[ Downloaded from nbr.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24236330.1397.5.4.2.6 ]

[ DOI: 10.29252/nbr.5.4.420 ]

Nova Biologica Reperta 5(4): 420-427 (2019) FYFYVF Sl o o ¢S sde 53 0 5 sl

oS oud Wi (SRS Ligl (Sl I BT Cadled p el bl 1wy o
STl (990 iS50 4 gaxi 500

@ (B 185 5 7 pana LS am s et ol o 0

WAV/AY/YA st/ A4/ Y /Y :\_,ij_.l;?/\\"‘\?/\\/\/\:C‘)w\/\\“\b/h/'\‘ (sl s

Q\J.Ll 40\,@5 4\,&)‘ eg‘i}\a “';_umi) (‘}15 3.&.&3‘: L@L; (-‘,lr— u};
kh.kiarostami@alzahra.ac.ir :oLs J gue”

e (3l slitens SR ss a3 g S8 L3 Bl I (55l 03 35 Gleys ol ey o DL 55 31 g a0ls ol (ALS 4y ply 0
e ks S alS W 6l Dpesr 05k MS s 55 Laydy s plonil 4 iyl ol 3L iST  al S slaasli s s SlunST ST
Jaowe a Ngos Ko Yo 5000 b oo gl bale b sl SChndlo 555 F0 5l Ly ks Jize BAP YMQ/ g5l MS 285 Liss 4 Jol> sla asla g
sl Sl e DPPH L 3T JCsl, Fuis Ol cdla Jrain gla 05057 3l eslizal b s a5 li 5 SlanST 5T b luie i bl a8
33 VF VeV GF Gl ol s dealeSCa e 5 (5553 (U DLS 5 pslie 5 SO L S s 0537 (SiS Cpslr b ot s RP L
3 el 55y 5 b LS 5 e o i 5 (28T S8 L eS| ST e o i G0 5lie o 2S5l 0L s s (5,8 051 slas )
Clad ldde o i 5 SekS S0 DLS 5 e o iy e oAb edalie 555 VF ey ol Sl Y a5 SCn Ver ke Lo Sl sl i g
530 VF SO 4y ol Sl Y 5a 9 So Vo v Sl Sl oslizal (S, g ke T s VP g5 53 ol &Sl )Y 505 S0 00 ke 55 STy gon 05T
b o3l jadeds 5 cwle edd S LS 5 5 SISl 5T Sl sl 6l

Oiad a5 bl &S ey ¢ ALE by oS (oS 5 OLS 5 Sl (SWvo 3l

Effect of salicylic acid on antioxidant properties of in vitro

proliferated shoots of Melissa officinalis L.

Maryam Ebrahimi, Khadijeh Kiarostami * & Zahra Nazem Bokaee
Received 25.12.2016 / Revised 07.02.2018/ Accepted 11.03.2018/ Published 19.03.2019

Department of Plant Biology, Faculty of Biological Science, Alzahra University, Tehran, Iran
*Correspondent author: kh.kiarostami@alzahra.ac.ir

Abstract. Melissa officinalis is a medicinal plant belonging to Lamiacea family. This plant has been cultivated in many
parts of the world due to its therapeutic effects. This study was conducted to improve the antioxidant activities of
Melissa officinalis proliferated shoots obtained from tissue culture. The seeds were cultured in MS hormone-free
medium in order to obtain seedlings. The shoots were then transferred to MS medium supplemented with 2 mg/ L BAP.
Salicylic acid (SA) was added to the medium at concentrations of 0, 50, 100 and 200 uM after 45 days. The antioxidant
activity by the methods of free radical scavenging (DPPH), reducing power (RP) and superoxide anion scavenging
activity (SO) was measured and the phenolics, flavonoids and rosmarinic acid contents were evaluated in proliferated
shoots, 4,7,10 and 14 days after treatment. As a result, the highest free radical scavenging and RP activity, as well as the
highest value of total phenolic and rosmarinic acid, were observed in shoots after 14 days of treatment with 100 uM
SA. The elevated level of SO activity and total flavonoids were obtained from the shoots treated with 50 pM SA for 14
days. In general, treatment with 100 uM SA for 14 days was proved to be better for the increase of antioxidant activity
and the amount of the compounds with recognized antioxidant activity.

