 447 191,173
Kaemfero-hexosid: 463 301
Quereceti-hexoside 461 285
Kaemfero-glucuronide 301 151

Source: [18]

UH Maier et al. (1998) identifiedimeric imidazole alkaloidviz.lepidine B, C, D, E and F and two new monom:
imidazole alkaloids semilepidinoside A an in Gc seeds [22].

PS Nayak et a2009) identified and quantified sinapic acid fr@o seed methanolic extract by high performe
thin layer chromatography (HPTLC). The sinapic ass separated on a thin layer of silica gel aridrdgned by
HPTLC-photo densitometrgnd reporte about 0.4710 % of sinapic acids in Gc se@®. [

HM Radwan et al(2007) studied the glucosinolates of Gc seed. Thpyrted the presence of glucotropae and
2- Phenyl ethyl glucosinolatdso called gluconasturiin Gc seeds.

N - 0503 N-0S03

74 7
@CHQ-C\ @—CHQ-CHQ-C\

5-B- D-glucose S.B- D-glucose

They also investigated the insecticidal activityGxf seed extracts and glucosinolates against tlite fi§y Bemisia
tabaci. The results revealed that the mortality reached92db6% when pest was treatecith the Gc seed
glucotropaeolin [24].

Antioxidant Activity

Highly reactive free radicals and oxygen speciespmesent in biological systems from a wide varigtgources
These free radicals may oxidize nucleic acids, gingt lipids or DNA and can initiate degenerativieedses
Antioxidant has ability to trap these free radicals. Antilaqit compounds like phenolic acids, polyphenols
flavonoids scavenge free radicals such as perokigliro peroxide or lipid peroxyl and thus inhiliet oxidative
mechanisms that lead to degeneratiseases.

M Zia-Ul-Haq et al.(2007) assayed the total phenolic content and xiddnt capacities (TEA( Trolox equivalent
antioxidant capacity; FRAP: Ferric reducing antioxidant pow, TRAP: Total radicetrapping antioxidant
parametér of Gc seed methanolic extract. Total phenol conteas120.26 + 1.52 mg CAE/ TEAC, FRAP, and
TRAP as reportedvere 168.10 + 1.32nol TE/g, 1317.0445.%4mol Fe++/g and 5060 + 14.87umol TE/g
respectively [18].

P Bhasin et al(2011) investigated the antioxidant activity of &ed extracts in different solvents (viz. etha
chloroform, methanol, benzene, hexane, propanatial acetic Acid, petroleum ether, acetone, ahgl etcetate
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and antioxidant activity of extracts of Gc seeds gaantitatively determined using reducing powsagsEthanolic
extract of Gc seeds was reported to possess tirggsst antioxidant activity [25].

YC Yadav et al. (2011) studied tie vitro antioxidant potential of ethanolic extract of Gaeds. Total polyphenol
and total flavonoid content of extract were 4.4840mg GAE/gm and 3.57+1.2 mg QE/gm respectivelgeFr
radical scavenging activities of the ethanolic astrof G¢c seeds were assessed by DPPH, FeCI3 arsphmir-
molybdenum assay. The JQvalues for scavenging DPPH, ferric chloride, plmspmolybdenum were 18.46+0.27
pg/ml, 9.11+0.4Qg/ml and 18.41+0.0&)/ml respectively [21].

R Indumathy and A Aruna (2013) evaluated the fradical scavenging activity of total phenolic andvfinoid

compounds extracted from Gc seeds. The methaneiiact was found to contain a noticeable amountotdl

phenols (8.651mgGAE/gm) and flavonoids (4.023 mdge@ein). Methanolic extract of Gc seestgowed maximum
antioxidant activity by inhibiting DPPH and hydrdxsadical, super oxide anion scavenging, nitricdexiand
hydrogen peroxide scavenging activities than tfereace standards studied [26].

Reported results strongly support thevitro antioxidant potential of Gc seeds.

Antimicrobial Activity

SIY Adam et al. (2011) studied the antimicrobidi\aty of the petroleum ether, methanol and watdraets of GC
seeds against six pathogenic micro-organismsStaphylococcus aureuEscherichia coliKlebsiella pneumonae
Proteus vulgarisPseudomonas aeruginoaad fungusCandida albican The petroleum ether extract of Gc seeds in
different concentrations (2.5, 5 and 10%) were fbtmbe active antimicrobials against all the 6hpgens with a
strong antifungal activity at the concentratiored and 10% [27].

