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Abstract. Pennyroyal (Mentha pulegium L.) from the Lamiaceae family is a medicinal plant which has great antioxidant
properties. Environmental stresses such as drought can result in changes in the activity of antioxidant enzymes and the
content of some biochemical factors in plants. In this investigation, the effects of drought stress on the activity of supe-
roxide dismutase, ascorbate peroxidase, catalase, peroxidase, malondialdehyde and soluble sugars content in pennyroyal
shoots and roots were evaluated. To create the water deficit, 24-day seedlings of pennyroyal were placed in 1/2 strength
Hoagland solution, containing PEG 6000 (0 and 5% (w/v)) for 24 hours. The results showed that drought stress incr-
eased catalase activity and lipid peroxidation and decreased superoxide dismutase and peroxidase activity of the shoots.
On the other hand, the activity of catalase and peroxidase increased in the roots. Ascorbate peroxidase activity showed
no significant difference in the shoots and the roots. Moreover, drought stress significantly increased the amount of so-
luble sugars of glucose, galactose, xylose and rhamnosus in the shoots. Therefore, the increased activity in antioxidant
enzymes as well as the amount of soluble sugars under drought stress might be a sign of tolerance of M. pulegium under
low levels of drought.

Keywords. catalase, lipid peroxidation, Lamiaceae, water deficit

4doNdo
(Hajlaoui et al., 2009) 555 o oslimal o30ls Cslas p i ,mey 5 e S S (Mentha) gl
- Hlosls Lo gl Calibee a8 4 45 ol aler sl a5 ol (LAMiaceae) obike sl sl 4 Gl OLLS
—dS Gl (gl S Las S olal syl pl @ Olg Sl 8 ey S8 Jlsliaes 4 0T a8 eslind

(S ol Oloys wodne sla il Olys ors  lp gl e Calte g6 S bl 5 bl S,


mailto:afshar@guilan.ac.ir
mailto:afshar@guilan.ac.ir
http://dx.doi.org/10.21859/acadpub.nbr.3.3.228
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.3.6.4
https://nbr.khu.ac.ir/article-1-2687-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.24236330.1395.3.3.6.4 ]

[ DOI: 10.21859/acadpub.nbr.3.3.228 ]

229/vva

A. Mohammadian et al. Drought and the activity of antioxidant enzymes

SIS ST sl 5T b 5 (S 0L8n 5 Ol dasea L

Oz o 43 05 AU VL s (9T 08T Condy S i 0
LS gy Al g i ROS Calies #1515 3l 0 BLis)
Wy 0581 Il 5 S ook JISsl, cO5go0e
a8 5 (AL S| 5 L ablie g QLS S
23 5 3T S BT bl g5l 05T b
e ] s Sl (Ses 1S e JGs1, 0l
sty o 5 255 HiO2 4 Joas 50 e s s
Sei O 4 s G IS g IS b, ST
e gy Sy s IS (G5 Coad 4y 0k p22e HPOp poean
» b $ileSt S Gladshe 53 YOS 3T
5 COz o 5 Qo Do o S Consg
1B )8 i SSs) T S0 5ST| Sl 3l
dalg ol pena 1) H2Op W5 (51530 55 ol ol &7 Al
Vo Go i &S Sl oks 3,15 (Miller, 2010) csfs
Sphs o 1y S 3 eddad 5 HoOp Ol JS s
.(Noctor et al., 2002; Cruz de Carvalho, 2008)

