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Abstract

This study focused on the evaluation of the antioxidative effects of lotus seeds from golden
colored flowers. The lotus seeds were extracted with ethanol and then fractionated into 4
fractions, ethyl acetate (EtOAc), n-butanol, methylene chloride, and n-hexane. The comparison
of antioxidative activities of the extract and fractions from the lotus seeds was carried out using
an in vitro radical scavenging model and the total phenol content was analyzed. Of the tested
extracts and fractions, the EtOAc fraction of the lotus seeds showed the strongest
1,1-diphenyl-2-picrylhydrazyl radical scavenging activity with 96.24% at a concentration of 100
ug/mL. In addition, the hydroxyl radical scavenging activity of the lotus seed EtOAc fraction
was also increased in a concentration dependent manner with the concentrations tested
ranging from 5 to 100 pg/mL. Moreover, the EtOAc fraction showed the highest scavenging
activity for nitric oxide and superoxide anion radicals. In particular, of all the extracts and
fractions, the EtOAc fraction showed highest contents of total phenols. These results indicate
that lotus seeds have potential as an antioxidative agent against oxidative stress involving
reactive oxygen species. Furthermore, the EtOAc fraction of lotus seeds includes promising
oxidative stress-protective compounds.

Keywords: antioxidative agent, hydroxyl radical, lotus seeds, nitric oxide, superoxide
anion, 1,1-diphenyl-2-picrylhydrazyl

Introduction

A T8 sk A BE AAEA 2] A|ZEof|A] A reactive oxygen species (ROS)= 34|
S| A7 4be}, HhARA, stetE e ofgt )Rl sl A E 4= Qe Ao 2 G it
(Fridovich, 1978; Kodama, 1988). ©]&{ 3t &4 44 0] 7 2= superoxide anion (O,), hydrogen
peroxide (H,0,), singlet oxygen (‘0,), hydroxyl radical (-OH), peroxyl radical (RO-) 5¢] 21t} 0]
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A AE ofg 712 @734 aclolu Bl glsof oste] o= AddE 4 glom 01594 EULS o
W E A A S B ofsh= kel ol Al Al o] AF -2 dAte oA A Y] Evt S d e
25 WY A ZIT}(Cadenas and Davies, 2000; Bokov, 2004). T3+ 43t AE | A 0] F7H= %*Eﬂ- 7;31 %‘_3’1—_1' 7,%_1,5} E—l %}
Zsjolu|e} 22 T4 Aee] Welska W} sl el F0 A0l HE AoR
2001; Gibson and Huang, 2005).

AL (Nelumbo nucifera Gaertner)= 5~HIH Nymphaeaceae)®l| ZoH= o 2jolao] 22 AFo|ut wollA Attt

gollA doz A wof X}E}% FHFO BEE7 = Aolal oho] Al g o ® ARG EE AYe At A
508 o] §HI ek, A2 AR H o2 FAE 7ol +&sto] Tl E A A 5o ‘?z}% Aoz vt &
A4z E2H, ol 5E bl ‘;l< N7l A oFAl 22 480 & E] AMEoJA it A2 bfoll A =2 A
dAA, g, EY, @i, @HS 2] F5H=1) AF&E] 17 91 © H(Bensky and Gamble, 1993), 71—L— Jof| ot A+
2L ZA} o]k, i, S, A @ A4S E T So] B LE| o] Qlth(Mukherice et al., 1995A, 1996A, 1996B,
2002, 1995B, 1995C; Hu, 2002; Jung et al., 2003; Park et al., 2010). 12180l thet AR AL 2= F2 alkaloid A2l
gt A7t AFH SR FoH 2™ nuciferine, N-nornuciferine, O-nornuciferine, roemerine 52| aporphine”|
alkaloid (Luo and Yao, 2005)ﬂ liensinine, isoliensinine, neferine ‘52 phenolic alkaloid (Wu and Pan, 2004) ol
(+)-1(R)-coclaurine, (-)-1(S)-norcoclaurine 5 benzylisoquinoline alkaloid (Kashiwada et al., 2005) J&2-50] K%
3 QJo}. 28Fe] (+)-catechin, (+)-gallocatechin, quercetin, kaempferol 5-2] flavonoid 3FaH&(Kim et al., 2001) ¥
tryptophan, asparagin, tyrosine 5 amino acid 250 1% o] Qlt}. o= A8 229l dihydrophaseic acid
of ¥e] TAHG R, SAMo| Aol that wl, $-2F 0] 2ol chat i, AEEA B5 wak, ARAE A 2w}
2 79 & 7K(Seo et al., 2006; Song et al., 1997; Lee et al., 2006; Kim and Oh 2009; Ann et al., 2010; Kim and Choi,
2011) So] BAE AT, T2t} 2 Aglo] AT FRAAL] S0l et A5t PHATL ARG AP,
2 AFN = FFHAEY T4 FEE D B9 =2 0|85 freeradical 27 BIHE 58 AR A te] s A
skt
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Materials and Methods

