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Abstract

Background and objectives:

Licorice (Glycyrrhiza glabra) is a perennial plant from the Fabaceae family rich in bioactive
secondary metabolites used to treat many human diseases. Recent advances in plant tissue culture
techniques have shown promising results in improving productivity and allowing the gradual
replacement of whole plant culture as a source of valuable secondary metabolites. Today, various
tissue culture methods are used to increase the performance of secondary metabolites by
strengthening plant defense and stimulating stress response in plant cells with the help of
elicitors. Plant pathogenic fungi produce cellulase, which is used as an elicitor to stimulate the
production of secondary metabolites in plant cell suspension culture conditions. This research
aimed to study the_effect of cellulase enzyme obtained from Aspergillus nigar fungus on the amount
of antioxidant activity (DPPH method) and antioxidant enzyme activity in licorice cell suspension
culture conditions.

Methodology:

Licorice seeds were collected from the Semirom region, Isfahan province, Iran. Seeds were
cultured in the %2 MS medium after disinfection. In order to induce callus, the hypocotyl and
cotyledon were cultured in MMS medium containing growth regulators (2 mg/L BA and 0.5 mg/L
NAA) with 3% sucrose and 0.7% agar. Then 0.5 g of fibrous callus produced under a sterile hood
was transferred to Erlenmeyer flasks containing 50 cc of MMS liquid culture medium containing 2
mg/liter of BA hormone and 0.5 mg/liter of NAA hormone and was placed in a shaker incubator
with a speed of 150 rpm, a temperature of 250C and darkness. On the 19th day after cultivation,
cellulase enzyme with a 200 pg/ml concentration was added to each Erlens under a sterile hood.
Then, harvesting was done at zero-time intervals (control) 24, 48 and 72 hours after adding the
elicitor. Late cultured calli were also considered as a treatment. Statistical analysis was carried
out using a completely randomized design with three replications. Data were collected for DPPH
and all antioxidant enzyme activities such as catalase, superoxide dismutase, polyphenol oxidase,
ascorbate peroxidase and guaiacol peroxidase. A regression analysis was used to determine the
relationship between DPPH and antioxidant enzyme activities at the time interval after adding the
elicitor.

Results:

The effect of cellulase enzyme on all traits except superoxide dismutase was significant (P<0.01).
The activity of antioxidant enzymes and antioxidant activity (DPPH method) within 72 hours of
applying treatment showed the most significant increase compared to the control. Correlation
between traits showed that catalase enzyme had a positive and significant correlation with
polyphenol oxidase and guaiacol peroxidase enzymes. Similarly, the guaiacol peroxidase enzyme
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positively correlated with the polyphenol oxidase enzyme (P<0.01). Antioxidant activity (DPPH
method) also showed a positive and significant correlation with catalase, polyphenol oxidase and
catalase enzymes. The result of simple regression analysis using DPPH and all antioxidant enzyme
activities as dependent variables and the time interval after adding the elicitor as independent
variables showed that all DPPH and all enzyme activities (except superoxide dismutase and
ascorbate peroxidase) had increased by 72 hours after adding the elicitor.

Conclusion:

The use of cellulase enzyme derived from Aspergillus nigar fungus in the conditions of cell
suspension culture increases the antioxidant activity (DPPH method) and the activity of oxidant
enzymes. Therefore, it was concluded that the cellulase enzyme caused cell stress in the conditions
of cell suspension, and this stress caused the stimulation of the plant's defense mechanisms, such as
antioxidant enzymes. A positive and significant correlation was observed between the antioxidant
activity and some antioxidant enzymes, such as polyphenol oxidase and catalase, which indicates
the positive effect of the fungal elicitor in stimulating the production of secondary metabolites and
increasing the potential of inhibiting free radicals in licorice plant cell suspension culture
conditions. The DPPH and all enzyme activities (except superoxide dismutase and Ascorbate
Peroxidase) were increased 72 hours after adding the elicitor.

Keywords: cell response, cellulase, defense mechanisms, reactive oxygen species, stimulus



IS W RSN ey 5.

38 oS (5T Slms 5T b 5 Sl I ST Il 595 2 SYgho (736 sl 5T
(Glycyrrhiza glabra L.) Olacy s (Johw O gamibw g Cuis”

“JJ.L»& eJoL.u E) e?:\_géd.” m

Q‘J“ ‘J;\) ‘J.‘vb A\i&ﬁ‘é ‘65)3\.&5 suSzsls ‘d})}&}u 9 u\.oL:; C)\vﬂ‘ °3J§ x)\g'éb.w‘ bJ_’:.«u-é LRty —#y

Maryam.allahdou@uoz.ac.ir :&:J,J.:Sllcwg__

ol s by o\&ails (65 5LaS 0uSitils a2 ars i)l ol )8 (gime — Y

HE VPR W

b ol Gl &S el xan I 456 e sl 51l L Fabaceae ool 5l 5l e v.a:\,f {Glycirrhiza glabra L.) ;lscp e
5 olS t\ié Wl 456 cbadplbe uwsn (il Gl cal s Gl b s, 5l o el s ga e eslind Ll gy 1 aems
Sl Ve 5 w0 M SV she (LS (lisslen Glag B st e ool b i) WS 4 2L Slad s 3 el il S
wl ) aios a5l Gan s eslizal LS b o gl s 28 Tl 2 55 456 G sl Wy S sl S Ol 4
S Ll s Glaedl sl bl el 5 OPPH 25,) Gl 51 el o5 Aspergilus nigerz 6 5l solcwss 5Y
el Bl e J sk &gl g

L is, 5305

(A W sk 4 iz ools CtS MS 112 Lame 4 5 Gisie s S5l g bsdy ot sl pan olgiol land oo aiaie 5l olacn ot 5
Y SBTS Iy 5,8 L INAA & s 0 8 e w5 5 BA 53 p 8 e 53) as, slaS b sl MMS L 3 05l S 5 JoisSsmn
¢ S e 55 $5>- MMS el ot b e 00 ol ol a4 Joad aon 5 52 ead A5 g IS P8 e Has wxalS Ao
5o Sl am s YO las caiids 55 593 N0+ e b1 Ko 550 5o 5 Jise NAA 5058 1 5 p 8 e o5 3 BA g0, 1l o
Sl ol o 5 0 bl 51 Sp 4 i e 2 rjfﬁjg-"-" Yoo chle LYk pﬂjﬂ S Sl e o B35 5 595 53 AL e3ls Ll b
ol a5 e cetSly o Gl oz ol sl 63553 51 ey ce e VY 5 FA Y (aala) Jao Sl Jolsd 5o il 4 e i3 S
S sl 5T e s ol g 350 Dl 2 il ST e b ol WelS b 0 4 0T a0 s a8 5 s s
b o Lalss e Sl Sas OPPH (25)) Slamdl 5l cdle 5 5landly JSUE 5 5lardl 5k b sass a0l 5 e YIS
2ozl 0353 el VY 5 A XY io Sl Jolss e ales e sl 5 0 solined (Saean 4525 5l b5l el 5 e s
38 oslizal e S5 4525 5l e om 5l sl

