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Extended Abstract

Introduction and Objective: Medicinal plant periwinkle with the scientific name Catharanthus roseus is
an important source of anticancer and antihypertensive alkaloids. Due to the high price of these metabolites
and their small content in periwinkle plant, tissue culture techniques have been suggested to increase their
production. Therefore, this study was carried out with the aim of evaluatin%the effect of titanium oxide
nanoparticles (TiO2) on the expression of key genes of the biosynthetic pathway of important medicinal
constituents in periwinkle.

Material and Methods: Murashige and Skoog (MS) medium was used as the basic medium along with
2,4-D (1 mg/L) and BAP (0.5 mg/L) plant growth regulators for leaf cultivation, callus induction, and cell
suspension production. Periwinkle suspension culture was treated with concentrations of 0, 50, and 100
mg/l TiO, nanoparticles at the ﬁeak of cell growth. Then, the expression of STR, SGD, DAT, and PRX genes
was measured 24, 48, and 72 h after the treatment by Real-Time PCR. Tetrazolium test was also used to
measure cell viability.

Results: Although there was no significant difference between the percentage of cell viability after 50 and
100 mg/L NP-T102 treatment; however, the passage of time (from 24/48 h to 72 h) caused a decrease in
cell viabilitP/. The application of a higher concentration of nanoparticles increased the expression of the key
genes involved in the biosc?/nthetic pathway of indole alkaloids. This increase continued up to 48 h after
treatment, but then reduced. The highest expressions of STR, SGD, DAT, and PRX genes were obtained by
290, 186, 193, and 287% increase, respectively, in 48 h after the treatment of 100 mg/l TiO» nanoparticles
(as the most effective treatment with the hi?hest percentage of cell viability).

Conclusion: in the face of TiO; nanoparticles, as an elicitor and stress-causing agent, the expression of the
genes involved in the biosynthesis of indole alkaloids is induced to achieve defense against the stressful
agent and then the expression of the genes decreases after the passage of time and reduction of stressful
symptoms. In general, the concentration of 100 mg/l TiO, and the extraction of metabolites in 48 h after
the treatment can be introduced as a promising stimulus to increase the content of indole alkaloids.
According to the results, it is suggested that the exact mechanism involved in this metabolite increase be
further investigated.

Keywords: Medicinal plant, Periwinkle, Secondary metabolites, Titanium oxide nanoparticles.


http://dx.doi.org/10.61186/jcb.15.46.198
http://jcb.sanru.ac.ir/article-1-1415-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-08 |

[ DOI: 10.61186/jcb.15.46.198 |

\aa VE¥ Slianls /65 olact fomaslh o el alS ool aditingy S

Sl b ille g (55,3LaS gl oIl

"‘sﬁ'&-hs}.i dj&o"
ol a9l gacudgilio adgi )3 553 S5 Ol 12 Perlid MemST 155950 53U
(Catharanthus roseus) (g s 29,/

(m.abyari@cfu.ir : Jggue odissg) oyl ()l o5 ¢ )bXiz )8 ol Kuiily by pols 09,5
VENWWE 2oy go,)b VEVSIVY 1cdlyp g
Y5 BV s

bgunso 24,5

YL Cad Jdosay .l 93 Jlibas 5 ol pwss cloasglSIT wae auie Catharanthus roseus ole ol b ogy (29,1 olS 1did g douile
5 b5y G b adllae ol el by ilois Sy sl adss Ll sl CobewiS eSS (banp olS 3 sl Sl ggime 5 biclgilio o)
5 bl g 0lS 53 (29)1> e JUb CLS 5 Jawgmr yoame WIS (slay] ol 2 (THO2) powilis ansT 55k

cuiS gl (+/0 MQ/L) BAP 5 (V MQ/L) 2,4-D 1) oS a5 93,1553 b o (lgicds (MS) SsSsl 5 Sl g0 Laio 31 2l y9, 9 Slgo