RK Sharma et al. (2012) studied the antifungalvitgtiof ethanolic extract of Gc seedgainstFusarium equiseta,
Aspergillus flavusand Alternaria alternate, byemploying various concentrations of Gc seed etdré2-8%) in

Potato Dextrose Agar (PDA).They concluded thatlal concentration of seed extract inhibited theg&lrgrowth

and among the different concentrations, the dianwfteone of inhibition ranged from 4 to 22 mm iarious fungal

species. The studies indicate that the Gc seedsdteong antimicrobial activity [20].

Toxicology of Gc Seeds

MA Al-Yahya et al. (1994) performed acute and clicaoxicity test of Gc seeds in mice. The acuteditx tests
showed that the administration of extract in sindpses of 0.5 to 3.0g/kg of body weight of mice dat produce
any adverse effects or mortality in mice. Chromgic¢ity (100 mg/kg/day for a period of 3 monthsdrinking

water) studies revealed that there were no symptafniaxicity except a statistically insignificanigter mortality
rate in the mice [28].

Al Abuelgasim et al. (2008) carried out the toxicgtudies of Gc seed methanolic extract at the desel of
200mg/kg and 400mg/body weight in albino Wistas riatr 21 days. Toxicity evaluation of the extraetealed no
alteration in the parameters measured except fattesed fatty changes in the liver at higher d@83.[

PK Datta et al. (2011) assessed the safety of &dsslkey conducting acute and sub chronic toxicitgiss in adult
Wistar rats. Gc seed powder (0.5 -5 g/kg body wigighs fed through diet to rats for the acute tinkistudy and
obvious symptoms of toxicity and mortality were ritored for 72 hrs. There were no symptoms of tayicr

mortality. 1.0 — 10 % of Gc seed powder was adrenigl to rats in sub chronic toxicity study, thrbudjet for 14
weeks. Dietary feeding of Gc seed powder did notlpce any mortality. No significant changes in faothke,

gain in body weight, relative weight of organs, laotogical parameters, macroscopic and microsccimmges in
vital organs in the rats. They concluded that tt@e@and sub chronic feeding of G¢ seed powdendidroduce
any toxic effects in male and female rats and tfesseed can be considered non-toxic and safe [30].

Medicinal Properties:

Antidiabetic and hypocholesterolemic Activity of Gcseeds

AP Patole et al. (1998) studied the effect of fimecilaginous seeds (Garden cress seeds, niger, deed®d,
holybasil and basil) oin-vitro rate of starch hydrolysis for testing their potehtd slow down the hydrolysis of
starch to glucose in diabetic subjects. They olesbthat Gc seeds showed highest reductiom-vitro rate of
starch hydrolysis (41%) and therefore Gc seeds testedin-vivo on 11 NIDDM subjects as well as in 14 normal
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healthy subjects. Studies revealed that for botftrob and diabetic subjects meal with Gc seeds tediehe
glycemic response as compared to the meal witheaus€zds. They also reported that diabetic subguisved
higher reduction in glycemic response compareddalthy subjects. In long term (21 days) adminigiratof
diabetics with Gc seeds (15 gm/day) 9 out of 1jexib showed reduction in the levels of blood ghecérom 10.2
mM/L to 8.3 mM/L at the end of the study period.sRks of this investigation indicate that Gc sebdse a
potential of activity as hypoglycemic activity [31]

M Eddouks et al. (2005) investigated the hypoglyicemctivity of Gc seed aqueous extract in normadl an
streptozotocin (STZ) diabetic rats. There was ai@ant (p < 0.001) decrease in blood glucose levels in STZ
diabetic rats after acute and chronic oral treatmeith aqueous Gc seed extract (20 mg/kg body hipend the
blood glucose levels were normalized after two wseakdaily oral administration of aqueous Gc seedaet (20
mg/kg body weight). Authors concluded that the amseextract of Gc seeds exhibit a potent hypoglycextivity

in rats and the mechanism of hypoglycemic actigitysc seeds was independent of insulin secretiaroashanges
were observed in basal plasma insulin concentraitidter treatment either in normal or STZ diabsdis [32].

