10.22092/ijmapr.2020.342283.2745 (DOI) Jlzmys anliz ol e 5 pasls olS Sliios s 4y 2
98.1000/1735-0905.1399.36.801.103.5.1578.46 (DOR) Jlizmys anlis (WYA) AN=AYY amio O o lez X7 Wl

Salvia leriifolia Benth. ;& td (sbouw! (S jiwgwe Sbm 3T 3 Ol § culled 9 35898 Wb

Y@W Lo e daw 5 olan ) and ‘;*Yg;?p*:ifl‘ &l ‘\@“uw el
Dl dge dgie s 5 o8l i ple a0ty L ity 05 s S5 6yl -
abrisham@um.ac.ir : S5 S Gy (o)l cagion cdgiie w903 Kl ke 008sls (litan ) 05 8 Olutils (J stus sty 5 — Y
ol e wals o&asls il poke oaSlails (pulidss 05,5 leails —¥

Q\jﬂ ‘Q\J@' ‘Q\J@ Kl ‘6“"‘1’ C\..a 9 6)).9L35 r}.\; sazsls ‘6‘\"'"\" r}.\:— a_,; ‘)\ﬁ_ﬁ\a -f

Y4 sl e Y 'Cl)\: \W44 s &\.@ C)La\ 'CU\S AVWAA sanl sl s 'CU\S
US>

GBS 5 a4 ol aals poles &Sl o) ey easls LS 5l Salvia leriifolia Benth. e b M

Sz Sl b 5 05 ole 1 (65958) e AU s ol el sad eals s 5 Glaad s sn (S
A aals S8 s GJ)T@-? (525 ol >) andmcu i ol e 5 elS Gk ls D13 s 555 B slanl
G b s a5 a8 s (8 s s el as; 0508 ) S YF 5 VF A Jal e s bS5l ols paises
YT el o e (HPLC) YU oS L wle (31 S 5ls S 5l aslinad b o ol Blos s 5 (5 20 585 55
$Ss3NIHPLC L (RAS) Sl doued St s 5 (52055 8ml 2, 4 (TAT) 5ol isioal (a3 5 (PAL) SULS5e1
Pl Slgime (PS-/40) Jlsime )3 51 culSe st s AS RT-PCR (i b ond S5 sbags e 0l o0
5 adsMe (Jb S Sl o (S VF Al e 3ol e 051 Lol es RAS 5 TAT (slagys/ 5l el 5 s slacS 5
5 /P e a) deel KB 5 sl Sasledy Gl e (S A Ao Ll VYA 5 YA /XY G e JB ol
Ll St Il 5 sl Snmwgid i ol ¥/00 5 Y/FN s sa sy 2y b (S A A e 5o +/YF mglg DW
Y o eom om0 b o Wl e el 1) A bl JS 51 68 g (S 2 A Ao o 5o </ V= -/ mglg DW)
Cﬂnjw}&“g}\vr‘}g_;kédu%ﬂ‘@?ﬁbﬁrgwbtﬁéﬁﬁww&‘w-&\i ol N
RA jiise 53 1y ol (2 (PAL b aslin 53) TAT 51 a8 505 35m 5 oSl ol s sanlis RAS 5 TAT (sbagy3/ 5

JERARPTRAR

OWlipel VTt s M, Gl seed SKeisldy el Soldy Gl gl s isadlS sbosls

.(Salvia leriifolia Benth.) v,\fﬂf



BPRON P RIPS JRER

=Soods > Yo¥) secsil L CA sus gl
Jiang et al, ) e ssmsa (Aol SKSY s
amly el Kby, J(Hou et al., 20112005
Wl sy J ol Wy Gl 5 ksl
) (LA) sl S pstd 5 bl S50
IS0 53 5 suiitsls J S50 GV A sl SIS0
Ky siiily S50 4 51 Bl SIS 5 CA
o el S edd ol sae JSas CA US4
Petersen, 2013) szl o CA 5, RA 51
.(Ma et al., 2019 Habtemariam, 2018
3158 JolesS¥ S5 50 0ot oz LRA sy
sl i 5l e &S sl SaSY i S sums
8 Sl st My i s YIS Al
adm 5 CA & dslyy Jd s b 5l oY s
e o) 53 S3E] (28 508 e s 155 JolesS ¥
Phenylalanine PAL) 3ULisl -sY1 s ” 51 by
Bide s DD 5 pds,8 Dsd s UL (@mmonia lyase
g g el SV b S oam 60 4 hds oes
Tyrosine TAT)  Slaslisel  idos w3l
5 e ) 5o 1, 3l 4 e (aminotransferase
a5 5> oo o8 TAT 5 PAL a3l el sy a8 e
RA 5y s 55 Son 60 ale w0 il RA
63 5 1S JolesSF S 5 oSl il
Aol Sl pe.}'T by el S8 nSooa
SN J=e s (Rosmarinic acid synthase :RAS) 5l
JUisa asl e ndos 5l Grie 5 Misly e e 5
st Js RA & 5 deSpne Jobs S5 ol
SIFb I 5 aed Koo ppmstd s S (V JS2)
o Wl s glolis LS 5 sbay 55 RA 51 b
(Lacase) 518Y 51 S o sy i Sal B L bls)l
nssh e s oS5 JSusls 53 4 RA g pedaSl |
sl amsly 28 S5l e s IS, el g0
cwen (Wang et al., 2019 Ma et al., 2015) (\ JKz)

dodlo

o Ol e cn 855 olsea (Salvia L) N
&8 NVeer sgas cxals b (Lamiaceae) oleli
Moridi Farimani et al., 2019) 5,5 Jl& 281,
«S (Salvia leriifolia Benth.) LS | (cagie J@ﬁ.f
Ol 5528 s il 03 ol a0l saS S S
splid 51l s ol oSl s asle ol
Sl sz 2l pliaw 5 90, Sl > g ol >
LS pl 5 .(Mozaffarian, 2007:Rechinger, 1996)
5 by ol 6;3/“-0 IR b o (9013
Kamatou et ) 55 g solinal ol b slale wsle las
.(Amiri & Joharchi, 2013 <Topcu, 2006 <al., 2005
wle Gl 501> Golos 0o g Dols Jdsay s S5 48
IR R e ISP PENPRY R - P RS B
das @33) o35 Ao a5 ao ol o o)
sawms S isuel,l (Hosseinzadeh et al., 2009)
(Hosseinzadeh & Lari, 2000) pd,5e 4 Sawls
> 554 (LOIZZO €t al., 2010) Luyl 1 e s
Khouei ) ;e KXol 4> (Erishetal., 2018) Lz
(Abrishamchi et al., 2016) xSt .o (et al., 2003
b > (Fazly-Bazzaz & lzadyar, 2002) igs 4o
sl 45 S )5 am 5 3550 58 (ke

e ‘ggpe.f a8 pasls G2 5 e i
S8 ol ona (B 48l cbod sl el 4
,s2> (Lietal., 2013 «Lu & F00, 2002) ¢l &l s
SISl (RA) sl Kby, (CA) sl S8
5 S 5 53 (Sal B) B ud SI5L L 5 (Sal A) A sl
Shia Mo desl Ko e a8 el any,
«Jami et al., 2018 :Hao et al., 2015) col suis 3,05
Jene] @.Jsc‘\) el S, 5, (Fotovvat et al., 2019
SEVAAG Jle s LU ol &S el L{lfﬁf 83y 3 b
EW C\;;—;w\ (Rosmarinus officinalis L.) &\, o\S
S b oS5 cpl (Scarpati & Oriente, 1985)



.(Wang et al., 2019 Di et al., 2013) 5,1 55> 54 |,

L-phenylalanine
PAL
t-cinnamic acid L-tyrosine

C4H lTAT

4-coumaric acid  4-hydroxyphenylpruvic acid

4CL l HPPR

caffeic acid «—4-coumaroyl-CoA  4-hydroxyphenyllactic acid
|

0 ol FF s ol ame 5 ossls LS Slidss aslialegs

Sl 4 g has @b SIRA &S el (S
Sal B , Sal A .l o] SSsbJl Ll E sl

3,4-dihyd|'oxyphenr’llactic acid

[ I
l RAS

4-coumaroyl-4'-hydroxyphenyllactic acid

OH

4-coumaroyl-3'4'-dihydroxyphenyllactic acid

Caffeoyl-4'-hydroxyphenyllactic acid

|

Y Rosmarinic acid

l CYP98A14

o] COOH HO
LACCASE?
_—
HO N " o

OH
HO

Salvianolic acid B

S ol i s e = IS

T 5155 ©LlsS-¥ (Coumarate coenzyme A ligase—¥) 4CL MuSs,00 —F ol :(Cinnamate 4-hydroxylase) C4H SWUlsel YT s PAL

Cytochrome p450 ) CYP98A14 LSy, &l m Jud oS5 4 (Hydroxyphenylpyruvate reductase) HPPR ‘5\)_..;\;};,.J s TAT S&J

(Lietal., 2019 ¢l as 3 ) 58N ﬁ;fl LACASE i deul Siisles, :RAS P40 o5 S g 4y atsls 5L 58153 50 :(MONOOXYgENase

Habtemariam, 2018) (c5ae _wsles 5 el s 5o
Azl .« (Espindolaet al., 2019

olsasaslie gosls olss s s s
Sied e gl Wy sl pex Sl clalualS
o2l A=l 5 oS s LS5 opl CutS 5 S
a3l iz Jalse 56 cou AT ao)ls 5 S5
olii=. .(Soltanabad et al., 2018 <Vagiri et al., 2015
5 & a2 ) G 4l sbedple g ke Cilise
ol cp e wlen b owles S ey 200l obls
.\Jumdna\jej} a\}a)'\ g ool d‘)ﬁ \) g;.;‘;\aj
(Suwa et al., 2018 Chen et al., 2012)

(in Vitro) azs 55 5 (IN VIVO) s 5o olallas

5 CA Gl 1y (Se5dsm oolss 5l los S Sl b
K5 S 3 jme bl S LI 5 RA sl o] ol
1o plaeS) sl bed sl oyl (Hao et al., 2015)
ded 8 2@l Ao Jelss s oy ao S
<Adomako-Bonsu et al., 2017 Wang, 2010)
b, swsSclilae 5L (Espindola et al., 2019
Lu & ) 4JS , .S (Ho & Hong, 2011 ‘Wang, 2010)
S5 31wyl (Alagawany et al., 2017 <Foo, 2002