)l 5 el 5T sl T el 5 s gne a0 S Jlas mlan 53 56 sess S e st Slio ol SV ske 5T )
Sacad 4S5l s Slio e Saed 4525 il ale 4 Cond 1) (Rl op i Gles 5l e cell VY L3 (DPPH 55,) Sl
o sine 5 atn Sl S w51 L 5l JsSUE 5T e (Sian 5 5] JSUE 5 5lardl J b sl 3T L 5YB 5T o

5 e dlaly g S5 45 @l ol pLas Sl 5 5 SV 6\%}% b | ol inn 5 Cute Stamed 35 lawnl sl cdlas sy


mailto:Maryam.allahdou@uoz.ac.ir
mailto:Maryam.allahdou@uoz.ac.ir

Y& n)ux\,\L?;,\,.\s\i;”@sféugfcwu&@ow@k%z

ol Gl sl el 5 Glagmsly Sl Sl 5 56 sams 2] s 52) g5 Sl gl 005531 Sls Jolss 613 e
sl

S oS s

Sl el 5 sl T el Gl 3l el Johe & el s i8S Ll 2 55 Aspergilus niger =56 51 e 5Y ke o 5T 5l aslisd
S sl 5 ol 5 35 Joke (25 bl Esl Jle il s S Il 5o 5Y ke 5T ) sat pluc et 55 Sl s
s 5 (DPPH 255) Sl sl b solssine 5 St (Stan 1335 oo Sl il sl 31 a5le ol ol o, 1550
5 a5l sbedabe Wy Ko s b ele e ol samaplas a5 ws sanlan VUL 5 Slansl s L wsle Slaes) sl slw 50
0393 L3 Jolsh o Slsgne bt alals 4 a5 b ol Glacn et b 0 gl s et al 2 5 3T )5 e e b 2 3

o ol cele VY ley s SlanSl sl s 5 (GlasSly SlosSal 5 56 samns deaS) s 520) el sl g

S e 052183 515 ol ¢ 5] sl S Y sl b el sslS slaes

400 1l sobay a8 cd Sl Yoo 51 iy olacn e
5 olS ol g oolil i g Gols S olse
ST V| VR Vo V| B Ve S LGN | L S A N P
s) oS s sl gl ALl ey s
Shetty ) wsl s 5o 351 b Ssl; Sl 5 Slans) sl
et al., 2002
oS5 AW s S S S nrelS
5038 Saie Iy oo et Al cped p—ab &Sl
Syl 5 oas Ko sbazy; 51 golaxl ) sba
5 S sblan 0lss 5o s sdel Censny placn
S P O DTS AU LIS g e v 31 |
A oS en et Ko olsiea 5wl a5l S s
Jaiswal et ) 5,15 Slex C.L.N 2 oYL el gdae
Lo 5 bl i b s ol 3\ Jal., 2017
slass 5 e sboisie w8 ol Gl
Baba & Shigeta, sso . eolaca! (peptic) Sy
b s ol o) (1993; Lentihet & Nigren, 1997)
5 osey M, awle sl Gl s e e
Blumenthal et al., ) s)ls 5,8 5 Gl

sdne 05 ol plye 4 o) e b s (2000

dodio

dloas LS (Glycirrhiza glabra L.) gloep et
J 45U clacd sl 51 5L o [Fabaceae ol g 3l
bl 5l s b pls Gl Sl s
aleon s (Wang et al., 2013) sss g ool gl
Sl a0y 53 s s sl mae LS
oo 3 m lend b Ll s 51l al o)l 0l
ooy Jeds Sas ax YO LY. Ll i o e o
‘w-er&\ S, 5iS 53 s C}L“ BRI\ WG EIE
Db caiS A4S 5 5 ol Wl Wl sl 5 S5k
YU PSRV W R I
53 42 81 (Mirhaidar, 1993) s,2 0 <ol Slsl 5 4
L8 s cas ol oS S ol 4 b 58 5 o)k
PRSI RS PRI GA W IS NS T PRRpE g
Shl s olgiol asbe o) 2l S50 sblie gol 5l o2m
5t Porma 05 53535 £l 3 3 dile S ol
dgaem 558 53 iliza gl GLS S 5 cb - g
52l Sl i e ) 514 ol JLSa ln £F
s LS Slislo e VL &S Je s ol

(Ghahraman, 1999) el slocp wi oS 4 by e



I I W RPN L

a.,\HSf,J@ 5 0o S Wgain, &S sl plas wps si skl
4 BAP 5 ) 53 0 S e o8 0lie 424D 0z, b
L S N g R R S SRVAC B
bz,6 5l esliw.l (Abbaszadeh et al., 2022) ..,
il 51 0S5l (ol 3 L JSIT 55 3500 51
Christen et al.,1991; ) ¢l sui 2,08 144+ ans
zo 9 S b g slag b .(Strobel et al., 1992
Looss Sus s o 5l e o Jilas oS s Lo
Gl 4 5 G ol 85 5wzl Ll blS
5 La gl (Abdel-Azeem et al.,2019) wS o 55l
S 2Ses 5y @b 5l a0 s A ba S aes
o ) o 28 Ol olS me s 50 ol 5 s S
Sl i s 4 e (Kaul et al 2014 ) oS
Olee a4 4l bcdabe fas U JWs slse e o
(Boller et al., 1995) & s oo o2kl gz

M5 ¥k ( 2S hlen slag,l Sl sl S
5,4 sl sl (Carpita & Gibeaut, 1993) .S .
K olsie 4 g e SVl &S s 1,18 VAAA Dl
(Threlfall & Whitehead, 1988; .5 Jos gl
Sheas las 5Y sl & Whitehead et al., 1988)
W53 o Joke S+ el Rhizoctonia solani b
s oz (Arabidopsis thaliana) s sasl,! 5 Sl
248 (ROS) 55081 Jlb 5o 5 pars ccal oDl
S sladshe sl e 5 CO pazs o G
S Vsl b goeell ws S W, s cusS
ol b 6l o g«e.)ﬂ Cllad 5 edg ) st
(Yananetal., 2015) s 5 5,50

(ROS) Jlb ¢y508) bt 5 3lcSy o0 ) 3
L (H202) 5054 aeas) 5 (02 7) aeuS) o alos |
DNA ¢ oSl 3 b 51 el o Sas ROS a8 . Ul

Sl sl s sadhe s Jok

! Elicitation

Yey

wizean (Lietal, 2011) 55 oslizal & s
Ot S a4z, L K8 & el sas ol
A odne 5o pal8lans 5 s i SRl s
Jhsl @b cnl 51 sane o5 4o Cwols 2|38
bl S el saz oyl (Colalto, 2010) .S
Sl S oWl Ll 5 olS sl
a dily 03l dm b ssme slaons 5 oled) (K5
(Wang etal., 1995) el oy 5 wecdS