AR AR Tl Al

2014 30) S L Frofd FAAANA A4t ST AZ(Nelumbo nucifera)®] A 2,800.8 g& AR 246
] 7,000 mL 2] ethanol (EtOH)E 3A|7F 52t 102] HHESto] F&3t0] dojfl 555 B2 9, o34 Ads=7
£ o]85to FF5t EtOH F25(232.1 g)S AUt 5 EIOH FE5& &0l @EA1Z] F n-hexane O 2 +3]
510 p-hexane B2E(42.2 g)2 L3001, F-2 =52 methylene chloride (MC) 2.2 &5t MC EEE(59.1 g)=
At T3 He =S ethyl acetate (EtOAC)E EE 5] EtOAc B2 E(1.4 g)S 91, n-butanol (BuOH)E £-2]
5to] BUuOH 285 (12.4 )2 22+ At A dof ARE-St 1,1-Diphenyl-2-picrylhydrazyl (DPPH)®= Sigma-Aldrich
Co. (Missouri, USA)A}2] A& trichloroacetic acid (TCA)®= Kanto Chemical Co. (Tokyo, Japan)At2] A&, griess

reagenti= Sigma Chemical Co. (St. Louis, USA) Al&5-& A&t o, 58 8= L5 B4-8-& Aottt

—_

o 1

DPPH 275

L F EOHO) =<1 A& 100 L2} 60 M DPPH -8 100 1LZ 96-well plateol] £&5}0] 3087 9l-S 2fgh
of A-2of IAAIZ] F, 540 nmol| A S FEE S5 ARE 37FobA] 92 273} H| w5t free radical 4
7 3 HE-E(%)2 YEF I thHatano et al., 1989; Koleva et al., 2002).

tlo

olr
=
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Hydroxyl radical (*OH) &=

Fenton HF-3-o] @2} 10 mM FeSO,+7H,0-EDTA] 10 mM 2-deoxyribose solution™} 5= A| 5-8-o8-& S3stch
210 mM2] H,0.= A7I5ke] 37°Cof| A 441 7F Z<t HES-51iTh. o] Egtallof 2.8% TCAL} 1.0% thiobarbituric acid
(TBA) solution= ZtZ+ 347Fsto] 1027F boiling?t ¥ coolingsto] 490 nmolA S8 =E =75 tHChung et al.,
1997).

Nitric oxide (NO) 2+ &

Z} ‘s Al@ = 10 mM sodium nitroprusside (SNP)2} -&38151] 25°C of| A 6027t HH-3-51 9t} o] B3 2 ghoho
96-well plate©l] 15t griess reagents o] A-2o4 1587F 953 & 540 nmoA SHEE SA5It

(Sreejayan et al., 1997).

0, 271s

50 mM PBS©f| 0.125 mM ethylenediamminetetraacetate (EDTA), 62 xM nitro blue tetrazolium (NBT), 98 xM
NADHE 23t -85 96-well plate]] 200 £LE F5F1L, 50 mM2] phosphate-bufferol] =521 ZF 5528 A= 25 (L&
S83t %, 33 uM 9] phenazine methosulfateS &30t 540 nm ol A SF =5 Z7 o1 Th(Ewing and Janero, 1995).

