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Abstract

Background and Objectives

Melissa officinalis is a medicinal plant belonging to the Lamiaceae family. The essential oil of
this plant is used in many fields. Although more than 100 types of chemical substances have been
identified in this plant, the most important compositions of its essential oil include citral,
citronella, geraniol and linalool. Heavy metals are one of the main causes of non-biotic stress for
living organisms due to increased use in the field of industrial and agricultural development and
its high accumulation and toxicity. Cadmium is an unnecessary heavy metal, which, due to its
high mobility and low concentration, easily enters the food chain from the soil. Cadmium induces
oxidative stress by stimulating the synthesis of free oxygen radicals in the plant. In this study, the
effect of cadmium chloride on oxidative stress induction in lemon balm was investigated. This
experiment was carried out in 2016-2017 at Shahrekord University.

Materials and Methods

This research was conducted in a completely randomized design with three replications in vitro
condition. We investigated the effects of different concentrations of cadmium chloride (0, 10, 20
and 40um) on the biochemical parameters of the lemon balm. In this study, sterile stems of lemon
balm propagated on the medium (1/2 MS) were used. After 60 days, seedlings were removed
from solid MS medium and the roots were cut and cultured in liquid medium of 1/2 MS with
different concentrations of cadmium. The cultivation was carried out in Erlenmeyer flask (250
cc) and was kept in an incubator shaker device. Sampling for the experiment was conducted one
week after the growth of the stems in the medium.

Results

Based on the results obtained in this study, fresh weight of shoots grown in 10 and 20uM of
cadmium chloride increased compared to the control. This heavy metal significantly reduced the
amount of chlorophyll a, b and carotenoids, while the total chlorophyll content decreased only at
40um concentration relative to control. Cadmium significantly increased hydrogen peroxide
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levels in all treatments. Also, it increased the activity of catalase and superoxide dismutase
enzymes. Malondialdehyde increased in all treatment concentrations, but this increase was not
significant at 40pum of cadmium chloride. Chloride cadmium reduced the absorption of
molybdenum and iron, yet increased the adsorption of manganese and zinc.

Discussion

The results of this study revealed that the cadmium chloride in lemon balm shoots may have the
potential to accumulate compounds such as hydrogen peroxide which, as a messenger molecule,
produces antioxidants and can help the plant tolerate stressed conditions. It seems that two
concentrations of 10 and 20 um of cadmium chloride have no toxic effects for the stems and the
plant has managed to withstand this tension with defense mechanisms.
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Figure 1. Steps of cultivation, preparation and treatment
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Table 1. Analysis of variance of different concentrations of cadmium chloride on fresh weight and
photosynthesis pigments of shoot cultures of lemon balm
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A T Sl g b b s i a s F 0l of Sources of
Carotenoid Total chlorophyll Chlorophyll b Chlorophyll a Fresh variation
chlorophyll a/b weight
k% k% k% *k sk sk L“‘-;
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Table 2. Effect of different concentrations of cadmium chloride on fresh weight and photosynthesis
pigments of shoot cultures of lemon balm

i 5l I Sl alb g s b dg s a Judg b F i Poaodls” oy i
Carotenoid Total chlorophyll Chlorophyll a/b Chlorophyll b Chlorophylla Fresh weight CdCl,
FONPF prF e PS5 Y909 ro
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0.44% 1.822 1.19° 0.79° 0.92¢ 1.44° 0
0.234° 1.342 1.19° 0.59° 0.6 1.922 10
0.284° 1.25° 1.81° 0.46™ 0.81° 1.88° 20
0.234° 0.95° 1.82° 0.34° 0.62° 1.31° 40
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033l L IS Cales (GLaZ B 1 ) 2 0L Ken 5 oL, b s XY

