[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

VA SUT 5 g0 FY olad A al ( aLS 3 S, 5 anl b

s o ys S g 5 J5 IS glgmn 5055 1 Sl gemler Jote 5 Sl Aol 3T
b gl o S 53 5L el YT Jud ﬁ;T Cdlas g al5T ISl

Y Y R - N \
o3l e sdgs o *.sl}rub r:h.o ¢ Ghew Lo
(AL M5 oSl e sLiad 5 UL p ke wtige 05,8 Olal et Gl ol (63,558 saKls (SLEL i
Q‘ﬁ‘ ;ug; ;ug; d’f‘b QL.A} L;,',_,L:.S c}.\.& omb
OYAV/PY/0F g 5 d Gy ATRVE/) s 1Sl s 5 ,0)

e
(SA) Sdodlos sl gla ) grmd ! 1 Sl g 53 . CVU golal 35,0 L dluki> 5 ke aLS (Stevia rebaudiana) | sl
(PAL) 3L gal VT Jd ﬁ}si Sl Oy 5 1S ST 015 (JS A5 (IS b 03 5 ) (MIA) b gaslr Juta
2mg.l NAA 52 mgl BA (g5l oS Laows )3 b sl S sladiged oliin cl & .28 5,015 (s 3550 Ll ol L glS s
Y Al $5lar SulS £ b (B 55 MeJA 5 SA [Ygay Sen YO 5 Yor (et 00 i i gy 55 5 IS U g
SN CS 5 ) SIS OS5 s Ol ST ¥ gep e Yoo g Ve Bl 5 SA 5 MU jles oS Wals WS (g 2 0
2 SAL sled 53 G055 08 5 p S e YY) S SN mezs Ol oo SYL I 3 adls 1) (5855 08 5 0 B ke /A
b oY opl el ad I8 N gey Sen Ver il 0 (GO5y p S g e ke /YA MI L Sl 5o 5 ¥ gep Se Yoo S
$lp A 2 p S e NN 5 VOV IC 50) GlaeST ST 015 ST Y gog 5o Yo s oks Jlasl lod 53 p oS ol S5
S3apsY el otalie b Y ges Ken Yor 51 clile 151 L OLS 5 meas RIS Kig; 3525 ol b lesls 0L 15 (SA 5 MJ
Al cte Ker ol 0L gr g BB 2l YU Chl s el bl ST cou S BT Ol ol
5 il 35T LIS, b J S 55 bl il g i OLS 5 oS 8 Sl 5 OLS 5 mead 5 SIS S
Olge 4 PAL & ol &5 opl Kby Gl 5T Cdlid 5 S 455535 5 M8 DS 5 meaw 5 PAL 51 e oo Saas
o e (St (sl a3l L) 0k sl slajles U o (B L OS5 Al s aulp s s w3 e 5 o)
O Bl s ALE ad gl 45 035§ 5b g0 0l Kle 55 PAL 5T cld 5 Gl 5T Zodlad TPC (TFC wluS 5 5 5050
b3l s 1 IS Hsb 4 kls Jols o 55 SIS S s e 4 sl lacd ple G151 5 sl sl sl alS L
dpa> e 53 plesdsn OLS 5 Cod o 4 e obd oslial gla, el CBlE giluane b &S 55 O Ol5

Bl s (gladd Uy Jl b s b gl s, 00 4 80 slacd sl

S oy o S gl YT 8 S 5 30 S| T 015 Sl el 1508 sl

aghasemnajad@hotmail.com : Sy 2SI G SLas J fous ookinn 55°


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ 20-2T-G20g uo e nrddsif wo.y papeojumoq ] [2¥'2e'8'86ET £2/222€2' T'TO0T 0 :dOd ]


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

YYO LaSEM s 5 S sl 57058 Slsemle e s Skdle il 30

Shesliad 5 laded 055 S Gk a4 | Oldks
Aa3 o Gpm (050 Cdplie W5 S ) b s
.(Fu and Yin., 2014; Ahmadi Moghadam et al., 2013)
S0 p odd ool s Ll oS 5550 5 &S L
3 Sn S5l s ol elas 53 S A3 506 5 b Ol
53 OS5 ol Oliee oS sls OLES 53 YooV Jlu s agllS
S,y sl iy (VA4 Mg g o5 YA Mg Q) eSS
Gl Sz 039 -l 53 (VYWY Mg g 5 Yo/NA Mg @)
.(Tadhani et al., 2007)
Sl s 5 Slselr fe 5 Sl A
OLS 5 Olge 4 &S e S o5 ek oyl
S Ll B b S sl g gl A5 S e
(Wang et al., 2009; divya et al.,, 2013) Jule oo Jos
3 el ele Ol 4 LS 5 epl 51 ol esliz
Bl oS o slie GlamnsilSe 5 038 Jas ply odias JUis|
Gundluch etal., ) S o Jld |, 4 50 gl sl sus s
S DS 5l Wl o .(1992; Popova et al., 1997
S L oS 0dd g 5l 5 olS els IS ol
3OS el S5 S 3 5t (G 8 5 senen
Lol A asl gbedsbe Mg Rl s
Moungsrimuandee et al., 2011; Raman and Ravi, 2011; )
.(Gundluch et al., 1992
JUSl 53 ege 38 &S Sl oS 5 Slsanlr e
LS o g3k QLS L ey slai Oly eodas 5 S
Llesls Olis wldlas 4,5k 40 (Farmer and Ryan, 1990)
Yoo BVee) ol Sso 4 S5 ol S Sose 2
o 335 dlesl alS gladh ciS (¥ S
baddgy 5 Wl 4l Sl W5 Oba Sl
380 baisloa s 5 LIS daass o
Uppalapati et al., 2005; Rischer et al.,, 2006; )
03,31 Cawds 4 x> (Wasternack and Hause, 2013
s Gl bl diasls dlesl Oboy 5 oS 5 58y chle
P .gineng .. gbaaiy, iS5 MeJA Jlsl ol

Ao dle
5 dleds 5 e alS (Stevia rebaudiana) U sl
Sl oSl S .ol (Asteraceae) oulS ool Sl
Dol oU Lt Adgu 56 SO 5l Sl Sl
it e 3 il 5 Al (el a3 SIS
Fu and Yin, ) tzes oS ol S5 53 5550 glaeliS
Sl el Glam g Bl golasl 5550 oLS 01 .(2014
Gl Kyl Sl GloiS e luds
S5 wsy e Lo el (Woelwer-Rieck et al., 2010)
SHlBl imen 5 S oS 5 00 il G w
Sheslanal 4y poye ar s Bl 5 Cobs L 51 alagsbes
A S3A 5 6 I8 p sl glr 4 S oS slals
s bl (Woelwer-Rieck et al., 2010) <ol ol
Sl e 0 VL oSt 5T 550 L plalde 5l eslizal
Ole o Ol 5 (Fo,e 5 B OOl il placglen
Gl sy s B el 1 Olazils 5 sl
sl &S il alS Ll (Tadhani et al., 2007)
ol 5l e DS 5 ol bty SIS Ui
5o b baagsol dads s s IS
Sy DS 5 ol e oSt el B gl 5SS
Taleie et al., 2012; Tadhani et al., 2003; Fu ) cl S
elsl sla ) (and Yin, 2014; Kholtoev et al., 2007
s Ml e oSl S oeslas &S Wlesls QLIS edd
Sap oA il ol (S sl
O LHLid Oy YU exes 5 (Cardiovascular)
,l,@ﬁ:‘u (hyperglycemia) o, .3 5 (hypertension)
s e w Sl sl el &8 bl 51l
8 LS 5 Ol o onl oy il OS] 5T LS 5
cdld Ll S mes 5 S ASSO6
Tadhani et al., ) du, o b o o0  SlnS] o
G 205 3 Ol 53 Dosles ol ;swﬂ (2007
G 05 Om 3l sl sl Olge 035 b