(2 il eSS (b s sl s
5 ool Ol oo de Sl ) S lanl
facas olse a1y ol XS cuaS s gwi\# ol
SIS YO R N SN[V ST DRI NG P
s Ses mll ol csl caS Gl b g,
Soms 5 oS gy cugis b Sl 4l e sl
bsmedl S L S bdsle 5o eyl @\4
(Chattopadhyay et al, 2002) s, . oolizl
Jol ity S o e At de 4 1) )
ot gnie S sSge Ygams oS 0350 s S0 s
5 A0 S | 4l e plie oS dies Oy S )
0os bl OlS s sy S e, Bl L els
S ] U’G)G 5 bt Joke laolss 5 ('5 PEUS
ysle anil Ll 5le st 5L s (05 A2aed
e gt olpe 5 S Ol S i
sl a8 aiabioe 13000 Sl stdd] o At 5 s
sbolosely olse 4 Jobe S50 5o 5w Sl
Fuetal,) olswls oo wile ss o ady 450
.(1999

# s B aa, oS by Waen,
4l lcdplie 5 23w e o) 2 b s
A sbeble s S8l sl 5355l 5,138 e sl
FERN S WO WPVt S P R S R
3 L S e, el VL lags e Sl 85
208 aat 5 45085, S .(Allahdou et al., 2019) c.usls
oS 2SS ol ey 2 @Lf ey sl



YFYy

REFPFIVSE

oslls Wl

Yo oS lama 55 03,8 di, sl sS 5 S8 Ses
MMS S Loms 5 5 o Sz sS Olalss 4 MS
w3 BA &) e Sde V) an, glaeans by ool
aoss IV 5 58l aoss YL INAA &) o 5 ke
DU I N P W P FORU | COR IR T S L1 |
ﬁ)x&éﬁjﬁﬁakduw«iﬂwﬂﬁﬂﬁbﬁ
A bl s Gl 5o coaSly HLS aids 4

el b Lo s sk (genilinsns

392 5 0% e My b S S sl
el caaS b w00 Gyme glag))) 4
e v 3 BA G55 2 e S ke Y o5 MMS
DFWS) s 5 eas Jae NAA (50,58 1 pf
Sl 4253 YO (gles 5 aids 53 553 V00 L b b S
atS 31 e w355 a5 5o ool 1B SLb I8
25 0% A e » r;wgﬁ-‘ Yoo chle LY p%.J.:'T
& 5 )ss Bkige 5 Lol aod)) 51 S n 4 ool 358
S Jols 5o e s Jame b St 5L S
o35S Lol 3l s cele VY 5 FA WYY (bals) io
35 25 03 &S Do cp A pladl sl o st
s e ool o o 31 ok omilage ol
Sob s Jaed ke OF b peaes ) ae sk
b ooz cuSly s e JS L sl on 5 4 515 clis
RS RV S U] ool

O KVONCL N P EINEH REWIELIPIRCISINY

- YA L 5l oslas 2l Ko 00 YUK o 55T
Feo s (PH=Y) Yo Voo ke Olid 3L 2
V¥ oo dob 5o s b 50 081, 2l S
03909 Sl Bl G BB Y Sae 4 sl
VO PP A VI A K S 13184

b ol s solatal sals W Glae 4 5e,A

n)ux\,\L?;,\,.\s\i;”@:féugfcwl}&pjow@k%z

5 SVOU SN { N L PR C PRV | SRRt PR FE8
w3l ol ol 2l sl ROS sl | 03 8 3500 s
Jes SOD S o Jar sailoed] 2 5 plis 5 s
O5eS) 5 (H202) (55508 2S5 4 (02 7) aps) s om
483 GPX 5 CAT & o s S e 5L 1, (O2)
Alietal, ) wS o 4525 5S35 Ol 4 ) 55,0
u‘“’\j slad s 5o \-‘*pe.}T ool el J S S5 (2006
b Ny Bl plhedsn 5 SSdem cbedls
b o2 Al s ) sl s Sas 5 oy
ol o el S S8 Je S s csS
5o a8 3Vske w5 26 gl LB oo
sl cdld 5, L (Aspergilus niger -
JSLE U ey anS) s SYLBE w5l & aeS) g5l
ot NSy Sl 5 5ol S Sl
53 s BT GLdSesls sl ) b s
ol 53 s as S Sl ke sl se ciS
Aspergilus =, 5l eas 4 3, 256 sl e b
caS o ol bl Some plae 4 niger

A 503 olacn &

9y g Slge
SS9y Al

ot oleao! el o e aibie 51 ol e L4

55 AiE3 VO S 2ol ke 4 e 5 )
b ag e a5 4 8515 00,5 00 S il g ]
2 seisdd skl 4 as el saxes fo gel s
cble) aoss ¥ A VI LVt 1N T RSV
Load e a5 oolia] 4ids VO Oue 4 (a0 4 S
S calg 5 s ad el pies ol i O
sk w8 Gsieas aoys Ve UL aads S
5o S cuS B MS S b 53 ond Jake A
Vo5 Ol 3 el aelS ap sk o
ad e Cxe 4 SO cele Ve 5 Gl el



I I W RPN L

(Klapp et al., 1990

NES PN EOREN g W 5 (GO e
Voo ey Olid 3L e 5l oslas 25 S 0 sl
oo OV¥se e WY s (PH=V) Y e e
Vo (Nitro-blue tetrazolium chloride) | JS » 5d55 5
S /N sl S s el o5 bl Ve 5 S
RZICRPNRE VPRI IS AT WA SO PSS Pe
wali G505 olyte 4 5 sl oolae 5l sk 4 ol aen
Ky 5 eyl oslae Jols 2Sly Jpboe a5 g
Aeals 53 aESs Ve O 4 s WY 5 wals
Shoelaad b 28y sladshe s ol 3l aw
s 51 S eilss gl OF . 5o e sy Sl
(SO wals olgie 4 5 oaionls H) 3 55 L2l cou la
Olme SUgemnd Sl 5u p-.’.jT el aaly S s
58 Sop Sl 5l ao,5 00 b Wl e &S Sl g 5

Cde Ml Gl a8 oS 1S sdssl s
S5 bl Llee Sy sl 05 5wl 5 wse
a3 s 5 WS esdails S
SNl
sps el 5 oSl s gyl asly wods
(p S ) IS s a3 w3l asly ey 5
.(Giannopolities & Ries, 1977) s aclne

ool sl e dgad 5o a5 se 5L e

2, 2-diphenyl-) DPPH 25, 4 slaws| o cles
(1-picrylhydrazyl

S 0 4 biagad Jolie o)lae 5 ) Joo o/
38 wlol Ve L /) DPPH  Jslke Jgow

00 458y Ve Soed 5 edd sy o8 a4 bdse
Y Gl e Sl IS Gl sles 5 S
S Sk e D 5 aoss A Syl 2 b
5 b ol a3 5 ag wals &5 olse 4 DPPH

