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MSIANUSEANBENINNITHAAFITWANLIAU AN hairy root UBILAAYALNAILAY
AAENIATNA lranuazngalLuulgan
The Enhancement of Plumbagin Production Efficiency from Hairy Root of

Plumbago indica L. by Salicylic Acid and Benzoic Acid

ARINA AUNSRINN' auBdE Aundidlsn’? uaziaSuAs Aunsidsu’™
Sasiwimol Chansuthep,’ Sontichai Chanprame'? and Sermsiri Chanprame'?*

UNARER
L@mmmmmmﬂuwmuﬂws sn\‘imﬁnLﬂmmmm”'&mmmiwaumw (plumbagin) mmmq‘w'ﬁ
ﬁu&qmmammuimmwmau 259 WeuuATFauaziTesmanesia nswziaes hairy root LAY ALNAIUAY
i:mﬁf‘gmwmﬂLW@quﬂﬂﬂmwm@m@mmﬁwaum@mm hairy root LARYALNALLAY mﬂmﬂmmmvau Tne
wnnInEA AN (salicylic acid) waznsmuuladn (benzoic acid) WaanNdndugaing 10-40 Hadluans
asluamsivian % Murashige and Skoog (MS) Finnziaeg hairy root 81¢ 15 414 HANSANEY WLF
nanndlaanAudindugaing 20 Faaluans HseAnnnlunianszfunsnanasWaNLNAUAIN hairy root
LL@:miﬂ@mﬂ@'@ﬂmiwﬁum?ﬂu@@ﬂzjmmmwwLgmmnﬁ'qm URINTINITAY 1 U (93.64 Haani
FoAnT; 4.4 WinvestaAuAN) dounsaiuulsdnainnsonsssunisnanaisnanunaulfdantiesuayliny
ﬂﬁﬁJ@'ﬂﬂmq@wﬁuuﬁu@@ﬂgmma‘lﬁv’wLém TaeWUAINANLNAUGIgALNEN 41.78 HaAnFusaans

(1.4 WwhaastaaILAN) Tuiun 7 209019036

ANRNATY: LAAYANAILAY WANLNAY NanTnA l1an nemunladn

Abstract

Plumbago indica L. is a medicinal plant which the roots are the main source of plumbagin. Such
plumbagin possesses the anticancer, antibacterial and antifungal activities. This cultivation of P. indica
hairy root, therefore, aimed to enhance plumbagin production of P. indica hairy root using elicitors.
Salicylic acid and benzoic acid with final concentration of 10-40 mM were added into the 2 MS liquid
medium which 15-day-old hairy roots were cultured in. The results reveal that salicylic acid with the final
concentration of 20 mM was the most promising elicitor for stimulating the plumbagin production from hairy
root and the release of plumbagin into the medium on the first day-after-elicitation (93.64 mg/l; 4.4 times
more than control). While using of benzoic acid, it slightly stimulated the plumbagin production and no
plumbagin released into the medium. The highest plumbagin accumulated in hairy roots was 41.78 mg/I

(1.4 times over the control) on the 7" day-after-elicitation.

Keywords: Plumbago indica L., hairy root, plumbagin, salicylic acid, benzoic acid
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AU

\ARYALNRILAY (Plumbago indica L.) Lﬂuﬁmguimﬁﬁﬂiximﬁuwi'mmﬂluﬂ@:mﬁ%mﬁﬂ
uwazne mm?ﬁﬁmlumnLfamml,wﬁ\mm\ﬁﬁ@miwﬁmﬁu (plumbagin) %ammmﬂ”mﬁmwm@mLﬁuimm@mmf
e Liqvl,mummum (Liuetal., 2017) ﬁumm'ammwﬂ (Pradeepa et al., 2014) L‘ﬁ’aLL‘LIﬂV]L‘a‘F;I (Nair et al., 2016)
uazidasn (Hassan et al., 2016) 1/1Lﬂummmm‘[mlumul,l,mwﬂm

