Research Article 93 dlio
Nova Biologica Reperta 9(4): 246-256 (2023) ) peke 5 (g8 sldasly

) _ (1) Y08 JIYES Clmio F o)leis A al>
Print ISSN: 2423-6330/0nline ISSN: 2476-7115 _
. S o9 oliils ol jLacs!
https://nbr.khu.ac.ir; Kharazmi University Press; DOI: 10.29252/nbr.9.4.246

Sk 9 503 anT GLN 5 iy e 59,19 9 b )T ojliac Slb jw s i
bl (3l oyl ys A2780 sloJglw yuiS5

' GOUTE yalisls azyas ¢ "1yl Slgadesl3lsy fus
a>ly 5,58 2555 (69 )5 iedan Dlandss (S e g gwlid Cons) 09,5 £yl (agie skl ol5T ol8slo cageinn alg (el Sy 09,5

Ol plageie ¢ oMol 83T oKy cagiee
baharara@mshdiau.ac.ir d,1 . slg> L3l Jo

s L ol Tl S o slon) (DMSe ()l 3832y oo 15 (oile (5)lse Jdoas Sloyd oo 65,15 o (loie & My s 00K
ol giltmlio (5T 5 Slbw wo Bl )y p GBS (ol 5l Bod ool 48,5 18 axgi 5550 ledl 0 g (oSS s Sl sty Jlad GluS 5 sl
osbae b et 51 g A2780 (slo sl sy end il a5 ol A2T80 sk 08, 13 (S5 30 & 5 S &2 50 o 5 L)
s, DAPI Sl Ky b Joho atun oolidcsy ) Ol g al by, MTT O90y] dawgs |°‘5‘ 9 oM e (b o3| =l slaplal Jgilie
slogs s P53 5 Bax) 55l slaps ol ch Slueid 5 (Jobo 2l Giomins alis 4 (o2lid 00 D31 Sl 5051 ansgs syl sl o
Lo )T o jlae a5 olo ylis MTT iolesT slassls (8,5 )13 iomiw 9,90 Real-time PCR ;1 eolisl L (MMP9 s MMP2) kil jo 5,0
4 S sk jsmml aoys il g DNA ot aalss askad VeSSl g DAPT s iod b Jshor 51 o S o & yoee 1 plgi 5 iy (oo
5 (P53 s Bax) cjsusl slogs ole wilil ol (ols 4 =i o)l glacdale Real-time PCR 4 & >lpe 5051 50 w0ls oylis 1) J S 09,5
s 9510 9 Lyaed )T olS o jlac a8 ols olis Giagh opl mls wad Slb o sla sl 0 MMP9 s MMP2) skt o 15,0 slagy ol siels
ol ol 5l €T53 oolitusl ¢ pizead ool A2780 Jslos 00, 10 calio (gjlimlio 5T 1 gl 5 55 anT o0isS Wl (5,355 a3l glyls ol 4 Db

Sgdige Glom (il Gley ;8 o151 (BB (Bl Blse 5 M e e 1S cely j5S e DI bl egdle (M s L ol e

Jsbe @l e Jobo atan (culid Sy (s Jud SLS 5 00 2l 903l eSSl 03T L gualS sl03lg

Anticancer effect of Artemisia extract and cisplatin on the induction of
apoptosis and inhibition of proliferation in A2780 human ovarian
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Abstract. Cisplatin, as a chemotherapy drug, causes serious side effects in the advanced stages of the cancer. Recently,
Artemisia has been considered for its bioactive compounds, anti-proliferative and anti-inflammatory effects. The aim of
this study was to evaluate the anti-cancer and anti-metastatic effects of the methanolic extract of aerial organs of
Artemisia and cisplatin, either alone or in combination, in human ovarian cancer cell line A2780. The viability of
A2780 cells after treatment with Artemisia extract, cisplatin and their combination was evaluated by MTT assay and the
alterations in the morphology of the cell nuclei were examined by DAPI staining. The induction of apoptosis was
assessed by Annexin V test, cell migration and changes in expression levels of apoptotic genes (Bax and P53) and
metastasis (MMP2 and MMP9) using real-time PCR. MTT test data showed that Artemisia extract, cisplatin and their
combination decreased the viability of ovarian cancer cells. DAPI and Annexin V indicated the DNA fragmentation and
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increased percentage of cellular apoptosis in comparison with the control group. The migration and real-time PCR data
showed a decline in thr cell invasion and expression of genes involved in metastasis (MMP2 and MMP9) in cancer cells
while the expression of apoptotic genes (Bax and P53) was increased in the treated groups. The results of this study
showed that while both Artemisia extract and cisplatin posses anti-proliferative effect, apoptotic and suitable anti-
metastatic effects on their own in A2780 cell line, their combination have synergic effects and posses those desired
properties in lower concentration of cisplatin, which can reduce the side effects of cisplatin in cancer treatment.