OV e Jsb 5 e sidy Sl 51 oolial b anls 4505
(aalz) SN olsie 4 aoss A Jglie oz 315 el

Y&y

MM-1em- & sals (oo 5l eslizad L 5VGE 5
S5 e YLK ez b (s NIFASYAR!
.(Beers & Sizer, 1952) s aclowe o ,lae

sslas 3l s S 00 DlanSly JSLE sl
N deo Vool Slans 3 ,-;Jdu \Z
Veo o )\J,wu VA JSLE dy See Ve (pH=V)
L b o as blss 55,00 Sl s S
DomeldenSl iy e gy S oy 1 eslind
I3 sl TV se Jsb s dids ¥ e 4 JSLE
xs wﬁ}'T oolas ooh Sl Jolow sals L5 0
sdmsplis laes), JsSLE p—.'.}T el 5l asly S
Jsos S Sy 00,5 a8l sl &S el i3 ol
Fielding & Hall, ) azl . 3L aads K Lo JSLE
(1978

slas 2y S 00 ST, ol Sl p—;;JT
e b Voo omly Slis 3L e YA L 5
A S Yoo s Ve de 0 olySul (pH=Y)

O3 U8y Jsbme 0 S bolse o5a,0e sl
=3Il g (SOO) wsls waes olyie 4 eyl oslas
el sy Sl Sl slizad & 51 ) el 6,8
Gl S el a5l gl samsplas of el 5l asly
S aids K s ol Sl s See S 005 aS)
Yoshimura et al., 2000) ax\, .
elam s alesl Ay sl Sl J L 5]
PRI P B - U e, SV g
Nandoe Vool Sland 3L 2 e YO S
-/+Y (pyrogallol) P&, . s See Yo 5 (pH=V)
:\qu.';;\.ﬂ e ¥eoa bAdd gl
ol olas iy S Ve g n a ol 5 e e
33 e Ol ke gy 1Sl Sl eolatad b Lays § Lo
e ad enlsh 488 ¥ s 4 el Y e Job
Yo e Jsb oo i Ol 5l eslinad b o 5T el

JaNOVItz-) as cud s 2 S e 0 ks Lo jmesil

b ooas Lol LY,


https://www.google.com/search?sca_esv=584366068&sxsrf=AM9HkKlhDPJqlnXjA_TXzVM6_9RT2kjJ8Q:1700596021929&q=pyrogallol+formula&sa=X&ved=2ahUKEwj0kKzu7dWCAxUb4AIHHQ0SB_YQ7xYoAHoECAoQAg

Y70

e 53 sk sl b samsgla 8 (1 Jsas)
S sl ol 5 5 Sl sl a5l s
S sl 4l sl Jobe S Ll s s sl
Lol Bl cp mie Sleas ) am el VY 5 Sl
Cele YF L 5laSly JSUE 5l aS,sba canals
V/EY Sl Sl am cel FA 5o Ll VY Sl 5l ae
S s s s VBV Sl 5l am cell VY s il
la Ll 4 el Bl VPO sl xSty s sl
YF GheSl, ol Sl @.}T o ol plas )l
cele FA 5o il V00 el LSl 5l s cel
VANE s ) s cell VY ol /A Sl ) s
4 s g VN sz STy s s W IS s 5
YE 55 Sl s sl ol plas (5l aals s
Oles 5l am cel FA s )l < /AY Sl 5l am cell
oS 53 5 VA0 [l 5l s cell VY sl V0N
e Dl 4 el VY san oSy s Gl
Sles ) am cele YF 5o VB 5T ol plas il )
VY s 00+ Llag ) am cele FA s il VANY
sd STy s b S a5 Y/YY Sl 5l am el
el ls pla Gl aals Sleg 4 Cumd ) YS
Sl YY o (ol sme e 525 b U e aS] 5
/A0 Sl 5 am sl YA 5o iy VoY Sl 5l as
S 53 s e V0 Sl Sl ae csll VY s ),
wle sl 4 caws )l /AYE sas ciSly s b
(DPPH 55, &) glamdl sl cdls sl plas )5l
wils olas (ol dme S s 2 500 Slasles o 8
FA sl VYA S 5l aw cell YE s &S, 5ba
las 5l dm cell VY o )l 5 V07 s 5l ae cele
V/ES s ead ctSly s IS s 5 il Y/YY
ol 5o ol ples all sele Sl 4 s ),
ale a4 cwns | Gl o i cell VY Sl olas

Sl ol (LB gyl o)

n)ux\,\L?;,\,.\s\i;”@:féugfcwl}&pjow@k%z

L W o5 (Inhibition%) S ka3l ao s s S ealie
(Ang etal., 2015) si 4wl 5 Jge 5l ealand]

Ac—-As
X

100Inhibition% =

Glases 4 by Cdr sas i 4 AC 5 As

Al 4 ged g 6::4“&)'\

oals Judos s & 2

Dlas 0 Jols s cpl 5o s 200 sla)les
6Ll 5o Joe culs y eas cuasly s gl W S
VY 5 FA LYY daals) ao ol Jolsd 5o sl 03 S
oA &JL@/)AA\SCJL C_'))}é A.:)‘Jga Aw S ‘CA-C-Lw
Ao )|J~5\rj' 5o asls (uilsly 4 31 8 s
oo ol sl b ogae JL s L 5IMinitab Verl8
Il sl 51 e s X5 8 s O e Gl S5l S
Ml ey 03 Sl B 3 e blas sesls sy
g‘g“\*‘ s i oy}T 5 ©lio a8 Lully 45 e
Syl r\.?u" N Cla.w 00 oSS glasls as
5 (DPPH (25)) slansl sl cls o Laly) s
Slp s Stead 4525 5] Gl sl sl 5] el
5)‘.«\4\ cele VY s YA LYY u"L‘J J.a\)s o hb) S
A ealiml g S5 4 ) @.}T sbodbs oS8
V¥ 455 SAS 1l 5l besls bl wms Gl
ol anslie ls g s slp s (SAS 2010)
A oolial YV ass Excel 3l 5 5l olas

oy 3l cdled (1. Sloo dugliio g uilylg 43520

on ool o gl olas (Ll 4 mW
e il 4 b5l alS el sl Sl Jols
So bgme dony K Jlaasd CL.H 53 5l sews wS)



I I W RPN L

\td4

Ol O sl o S8 5 ST g 5T el SV 5T ST bty a0 N Jsae
Table 1. Results of variance analysis of the effect of cellulase enzyme on the activity of oxidant enzymes in
licorice suspension culture