NSMNZRE99N hairy root m@qwmuuimlﬂmﬁmimﬂimmmwlummﬂmmi‘wmmu
71N hairy root e ?ﬂﬂ‘WLﬁ‘H‘WLﬂm"ﬂui_lw,uﬂL‘F_I'ﬂ'Wﬂ]Lu'a\‘i@’mﬂ’]imﬂ_lﬂiﬂ"ﬂ@wﬁ'a Agrobacter/um rh/zogenes
(Georgiev et al., 2007) MnTiAdANNTAINREIEEINATANTAE e mﬂm‘mmmuwwﬂqﬂ
TUB9INTNF 161 ‘EmﬂmmmmﬁmmmﬁmﬁiﬁmnLmemmmmmﬂ?mmmmamiﬁﬂﬂuiﬂmmﬁ'ﬁmm?
¥ dvianyamdwuasiudel fiRmamnziaesrad ieideit uaznisdnaiu gudineluladianminums
uAnendenEnsangns 1415 de A, rhizogenes @neg K599 4n1ingan hairy root WaTWLd181NNIDANA
ANIWANLNAUANN hairy root ”Lé’mﬂﬂdﬁmﬂﬂﬂﬁﬁmugmLf':@Lﬁlfa (Tatreerod et al., 2003) LT@ﬁLWWtLgﬁQ
UATUAAAA (Chuntaratin, 2006)

mﬁmmmﬂfﬁmmvmu (elicitor) FAuALNITINNE L@EN hairy root Tunsdnsin 1 hairy root NARANT
°v1mmMmﬂ?mmmﬂmmmm'gu TmﬂL@‘Wﬂ‘Wa\m?”mummmimi”mum”muﬂwa“ﬂmﬂumL@wmwmm
mummmmma‘wmmumwummw (Gharechahi et al., 2013) mmmumwummumwLﬂummmmmwm
lunszuaunsnseLdvestesiaiedsinnneuen i nsamdledn (salicylic acid) Sadluansiiiaduns
599N F b sinfantinaun g lunsnszgunisaisansiagiluie Inadseanuiinsagndlaanaiuns
nazsunI9aia1snAaglu hairy root a89WIMA TiA LW @19 tanshinone AN Salvia miltiorrhiza
(Hao et al., 2015) waz @19 norswertianin AN Gentiana dinarica ( KrstiéMilogevié et al., 2017) \{lufu
AnFunseLunlEan (benzoic acid) tu feeudnfuansfedurnensnanalean (Meuwly et al., 1995)

FerlneuAdetadisngUszasdiieAnnisldnsasalednuaznsmunledn lunisnszdu
NTHARAITWANLNAUANN hairy root TBUARYALNAILAS Tmﬂﬁﬂmﬁ@@"ﬂmwLﬁuiquQEQﬂs:ﬁuLLazsxﬂz
9817 hairy root ﬁmﬁaﬁu'ﬁ'qmtéju L"fim@'mL‘ﬂuﬂ@ﬁﬂzﬁ’]ﬁmﬁ'mm@m’@nq@mﬁmmﬁinﬁﬂqﬁm@qﬁm

(Vasconsuelo and Boland, 2007)

AEMsANm

NINAARY

hairy root i mgmwﬁmmﬁ‘lﬁumuﬁ%ﬁﬁ AAINNNINIEFAULDATBIANYA wawaslugnmaenide
Fnedeuuniie A rhizogenes @8WUG K599 Aa1ne1Ade a4 Tatreerod et al. (2003) LAINIAEFRITiag
slu'm‘lmﬁ‘mngm Murashige and Skoog (Murashige and Skoog,1962) ﬁﬁmmﬁu%’um‘?wﬁ (2 MS) Lay
sl sucrose 20 nFusiaANT LiAanagnAmE 120 sevsiew guamnil 25+2 asraaiFua Tuaninil
(Chuntaratin, 2006)
AsANHINAIRINTATA MIANLALNTALLUTIANAaNTIAsULALTALAZNITNARFITWANLNA LAY
hairy root mmumwmum

L‘W%L@EN hairy root LWMN@LWMLLNWJWNMM’WLLMH 2.0% (w/iv) Iumma‘mmmm 2 MS ‘VlL[El:LJ sucrose
20 niusedns Usnmse s 25 Aadans lunanaraun 125 TaaanT LAredtenAaniss 120 seusieud
gomni 25+2 aamaaidad Tuannila unan 15 5u
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ATANUNIATIA MANWAZNIALLUITENA8 absolute ethanol LAY deionized water AMNANAL
QNN BN UL LN209TTA PTFE a1nates 0.20 lulasiuns wdaduadl hairy root Amziaes 19E
AudindugaTing 0, 10, 20, 30 uax 40 Jadluanf Inglugaaquan (0 Hadluand) AnfmYINazatzves
naamalaANLaznIALLlEaN Thfi v ufsaesnuaZAs i BN aamduLAL LN e e
NN ren High Performance Liquid Chromatography (HPLC) 5 1,3, 5 WAz 7 NAINIINITTHU