Total phenol &%

Z phenol -2 Vinson et al. (1998)2] ®'H-& 0]-8519 W, 7AZ3H S-S 50% methanol ¥}t 1.2 M HCI 82|
Z4sted 90CollA 2417 71 F+E7E § 0.45 £m membrane filter = A ¥5tod 3t 322 20 Cofl A HtstH
Ao A8t 28 100 4L F5+] methanolof] 3]45}4] folin-ciocalteau reagent®} 20% sodium carbonate
&} 28sto] 23 Col A 1AIZE SR 2 760 nmol| A S8 =5 S5kt o] w #2542 taninic acidE S HE
Z A5t AHg-SFIT

EAEM
o [L S |

27 ZH A ee=25E 42 A 292 Bk + BEHARE UEU G, SAS 4.2F o]-§5to] 7 A
ZHE ANOVA (analysis of variance) & 3t ¥ Duncan’s multiple test (p < 0.05)E ©]-8-0F] ZF 72 H+t 7He]

e AR ALY,

Results and Discussion

DPPH radical 47 8/44H-2 31514 0 2 [ &= B4 QHARt radical 241 A& 9] free radical 227 5oLt
T4 TS Hrlol= WHolth. DPPHE cystein, glutathion?t 22 &olu| At} L-ascorbic acid 2
Butylated hydroxyanisole 501l 2]af €-1x|o] BAE 2 2 thokst AAAA 2 HE] HiHel 528 odolH 7] 99t =
Aoz 71 Ha gy &2 " o|th(Hatano et al., 1989; Koleva et al., 2002). d-2 2AHAH-S &=
diphenylpicrylhydrazyl©] @4tsA| o]l ]3]l diphenylpicrylhydazine. 2 2 S = HA] FL22] 91 H §}§ ol Azro] A}
SHAE 22 540 nme] o] BRERAES ol ool PG FIAAE 54 252 U Bolge| e 3
& ot 7] flote] FEMAE T4 FEE Y FZ=(EOH, Hx, MC, EtOAc, BuOH)oﬂAH DPPH radical 7]
A A T Table 12 11 ATHE UePH 202 100 £g/mLAIA EtOH &2 2 MC, EtOAc, BuOH 225
o] R 85% o]AFo] £7%5-S e 1, E35] EtOAcE 96.24%= th2 H.810] H] 5] 71 22 S48 e et
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"OH2 B/d4tAE Foll A 71 dh-gAd o] A1 QIZRE A 2ol A2t 402 obrlste Ao & dfA Qi
Macrophagesﬁ} leukocytes—J phagocytosis T3+ -OH A4 1<lo] ™, o] 2|3} -OH+ fenton §-3-1 2J35]] 0, ¢} H,0,

2RE] A, G A AZEQ ONOO 2] Eaflol ola A 7| & FHTHChung et al., 1997). Table 2= S AL
FTAFEE X Y=Y OH &7 5ol et Aafo|vh. FMAL TA F558 H w852 = A2t 243
GO o7 4A7go] F715FA.0H 50 ug/mLo A B5F 75%0]4+9] -OH 4 71%-& YEeR e

Table 1. DPPH radical scavenging activity of lotus seeds extract and fractions.