Key words. Annexin test, Bioactive compounds, Cell biology, Cell nucleus morphology, Immigration test

& el gk Lot b o J3S0se o)) 5 silolaz Jolis &5
S8 ol (b axdlie j5 Gloyd (oo lagls (lgie
Jsearmo Slitice asilen xmbs Y gams o] yide 45 5l
GU et ) wiied xpb lo o glo ST 5 xpubs
.@l., 2015
digip g sl SIS Jds a4 pg)ls (kS 5l oolaswl o5
lodshe )0 ssmnl G5 (L0085 anlE s 0 S
Sl oo b ablie slp (ngs JSal, G plpie 4 Sy
Sl oyse o slo gy wol> Jl> o (Kim et al., 2018)
ool BT 13y 350 S b o (gl b
il b g ylo 5l il loys jo SLaS 5 b 5l e
P soyRee gilos, o Fusl 5l LS ey LesST ]
Schutz et 2006) o,ls 5,55 o 5 pdy So,25 004,
S plamST T asile golge 5l eslizul yol> s (al.,
o 3 bl wsie BT 4y axgs b pg)ls GlalS yo anb
Sl 485513 (6 ko 4z 5 3 90 2138 SlafoSe lgie 4
Sl ol sl sk 55, » olse ol (Shali et al., 2018)
50 i a5l 50 5t b ol e (50905 50 5 W)l o
sladsho @ ol @ e planasT (S i alSiadl
2585 w8 (o silaenST ol anld Gl a5 0gdie
& Bhikha, 2016) wls is5 Glbpw g9 g Giulow

(Simoloka

OiwlS oy (SO a4 Bl ey L Led,l ol

g 03y Voo Sl i Juld oy ol .cawl (Asteraceae)
Slaal Glgie 4y olS cpl 5l goaxie glgil gl 455 YYe 0o
At o950 YL LI g soladl cowal 51 og5lo
i b o UlS gladisS 5l eolanwl alsdS e anll
S edld 5 abord w85 eep sln Ol by
B g 9)y5e lap] 50 sz s bl slagés, (Slass]
Artemisia L y5,] oLS (Vidic et al., 2016) ol 43,5
(Firestone & Sundar, 2009) (aw,s) absinthium
RANDIVES I =3 Gilwgyls aloz 51 ok sl 1S 5l ls
ol ! .(Koloren et al., 2019) <ol LYl 5 lew 5 b5
aloz 31 0,8 & yasie szl 5 oleendgd LS5 s«

dodo

Jole ealezr OB slagle e om0 plaess plbo s
39 & ke ol (Moradi et al., 2016) cuul o § S po Lo

A s s slaplb e (e 0 ptie 45 Glye 4 ol
Sl byl g5 4 a2 g5 b ool 5 padjles a5, (SowsS
ol olml o il Jelse (Masoompour et al., 2011)
Slge g ol (Sogdl (JSI olilss ales 5 ai)ls 2d (ke
sleglase 5 Gsae Jolse (S codled rals (Sl olde
!y by sleoly (Razi et al., 2016) cowl pupbliceg xSl
Oy ¢ sloys (oo ¢ Gloyogiy >l Jolds (g5len ol 5o
.(Mansoori et al,, 2017) cwl Sl 5l 5 (55
@bl 4 e Wlgiee Sl (oo 9 (Al slagleys
ol S olgie 4 My ew (Zahedi et al., 2012)
Motaharinia ) s 5 oo loJokw ;0 Coamw sl cel 9041
Wy S e cgz 4o gyl ol (& Nabiuni, 2022
Pl oszs ol b ool 05 Slbse sladsle sl
ool oaslive olilesy )3 )ls (nl e 3l G o Sl
I =S 5 gl plidse 3l gl Jle jo pizmen il
iy o e S Sl )l el Bas L
S5 05l S @y ate 3 JlslE slagiaghy 5 8,8
P Ok e Gloe wl Il sl 4 e
slyp (Liu et al., 2019) coul onis sl o5 slocdale
F0 GppnilSe gty el (b SluS 5 5l colal
st oyl s OIS 5 (Sl p3Y b s (g Lo 0
Syl ol & asl 59057 csloJsbo JUasd Jolt o e
S osd @ s ot S @ sk Gl JUSH G
etal, ) coul Cews 50 il )b slocdl 4 By, slao,lgo
S She 0 i )50 ,0 ol iegh (Lambert 2017
Sinlie SlSagey ols & (ol (slosbo (Sopsise
ol Gloys ey o pbcd i a4 e bJsle )