maﬁﬂmﬁmmuﬁqm”ﬁu 2 afln ldun nsmandladanuaznsaiuuloan ANUNLNTNARBILLL
factorial in Completely Randomlzed Design (CRD) Tmﬂﬁmzm 2 flade Ae mmmmu‘nmmm mu 5 ¥l
UATITaIZIIATY hairy root mmmmmvmu 4 98Z9AN LLm”mmvmuu 20 TANAADY TANARRIAY 5 Na4arT
AArziAnL s1991M083T ANOVA LL@vLﬂ?‘ﬂumﬂummﬂﬂmmﬁ Duncan’s New Multiple Range Test
(DMRT)

MSANALAEALATIZNLS NI UEITWANLNAY

N34 ALALIATIZHL NI UA TWAN LN AUAIAINATNN9289 Chuntaratin (2006) Iaeia1s1n hairy root
Iuriaigaumgfl 50 aspmadea unan 3 fu unlfazden denwindszunm 0.1 n¥u wnaradag
methanol 13x1ms 20 Radams 1wenifhinan 3§ UuesedaeinAnmif 120 saUAeUNT udansesdaanszane
n984 Whatman® tuag 1 aqum@W@um@umﬂhmm?mﬁ detarnlneld ethyl acetate Tunsqauen
hfammzifmmmnwmmm 1 @21 s ethyl acetate 1 421 umamm@ymm@ﬂmaLm@mmmmmwmﬂ
Lmumummmu 50 asrTALTES AzartRznauRldaINnIsaia hairy root #9gl methanol (HPLC grade)
LAZAZANERZNAURIEANN NN ARSI A EEE ethyl acetate (HPLC grade) dnaansazanaildldun
A &%ﬂ%ﬂﬁuﬁﬂué@mmﬁ Thnzneuiildinazatafag petroleum ether nsasfaBEngrULLLNTE cellulose
acetate ATT89UA 0.45 1lATIUAT ANTUALATETFUAUENINANLNAY B98RE HPLC Waudy
A1INANLIAY NIMTFIU (Sigma: catalog number P7262 a.i. 98%) iaaduiniin Zorbax°sB C18 lag/ld
methanol a2 acetic acid 0.4 % Tudm31491 60 Fia 40 1UANTAZA1BFAINT NUUASAIINTTIMATRIE1TATANE
gl 1 Hadansteun? 1Bunasildlunnsiinsesd 10 lalrsans nanasainnueneduussans o laian
‘ﬁl 270 W Tuiumg ﬁ’]uqmmﬂ?mmma‘wﬁumamﬁﬂuﬁumsmmg’m@’mmmi linear regression equation
nazAuRlEn IR lEannses g T sunsy Agilent Chemstation (Agilent Technologies, 2001)

NAMTANEILAZAANTL

HRURINTALIR LEANADNITLASYLALTALAZNITURARITWANLIAULDY hairy root LARAYALNRILAS

AnutuIeanIAT RN LA ILEILINaT hairy root TdFUNIAT R lTAN aiTanENaTufusarnmin
WA ANTRITIN LLm'mwLiuiwmmmmahaﬂﬁm@m’@{iwﬁﬂLLﬁ\mmmﬂ'Nﬁﬁﬂéﬂﬁfymmﬁﬁ
Fawugn hairy root ﬁmim%;lﬁuimﬁu'%u deiuanndudurensamaledn tne hairy root lasy
namgnd leanAddnd 40 ﬁ@mmmé’ﬁﬁmﬁmtﬁqmmummﬁzﬁ;mmammimmmmeﬁmmmuﬁwﬁmﬁq
mn‘ﬁ'a;m“luf?uﬁ 3 MAININTTHL Fedesmumniiiausenianziaudlagdenms 1 aas wudnsndwiinu
6.41 nfusaams (Figure 1)
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Figure 1 Dry weight of Plumbago indica hairy root cultured in half strength Murashige and Skoog medium
supplemented with 2% (w/v) sucrose at 25+2°C in dark condition and elicited with 0-40 mM
salicylic acid for 1-7 day(s). Means followed by the different letter were significantly different
according to Duncan’s New Multiple Range Test (p < 0.05). Asterisk