Keywords. flavonoids, Lamiaceae, phenolic compounds, plant growth regulator, rosmarinic acid

420/¥Y «


mailto:kh.kiarostami@alzahra.ac.ir
mailto:kh.kiarostami@alzahra.ac.ir
mailto:kh.kiarostami@alzahra.ac.ir
http://dx.doi.org/10.29252/nbr.5.4.420
https://dor.isc.ac/dor/20.1001.1.24236330.1397.5.4.2.6
https://nbr.khu.ac.ir/article-1-2705-en.html

[ Downloaded from nbr.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24236330.1397.5.4.2.6 ]

[ DOI: 10.29252/nbr.5.4.420 ]

Ebrahimi et al. Effect of salicylic acid on Melissa

455:55,0L 5 Sl Sl SIS 5 coul

Wsboy S s Sl 3T 250 Wttt 5T
3 r Ol 5 0,8 o 51 Al Sl 36 o ol s
s e B, s OLS 5wk sb sl sl
.(Buitelaar et al., 1992)
tJ(PAL);gg,ﬁTQﬁ'VTJ@ﬁ;TQ&;.L,A&,L,‘gu
SLS 5SS G e S Tl mpT ol S e ks
S ayse 53 gosdae Sl i) S a8 e LS 1, el
4 ey 6Pl Gbadple e p del Sl
35 5 OS5 (gl ge (2014) g5l Ko s b IS
¢Sl 03531 L (Mentha piperita L.) Jib tx oS
4 8l Sl gD DLS S sl 5 SRl Al
oL ,5 PAL w31 Al 2012) 01,8 5 Dogbo 31
o el Sl 36 s (Manihot esculenta) 15l
Gk DLST 5 IRl O Jlis 4 a5l sl Ol
Sl el Shedle YU b slacble s dd oualiv
Matkowski 218 wlul, .28 2alS PAL o 5T
Oy ol oige 4y S L5 sl $SChodle (2008)
50lS o3 rw 03 S Gy b 51 (Ocmium basilcium)
M5 GRIB Zel aglsn S e W OT JUs
(2014) o1, s Branddo i, 8 gb i al oKl
7w (Anagallis tenella) .JetT)s awl Sl
Chle s mlpl el Js dese I, slel
53 &S el i oS el 4 Yol 058 e ladd 4 g2
S ghe B oty & T 5 6 ol 155 oS
S sd o S 50 a8 Gy b 3l bidee 4 g oL oS
O L5y alor 51 sl ol jan (SIS b 5L ST 5 b
@S wiy S5 dsl Jol e 5o b amal® 5l SYSb 50
LT 25 o Gl S L el o 25 Gy Ll
O 31 558 o0 oslimal (303515, ooy 5l ol ol yon  SHSie
358 gn plonil (ST 4 b 55 4 i3l oS 2T S Sl
Slp Rl s Mg i e > bl S0
~a il oLl eslizal 3)5m 5 (ga)ls Sl sl A5
b ladiped sl 4 dilg e IS Lylyd (g5550ws opdle
Osolmy ki Olallas 55d e i g)ls slasd gl

Ebrahimi et al., ) ol ois plowil & g 5l olS (55b3315,

doNdo

Sile ( gsls & (Melissa officinalis. L.) 4 s sl

4oyl Glod (ol (p il Sl SLka 6,5 LG
(orlealbd ¢ GMSI BT (el T ol & Ol e
55 ol olEllhl 5 mspadl (oS LS (i
OLS 5 sl 4 smysl o8 (Yosofi et al., 2011)
G OLS S Cl ( DLS 5 5 el 8 5l 0l (g les
SIS 53 o B SIS I ST ools 230 L
Olge a5 LS o Wl Ol 2odh Lt 5 olde OV guams
Lyls 3,8 sl OlS 5 e sleesle iy
(Mohamadi et al., 2014; Raghavendra et al., 2010)
S (g ity ol el K555 (6305 ralie (Sl 4 syl
3phen 3l siyol ol (slaphil aan 55 ol &K jle,
(e O e A S5k, (Weitzel & Petersen, 2011)
eSas 05 3 doys FIA G /0 D) w gyl A LS 5
(Peeva et al.,, 2011) aas o Lolasl 5 4 |y (LS
Ozturk et al., ) luws =T Cdlb HUS™ 55 dwleS b,
«Khaki et al., 2012) s il 4o o1 b= 4 (2010
ob . a5 5 (Fletcher et al., 2005) ;5,7 45
3,03 Gloks Cweal (Shahadat Hossan et al., 2014)
Lle ool 55 (gl Aol Ssleds LU 55 4 gl
BT