A pSke Ver g0 o lackale b Jolo 03y Sy 3 e Ggmeilimge cuiSead okl (Jobo Ggsilwgw Mg g g8 Sl (S
§) .5 i Real-Time PCR S5 | PRX 5 DAT SGD STR (slag; ol slogd jl dxs sl VY g FA XYF caelsl )5 .5 )l TiO, @3yl

5 oalistl Jbo looks; Somi Sz 39 psdaiB oisel
5 YE 5 ooy eddS Jlowyl b el 3935 TiO, 35 52) 33 oS oo Voo 5D+ o 5l day loodi oy tbe (513 sime o5lis si yo 3y
ol s Ll cel ();ﬁJ’)a S ke Voo &0 NTIOZ 0)09L sYL clale 5p)l8 ais Johw (Sloosss wmlf el (celo VY 4 celo YA
ol oyt Ll T 5 e bl el sl jlog ) dn el FA B Ll ol A5 Lo sddgSIT Joaty) s s S (glo)
Oloeas) TiO2 03950 yid 30 p)5 oo Voo jlow jl dm sl FA j3 iul3sl o jd YAV 5 )AY VAF YA+ L 554 PRX 9 DAT SGD STR (¢la 5

el sty (Jolos (Sloosss o3 et b ot 550
€65 b 350 ol g gSIT Joatl 5itusger 53 1553 slogsf ol Il d3 0805 Jole g ygtemdl S iy THOz 3650 b nlge 10 35 S ol
Voo cdale (JS) bbie Rl 358 slapy) ol Wlie (0)35L) it @e pials g ploj CubIS 1 aw g 398 Sl i Jele ply
258 (e agl Joual (sgne (ol Gisusel S e lsieas plgice 1) slod Sl calis TA 3 cdgilio ety p 9 TiO, ) 53 p )5 e

Dy 8 i (gmp 390 Clgilie GRIEI nl )3 1553 (353 plSe o 398 0 ey @l 4 A2 L

poslis LS Sl 3gL gl sl glio ¢ 29yl olS ¢ jSg1 5 35S (gla0 19

sl sy il car cdbedts b
(V) S1aB)S )15 axg5 3)90 g

Mplr s (LS Joho 9 <L pluil cutS (oSS
Slos alS a4t bedgbe Sligss 5 35 b
3055 B 3515 o 1 oo SIS oyl 51 o3litol by e
sl g Cplio gy (S L dbaly ) (s pde
My Wiy o g Syl cunsa Wl e
Ly Gl 29yl QLS 31y 5y L 4sl e sl
ok gmailpmg alox Sl CELESS (1928 oy ol )3 (V)
ogsl Mg lp el bl bjgadl 55 4
J) s slygimd] (9Tl 49l slacglie
S 5 el B Al o) (e g (00 9 535k i)
“Joul Mg Gl jgated (egtie (038 5 olend
390 Wign 29 ol Jshe Gamilwge 53 baadgl
el sl lolid ¢l ol b (YY) Slas S )3 adllas
e Sl Wy GRIB el el Wi gl
O 5 Omedlleal (e Miing st Sy Gamer
olod e

ST O3l dea J1 gl p e sl
BB S )5 ang 300 il cuiS 4 (TIOs) poslis
dlojo &S g5 Slin p Sl 4 0lS Fusl ¢ IS jgba,
B Jorial b sl oo glite )39l Canle g (o o)
ol o 3l LS ;3 TiOZ alesjl @l ydgil b cuto

dodo
olS & Catharanthus roseus _ole pb b jogp

as” a0 Apocynaceae odlgls 4 3leie oo (9)bd
355 Slaplil 3 1 s Job SLS 5 5| (osita dsgacno
olS 5l a3l g5 MY+ dgue (9T A8 0 My
B /Y s olS aigy 1S 50 gl jlade oS 0 gl sl
e gie Uiy Sy g Bl (A) duyoe dop> )
e oS Wblioo podliing 9 oSy laas ISl
deisl p oegMe 0l o Hled @ glbwis slagyl
55 olS laady, 0 st 5 ol laagJSII
V) Bgdie (5 938 05 oyl o s o e
Sl 3 SIS Jokl Sihgey s 53
4 0BgdeSw 9 weliny b cew (STR) i
ol Mg Slegly & el (ptewgiS il
My U bagdll plod jiwsy e Cuslaaggsl
P peme adbasd cpl ol 9yc~wl S o pdawsiS yiul
Sedie otio b saiSuly LalS s
w5yl S w45 3,15 51,8 SGD a3l catalsly
49 & 55 PRX 51 393 o0 226557 (il
i osMicngmgrdtl 4 1) 0uBlB 5 g 055
59 90 S F el it S g Slohy o A5 e
Cood bl 0 (553 (W) 2900 s DAT 0 5l Loy
gy oS 0 Ll Sul gsme 5 sl ul SV