oy ol (g slo s, (Wirtz et al., 2011) 545 o

247/Y¥Y



Nova Biologica Reperta 9(4): 246-256 (2023)

Teo A0 ee) Lipas)] la sloplal Jylie ojlac
skl 5 (e /p59,5e Fre g YO e YO
JosSarSen ¥ g ) VO /B /Y0) 5w s 53,0
Lol ojlae Jge lacdile 5| oS 5 & )50 4 5 (il e
o S0, 5 Gl 2 £S5 YO0 5 Ve N0
Slay San b 55 Gilsken 2 o5 Seer VD 5 +18) 3%k
Spe MTT (g, b sk (ol 5 wad jles celu VF
S5y 5l SdeSee Ve &S Ojse Gl 4285 18 b))
Sz Jaw Dol w4 g w5 aslsl ol als p 4MTT
FedgSan At s ol 4sSil S6 lame o el
3 g b 03938l leSal> 4 (DMSO) snSlgalgn Lieso
oliws b yegili OV zoe Job )5 baaises (5,588 i Zuled
b lodshe (gpdy Comj doyd b ol Jlogidy XSl

(Amini et al., 2019) i acule 5 Jge,8

Wged 0 (Silee ] J S diged Ll (S5le) KN -
ondy sl Jolw do 0 = (oo Hlos

Sy 5l eoliiwl b (Jokw sboatus owbbcsdu; ow)p
DAPI (g 50l

6o Jganl Jid ¥ — siwl oo — £ 5 F) DAPI X,
DNA jislo )0 Geesd 5 ool 5l (g8 bla 4 (3],155,0.0
O S oo gbl 093 5l Cuag gl Ky g 0ghse Jate
axkad (ilog)S @515 aloz 5l el 5l AU Slpd 4z
osalive hB (B9, cnl b aied (0B 0ueSgy2 g ud axkad
a0 A2780 sla sk 1ozl (g0l 55, ol plonil gz
YE 5l am g o ools caS s £ glacal jo Yx) ¥ olows
lsn clelal Jsibio o)las aigs el b b Jsbs cels
V) G e 69,0 sk 2 TS YO L]
2S5 Yoo LieadsD) plg 5 (e 2 op)59,80e
& Gielskin 5 0 5an +1 el s b ol 2l e
29y e w8 13 e cov cele YE Cas
o931 s Jsles St e Jsiie 2l i ) 5 5 B Lol
oliisidyy el iod el K5, DAPI G, b g 0l
(Olympus.Japan) o ,sls S San Aoy 4 Lo Jsko
(Dongetal., 2018) wz3 3 |3 oy 5,50
Annexin V- FITC (yg03 buwg 590591 o0 y0 oy

25 sk o g st sk &
o plsl ca. b esliiwl (LudSSH Abcam e ,2) FITC
Al eols S Gl £ ol 0 A2780 0 Jslus oo lal cus

Annexin V-

Lieed,l 2lop slaplal Jgilie o)lae bge cdale b w4

OF V) VEFYOF F o,lad A b o ey psle 15 cng sloasily

ol 50 @)l QLS (o n, 0 5l (S Ol & (S
(Abad et al,, 2012) coul a3 3 |3 5bss 5,50 ol
5 W Jgigsl soisand id 51 50 lse shls y553 lals
Sl C25eedy] g0k polie 5 55805 (lalS (i385 il
2 olS cpl 5l eael Caws 4 GluS 5 wante Sladsg 4o aS
MIG2 5 Jsbo a5 2 G5 a5, Lo Gsum! W
o5 (2BlesT o (il Lulpd o j5es8 ) e 5 slibie
.(Zare Mongabadi et al., 2018) oS o Wyl 1, 545