Ma et al., 2019) ;Wb w 4o xS o S Jska
59 s 51 a5 (Ngo & Chua, 2018) cubs ao

DY K S saSediloe 5 sl P 2 A8, o



BPRON P RIPS JRER

Sol o SIS A Sy slaglalS 4 (i S F
Solen (555 Cod b Cd i S5 5 anle (o5 S
b s e cov LIS s bpllS ks § .
s S 5 (b cele Ve/ by, cell \F)
s 8 ¢l LolalS s e b el bl ol
cin) SalV 5 F Y e o olS S, culs,

Aol (S YF 5\ F A Jol e s

G A Sy S osbesS s Gl S ASeslas

2 eSSy s el (Y4\A) o, Sas 5 Shokrollahi
Gras b A ke md e Yo b eas Sas S,
Lo as o Seolas (Maceration) (s S s
s 6l Gl s cell YF w4 D 5 b

093 Yo i S ) 3 Sl So) 2 oSl
Slo BB Ll Jols ol&as an s (4ids o
oM S 5 Pl s am 5 Sl ) s les sl
sbolae oz ol 3l 58 ol by bejlas
SIS —AC Gles L3 i Sl ey ead Sas

AL

Foo e B gbad i ann 5 plula
VL 2L Ll SIS 5k S
LA RA CA) s bl jlaie i 5 olulis
S S5ls S s 4 S, sbaase 5o (Sal B, Sal A
S oskie ol 4 s plsl (HPLC) Y LS L gl
4 > (Smartline, Kenuer, Germany) HPLC REEM
Eurospher-100 ) (. sSas 356 gt 5 48> slacw
s ol e Jee YO+ x ¥) (C18, Kenuer, Germany
(D14163Jas) UV-VIS 5L Sl S 5 (s S O
Chrom Gate Il Lug el o esla
oalitnl )50 D>l was 23l (W) ) 00
Lo /N S jped Al b ssi gl O 235 HPLC 555

A-¥

s A Glolil s s s pke clile
o‘zﬂclﬂwﬁ&njw@b‘ﬂﬁ“)m&‘f
Holander-Czytko et al., ) a2l o (s w50 sl 5l
Sl el ol 5 05 ols e ol Bl (2005
L (RAS , TAT PAL o54) Jb sl 6 ym s
o3| t\-'w' o oblS Ly oSyl i SWpY
s~o» (Salvia miltiorrhiza Bunge) o> e -
Hao et <Sahu et al., 2012 <Xiao et al., 2009) .az
My ileane oo L oWl el Wl (al., 2014
ol o plnil glazes (550 Glacuss 5o Jb glaa
Norouzi et al., «Ru et al., 2016 «Ogata et al., 2004)
olS s, L alaly ol o Sl sla e,y (2019
HUBE) 5505 3 5m 5 (o325 53) as 50 b SIS 550 S,
.(Kamalizadeh et al., 2014 <al., 2009

5Sal A RA CA - s sl )lS as S
Jami et al., ) wlos S Dl gagze Mo 0 551, Sal B
sy oesn cpl Ll (Fotovvat et al., 2019 2018
505 ol (B bl Loy 1 e sl L ol
SIS Ll e 5o aby e 5tese d\-ﬁfﬁ.jj b
eS8 2ol 4 am s Lol 13 adlae 55
ol (gl @.\i-é 2594 chlisu @.\-14 SRR IEY
s My L oS s 5w, Jele ole bl
B Sl 5 b e e 5 S Sl
NSNS R NCSTY= U3 RI* NSRS A RV P P

L g, g olge
oS cals byl s, L 6);%&?

oliw g syt WYY Slelil 51 olS sam, slasd
YO NN ¥ /A) Gy, sl ol s aecy
Lok ol ad oslpsr (E 08 VY A/Y- N
anSs (aid K ode 4 YC los) bow Jleg 5l ool
S b 5a byl (JIS b diyy ools 2l 5l e 5 s
Jebo ey Yo g was awslS cpu S8 gl



w.m&);a@@;@)\ﬁw\ejjjgﬁﬁ,‘h
e B S LR W I PE N PP EY
Lo dsles 5 ) e 0 fl Sl S A8 s
sl b s gl cale (\ Joum) ai uns ab s e
559 08 2 Ak elely 5 ambw b ool |

a8 Sas

0 ol FF s ol ame 5 ossls LS Slidss aslialegs

olsea (B ) b zosinl 5 (A D) (azms/ o)
ol e 5 SIS aply LS 5B
ol Sal s 315 eolinad 5ype adds 2l e )
A ool gl VAL 2se Job 5o (B laued b
el S e b | s 2y G5 5l S Loy
(es See =/¥0 33l o3lwl L) Jok

5 Al

HPLCJ:L{L'.?»‘_;L».\.,J:JIJJL:Jgwﬁ)cb.uﬂ!,ﬁcﬁﬁlﬁcQ”\,,)L(@am,‘\ybh;o\bw-\ Joss

. Jf . QLJ& [EPEE ]
Iecatat L3 sl ) ool so s JRCER
(r’) (ke 2 p S 55%)

-/44VY y= V1 ¥a/¥x B O > 7/4A S S8
-/448Y y=f\£-£x c=\Y- yAYs dee) S,
-/44AN y=10-Y¥x YO > 74A ) St 52
/2450 y=14¥4vx R >7/40 A ) SISl
-/240¥ y= YFAYYX c=\Y >7/Aa¥f B sl S 5L Sl

S (Y= +/--F8X, P= «/A4AY) sl SIE 5, lwsken
(....u),.er;v,\.u V0. b ao clale sxguse o
SIE S iy Gl 5o 5 b g sa

a8 Sas o35 r;gf.-*t“\

pU a5 2 (gl sime i

4wl pl Al Gboslas 5o ol ud 5 s
s O el by parad] WS G S
c» Jsb s (Colorimetric Method)  ini S,
.(Pourmorad et al., 2006) 4& (s Soslul ze 5L ¥V
b jio cle sagume 5o e 58 o lwlend S
L dslae elaly 5 08 s il 0S5 S0 B
Y = o/ VE X+ </ NFF L P= 2 /285)) sl et
05 oS p S el Lags ISl
s iR Ses o3

pU g8 lsme
Sheslazal by Jib slacaS s IS Glsme inie
oaoa s (Folin-Ciocalteu) o8 s — 59 O jre
el s pbul (Y-VF) oLSas 5 Alizadeh
R P O W B e B - Y
Ao /0 L o)las cnl 5l ads Se Y-
S 03 d ez o) LN s — 8 G e
55 435 0 Do 4 Baised s S bl nlesl 4y
0333 5l e aalsl 5 s was S bl sl
Sde & (o’ (559) IN/O i Ol S e ¥
Cdo b S5 Lo gl 5 SGLL 5 aids 4
G 4 gl VIO e Jsb s 281y bl ()
SPEKOL1500, Analytik Jena, ) (s s, Sl
2o ol JB gl s clle as ow (Germany
s Ol Jols ba a5l eslad §odeslas



BPRON P RIPS JRER

o 3 m a s Seslal (Analytiklena, Germany

0D ghe o ‘ngg rJ.u O,s.AjJT O':’ﬁj’ J)‘JJL«-.«.:‘ @M

Y o= /NP + /W ba dslae 3l eslaad L

A Al = - /441 Y

S sl VT b o 5T b i

Sl A5 S0l Lelel y PAL 51 el
TS T U 4 P I B P v AW
oshie ol 4 s e (Ye4F) LK 5 Yan
oGS e Vb gl las e /Y
L o o¥se /) Ohs AL 5o Jgow) N o/eY
U Ve /o) Sha b adule Y (pH=A/A
Sdady 5 bylse hie Ol I e V5 pH =A/A
RO PR SRV NPS V-t S GNP PASPHENS §
io olo3) gt ol om el YA+ 50 Jsb 55 )5
S ey Sl Gras a4 (ol Yeaids) 18l LG
a2 3 eslimal bl ny el s o Sesll
ol 2 dse 2 ad Vet s) ) Sl 2 0as
NS s n o St JBSL am s el
A3 S

sl 5 sal 58 s b i
5 Zhang iy, 5l eliel b TAT 51 el
YA Jole o2Sly bl oz sl (YN F) oS
sl PH=V/Y) Yo o/ ks lans 3L a) e
ST e /Y s —d) dses S \U/Y
o 3 Oland JlSion o 2 e /) 5 OLL IS S
5 az wlol LSty bolee & a sl oslas sl L /Y
g0 Sy g gl Jls Ve e aSs as
g5 ) e B Y e O s S 15 eolin
aws Luy gl YT o Jsb o 28l
bl el oy Sl as s Sell gy S

A%

U sl (gl e i
Sl Gme 5l oeolimad b s cbaad Sl
(Y- A) oL&Kes 5 Matkowski 25, (wlal , (Arnow)
Aol FAe 20 Job 5o s Ol s S5l
SPEKOL1500, Analytik ) ;e s 5 Sl ol Lo 3
e ey Sl S 6 Seslel (Jena, Germany
RA b 5o Sk /5 6 io slacbile o lulknl
olee ol s 2 S 15 solinad 5550 ZA- Jsilis o
(e 3l Jols (y= Y/34YY X, P= -/34FF) Ls
ol Sioless ¢ S e by (JB slaad Sl

A e St 035 ¢ 5

Il Lo gl A
$sl> (PH=F) el Slawd Voo Joo Ve 3L
oo ¥l Sl sl gophs! ¥ se Joe ¥
Y s mdeus ks (DTT)
o) Jsbome Slais n plael Gl (555 555)