The mechanism underlying the hypoglycaemic actigityhe aqueous extract perfusion of Gc seed imaband
streptozotocin-induced diabetic rats was determmell Eddouks and M Megharani (200&uthors reported that
the aqueous Gc seed extract caused a potent iohiloif renal glucose reabsorption which in turnuestl blood
sugar which explained that the renal effect iast one mechanism explaining the observed hypegiigcactivity
of Gc seed extract in normal and diabetic rats.[33]

WA Al-Hamedan (2010) reported the protective effecGc seed extract and powder on hypercholest®ioleats.

In comparison to positive control group, hypercBtdeolemic rat groups with oral administration af §ed extract
and powder showed a significant lower value of Wweigain, feed efficiency ratio, serum cholestetajlycerides

VLDL-c (very low density lipoprotein cholesterol)PL-c (low density lipoprotein cholesterol) levelholesterol/
HDL-c (high density lipoprotein cholesterol levels)LDL-c/ HDL-c , serum ,serum creatinine, ureajefi

cholesterol and total lipids with a significantiiease in both serum globulin and liver triglycesd&4].

K Chauhan et al. (2012) reported the hypoglycemit laypolipidemic effects of Gc seed powder in aloxnduced
diabetic male Wistar rats. Diabetic and hyperlipiierats administered with Gc seed (3g/kg body Wwgighowed
a significant decrease £p0.05) in fasting blood glucose levels, glycosydateaemoglobin, lipid profile, total
cholesterol, triglycerides and lipoprotein fracgditDL-c and VLDL-c) with a significant increase HDL-c levels.
Increased thiobarbituric acid reactive substanes®l$ were neutralized, reduced glutathione andbddant
enzyme activity in diabetic control and high fagjthicholesterol diet fed experimental rats and vestored in Gc
seed fed diabetic and hyperlipidemic rats [35].

A Shukla et al. (2012) investigated the hypoglycemmitivity of total alkaloids from Gc seed on aboxinduced
diabetic rats. Diabetic rats were fed with totdaddid (50,150 and 250 mg/kg of body weight) fontiouous 21
days. At the dose level of 250mg/kg, there wasitgmt (p< 0.001) reduction in the blood glucoshplesterol,
triglyceride, and urea level in diabetic rats. Aardhreported that total alkaloid from Gc seed at dbse level of
250mg/kg body weight showed potent hypoglycemiovagt[36].

K Amawi and A Aljamal (2012) studied the effect ®t seed aqueous extract on lipid profiles and biglodose
levels of hypercholesterolemic and alloxan induckabetic albino rats. Gc seed extract (20mg/kg) wesly
administered for four weeks to hypercholesteroleand diabetic rats and they reported better lipiofile and
reduction in blood glucose level in both the cd3&$.

Antidiarrheal, antispasmodic, prokinetic and laxative activity of Gc seeds:

M Divanji et al. (2009) investigated the antidiair@ctivity of methanolic extract of G¢c Seeds. Hmtidiarrheal

activity was studied using three experimentally viceld diarrhea models i.e. Castor oil induced déarh
Prostaglandin E2 (PG-E2) induced enteropoolingate and charcoal meal test in mice. The methaealiacts of

Gc seeds showed significant reduction in the weafhtaeces in dose dependent manner in castomdiiced

diarrhea. In PG-E2 induced diarrhea significantbitton of PG-E2 induced intestinal secretions vadiserved.

There was decrease in propulsion of charcoal meetharcoal meal tesfydicating its antimotility activity Authors

concluded that methanolic extract of Gc seeds psssignificant antidiarrheal activity due to thieinibitory effect

both on gastrointestinal propulsion and fluid seéore[38].
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N Rehman et al. (2012) investigated antidiarrhetivily and antispasmodic activities of G¢c seedderextract in
rats usingn-vivo andin-vitro assays. Extract inhibited castor-oil induced dliearin rats. In isolated rat ileum, Gc
seed extract (0.01-5 mg/mL) reversed carbachol (A@tM) and K+ (80mM)-induced contractions with hégh
potency against CCh, similar. Pre-incubation ofleatm with a lower concentration of extract (0rf©8/mL) caused
a rightward parallel shift in the concentrationspense curves (CRCs) of CCh without suppressigheofnaximum
response, while at the next higher concentratiad (@g/mL), it produced a non-parallel rightward fshiith
suppression of the maximum response. Gc seed estidted the CRCs of Ca++ to the right with suggren of
the maximum response. Authors concluded that Gd gessess antidiarrheal and antispasmodic actwitiéch are
mediated possibly through dual inhibition of musaiarreceptors and Ca++ channels [39].