oSS 9l nlsemlS

.ol (Ondrejovic et al., 2012)
-Lja) 6\&64}5":&' 4.14:-)\ Q\.:fj)\ L$‘>-J.v 6\);))]1 :‘f,JK
Sl 4 ot g gl i e gl 05 05,5l L
mehS oS s Sl 358 o mte S plie oyl ma

e saly

Gldul sy oS ol s Caale L oS as, suS
Lo 8 slomsl g3 5k e 53 Cuaglie o 5l gtz (SC 550 5
S QLS 1l & 5s 23 8 Wl egysms 23T K s
AS o SIS Gl Sole s ade,y ke 0 ol
sls 05, 3,8 (Raskin, 1992; Hayat et al., 2008)
5 b clo S0 o Sl 53 olE oo sl Sl
(Sakhanokho & Kelley, das o 55 1) )58 25

2009; Rowshan et al.,, 2010; Kiarostami et al.,
Cov 656 G ple suS W 5 b0 5 & 5 0L .2013)

421/¥Y)


http://dx.doi.org/10.29252/nbr.5.4.420
https://dor.isc.ac/dor/20.1001.1.24236330.1397.5.4.2.6
https://nbr.khu.ac.ir/article-1-2705-en.html

[ Downloaded from nbr.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24236330.1397.5.4.2.6 ]

[ DOI: 10.29252/nbr.5.4.420 ]

Nova Biologica Reperta 5(4): 420-427 (2019)

b el S 5Ly 31ll (ot 31 eslizl b el S5l
Lopez- Arnolds ) . uxs (MG/MI RA) YO b+ slaclale
(etal., 1995

VA AE slae 2l e /Y 4 b SLS 5t (ol
SURL I LN YRRV R S g
VOr 3 e 4ids 4 Sl da 5 LAV ot Sl ST
b e slacale Sl o)lbul (goia gy 5l oAb okl e gl
Lopez- ) i eslizal teul &SIE 2 a3 5 n +/)
.(Arnolds et al., 2001

E5 Sy ) eslizal b baoslas 4555 LS 5 ldde
Slp ol 2o sURVF o gn Jsb o psieslT b IS (i
Ak oS ke Vor b Gl Ble Sl syl ot
(Kulisic et al., 2008) wi eslizul -piw 35S
Cdld o Bojlas Sl BT culld o
FS s 6 Tar b ol JIGsly (SOl
(DPPH) s 3lous

DPPH U 55T J&sl, (SS Caslr &l romi gl
oz 4y e Jke boslas 5l p S o NG /) glac il
Voo 53 e 8 0/ ) DPPH ) oV L5 )y 2 (e )
(ke ¥ Gllas filia b OT o 5 o b lins (Gllas filie 28 oo
A ke 1) eSO Blae 5 Cdam 48 VO I e ey 2
Aol B e SO o ge Jsb 5o (ke 2d (Lo s DPPH

S eslizal b LS Silae by ST IS ety
T Sy 5 g
AC 1) 33T I sl ,lge Ao ys = (Ablank — Asample ) / Ablank X 100
s Jsloee o Asample 5 J =S Odo- Aplank J s 2 ol 2
(Molyneux, 2004) el LS 4 505
Reducing Power (RP) b éal™ & 508 o

o /Y Dlid s 3L 2 e /0 b ojlae 2 e 0 /¥
Loy ) il 65 el 31 e /0 5 (PH=R/7)
dry i 4SOl aiEs Y Sde 4518 sl i 300 3 g b lies
Aoy Vo el Sy IS 65 e 0 ods oS
aiss Vv S 4010000 ) i 5 sats Slor s 5 63L51 (W/V)
(GIE sl a3 F gles s

Jbas T 2l e /0 slis gy ylos S S e /0 4
s 8l WIV ) doys o) LIS oK 2l e o/ Ll

FYFYV P 6l b W ‘s“”i}(’)’\“ 03 ey slaasl

2015 ; Meftahizade et al., 2010; Meftahizade et al.,
LS 5 0486 Js .(2012; Mohebalipour et al., 2012

o) ol 43 55 515y 5y 50 0kd 2SS DS e Jlab
el Sl Sgline g lale 1wy p Ooda b e
5 ELEN (B LSS glgme GlunS| ST CJe
03 el ol ads 2SS slaarli s s denl &Sk,