53 (APX) lansST o, 80T 5 (CAT) Y6 w3
S5 e oS 5 S e bl ege 28 HO, Ol
-0l CAT ol a1 .w,0s ROS g5 ol b Sl
opl Sl ‘,J_J-JT ) bwg HOp waT)8 g sias
8 LS (5l edbalal Slid s s
(Wen-Bin et al., 4=, (Ozen et al., 2006) olstas
s 5,15 (Zhong-Jing et al., 2009) ,.s" 2009)
G 5L plel oy 4 cJes gl SV Lol
2503 5L ol bl 4 S S ST, Sl ST
ST Sl ST 1 5wl HoOp 4 Y6 Ll ke
sy Jobe LESIL 2iy 53 SISOl ST .l
bbb pgsSTn 5o b VB oS Sl ys eyl
SIS by ST &S el ok gt b5 pl @ 4 g
i ok J 15 B8 S5 S i oS S
(Mittler, 2002) .zl ROS sl Li> Cogr

ol oo (o gla 25 4 ol Loy 5l dex )
ol ST 35008 25 b 85l (25 (6l e ol
Lis 4 L5 or dadsle 0953 dloee 3l pari Gy b "y

b Jomilyy 53 OT 4 4ty Gladn T 5 Ldshe uile, s

(Hussain et al., 2010; o,& 55137 (LIS sl suus st
.(Kamkar et al., 2010; Cherrat et al., 2014
5 Sile ( oals LS (Mentha pulegium L.) Jxsi
Lol 5 b e gl jn ey Sl a oS Sl UL
SFUT 5 Jlod Gl 3T syl o 5 )0 2T SOL >
s Jdld glaasls 53 01,1 s (Chalchat et al., 2000) !
Oisle 5 IS sk e (5 o s A (B4 Jla
4, (afari et al., 2013) s ls lasl s bls &, 5
5 Sl Jhre Stbay A 5 sete I 4 OS5 s
orb 3 AE ser wkinrgab (ST Ghm D) sen
ey wlul (Nickavar et al., 2008) s 5 o o3zl
- ol S 5 s i 5 ol (gls )
4 0T (2lpn ol 5 3505 (05015 32 Jane &y Calibes (sla
Sl s 1S Shles 1 ol Oloys Sl (o 5k
;51 (Naghibi et al., 2005) 552 o oslizal wd (5,lea
S wds Sl 4 0l g 0 OT Suill s95ls Cojlae 5
Shirazi et al., ) Sl cladshe Calises sla Y il s
s awlulds 5 (2004; Nikolic et al., 2014
“ls Lol emmen S oyl (Soares et al., 2012)
Dlas 5 uilel SIS 5T S 5 76 (g5 S
ai Ol 35 68 slagiasn s oS ol Jska
(Mahboubi & Haghi, 2008; Shahmohamadi et <.
.@l., 2011, 2014
posde &S Sl o gl i dlen )l (Sis i3
Wl SaglT lasltle jo i 5 ug) Aby ials
2 R e ST A 4 g A sl G b )
FOYer ) »5i o 4 56 i ple 5 SLS 5 i (Sla s
Sl OWls (et al., 1994; Sharma et al., 2012
o (ROS) 05081 b s 8 pazs 2131 51 S
Gl g5l 5 b Sl 0Ll ol ous i 1S Ses i
S8t Js S S 3T 5 T SIS ST
(Cruz de Carvalho, 2008; s o [2alS 1) odd sk
(Miller et al., 2010; Hasanuzzaman et al., 2014
4 0l oo T oo dho 3 0581 b & 8 pas
b3 2sde S S Skl 5 Ly i ey


http://dx.doi.org/10.21859/acadpub.nbr.3.3.228
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.3.6.4
https://nbr.khu.ac.ir/article-1-2687-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.24236330.1395.3.3.6.4 ]

[ DOI: 10.21859/acadpub.nbr.3.3.228 ]

230/ Yy

Nova Biologica Reperta 3 (3): 228-237 (2016)