N Rehman et al. (2011) carried out charcoal ngztrointestinatracttransit test and laxative activity test in
BALB/c mice and also carried ourh vitro experiments in isolated tissues of mouse, guingaapd rabbit to
evaluate the prokinetic and laxative activitieaqfieous-methanolic extract of Gc seed. Authorsrteggrokinetic
and laxative effects of Gc seed in mice, which adially mediated through a cholinergic pathwahein vitro
spasmodic effect of the Gc seed extract is alsoiatedt] through a similar mechanism with species tésglie-
selectivity [40].

Fracture Healing Ability of Gc seeds

ABHA Juma (2007) investigated the fracture heahlbgity of Gc seeds in adult New Zealand White iighbl he
midshaft of the left femur were exposed in the stygand subperiosteal transverse fractures wergel The test
animals had 6 g dbc seeds in their food daily. After 6 and 12 weekstpperatively left femurs of rabbits (control
and test) were X-rayed. Results showed that thiescébrmations in the test rabbits fed with &e=ds with the
induced fractures, there was significantrease in the healing of fractures compared to the control groLiuis
indicates that Gc seeds played a major role in ptomg and accelerating callus formation in fracturéhey
concluded that Gc seeds have a marked effect @tufeahealing in rabbits. The results support tlefiects on
human beings for fracture healing as describethutittonal medicine [41].

YC Yadav et al. (2011) investigated fracture hegplibility of ethanolic extract of Gc seeds in ingdly fixed rats
using femoral osteotomy model. Test group was ashteired (400mg/kg body weight) Gc seed ethanolicaek for

8 weeks. At 2nd, 4th and 8th weeks X- Ray photdgsapere taken for control and test groups. Aftertto week,
X-ray photographs of test groups showed significafghger callus formation and more disposing of oase
material as compared to control group. After eigbtks, XRay photographs indicated that the fractured bdne o
test group animals was completely joined whereastdired bone was not joined in control group. Thelys
revealed that the ethanolic extract of Gc seedsilgagficant fracture healing ability [42].

Antihypertensive, hepatoprotective, diuretic, nephocurative and nephroprtective Activity: The
antihypertensive and diuretic effects of the aqseextract of Gc seed were studied both in nhormotensnd
spontaneously hypertensive rats were studied by Bghvani et al. (2005). Authors reported that daihal
administration of aqueous Gc seed extract for keeghibited antihypertensive and diuretic actgtj43].

Al Abuelgasim et al. (2008) examined hepatoprotecéffect of Gc seed methanolic extrémt the prevention of
carbon tetrachloride (Cglinduced liver damage. Gc seed methanolic ex(@ and 400 mg/kg body weight) was
administered to rats having induced liver injuryer®n activity of alkaline phosphatase (ALP), asuart
aminotransferase (AST), alanine aminotransferasd)Aand bilirubin concentration were increased Higantly in

the group of rats received only G.cThere was a significant reduction in these patarseén groups administered
with Gc seed extract, the severe fatty changekdrivers of rats caused by ¢elere also decreased. On the basis
of results obtained authors concluded that the ametlic extract of Gc seeds seems to possess hepicive
activity in rats [29].

U Patel et al. (2009) assessed the diuretic effeerjueous and methanolic extracts of the Gc sieeddult male
Wistar rats Extracts were administered orally tpegimental rats at doses of 50 and 100mg/kg bodghteBoth
the extracts of Gc seedshowed a dose-dependent increase in urine excrefioa excretion of sodium was
increased by both the extracts and potassium écwrefas increased only by the aqueous extractdatsa of 100
mg/kg. The methanolic extract had the additionalamthige of a potassium-conserving effect. Aqueaus a
methanolic extracts of Gc seeds showed notableetittueffect which is comparable to that produced thg
reference diuretic hydrochlorothiazide [44].