Al s olaess plbyw alixde LB ot 4 x>y b
51 iy dallae ] Bus oy ands 51 Lol 03,28
@l slepll Jsilis ojlas gilisbie (T 5 by
Oz by sladsles p Gy Gurw b olpen Ljad )
aeys by Ol fuiren 9 (A2780 Jolu 00)) Ll
S MMP2) jllic 5 15,0 oy 5 (P53 5 Bax) (sjstyss]
Ll MMP9

> 595 9 9130
ol Joilio o lac ans

Artemisia ) | e ,1 olS o Jgilio 0,lac zl Suinl jslaie 4
Mo g8 olKils pgy,bye 51 $OAOY oS L (absinthium
s 5 Sis oLS slsr claplal lal i ags (FUMH)
Jstee il hee Vo olS 30 5l )5 Sy e Sl e S
S8 6L leo 40 9 SOLL e jo cels YY G s g a8l
Seolaul b Jols bgle el VY ldS 5l ey ol o0ld
oo lawg (gSo)lac cules o g Blo ally AelS
oo o,lae Jgilo culys o .al plxl Rotary Evaporator
(Mehrbakhsh et al., 2020) w5 5l SS,6 0 4
MTT cuws

sl 51 A2780 Jsbos 05, ludl ezt b s sl Jslos
S bagze 5l (Jobe 05, cuiS jolaie 4 5 s Olpl el
FBS as,0 V- g9l ()l Bioidea «s ,») RPMI-1640
s 0ol ((yabis i [y Logiy i) Sogm &;—‘ doy g

@by 2Ll sl e S5, by S MTT ces
S5y 055 eyl Sab s ololy &8 el ook
ol 4 el K, iy olless 4 o) slaJske ,o (MTT)
Sz e (gt il bawgs Glgi e 1) STy S
olass 4y A2780 b sbo sl ol s cpl sl
SRRV AP RGN L O EL VRO P B Y e S PR R
Gl slacile L A2780 o fshe welu Y cis

248/YYA



Rezazadeh et al. Effect of Artemisia extract and cisplatin on

Ol uUa,wJ..u...:)ijl;,w)i oylac .o, Ken g 00l3ls,

8,5 )18 solaiwl 5,50 CDNA Cole cyz g 285 Ojgo
b e S jlSS 5 Bl (0S8 by byl I
wlag by Wad paie | Jodx gp0 4 g ab e
oaws by sla sk ;5 MMP9 s MMP 2,53 BAX
olfiws 5l oolatul b (g e g sl slaog S0 A2780 Ll
sy <ov SYBR Green X, 4 Bio-Rad Real Time -PCR
a8 ;) AAct s, b Bio-Rad CFX 33l
@sbel b

P ey 5l esls (el el g asew jshite «
a8 S, il yly ;U1 (g Ll 4031 3 GraphPad Prism 8
oy dowgi Joges g ol eolaxwl Tukey cus 3 (ANOVA)
Ole Slo 0y (ornd dnglile jslate & 0l o 5 JuST 153
P<+1+0 5 Wiloads dwlze ,1,S5 )L 4w J8las L eosls oy 5

RWIPVEI N R PO SN IR A

219 9 oy e saad sl olae he gacdile )l
b Gl ol e
Obdl laess Gl ladobe (ol oy p Hobiie 4
Yoo XOee Yoo 000 N ee lackale 36 couA2780
sloplsl Jolie ojlae 51 i des [ 59,500 Fre g YO
Zws 5l (DMSO M>) ‘_,;aLi.i;u“La)'T dali g lU',:.N“)T e
S ol las Joko By cwyp mls ol colaiwl MTT
Szo d gees,l o lae alises lacdale L A2780 (sls Jslo
a8 s Glb s sladshe ;255 ke Sel clle 4y aily
oo Sy el il [opSeSee YO clile o oS
SV cbcdile s peimen sl 0ud sk 5 (IC50)
Syo 4y i g 009yl ok Coons gl)lo Ljead,l olae

O JS5) w5 olanss ol sl Jsbo 55T Jsbo

P95 V) e e S Rl Shes 2 £)5 5,500 YO )
oy sl dee 51 )5 9)5ea Voo LseadyD) ol 5 Gid oo 2
oo 8 et Gl 32 255,50 + 10 5N G b
0 « Binding Buffer \X 30 ;1Js Ko 00 digel 0 4
G pedmgp ydg,Sewe O 9 Annexin V-FITC )y, S
So,b Joo jo 9 3U1 slos [0 4aBo B Dae 4y g ouds 05938l
035 390 (6 fogialugld olliws g Culed 50 aiad 4SSl
(Motaharinia & Nabiuni, 2022) o255 1,3 |l 4
b © 2l i