A.C«JJ'.A)J aL:f Lﬁ‘ Lfﬁlﬂ -\-».:) C,.ijj)).b J)M‘_}}- Q)Jﬁ


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

WA Jlo FY ojled A il aLE s S, 5 i Y

MI SA 5 O Sy oS3 5l mde 63 5 S
S 5 5 VT s DPPH el Staal bz il s
A M (S D W

(s el Glp ielS hasws 5o Kgadn, Sl Al
ol&ils ac 50 5| (Stevia rebaudiana) b szl olS slaS
255 0kd sl e OS5 b w5 (5355LES sk
LS 5 i Y e 4 dopa Ve J U1 ban 5 ke 5 e
Tadhani ) Lo Jsee Ao 4235 Y Ode 4 Lo)s o/ o
s Jo gl e O a5 0 Y e gad s (et al., 2007
Murashige and Skoog, ) b MS S loses 55 5 ol
Sk Vs o8l i A e S ke Y sl (1962
Sl S (LIS Cer) Al Sl i
Arve 00 Gie glackle 5y SA 5 MeJA Gl sl
sl S g bl S Ws g S pe s YOO (Y
Sppsd LS Bl a3 YO Jams los b S8 550 2
Tadhani ) i lue&S (LSJYee) oldy, el 1
adlas 3550 Slio (¢ Sejlll azin £ 31 . (et al., 2007
A pll

Y0 Jslke oylas ag gl i dske o las ! !
o555 yen Aoy Ar ple Sl s Y0 L3 gl Sl e S
o303 53 s sas OB gles L3 el YE e ol
L Olo lo LK buy fob- bl of 5l o s
.(Raman, 2006) (£Y o led yally)

Callus relative fresh weight ) wglS s A3,
RFWG) 5 035 elulp b ls os us, ((Growth
Lokhande et al., ) &i aculs 5 (34, 5l sled 8 sl

(2010
RFWG = [(W2-W1)/W1]
2 S ole s adsl 03 s e W2 5 WL 0T s S

il il
el 58 s 52 e 4 JS R e 1 ST S
Vo skl ol 4 (Slinkard and Singleton, 1977) ..
Jple 2 Joe Y10 530 5 0/¥0) Jile oslas 51 25 Seo
Sl s S 0AY 5 S s I 25 Se 00 L (A

Kim et al,, 2004; ) ol miar e SRl om
el 58l a9 (Palazon et al., 2003; Hahn et al., 2003
Onrubia ) Taxus. spp J sk oS 53 Jy56 ISL s
3 eV Sl 5 el mens i3 (et al, 2013
Hyoscyamus niger Sosdly s gbaal,, ciS
> t-resveratrol 5 - el i1l (Zhang et al., 2007)
15 (Belchi-Navarro et al., 2012) , Sl J gl ciS
Mentha X o pouslo e <3S 3 (s sls b LS5
Krzyzanowska et al., 2012; ) Lavandula vera  piperita
23 B sl SIS il (Georgiev et al., 2006
4 (Zabala et al., 2009) Thevetia peruviana (Peruvoside)
ool 5 B Wl SLS 5 s (1B peas
s Catharantus roseus  Jsbo iS5 o ge laaly; 5o
Zhou et al., 2010; Baldi and Dixit, ) .. Artimisia annua
e sl 51 6obes il o 55 SA 5, (2008
SR 4 Ol e e OF 5168 023, e DS Lo sl
Y+) T. chinensis §sniliwsw <5 55 Ju86 JSL
T. baccata , (Wang et al, 2007) (. ¢S5 Lo
05 S 5 sk e s Aul58l (Khosroushahi et al., 2006)
o580 Linum album s (Podophyllotoxin) J. c.is
23 Omse sals, 5 bral glaaly ) CUAS s Ll s
Ali etal., 2007; Ali et al., 2006; Jeong et al., ) P.ginseng

olsS 5ol a8 e lal (2005; Tewari and Paek, 2011

L ansls L@;T@?w; S e i Ll 55 0 SA S 5K
Ospoilimsm 53 B 5 A WS 5 Alshy & U5
> kel (Kang et al, 2006) P. ginseng  Jsk.
S s o mbs e 5 Vovinifera e O il s
(Gadzovska et al., 2013) Hypericum perforatum L.
38 syl

b by 9 0lse

G oslinal 3550 oSl teslizul 5,00 gleewd 340
Lol (e Sl S 8L OBT MS S b ag


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

VYV LAy 5 S sl 5705 Slsemle e s Sl il 30

E-TPRRR ST RRPIEN SN P PR PR 5N Y
3P DPPH 531 sl dGsl, Sles doys uns gl :DPPH
5 ad ke YA eslizal (144Y) 0L, Kes 5 Bondet s,
olas 5l il e Y o4 Ve e o) cLkle L DPPH
Lo ;5 4835V0 e 5035330 WIS el 4 J sl
olaiws 51 eslizad L alolidl (AS) as esls,l 3 SoLL
S sl 0V mge Jsb s Wped ol e s Sl
S s e S s (AC) dald Ulye 4 4ges G A3 S
Ol IS 5 Jsilie 2 Joo ¥ 5 DPPH 2 e ¥ (551>
ool o 3ldel S plowil I ilie 31 ealinal U e g8 5 S
doss 4 3T ISl Lles doss = (AC-AS)/AC 1 4o 53 L
S osle 51 Zale) IC S0 ) suay CL“' JESPIVINS Vo PR W i P
Ol (45 J =S 15 DPPH 01| 5l ds s 00 6 el 03Y
.(Brand-Williams et al., 1995) .5 §
el el o ((PAL) UL pol 0¥ Jtb 0o 51
L (0ave) Ol,s 5 Saunders %5, 5l eslawsl L PAL
A Sl e SN sk e S el k5 S
PH =V Ve J 00 Slins 3L 2) Jo V5l eslizad b