) o (a\:u‘ a\:f Ls‘W Q})) (;..Z.f

by w959 dlge
b 4L slowd 9 S § 5y s

ouSlings 5l (Melissa officinalis) 4 paysl oS,
Gy dd e b Led oKuls oajls alsl slpe 5 OLLS
Lo sy ST L el 5l ol lasdy (gl O
i S 5 aiEs) e 4 deoys Ve U1 55 ey gd o ks
s V0 e 4 Aoy VO e Co M s b e
L bl O el OT L LY 5 sl Suisds
Al JEl Osey 90 09k MS i8S Las 4 0 2w slasdy
Cos o Sl a3 YO £ Y (las L 228 5B1 s oS aen
b Ciesh )5 dewse CeLAPA L5 - b ey K
i3 5513 b e e ses Sn OF (555

b 4 d ciS Gl Jeols oj) Vosbaleg sla
YMO/l sl MS a8 Lases 4 35 Cgr /O CM o &
Lo 4 Jool gl atli g ol oK 5l uy s JBAP
Jses,See Yoo 5 Ve 00 o gl cble g5l MS s
Lol 3 me 5as VE) e Y P sl JUis el oS
5SS eslas Lex g Coslper basliy bl Sl
b 515 oslital 5y 50 i
Ple dlas g

=S L (1995) o, Ken s Conde s, 5l oylas g5 sl
Bleo ) (o Yo LolS oSCis 3y 0 8 /Y A eslind s
A=y Ve ol oppd 4By A0 Sde 4 g Al elile Lo s A
&l BUE Lo |y Jool slrolas .23 8 1551 8 sl
A 815 eslial 30 la ot ploni
SMigigihd 9 (S O™ 3 ekl s Hlo 5 pidmian

Jrol bile slaoslas Ol deal &S Hle s, ioviw (6l

Oljn 3 L gy fasb WYY e Jib 53 olS 5,

422/FYY


http://dx.doi.org/10.29252/nbr.5.4.420
https://dor.isc.ac/dor/20.1001.1.24236330.1397.5.4.2.6
https://nbr.khu.ac.ir/article-1-2705-en.html

[ Downloaded from nbr.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24236330.1397.5.4.2.6 ]

[ DOI: 10.29252/nbr.5.4.420 ]

Ebrahimi et al. Effect of salicylic acid on Melissa

455:55,0L 5 Sl Sl SIS 5 coul

+ YV/F% L MOl ASA) wi eualive Jleg cmen 53 o EalS
(Y Jsd- ) (YYQA/OY
Oles il 1L ol &K sl Sl ol Sl LE s
dewy g Ol Cpfhe a4 Sas VP a5 Z3L I
Sles b atli g 53 Sy opl (88/VVEy Y MQ /g DW)
Glp Chle 5 f e b ealie oa sl $Sudle L ois
ol Sl SV pap Sen Ve Bl S e,
O chle (VFis, s VVVFYERFAY mg /g DW) s,
Fer g S UV Sas e el Sl 5Y g0y S
55 (Fo/AFVYVE AF Mg /g DW) Csls i 5% OS5
FA5 N 55505 Nses St e Bl L el Sl S
33 Sl dl Sl CBlE (5150 L s esls aseis

) Jsdor ) s odalie ol (5,8 o511 (sl el 4L

L)

5 S dpss gl Sl 0T Slite 5 sl Sl
5 by S s S 2 5 LS e 5T el pledse
Gl 4 el Sl 03 STaLE3l 5,05 oS s e ple L 5
(Pancheva et al., 1996)4" oo w3t 1, s cpl o oS (sl
gBs b Lot o i Sl gasntio 03 8 (53Ludlab by ol Sl
STl b o5 sled plie M 5 ol (o5 s 6K i
Sl (Lee et al,, 2003) was o il 1y Slaws)
HoOz g Sall 5 5V 5T ol 51 (6,8 sl b
(Chenetal., 1993) .S" s b |5 oS 26> (s