75
Scholars Research Library



Snehal Doke and Manisha Guha J. Nat. Prod. Plant Resour., 2014,4 (1):69-80

The nephrocurative and nephroprotective activitgtbfinolic extract of Gc seeds were studied by aday et al.
(2009). Ethanolic extract (200mg/kg body weight)Gxf seeds was used against cisplatin induced niepioity in
adult male Wistar rats. The neproprotective tesuprreceived Gc seed ethanolic extract fSrtd10" day and
cisplatin was administered on®™ #lay. Nephrocurative test group received singleedfscisplatin on day®} and
after 8" day Gc seed ethanolic extract was administeretbuks” day. A dose of cisplatin induced loss in body
weight, increased urea and creatinine level inreerumodel control group , it was a significantgcovered in test
groups which indicates increased glomerular filratate. There was significant increase in glutaté level and
decrease in lipid peroxidation in nephroprotectinel curative test groups. The study suggests thahelic extract
of Gc seeds may possess nephrocurative and nefegutive activity [45].

Anti cancer activity of Gc seeds:

SH Mahassni and RM Al-Reemi (2013) investigated d¢iiotoxic effect of G¢c seed aqueous extract ondrum
breast cancer cells using human breast cancericellMCF-7 (Michigan Cancer Foundation-7), an egliti
invasive breast ducal carcinoma cell line, whickessrogen and progesterone receptor positive ipatrplue dye
exclusion and sulforhodamine B assays comparets ®ffect on normal human skin fibroblasts (HSH)e Tesults
revealed that Gc seed extract had a significamttayic effect on MCF-7 cells. It caused significaéinbe and dose
dependant decrease in cancer cell viability. THecefof Gc extract on cancers is generally atteduto the
constituent isothiocyanates, specifically benzythgocyanate, presence of which in Gc seed extnag also
confirmed by authors using HPLO he study provides strong evidence that Gc seadwss extract has ability to
inhibit the growth of breast cancer cells [46].

SH Mahassni and RM Al-Reemi (2013) also investigatee potential of aqueous extract of Gc seedsidade

apoptosis and necrosis in human breast cancer. déls potential of Gc seed extract to induce apiptand
necrosis in the human breast cancer cell line MCésmpared to HFS, was determined. Apoptosis weiscied in

cells, more in MCF-7, when they were treated wBla2and 50% extract, while necrosis was observedlgnafter

exposure to elevated extract concentrations (7E%dA fragmentation resulted for both cells, in a¢irand dose-
dependent manner. Authors reported that Gc seedcextias equally, and in some experiments morectfe

against MCF-7 cells compared to HFS cells and ifledst (75%) dose of extract was cytotoxic for bd@F-7 and

HFS cells in most assays [47].

Bronchoprotective Activity:

AN Paranjape et al. (2006) evaluated the efficawy safety of Gc seeds in patients (15-80 yearst@ung mild to
moderate bronchial asthma. Patients were givetyfip@wvdered dried seeds at a dose of 1g thriceyanith water
for 4 weeks. The bronchial asthma patients showatikscally significant improvement in various paveters of
pulmonary functions after 4 weeks of Gc seed povedieninistration. Also, significant improvement walsserved
in clinical symptoms and severity of asthmatic@kta None of the patient showed any adverse effithtGc seeds.
The results suggest the usefulness of Gc seedgients with bronchial asthma [48].

N Rehman et al.(2012) reported the bronchodilator activitiggnticholinergic, Ca++ antagonist and
phosphodiesterase inhibitory effects) of Gc seerle extract which indicates its medicinal us¢hie hyperactive
airways disorders, such as cough and asthma [49].

Galactagogue Potential:

Galactagogue properties of Gc seeds were studiddtbopl-Yawer et al. (2006) in adult female virgindiwvay rats.
Each experimental rat was administered 1.6 mg spedsier /gm body weight /day for fourteen days.fé@#&nt
parameters (gross assessment, histological exdamnanzymatic histochemical study, and hormonalagsof
follicle-stimulating hormone, luteinizing hormonaolactin, estrogen and progesterone) were asséssstudy the
effect of Gc seeds on the mammary gland of youndt adtgin rats. All the parameters significantlytebited a
strong mammotrophic and lactogenic effects of Gedseon the non-primed mammary gland of adult virgits.
Authors concluded that Gc seeds are most probatdglagalactagogue and might be useful in induabblactation
[50].