Jsh 5 s s

Yan w})&;bdﬂw&ujj)‘d).\méuoﬁzﬁj
dx s S o el 03975 b oS el rjgulu YO-
Nl s 0 e 3l gl 5L 2l e ¥
(F7C sles) 5w bl o C‘;‘.’U.«u\ J=! r\.a: .,\Muiu:
S Jel> slan s 8 ol o S R
Sl (F7C las 5 595 VWeoe 53 aids YO) 5w sl
i .23 S S5 ekl 5y g0 cpBg , cble s
bl (Vave) Bradford zs, elaly oty chle
Lo lsn olas 5l ds See 00 Oslite ol 4 i
d“uﬁstfL;'ﬁ"’\” L;)\.a-:)}éa\jdﬂjﬁ]d\g\’/a
e Ve alhas bl 1) e 04G250 el ol
A6 080 se Jsb 5o (uSly bl Cla aids 0
SPEKOL 1500, ) gy Seul o&iws buys



s el Plant Total RNA Extraction Reagent
s ) esliad b s sa RNA cas 5, oS
NanoDrop® ND-1000, ) olssb ey oSl
J5 3os8s N 5 (Thermo Fisher Scientific, USA
DNA s So)1 Gio htedy ds gy 7Y 5,81
RNA e .as L DNasel Lo g JS RNA (55
(Thermo Fisher Scientific, USA) .S 3! salaza! |
J:45 RevertAid First Strand cDNA Synthesis Kit
RAS , TAT bagys ey sl S51 .us 5 cDNA 4
olS s by 0 b Jlg sus cblis oy ol
L 5 NCBI sledbl oL )3 552 5e ‘u'@r%f’ 83
Laz o b Primer3plus il 5 51 eslic]
5o S pae dendl b 5T asls e Sy
L S5l b b e olaml bzl Ll 5 ol

Oligo  Calculator  sl,lle 5 51 eolacad

(http://biotools.nubic.northwestern.edu/OligoCalc.html)

Oligo Analyzer 5

https://mwww.eurofinsgenomics.eu/en/ecom/tools/oligo-)

s e U (@nalysis.aspx

0 ol FF s ol ame 5 ossls LS Slidss aslialegs

o S e UL s i (el 2 e

AE S s,

(T PE S PSP RON [ X

Petersen , Weitzel 25, 4 RAS .5l c s
=815 83550 3 ol RA a5 ol olely oY 40Y)
Sl Ser /YD ol Sy byl bt s
Jpest AT0 PH=Y) Npo /) ey olis
JiolesS—F Jpa sl 00 DTT Jses See Y/0 ool Sl
5 el SV Ssods 50 Jsesl Ve WSS
3oty skt g e 5l eslae s Sea YO
M5 deel Sl s ealind Jbe i ol S0 18
T Jsb 53 5 HPLC ol&as buy (2Sly L3 sas
e ‘pe.jﬂ o5y Sl 5 s Se3lul gl Y-
Al 55 5 0 S e 5 JUS L

5 el S s 60lS 505 e Ol 5UT

ol S il 5l IS RNA L £ sl
pBIOZOL (Bioer, China) s,bx cuS Jadl; st

(3ls JxS)RbeL 5 RAS TAT PAL lags 55 4 bye sl S5ET-Y Jous

(C) b slos S K]
04/0 5-AGCAGCACAATCAGGATGTCA-3' SI PAL-F
04/0 5-GCTTCAAGTTCTCCTCCAGAT-3' SI PAL-R
OA/0 5-ATGGGAGGTTGATCTCGATG-3' SmTAT-F

g 5-TCTTTAGGTGCTGATATGAGTAGA-3' SMTAT-R
04/0 5-ATCGCCTACTCCAAGTTCAAG-3' SMRAS-F
04/0 5-AAGAAGATGGCGTTACCGAAG-3' SmRAS-R
04/0 5-CTACTGGTACATGGACAACTG-3' SmRbcL-F

g 5-AATTGATTTTCTTCTCCAGCAACG-3' SmRbcL-R

S sl Seslss RAS Gl el el cn5s 8 TAT SWL el oY1 Lo PAL

ezl ST R s, S5l FoSaws, S5 axls 5 RbeL

Salvia miltiorrhiza :Sm Salvia leriifolia Sl


http://biotools.nubic.northwestern.edu/OligoCalc.html
https://www.eurofinsgenomics.eu/en/ecom/tools/oligo-analysis.aspx
https://www.eurofinsgenomics.eu/en/ecom/tools/oligo-analysis.aspx
https://www.eurofinsgenomics.eu/en/ecom/tools/oligo-analysis.aspx

BPRON P RIPS JRER

Solsgme Ml Jlam 03] Luledy Sl pas
ol gl Xws 8 alis 70 (gils sne CL.‘ 5 (LSD)
Slsme (o) o s bl ol bl ool
S P (PO RO [P S | WP P P W
Heat ) ol 428 (1) o Staad ol o Lol
RStudio 5 (*/Y/¥ ()5 R 13l 5 5l esland |y (Map
Heat ) ¢l 85,03 = ol a2 ad ey (F/F/Y 20 50)
» Minkowski 4ol .l 55 (map-dendrogram
MetaboAnalyst 55l alwsa Ward socaz s a5 S

s a4 (https://mwww.metaboanalyst.ca/)

P g 5 i sl (a8 5526 (gl s
el By JB sl s Sl S S5l
a5l e Al e e s gt Ko s S
V¥ cwia) SaYF s\ 8 A Jale pm s
e (P /40) s sime ol 51 colSm (tlS 51 ey ola
S Gl pems (2115 bS5 ol Gl oS
A5 Slde o i (Y JSK2) catls e R
(Sas 055 08 5 w755 ¢ S e ¥/FY £ - /0Y)
2 el Sl 0 S e WWAY £ 4/00) s ol
VA/OV £ /W) S s slaeaS 5 5 (Kes o3y 28
ahv‘ujj):(&bojjrfj@\&\frf&
By S Y e s oSS by cals ) e
s sl et e e a8 ] e
(S 035 ¢ 5 2 s fsS p Sk VOAE /Y1)
2 el Sl o Sk Y/RY £ /FR) s
P Sk O/FF £ /) S s, (Ses o35 0 S
atlS 5l ol ¥ (S 05 28 el SIE
(Y JSe) sz samlie ad; oy 31 S A s e o
Ol ol e 8, YL L XS as asie wpdey
ol B ) e S claaaal IS Hlade 5 e soalis

el JS 3 5 IS s slie (ol s g 8ol

Sheslisad U PAL o5 olawsl S5kl o1 b ol ,
Sl Lo s 03 ol sb s plas 3kl
CONA s, oaz b 5Ll us (sl
e 45 ST i S 5 il g9l gt L;@fv-}.f
Sl aar g bas S Ol s pemeo adds 2SS 4
S sIS5 V o= A s game S 855 6, asks Jsb
5 5, 50 ks 55 Real-Time PCR b S5kl (ol
Sl b sbgasls Ll 5 as Jly o
50 esliz L, Real-Time PCR (l, olal
i B PAL olanl S5l was S5 sl il 5
IS olsiea RDCL) Sy msl S asls 25 03
Gl (Y Jsas) @38 5 el syse s
Thermo ) s, bw oS Jedl,s2es 3lks qRT- PCR
SYBR Green/ROX gPCR (Fisher Scientific, US
5 by 4l s sl Master Mix (2x) Maxima
2 4l A Sme 4 adsl lecwuly ol s
ol ax = Fe o] Jlosa 5 (USew V) 40°C sl
Jlasl A0°C sl Lo 48l V0 e 4 ilecad july
DS 5 4l Ve Sue 4 £2°C gl s Lajf)'\.éj
el b Y w4 VYC Gl s g
sl el mtacows golaml gl asls
S eslizad U piman 5 285 b simie 5351 S5 508
Sy 3 paiie Sy seb Lslen (o e U
o 25 8 3 a0l 350 5 5Ll VO'C 51 5V e
IS Y L5 s Ol Linie ) ol 2 (laesls
= ol sk 5wl Jasl Excel 3l 5 4 (SSS
o apelone YO g al gty addllae 5550 sag

bl S seu 520
IS5 aw b ol SlS b K B Lo bzl
Sl 31 esliad 4 dsesls 5LT oz ol Jits
wym g Lol a8 sl (17 al,,) SPSS
Jedoi 54 25 (One-Way ANOVA) & b, bl


https://www.metaboanalyst.ca/

PR NN
n o B o ow
1 1 1 1 J

(mg RAE/g DW) |5 Lid..

(aable T 'C’_,r\ (anla £) 5 a1 (anla V) 2

(n\:g ‘_’.m) nl:g R il l_J:-l.

o

[
=
1 J

[y
o
1

(mg GAE/g DW) Js |
=
w w
1 1

o

0 ol FF s ol ame 5 ossls LS Slidss aslialegs

.ll

(aaka T) J. s (asla i) 5 (aable V) S

(nl.g ‘_,...a} nl.g Ju..-J n_ﬂl...'n.u J.-n-l)a

(mg QE/g DW) s 156y
O B N W A~ou
1

fuL.ﬂJ._.f\

(aslal) 2 (azla V) E

(LS o) ol J.ﬁ.J _nJ._,.. e
2 6L ) a, Gl Jol e Ll -Y S
S. leriifolia sLS' & 5 ;3 (7) ol J58 5 (&) (k8 aeal () 23552 ) sime
A S kel slas £ S5 an :Sle &) 50 4 bl
033 0.5 2 el Sl 08 e MG RAEG DW i o 5L LSD gy g051 bl 1 710 o 53 5 gl 5 Slgine lals g sV ©5lise Gy
St 555 5 el SIS F e MY GAE/G DW (Sts 1355 0 8 2 i 555 2 S s :Mg QE/g DW (S

BERREE ] oS jj. A e ol el S,
;),Agu,\,ﬂ\@bpj\\,w@ﬂssmssg\,
S 3 RA e (¥ Joaa) ols olas] 555 4 addlae
Ao e 53 Sas 035 0 8 o She /FAE /Y
2 S o550 8 2 S YYOE /YY L S A

o5 ) KBS RA Gl oy 51 ie S TF als e
Sol Sl 5 55 S Jlaie Bl 51 s o
o o Sib up 05y p S IYE Y.
2 S o550 8 2 S VFFE/FY L S LA
b sl Gl s cal sl Gul ) (S VY e
28 plle gage Ko olS LS, s |5 LA
55 CA 5 RA 51 28 oS, s s sl ol Sl