Treatment Scavenging activity (%)
(ug/mL) EtOH ext. Hx fr. MC fr. EtOAc fr. BuOH fr.
5 16.84 + 0.66 365 + 2.29m 22.68 + 2.42i 61.39 + 1.35f 9.64 + 3.41kl
25 50.35 + 1.45¢ 851 + 1.91| 7543 + 0.98e 96.44 + 1.99a 38.37 £+ 2.18h
50 77.78 + 2.34e 12.33 + 1.74k 90.36 + 3.11bc  96.44 + 2.63a 63.33 = 1.80g
100 89.06 = 3.02c 19.27 + 2.36j 93.38 + 199ab  96.24 + 2.18a 85.07 £ 2.50d
Values are mean + SD.
a-m: Means with different letters are significantly different (p < 0.05) by Duncan’s multiple range test.
Table 2. Hydroxyl radical scavenging activity of lotus seeds extract and fractions.
Treatment Scavenging activity (%)
(ug/mL) EtOH ext. Hx fr. MC fr. EtOAc fr. BuOH fr.
5 36.14 £ 1.29 26.30 + 2.06k 27.711 £ 1.63k 15.88 + 2.49m 23.95 £ 1.69
25 76.18 £ 1.53fg 73.82 + 1.40h 73.83 £ 1.31h 67.50 + 1.38i 73.67 £ 1.08h
50 79.80 + 1.58bcd 79.98 + 1.57bcd 78.63 + 1.43cde 7520 £ 1.42gh  78.01 £ 1.21def
100 81.04 + 1.08b 86.79 + 1.36a 81.14 + 1.43b 77.34 + 125efg 8051 + 1.36bc

Values are mean = SD.
a-m: Means with the different letters are significantly different (p < 0.05) by Duncan’s multiple range test.

NOE= A A4 7]74 2l L-arginine®] nitric oxide synthase (NOS)2] 280 2 citrulline} 317 AAJ = Q1A H
-3t S o] Fast g2 etk Aol A v A H NO= nIEZE o] 7] A, A 4hAa
7 nitrosating agentE B k= A4St 714-& 714 DNA deaminationS 55 & 0] 74, FeS o &4

ii&

O

5 Aot B 4% o] 285 AAISkE A 22 A QI (Cui et al,, 2006). THEHA NO2| B AAIgre =24
FAant Noof gt £ 2RE BT G5 7|oid 4= UTh(Imal et al., 1993). Table 3> NO &7 & 75 Aot
HE7] 915l SNP2 NOS AT & Fad % 4 F52 ¥ 2322 2|5t NO 27838 5743 Efo]
. Invitro®l X A% T4 FE2 H E8=2 =R E(10, 50, 100 pg/mL) A2 gt FNO &7 E3hS Hrebd
A7, EtOH FZ =2 MC, EtOAc 282 40% ol'de] 27 avkg Uetil= Zls 891 4= U3t 53] EtOAc

HIEOo =1 o] 07 NO A H50] 57]'5“ O 100 ug/mL ‘S04 53.25%9] 71 w2 475-& YERH ST
0, & &/44 T 7 WA AL §EgAJo] oFslA|gt AR BAE A 34T & k. A& 501, 0, &
OHHETH AR 10 2 catalaseE LA S} A

L 2]7]+= st glutathione perox1dase S ESSAID FQlom HEHoZ
Z 4= 3t} B30, = DNAE AP A 02 HPA 7| A= ZSHA| 9 S £712 =
o] Z2&t uff hydroxyl radicals 42 &7},

c
A T 9] transition metals
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Table 3. NO radical scavenging activity of lotus seeds extract and fractions.

Treatment Scavenging activity (%)

(ug/mL) EtOH ext. Hx fr. MC fr. EtOAc fr. BuOH fr.
10 50.34 + 2.37b 37.67 + 2.16f 46.41 + 1.08d 4260 + 0.31e 3550 + 1.21fg
50 4976 + 1.34bc 3290 + 0.85gh 4453 + 2.34d 4724 + 074cd  31.09 % 1.67hi
100 4734 + 126cd 3281 + 292gh 3286 + 1.16gh 5325 + 1.89a 29.05 + 2.03i

Values are mean + SD.
a-i. Means with the different letters are significantly different (p < 0.05) by Duncan’s multiple range test.

20, + 2H+ — H,0,

Me*" + Oy — Me? + 0,

Me*" + H,0, — Me** + -OH + OH-

A7¥ohe itebA| o F o] whet o] kg2 A =AY FE T 0, 2752 NBT %ol &5 0, 7FNBT
of oJ5f] HHA )= J & 560 nmol| Al S 5H T Table 4= FFHM AL T2 220 B E9 invitro’FollA Oy
27 G35 FRIgt ZTto|tt, EtOH $2& 3 EtOAc, BuOH 2182 A 2|st3-& o 30% ©]442] 0, 2752
Bl It} 11 Foll A 55] EtOAc w3 &2 5k OE2 0 2 0, &7 840 S71ohe A= 1T 4= AR 2™ 50 4
gmLEEA 71.46%= O, 9] AR} 7HE Hold AS & 4= Adch

Table 4. O, radical scavenging activity of lotus seeds extract and fractions.