Glos ;3 0vve g 5 4i3s V0 Dl 4 e LS 0l S

mFl S Sl as esbas 5l s edd Sadsle £ CO
olas Yorml ol &ye w5l o gl dd eslind
(PH = MA Y ge V) i Sl 3L Yor Ml a5
b gl g 2L Yoo Ml wlol 4 ki ST You ml
g dsb 53 O i e 35 (Ve s 00) 03N
aslous A3 313 e gty Sl oKaws kw5 YArnM
5 (A= Ecl) &Y 056 Sl esliad L PAL o 5T ol
Jsos, 5 mm 55 (A0 hem ™) il gy b
OLS A Jge b ol js aS 0S fl;u'\ww';ojj d>=ls 4 s
Sl € (aplt e S E odr Olpe sins
ol oslazal 5550 Sy b gedaasOlis | 5 wsed ke

il e e Bl | Y gens &S
5 ke SIS = b B s el el ol 3G

oslizal b a1 Jool> (glaosls s S <=\>_u'l ST s

Vor ol adds AL 0 31 s edd bglke ads
e A B OT 4 Ve ) i Sl S 2 S
Bl plam 5 (SO0 o 4B T e 4 G50 J sl
53 Sl Ol Salg D3 5 ek ealajl 3 ol S Sl wx s
Glr @ s eld gl s SSlE el VA0 2se ok
e ) Slp o el dsys A Jgbe 5l oslae
ol o esliel dewd S 31kl 51 IS 6 O el IS
8l Y al Jolbe ool bl oS s 5
S ble baa gai ol Ol 50 Jsb atsls 4 ax 5 LS
sodd 4 (Rl pe S ke 0 0e @0 der (Yow Aew Ve
Camspec ) Juks ;e 5 5 1Semnl olKws 31 oslizal L Ll ol
Olge o io CllE 13 S 2515 VA0 £ 50 Jsb 5 (M501
L Lol 3l 5l eslanad Loas a3 8 b 55 dals
olie o b dbles el S5 O 3l el
L o Lol ya o 5
LS s a GAS S (e iz 1SS A3 0N
& xSelul sl (Chang et al., 2002) L plowil oy
VO Lodd 4 Jsbe ojlae 51 2 Jue +/0 Tl A5 55 5008
S R A e TSP T TS PN
Sl s Jsbl m) e Ver s LIS pane T 0 S
A oo YA 5 Ve Sl Sl 2 o /Y (lade
b s el o balse e A8 byl e O
S sl 80 mse ok 3 ol Ol 5 A el 3
o3litul o5 Av J ke 5l oslas gl 4 dald Gl s S
S0l 51 AS 5N Ol S e ey sl A
o3Il b il &S S 5 il A eslinal ot 5 S
vy bseS ag & S eV wl s
Vo) Gl i se b sdd Gl zge Jsb auls
o 5 ok 4 (e S ke 00 00 e Yew e
L3S SO edd S5 b ln S By 4 S
o 5 odd w8 Sl s dals Olge 4 o kil
Sl 5l Jeols bl L dat 550 5l eslizad b O gl IS

s S a3


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

WA Jlo FY ojled A il aLE s S, 5 i TYA

o (Y S sl ol il 5 Sl el 5T o
Npas,Sen YOr U S5 opl cBle LI80L e,k
DL ol ime il ) dals Sl 4 Somd S (sl g
Yor 5 Yee Ao du)ugwswl;s@rﬂ adl sls
S sy g lsliae BVl Y gy e

Wi g Schedle dl 5 Slgenls foo 30
Sl S sl Ol el plnil s 1S S 6
Slszes Shal Pl b Olsanlr e 5 Sl el 2Bl
ol L a5 4l il ke il gD
SOk SRl e JS SN s DS 5l ke
5 Slsenlr e A5 OB Glyme Sl (Y K2
Npos S Tors Vor =g 5o C 4 Sl A
A sdalie
PR { OOV S KU ] IRP RO R SO
Sl ganlr fte Sl s sl Shondles 5 SU goslr
Ly Sk w8 Slesl s cnadlys (8 K3)
Npos Son Yoo o o jlae ST sl e s L2053
00 5V ev (Yoo lackle o addl ol O 2alS e
e Bls 5o B sy Gola e DslE Y e S
o ¥ S Yo e U sl G Ol & Slsal
53> Jsbe C e Ll o 5 03 S Jee S e Olge
5 Slsanls e mlow (515G as U e xal b il
SISl dshe (S5 e 2 el Ll ol
CLS 5 e Al 01 JBs w5 edkd alS sk
Glaolie s,y 4ol Al S ad sdalin 55 SllsS] ol
A sdalie Sdeedle dad Lo Hlad sladised 3550 o
Aol V505 Son Yoo elans AU oo sk 0 (8 K2
IS las Gls! ST gty sl Sl
A odalie

USSP TN PP R |y W I RO P R,
5 Slgenlr e chle (5151 sl Ol sl el
ol e Vs S Ve e U Sl

A 0T 1Al o rig slachile 5 PAL 5T (sl s

D3l 5 sk 0T (ANOVA) b i by i Sl
Least significant ) LSD & se31 51 esbized L Lo Sl oy
bl Ul s ey Aoy 0 o L3 (difference
Statical package for the ) SPSS i3l o5 51 eslizal L
Excel asl s law g Jsla= 5 alssa 5 (social science

A pl1 2010

cu
b 56 (0 sam) 8 5l 0l Lol s mls
Sy 5 Shedle a5 Slsanlr fie iz
Ol 5 5055 (SMeeSI ST Cllad (JS b (JS 4355008
Sagme Aoy K sl 3 Lzl e fJIS PAL ('-:J—"T Codled
el 03 9

drel Olga 3G Lo S el 5 055 i
oS b 53 2 Slgelr oy Shedle
308 4 (v JK2) el ol bl 5l el =l
oskilen Codl es g I3 pme e SO55 Olpee e gl
31 Sl dal 31 30 25 2l L 5 g e sdalie oS
R 4S5 sb 4l S S S 5 05 Ol
Yor Sl 3 O S 5 dals Sled 5 el 5 05
Jee Lot Sl ladses d slalie Ve S
4 Lsls QLES 1y ass Q—.’.‘ L wlie ful:; B S el
S5 e F055 Olgme o SYL Shls Aald (g4 5ol &S 5k

5 Slgemlr o U cow M LS 5 Ol ks
2 Gl Slganlsr e S s el Skl
b Lio 5l clale il Lo sls olis (Y JK2) e gllS S
Yor b Yer s s il s SLS 5 Olpe Ve Sea¥ e
Ve S Yor s Jib lgome b o S )Y 5 e
Yol dald L0l & Gl s esg e Slis s
Nes Ko Yoo 5 Vee lasles o andl ol Ol 6412
i Rl B L Sl L sl s s ol e sl
G OLS S med Ll LS 4 Dbl Joe ble
JS 2 Ol 20l falS i e g, aSL (S edalis


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

YY AN 5 0 S lgee 5T05s el e 5 ol Al 3G

b gl oS ST T b 5 JS A5 5N IS 5 05 03 2 Sl gamlr e 5 Shdlos ol 31 sl 455 - J g

Slas o Sle

oVl s s 503
S sl

oy e YANXAC
EE)

AT i §0/AAL

/oYY v/eeaa\Y

olst i A 6 O

AYAV/YA
Ve AN Y

VA

£

AT
sl

n/n\//\{ﬁ*

~/~~~~~ﬁ

I

VAZ
CEYATE

NTTE A

Lg;\ﬂ 4, S CL'..»