TYA-TYY Y 55l oV ol s pole ;o (gl sloaidly

05 SA8) Ll a VY Uslous S L 4 LranalS ), 7
Celu A 5 5ey Cell® 55 5% UMs™T M? £V Lo
(o )sVe Cusby 5 318 Sle doys YPEY glos (( SLL
A bl HLES CeluFA Ja S s g5 L i
sl Cg> PEG 6000 (laanald 1 axal 51 55,0A ldm
S e 4 doy30 s he Chle gy s (Ss A
Cos ol YF 05, TP laanald 5 ai wlol oSSy 5,0
3T b o S OT 51y 5 a8 8518 2 5
Sdd Sk s b OsmelenST Ol G 5
plil Olej by Ldkbidamia mle 059 25 53 amals (J lowe
SIS 31 8 Bl dor s = A 553 53 et g Sla Julo
RS
3 goug S 1 9 g o led

¢S /Y «1977) Ries 5 Giannopolitis s, Ll
5l Gladpe Ly 5 ol e S (AL demie B
L HEPES-KOH 5L 2 Lo ¥ 55 &SSEa ) by S
syl 535 038 53 ¥ ga s +/V EDTA (55 V/A pH
Cadslous s Ol Slo Lo 51 eslinal b oylas 5 A
03 4i53 10 Sodews aids 5 495 VO 3 Juols S
Gl oss Sl ity 5 Sei gle o1 8 Sle G s Fogles
Sodads Ll g A 03laiw] 31 gas 534S s gov Clad e
sk 53 T Gl G 5 S35 13 5 o meps 4i310
b SN e g Sl oas Sl elizal b el OF 5
e STy bdse gsl GRlST A Kl s
bsee dboslizal (¢OM) wals Djmea 5T 3)las
V/A PH 4 ¥4 Le 0+ HEPES-KOH L fuls ST,
L Vsaihe &0 il S Y e e /) EDTA (5l
0539315 5bs 2 )Y g Jee \Y L-methionine o\./v pH
A S Y 5 Vs KoV sWosm s Y ges,Sen VO
S5 s T o las

s 3 Ol ek T Cudlad

Gyei o8 +/Y «(1981) Asada 5 Nakano iy, bl
o g dals Slawises Aoy 5 2lpp 25w 5l LS demte
Npe (oo 00 Slid it 5L 2 e ¥ LSS e
— e O Js 5 a6 Y ge e 06 EDTA (5= VA PH L

(i Sl e b GRS Ol 3 sk e ST
Wole st dile 28 JSUse 055 b JT slad S5
~a QLS olsm laplil 5 laaiyy )3 ol otis o odsn
(Lokhande et al., .S’ o Jos (s jaml lrontiS oo 4 5
Ol (el glrediS a5 U jteay Jslme (slaus 2010)
Jos LUl uilal, s suiS bis 5 Joho glalis suas
& gl 3> Jsbma slaus o SBLE s (Cads s .S s
3,8 o Dope S gmed @i il o e (S 2
(Slama et al., 2007)

S5 51 B Sleds saline Cogr ( Ao T Cord g o
ssliz.! Polyethylene glycol (PEG) osl I Sas
0is b oWd S PEG .(Sivritepe et al., 2008) > 42
S Lalie (Sgon |y O il 45 Cal 5L J5S0 s
.(Van Den Berg & Zeng, 2006) 4as o jalS &S

S Pn Slie p (St 15 1Oy 3l Slalles
sl 0313 Ol ¢ o gy A po 53 ame 5 olE Llardise
Gl (S Cambgn y3 CiS fesly @yl oS ol &
(Candan & Tarhan, 2012; Hassanpour et al., 2013)
5 @ols i) Blday Jars Gy ol e Shs 4 s b
- Shs oy S Sledbl Olaas b bl 5 olde o as
G ol o (S i el deluals gLl s oS ol sla
ST ST S Dl S Sl g sk
VBT Gl by sl G ga 3kenS s 30) SISl
5 @2l Gladd OUBST 5 Oljen (s g2 55 5 GlaenST 5

s plosl Jlne Ly gl sl slau Sy Sl

B 95 9 g
-4 OAS Ol (65,5LaS” Dliiod S e I anedisy 5
23433 Vo ey iy (b S siedS planil ) slaesy S
Ny 5 B 0305 515 (05 5/ pm) oo y5 ¥ ke o IS 50
Il 5o 4l ¥ Deay (s il laia T b sd sl 51 0
Ldlbatad oyl ieT booylbss 5 aus S 515 dsys Ve
LS S Loe 5 1) T daydy Sialem gz (o

