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1. PBS (phosphate buffer saline)
2. POX (peroxidase)

3. SOD (superoxide dismutase)
4. CAT (catalase)



Yo B Sl g s UG eeolS 38 50 )] Sen g 5000

GPop obS Ay laaiSl (S ollg  eeeslS
oo ol (s 08l LS Jgaz) cels blize I
laog,S 50 9b olo 5 b §5ael S5, @l o a5 ol
o cdale sq0m,0 LD50 Jol 59, 0 ouds,les
35 e 59y 0 A5 (FHge)yd b edaliv Veo e
b 59y 5% 9 Yoeshee Frocdale 350250 LDSO
o | b oanlive Vge Lo ¥e il |5 LD50
G ogu=,0 g ¥ ey, sl LD75 e
o odalie 8 T g 0 £ slacdale o 53
U s wgy a5 caal g slal 4 o3 () Jga2)
b9y Sl AU @l 5 MTT (eSS, s
ol 3V J9a) 3,5 a1 o oo 5 65l
oS Ay ozl () QUG (owyn SReok
5 5k Oley el S, el 90 S5 4

Yoo Joo Ve cdale a5 ol las MTT 605l
S 6315153 )los’.u 5edlS s pedlS Ol S
cdale Sl g an oloy aw s 50y glaasl
soba basl caw;y bl W) eeesls Ol
550 & aluly RS cpl a8 Bl alS (6 peSeis
Wajda et al. lawgs oals yi,l55 Gudzd )0 09 ol
Ll cdale mlidl boast ol eols olas (1989)
olBl s Gl e 2 055,500 YFAO L +) esls
Ghgrn oS A e 2l Gy, TV BY) gl
b cwl adl o jme rals fleg g 30 4y asly
wly p (Feo I Gl b oplp S B
3P4 Ghgn obS Ay slaatl Cuny 2Ll o9

oy Aalol gl o ol

Sl S5, el 5l edwliimods s 4 axg L
fan 45 08 Laseie MTT _nincSS, 5 sk oo
S 1y efosine Sl RS & s by
e 0G4 Suop ey o aSbulsl Lassl
g b caalie o 4 aluly Ojsods yegS e
59y dw loyiae o Feoo Al 4 azgi b g
[RUPRY YRR R FPVES PR IRV SR\ RS SR IR PR
Yoo Ve 50 90 50 ool 0938l (o sl sl
i Bl Glej e pled )3 5 Yge s

o gmwlomsy om0 (i

059y ) Seed GselanSTn Gl s Sojll sl
oS 10 jekate oy ol eolaiwl s Sl L Zaho
sl Sl IS (55 Jslows 51 sl shes ¥ L 2l
390 50 ojlac g ondle Sz gle yo doye o))
Y O o 598 il adBo Ve Do 4 Feoerpm
oo §) jidien ¥ 5 sy oo 31 ks
doys 0 Ggl dops Ve sl Sl IS g 5
Voo led po 05 Ol plax o 1) sl Sgm by
Sde s g ool 18 a8 Ve e 4 Lwgaadis d 0
Joloee i 098 00 U cd)F 18 7 0 aads V0
S35l b edils egls Fee zaeeb o
Sy )b 1S yesil OYY zas ol )0 culonlss
RO Y (\ITY R VSRR N VOv B VL ov PN L3
A oolatwl olfiws (13,5 Jaw (gl ! g bau
bosslleopsle —Soyslissd oSt bl
dloes €100 mmolt em™ _agals oy 5l eolil
a8l S iy e 2 eSS Sygen
(Metwally etal., 2003) o 3,58

bl kx4 525

5 oolinul b sbvosls den (g ] uloisay o
sl 4sucS, ANOVA o SPSS-16 5l
LooadrSojlul slagasls (pSle 2dndy
Olgieas P10 g aisog)S SIS (y05] 3l oolatl
S A5 L sl e s

waxsb olo bl ewodls ol s 3G
ool saal ¥ og ) Gladgax o a5 jebles
MTT (iwSS; 5 9b Ol 5l S5 slagiy,
oS dy 5l Jolo slazl g a5 wols las
G Glackle bojg, 7 O O lagle; o (oo
Moge 2ol age meslS Dl Yoo doe £
2 s Ul Ol b 5o 4 anly 5 (P44 0)
Ogyds bools &30 e ol cald b awslis
sls slas (Two way ANOVA, p<+/+8) 4guwgd
Sl b @t gl 5 Gglaie slaje as



VA0l ) 5yLes PV 80 o)l SLEL psle 12

A Lglmol.a)' 30 peeolS ;:;l,:.g;él:_mdb)'olg)l&.:s )"u“-.l laassb vy @Ulﬁs ‘_,SUL.A WS dwlas N Jgux

b Olo s 55l S5, by, by
Table 1. Comparison of the mean percentage of cell viability after 1, 3 and 6 days of treatment with different levels of
cadmium nitratee using trypan blue staining

Days

Levels (mM) ! 3 6
0 91.10*+0.96 89.77%+0.39 91.06%1/02
10 81.80°+0.77 79.93°+0.85 74.01°+1.51
20 75.70°0.15 66.17°+0.89 59.87%0.17
30 69.83%£0.44 52.549+0.67 45.37%+0.24
40 40.07°+0.20 42.77°+0.57 20.07°+0.50
50 32.48+1.05 32.50+0.22 11.85'+0.02
60 21.029+0.07 15.75%0.64 4.67°+0.69