¢ R

¢ gl 2o

0 Sialesl gl

/eq) e VeV

\/ v As

V/VAA

IAAR

St o 2

10/000 -
9/000 -
8/000 -
7/000 A
6/000 -
5/000 -
4/000 -
3/000 ~
2/000 -
1/000 -
0/000 -

u':"""sj“-’}.’

1/200 ~

1/000 -

Js g
(RFW'G) .L»b“p;xr;é_.awa)f

EMejA
OSA

50

(V323,50 Jlas ¢ sl
phe Kby wlis Gy Sgmr 2 53 gl S ol 5 055 p Slsemlr o 5 Skl donsl 51 Kils dslis -V IS

Al g e 53 0 i 53 LSD & go3l 1 eslitl b jls sme M|

C
¢ d
I_| ﬂ |
100 200 250

EmMejA
BSA

(¥ 305,50) Jlas ¢ glas

ab a
¢
d
0/800 -
a = a

0/600 - e ¢ b

0/400 -

0/200 4

0/000 - T T T

0 50 100 200

250

Sy Ogw A 3 Slganlr ey Shedlo del s &gl ST Cod Lgial S JS 8 gl o Sl i -Y K2
Al o o 53 0 i 55 LSD O 9031 31 eslisl b yls sme S| pte Kby 4l


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

WA Jlo FY ojled A il aLE s S, 5 i Y.

4 orss0 a aMeA
7N a
. a 0/300 4 OSA
2 55
AN g/zso : b
E c b ¢ c b
v 3 G200 + c ¢
:) 0/150 -
N
3 0/100 -
0/050 A
0/000 n T T T T 1
0 50 100 200 250

(JY}-‘})S»:‘))\&-; C_,h..«

Sy O o 53 gl IS S USG5 (gl soms DU gemlr fto 5 Skl sl iies - sl 1 80ks e Y IS
Al Ao y3 0 pedawr 53 LSD O a3l 31 eslinal b s ame SN pts Sy 4Lt

120 -

100 -

1C 50 (mg.ml)

20 -

0 50

b
c ¢ c
[| [
200 250

HicS0 MejA  EicS0 SA

—

100

(N 550 s s
Sy O B 3 el oy Sl st il o ghan ST Cond bgtd S S| ST Ol alis ¢ JSC5
Sl o e 53 0 praw 53 LSD 0 5a51 51 eslisal b Sls (fme S pre Kby ol

Loyl ate Stan UL TV ol el
SR FD 5 K Sl sl Sl Al L 1
S XY KE) das e 0lE EaS L s Sl 5 ek ses
Jee s ey cpl el Y4 Y &S s e (0
ks mals 4 SO L el Olge 4 Ol
2y

v

LS sl Ol S IS8 (lsme o MY 1 ey s

JJU.I,A Jﬂ L" ij" 6“)\3)&.: O L s 03 g )‘..Uld
VoSl 5 eyl 45 58 sdalie Ol 5 e s
AL e Sl sl 5 b el e 51 )Y g0 e
s 2alS e Bl il s adls |l O

(0 JS2) 35 5 # PAL
JS LE s 8 SLSS s Ly, el L

Loisbsy kb olS s x Ly, Sibys Ol e


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

T LSS 0 S sl 5058 el e 5 ol Al 5

124 a
ESA BENJ

« a0
E : a
t 3 81 b
= 3 c b
= .,? be bc
]S = d c
-
= = :

= 0 S0 100 200 250

NS0 ez CEE

pde Bl alia Doy 0 g o 55 el o 5 Sl ol iz gl b e 3 PAL 51 Collad Sl i —0 3

.Xuetal., 2015) ool il TPC
b sl 505 el ol GRasg w0
2l ) &l o o3 55 sla ) ke 2153
wlie 51 0 el g S2S 3 LK 5 XU =L
MJ 5 SA clale [l oS edd Ols sy p ol 5 e
S0 sl (Xuetal, 2015) 55 5 o 5055 SialS o
S S ks 5 Sl s MI CBE LI
Mentha 5 (Hu et al., 2011) Fagopyrom esculentum
sls 5,18 55 (Krzyzanowska et al., 2012) piperita
LAl L Yl MI 55 Wles S 0Ly Slallas
Oloj Gl o s Lo T 5 4135 slpe
2 SA b .(Donnez et al., 2011) 555 o Jsbo oo
Rubia cordifolia J . i 55 55 5 055 el
Hypericum perforatum 5 (Bulgakov et al., 2002)
SA ily .ol s 55058 (Gadzovska et al., 2013)
oS5 ol Dl cou LS sladhe 5 xS s
o S Jghe SO gl gl ad g 550 0 o
5 Joke o3l Lals (> bB talr slge Jiolsil e )
3508 s e as ns DL 1) candly st J slme Lol
Namedo., ) 5,15 ol o a1y ad sher 3055 s a8 SA
=B L 505 M e bl ol mle (2007
Datura metel Jso iS55 (Y4 ) 01, Ken 5 Zangane

Al g 53 0 a5 LSD O ga5T 3l eslital b Lls ame SN

b LS 5 Ol Ve Sea¥ e b i 5l clale il
Sl s pde s V505 o YOO U Yer s g 058
o2 sl GV gz hile 4 S Rul @ dole 2
313 0L 35 YWY Jle s (3 Kes 5 Andi aadlls L
51 b Sl Naes S 00 clale s MY 5,8 &S
O35 08 53 del SJE o 8 L Y49) TPC )5 213l
033 ¢85 03 olS S ke TA0Q) TRC 5 (S
ol Sl @il ) Ol g SES s (i
SONY SYAY = YAY 55 4 TFC 5 TPC (ol Slida
el Jglie Lol Jlas 5 ok 5less sladisad il V1
MI G pme o 5l 0L S0 s gl cal 2 esdle
o A Ol S s e sl et G151
seon gl @l ks S daly e Ol b OS5
JS A5 5 L Ol e e Sten Sl (iees
o 93 sl 5055 5 TFC 5 TPC 1 e oo
Skl W 2 SA SMIWUV-C 5B Yare Jla s o s
) 53 238 N s 30 LSS O el g DS
SA L ol jles sladigos 55 TFC Olps o5 L3 Ol anlllas
5 oeng ok Jlas slakisai sl ¥ 5 V/84 Tosa= MI
Col EA 51 ey MI L sl Slegs sladi sl 3 TPC Ol e
Slas Sladipei il YA Togdm oS o35 Slie oy SLe 53