Sl s o b ool p2l 5 Splee Uy
ool cunS s £ oy ;0 A2780 (sl g ol ol ooz
S8 (223 Ar) coslin (515 4 laoh oms 5l a9 02
Amini et 2019) o obx! laSale GS 1 Gy Sy g
o slaplasl Jgilie ojlas slacdale b b sl s al,,
D) oy e 90 il 2 p)T5)5ee YO L]
Sl 2 005 955 Vo v Lsd D el 5 (il e 2 055,50
VE Soe 4 (s 2 pS9See o/0 i L olpen
s ko Sl ol Sl 3 ad e el
(S less 5 JyS log S 50 3 ol p (e 9 SOl peSe
£ lasgi o (Olympus, Japan) LesSes cosSusSae 5 5
(Bagheri et al 2018) <3 5 )| 3w, 9,90 Image J I3l

G093 b jlwlio g jeigrT 50 550 GG Ble Ole oy
Real Time PCR
5o g o ools utS SogS S [0 Jako N x V¢ slows

loplal Jgitio o las sige il b b Jshs woelu YF a238
O e (59,10 (Rl e 2 059,800 YO ) LT Slse
R oS oS Voo LD gl g Gl 2 e S5 )
Sord Grdsbee 2 p )59, 00 10 (5Dl G b olyom ] Lo
Real Ly b o)50 glops ol (supp Soz G N0
o8 ook oS Jes ygiws 3. RNA 7l 5l Time -PCR

Real-time PCR S5 0 soliiwl 3,90 slo paslyy Jlgs =V Jgu

Table 1. Sequence of primers used in Real-time PCR technique.

GAPDH TGACTTCAACAGCGACACC TTGCTGTAGCCAAATTCGTT
BAX TTTGCTTCAGGGTTTCATCCA CTCCATGTTACTGTCCAGTTCGT
p33 TTGCCGTCCCAAGCAATGGA TCTGGGAAGGGACAGAAGATG

MMP 2 CTGATAACCTGGATGCCGTCGT TGCTTCCAAACTTCACGCTCTT
MMP 9 GCCTGCACCACGGACGGTCGCTCC GAGGTGCCGGATGCCATTCACGTC
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Figure 1. Comparison of the effect of different concentrations of Artemisia aerial organ methanolic extract (pg/ml) on
survival of human ovarian cancer cells A2780. Data is displayed as = SD mean. P value (**p <0.01 and ***p <0.001)
showed a significant difference compared to the control group.
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Figure 2. Comparison of the effect of different concentrations of cisplatin (ug/ml) on survival in human ovarian cancer
cells A2780. Data is displayed as * SD mean. P value (¥**p <0.01 and ***p <0.001) showed a significant difference

compared to the control group.
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Figure 3. Comparison of the effect of different concentrations of Artemisia aerial organ methanolic extract with
cisplatin (ug/ml) on the percentage of survival in human ovarian cancer cells A2780. Data is displayed as # SD mean.
The value of P (***p <0.001) shows a significant difference compared to the control group.
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Figure 4. DAPI staining showing changes in the nucleus of human A2780 ovarian cancer cells in control and treatment
groups (X400 magnification). The red arrow indicates the fragmentation of the nucleus.
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Figure 5. Results of apoptosis in human ovarian cancer cells A2780 in control and treatment groups based on Annexin

V-FITC test.
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Figure 6. Cell migration. Effect of Artemisia aerial organ methanolic extract, cisplatin extract and its synergistic effect
on human ovarian cancer cell migration (A2780). A) A2780 cells at the time of scratching. B) Control group after 24
hours. C) Treatment of cells with Artemisia extract (250 pg / ml) D) Treatment of cells with cisplatin (1pg / ml). E)
Synergistic treatment of cells (0.5 pg / ml cisplatin with 200 pg / ml Artemisia extract). Diagram of scratch distance
alterations in experimental groups. Data is displayed as + SD mean. P value (*p <0.05 and ***p <0.001) showed a

significant difference compared to the control group.
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