Slaalin S5 i b 5 Ll SRl 15 oo 35 4
Sl5oes 35 pde 4 Shietal. (2010) Low g oliplon!
ol blasl p 503lS 5ol o s 53 s IS (oo
3y aS W05 S Ol LoT syl o,lal & K olS
O LU L s bolanS 2T dole sliblows glads T
S 1 ol (6 e 53 e Ll 5 0 ok U p5elS
s a0 s 5,087 e jtalS e 1,5 & bl
AS ol S0y Sl s IS gl 8 Jlis b
ol 557 33,8 0 DL st 5 5 o0 1
Sogmoin Wl F g ol 5 Glesle 1B esdle
G b I 5 a8 Il 8 1 35T O3S s
3 s o) gty ol Sl s IS O 5 3
el 5 S (6,8 e LSS 08T S
S O gl oS 65 31y 555 o
SE5 S 5 5 S IS s 55,187 S e Ll
Clablove 5K D3 55 Cos ROS i 5 55 1y Jobe
25 > (Rastgoo and Alemzadeh, 2011) .S
p5023LS 4S s S 315 Belkahadi et al. (2010)
DS OLalS 55 0T a i 3 b 51 A g5, Ol e
LS 55y s 505 anllln 53 .l osls ialS
93 A5 55,8 (gl gmes 2alS” Aeluropus littoralis
Rastgoo and Alemzadeh, ) <l s b o gaslS™ 213
Cos oLS 55 48T Sladi g Ol i 51 S (2011
ol 05T s (Sl 8 oS 3 55 0 3l 25
Al e b b e plis ALt game S
2> H20, Ol e il 331 o (615 sme Hsboas (,?a.sl_(
53 (F Jsas) 105 5 4 g yol sdiiniS slassl
My S sbe Gyl 5 (6ol ki g5le Lyl 2
oS 5T (Slapts 1,13 DlaLS” 128" - ROS
53 ROS e Ol 5151 5 5 (6l m (glodioey
&l oS QU5 5l i ROS JSis (s Loyl
Sladeo ot a5 5 Sl 0T 05,5 S b
5 5 5lmo S5 03,5 ST y31A S
Gl s La s oo olid glaid 4 ol
(Laspina et al., 2005) 5,4 s OWLLS 3 ¢SS

J255 58 Jods IS Olje 2alS Ll p greslS” jlas
J‘y}.ﬁjjg.:d“' W)JQ)LML&&%@W})b
LJM%LE.AJJLQ)\J‘;MQ)L@&J.:B)JKQ\]_:&J&K
slacble psab b5 cud b b 5ol dals
23 ST b IS O 23 231 Y gas SaFe 5 Y
Cble s lgs dl ol Js il el e ble sl
.Dﬁ)\b‘_s_lm ML&MW&A\SJ})Y}A}&F'
Yaas S Frg¥e he glacble )5 ais 55,8 Ol e
25 Iy Al el 4 o Ol e K 4
e OLaLE 5o s o 5165 58 sla T 3
Tanyolac et al., ) dews o jlows 5 Kew 6 4
Al sl B 0LE 55 J35 I 0l e 2007
das o OlEs Olidsd 558 o pnd  Jaoes gl 25
595 5 s g 2alS WS o eslS ot
51 Kew ol 16 (Baryla et al., 2001) CwlasS
i A8 o Cailaa Il 5T (gla gt 33 5 Slas
wi._.ﬂc)\_)iﬁun v.:_..«._.,»:}:s “:‘f”L""«f“:"‘”‘ okl
oL (Aggarwal et al., 2012) Coal I ot 33 51 2
Jed s AT s 53 il sl S 48T el 0 03l
b J—:é}jl;'\-“-’gs" QL—«:«JJJJ-&L;& C-L..f).ﬁa/b
Al e S S 4 i @ 5 NS 5 el
Sakalauskaite et al. ol sas & s alie mls oyl
)) 45 sl._w‘ ol g};‘)bf J—)LE.A )b Mbu’-é (2006)
St @ g IS Ol ¢SS5 L oi e oIS slaS,
Pandey and Sharma, ) cuf asl sl b fé, 8" 5
i1 Alsokari (2009) ;5 K3 s 5 (2002
au)l..o.;c}?)yokf).ﬁa/b Jg;}fwﬁzﬁ
AlaS Gl ods )18 ol adly 2alS g seslS L
=858 Olimn SIS S e 5 Ol s g geeslS
f}t"’gi“."‘“‘g}:“"w‘\i‘@‘ Qb)g;al.lfﬂuﬁl
W o] e S5 I e glasilis b AT e b
3 U &AL o8y s 035 3 LRl s 4
e ST bl pl il ke oIl als”