S g ¢l 5l gl s
M&M\ty@wwcb
b i | 4S5l olas (Sal B , Sal A LA RA CA)
VP aom 5 V8 4 S A e 5l catuss A5 00
Sl Lsba S, bedabe Gl Llaie (S,
Dldde p i (Y Jos) al e Wl (P<4/-0)
(Ses o35 28 2 p S5k VP £ /FY) CA
(Ses o5 28 2 p S5k Y/YO £ /YY) RA
(e o35 28 2 e S ke /AT £ 2/\) LA
5 (e 035 05 2 pSuke +NF £ /o)) Sal A
b V(Sex 35 08 np Sk o/V- £ +/4)\)Sal B
s gSeolul S YF e e s wclS 5l e



BRPRCNPERRRPE R IRE R AN -

033 08 2o Sk Y E /) SV, (Ses 2 p Sk /o FE V) S A plS s LA mesw
SIsbl b (P</40) bine pls (Ses 2 Lol SILIl sl 5l ray (Kes o3y 25
Y Joas) el o 033 05 A eSSk NY £/ NE ol 55 Ul

S. leriifolia oLS AS/J.g 05 ol ol sime (el.; o) My e o) e J,;i.‘»' =Y Jss>

S bl e

_ P oS s, Jol e
(S 05508 2 p S ) p
(LS o)
Al S Bl SIS Anl SSLIL el Seoped el S0l
/YFE/Y-C -/-\x+/+- b -/-¥x./-\b «/+$x+/-\b -/#Ak-/-Y C (2l ¥) S.A
-/4¥%-/-4b -/-4%-/-\ 2 WA\ EVERE- </\YE-/-Ya V/Y$x-/\F b (2l f) S8
\/f5-/¥Y a VAREXVARE-! /\¥E-/-N 2 </\YEe/-\a Y/YOx-/YY a (2l V) S, vf

e e oLz LSD Q,ﬁ)TwL“jZO CE“)J I, C»L.. 033 b sme Splie Gy (gt B o AL L;)\jf)\:wd\fd\i)\ﬁmafd\,g Q)},am.@\.’d

3 5 - a
T 120 . il
= < . ]
A § 100 - a % g a a
— e v -
& 80 - 2 2 34
T o b BT
g 60 - N
o = T & |
& % 40 # %
20 - A~ 21
0 0
(8l Fa A (aled) S0 (el STt (aalaV) LS4 A (asbad) LS (aabe¥) LS a1t
(oS ) ol 42, it |l e (oS ) ol A2, Cilisus |l e
81 a
2 g 6 € a
J oz
224
.
i 8 b
LN
0
(aala¥) S A (aslaf) 207 (aslV) S8

(ﬂL;_',-a)nL;A..‘-JJlﬁu J=l e
(TAT) 3l el 5 s200] 5558 () (PAL) 5 sl VT Jtd w357 0505 Cllad s LS o) ad; Ciliine Jol e 3l ¥ U2
S. leriifolia slS" S 53 () (RAS) Sl aeed St 5le5, 5 (&)

7.0 cb.u)a\) c\.; 535 sl sme sl s YL o plin djf.ﬁu:)\_}f:)\x\:“1dtksi)\ﬁmaép Q)j..oau.@.\:;

53 0 S ke 1 JUL 56 nKat/mg protein .ass e oLis LSD g3l ol



AV

RAS 5 (x5, o Sk 2 JUSSL 0-/FY £ 1/0A)
Ao e 53 (s p Sk JUSSL V/VO £/AF)
SAF/FY ENY/Y Cwsa) cdl o iy 5 S A
Sbom (s pSke 2 JUBHL 0/8Y £ VoV
R R N s SR
el (S A pblE LS, vF L JblS
RAS 5 TAT G, o ia @l Y/FYN 5 \V/AY il 58l
S50 st 5 TAT 5l el ol ol
S J<e.> f'i)j 9 5 i «5;~<-> BYVYURNY
022,53 myl e S YF as e s Jl olpea
22 3,50 s RAS s PAL L, \O/AY 5 YY/YY s jia

8 -
: a

3 6 - <
2 4
E b

a b -

o LN

(ashe M) S un (aabef) 5200 (aake V) STt
(o8 o) ol dy iline |l e
4 -

PAL 03 i Ols

0 ol FF s ol ame 5 ossls LS Slidss aslialegs

S Sl s J e sl 5T el
Sl kol 55 RAS , TAT PAL 51 4w b
}\9 A A.La-jas\.w).b‘\.b)v\ath)\woLAV\aY O
Coles ad ey LS s, s, 51 S YF
So Soson S PAL 3l el 5o sas sl
)‘ u\j.e R D98 )\Jddu A odnlin g;j YY
e Rk 2 JUSSU F/0F £ 2/0F) 3l el el
S50 0590 b RAS 5 TAT byl sns cdle
b (P<e/+0) Llagme Ll a4 55 L5, Ko
TAT b glhe o iaS ey o) 4 ol la

® a
5 -
]
4 -
3 .
2 .
b
1 - c
0 - |
(ke T) J_'T’J__-A (aala £) J.’\’J_‘-‘."\ (ke V) J.’\'J_‘- Ti
(olF ) olF iy i ol o
a

g,
(asla T) 5 A

(aala d) £ 01

(aala V) 2. vi

(ol ) L8 b2 il [l e
(1) (PAL) 3L 5ol VT et slag5 o ol 2, Cilibes Jol e 3l —F U8

S. leriifolia ol 5 53 (z) (RAS) Sl el K5l 5 () (TAT) 5l 5 sial 55,8

7.0 CJ:.WJ;\J Cu\,u 5351 o sme (sl sad YL o pline Q}f‘&zjj‘fé)‘xbu‘dwi)‘ﬁ@cxé\?‘ QJ}JQG{\SJ

An3 e Lz LSD ¢yge3l el



BRPRCNPERRRPE R IRE R

S bl Glyime a5 55 o1 s Jls (-0 JS2)
sems 5 cadls 5l ol e U oo Sad 4 S
o Ol 1 C/AVS T 0SAY) (656 oo Siaran K
5 ga SISl adllas 5,50 i slaned Pl lade
(1= /) Stmed op i RA 5 lasn ol
Sl olas oS e bl
Sl GFEH Samad (S Sl ol )
5 TAT (/< 1,0<o/8Y) cdbs/os ol s o
e L oalie s RAS (/AV< 1.,.,<-/aV)
s s5my PAL (F=+/V4) oly 5 (F.).0=+/50)

Ol b S e B Gl mes lie 5be
wA LG el s BLIRAS 5 TAT b/
(Gl =0 JSs s i ol 52) PAL

LUl ol 00 ey o1 5000 = il 4 53
S SbeS S e s e b, Jele ole
4 i o 3l SHYF 5V ol e o -0 )
i SSE S A s e ) s

E B £ oz oz 2z 2 FR

I i § § & ¢ i

[ AN U U SN R T S S R A

- = "~ =2 8 & 3 13 B2 8 B
<

AY

RAS , TAT PAL by oo oo

J=1 ;5 RAS 5 TAT PAL slays ol &l s

(F USe) as ey st A, 3 S YF 5 V8 A
Ll alin S0us LRAS 5 TAT 5 ol ol eis S|
Sy as oslise PAL o5 oly sl ud s
SaA S 1S S8 s e s SPAL 5 cgs,
Ssgme Gl L (S YF Al e s olss ey
Ay 393 Ll cp xi 4 gl NO/-F (PSA/00)
RAS 5 TAT sbaos ol plaw Jilas (Ll ¥ JS2)
4k g Sl e 5o saalie S LA s e o &S
4 S VF A s cule s s cil Bl cus

O A Lff Lg\.:na\a O QS/»T..M..A.& J.«.\:’u"ﬁbfu“
Los ol s bl cdle (8 sl slsme ol

]

Age
RA
LA
SalB
SalA
CA
TPC
TFC
TPA
PALE
TATE
RASE
PALG
TATG
RASG

i)

(Heat map-dendrogram) flf”.ua — ol A O O wau.a 2 (Heat map) g » asd : -0 JK

S. leriifolia blcf B astzn ) Jﬂ}é F) &w}_‘g “5{5‘5‘53‘%}35 6Lbua>u o

05 ol TATG Gl il sl ciss,s myl el TATE GU Gsl ¥ o5 ole PALG GU Gisel oo¥T ks w3l ol PALE (o Age

15526 TFC (S 18 TPC ol s el TPA it el S5l 05 0l RASG it ol Sisless 5] dlad RASE i 2l 55,8

S T A AQE2AL cared KBS CA Bl SUsL I Sal B A sl SUsL I Sal A cdrel S std LA ol Siles, RA S

Sl b G 1SS repeat01-04 S A al> e :AgeBL (S ;¢ > s :AgelbL



MY

SlaaS i 5 Slae iy 45 6 sba e e BLS
ol bl e (S oo b el Slas s s
.Brasileiro et al., 2015) szl slaws L6 b S 5
R A S R U PP WO Jc S T S W I
T L PN N L R S S P NS VIED R L g
S e (S30ls 5l e sV B Y) S, ¥F L S A
5 oodl )l b, ol s 5 i laaal laas 52
Srad izad ey Sl 4 S Y [ 5 e
e L 8 Sl 5 455506 (5 (sl 0ln S35
S B Gla S5 mand 5 mw s Sl saimaplis ol
ol i S 03 g sg) M) 09 AL Loyl
(Berberis vulgaris) S_z,; asbe sS4, » s
Nerium )., »; 5~ (Melia azedarach) =t ;=
(Rhododendron sp.) o s, a5 > , (Oleander
ol L aulie 5o s LS b S &S 0s Lasie
Achakzai et al., ) as)ls g it P 6 lgime olsa
Zingiber ) Jopzs; oS Cidiie slaolasl 55 (2009
Slgmme L) o g0 (o 3,0 55 (zerumbet L.
(Ghasemzadeh et al., 2016) .z S ks 5 laad gD
Origanum ) 25555 0 oS 55,5 = 4l sl j2ay s
os—=u {Baatour et al, 2012)(majorana L.
S _a,L 5 (Brahmi et al., 2015) (Olea europaea L.)
5l e &> -5 (Mutalib, 2015) (Plantago major L.)

sl ) ALy 69D J;:-\j\ BE) thﬂsj' u;‘ u..;\f\

o Sleie sbad sl &l ol ales lem oS
iy b wlond aSIUS alsl pd i Conns 4 oS5
Pasko «Fritz etal., 2001) 542 colom LS -l o
Slyime Ll smslie (Ll s et al, 2009
s 1S 5 sl 5ot opr b pleses (S oS s
L wlg . (Badtour et al., 2012) 2, 2, oLL L
s 5 oS g S 4 3l e
s el i (Kol s ool b sl

0 ol FF s ol ame 5 ossls LS Slidss aslialegs

ol o iy e e an  sad salie K ol

ol ole 6 5 Cwte DLl sy 5l G b
iy 5 e AT L S ol 5 s05
@l B ool 5 casls (S0 YF s e) oS )
5 855 i sl Ll 5l e & pon 50 RA
TAT 5 RAS b ole b ol slaie ol (S0 bl
S 5o el Sl 5 LA Bl s ot sanle
TAT 5l el b gl ez 5 a8 8 sl e 4255
Llil PAL cli/ o ol addl cwls Sy bl
Aol L Sl s s RA dlgime b 6 5K 5
2 SSE ol SISkl 5 LA Dlde 51 ool

(=0 JS)

S ’
.