Treatment Scavenging activity (%)

(ug/mL) EtOH ext. Hx fr. MC fr. EtOAC fr. BuOH fr.
10 8.15 £ 270g  13.04 + 3.11fg 1.93 £ 5.05h 5473 + 0.90b 8.15 + 0.43g
50 3241 £ 2.67cd - 1499 = 1.11f 7146 £ 1132 3214 £ 0.79d
100 36.64 £ 0.74c - 2140 £ 132 6866 £ 1.93a  27.98 + 1.42d

Values are mean + SD.
a-h: Means with the different letters are significantly different (p < 0.05) by Duncan’s multiple range test.

1

Eol+= okt phenold E+= polyphenol’d 2FeH-=50°] shikimate, mevalonate ~12] 1 phenylpropanoid pathway

A A ER A E o PR oldRel At AY thd, A4, ol Bl E | dsto] thefet
L oFo 2 ZxsH "t o]213) phenold 3FeHE-2 u-electron system 5-9]2] delocalization®l] 2]+ unpaired
electronS A Y5}, T3F aromatic hydroxyl group©l| 4] 24 AF4 2 hydrogen YA 7] o5 024 4k
S YehfE= 9] 543 2910] EitkDuthie and Crozier, 2000). Table 5= SFFAAZE 221 222 W Bsl50] =
phenol $rF2 LFeRH ZAxto| ot Tannic acidE E50 2 5Fo] LR S W, EtOAc 8591 371.36 mg/g O & 7}
& B2 EPHlso] EAIske A0 & UEkth BuOH #8E EtOH 5229 & E8¥E 3 83.76, 50.15

mg/gC| EASHL, Hx 28 E0°] 9.45 mg/g O & 7P B2 gfo] EAeta &elstalrt.

of
e
o

1
BN
O
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Table 5. Comparison of total phenolic contents in lotus seeds extract and fractions.

Total phenolic content

Sample (100 xg/mL) tannic acid per dry weight (mg/qg)

EtOH ext. 50.15 + 2.54¢c
Hx fr. 9.45 + 0.18e
MC fr. 14.84 + 0.55d

EtOAc fr. 371.36 + 1.95a

BuOH fr. 83.76 + 1.13b

Values are mean + SD.
a-e: Means with the different letters are significantly different (p < 0.05) by Duncan’s multiple range test.

Conclusion

£ AN GG S0 YA A5 ) YRAQL T NS FEE 9 ot
A\ 2:5}9] invitro 2¥5k 84J(DPPH, OH-, NO, 0y) & 2012 27%5-8 5ol dEatc FF4 A%
2 ZoIA EtOAC #5150 DPPH 2tt) 2] gt 47%50] Floj5tth. -OH: EOH 5280], N
REBOA 2 2ATHL et gk, B3, a7 o] P57 547t Baio] ety FeA Qs
% Belsllis Y= BOAc BB 7H Itk o ge] AuE 2 1) FFUAR T B2 AR BHS 7}
o BAATL R of7| S ATSH AE AR Qg A ek A RN 4TS T A0 I
o B, 8 Sl 2752 HolF BOAc B2 o] S8 Aol T 477t Masithn A,

4N Ao

(<

o m-ln

yo Mo
E

S
i&-&

H3
R

EtOAc

u:_l\&

S
rlr
d

o)ll

_Y‘_J,

n%

2
P

=
LSS

)

< o

Acknowledgements

o] =2 20159 o7 e otal tete] A AtH] Ao ofste] A= 5.