Sources df

Guaiacol Ascorbate Poly phenol Catalase Super Oxide Antioxidant Activity
peroxidase Peroxidase Oxidase Dismutase DPPH method
Treatment 4 68.366™ 296.096™ 13.89™ 93.47™ 0.9467"™ 699.392""
Error 10 23.795 33.016 5.629 0.0214 19.93
(%)C.V - 19.835 8.97 20.22 15.095 7.95 8.97
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Figure 1. Comparison of the average amount of antioxidant enzyme activity and antioxidant activity (oy DPPH method)
in licorice cell suspension culture (Glycyrrhiza glabra) at different times after treatment with (control, 24, 48, 72 hours

after treatment with cellulase elicitor and late grown callus).
Error bars are standard errors. Different letters above bars show a significant difference based on the Duncan test; (P < 0.01).
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Table 2. Correlation between antioxidant enzymes activity and antioxidant activity (DPPH method) in licorice cell
culture under cellulase treatment

Enzymes Guaiacol peroxidase  Ascorbate Peroxidase  Poly phenol Oxidase Catalase  Super Oxid Dismutase
Ascorbate Peroxidase -0.08

Polyphenol Oxidase 0.79" -0.03

Catalase 0.87" 0.31 0.89™

Super Oxid Dismutase -0.65 0.21 -0.07 -0.29

Antioxidant Activity 0.59 0.27 0.84™" 0.83"" 0.20

** significant at the 1% level,
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Table 3. Linear regression between times of adding the elicitor (cellulose) as independent variable (X) antioxidant
enzymes activity and antioxidant activity (DPPH method) in licorice cell culture as dependent variable (Y)

Enzymes Constant b value Regression Coefficient of
equation determination (R?)
Guaiacol peroxidase 0.137 0.033** Y=0.137+0.033X 0.79
Ascorbate Peroxidase 0.586 0.022ns Y =0.586+0.022X 0.12
Poly phenol Oxidase 0.040 0.009* Y=0.040+0.009X 0.56
Catalase 0.048 0.034** Y=0.048+0.034X 0.88
Super Oxid Dismutase -0.049 1.988ns Y=-0.049+1.988X 0.20
Antioxidant Activity 28.50 6.860* Y=28.50+6.860X 0.56

el Dl e 70 5 7N sl o 53 s 5 4 oo S5l FE g F
*, ** regression coefficients are significant at the 5 and 1% probability levels, respectively.

wile Gl 5] 5T 5 dilise Johe slaaliio
055658 (CAT) 5V (APX) 5lasl, ol Sl
36 e 4l 5w 5 (POD) lasesl , (GR) 5L,
oslinal Jole o5 slagtane 35 J I, (SOD)
cleb i ol s (Martinez et al., 2016) oS .
5 Sl SlsSal GYLLE Sl Jo b pe.jj

b KL LS el b b s

Jled 6\-‘“355 e S a8 e S o Ssle
OH-) JouSs 0 ol sl Jele (ROS) ¢ 5]
O02) sl e \ass] 5 (H202) 555508 4051 5
ROS ) s 31 G 2alS 5 gkaie 4y dms o il 5311



Y54

WS oS o ol B b JsSUs
S5 (2 uis pai> s (Scandalios, 2005)
A e 3 A a4 &S Al 8 Wl el o S
o) o (Samar et al., 2011) ax SOD e 2ol 53l
sxe o 35w b 5Usaes 28] pe w5l 8 G
srmedl b Sl Sl am cell VY s bl e Ul
ol Sl e e eols ol Jmll ele Sl 4 oo
) ol o eas cusSly o o e J s sl S
S I s ol plas jmals sels Sl 4 Cod )
SlsSel Glawd, JSLE b Ll Ll
boles i Do Slaest J s YU plasl,
ol cb ool sl plas Ll sele 4 e
L;\J.w o u\.uu..j.w PLY :)\a QT )'\ w&.a. s
LossT ol a3 @b ) ke sl e
)}.MJ‘ ‘h.uj.v IS ..)tqu\ u.hl.v B 8L ROS )L@.A s
4 K50 SOD el ) 755 5 S dalys ale )6
Gtz bty 5 SOD byl 38 15 s
22l Jode (oS 5 Cwdy S o)
03 S K Jsb s (Soundararajan et al., 2017)
U»LS 3Ly std) 395 Lo st O e 5 ki o
APX , POD CAT cdbs &, alee 8 S
2l 2y glaos (Elkahoui et al., 2005) s sanlis
ol Sl s 1, B3 sl POX 5 CAT
Sl (Mittler, 2002) sisls 53 Gas el
LV S RN O KVOUK | ] R VOGN | W
owes ((Rehman et al., 2017) sls )3l Ky alS
cdld bl el Ol sl &S cul sas 3l
A sba S Ll s Gl el sl sl 5l
S5 soba bl L (Ahmad et al., 2017) 5i
D U O R KVOUC J] B NI B
(Asthir et al., 2012) wloois
boles it Lo Sl JSLE w3l cJle
oS s el VY [ls s Sousba ol plas o) 5l

ool glas |y Gaal 3l e ey sas caSly s b

n)ux\,\L?;,\,.\s\i;”@:féugfcwl}&pjow@k%z

JYPCI0W| VI DG B OHRCIVA U 2 ST VO S PR L
SV bl 5 wals L mlpl riy 26
PSP O VO S R W E S V| JRCH I o
coenbl sl plas cdle el sl 5o sas sty o
S CR -S| IR P Vo N WA IO | GO
Up—.'.ﬂ Gl 02 S I 5 e S S e ) Jole el
st cuiSly s e 5o kleaz ROS zalS (o
9 GQJSJ-Q-; gSJ.?LA ;i: Q“,.Z.F A ‘5".:\.52 .)“}A .)jmsju
D] 3,58 il sais oS Gc\s.sw&ﬁw
s gbs 5 ROS wls o aad BVl o 206
P NP P R VO S PV R KWK |
st sl sbodabe g i3l 5 Joke (ol
s gy oo S Jes L H0; .(Zhao et al., 2005)
My heSlal ml b Sole 5, KUK
Ramos-Valdivia et al., ) sls )l |, Slgs
G5 s o ped] 5 adlae ol s ol (2012
o 0SSl s G WS s gl slse 5 snS
4 e odd 3ol ke ol 5 oas 2l ey sl
T PP LV EYCN PHERW e
e sl s els ba sl &1, L SOD
(Ali et al,. 2006 ) wS . US|, adsl 2815 ROS
&Sl glas (Yo F) oL\ 5 Martinez  _id>s o
SOD lacdle [l 3l cel pw) b sl s
0 el ool gl s o POX 5 APX CAT
S 05 (g o) 206 gl K Gaiss o)
e Gl Bl g e sl boali.
GUP 5 APX CAT (bsime pas 3525 L) SOD
5 9 oS mls 1St SLCC PSR IO PR
GU@.}T Cllad 3,00 5 tew) E 5 ) L sied|
2l @\AMMS\GJ

che S G s SOD wosllasl Ll o
oSl 5 H2O 4 1, HO2 (POX 5 GR (CAT APX)