SSdns sbanlp ks e B slaaSs

Soalsm (o i asle pS s 5w, b L
Vh ‘53‘53&). w\.:ﬂ 9 AL “f‘v\—c b‘}a ‘7)‘:\:7 ¢43\J
e e Ll o\ S5l 5 e s apse, s
oblS LUl (Sharma et al., 2019) i ls gulS i
e Bl 2 AU ST edle ey plie ) 45 6l
S 3 5 85855 5 G55l e AL o
s zay5 (Vagiri et al., 2015 Mutalib, 2015)
ol Koy blojl azs 55 5 sp) o saz r\-?ﬁ‘
3505 ST 1) b sl 5 S 5 caS 5 554053
Achakzai :Reis et al., 2008 Cirak et al., 2007) ...
bS5 Glyme oIS 51 o Ly 5o (et al., 2009
iy ol L B laad 5 bud e ksl s
M B sese g s 2 A e i)
(Naghiloo et al., 2012 Verma & Kasera, 2007)
SSae s S s &SI s (Suwa et al., 2018
23 stany dy bl oo B ol K5 e el
g5 o) e (shikura, 1976) wle, <ol gan Jol 0
slelul el ¢l 1)l pley Wil e ol



BPRON P RIPS JRER

Salvia o Salvia paramiltiorrhiza .Dunn
el oo WL et al, 2008) .sl .. dabieshanensis
oS 5o el Senrasid S b ols) Gl s
85 ol 5o ol e Loz 2l sag s
u;@p-.‘.f G55 an gl e el 2olie 3l S 5l
e ax 81 as slal gl 4 YU s S og e e
L Ll oy CA 5 RA SIS gugis u’@p-.'.f » LA
o s B sbanl ple asles o R1
el Ll 5l

Con by s 53 0dd S 030 o S aSJUE
5oy e Jalse 31 e s S e
5 (Lavola et al., 2000) (I3 5 Lol & o5 04) oui) .8
Wam et al., ) el 5558 L e asle 55,0 Jelse
g 2 J s ol bl &S LK (2017
5) Jols (assimilates) slaoasben Jhiel isy es
b wpie aSIUE ady) e plie Con 4 g
ol bR e Sl el oS g M ol
OLL b oLle 5 5558 Jole 5o ot s (o
wdd S 030 op S IS Sl (6 i e (lass M
Truong et al., ) wb o olasl b rdplie &
a2 4S 5,05 semy Jlaiml cnl 5 Geiss onl s (2010
28 ) G e iy i 1S 5 oS e il B
3 4l ped e 4 (B olas ] Gl s St oL
ol Bl e 48U el alie W5 G o s, a3
Aalyeas Ji sbied gl

DlS sa 5 o, e B S Slye ok
a5 4 &S Cl 5 Sl el S i wb
53 gl 53 ab g e Gos Ol e @b by
Ziaei et al., 2012) 5, LLi,l wwssy 31 e s
PAL o5l 05 ol/cdle 3l (Jiang et al., 2013
Ocimum basilicum ) ol olS ius, Ad, oy93 5o
Trigonella foenum ) dJs 5 (Ziaei et al., 2012) (L.

Ll e 5 eas cuaS (Imtiyaz et al., 2013) (graecum

Sl 5 Slyime 5wyl Sl e Sten 5 £15IE

A Y

Fletcher et al., ) asl awzls Lyl o gee 5 W 8 |SCas
.(2010
(P</+0) il gne e L;Mma aalllas opl s
5Sal A LA RA CA) i sl g5 g Slaie ols
(4l 3l e ole cdn az eunlin oLS o L (Sal B
bodsbe cpl cble (o2, aa, 3l u;j JAREIESAE
(38l 5 e oY) S A bl & s S 5o
03 ey 09 lde cp mii 4y C8l pasae )5
Salvia fruticosa ) SUs Mws 5 by oS
Ao o 55 CA 5 RA (S U5 Slaie iy 56 (Miller
! i ‘u_a,\,lf A . 4 oS 5555 5 ad sl st
.(Papageorgiou et al., 2008) sls _zal&' 1, eS 5 ol
S s S el (Y4 ) ol 5 Fletcher cales | ba,
s gl 5o RA (lsme 5 it (S5 ds5d o
& ,5 CA 5 RA i , (Mentha spicata L.)
e 5 5,188 o s\ (Badtour et al., 2012) 2 555 s
Al a gy, wa, Al s &5 Js bad Gl
Dad e @S Ak 4 P A s b sae,
Odes B (pdagy M2y e SAIB 5 RA (gl sims o5 )
Song ) e L;@p-.’.f atoy 5 S50 pAS s ey,
RA lsie 3 o 4 araly lpl 5 (& Li, 2015
Sz oS S8 el Ko 5 ael S35
Eleutherococcus senticosus (Rupr. et ) (s uw
Uil 55 (Baczek et al., 2017) (maxim.) maxim.
s b (YY) oLas 5 Zeng cuows ol i
3 s B o Gl sl s b
S5l Il Jltin 48 ssls ol a3l e sloe 3
4 gl bt e ad) ol ol s laol
ol OV ol Gl ol e s o Sl
Ssms s Jole b g 5 ail e ol iS5
5 el sa s J 4 b QLS s LAl
S5 ol Sl e alelis 4 spame bl S
2l s Wu & Wang, 2012) > 6\.?(.%,3 NG

Salvia bowleyana ausjl a5t Km o sbrasS



MO

23 Sl 0ats s J 4 b (g5 58 ol e e b
RAS 05 ole 5wl cdled b olS o olis cis3
3 RA me citls 5pmy o8 e SO
3525 5 03 mpl ) AU o ol SIsL L
ot T T e Kian
22 25 5h s e s 5 Cn5o D) e e RE
5 ke bS8 gl sl s RA iy
ol O (el ot adlle om0 e A
Ll i 5l B s sdas g 4 (Ol
»» «(Zhang et al., 2014 <Yan et al., 2006) «les S

AU sl e s G50 (2B 8o S S
Song dJiao et al., 2012 Dong et al., 2010) wlos yo

s 0AaS g & 5 Gidgs ool s (et al, 2012
A olal RAS 5 TAT 3l i 5l e
ol (S el b 53 RAS 5 TAT laps ole 4 ol
Cuslsl 5 ad g aS o0y sy Jaal ol Loals PAL o5
SV s JS G5 s Sl s Ciaw 5 RA
& dmaly ol SIS 5 LA W5 K gom
L)l g W5 RAS us b 5 TAT 50 cJle
Vel T ad g5 J 58 5 et PAL codlab b (65 sne
Sy o0 r\ed‘ =590 3 = C:JM 00 b
w3l b ) Jols oasl p a8 cl sad et
asle S (S e g S s 305 Al o RA i 5
oS gl s bassd e
Voght, ) 552 Wl 5 bl (b losS (b il 551
5 gt e 53 TAT 51 03,51 5 (Bl s (2010
Al g asdme sl sle Wy G 4 (o
Ru et ) s5o 0 2SIU by sis Seedy 5 Js 3555
LS o &S o)y ssmy Jhasl o) adl L@l 2017
el pas Goae a5 g u-@p-.'.f
2 OS5 e g Sl b et e By

S S w08 O G e b aolis 5o s )

0 ol FF s ol ame 5 ossls LS Slidss aslialegs

PAL el ks gy ool 53 ool st 218 s
olbe Ll 558 (P<e/40) Jlagme sy Ad) 050 b
oS 85 il ssmy (Sterad oS 5 03 e Ol
s sy gl 03 03 0l Gsed bt
Sl il ol Sl ol opdlen izl wils
T v IS S U S Ve | VPO Ve SO X W LY
Slgme il 3150 S 0e—F Sllin sile (lonis
waly wzls PAL 4 o w18 RA
.(Song & Li, 2015 «Xiao et al., 2009)
3 pe.;j s olS e 5, YL L)t PSS L
Smed S5 23l nlBl TAT o5 s 05 0l
a5l el 5 e Ol 858 (PSH/00) s gime
L TAT pe.ﬂ b 5 05 e Ol Ol s Gsm
5wl s B bl Ll RA (s
M Al sanline (P<-/-0) Hlb g Coe 6.(.,“@
53 RA pems b sl Gl 05 ol/edls ole oo
slaeass
Yan et ) gz N e (Mizukami & Ellis, 1991)

Solenostemon )

Anchusa officinalis  glazws 9,0
Gy o> 5 (al, 2006
Saslsl Lo, (Sahu et al., 2012) (scutellarioides
P gkffv-.u‘ e sbazs, 55 B oasl &Jw’r«‘
ol bl el sz 2,18 55 (Xiao et al., 2009)
2 e 5 TAT 51 05 ole s cdle b ol o
(S P W Y R - N S L) @\K&’a\ﬁﬂ
Holander-Czytko et al., ) (Arabidopsis thaliana)
s oWl (Song & Li, 2015) > L;Lff.u 5 (2005
WS A e e ol Cdli 5 i Sl
e (Sl e SosiaT) 5 by ol
s ools s sl lapland) sl e ol
o]
ols p Gilises Julge 5T 5550 5 GG 42 5
$Sahu et al., 2012) 5,1 5525 RAS w51 el 5 o3
+Kamalizadeh et al., 2014 Doring et al., 2014
w51 bl Ul (Yang et al., 2016 «Xing et al., 2015



BPRON P RIPS JRER

o 3t 5 JsSse 5 laignd e T UK
gl a 6.’\.:),\5 caly Hlbs e CJL

oolaiwl 0590 obco

- Abrishamchi, P., Khaje Karamadini, M., Houshyar
Sarjami, R., Zaker, A., Asili, J., Porsa H. and Zarif,
R., 2016. Antibacterial effect of essential oils from
Salvia leriifolia Benth. against some oral pathogens.
Journal of Microbial World, 9(3): 215-225.