References

Ann CJ, lee GH, Kim YS, Hong MC, Bae HS, Kim JH, Shin MG. 2010. Effect of Nelumbinis semen on the recovery of the cardiac
muscle activity by proteome analysis. Korean Journal of Oriental Physiology & Pathology 24:962-969. [in Korean]

Bensky D, Gamble A. 1993. Chinese Herbal Medicine; Materia Medica. 2nd ed., pp. 262. Eastland press, Seattle, WA, USA.

Bokov A, Chaudhuri A, Richardson A. 2004. The role of oxidative damage and stress in aging. Mechanisms of Ageing and
Development 125:811-826.

Cadenas E, Davies KJ. 2000. Mitochodrial free radical generation, oxidative stress, and aging. Free Radical Biology and Medicine
29:222-230.

Cavalca V, Cighetti G, Bamonti F, Loaldi A, Bortone L, Novembrino N, De Franceschi M, Belardinelli R, Guazzi MD. 2001. Oxidative
stress and homocysteine in coronary artery disease. Clinical Chemistry 47:887-892.

Chung SK, Osawa T, Kawakishi S. 1997. Hydroxyl radical-scavenging effects of spices and scavengers from brown mustard
(Brassica nigra). Bioscience Biotechnology and Biochemistry 61:118-123.

Cui FJ, Li TZ, Lee SJ, Park SJ, Lim Y, Kim KA, Chang BJ, Lee JH, Lee MH, Choe NH. 2006. The effects of air-borne particulate
matters on the alveolar macrophages for the INOS expression and nitric oxide with nitrotyrosilated-proteins formation.
Tuberculosis and Respiratory Diseases 60:426-436.

Korean Journal of Agricultural Science 43(2) June 2016 191



Radical scavenging activity of ethanol extract and solvent partitioned fractions of lotus seeds

Duthie G, Crozier A. 2000. Plant-derived phenolic antioxidants. Current Opinion in Clinical Nutrition and Metabolic Care 3:447-451.

Ewing JF, Janero DR. 1995. Microplate superoxide dismutase assay employing a nonenzymatic superoxide generator. Analytical
Biochemistry 232:243-248.

Fridovich I. 1978. The biology of oxygen radicals. Science 201:875-880.

Gibson GE, Huang HM. 2005. Oxidative stress in alzheimmer's disease. Neurobiology of Aging 26:575-578.

Hatano T, Edamatsu R. Hiramatsu M, Mori A, Fuijita Y, Yasuhara T, Yoshida T, Okuda T. 1989. Effects of the interaction of tannins
with co-existing substances, VI. Effects of tannins and related polyphenols on superoxide anion radical, and on 1,1-diphenyl-2-
picrylhydrazyl radical. Chemical and Pharmaceutical Bulletin 37:2016-2021.

Hu M, Skibsted LH. 2002. Antioxidative capacity of rhizome extract and rhizome knot extract of edible lotus (Nelumbo nuficera). Food
Chemistry 76:327-333.

Imal'Y, Kolb H, Burkart V. 1993. Nitric oxide production from macrophages is regulated by arachidonic acid metabolites. Biochemical
and Biophysical Research Communications 197:105-109.

Jung HA, Kim JE, Chung HY, Choi JS. 2003. Antioxidant principles of Nelumbo nucifera Stamens. Archives of Pharmacal Research
26:279-285.

Kashiwada, Y, Aoshima A. lkeshiro Y. Chen YP, Furukawa H, Itoigawa M, Fujioka T, Mihashi K, Cowedtino LM, Morris-Natschke SL.
Lee KH. 2005, Anti-HIV benzylisoquinoline alkaloids and flavonoids from the leaves of Nelumbo nucifera and structure-activity
correlations with related alkaloids. Bioorganic & Medicinal Chemistry Letters 13:443-448.

Kim HG, Oh MS. 2009. Protective effects of Nelumnbinis Semen against neurotoxicity induced by 6-hydroxydopamine in dopaminergic
cells. The Korea Journal of Herbology 24:87-92. [in Korean]

Kim JS, Cho SM, Kim JH. Lee MW. 2001, Phenolic compounds from the node of Lotus Rhizome. Yakhak Hoeji 45:599-603.