mailto:m.abyari@cfu.ir
https://www.openaccessjournals.com/
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
http://dx.doi.org/10.61186/jcb.15.46.198
http://jcb.sanru.ac.ir/article-1-1415-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-08 |

[ DOI: 10.61186/jcb.15.46.198 |

Yoo

Gun b adlae oyl ol Comss oyt > g
SGD STR oy ok 5 TiO2 clydgl b sy
5 pbosil g sy okS )5 PRX g DAT

L i) 9 dlge
(Ti02) pauilid w1 55 1,340

Yo &y 05lul 1Sle LTIO2 l)3g30 51 ¢ yiulojl ol )
ugm;lww A d‘ﬁ A oolaml (l.o.iuv/ J)w) ool
Ol yd e S e Voo 500 o lacdale > @ldgl
)1 ).u uwlmuy ‘S)L»o.bfl).» ‘51)4 A5 ool o).uy.)
&8,5 0500 4dBd Ve ke 4y (160W, 35KHZ) g0l g
0,080 el «0lyd dazme W51 5l Calen Cga A
A IS ublie Gea g9y odlitul loj U
Wl oa 03)5l Y Jgaz TiO2 &3¢l clasciio

Table 1. Characterization of TiO2 nanoparticles
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Figure 1. Cell survival percentage in different time periods and concentrations of TiO2 nanoparticles. The same letters
indicate no significant difference at the 5% probability level in the LSD test. Abbreviations: pre-treats; before
applying treatments; 24h post-treats, 24 hours after applying treatments; 48h post-treats, 48 hours after applying
treatments; 72h post-treats, 72 hours after applying treatments; Co control; NP-TiOz, 50 and 100 mg/I TiO2
nanoparticle treatment

Sglie gl Glomi sl dlazel LB g yai janS «in p
ol b Lo glis A3l 5005 Jelge g bnygiod] & (S0
adlandyge slagys ol p 039 sl Sl & 39 g99e

(¥ Jgi2) 392 > 5ime

L;Lmoj S 9) &S ool o3l uL“’ FINALY QLi.ilaﬂ CJLJ

Slodzy sl ) (oo al> o o iere (S5sse
Ogpilpwge > Al Jgaal gos 4y oxie o5 ol
sy ol adlas ulnle (F) s Ui oo
Cilyo 4 63,53, Mlgie PRX 4 DAT SGD STR


http://dx.doi.org/10.61186/jcb.15.46.198
http://jcb.sanru.ac.ir/article-1-1415-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-08 |

[ DOI: 10.61186/jcb.15.46.198 |

Yoy

ol vae

w5l gcdplio Ay 3 1550 Gbaoj Olo 2 peslis T gl 36

Oalite sl ylej ;3 TIO2 Hlas Cod addllandjge (slay by il yls 450 =Y ol

Table 3. Variance analysis of the expression of studied genes under NP-TiO treatment at different times

mean square (MS) clayyo (:Siko

ol as AW PR
PRX 05 ol ) SGD ¢ ol . DAT (55 o ) STR 0 ol Degree of freedom Source of variance
PRX gene expression  SGD gene expression DAT gene expression  STR gene expression
465.76" 567.75" 746.32° 849.34% 2 ffnl:é
546.32" 366.75" 575.43% 687.25 2 cble
concentration
354,75%* 454.32** 365.65** 575.25%* 4 oeklex gl
time x concentration
19.54 26,54 3146 42.16 18 flos-
error
104 7.36 8.7 13.14 - cV %