- Achakzai, A.K.K., Achakzai, P., Masood, A., Kayani,
S.A. and Bakhsh Tareen, R., 2009. Response of
plants parts and age on the distribution of secondary
metabolites on plants found in Quetta. Pakistan
Journal of Botany, 41(5): 2129-2135.

- Adomako-Bonsu, A.G., Chan, S.L., Pratten, M. and
Fry, J.R., 2017. Antioxidant activity of rosmarinic
acid and its principal metabolites in chemical and
cellular systems: Importance of physico-chemical
characteristics. Toxicology in vitro, 40(1): 248-255.

- Alagawany, M., Abd El-Hack, M.E., Farag, M.R.,
Gopi, M., Karthik, K., Malik, Y.S. and Dhama, K.,
2017. Rosmarinic acid: modes of action, medicinal
values and health benefits. Animal Health Research
Reviews, 18(2): 167-176.

- Alizadeh, A., Alizadeh, O., Amari, G. and Zare, M.,
2013. Essential oil composition, total phenolic
content, antioxidant activity and antifungal
properties of Iranian Thymus daenensis subsp.
daenensis Celak. as in influenced by ontogenetical
variation. Journal of Essential Oil Bearing Plants,
16(1): 59-70.

- Amiri, M.S. and Joharchi, M.R., 2013. Ethnobotanical
investigation of traditional medicinal plants
commercialized in the markets of Mashhad, Iran.
Avicena Journal of Phytomedicine, 3(3): 254-271.

- Baatour, O., Tarchoun, I., Nasri, N., Kaddour, R.,
Harrathi, J., Drawi, E., Ben Nasri-Ayachi, M.,
Marzouk, B. and Lachadl, M., 2012. Effect of
growth stages on phenolics content and antioxidant
activities of shoots in sweet marjoram (Origanum
majorana L.) varieties under salt stress. African
Journal of Biotechnology, 11(99): 16486-16493.

- Baczek, K., Przybyl, J.L., Kosakowska, O. and
Weglarz, Z., 2017. Accumulation of phenolics in
eleuthero (Eleutherococcus senticosus (Rupr. et
Maxim.) Maxim.) as affected by plant development.
Acta Scientiarum Polonorum Hortorum Cultus,
16(4): 89-99.

- Bradford, M.M., 1976. A rapid and sensitive method
for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding.
Analytical Biochemistry, 72(1-2): 248-254.

ANF

ol o Grie slaad SISLI s RA suese 5o 1)
Sl awsls
oS o I L &S e L S (S ol e
Slassnl Glgme (plag) Ad) 0590 5 (SAgde g\fpe.f
asy My Al s el Ll LS, s
doel S 5 sl Ssley, (S VP A )
Sty yid 5 K3 S 0 i glasd o 5ol b
s S polie e bad Sl 5 sl
s TAT 5, RAS baos oly o olS o om Al
Al Sisleds pe b 03 50 ol Ol o oeizes
ol S sid Ml 35ms G Cute (St
TAT cdbs b Kooy blayl s ol Sl
Ol Bl 5958 5l A e cpl s aS o, e 4 el
s Gnl Bl 51 2 edes sba el Sl
Cdlad b anulie o) asl 0o 0 5l i w50 TAT
S 39 o dlgiiy oonlil (A8 5y p Jed eue 53 PAL
S sl oS s s oS Shse
Aoy 0,95 Al ol s S Jb sbal ol
s a8 s ezl y ol e olsea st
5 s o)lae) ) sl 5l eolial o dles
S e e S (8 5 Olsenls Jie) wn) f
S TAT oy Sl i b s a8 0 K25 1 cpds
Soleaig ¢l clie LA, plsiea wl5 o RAS
san] Oliis s o] Sl 5 ael Kby, M5

S B A 5,50

&3 3wl
o3 o8y a0 s slae 3l Aoy ol &
e sl Gl LY A s SUSW XS g
258 S5 Woses aalp FAARY oles L osas S5
5ot sel&alsl G ulcws 3l psas
Sl Kalsl 5 wals Kailbs Al 5550
Sleplp b &S e S5 OMICS Laass o5 8



AY

and peppermint (Mentha piperita L.). The Open
Agriculture Journal, 4(1): 10-16.

Fotovvat, M., Radjabian, T. and Saboora, A., 2019.
HPLC fingerprint of important phenolic compounds
in some Salvia L. species from lIran. Records of
Natural Products, 13(1): 37-49.

Fritz, R.S., Hochwender, C.G., Lewkiewicz, D.A,,
Bothwell, S. and Orians, C.M., 2001. Seedling
herbivory by slugs in a willow hybrid system:
Developmental changes in damage, chemical
defense and plant performance. Oecologia, 129(1):
87-97.

Ghasemzadeh, A., Jaafar, H.Z.E., Ashkani, S,
Rahmat, A., Juraimi, A.S., Puteh, A. and Muda
Mohamed, M.T., 2016. Variation in secondary
metabolite production as well as antioxidant and
antibacterial activities of Zingiber zerumbet (L.) at
different stages of growth. BMC Complementary
and Alternative Medicine, 16(1): 1-10.

Habtemariam, S., 2018. Molecular pharmacology of
rosmarinic and salvianolic acids: Potential seeds for
alzheimer’s and vascular dementia  drugs.
International Journal of Molecular Scinces, 19(2):
1-25.

Hao, W., Guo, H., Zhang, J., Hu, G., Yao, Y. and
Dong, J., 2014. Hydrogen peroxide is involved in
salicylic acid-elicited rosmarinic acid production in
Salvia miltiorrhiza cell cultures. The Scientific
World Journal, 2014: 1-7.

Hao, D.C., Gu, X.J. and Xiao, P.G., 2015. Medicinal
Plants: Chemistry, Biology and Omics. Cambridge,
UK, Woodhead Publishing, 664p.

Ho, J.H.C. and Hong, C.Y., 2011. Salvianolic acids:
small compounds with multiple mechanisms for
cardiovascular protection. Journal of Biomedical
Science, 18(30): 1-5.

Holander-Czytko, H., Grabowski, J., Sandorf, I.,
Weckermann, K. and Weiler, E. W., 2005.
Tocopherol content and activities of tyrosine
aminotransferase and cysteine lyase in Arabidopsis
thaliana under stress conditions. Journal of Plant
Physiology, 162(7): 767-770.

Hosseinzadeh, H., Sadeghnia, H.R., Imenshahidi, M.
and Fazly Bazzaz, B.S., 2009. Review of the
pharmacological and toxicological effects of Salvia
leriifolia. Iranian Journal of Basic Medical Sciences,
12(1): 1-8.

Hosseinzadeh, H. and Lari, P., 2000. Effect of Salvia
leriifolia extract on morphine dependence in mice.
Phytotherapy Research, 14(5): 384-387.

Hou, J., Fu, J., Zhang, Z.M. and Zhu, H.L., 2011.
Biological activities and chemical modifications of
caffeic acid derivatives. Fudan University Journal of
Medical Science, 38(6): 546-552.

Hu, Y.S., Zhang, L., Di, P. and Chen, W.S., 2009.
Cloning and induction of phenylalanine ammonia-

0 ol FF s ol ame 5 ossls LS Slidss aslialegs

- Brahmi, F., Mechri, B., Dhibi, M. and Hammami, M.,

2015. Effect of growth stage and solvent extract on
the antioxidant potential of olive leaves. Journal of
Plant Sciences, 3(3-1): 1-7.

Brasileiro, B.G., Leite, J.P.V., Casali, V.W.D,
Pizziolo, V.R. and Coelho, O.G.L., 2015. The
influence of planting and harvesting times on the
total phenolic content and antioxidant activity of
Talinum triangulare Jacq. wild. Acta Scientiarum,
37(2): 249-255.

- Chen, Y., Zhu, Z., Guo, Q., Zhang, L. and Zhang, X.,

2012. Variation in concentrations of major bioactive
compounds in Prunella vulgaris L. related to plant
parts and phenological stages. Biological Research,
45(2): 171-175.

- Cirak, C., Radusiene, J., Janulis, V. and lvanauskas,

L., 2007. Secondary metabolites in Hypericum
perfoliatum: variation among plant parts and
phonological stages. Botanica Helvetica, 117(1):
29-36.

- Di, P., Zhang, L., Chen, J., Tan, H., Xiao, Y., Dong,

X., Zhou, X. and Chen, W., 2013. 33C tracer reveals
phenolic acids biosynthesis in hairy root cultures of
Salvia miltiorrhiza. ACS Chemical Biology, 8(7):
1537-1548.

- Dong, J., Wan, G. and Liang, Z., 2010. Accumulation

of salicylic acid-induced phenolic compounds and
raised activities of secondary metabolic and
antioxidative enzymes in Salvia miltiorrhiza cell
culture. Journal of Biotechnology, 148(2-3): 99-104.

- Doring, A.S., Pellegrini, E., Della Batola, M., Nali, C.,

Lorenzini, G. and Petersen M., 2014. How do
background ozone concentrations affect the
biosynthesis of rosmarinic acid in Melissa
officinalis? Journal of Plant Physiology, 171(5):
35-41.

- Erish, S., Mohammadzadeh, M., llkhanipour, M. and

Babaei, F., 2018. The effect of hydroalcoholic
extract of Salvia leriifolia root and fluvoxamine on
the spatial memory in  male rats under
immobilization stress. Qom University Medical
Sciences Journal, 11(11): 22-32.