** represent significance at p = 0.01. The ‘ns’ represents non significance.

Lan1INAAeTlEHannAga iU LT Chung et al. (2016) fieauinnaamalandaaiy
nsLaatyLAL A hairy root AN Momordica charatia L. Tneanudnidlefinpnududusensaaalaanann
25-100 lulasTuans in 1 hairy root fhwmihanuasimenuiafnay uietnelsfaunisldnsaaalaanith
ﬁqn?xﬁu@qﬂﬁuﬁz\iu‘?@iﬂmm@ﬁiﬂmm?‘avnﬁuimm hairy root L1 ﬁu&qmsm‘?\a&uﬁuimh Panax ginseng
(Jeong et al., 2005) dlefinanudiduann 0.01-10 faaluans vire llfinasianiaascyduialuy Scuteliaria
baicalensis \ielRAANUELL 1-100 Taaluans (Hwang, 2006) Fatilunstinnsasnalaanun1dlunns
nszgunaasyiulanarmsnananmisnfianasigaenasiinisdnenfaaiisenasiyioinressad
vielhaflefaudazaiin Weaansadenlfanududuseansasalaanivanyaniuaiiasesis

leAlnmesiBunnianmduLNAudae HPLC WUIANTAZANENANLNAUNIATFIUUAS AN TALAN AL
figiaann hairy root Lm:mmanngmﬂ@fmg peak IBNAIIWANLNALU 7 retention time 1szanay 15 17
(Figure 2) HANNIANUINLLENIUANTNANLNAUAINANNNT linear regression fifien correlation coefficient 0.9997
WU A eaN AT R T ANLAZIZEZAT hairy root ANRANIATA lTAN T ANENa SuiuseFNL
AINELLNALIN ST aTne BN TR LN AUl Ean hairy root (Figure 3A) mufUaass
@@ﬂmzﬁmmﬂ‘wwﬁm (Figure 3B) st 2 ﬁ@@“ﬂﬁmﬁm@m'fmﬁmmmmﬁmm%ummﬂ'wﬁﬁmﬁﬁmmmaﬁ

naand lranaadindu 10-40 Hadtuans awnsansesulif hairy root m@mmiwmumwmmwmm
‘}Juﬂﬂ]’miﬂﬁ?Uﬂﬁiﬂﬁ‘vﬁmluWﬂ?yﬂ ZOANMRIAINNITTH Y (Figure 3C) Imﬂwumm@mmawmm@uufmmm
Tunsdaa L 20 Dadaluans TuduusnaeanInsze Gandnld 93.64 DaAnsusiaans ALy 4.4 ¥
VBITAATLIAN saiinsnanalzanasuidadu 10 Taaluang sl hairy root fnsuaRaNTwaLLALANANGY
85 Aaaniusedns IndReeiunaenszaziian 7 44 §aunsaTnd lanAnNdudy 20-40 ﬁm'ﬁ‘lumi’ﬁu
ANMNTONITHU hairy root N@mmm@mm@ufmNio?ﬂuﬂ?mmmummnmam”mu 1 54 upianntiNIEER
AINGULNALARAITIATI LT 3 YBINIINILHU uasilinTiuiauEnaseluiud 5 uay 7 Falunme
annsonanaananLnauladesndinsnsegusansaanalaanaaududu 10 Hadluans
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Figure 2 Chromatogram of 1,000 mg/I standard plumbagin (Sigma: catalog number P7262) (A), the extract
of P. indica hairy root (B) and the extract of used culture medium (C) after the elicitation by

salicylic acid which exhibited the peaks of plumbagin presented at 15 min.

msldnsaaaladnidudansysu Haneaudianunsanszsunisuanansyaanilu hairy root 283
waeetn warduuaiudnnisldnaonududuninddszansninlunisnsedunisuanansman i lsuinnagn
mmlﬁﬁuiugq 11 Hwang (2006) 1ﬁﬂizﬁuﬂﬁi@§ﬁdmﬂi baicalin 114 hairy root 284 Scutellaria baicatensis
WUIMAININIzEU 6 41l hairy root NARANS baicalin WNTW WasANdRduaeInsaa R la@naN

=® a a '8 1 a a U o dl 2 a a £ U a a I8
109 10 Hadluanf usdss@nsnmnisnszsunduanaaileldnsaaalaan aoududu 100 Hadtuang dou
Jeong et al. (2005) iwmﬂumimzﬁjumm%qmi saponin b hairy root 284lau (Panax ginseng) Fanudn
Wainaududurasnsagia laanlugog 0.1-0.5 Fadluans awnsanseeuli hairy root @519419 saponin
WANNINTY watsr@naninnnsaieansanadiila linsaana lanaudnds 1.0 Jaaluans
v o s DX A vse o e o~ I I .