Slgomn (&5 5 055l 5 iy Sd ke 3 s Jdo



OV W Olis ) oF o,les FY Al ¢ alS Sl 5

ST Dby ST GG sla 5T s ol 531
|} (G- U NPV RS- S TSIV W o [V
Celidyl Colu 55 a8 Jb s (bl o 2alS Csla
A 5 35 o S 535 0558 5T b el
gwﬁpTw\qwﬂ\}\c&puu \Y Sl
e eSS a5 5 e el
233U s> oS g o 5T b o e 2131
Ay o b an Lal (F Jgds) s dala U a e
w251 2l S0 o F p s 1 YL s bl
Cdla il 530558 0T o 35 o go 5 il azils
LA Lo g U ey STy g 5 SVUET Sla g 5T
S )Sn bl 5T ] o7 das o OLES gl
s s S e s 3T La sl ol s
Jloe Ol geay Adl oo GMeSI ST oo g5 5
T SG BLSTL Sl ol 20y (515
A3 sl STl Gl b g S Dl
Merquez-Garica and Cordoba, ) s -3 s Ol -
55l 4 ST (5T slag 55T 5l (2010
o 03 9 Sl 0dUle BU 5Ky S Sl 4 S s
Wl Sglize on QLS Glacily o 03 o 5 85
g7 3 n ey OIS | ST sl 5T Ellb O e
ol Sgline ALE la it 5 ALS 8 i
Lo 5T b iaen (Dinakar et al., 2009)
Sl 53l S elss o ilSe Ly 0S| 5T

(Omar et al., 2009) Cus 5514eS| (Sla s sl

Al oo I 058 a6 85 S 059,k eST
Pl Lol 535500 i e (50 55 Lo a8
S I 3558 ool 8 (S5 p 8 el b
2l an s gl S (5 s 61— HAO,
b § 5 il (65 LS gy il sla ST
U e 53 Ylazol (l 0t slgiiy Slalllan 5
ST oS ps 4y bl 5o 457 305 o> S s
3 b HO; C}Lw o 4SSl ok slgiiy S
Sl 5 kite s aomel ) Cadie Lo 2is
SMeeST 5 SVUI Sl (oS 5 b 4 LS (slad b
AU Wbl 4 =% (Maksymiec, 2007) 15 3L
Slap ST el o saslS o K7 il sla Bl
- T Edle il ol (1) J gt s OlnST| =T
0 o 53l IS Y gy SV ke 55 VB
Naas Ko Yo Cble 3 e Zodl il 530 dals
Al L odalin SYBIT 0 5T b Ol o
503 Sy halS o T b Ol e p guenlST S Ll
(F Jgd) Cblls (g yls gme Dol dald 4 S
lblous (Lo nslSa 1l o 5 ge 51 S SYBIS
3555 Lap s eS| 5 LS e 53 oS ol oS
33 35T GLadlSKsly Hlgs 53 age i sl 5 3,0
Rastgoo and Alemzadeh, ) 4ib oo iis Lol 5
oS Schutzendubel et al. (2001) _adss (2011
CiS s pguealS [V ey Sn 00 03,5 LS s S
Eeb gl celu # 55 Pinus sylvestris ¢S 5, 5,40

Oguldmas ™l 3 § Ol 1 ST Sl 3T Cadled HyO0p Ol iwo g2 Peandl” oy ™ Lilliseo (SIS (il 519 4 325 -1 9o
43943 )b oL LS (Glvddl v

Table 3. Analysis of variance of different concentrations of cadmium chloride on H,O, production,
antioxidant enzymes activity and lipid peroxidation of shoot cultures of lemon balm

Ol o (Ske
Mean of squares S3T 4 y0 % e
A gl 3 3 w33 g BN s TRV VK g Y] df Sources of variation
MDA SOD CAT H,0,
304.531° 0.048™ 243.35" 231.503" S
Treatment
67.55 0.002 0.279 9.179 8 e
Error

**. Significant at 1% level, *: significant at 5% level.
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Table 4. Effect of different concentrations of cadmium chloride on H,O, production, antioxidant
enzymes activity and lipid peroxidation of shoot cultures of lemon balm
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FOiPS pmplosly PF 2PF 95w 3¥909 K
ulg ng/g pum
15.31° 0.86° 14.54° 364.03° 0
36.24° 1.03° 24.15° 383.31° 10
33.10% 1.15% 31.722 377° 20
20.08" 1.1% 12.27¢ 381.93% 40

(430 el 53) 2515 S b (613 ome LDkt (65LT Blowd 1 ccin 657 200 U3 o (5113 O gt a3 o7 a0k
*In each column, means followed by the same letter are not significant at p< 0.05.
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Table 3. Analysis of variance of different concentrations of cadmium chloride on absorption of mineral elements
of shoot cultures of lemon balm

Olr o Sl -
Mean of squares GoN3T a5 Sgﬁ: CC;:’; "
Ordge P $9 poredl df iati
Mo Mn 7n Cd variation
0.008™ 0.07" 0.102" 0.389" 1098524.372"" 3 s
Treatment
0.001 0.001 0.001 644.307 s
Error

** _significant at 1% probability level:
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Table 6. Effect of different concentrations of cadmium chloride on absorption of mineral elements of
shoot cultures of lemon balm
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*In each column, means followed by the same letter are not significant at p < 0.05.
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