- Espindola, K.M.M., Ferreira, R.G., Narvaez, L.E.M.,

Silva Rosario, A.C.R., da Silva, A.H.M, Silva, A.
G.B., Vieira, A.P.O. and Monteiro, M.C., 2019.
Chemical and pharmacological aspects of caffeic
acid and its activity in hepatocarcinoma. Frontiers in
Oncology, 9: 1-10.

Fazly-Bazzaz, B.S. and lzadyar, A.R., 2002.
Antimutagenic activity of different fractions of
Salvia leriifolia extract. lIranian Journal of Basic
Medical Sciences, 4(4/12): 241-250.

- Fletcher, R.S., Slimmon, T. and Kott, L.S., 2010.

Environmental factors affecting the accumulation of
rosmarinic acid in spearmint (Mentha spicata L.)



BPRON P RIPS JRER

carbon to growth and secondary metabolites in birch
seedlings under UV-B radiation and CO, exposure.
Physiologia Plantarum, 109(3): 260-267.

- Li, M.H., Chen, J.M., Peng, Y. and Xiao, P.G., 2008.

Distribution of phenolic acids in Chinese Salvia
plants. Word Science and Technology, 10(5): 46-52.

- Li, M.H,, Li, Q.Q., Liu, Y.Z., Cui, Z.H., Zhang, N.,

Huang, LQ. and Xiao, P.G, 2013.
Pharmacophylogenetic study on plants of genus
Salvia L. from China. Chinese Herbal Medicines,
5(3): 164-181.

- Li, Q., Feng, J., Chen, L., Xu, Z., Zhu, Y., Wang, Y.,

Xiao, Y., Chen, J., Zhou, Y., Tan, H., Zhang, L. and
Chen, W., 2019. Genome-wide identification and
characterization of Salvia miltiorrhiza laccases
reveal potential targets for salvianolic acid B
biosynthesis. Frontiers in Plant Science, 10: 1-15.

- Loizzo, M.R., Tundis, R., Conforti, F., Menichini, F.,

Bonesi, M., Nadjafi, F., Giuseppe Frega, N. and
Menichini, F., 2010. Salvia leriifolia Benth.
(Lamiaceae) extract demonstrates in  vitro
antioxidant properties and cholinesterase inhibitory
activity. Nutrition Research. 30(12): 823-830.

- Lu, Y. and Foo, L.Y., 2002. Polyphenolics of Salvia-a

review. Phytochemistry, 59(2): 117-140.

- Ma, X.H., Ma, Y., Tang, J.F., He, Y.L., Liu, Y.C., Ma,

XJ., Shen, Y., Cui, G.H., Lin, H.X., Rong, Q.X.,
Guo, J. and Huang, L.Q., 2015. The Biosynthetic
pathways of tanshinones and phenolic acids in
Salvia miltiorrhiza. Molecules, 20(9): 16235-16254.

- Ma, L., Tang, L. and Yi, Q., 2019. Salvianolic acids:

Potential source of natural drugs for the treatment of
fibrosis disease and cancer. Frontiers in
Pharmacology, 10: 1-13.

- Matkowski, A., Zielinska, S., Oszmianski, J. and

Lamer-Zarawska, E., 2008. Antioxidant activity of
extracts from leaves and roots of Salvia miltiorrhiza
Bunge, S. przewalskii Maxim., and S. verticillata L.
Bioresource Technology, 99(16): 7892-7896.

- Mizukami, H. and Ellis, B.E., 1991. Rosmarinic acid

formation and differential expression of tyrosine
aminotransferase isoforms in Anchusa officinalis cell
suspension cultures. Plant Cell Reports, 10(6-7):
321-324.

- Moridi Farimani, M., Miran, M. and Nejad Ebrahimi,

S., 2019. New diterpenoids from the aerial parts of
Salvia reuterana. Iranian Journal of Pharmaceutical
Research, 18(1): 406-411.

- Mozaffarian, V., 2007. A Dictionary of Iranian Plant

Names, Latin-English-Persian.Tehran, Iran, Farhang
Mo’aser, 740p.

- Mutalib, L.Y., 2015. Effect of gowth age period on

biochemical composition of Plantago major plant.
International Journal of Current Research and
Review, 7(19): 6-10.

AMA

lyase gene from Salvia miltiorrhiza and its effect on
hydrophilic phenolic acids levels. Chinese Journal of
Natural Medicines, 7(6): 0449-0457.

- Imtiyaz, M., Omi Laila, M., Abdin, M.Z., Parveen, K.,

Raja, T., Abid Ali, S. and Sharma, G., 2013.
Maximum phenylalanine ammonia lyase (PAL)
enzyme activity at mid stage of growth imparts
highest hypoglycemic property to fenugreek.
Current Trends in Biotechnology and Pharmacy,
7(4): 837-846.

- Ishikura, N., 1976. Seasonal changes in contents of

phenolic compounds and sugar in Rhus, Euonymus
and Acer leaves with special reference to
anthocyanin formation in autumn. The Botanical
Magazine Tokyo, 89(1016): 251-257.

- Jami, S., Esmaeilzadeh Bahabadi, S. and Modarres,

M., 2018. Effect of chitosan on micropropagation,
secondary metabolites content and antioxidant
activity of Salvia leriifolia Benth. Journal of Plant
Research (Iranian Journal of Biology), 31(3):
710-725.

- Jiang, R.W., Lau, K.M., Hon, P.M., Mak, T., Woo,

K.S. and Fung, K.P., 2005. Chemistry and biological
activities of caffeic acid derivatives from Salvia
miltiorrhiza. Current Medicinal Chemistry, 12(2):
237-246.

- Jiang, X., Liu, Y., Li, W., Zhao, L., Meng, F., Wang,

Y., Tan, H., Yang, H., Wei, C., Wan, X., Gao, L.
and Xia, T., 2013. Tissue-specific, development-
dependent phenolic compounds accumulation profile
and gene expression pattern in tea plant (Camellia
Sinensis). PLOS One, 8(4): 1-14.

- Jiao, M., Cao, R., Chen, H., Hao, W. and Dong, J.,

2012. Effects of salicylic acid on synthesis of
rosmarinic acid and related enzymes in the
suspension cultures of Salvia miltiorrhiza. Chinese
Journal of Biotechnology, 28(3): 320-328.

- Kamalizadeh, M., Bihamta, M., Peyghambari, S.A.

and Hadian, J., 2014. Expression of genes involved
in  rosmarinic acid biosynthesis pathway in
dragonhead affected by nanoparticles. Genetics in
the Third Millennium, 12(1): 3428-3437.

- Kamatou, G.P.P., Viljoen, A.M., Gono-Bwalya, A.B.,

van Zyl, R.L., Van Vuuren, S.F., Lourens, A.C. U.,
Baser, K.H.C., Demirci, B., Lindsey, K.L. Van
Staden, J. and Steenkamp, P., 2005. The in vitro
pharmacological activities and a chemical
investigation of three South African Salvia species.
Journal of Ethnopharmacology, 102(3): 382-390.

- Khouei, A.R., Hosseinzadeh, H. and Imanshahidi, M.,

2003. Pathologic evaluation of anti-ischemic effect
of Salvia leriifolia Benth. seed and leaf extracts in
rats after global cerebral ischemia. Iranian Journal of
Basic Medical Sciences, 5(4): 200-205.

- Lavola, A., Julkunen-Tiitto, R., De La Rosa, T.M.,

Lehto, T. and Aphalo, P.J., 2000. Allocation of


https://www.sciencedirect.com/science/journal/16746384

AA

- Sahu, R., Gangopadhyay, M. and Dewanjee, S., 2012.

Elicitor-induced rosmarinic acid accumulation and
secondary metabolism enzyme activities in
Solenostemon  scutellarioides. Acta Physiologiae
Plantarum, 35(5): 1473-1481.

- Scarpati, M.L. and Oriente, G., 1958. Isolation

rosmarinic acid from
La Ricerca Scientifica,

and constitution of
Rosmarinus officinalis.
28(11): 2329-2333.

- Sharma, A., Shahzad, B., Rehman, A., Bhardwaj, R.,

Marco Landi, M. and Zheng, B., 2019. Response of
phenylpropanoid pathway and the role of
polyphenols in plants under abiotic stress.
Molecules, 24(13): 1-22.

- Shokrollahi, S.H., Heshmatii, G.H.A. and Yosefzadeh,

H., 2018. Study the phenolic compounds and
antioxidant activity of the extract lily (Lilium
ledebourii  (Baker) Boiss.). Journal of Fasa
University of Medical Sciences, 8(2): 727-734.

Soltanabad, M.H., Bagherieh-Najjar, M.B. and

Mianabadi, M., 2018. Seasonal variations in
carnosic acid content of rosemary correlates with
anthocyanins and soluble sugars. Journal of

Medicinal Plants and By-products, 2: 163-171.

- Song, J., Ji, Y.Y., Xu, K. and Wang, Z.Z., 2012. An

integrated analysis of the rosmarinic acid-
biosynthetic genes to uncover the regulation of
rosmarinic acid pathway in Salvia miltiorrhiza. Acta
Physiologia Plantarum, 34(4): 1501-1511.

- Song, Z. and Li, X., 2015. Expression profiles of

rosmarinic acid biosynthesis genes in two Salvia
miltiorrhiza lines with differing water-soluble
phenolic contents. Industrial Crops and Products, 71:
24-30.

- Suwa, R., Tajima, H., Gima, S., Uehara, N., Kenta

Watanabe, K., Yabuta, S., Tominaga, J. and
Kawamitsu, Y., 2018. Polyphenol production in
Peucedanum japonicum Thunb. varies with soil type
and growth stage. The Horticulture Journal, 87(3):
382-388.

- Topcu, G., 2006. Bioactive triterpenoids from Salvia

species. Journal of Natural products, 69: 482-487.

- Truong, D.M., Thu, N.T.B. and Nghi, L.T., 2010.

Accumulation and variation of rosmarinic acid
content in Orthosiphon stamineus Benth. based on
phonological stages. Academia Journal of Biology,
32(3): 65-71.