Oy 5 Solsome b SA &S ol b 3 ol el ol


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

WA Jlo FY ojled A il aLE s S, 5 i TYY

G (Nhren 88 A5 Ol GRashy Gl 03 nl esdle
Danaee et ) s,ls 3525 Slnsl 2T <l 5 TPC 5 TFC
CiS s (Y010) [ulKan 5 XU o ow (@l 2015
S 5 o SA 5 MI 5,505 48 303 0L 35,500 ke
PAL, 4CL, ) Gasslsy Jod s IS 05 Ol
35 s s Wang oS (5 s axdllas 53 35 e (C4H
Lsls ol Lsls plil oly J8 sk 28 5 Yoro JLa
Lot 553 (el 31 s PAL 51 G o5 LMD 5 )08 o5
S WS 1S 50 JulKess Zhao pl el 33 S s
Sb sl 5 )8 o Salvia miltiorrhiza: J e cis s
PR RICN P RCH [ NSWPN Fy SO POP-S VRN
(Zhao et al., 2010) »5 5 . 05l A5 2ol38l 5 PAL
S Olge & Ll e MI 6 55 0L Ul o IS L0 &
M5 S 5 050k by en S i sl A oS La
spd 5 e Jald sl e U581 5 S
259 > eees (Creel man and Mullet, 1997)
Forsm 53 A Glapsl el e lslsil slads
3ol o Bl e &S LajLnaSled 5 Laas 5ol
5> el f5e Lpd o il 1l 3 olS sl
PAL 51 st lpalor e 6 Lo ST &0
s US55l ol &8 A8 o Jld | e 0
s (Larrond et al., 2003) L5 o rie b ple ol 5
JEzl 5 Sas5 g Jolse Sl s S olge w5 SA
335 g 53 PAL cld o b el gl
syin oS 53 ol Glagal Sl ol 3ledld o
S K Olge 4 oS5 ol (walter heldet, 2011)
YB3 Sl ey a3l e e b
25D SUaSlad 5 (gl Jsbo )l s an) 5U5S,8
Shoely Sl (sl bl Spasn e ol
mitogen-activated ) Ls3lS MAP 5 Ca™ lag gy 4 4zl
2ls 5> (Walter heldet, 2011) 5 S . (protein kinase
Ole b 5 PAL O a5l ladlas o b 5IMI 5 SA

L;Lac,."J_,{l:.a sl el (S 5w g Ay D ‘_}2;'-.3 L

rubia  Jsl. s s (Y00Y) 0L, 5 Bulgakov
ol calles cordifolia

SR L 5 03 Sl S 0l Dlse NS b«
b Gl oS &S ol ,al, Yl MY 5 SA chl
s e pll 45U Glac Sl A5 Ol Ol Sha
./\_..Jj.: M:.b\ ‘_SLAC,.:J};\.:.A Jﬂaﬁ E) .)\,:S}: J:J:Ls L: C;\j B
by Al RlBl dshe S il gl o5 515
#edle olatl Sk 5 4 on W5 S ol g
Lo 5 035y 3 Shas Ol b 456 slse 5 e
2558 1k

(PAL) UL ol VT 1 w51 LS slawi S 381 55
Mg 5 Sl dowd 0 oV L3 L (S a0
53 PAL el S o 5B 1y i sils b olS 5
ile e ol s 5 belge J S cos 0L
(besSsd n 66 Gk 5D s (e slpe dadse) s
OS5 S e UE ey 5 b sla S
L oaxlge 53 oS 55 a8 tizes (o350 e 31 SlS| 2T
LS5 rl e Al oo e 0l 8 g 0 Sla e il
o s Sl PAL 05 0l e Sl W11 30
L SA 5 M) oS e 3 Ll olS 5 a8 sl OLiS 30
SLS 5 S Gl s b B PAL W S
LS5 rl e Gl e 5 00 S e A Sl s
Shabani et al., ) Llodd Slaws! 5T el sl
;! .(2009; Wen et al, 2005; Kang and Salt Veit, 2003
¢.>)|.> g.,-s.vl.b (Y'\O) J“"‘)&""'A 9 Lee axlzs 6[;’; l; G‘b
sladio, ciS 53 SA 5 MY 5, 8 &S Wl olas 5o Ll
< sSlyss 4> Eleutherococcus koreanum -4l
5 Ali 535 o (DPPH)  jlaws! T cdls ol
Artemisia ;s Jio S adlles Lo (Y0) ) K
ol 3l o ae chle s MI S sl OLES absinthium
S B 6)§'ﬁb eor L .b:;da DPPH 6LAJL<€J‘) JL€'°
S s Ol glaies 0,3 iS4 Phyllanthus pulcher

ol a1 BT Clad LB SA 5 MY s S


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

TIY AN 0 S sl 5008 el e 5 ol Al 3G

sbwl e Ll S Jole a1 dmes 5550 sl
L olS s ol Mg oS (S5 sl 55 i (%S
Cowd LS L oawslis 55 g sl dde das il
Mg Dl adlas gl Ladl 5 ke ey
35 QLS Bl a5 S s (6 i Skl eyl
bS5 Olpe 4 Shedlodd 5 Sl ganls fze &S
5SS sbals Sl s e Ssead
S Wl s B Ll oS S abecdi
SlS 5 A5 5 b0 Ol I L Ll o b gaal oS 0 IS
SeeST ST 05 bl s e B s sl e
5 S Ll ol Jlasl (sla il b dllis romen 5 olS
Jyeme A 31 i gl 50530 48 s OLES el o
oAl Gk Sh ey ol s 1 e L1 e @
35 0l 2 b s 8 Jliml 4 oS LT
AS o By by oSl Mg ol dbype
Lo o10e OLS 55 ) sedl CBle Gluae bl ol
Loy olS (K5 oble s (oKaws O Ol oS
sl cdpbe 51 S Olpe b 3T b 253l

Bl bl bl sy e

Popova et ) L 5s oo S5k Jod OLS 5 LS 5l a5
eS| 21 ellB s olS 5l i Sl slaS) 2
C)jd.w)bﬁbMJ}SA djb&)‘ JU.ZLL;A lﬂ}iw‘ol.;
SIS Glan 5T 0as Jlb o O30skn 1S
Dat, ) 51aeS| 13 L 5 55 pemm33laenST s e SVBIS 5L
Js w5,k ol 51 el (1998; Scandalise, 1993
S 5 o5 oly b L Yol LS 5 opl Sos G b
oS 5 sl b DS S s e Slage]
S LSS WS SR s bl e L
&'s »> (Wen et al., 2005; Wang et al., 2009) L5 S
L5 esges b |y SIE s 25 W L LS 5 )
M il eaw PAL ol MRNA 51 s s, Sl 53l
s Wl ol b OLS 5l 8 sd S oS S

S S 4o

GL’.A

Ahmadi Moghadam, Y., Piri, K. H., Bahramnejad, B. and Habibi, P. (2013) Methyl jasmonate and salicylic acid effects
on the dopamine production in hairy cultures of Portulaca oleracea (purslan). Bulletin on Environmental
Pharmacology and Life Science 2: 89-94.

Ali, K., Maltese, F., Choi, Y. H. and Verpoorte, R. (2010) Metabolic constituents of grapevine and grape-derived
products. Phytochemistry Reviews 9: 357-378.

Ali, M. B., Hahn, E. J. and Paek, K. Y. (2007) Methyl jasmonate and salicylic acid induced oxidative stress and
accumulation of phenolic in Panax ginseng bioreactor root suspension cultures. Molecules 12: 607-621.