UBNAINANHTNTULAY sraznanilatialddudanunsagiadlaaniduannilatiadeNdanase
nsa¥eansaani Telueuddainunisnaaasnanuaugeluiun 1 udinisnsysiu antuanadluium 3
WALANIUDNASI TSN 5 way 7 wanannil Malarz et al. (2007) 1sneanu3nnnslEnseand laanaansdudu
100 TuTAsTuans 1w hairy root 9@9 Cichorium intybus M ldn1suaRans sonchuside A genandilallasu
nsnszsiuludud 2 uay 3 ndaninszdu uindudnisanaINdluiun 4 uay 5 anuanisldnsamnaladn
mvmumim@mmawaumw AN hairy root LAAYAWAILAY UATNITINLIIUUBY Malarz et al. (2007)
uuﬂuﬂuma‘vﬂ Lf;m‘wLu@Lmﬂ,mzwmmnumm”muum@@mqmnmmm@mmiwmmu Fetulunadenld
mrmvmuu@nmnmmmmmmmmummmmmm FaPnINIUIeTzEIIa N T aNd LN 2aTA
AN AU ANAIAINNINIEEUALE
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Figure 3 The plumbagin content in Plumbago indica hairy root (A), culture medium (B) and the total
plumbagin (C) followed the elicitation by 0-40 mM salicylic acid for 1-7 day(s). The hairy roots
were cultures in half strength Murashige and Skoog medium supplemented with 2% (w/v) sucrose,
25+2°C in a dark condition. Means followed by the different letter in each data set
(A-E: interaction of concentration and incubated time, a-c: concentration, N-A: incubated time)
were significantly different according to Duncan’s New Multiple Range Test (p < 0.05).
Asterisks * and ** represent significance at p=0.05and p = 0.01, respectively. The ‘ns’ represents

non significance.
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AN nanend lranynAudindunsyfulitinisdasuaiswanunauaanganmamng
L'gmiuvgmm:mm (Figure 3B) Tagemsinziasaiasuaindansladudivdeslantandaanniiy
neatnA ltan agnalsfimunwudn hairy root ﬁiﬂié’%ﬂﬂmmahanﬁmiﬂm'@mmawﬁmm%u 2ANFAMITNE
e nnudniesluiud 5 uas 7 WAININTLH smmmummmﬂmmm absolute ethanol 7 lifusasi
@”mmﬂmm@%@n wazAn U ARILANAINGTY T 34 absolute ethanol Huiisneudniile 4saufmadues
Lﬂm'i’] Rhizoctonia solani mmmmvmummmmmammmu‘lunm sesquiterpene AN hairy root 184
Hyoscyamus muticus 'l§ (Mehmetoglu and Curtis, 1997) wiaeialsfianulusuddaiinudn hairy root
mmmL‘wmLLmﬂmmmsﬁmimnwnmmmeummmawmumwvl,mmﬂmﬂ hairy root maqmmumuw
1550 absolute ethanol TuynszezIAMAINIINILE mﬂuﬂumnamm”lmnuummamna:ﬁ!umm@mma
WANUNALAIN hairy root TBILAALYALNAILAS LA

AYNANNNT0 INNINILFHUNINARANSY AR 109N IATA l1@n %QLﬂumﬂunzﬁu phenolic compound
e ARSI anaifiesnannsamalaaniusadedoyayins (signaling molecule) idnAtysa
wikalis signal transduction pathway 3<¢ludniilfEuTiRadafiunsrLaunstiasfufesiisudasean
(Schenk et al., 2000) saxfensdniirEuuazienlniiAusdessunsdanmziansyiagfiunnguiiiaaidu
Lﬁfagm‘%@‘lﬁmﬁﬁma 11 polyphenole, alkaloid, quinone, terpenoid Ay polypeptide (Ding et al., 2004) \hsiug
naTaINsALLUlEANFAaNISIAs AL TALASNISHARRISWANLNAUTE hairy root LARNALNRILAY