Kim SH, Choi JW. 2011. Action mechanism of anticonvulsive effect of Nelumbo Nucifera in pentylenetetrazole- induced animal
models. Korean Journal of Oriental Physiology & Pathology 25:614-619. [in Korean]

Kodama M. 1988. Role of oxygen species in carcinogenesis. Tanpakushitsu Kakusan Koso 33:3136-3143.

Koleva Il, Van Beek TA, Linssen JPH, de Groot A, Evstatieva LN. 2002. Screening of plant extracts for antioxidant activity: a
comparative study on three testing methods. Phytochemical Analysis 13:8-17.

Lee JW, Hong MC, Shin MK, Bae HS. 2006. Comparison of Nelumbis semen extract with hypericum perforatum and fluoxetine in
animal model of depression. Korean Journal of Oriental Physiology & Pathology 20:830-843. [in Korean]

Luo X. Yao S. 2005, Simultaneous analysis of N-nornuciferine, O-nornuciferine, nuciferine, and roemerine in leaves of Nelumbo
nucifera Gaertn by high-performance liquid chromatography-photodiode array detection- electrospray mass spectrometry.
Analytica Chimica Acta 538:129-133.

Mukherice PK, Das J, Balasubramanian R, Saha K, Pa IM, Saha B. 1995A. antidiarrhoeal evaluation of Nelumbo nucifera rhizome
extract. Indian Journal of Pharmacology 27:262-264.

Mukherice PK, Das J, Saha K, Pal M, Saha BP. 1996A. Diuretic activity of the rhizomes of Nelumbo nucifera Gaertn. Phytotherapy
Research 10:424-425.

Mukherice PK, Das J, Saha K, Pal M, Saha BP. 1996B. Antipyretic activity of Nelumbo nucifera rhizome extract. Indian Journal of
Experimental Biology 34:275-276.

Mukherice PK. 2002. Quality control of herbal drugs-an approach to evaluation of botanicals. pp. 604. Business Horizons, New Delhi,
India.

Mukherice PK, Balasubramanian R, Saha K, Pal M, Saha BP. 1995B. Antibacterial efficiency of Nelumbo nucifera (Nymphaeaceae)
rhizome extract. Indian Drugs 32:274-276.

Korean Journal of Agricultural Science 43(2) June 2016 192



Radical scavenging activity of ethanol extract and solvent partitioned fractions of lotus seeds

Mukherice PK, Pal SR, K. Saha K, Saha BP. 1995C. Hypoglycemic activity of Nelumbo nucifera rhizome (methanolic extract in
streptozotocin induced diabetic rats. Phytotherapy Research 9:522-524.

Park JH, Kim DW, Lee BG, Byun KI. 2010. Antioxidant activities and inhibitory effect on oxidative DNA damage of Nelumbinis semen
extracts. The Korea Journal of Herbology 25:55-59. [in Korean]

Seo JH, Choi YH, Yoo MY, Hong KS, Lee BH, Yon GH, Kim YS, Kim YK, Ryu SY. 2006. Isolation of dihydrophaseic acid from seed
extract of Nelumbo nucifera. Korean Journal of Pharmacognosy 37:290-293. [in Korean]

Song GS, Ahn BY, Lee KS, Maen LK, Choi DS. 1997. Effect of hot water extracts from medicinal plants on the mutagenicity of indirect
mutagens. The Journal of Food Science and Technology 29:1288-1294. [in Korean]

Sreejayan and Rao MN. 1997. Nitric oxide scavenging by curcuminoids. Journal of Pharmacy and Pharmacology 49:105-107.

Vinson JA, Hao Y, Su X, Zubik L. 1998. Phenol antioxidant quantity and quality in foods:vegetables. Journal of Agricultural and Food
Chemistry 46:3630-3634.

Wu S. Pan Y. 2004, Preparative counter-current chromatography isolation of liensinine and its analogues from embryo of the seed of
Nelumbo nucifera Gaertn using upright coil planet centrifuge with for multilayer coil connected in series. Journal of Chromatography
A 1041:153-162.

Korean Journal of Agricultural Science 43(2) June 2016 193