Neurobehavioral effects:

A Shukla et al. (2011) investigated the neurobesravieffects of the total alkaloid from Gc seedsSimiss Albino
mice and Wistar albino rats. The animals were pdraonealy treated with total alkaloids (50, 15@ 250 mg/kg
body weight) from Gc seeds. Total alkaloids consilily potentiated the thiopental induced hypnodegreased
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locomotor activity and motor coordination, and eesed preference to plus maze open arm. Gc sesddidtkalso
increased the reaction time in caudal immersiondeweased the number of wriths in acetic aciddaduwrithing.
Researchers concluded that Gc seed total alkaoibibit sedative, anxiolytic, myorelaxant and amealg activity
[51].

Antinflammatory, antipyretic and analgesic activities:

MA Al-Yahya et al. (1994) investigated the antitathmatory, antipyretic and analgesic activitiesanfethanolic
extract of Gc seeds in rats. The extract signitiganhibited carrageenan-induced pedal oedemat® However,
only a weak inhibition of cotton pellet-induced gudoma was observed in rats fed with extract. Gadsextract
administration significantly prolonged the hot plakaction time revealing its analgesic activitheTcoagulation
studies showed that the extract produced a sigmfitncrease in fibrinogen level and insignificaleicrease in
prothrombin time [28].

ND Raval and B Ravishankar (2010) studied the asidgeffect of Gc seeds in Charles Foster Albirts sand
Swiss albino mice using different experimental medExperiments were carried out in two groupsw tnse of
Gc seeds and high dose of Gc seeds. In the aceiticirluced writhing syndrome, latency of onset was
significantly increased in both low and high doseup. In the formaldehyde-induced paw licking resgm there
was a significant inhibition of neurogenic painthe high dose group and significant inhibition nflammatory
pain in the lower dose group. In the tail flick pesse, a mild to moderate effect in both low arghhldose group
and also in the high dose group was reported byasi{52].

Effect on Sperm Parameters:

NS Naji (2013) studied the effect of phenol extraicGcseeds on sperm parameters of adult male rabbitgiule
Effect Dose (MEQ,) of phenols was obtained by Dose-Response Cur&Dslylof Gc seed phenols was 36.1 mg
/kg body weight. There was a significant increastesticular sperm concentration, epididymus spasntentration
and in the sperm count per gm of the testis, spmotility percent, grade activity, sperm viabilitenggent, and
abnormal sperm morphology percent of epididymisdeawat MEDR, of Gc seed phenol. Authors reported that
supplementation with low doses of Gc seed phenmlddcenhance rabbit fertility. Author concluded ttipdnenol
extract of Gc seeds improves some parameters ohgpé].

Health benefits of Gc seed oil:

In-vivo and in-vitro modulation of platelet aggregation and eicosandidwomboxane B Leukotriene @) by
eugenol and a-linolenic acid rich Gc seed oil inlatlVistar rats were studied by RH RaghavendrakfAd\aidu
(2011). Eugenol and Gc seed oil showed synergéfict against platelet aggregation and thromboXarievels in
spleen and lung tissues of Wistar rats [54].

BT Diwakar et al. (2011) reported the modulatorfeeff of a-linolenic acid (ALA) rich Gc seed oil dipid
composition, spleen lymphocyte proliferation anflaimmatory mediator production by peritoneal matwnges in
rats. Vegetable oils containing a-linolenic acidvdndoeen shown to modulate the functions of immumapetent
cells. Female Wistar rats were fed with diets anng either Gec seed oil (2.5, 5 and 10 %, w/wsonflower oil
(10% w/w) for 8 weeks. Gc seed oil modulated inflaatory mediators such as nitric oxide and leuko#&ig,, and
thus may play a role in alleviating inflammatoryndd@ions favorably [55].

SS Umesha and KA Naidu (2012) developed vegetablelends with ALA rich Gc seed oil and assesseeirth
modulatory effect on lipid metabolism. Sunflowel, sice bran oil, sesame oil were blended with @edsoil at
different ratios to obtain n-6/n-3 polyunsaturateitly acids (PUFA) ratio of 2.3-2.6. Native and €&ed oil blended
oils were fed to Wistar rats at 10% level in thetdor 60 days. Blending of vegetable oils with €2ed oil increases
ALA, decreases n-6 / n-3 PUFA ratio and benefigialbodulates lipid profile in rats [56].