238 jlas 5 a § 415 (Linsmaier & Skoog, 1965)


http://dx.doi.org/10.21859/acadpub.nbr.3.3.228
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.3.6.4
https://nbr.khu.ac.ir/article-1-2687-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.24236330.1395.3.3.6.4 ]

[ DOI: 10.21859/acadpub.nbr.3.3.228 ]

231/

A. Mohammadian et al. Drought and the activity of antioxidant enzymes

SIS ST sl 5T b 5 (S 0L8n 5 Ol dasea L

I SOV JUYVI KWK g JERRIOVeS)
@byl s (1991) oL, Kes 5 De VOS iy, el

e sl s, Sesi
4 ol doein (SLadisa s plowil slid (G O gl
AoVt Al S g 5l en ¥ 55 05 Ol
3 kb ;S elae 5 edule o 655 Osla 55 (e 4 05)
AoV eldOle Opibsn SN A As V4
S a4 (e 40 (S58) o3 2 /0 AesleSS 5 )5S
- 3l8 Slede s Ve 0 8 OT ple 3 5 s SLH las gl

2,915 dlea wadTis

Som 3 b ol plam Sl add (38 15 aids ¥ e
dsb 55l (805l L a0 e Olsoe cOAE o
el ca b Sl eslaal by e gl P 5 OFY lag s
A deuloe (=155 pM'CM™)
Jokxe (Swud (5 o jll

Sl i (.Jf Y Jshe lads e 6,865 )
“pre A e B s B b oS Al 5 olse
Cgr 29 Jsle 5 ool (PH $/A) [V 50 S YO Silad
FRRPHVEIRT P I S5 KT P JURRU-SN VI B Lt BP IR SR IRY
5030 3 i e /0 (oS J e i a1 /D A a
STy bglies i 6lsl el S o) gl 2 e Y/0
S ealital b s ldlinl gowe i &S5 GB1 gles 53 435 Ve
Gk15 5 55l GESYE S8 slaas Calise glac il
k) Gl b 5 2 e 53 p S5 S T b i
a5 7Sl o8 3l eslizal L aisad Ol ol eray clas
Gshls sl FA Glag g0 Jsb 5o (Cintra 6 GBC J.)
 gas A3 ldie 5 (5,8 03101 e 5L (G S VE (S FAD
DUbOis €t ) 1 o 5503 5 055 .5 2 05 5,500 slie
.(al., 1956
ol & o

Slr s sl HSS b ol Sl 2 b Bl T
&lp i eslizul SPSS i3s3 Wesls uiloly & s
o3lizl Lo 530 Jlaz! el 55 (Sils 05037 51 e g e
A ey EXCEI 1530 0 5 68T 0 L ls e 5 A8
W
S gpus 3l g g 2 3T Clid g (S S5

O m Jeusl 5 Vs Vor e S Y e
olas 5 odsle fu 65, Osba 5o (= 4 (J55) AoV
Jols Kan Gladshos s Olo Slo Lo 1 eslizul L
a5 F o gles 53 adds VO Sodeas cadds 43 593 VO s
O R P RVT SRV P CRIPINERS P A I g
Jols 28Ty b gl s eslinl S Sy ST o 5T
Y509, Sn PP 65S10T OV sa e 00 Slid ot 5L
e a8 s 5T Silas 5 Ve e 0 L) ST
A bl s e el YA e sk 5 by ST
s Ol a5 T 85l 55 5 5 p S e
VB 3T cudlad