S RN | PE PR VO LS W [ W VP TR [ PP P W
-l Sl i Sl Clbe I basli g SlalST
5 (DPPH) 55T Jsl, SuSTgls oy b Sl
cble Lv a-\.ij\.e.; 6&4}-‘.&}: B (RP)@\:}-‘ Q\).\é u.ll:w
S us etalie VF a5 03 el Sl Y gay Sea Ve
Dyt $Ssleyy 5 A OULS 5 e o i b colie
O L&L&)J J.:m{‘j_’_}m Q}:.:T ;.LS\.J})B M).} ‘J._:JIA:;
b nlite 457 A atalin VF 55 55 el bl )Y 505 S0
sGhorbani )18 « .55 5 5% LS 5 ldie o e
ST el Seadle J1 )y 43 2013) 0,

«(Viola cornuta L.) (¢ ke aiiy 56 US55 SIS

Olse & ghals Oyl s okl agl Ver s Cds
s 0l 5 055 Gl p 8 ol el 60, ST U go g So
Ve 5 Sal e B oraiels 5 dl S, ST 51kl et
Niciforovica et al., 2010) w& sslizul 05 S IS (gl »
S g 09T (T D9l b lomin

33 (PH=AY 5 N4 Ja 0 ) HCl - s 5 3L ) Jsd
DB a5 Y0 (gile o 55 adds Y QMQ;A:&HJUL_LU'T«J}S
PE 5 Vo (ha ¥0) PE 51 Jlomn 235 Sa Fr ol 03l
aids ¥ 3l e 5 @l YU S 5 4 (HCE ¥ e Ve 55
a.\:wldiﬁ,;ﬁajuaﬁ_‘@);mL;Jud);ou@;qt
el P s 0T Ol 4ds 0 5 de .l sl 0T 4 do s
gl @ J§i> dg el wjfjb 5 Ao Olgm 5 okl
O 51y 0T Qo 5 s aimyy ALE Blae ol &S, ST
5k 4b S b 3 ArDl s 5 L okl e 6l P s aids
Jhie OT ojlae gl 4 az a8 8 b s dals Olge 4 S A
domls 25 dn b 5 eslizal b S8 Ol Aoy b 4z
:(Jiao et al., 2005) .

ST Il (Sas” Cop)le o y3= (Ao— (A1~ A2) ) x100/A0

gS)LnTJ.ﬁ.l:J

3)lge 5. Hegu,i:rpgsuw\fcjb wl s isleT
O3 3 b &K aibls LT 5o b Solss O3 g Lls e
S 4 (o leT IUT s oslizal ba . 55ke 4uylie =g DUNCaN

W35 D g0 3 A Ol g 5 b 5 SPSSYY 310 5

b ST AT e ot ) Sl Ol s

05T Cdled do)s oy i 5 VF oy 5 eSO,
CLIE (AY/FYE YV/AVY) i edalie p)len 535 3 STy s
21 ST ke VF a0 Al oSl Y 5ay S 0
OVVAEAN/AS) Cils dnS 3 g O 50T Cdlod Aoy
Sl 53 1Cs0 Oljee 5 iS5 ME DLS 5 Ol
g Soa Ver Chls 558 oo A ool Sl
S5 DS 5 lhe I s VF Sa) s el oSl
mg/ml) I1Cso ,ldis o 2S5 (F/09% +/\¥ Mg /g DW) s

PNt PR WU g I ECON [ PRS- W CYRR | - SER VAR o

423/fFYY


http://dx.doi.org/10.29252/nbr.5.4.420
https://dor.isc.ac/dor/20.1001.1.24236330.1397.5.4.2.6
https://nbr.khu.ac.ir/article-1-2705-en.html

[ Downloaded from nbr.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24236330.1397.5.4.2.6 ]

[ DOI: 10.29252/nbr.5.4.420 ]

Nova Biologica Reperta 5(4): 420-427 (2019)

FYFYV P 6l b W ¢6‘...1j(a)lr- 03 ey slaasl

o 53 VF 3V VOF i3l ol eis 5SS (sl asli g 3 ST 5T b 5 6o 53 5 5 DS 5 el K505 5 e s =Y J90h

PSO.05 o 55 s e O oo okins DS wlie (g o ol &Sl 035531 5

Table. 1. The mean of Rosmarinic acid, phenolics and flavonoid compounds amounts and antioxidant activity in
proliferated shoots of Melissa officinalis 4, 7, 10 and 14, days after adding salicylic acid. Similar letters indicate no
significant difference at the level of p<0.05.
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