Ali, M. B., Yu, K. W., Hahn, E. J. and Paek, K. Y. (2006) Methyl jasmonate and salicylic acid elicitation induces
ginsenosides accumulation, enzymatic and non-enzymatic antioxidant in suspension culture Panax ginseng roots in
bioreactors. Plant Cell Reports 25: 613-620.

Andi, S. A., Gholami, M. and Ford, C. M. (2017) The effect of methyl jasmonate and light irradiation treatments on the
stilbenoid biosynthetic pathway in Vitis vinifera cell suspension cultures, Natural Product Research 29: 1-9.

Baldi, A. and Dixit, V. K. (2008) Yield enhancement strategies for Artemisinin production by suspension cultures of
Artemisia annua. Bioresource Technology 99: 4609-4614.

Belchi-Navarro, S., Almagro, L., Lijavetzky, D., Bru, R. and Pedreno, M. A. (2012) Enhanced extracellular production
of trans-resveratrol in Vitis vinifera suspension cultured cells by using Cyclodextrins and methyl jasmonate. Plant
Cell Reports 31: 81-89.

Bondet, V., Brand-Williams, W. and Berset, C. (1997) Kinetics and mechanisms of antioxidant activity using the DPPH
free radical method. Lebensmittel-Wissenschaft Und -Technologie 30: 609-615.

Brand-Williams, W., Cuvelier, M. E., and Berset, C. (1995) Use of a free radical method to evaluate antioxidant
activity. Lebensmittel Wissenschaft und Technologie 28:25- 30.


http://www.sciencedirect.com/science/journal/09608524
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

WAA Jlo FY oyled A dl ( alS 5 S, 5 anl b TYE

Bulgakov, V. P., Tchernoded, G. K., Mischenko, N. P., Khodakovskaya, M. V., Glazunov, V. P., Radchenko, S. V.,
Zvereva, E. V., Fedoreyev, S. A. and Zhuravlev, Y. N. (2002) Effect of salicylic acid, methyl jasmonate, ethephon
and cantharidin on anthraquinone production by Rubia cordifolia callus cultures transformed with the rolB and rolC
genes. Journal of Biotechnology 97:213-221.

Chang, C., Yang, M., Wen, H. and Chern, J. (2002) Estimation of total flavonoid content in Propolis by two
complementary colorimetric methods. Food Drug Analysis 10: 178-182.

Creel man, A. R. and Mullet, J. E. (1997) Biosynthesis and action of jasmonates in plants. Annual Review of Plant
Physiology and Plant Molecular Biology 48: 355-81.

Danaee, M., Farzinebrahimi, R., Abdul Kadir, M., Sinniah, U. R., Mohamad, R. and Taha, R. M. (2015) Effects of
MeJA and SA elicitation on secondary metabolic activity, antioxidant content and callogenesis in Phyllanthus
pulcher. Brazilian Journal of Botany 38: 265- 272.

Dat, j., Foyer, C. H. and Scott, I. M. (1998) Changes in salicylic acid and antioxidants during induced thermo tolerance
in mustard seedlings. Plant physiology 118: 1455-1461.

Divya, P., Puthusseri, B. and Neelwarne, B. (2013) The effect of plant regulators on the concentration of caretonoids
and phenolic compound in foliage of Coriander. Food Science and Technology 110-120.

Donnez, D., Kim, K. H., Antoine, S., Conreux, A., De Luca, V., Jeandet, P., Clement, C. and Courot, E. (2011)
Bioproduction of resveratrol and viniferins by an elicited grapevine cell culture in a 2 L stirred bioreactor. Process
Biochemistry 46:1056-1062.

Farmer, E. E. and Ryan, C. A. (1990) Interplant communication: Airborne methyl jasmonate induces synthesis of
proteinase inhibitors in plant leaves. Proceedings of the National Academy of Sciences 87: 7713-7716.

FU, X and Yin, Z. P. (2014) Production of chlorogenic acid and its derivatives in hairy root cultures of Stevia
rebaudiana. Journal of Agricultural and Food Chemistry 63: 262- 268.

Gadzovska, S., Maury, S., Delaunay, A., Spasenoski, M., Hagege, D., Courtois, D. and Joseph, C. (2013) The influence
of salicylic acid elicitation of shoots, callus, and cell suspension cultures on production of naphtodianthrones and
phenylpropanoids in Hypericum perforatum L. Plant Cell, Tissue and Organ Culture 113:25-39.

Georgiev, M. I., Kuzeva, S. L., Pavlov, A. |., Kovacheva, E. G. and llieva, M. P. (2006) Elicitation of rosmarinic acid
by Lavandula vera cell suspension culture with abiotic elicitors. World Journal of Microbiology and Biotechnology
23: 301-304.

Gundluch, H., Muller, M. J., Kutchan, T. M. and Zenk, M. H. (1992) Jasmonic acid is a signal transducer in elicitor
induced plant cell Cultures. Proceeding of the National Academy of Sciences USA 98: 389-2393.

Hahn, E. J., Kim, Y. S, Yu, K. W., Jeong, C. S and Paek, K. Y. (2003) Adventitious root cultures of Panax ginseng C.
A. Meyer and ginsenoside production through large-scale bioreactor system. Journal of Plant Biotechnology 5: 1-6.

Hu, Y. H., Yu, Y. T., Piao, C. H,, Liu, J. M. and Yu, H. S. (2011) Methyl jasmonateand salicylic acid-induced D-chiro-
inositol production in suspension cultures of buckwheat (Fagopyrum esculentum). Plant Cell, Tissue and Organ
Culture 106:419-424.

Jeong, G. T., Park, D. H., Ryu, H. W., Hwang, B., Woo, J. C., Kim, D. and Kim, S.W. (2005) Production of antioxidant
compounds by culture of Panax ginseng C.A. Meyer hairy roots: |. Enhanced production of secondary metabolite in
hairy root cultures by elicitation. Applied Biochemistry and Biotechnology 124: 1147-1158.

Kang, H. M., Salt Veit, M. E. (2003) A wound-induced increase in phenolic content of fresh-cut lettuce is reduced by a
short immersion in aqueous hypertonic solution. Post-Harvest Biology and Technology 29: 271-277.

Kang, S. M., Min, J. Y., Kim, Y. D., Kang, Y. M., Park, D. J., Jung, H. N., Kim, S. W. and Choi, M. S. (2006) Effects
of methyl jasmonate and salicylic acid on the production of bilobalide and ginkgolides in cell cultures of Ginkgo
biloba. In Vitro Cellular and Developmental Biology Plant 42: 44-49.

Kholtoev, F. T., Faizullaeva, N. S., Usubbaev, M. U. and Khakimov, K. H. M. (2003) Selection composition and
developing the technology of dry stevia extract tablets. Journal of Pharmaceutical 37: 42-45.

Khosroushahi, A. Y., Valizadeh, M., Ghasempour, A., Khosrowshahli, M., Naghdibadi, H., Dadpour, M. R. and Omidi,
Y. (2006) Improved taxol production by combination of inducing factors in suspension cell culture of Taxus
baccata. Cell Biology International 30: 262—-269.