* and ** indicate significant at 0.05 and 0.01 probability levels, respectively

sl b 0uBs@l PRX. 55 ol oidlS o Ltalsél (ol
HOM FXWENN ui':)l)’f 30,590 iz bwss e AL
a8 150,8 osaliie (V+VF) o) Ken 9 Almagro « ke 4l
b PRX 05 gle pials g il 8l el (ag)5ee gt
Ole Gl & a0 Ja5 4 (V) 900 sz 3 o
ScSalsl iy e b Lasiye 0,393 jles I s PRX
P33 (S)le 4 sl (ST b Cudlyg IS g (6,8 g
L TRX o il gy (26 o5 cnl o bl
SSol ] oo 1 elad oo Jos GBoag 3 (e 5395
PRX cubgisy s Gl & prio 01 (550e8 b Jslo

DpS o i
5=
S
~— : 6
sAia
2 5% 4
8 S8
oc
508 2 e €
x < - -
N 0

ol oyd B 5 ) a3 ()3 gime LS o g ik g % CMe

PRX &3 ol
2 obe i3 oS Canl sy S5 euiS 50, PRX (o
Mg g agdll Josalidsnsie pgrliyal
o5 PRX 0 oo (2b3) 2215 (ot S 09 9 0o Dacng
FA B PRX 5 ol pdaw &8 oy )l TiO2 03550 jloss
dw Lol ucdly Sl gy ine JSS & lag 5l an csls
131y otlS K9y PRX 55 e oloss 51 caelo VY S )
sob 4 PRX 05 (ol 039l clale (ll b .88 iy
b oj ol cdgyy maw aSyygay <8l Il ()l ne
Slam celw YA 0 i 0 a8 e Voo 5 00 slaclhale
¥ JS5) g sl 51 i o yd VAY g YA+ i las

Control 'NP-TiO2 50 mg/l  NP-TiO2 100 mg/I

a
-
I

Ho

Ho

pre-treats 24h post-treats  48h post-treats 72h post-treats

Treatments

b o

ool g jless ol o ixe MR pas (LS S tiie By ys TiO2 0,350 jlows s ignp slaJsbw 0 PRX o5 ol =Y sz)
YA A48h post-treats ¢ jloys Jlasl 5l s el V¥ 24h post-treats < los Jlos! jI 3 qre-treats :cljlais! .cul LSD (50l
&gl e NP-TIO2 50 10100 mg/l < S Co tajlos Jlasl 5l s el VY 72 post-treats <o ylos Jlos! jl ax celw

_ o A e S ke N 900 pelis s o
Figure 2. PRX gene expression in periwinkle cells treated with TiO2 nanoparticles. The same letters indicate no
significant difference at the 5% probability level in the LSD test. Abbreviations: pre-treats; before applying
treatments; 24h post-treats, 24 hours after applying treatments; 48h post-treats, 48 hours after applying treatments;
72h post-treats, 72 hours after applying treatments; Co control; NP-TiOz, 50 and 100 mg/l TiO2 nanoparticle
treatment
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Figure 3. DAT gene expression in periwinkle cells treated with TiO2 nanoparticles. The same letters indicate no
significant difference at the 5% probability level in the LSD test. Abbreviations: pre-treats; before applying
treatments; 24h post-treats, 24 hours after applying treatments; 48h post-treats, 48 hours after apSIying treatments;
72h post-treats, 72 hours after applying treatments; Co control; NP-TiOz, 50 and 100 mg/l TiO2 nanoparticle
treatment
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Figure 5. SGD gene expression in periwinkle cells treated with TiO2 nanoparticles. The same letters indicate no
significant difference at the 5% probability level in the LSD test. Abbreviations: pre-treats; before applying
treatments; 24h post-treats, 24 hours after applying treatments; 48h post-treats, 48 hours after apglying treatments;
72h post-treats, 72 hours after applying treatments; Co control; NP-TiOz, 50 and 100 mg/l TiO2 nanoparticle
treatment
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