Auddueansau AN A Iz 19AN R hairy root Fusfansauulaanllfiavanadouiuseiin
winudeazan uAszeazianT hairy root ﬁuﬁmnmmu%%nﬁmﬁaﬁmﬁﬂLLﬁmmu@ﬂ"mﬁﬁm‘hﬁrymmﬁﬁ
(Figure 4A) mﬂma‘wmmwudﬁmmLuu‘ﬂeﬁnﬁLLunﬁuﬁugTqmiL@?‘mLﬁuimﬁnm hairy root TagiwLIa1 hairy root
‘1/11mummuuisn'aﬂumuunmevauu@ﬂmﬂ hairy root Flalldsunsawnladnssminadud 1-5 UAINNINITH
Lm‘lmuw 7 mqm‘miwmu wun it uinuarandnten nanmeaesiaenndesiunsld
mm:mu@uj LW@mvmumm@mmswmmu Fatninlile des aantgLasyLAuln (Hwang, 2006)
Lmu ﬂ’]iﬂi“’mumﬁ‘mmmi‘ scopolamine WATA1T hyoscyamine AN ha|ry root U8 BrugmanS/a candida
Sewudn hairy root wmwmumﬂ CaCl, Aamidiudi 100 dadluang & umﬁuﬂmmmmmmwmmum 50%
Wazhairy root wniymumﬂ cdcl anuidndy 2 fadTuans Nuwuﬂmm@mmmmwmmmu 40%
(Pitta-Alvarez et al., 2000) Lﬂumu ‘Lummwmmvmuum@ﬂummﬂ,@aml,mu‘llmml,u@mmﬂu@mqmmu
mm@‘lﬁﬂ?‘mmmmmgwm@mim@mmmuu ‘lumﬂmmm‘:ﬁlumﬂmmm@m@m’]imayﬂ.mu‘imng?:ﬂz
1ane 189 exponential ‘vﬁ‘@?"’ﬂ” stationary %mﬁ@@'@ﬁmﬂ@?mlﬁuimLﬁuﬁ'uﬁq %qﬁqnizﬁmﬂmw@mﬂﬁﬂ
mmilﬁﬁmmuimmmmﬂﬂ (Bwtelaar and Tramper, 1992)

fvFLnsHARENsNENLYALTY AaradiduuazsTaznan? hairy root Audansawnlaandlavana
sauuseLFrnmaIaNLN AN TaflunamsreaFunnansiiiame iy hairy root mufiufiseseen
mz}jmmimwLgmfaﬂ'wﬁﬂfﬂﬁﬁﬁmmmﬁﬁ %ﬂ“ﬁmmL'uu‘llen%ﬂmmﬁémizf?jummammiwﬁuuﬁﬂu
hairy root ﬂlﬂdL’ﬁlﬂNﬂ@LwadLLmﬁiﬁLﬁﬂﬂﬂﬂLﬂﬂ&u LL@xiw'wuma‘ﬂz\iﬂamawﬁuuﬁuﬂ@ﬂzjmmﬂ,wm'ﬂﬁgm Teny
mﬁ‘mzﬁu%mﬁﬂﬁu‘ﬁl 1 UAY 7 wAIN19NIEAU (Figure 4B) ﬁﬁlwﬁqmmaﬁxﬁuuﬁq 1 44 WUNTALANENT
wmumfaumﬂmﬂu hairy root wlmummuuismﬂmmmmu 40 HadTuanT (38.60 m@mummm mmﬂu
1.9 mwmmmmmu)mnuu@mmm@ﬂmuw 3.5 G9mndn hairy rootmiuumamvmu LassNNTuENAK:
Twsudi 7 sm‘wummmum@wmmwmﬂmmlu hairy root ldunsaulenAasdind 30 Aaaluans
TnenmanuanswanLNAL 41.78 Raaniusedns Genmdu 1.4 wihaes hairy root ﬁiﬂﬁ%‘”uminizﬁu
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Figure 4 Dry weight (A) and total plumbagin (B) of Plumbago indica hairy root cultured in half strength
Murashige and Skoog medium supplemented with 2% (w/v) sucrose at 25+20C in a dark condition
and elicited with 0-40 mM benzoic acid for 1-7 day(s). Means followed by the different letter
in each data set (A-E: interaction of concentration and incubated time, n-A: incubated time) were
significantly different according to Duncan’s New Multiple Range Test (p < 0.05). Asterisks * and

** represent significance at p = 0.05 and p = 0.01, respectively. The ‘ns’ represents non significance.
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