Kim, Y. H., Kim, Y., Cho, E. K., wak, S., Kwon, S., Bae, J and Huh, G. H. (2004) Alterations in intracellular and
extracellular activities of antioxidant enzymes during suspension culture of sweet potato. Phytochemistry
65:2471-2484.

Krzyzanowska, J., Czubacka, A., Pecio, L., Przybys, M., Doroszewska, T., Stochmal, A. and Oleszek, W. (2012) The
effects of jasmonic acid and methyl jasmonate on rosmarinic acid production in Mentha x piperita cell suspension
cultures. Plant Cell, Tissue and Organ Culture 108:73-81.

Larrond, F., Gaudillere, J. P., Krisa, S., Decend, A., Deffieux, G. and Merillon, J. M. (2003) Airborne methyl jasmonate
induces stilbene accumulation in leaves and berries of grapevine plants. American Journal of Enology and
Viticulture 54: 63-66.


https://link.springer.com/journal/40415
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2vZ_7qJvWAhVEIMAKHYhOBjIQFgglMAA&url=http%3A%2F%2Fwww.pnas.org%2F&usg=AFQjCNF8L8b8kaHKmCj0CPzwGkSLYL9tsA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjX-L-csJvWAhVLuxQKHZ_eDmoQFggoMAA&url=https%3A%2F%2Flink.springer.com%2Fjournal%2F11274&usg=AFQjCNEeze2rSfiR2fhSoFTQdfaqEA_4jA
https://link.springer.com/journal/12010
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjI7tX8sZvWAhWFNJoKHUzvCLgQFggoMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1002%2F\(ISSN\)1095-8355&usg=AFQjCNH-mki9qGsQcw9XtDzHWS2FSHpCPw
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

YO LASSY 5 S (slse 505 2 Sl gelr e 5 Sebdl il 3T

Lee, E. J., Park, S. Y. and Yoeup, K. (2015) Enhancement strategies of bioactive compound production in adventitious
root cultures of Eleutherococcus koreanum Nakai subjected to methyl jasmonate and salicylic acid elicitation
through airlift bioreactors. Plant Cell, Tissue and Organ Culture 120:1-10.

Lokhande, V. H., Nikam, T. D, and Penna, S. (2010) Biochemical, physiological and growth changes in response to
salinity in callus cultures of Sesuvium portulacastrum L. Plant Cell Tissue and Organ Culture 102: 17-25.

Moungsrimuandee, B., Moriwaki, H., Nakayama, M., Nishigaki, S. and Yamamato, F. (2011) Effects of injection of
etherl, methyl jasmonate and salicylates and Raffaelea Quercivora incubation on sapwood discoloration in Quercus
Serrata 32: 41-53.

Murashige, T. and Skoog, F. (1962) A revised medium for rapid growth and bioassays with tobacco tissue. Physiology
Plant 15: 473-497.

Namedo, A. (2007) Plant cell elicitation for production of secondary metabolites. Pharmacogonesy Review 1: 69-79.

Onrubia, M., Cusido, R. M., Ramirez, K., Hernandez-Vazquez, L., Moyano, E., Bonfill, M. and Palazon, J. (2013)
Bioprocessing of plant in vitro systems for the mass production of pharmaceutically important metabolites:
Paclitaxel and its derivatives. Current Medicinal Chemistry 20: 880—891.

Palazon, J., Cusido, R. M., Bonfill, M., Mallol, A., Moyano, E., Morales, C and Pinol, M. T. (2003) Elicitation of
different Panax ginseng transformed root phenotypes for an improved ginsenoside production. Plant Physiology and
Biochemistry 41: 1019-1025.

Popova, L., Pancheva, T. and Uzonova, A. (1997) Salicylic acid: properties, biosynthesis and physiological role. Plant
Physiology 23: 85-93.

Raman, N. (2006) Phytochemical Techniques. New India Publishing Agency, New Delhi, India.

Raman, V. and Ravi, S. (2011) Effect of salicylic acid and methyl jasmonate on antioxidant systems of heamato coccus
pluvialis. Acta Physiology Plant 33: 1043-1049.

Rischer, H., Oresic, M., Seppanen-Laakso, T., Katajamaa, M., Lammertyn, F., Ardiles-Diaz, W., van Montagu, M. C.,
Inze, D., Oksman-Caldentey, K. M. and Goossens, A. (2006) Gene-to-metabolite networks for terpenoid indole
alkaloid biosynthesis in Catharanthus roseus cells. Proceedings of the National Academy of Sciences
103: 5614-5619.

Saunders, J. A., and Mcclure, J. W. (1974) The suitability of a quantitive spectrophotometric assay for phenylalanine
ammonia lyase activity inbarely, buckwheat and pea seedlings. Plant Physiology 54: 412-413.

Scandalise, J. G. (1993) Oxygen stress and superoxise dismutase. Plant Physiology 101: 7-12.

Shabani, L., Ehsanpour, A. A., Asghari Gand Emami, J. (2009) Glycyrrhizin production by invitro cultured Glycyrrhiza
glabra elicited by methyl jasmonate and salicylic acid. Russian Journal of Plant Physiology 56: 621-626.

Slinkard, K. and Singleton, V. L. (1977) Total phenol analysis: automation and comparison with manual methods.
American Journal of Enology and Viticulture 28: 49-55.

Tadhani, M. B., Patel, V. H. and Subhash, R. (2007) In vitro antioxidant activities of Stevia rebaudiana leaves and
callus. Journal of Food Composition and Analysis 20: 323-329.

Taleie, N., Hamidoghli, Y., Rabiei, B. and Hamidoghli, S. (2012) Effects of plant density and transplanting date on
herbage, stevioside, phenol and flavonoid yield of stevia rebaudiana Bertoni. International Journal of Agriculture
and Crop Sciences 4: 298-302.

Tewari, R. K. and Paek, K. Y. (2011) Salicylic acid-induced nitric oxide and ROS generation stimulate ginsenoside
accumulation in Panax ginseng roots. Journal of Plant Growth Regulation 30: 396-404.

Uppalapati, S. R., Ayoubi, P., Weng, H., Palmer, D. A., Mitchell, R. E., Jones, W. and Bender, C. L. (2005) The
phytotoxin coronatine and methyl jasmonate impact multiple phytohormone pathways in tomato. The Plant Journal
42:201-217.

Walter heldet, H. (2011) Plant biochemistry (eds. Abasi, a., Rahmani, M. S. H. and Vafaii, Y.) Pp. 542- 583.Tehran
university press, Tehran.

Wang, J., Qian, J., Yao, L. and Lu, Y. (2015) Enhanced production of flavonoids by methyl jasmonate elicitation in cell
suspension culture of Hypericum perforatum. Bioresources and Bioprocessing 2: 5.

Wang, K., Jin, P, Cao, S., Shang, H., Yang, Z. and Zheng, Y. (2009) Methyl jasmonate reduces decay and enhances
antioxidant capacity in chines bayberries. Journal of Agricultural and Food Chemistry 57: 5809-5850.