- Vagiri, M., Conner, S., Stewart, D., Andersson, S.C.,

Verrall, S., Johansson, E. and Rumpunen, K., 2015.
Phenolic compounds in black currant (Ribes nigrum
L.) leaves relative to leaf position and harvest date.
Food Chemistry, 172: 135-142.

- Verma, V. and Kasera, P., 2007. Variations in

secondary metabolites in some Arid zone medicinal
plants in relation to season and plant growth. Indian
Journal of Plant Physiology, 12(2): 203-206.

0 ol FF s ol ame 5 ossls LS Slidss aslialegs

- Naghiloo, S., Movafeghi, A., Delazar, A., Nazemiyeh,

H., Asnaashari, S. and Dadpour, M.R., 2012.
Ontogenetic variation of total phenolics and
antioxidant activity in roots, leaves and flowers of
Astragalus compactus Lam. (Fabaceae). Biolmpacts,
2(2): 105-1009.

- Ngo, Y.L. and Chua, L.S., 2018. Anti-diabetic activity

of rosmarinic acid rich fractions from QOrthosiphon
stamineus. Current Enzyme Inhibition, 14(2): 97-
103.

Norouzi, E., Hosseini, B., Maleki, R. and Abdollahi
Mandoulakani, B., 2019. Iron oxide nanoparticle a
novel elicitor to enhancing anticancer flavonoid
production and gene expression in Dracocephalum
kotschyi hairy root cultures. Journal of the Science
of Food and Agriculture, 99(14): 6418-6430.

Ogata, A., Tsuruga, A., Matsuno, M. and Mizukami,
H., 2004. Elicitor-induced rosmarinic  acid
biosynthesis in Lithospermum erythrorhizon cell
suspension cultures: Activities of rosmarinic acid
synthase and the final two cytochrome P450-
catalyzed hydroxylations. Plant Biotechnology,
21(5): 393-396.

Papageorgiou, V., Gardeli, C., Mallouchos, A.,
Papaioannou, M. and Komaitis, M., 2008. Variation
of the chemical profile and antioxidant behavior of
Rosmarinus officinalis L. and Salvia fruticosa Miller
grown in Greece. Journal of Agricultural and Food
Chemistry, 56(16): 7254-7264.

Pasko, P., Barto, H., Zagrodzki, P., Gorinstein, S.,
Fota, M. and Zachwieja, Z., 2009. Anthocyanins,
total polyphenols and antioxidant activity in
amaranth and quinoa seeds and sprouts during their
growth. Food Chemistry, 115(3): 994-998.

Petersen, M., 2013. Rosmarinic acid: new aspects.
Phytochemistry Reviews, 12(1): 207-227.

Pourmorad, F., Hosseinimehr, S.J. and Shahabimajd,
N., 2006. Antioxidant activity, phenol and flavonoid
contents of some selected Iranian medicinal plants.
African Journal of Biotechnology, 5(11): 1142-1145.

Rechinger, K.H., 1996. Flora Iranica. Graz, Austria,
Akademische Druck-und Verlagsanstalt, 234p.

- Reis, E., Batista, M.T. and Canhoto, J.M., 2008. Effect

and analysis of phenolic compounds during somatic
embryogenesis induction in Feijoa sellowiana Berg.
Protoplasma, 232(3-4): 193-202.

Ru, M., An, Y., Wang, K., Peng, L., Li, B., Bai, Z.,
Wang, B. and Liang, Z., 2016. Prunella vulgaris L.
hairy roots: Culture, growth, and elicitation by
ethephon and salicylic acid. Engineering in Life
Sciences, 16(5): 494-502.

- Ru, M., Wang, K., Bai, Z., Peng, L., He, S., Wang, Y.

and Liang, Z., 2017. A tyrosine aminotransferase
involved in rosmarinic acid biosynthesis in Prunella
vulgaris L. Scientific Reports, 7(1): 1-16.



BRPRCNPERRRPE R IRE R AY-

acids in Salvia miltiorrhiza hairy roots. Molecules, - Voght, T., 2010. Phenylpropanoid biosynthesis.
20(1): 309-324. Molecular Plant, 3(1): 2-20.

- Yan, Q., Shi, M., Ng, J. and Wu, J.Y., 2006. Elicitor- - Wam, H.K., Stolter, C. and Nybakken, L., 2017.
induced rosmarinic acid accumulation and secondary Compositional changes in foliage phenolics with
metabolism enzyme activities in Salvia miltiorrhiza plant age, a natural experiment in Boreal forests.
hairy roots. Plant Science, 170(4): 853-858. Journal of Chemical Ecology, 43(9): 920-928.

- Yang, D., Huang, Z., Xing, B., Jin, W,, Yan, X., Guo, - Wang, B.Q., 2010. Salvia miltiorrhiza: Chemical and
Z. and Liang, Z., 2016. Regulation of folic acid on pharmacological review of a medicinal plant.
phenolic acids production in Salvia miltiorrhiza Journal of Medicinal Plants Research, 4(25):
hairy roots. Plant Cell Tissue and Organ Culture, 2813-2820.

127(1): 175-185. - Wang, J., Xu, J., Gong, X., Yang, M., Zhang, C. and

- Zeng, H., Su, S., Xiang, X., Sha, X., Zhu, Z., Wang, Li, M., 2019. Biosynthesis, chemistry, and
Y., Guo, S., Yan, H., Qian, D. and Duan, J., 2017. pharmacology of polyphenols from Chinese Salvia
Comparative analysis of the major chemical species: A review. Molecules, 24(1): 132-155.
constituents in Salvia miltiorrhiza roots, stems, - Weitzel, C. and Petersen, M., 2011. Cloning and
leaves and flowers during different growth periods characterization of rosmarini aid synthase from
by UPLC-TQ-MS/MS and HPLC-ELSD methods. Melissa officinalis L. Phytochemistry, 72: 572-578.
Molecules, 22(5): 1-16. - Wu, W.Y. and Wang, Y.P., 2012. Pharmacological

- Zhang, S., Yan, Y., Wang, B., Liang, Z., Liu, Y., Liu, actions and therapeutic applications of Salvia
F. and Qi, Z., 2014. Selective responses of enzymes miltiorrhiza depside salt and its active components,
in two parallel pathways of rosmarinic acid Acta Pharmacologica Sinica, 33(9): 1119-1130.
biosynthetic pathway to elicitors in Salvia - Xiao, Y., Gao, S., Di, P., Chen, J., Chen, W. and
miltiorrhiza hairy root cultures. Journl of Bioscience Zhang, L., 2009. Methyl jasmonate dramatically
and Bioengineering, 117(5): 645-651. enhances the accumulation of phenolic acids in

- Ziaei, M., Sharifi, M., Behmanesh, M. and Razavi, K., Salvia miltiorrhiza hairy root cultures. Physiologia
2012. Gene expression and activity of phenyl Plantarum, 137(1): 1-9.
alanine amonialyase and essential oil composition of - Xing, B., Yang, D., Guo, W., Liang, Z., Yan, X., Zhu,
Ocimum basilicum L. at different growth stages. Y. and Liu, Y., 2015. Ag® as a more effective

Iranian Journal of Biotechnology, 10(1): 32-39. elicitor for production of tanshinones than phenolic



821 Iranian Journal of Medicinal and Aromatic Plants Research, Vol. 36, No. 5, 2020

Effects of phenology on the activity and gene expression of phenolic acid -biosynthetic
enzymes in Salvia leriifolia Benth.

N. Nematshahi', P. Abrishamchi¥, T. Radjabian® and S.A. Salami*

1- Ph.D. student, Department of Biology, Faculty of Sciences, Ferdowsi University of Mashhad, Mashhad, Iran

2*- Corresponding author, Department of Biology, Faculty of Sciences, Ferdowsi University of Mashhad, Mashhad, Iran
E-mail: abrisham@um.ac.ir

3- Department of Biology, Faculty of Basic Sciences, Shahed University, Tehran, Iran

4- Department of Horticultural Sciences, Faculty of Agriculture and Natural Resources, University of Tehran, Tehran, Iran

Received: March 2020 Revised: July 2020 Accepted: August 2020

Abstract

Salvia leriifolia Benth. is one of the native Iranian medicinal plants which has been received
attention in recent years due to its numerous therapeutic properties. The pharmaceutical
properties of this species have been attributed to the presence of phenolic compounds, especially
phenolic acids. The present study investigated the effect of plant age (phenology) on the gene
expression and activity of phenolic acid-biosynthetic enzymes. Plant seeds were collected from
Torbat-e-Heydariyeh (Khorasan Razavi province, Iran) and planted under greenhouse
conditions. Leaves were sampled at 8-, 16- and 24-leaf stages of the growth period. Total
contents of phenols, flavonoids, and phenolic acids were measured using spectrophotometry,
and the phenolic acid profile was determined by high-performance liquid chromatography
(HPLC). The activities of phenylalanine ammonia-lyase (PAL) and tyrosine aminotransferase
(TAT) were measured by spectrophotometry, and the activity of rosmarinic acid synthase (RAS)
was evaluated by HPLC. The relative expression of the corresponding genes was quantified by
RT-PCR. The results showed that the content of all phenolic compounds and the activities of
TAT and RAS enzymes/genes increased significantly (P<0.05) with increasing plant age. At the
24-leaf stage, the total content of phenols, flavonoids, and phenolic acids were 3.47-, 2.80-, and
7.78-fold of those measured at the 8-leaf stage, respectively. The concentration of rosmarinic
acid and caffeic acid (0.69 and 0.36 mg/g DW at the 8-leaf stage, respectively) increased by
3.41- and 4.05-fold during the vegetative growth, respectively. Lithospermic acid and
salvianolic acids had a smaller share of total phenolic acids (0.01-0.06 mg/g DW at the 8-leaf
stage), and their contents increased 2- to 10-fold with increasing plant age. Also, a strong
positive correlation was observed between plant age and phenolic acid accumulation and
between plant age and the activity and gene expression of TAT and RAS. TAT enzyme might
play the main role in the biosynthesis of rosmarinic acid compared to PAL.

Keywords: Tyrosine aminotransferase, rosmarinic acid, rosmarinic acid synthase, vegetative
growth, phenylalanine ammonia lyase, Salvia leriifolia Benth.