I I W RPN L

Az 2l St Jsbe ol ciS bl 2
5 5l J Gl sT 5 Gl sl b oy 4zl
ol 48 s sanlin Lo e 5 oo Siwas 55 VG
My S 50 26 el cue f'\-' BB
Sk il g S Bl s 4yl e sl
L S R P P S VN - g
Johe 5 0 K0 Jhe 20 G, 50 el
wile Gl sl cdls 5l 4 plasl o el
R P R R SN E1C S W It PP PO
Ceols 5 asls 3l 1 o] Ul e cu b
o A cw\a 5 a5l cbed ple Wy @‘M@T
Al e ol
G iS5 450 cbedple e o mess
sl 2Bl asle alise oo, 586 4 Sa LIS
038 Blal ploy il 5,50 w05 S bme o
03 a8 bame &S Sby Sae 5 oS b 4 el
(Svanandhan et al., 3,15 5,8 s L3 sl o e
S Gdss ol 55 . 2012; Svanandhan et al., 2013)
e s 4 sl 35 13 2 e o ol e
5 eIl Gbsl ol s JEes s b
PV R VR U N G KV = JYCIN | P
s azhy Slao cul o) 4 ol s 5 o8 S el VY
Sbmsl s Slaedlml e mlpl e
95 95 i) 03,5 Bl oy as e sl
Sl VY by S 565 () ad e 0LL) 2oy
Corse oS oad olS sl LWl S o

Psde 450 s sl a5l

S 25 doxpid
k3l B 5w 8 Vs 5T S
Sl Ggmmiln g S Lyl o 5 (Aspergilus nigar)
byl cde s gladlsl el Bl e
JSUE 5 sans Sl g YLK asle Slagas] o
Cele VY Dlas 5o 5 ead Slasl s L5 slasl,

Yv.

oSS s, S s SIS 5 s ol s b gills
ol case SLb s Cnidium officinale sla
A & s VB 5 5las)y JSUE 5T b
33 (2] 55 5 dhe 55) Gldss (B 3 &S
w3l el mlsl (Al et al., 2019) el s
53 L H202 3L Chw ol San 5laeS) JsSLE
ey ol rﬁ‘v\ﬂ SLb Ll s e S as, bl
SGPX &858 i cumly ol U1y ol ol e mtmean
ORB oan) o o @\J.».—--S‘gﬂ d\-“p-.t}T 2l
S cwl S5 gLl (Manivannan et al., 2015) .l
Jobo sas 0L, S 5l slansl, JSLE fve.jj
o) 52 (Chen et al., 2004 ) .S .« o Sols LS
225) bl aes 5o oS Ll o 4 a5 U s G
ST a3 Lol (S 53 Lol &S
e 1 VB 5 5l s J5SLE o554 Slared] 5]
Ldske o sad sl (25 5 2l sl L5 4
23 3soded Sy wdy (Rl 4 e a8 ol o
alie 5 oas sl i 4 cw\é 03 ol eas b s
ot dshe Do Slas] s sla g 3] clw ROS \
AL
IS s ey s S s SlaS sl ceols
sed sl L Cnidium officinale ssle SblS sl
2l ot Saaar adsM 5 bl asl 450
55 Geis ol s alie Hsba J(Adil et al., 2018)
(Y14 obas 5 Adil ¢ K5 ais 55 .o eanli
SIS s a5l el e &S wals ol
530S i, b 51 S SOk s e S as,
5 0 OS5 ol a8 ol e &S sy 55 Lal
b s (SOU 53 e S a5 a8 s
P N U KV =L RN | PR SO S R
VY Dles o s sl plas (alpl sals Sles 4 cud
Ol ooyl s sde; 35: Slade Slas 4 el
Sl 2l b b g 48 58 bl ooin
2 a5l bedple g K 4zt Slas] sl



YV

— Adil, M., Ren, X., & Ryong Jeong, B. 2019.
Light elicited growth, antioxidant enzymes
activities and production of medicinal
compounds in callus culture of Cnidium
officinale Makino. Journal of Photochemistry &
Photobiology, B: Biology. 196: 1-7.
https://doi.org/10.1016/j.jphotobiol.2019.05.00
6.

— Adil, M., Ren, X., Kang, D.l.,, & Jeong, B.R.
2018. Effect of explant type and plant growth
regulators on callus induction, growth and
secondary metabolites production in Cnidium
officinale Makino. Molecular Biology Reports.
45 (3): 1919-1927.
https://doi.org/10.1007/s11033-018-4340-3.

— Ahmad, Z., Shahzad, A., & Sharma, S. 2018.
Enhanced multiplication and improved ex vitro
acclimatization of Decalepis arayalpathra.
Biologia Plantarum. 1: 1-10.
https://doi.org/10.1007/s10535-017-0746-3.

— Ali, M.B,, Yu, KW, Hahn, E.J., & 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 (6): 613-620.
https://doi.org/10.1007/s00299-005-0065-6.

— Ali, MB., Yu, KW., Hahn, EJ., & Paek, KY.
2006. Methyl jasmonate and salicylic acid
induces ginsenosides accumulation, enzymatic
and non-enzymatic antioxidant in suspension
culture Panax ginseng roots in bioreactors.
Plant Cell Report. 25 (6): 613-620.
https://doi.org/10.1007/s00299-005-0065-6.

— Allahdou, M., Omidi, M., Bihamta, M.R.,
Abbasi, A.R., & Fakheri, B.A. 2019. Study of
the effect of different antioxidants in reducing
the browning of callus and its biomass
production in two species of licorice. Iranian
Journal of Rangelands and Forests Plant
Breeding and Genetic Research. 27(1): 120-
131. (in persian).

— Asthir, B., Koundal, A., & Bains, N.S. 2012.
Putrescine modulates antioxidant defense
response in wheat under high temperature
stress. Biologia Plantarum. 56: 757-761.
https://doi.org/10.1007/s10535-012-0209-1.

— Baba, M. and Shigeta, S. 1993. Antiviral
activity glycyrrhizin against varicella zoster

n)ux\A,.;,\,.\s\i;”@:fmkjcwl}&pjow@k%z

e onlaly b plas sale Jlas a4 cus 1) Hlade o i
P O O WP 1 O S I RO A P
sl Ko o8 o 85 nl 5 el Sk S5 o
CIUM IR KV = Y PO R PR K SR
Ll pam 5 Glaslsl e o wdl

Stad YUK, St s L asle slas] s
Cte J.;;\J sddsplal 4 an saslie Hb gae 5 ot
5 4l cbedale s K 50 (206 sl
SN R PN (WP PR PROR SN
o oelsl el e ol oS Joke ¢ seaslin sue
Aspergilus ) sk el goB Ol eas b S 5 N5k
s ,8sl &j’u 2% Lseedl K olsie 4 Migar
w31 3 s Sl el il gk 5l el
535 3% sl 03331 23 8 aul oSl T s
e v el VY by a5 caS e
wpl Sl ol I3l s sl ol T sy
oS Jm“bw BEIR u'jj—w-‘-\g ke °\'.‘.§ u“ s
ol B s p—).}'T ol SU st e Jobe & seailin s
I 53 55 i w228 Jal 2 55 el e

s r\;;u'\

Refrences

— Abbaszadeh, F., Daneshvar, M.H., Salehi
Salimi, M., & Lotfi Jalal Abadi, A. 2023.
Determining the best combination of explant
and plant growth regulators on callogenesis,
indirect organogenesis, proliferation, and
rooting of Lavandula officinalis L. Iranian
Journal of Rangelands and Forests Plant
Breeding and Genetic Research. 30(2): 306-
323. (in Persian).