Wang, Y. D., Wuy, J. C. and Yuan, Y. J. (2007) Salicylic acid-induced taxol production and isopentenyl pyrophosphate
biosynthesis in suspension cultures of Taxus chinensis var. mairei. Cell Biology International 31: 1179-1183.

Wasternack, C. and Hause, B. (2013) Jasmonates: biosynthesis, perception, signal transduction and action in plant stress
response, growth and development. An update to the 2007 review in Annals of Botany. Annals of Botany
111: 1021-1058.

Wen, P. F., Chen, J. H., Kong, W. F., Pan, Q. H., Wan, S. B., and Hoang, W. D. (2005) Salicylic acid induced the
expression of phenylalanine ammonia lyase gene in grape berry. Plant Science 169: 928-934.

Woelwer-Rieck, U., Lankes, C., Wawrzun, A. and Wust, M. (2010) Improved HPLC method for the evaluation of the
major steviol glycosides in leaves of Stevia rebaudiana . European Food Research and Technology 231: 581-588.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2vZ_7qJvWAhVEIMAKHYhOBjIQFgglMAA&url=http%3A%2F%2Fwww.pnas.org%2F&usg=AFQjCNF8L8b8kaHKmCj0CPzwGkSLYL9tsA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjYzay66J3WAhUIDZoKHXLJA0AQFggnMAA&url=http%3A%2F%2Fwww.ajevonline.org%2F&usg=AFQjCNFXZewztcesNCVdO0E4OPZc4D3A7Q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiA7tOPspvWAhWFHpoKHa1SA8oQFggqMAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fplant%2Bsciences%2Fjournal%2F344&usg=AFQjCNHx5uPnRGsT_tH7sLpPfrpQi75hpw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjI7tX8sZvWAhWFNJoKHUzvCLgQFggoMAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1002%2F\(ISSN\)1095-8355&usg=AFQjCNH-mki9qGsQcw9XtDzHWS2FSHpCPw
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

WAA Jlo FY oyled A dl ( alS 5 S, 5 anl b Anm

Xu, A., Zhan, J. C. and Huang, W. D. (2015) Effects of ultraviolet C, methyl jasmonate and salicylic acid, alone or in
combination, on stilbene biosynthesis in cell suspension cultures of Vitis vinifera L. cv. Cabernet Sauvignon. Plant
Cell, Tissue and Organ Culture 122: 197-211.

Zabala, M. A., Angarita, M., Restrepo, J. M., Caicedo, L. A. and Perea, M. (2009) Elicitation with methyl-jasmonate
stimulates Peruvoside production in cell suspension cultures of Thevetia peruviana. In Vitro Cellular and
Developmental Biology-Plant 46:; 233-238.

Zangane, V., Asghari, A and Ehsan poor, A. A. (2010) Effect of salicylic acid on atropine production in Datura metel
L. callus culture. Journal of Plant Science 16: 29-36.

Zhang, L., Yang, B., Lu, B., Kai, G., Wang, Z., Xia, Y., Ding, R., Zhang, H., Sun, X., Chen, W. and Tang, k. (2007)
Tropane alkaloids production in transgenic Hyoscyamus niger hairy root cultures over-expressing putrescine N-
methyl transferase is methyl jasmonate-dependent. Planta 225: 887—896.

Zhao, J. L., Zhou, L. G. and Wu, J. Y. (2010) Effects of biotic and abiotic elicitors on cell growth and tanshinone
accumulation in Salvia miltiorrhiza cell cultures. Applied Microbiology and Biotechnology 87:137-144.

Zhou, M. L., Zhu, X. M., Shao, J. R., Wu, Y. M. and Tang, Y. X. (2010) Transcriptional response of the catharanthine
biosynthesis pathway to methyl jasmonate/nitric oxide elicitation in Catharanthus roseus hairy root culture. Applied
Microbiology and Biotechnology 88: 737—750.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjcnLalsZvWAhWHKJoKHZf8CR0QFggqMAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fplant%2Bsciences%2Fjournal%2F11627&usg=AFQjCNFIoqa7lW5Piy3GBFPta8rskvAo4Q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjcnLalsZvWAhWHKJoKHZf8CR0QFggqMAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fplant%2Bsciences%2Fjournal%2F11627&usg=AFQjCNFIoqa7lW5Piy3GBFPta8rskvAo4Q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj1yrLDsZvWAhVBEJoKHRIaDuwQFggoMAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fmicrobiology%2Fjournal%2F253&usg=AFQjCNHgEIpGU0tStcQ3keMgDIguARbZFw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj1yrLDsZvWAhVBEJoKHRIaDuwQFggoMAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fmicrobiology%2Fjournal%2F253&usg=AFQjCNHgEIpGU0tStcQ3keMgDIguARbZFw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj1yrLDsZvWAhVBEJoKHRIaDuwQFggoMAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fmicrobiology%2Fjournal%2F253&usg=AFQjCNHgEIpGU0tStcQ3keMgDIguARbZFw
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-02 ]

[ DOR: 20.1001.1.23222727.1398.8.32.4.2 ]

VIV LM 5 S sl 5058 g Slgemlr e s Shedle dl ST

Influence of Salicylic acid and Methyl jasmonate on fresh weight, total phenol,
total flavonoids, antioxidant and PAL enzyme activity of Stevia callus
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Abstract

Stevia rebaudiana Bertoni is an herbaceous and perennial plant with an important commercial use. In the present study,
we investigated effects of various SA and MJ concentration on fresh weight, TFC, TPC, PAL enzyme and antioxidant
activity. Leaf explants were placed on Murashige and Skoog (MS) medium and exposed to elicitors (0, 50, 100, 200 and
250 UM SA and MJ). 2 mg.l BA and 2mg.l NAA used for callus induction. Results showed that, when elicitors applied
to cell culture, phenyl propanoid compounds, antioxidant activity and PAL enzyme activity were increased. Application
of MeJA and SA at 100 and 200uM had the highest effect on the production of measured TPC whereas TFC obtained in
100 uM of both elicitors. Moreover, maximum antioxidant activity was obtained in 200 uM of SA and MJ. A positive
correlation between antioxidant activities, TFC and TPC showed that phenolic compounds might play a key role in
antioxidant activity of stevia. Although it was noteworthy remarkable that accumulation of Phenolic compounds,
antioxidant activity and PAL enzyme activity was in positive correlation, that may be sign of key role of PAL on
phenolic compounds production. Observed negative correlation of elicitors’ application with callus fresh weight
indicated that under real or pseudo stress condition the plant cell tried to balance primary and secondary metabolites.
Based on the obtained results, it can be concluded that poly phenolic compounds production, can be strongly changed
by application exogenous elicitor compounds.

Key worlds: Flavonoids, Methyl Jasmonate, PAL, Salicylic Acid, Stevia, Total Phenol

Corresponding author, Email: aghasemnajad@hotmail.com


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.32.4.2
https://jispp.iut.ac.ir/article-1-865-fa.html
http://www.tcpdf.org