.(one way ANOVA, Duncan test, p<0.05) .o )ls ,ls cixe @glds (gt S 50 Sglie slocd > oS b b Kils .l MeaNsESD & yg0a; polie
Values are means+SD. Means with different letter code in a column differe significantly. (one way ANOVA, Duncan test, p<0.05).
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Table 2. Comparison of the mean percentage of cell viability after 1, 3 and 6 days of treatment with different levels of
cadmium nitratee using MTT assay

Days

Levels (mM) ! 3 6
0 91.73°+0.59 90.77°+0.28 93.1%+0.61
10 74.50°+0.76 59.81°+0.23 55.04°+0.21
20 63.18%0.36 54.31%0.14 44.99°0.12
30 54.02°+0.37 45.50%+0.15 29.47%+0.18
40 49.37°+0.13 35.87°+0.44 19.66°+0.14
50 33.25+0.19 18.39°+0.15 9.33"+0.12
60 22.219+0.50 14.26%0.44 3.50%0.20

.(one way ANOVA, Duncan test, p<0.05) .o,ls s cixe &glds (gt G 50 Dgliste slacd > oS b b Kls .l MeaNSESD & jg04; olis
Values are means+SD. Means with different letter code in a column differe significantly. (one way ANOVA, Duncan test, p<0.05).
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Figure 1. Staining of C. roseus callus cells with Hochest flouresent dye after 3 days of stress. (a) cells of the control
group, the arrows show the nuclei in the normal cells. (b) cells treated with 20 mM of cadmium nitrate, arrows show
the dislocalization and condensation of the nuclei. (c) cells treated with 30 mM of cadmium nitrate, arrows show

nuclear breakage and nuclear migration towards the cytoplasm membrane. (d) cells treated with 40 mM of cadmium
nitrate, arrows show the nuclei is discharged from cytoplasm (magnification 40x)
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Table 3. Mean comparison of malondialdehyde (uM™FW) and activity of enzymes superoxide dismutase

(unit min“*mg™protein), peroxidase (unit minmgprotein), catalase (unit min™mgprotein) in the C. roseous callus
after 3 days of treatment with cadmium nitrate (20, 30 and 40 mM)

Levels (mM) of _cata_lla}?e 1 p_ero>_<|c_ilase 1 Su_peromde malondialdehyde
cadmium nitratee (unltmln_ mg (unltmln_ mg _dlsm_utase _ (umol g FW)
protein) protein) (unit mg'protein) K
0 0.78°+0.03 0.46°+0.04 20.17°+0.07 0.11°+0.01
20 0.84%+0.05 0.84°+0.07 21.75%0.10 0.10°+0.01
30 1.45°40.11 1.27°+0.15 29.22°+0.03 0.20°+0.00
40 2.06°+0.09 2.37°+0.55 34.70°40.00 0.31°+0.02

(one way ANOVA, Duncan test, p<0.05)u5 1o lo gime Sglas (ygi S )0 Dglain slacd ;> oS L Lo 1. Skeo .owl means £SD & jg0a; polie
Values are means+SD. Means with different letter code in a column differe significantly. (one way ANOVA, Duncan test, p<0.05).
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Figure 2. Staining of C. roseus callus cells with acridine orange flouresent dye after 3 days of stress. (a) cells of the control
group, the cytoplasm margin is smooth and continous. (b) cells treated with 20 mM of cadmium nitrate, arrows show

cytoplasm shtrinkage. (c) cells treated with 30 mM of cadmium nitrate, arrows show cytoplasm breakage. (d) cells treated
with 40 mM of cadmium nitrate, arrows show the cell body with out nuclei (magnification 20x)
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ABSTRACT

Catharantus-roseus is a medicinal and ornamental plant with growing attention toward its economical
value. To determine cell viability based on trypan blue and MTT assay, cell suspension from callus of
Catharantus-roseus were treated with different concentrations of cadmium-nitratee for 1, 3 and 6 days.
Also cell suspension was used to investigate the cell morphology for a period of 3 days using 0, 20, 30
and 40 mM of cadmium nitrate. In addition, the callus was also treated for a same period and
concentrations to estimate the level of lipid peroxidation and the activity of superoxide dismutase,
catalase and guaiacol peroxidase. Data was analysed using one-way-ANOVA (Duncan-test) and p<0.05
was taken as the level of significant. The data from trypan blue and MTT methods showed the significant
(p<0.05) differences in callus viability related to doses compared with control. In addition activity of the
investigated enzymes increased significantly (p<0.05) in accordance with cadmium nitrate consumption.
The malondialdehyde levels as a lipid peroxidation indicator increased in accordance with cadmium
nitrate consumption significantly. Cadmium nitratee caused cellular membrane damage and cell viability
reduction in the callus of Catharantus roseus. Activity of the antioxidant enzymes increased significantly
but was not able to compensate the caused damages.

Keywords: antioxidant enzymes, cadmium nitrate, catharantus roseus callus, cellular response,
malondialdehyde.
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