Horst s Cakmak i, 4 5Y61 o 5T ol &S o510
Ak ¥ 03 ALE demie Bgai 05 +/Y b pluil (1991)
& o O3l 53 FIAPH L ¥ 5e s YO Slide e 3L
Slad g As Olo blo 28l eslazal L ojlas 5ol ls
03 4ids VO Ooded cadds 3 93 VO s ol uiw
Gy o5 dslos 5 db Sei mle 518 Sl Gy B gles
Jols 2815 b glone Adeslinal JYBIS 0 5T CJlad o
5 Vs Ve G5STIOT Q¥ e YO Sliide e 5L
33 ol alS L 65uS10T &l e 5T bslas
2 oS p 8 e A Sl s e gl YE e sb
A5 0l e 5T 6 lae
oSy a9 3T Cllad

s Ghanati 25, Gk 5 Sty w37 Sl it
3 edbidaziosjl L 1 e 8 /Y L plnil (2002) O, S0n
53 (PH #/Y) ¥ sn oo F0 Slid ol 3L 55 mle 055 20
boosbas 5 odule fu 535 Osla 55 518 Sho do s F e
33 Jole (K sls Jylows i sl Sl JEST I eslizul
V0 St 318 o i s Fogles 5 4l 43 s Ve
Sl S o5l g 25 e 5 b S ad Sl i
cwlie p3lie 035551 b an 5T Cdlad i oslizul ST,
3 Vsn o YA olg CBe LSS ¢l e g 5T 6 b S
T dsb 0o Ve oo 0 olg CBL L O s LS,
Sla 5 okl e gy Sl os 1 eslizal b e 5 PV

b Ol aiBs 53 5y 0 S e 4l Dl


http://dx.doi.org/10.21859/acadpub.nbr.3.3.228
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.3.6.4
https://nbr.khu.ac.ir/article-1-2687-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.24236330.1395.3.3.6.4 ]

[ DOI: 10.21859/acadpub.nbr.3.3.228 ]

232/vry

Nova Biologica Reperta 3 (3): 228-237 (2016)

TYA-TYY Y 55l oV ol s pole ;o (gl sloaidly

ML&LSLAQ}AJMW"J&A;J}{_;A{))JGSM}&:@ 5

LS odalie

.

O3S AT SISl ¢l A 5 Gl 4 e (S 25
kS Tyl SIS T L;uﬁ;T GVl 35d o
w0 LT Joos (5l s QLS 53 555 50 33T IS,
(Hojati et al., 2011) sl Jose sla i3

ST T Sl b (G ) @l el
ST (S A5 S s ey ol bl 53 56 e
5 boadsy 5o 0T Sl Ol Js oalsolid gyl sme
Aboas )3 o8 55l,5 asg 55 55 ol en (6513 g
(it 25 ) ey Il e ld Y )3 PEG i gay (Sis 25
ot (B3 kb ealiin S san 3 S | g o 5T Il 13
;L@J:,ﬁtf‘w‘.J_;Tg;gww{;,‘uxsjw;\umm\
L U sam 34eS 5 o 5T JiaNG & Zhang, 2002)
e ol 5 S o oo 1) s A8 g 5 ST 5055 50
Sharma et ) s 8 8 5 53 SIS ST g3 0t 55
Cou Celu¥F sl tass s OllS STl @l 2012
Sl e 47 5 )l5 35 OT Jlazl cisd 8513 SCast 2
Gl 5 Ol 5 Tsdes (yles o595 Jsb 53 all 5l day 3T
5 Sas i oS Calesls Olis Oldlas LiL asl alS
"4 5 Db OBLE )3 (Graml Sk Cxse 53 6 6)sd
L o Ol T e s 1y plie mls OT Js
Geiss opl s 5> &, kiles (Lokhande et al., 2010)
Cov 0L i 53 36 semss ST g Cdlab (i odalie
I Olas dals b awslie 53 1y gyl gae sl S i3
5 (Oueslati et al., 2010) Jaxsii s o)l,5 b 2,18 L &
Sosh A5 s (Attia et al., 2008) LUL s sitoly T
el Ll

ol LS|y O35odn (155am 53 SIS b, ST
R IR PR T UM WL JEPVWIGIN | PR TR
Sereliy oy s 2l el 5o ST, Sy ST Sl
S p adllas 10 OLES 1)y (yls gre Dol S A5 o