— Abdel-Azeem, A.M., Abdel-Azeem, M.A., &
Khalil, W.F. 2019. Endophytic fungi as a new
source of antirheumatoid metabolites. In
Bioactive Food as Dietary Interventions for
Arthritis and Related Diseases, 2" ed.;Watson,
R.R., Preedy, V.R., Eds.; Academic Press:
Cambridge, MA, USA, 355-384.


https://doi.org/10.1016/j.jphotobiol.2019.05.006
https://doi.org/10.1016/j.jphotobiol.2019.05.006
https://doi.org/10.1007/s11033-018-4340-3
https://doi.org/10.1007/s10535-017-0746-3
https://doi.org/10.1007/s00299-005-0065-6
https://doi.org/10.1007/s00299-005-0065-6
https://doi.org/10.1007/s10535-012-0209-1

I I W RPN L

Giannopolities, C. N. & Ries, S.K. 1977.
Superoxide dismutase. |. Occurrence in higher
plants. Plant Physiology. 59: 309-314.
https://doi.org/10.1104/pp.59.2.309
Ghahraman, A. (1999). Basic Botany: Anatomy
and Morphology, University of Tehran Press. 1,
539-542.

Haji Mehdipor, H., Amanzade, Y., Hasanlu, T.,
Shekarchi, M., Abedi, Z. and Pirali Hamedani,
M. 2009. Quality survey of collected Licorice
root from different sites of Iran. Med Plant. J. 7:
3. 106-114. (In Persian).

Jaiswal, N., Verma, Y. & Misra, P. 2017.
Micropropagation and in vitro elicitation of
licorice (Glycyrrhiza spp.). In vitro Cellular and
Developmental Biology- Plant, 53(36): 145-
166. https://doi.org/ 10.1007/s11627-017-9832-
7.

Janovitz-Klapp, A. H., Richard, F. C., Goupy,
P. M., & Nicolas, J. J. 1990. Inhibition studies
on apple polyphenol oxidase. Journal of
Agricultural Food Chemistry, 38, 926-931.
https://doi.org/10.1021/jf000942002

Kaul, S., Ahmed, M., Sharma, T., & Dhar,
M.K. 2014. Unlocking the myriad benefits of
endophytes: An overview. In Microbial
Diversity and Biotechnology in Food Security;
Kharwar, R.N., Upadhyay, R., Dubey, N.,
Raghuwanshi, R., Eds.; Springer:
Berlin/Heidelberg, Germany. 41-57.

Lentihet, M.& Nygren, A. (1997). Licorice an
old drug and currently a candy with metabolic
effects. Journal oral Pathology Medicine, 26
(1), 9-36.

Li, Y.J., Chen, J, Li, Y., Li, Q., Zheng, Y.F,,
Fu, Y.& Li, P. 2011. Screening and
characterization of natural antioxidants in four
Glycyrrhiza species by liquid chromatography
coupled with electrospray ionization quadrupole
time of flight tanden mass spectrometry.
Journal of Chromatography, 1218 (45),8181-
8191.

Manivannan, A., Jana, S., Soundararajan, P.,
Ko, C.H., & Jeong, B.R. 2015. Antioxidant
enzymes metabolism and cellular differentiation
during the developmental stages of somatic
embryogenesis in 'Torilis japonica'(Houtt.) DC.
Plant Omics Journal .8 (5): 461-471.

Martinez, F.Z., Constantino, G.G.L., Noyola,
T.P., Garcia, F.E., Varaldo, H.P., Rojas,

Yvy

virus in vitro. Mund Kiefer Gesichtchir,3 (1), 3-
30.

Beers, G. R. & sizer, IW. 1952. A
spectrophotometric method for measuring the
breakdown of hydrogen peroxide by catalase.
Biological Chemistry. 195(1): 133-140.

Boller, T. 1995. Chemoperception of microbial
signals in plant cells. Annual Review Plant
Biology. 46 (1):189-214. https://doi.org/
10.1146/annurev.pp.46.060195.001201.
Carpita, N.C., Gibeaut, D.M. 1993. Structural
models of primary cell walls in flowering
plants, consistency of molecular structure with
the physical properties of the walls during
growth. Plant Journal, 3: 1-30.
https://doi.org/10.1111/j.1365-
313X.1993.tb00007.x.

Chattopadhyay, S., Farkya, S., Srivastava, A.K.
& Bisaria, V.S.  2002. Bioprocess
considerations for production of secondary
metabolites by plant cell suspension cultures.
Biotechnology Bioprocess Engineering, 7(3):
138-149. https://doi.org/10.1007/BF02932911.
Colalto, C. 2010. Herbal in traction on
absorbtion of drugs: Mechanisms of action and
clinical risk  assessment.  Pharmacology
Research, 62,207-227.

Chen, S., Vaghchhipawala, Z., Li, W., Asard,
H., & Dickman, M.B. 2004. Tomato
phospholipid Hydroperoxide  glutathione
peroxidase inhibits cell death induced by Bax
and oxidative stresses in yeast and plants. Plant
Physiology. 135 3): 1630-1641.
https://doi.org/10.1104/pp.103.038091.
Christen, A., Gibson, D., & Bland, T. 1991.
Production of Taxol or Taxol-Like Compounds
in cell Culture. US Patent 5019504A,

Elkahoui, S., Hernandez, J.A., Abdelly, C.,
Ghrir, R., & Limam, F. 2005. Effects of salt on
lipid peroxidation and antioxidant enzyme
activities of Catharanthus roseus suspension
cells. Plant Science. 168 (3): 607-613.
https://doi.org/10.1016/j.plantsci.2004.09.006.
Fielding, J. L. & Hall. J., 1978. A biochemical
and cytochemical Study of peroxidase a activity
in root pea. Journal of Experimental Botany,
29: 98-989.

Fu, TJ., Singh, G., & Curtis, WR. 1999. Plant
cell culture for the production of food
ingredients. Plenum Publisher, New York.


https://doi.org/
http://dx.doi.org/10.1146/annurev.pp.46.060195.001201
https://doi.org/10.1111/j.1365-313X.1993.tb00007.x
https://doi.org/10.1111/j.1365-313X.1993.tb00007.x
https://doi.org/
https://doi.org/
https://doi.org/10.1016/j.plantsci.2004.09.006
https://doi.org/10.1104/pp.59.2.309
https://doi.org/
http://dx.doi.org/10.1007/s11627-017-9832-7
http://dx.doi.org/10.1007/s11627-017-9832-7

Yvy

recovery of hyperhydric shoots in Dianthus
caryophyllus L. by stabilizing the physiology
and protein expression. Frontiers in Plant
Science. 8:1-17. https://doi.org/
10.3389/fpls.2017.00738.