Food and Food Ingredients from Gc seeds:

SS Gokavi et al. (2004) developed dietary fibemfalation using Gc seed coat fraction. The powdsest coat (5
kg) was blended with fresh carrot pulp (500 g) diextract (100 g) and lecithin (100 g) and the dieas dispersed
in potable water (100ml), boiled for 5 min and hg®@nized in a colloidal mill and the slurry was spdeied. The

formulation was a free flowing smooth powder witfllgwness index of 37.2. Its water holding capaocifgcosity

(5% slurry) and dietary fiber content were 23.6gn5100 mPas and 74.3% respectively [14].
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N Agarwal and S Sharma (2011) analyzed proximatepdrenol content of Gec seeds in two forms; wholes€ed
powder (WGCSP) and roasted Gc seed powder (RG@E#).the forms were rich in nutrients and phendlsey
developed food product (Sev) using both the forfMfSoseeds. Sensory evaluation of Gc enriched senire point
hedonic scale showed that the Sev developed fro@FR5was more acceptable than that of WGCSP incatgubr
Sev but less acceptable than that of control oméhdks reported that the products developed froth flyms of Ge
seed powders were loaded with various nutrientscaleith antioxidants which are beneficial for curia plethora
of diseases [57].

SY Mohite et al. (2012) developed a health drinkhvgrocessed Gc seeds keeping in view the heattéfibe of Ge
seeds. The Gc seeds were boiled at 95°C for 15tesnn potable water, dried and powdered. Healitkdrwere
prepared with different concentration (1-5% wi/v) prbcessed Gc seeds in skimmed milk. Sensory dsabfs
health drink showed that the overall acceptabdityealth drink containing 3% (w/v) of processedsged powder
was highest (8.75) compared to other drinks [58].

N Agarwal and S Sharma (2013) prepared differemh$oof Gc seed powder (GCSP) such as whole GCSiR, hu
removed GCSP, husk GCSP, roasted GCSP and micrqwagessed GCSRathri (a wheat based food product)
was developed by incorporating different forms @$® at different levels (2.5%, 5% and 7.5%).Thayntbthat
only 5% incorporation gave the acceptability scooes sensory analysisMathri incorporated with 5% husk
removed GCSP showed maximum overall acceptabitiyres of 7.66 next to standard (8.4@gthri. Authors
reported that GCSP incorporateththri is more nutritious than standandathri and has the potential to acts as
nourishing as well as therapeutic agent due tmxzidtnt potential of Gc seed [59].

Gc seed protein isolate was prepared and evallgté&F Mohammed (2013).Protein isolate of Gc seedained
86.90% protein. Authors concluded that high watesoaption capacity (229 ml /100 g) of Gc seed protein
isolate makes it a potential ingredient in meagall; and cakes industries. Also, high oil absonptiEpacity (3.5 ml
oil/lgm) of Gc seed protein isolate makes it a gowgedient for the cold meat industry, particulaity sausages,
where the protein can bridge the fat and watehésé products. Therefore, the protein isolated fBarseed could
be a desirable food ingredient and can be usedtagmt substitution or supplementation and as tional agent in
food systems [19].

Microencapsulation of Gc seed oil using differeméll materials such as sodium caseinate whey protei
concentrate, blend of maltodextrin, gum arabica skidhmed milk powder was carried out using spragrdy
method by SS Umesha et al. (2013). Authors condutiat the microencapsulated Gc seed oil powderbean
supplemented in food products to enhance plantha8efatty acid [60].

CONCLUSION

Gc seeds are rich source of proteins, dietary fibenerals and essential amino acids. Gc seedsioophenolic
compounds which might be responsible for its strangjoxidant capacity. Toxicology studies of Gcdseeevealed
that Gc seeds can be considered as non-toxic afied Ga seeds shows many medicinal properties ssch a
antidiabetic, hypocholesterolemic, antihypertensamidiarrheal, antispasmodic and laxative actisitik also has
fracture healing hepatoprotective, diuretic, nephbrative, nephroprtective, galactogogue, antinflatury,
antipyretic and analgesic potential. Health drinkl #ood products incorporated with Gc seed orristfons were
sensorily acceptable. Gc seed can be used as asprgmrmultipurpose medicinal source whereas furttianical

trial is required to prove its efficacy.
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