Il pde S el wns 5 OLobule 55 5 LS

2 36 g3 oSy g o 5T Zllad Gl ) S ol
O3 Golasime el (S (55 31 55 ane Dy () pm g1l
2wy B3 denS s Sld Olga s Js ol
deS e Sl e (S5 she i dalie (513 s
Fhes GOl gme psba dals Gladised olsm plll 535U sen s
OA JS8) 54 a2y )
M Dl 3g8T o 5T b g (K2 S 1

Ol o (ST A5 iy 4S5l DL oS ol gl
SR s ol plul s SIS by ST NP RP
Sl ol ) ST i lamekiy Ak, )3 RGP
ISy ) ST il el ¢SS5k 355l e
35 sl s eI ) s (S)la gma 5 sba dald ladisai 4y o
(B )
O 3T b 5 (i 55 51

GlP (S 25 & S0l T ol el
Sl dnsy 5 gl pldl 53 VBT 5T b s e
~a ol (slad a5 oIl 3 SYBIST Clab mlaw Sl e LS
JS8) s any SYBIT Sl o 1 i (slaiine sk
(YA
Mol o2 3T b p (S S5 5

Saan HAT o (S A5 (G )
Sl Sl gme B 5 (alsn pll 53 SISy o 5T Il
S mhaw (A sba pames S iy Ay s 0T
35 adey Sl phe gler el s als lad s s,
(YB J8)
Sl S Ogmlins | Ol 5 (i i 5

aiinn I o (S A Ty 5 ol
ki lmadi g ol gn pltl 53 (MDA) dadlTiea0 Jle (g s
A e jamadi gy A2y ) 53 MDA (g s 1o gne ok 4 (I
(v )
Jgloms Soud Ol e » (KiS i 51

Sl e (S g5 a8 sbols bl ol =w
—JS) 5SYE (FA JS8) S gloes sladd Sls sne
@l plul 53 OB JS8) 55k15 5 0A IS S, «FB
oS e Lng.x;écb.U: Sl san D& poman A sl


http://dx.doi.org/10.21859/acadpub.nbr.3.3.228
https://dor.isc.ac/dor/20.1001.1.24236330.1395.3.3.6.4
https://nbr.khu.ac.ir/article-1-2687-fa.html

[ Downloaded from nbr.khu.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.24236330.1395.3.3.6.4 ]

[ DOI: 10.21859/acadpub.nbr.3.3.228 |

233/yrv

A. Mohammadian et al. Drought and the activity of antioxidant enzymes

ST BT sl 5T s Sas 0 an 5 Ol dases 200

40

35

(U/mg Protein) jla.sl,; ob, Sl el

30

25

20

15

10 -

m 0% PEG

‘;!‘J"‘ fl""l

5% PEG

.
b 5)

ab

700

600

500

300
200

100

(U/mg Protein) 36 yoess 4nS] p g CIl
=y
8

m0%PEG = 5% PEG

a
b
I
c [
.I
7]

d!l.," cl..\}l

OMED e LSS D5 (SEE i Sika) . lanei s A2 5 5 gl 93 plobil 53 e | Dl ST BB 5 50 gy 5Ty o S lad 0150 TA y (St 25 31 S

P0.05) ot -SSls & 5037 5 alizal b s sime 5Dt

Fig. 1. The effect of drought stress on the activity of A: superoxide dismutase and B: ascorbate peroxidase in the shoot
and root of Mentha pulegium L. Different letters indicate significant differences at p<0.05.
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legium L. Different letters indicate significant differences at p<0.05.
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Fig. 3. The effect of drought stress on the content of malondialdehyde in the shoot and root of Mentha pulegium L.. Di-
fferent letters indicate significant differences at p<0.05.
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