Strobel, G.A., Stierle, A., & van Kuijk, F.J.
1992. Factors influencing the in vitro
production of radiolabeled taxol by Pacific yew,
Taxus brevifolia. Plant Science. 84: 65-74.
Sivannandhan, G., Arun, M., Mayavan, S,

Rajesh, M., Mariashibu, T. S.,
Manickavasagam, M., Selvaraj, N., &
Ganapathi. 2012. Chitosan ~ enhances

withanolides production in adventitious root
cultures of Withnia somnifera (L.) Dunal.
Industrial Crops and Products, 37: 124-129.
Sivanandhan, G., Dev, G. K., Jeyaraj, M.,
Rajesh, M., Arjunan, A., Muthuselvam, M.
Manickavasagam, M. Selvaraj, N., &
Canapathi, A. 2013. Increased production of
withanolide A, withanone, and withaferin A in
hairy root cultures of Withnia somnifera (L.)
Dunal elicited with methyl jasmonate and
salicylic acid. Plant Cell, Tissue and Organ
Culture, 114: 121-129.

Threlfall D.R, & Whitehead .M. 1988. Co-
ordinated inhibition of squalene synthetase and
induction of enzymes of sesquiterpenoid
phytoalexin  biosynthesis in cultures of
Nicotiana tabacum. Phytochemistry. 27 (8):
2567-2580. https://doi.org/10.1016/0031-
9422(88)87028-6.

Wang, X., Zhang, H., Chen, L., Shan, L., Fan,
G., & Gao, X. 2013. Liquorice, a unique “guide
drug” of traditional Chinese medicine: A review
of its role in drug interactions. Journal of
Ethnopharmacol, 150 (3):781-790.
https://doi.org/ 10.1016/j.jep.2013.09.055.
Wang, Zzh., Nishioka, M., Kurosaki, Y.,
Nakayama, T. & Kimura, T. 1995.
Gastrointestinal absorption characteristics of
glycyrrhizin ~ from  Glycyrrhiza  extract.
Biological and Pharmaceutical Bulletin. 18: 9.
1238-41. https://doi.org/ 10.1248/bpb.18.1238.
Whitehead, .M., Ewing, D.F., & Threlfall,
D.R. 1988. Sesquiterpenoids related to the
phytoalexin debneyol from elicited cell
suspension cultures of Nicotiana tabacum.
Phytochemistry, 27 (5): 1365-1370.
https://doi.org/10.1016/0031-9422(88)80195-X.

n)ux\A,.;,\,.\s\i;”@:fmkjcwl}&pjow@k%z

C.M.C., Tapia, G.T. & Valdivia, A.C.R. 2016.
Jasmonic acid stimulates the oxidative
responses and triterpene production in Jatropha
curcas cell suspension cultures through
mevalonate as biosynthetic precursor. Plant
Cell Tissue and Organ Culture. 127 (1): 47-56.
https://doi.org/10.1007/s11240-016-1028-z.
Mittler, R. 2002. Oxidative stress, antioxidants
and stress tolerance. Trends plant Science, 7:
405-410.

Mirhaidar, H. 1993. Licorice, Herbal plants
used in the treatment of diseases and education.
Office of Islamic culture publication, 3: 6-12.
Ramos-Valdivia, A.C., Huerta-Heredia, A.A.,
Trejo-Tapia, G., & Cerda-Garci'a-Rojas, C.M.
2012. Secondary metabolites as nonenzymatic
plant protectors from oxidative stress. In:
Oxidative stress in plants: causes, consequences
and tolerance. (Anjum, N.A., Umar, S. and
Ahmad, A. eds). International Publishing
House, New Delhi. 413-441.

Rehman, R.U., Zia, M., & Chaudhary, M.F.
2017. Salicylic acid and ascorbic acid retrieve
activity of antioxidative enzymes and structure
of Caralluma tuberculata Calli on PEG stress.
General Physiology and Biophysics. 36
(2):167-174.
https://doi.org/10.4149/gpb_2016027.

Samar, F., Mujib, A., & Samaj, J. 2011. Anti-
oxidant enzyme responses during in vitro
embryogenesis in Catharanthus roseus. Journal
of Horticulture Science Biotechnology. 86 (6):
569-574.
https://doi.org/10.1080/14620316.2011.115128
05.

Scandalios, J.G. 2005. Oxidative stress:
Molecular perception and transduction of
signals triggering antioxidant gene defenses.
Brazil Journal of Medicinal Biology Research.
38(7): 995-1014. https://doi.org/10.1590/s0100-
879x2005000700003.

Shetty, T. K., Satav, J. G, & Nair C. K. K.
2002. Protection of DNA and microsomal
membranes in vitro by Glycyrrhiza glabra L.
against gamma irradiation. Phytotherapy
Research. 16: 576-578.
https://doi.org/10.1002/ptr.927.

Soundararajan, P., Manivannan, A., Cho, Y.S.,
& Jeong, B.R. 2017. Exogenous
supplementation of silicon improved the


https://doi.org/10.1007/s11240-016-1028-z
https://doi.org/10.4149/gpb_2016027
https://doi.org/10.1080/14620316.2011.11512805
https://doi.org/10.1080/14620316.2011.11512805
https://doi.org/10.1590/s0100-879x2005000700003
https://doi.org/10.1590/s0100-879x2005000700003
https://doi.org/10.1002/ptr.927
https://doi.org/
https://doi.org/10.1016/0031-9422(88)87028-6
https://doi.org/10.1016/0031-9422(88)87028-6
https://doi.org/10.1016/0031-9422(88)80195-X

I I W RPN L

ascorbate peroxidase isoenzymes in response to
oxidative stresses. Plant Physiology. 123:223-
233. https://doi.org/10.1104/pp.123.1.223

Zhao, J., Davis, L.C & Verpoorte, R. 2005.
Elicitor signal transduction leading to
production of plant secondary metabolites.
Biotechnology Advances, 23, 283-333.

vy

— Yana, MA., Chao, H., Jinyin, C., Haiyun, LlI.,

Kun, HE., Aixin, L., & Duochuan, L. 2015.
Fungal cellulase is an elicitor but its enzymatic
activity is not required for its elicitor activity.
Molecular Plant Pathology. 16(1): 14-26.
https://doi.org/10.1111/mpp.12156.

Yoshimura, K., Yabute, Y., Ishikawa, T., &
Shigeoka, S. 2000. Expression of spinach


https://doi.org/10.1111/mpp.12156
https://doi.org/10.1104%2Fpp.123.1.223

