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Abstract

Background and Objectives: Cancer is one of the most serious causes of death, and breast
cancer is the most common malignancy among women. Medicinal plants can play a vital role in
cancer treatment. Many effective cancer drugs today are derived from natural plant products.
This study evaluates the cytotoxic effect of Pterocarya fraxinifolia leaf methanolic extract. It
also evaluates its effect on the expression of the P21, BID, BCL-2, RB1, and MDM2 genes in the
MCF-7 breast cancer cell line.
Methodology: Extraction was done from 20 grams of dried and powdered leaves exposed to air
by the soaking (maceration) method using pure methanol and after 24 hours in an incubator
shaker at a speed of 120 rpm, temperature of 25°C and in the dark. After filtering and drying the
extract, 5 mg of the resulting dry substance was dissolved in 1 ml of RPMI-1640 medium. After
re-filtration, it was stored as a stock to prepare different concentrations. MCF-7 breast cancer
cell lines and HGF-1 as a normal cell line were cultured in RPMI1640 medium containing FBS
10% (w/v), penicillin antibiotics, streptomycin 1% (w/v), and at 37°C temperature and 5%
carbon dioxide pressure in an incubator. These cells were exposed to various concentrations of
methanolic extract from Pterocarya fraxinifolia leaves for 24 hours. Cell survival rate was
assessed with MTT colorimetric assay, and expression of genes involved in apoptosis (P21,
BID, BCL-2, RB1, MDM?2) in cancer cells treated with 1C25 concentration of plant extract was
evaluated by real-time PCR technique. RNA extraction from MCF-7 and HGF-1 cells was
performed according to the RNX-plusTM kit instructions. cDNA synthesis was performed using
Fermentase Company's kit (RevertAid First Strand cDNA Synthesis Kit) and according to its
instructions. In this study, the GAPDH gene was used as an internal control.
Results: The results of the MTT assay showed that the Pterocarya fraxinifolia (Poir) spach leaf
methanolic extract had a concentration-dependent cytotoxic effect on MCF-7 breast cancer
cells, and during the experiment, with increasing drug concentration, the effect of cytotoxicity
increased in both cancer and normal lines and high inhibition was observed at concentrations of
1000 and 1200 pg.ml-1. The IC50 of Pterocarya fraxinifolia methanol extract against MCF-7
and HGF-1 cell lines was 452.1 and 479.2 pug.ml-1, respectively. Real-time PCR results showed
that treatment with the Pterocarya fraxinifolia plant extract enhanced the expression of the P21
gene, while expression was nearly constant in extract-treated normal cells. The BID gene
expression was increased in cancer cells treated with the plant extract. In contrast, normal cells
under the influence of the extract showed a slight decrease in gene expression. The plant extract
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decreased the expression of the BCL-2 gene in cancer cells, whereas the expression of this gene
in normal cells did not change significantly under the extract. The RB1 gene expression was not
significantly altered in healthy cells after plant extract treatment but increased in the cancer cell
line MCF-7. MDM2 gene expression in cancer cells treated with plant extract remained
unchanged, whereas it slightly increased in healthy cells treated with extract.

Conclusion: This study provides an overview of how Pterocarya fraxinifolia extract can inhibit
cancer cell growth. This study confirms the inhibitory activity of the plant's methanolic extract
on breast cancer cells. With further investigation, the plant compounds may one day be used to
treat cancer.
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Fooles X9 sl ol e s psols oS Clides allas

WS SWisls 3k Pterocarya fraxinifolia (Poir) spach ol « »  Jgitie ojlae wb gwiy
MCF-7 Slil Qb Ol g ok 035 33 Jga e T 38 ks SO O 9

Y3l e dare PRSI NI Fale S e ‘\@ﬂu wdlael 5GL
Ol Al S S 8l (535S p sl 008l (53,5188 (539580 5 05 8 i) puliit)1S (5 5zl -
kumleh@guilan.ac.ir : s S sy o)) S (S ol (6355188 2 she ouStils (655550 g 09,8 Gletils o sies sy 55 =Y
Ol o) sl a3 5 K5 i e a5 ortistd 058 Lokl Y
Ol S S &l (55,5l p sk saStils (65 5 5t 05 5 Olsland —F

VFY b gl RO VF-Y Cuige .,.aj\:&wcﬁp\‘c_ﬁ)\s VPN o ncdl e b

ol olS e U5 w5 e Qe.j@.\-&' W O 5 e 5 S e e Jelos 5l (S ol olan 10 5 ail
b leassl 3 5l ol oloys 5o e Glapsls Sl (ol 0350l izl wxils ol pleys o Y R P
Plerocanya i, S Jsle sylas Johe cuie 31 oUiol (isn ol 3 Gas e cws LS Sl e aa

2o MCF-7 iy 5 oo Joke 63, ;5 MDM2 5 RBL BCL-2 BID P21 slagys olu » o] sl 5 frainifolia
S ealimad b (Gomal ole) 038 osd s & 9n (2 me 53 0dd 3 5 et Sis S0 SV 5l (6 Selae 1ds, 5 8l s
ol Kb 5o 5 o) S sl ams YO (sles caids 53 553 VY e b LSSl S s el YF Sl e 5 el gl
dar 5 00 Jo RPMI-1640 Lme i oo V 5o Jols St asle 5l 8 e 0 wo)lae 05 S St 5 o soml s 51 oy a2
HGF-1 5 MCF-7 a0 e Joho slaos,; a0 a3 dilizs glaclile g ), Saal plssa wslss ool e 5l
ot S S 5l (ol 535) JV+ FBS L ol en RPMIL6A0 cozS Lims 3 meb oo o3, olsien
sl ool bas cusS 55Ul s o SunaSlen 70 Hlad 5 ol S sle amn YV gl 5o d(amn/ 550) 1) oo s szl
el b ke i 3515 S el S Sl ol ojlae 5l dilie lachile sl 53 cele YF G 4
S cow oW e ke 55 (MDM2 RB1 BCL-2 BID P21) 5505 5o Jis sbaps ol s MTT (x5S, oge5)
&b HGF-1 5 MCF-7 sl 5IRNA 1 sl a2 U5 Real-Time PCR iy, 5l asliad ol o 5las 1C25 <l |
RevertAid First Strand CDNA ) 5l 3 oS 0 oS 5l esliad b CDNA i as pll RNX-plus™ oS sl g2

A eolanal Jals IS ol siea, GAPDH o5 51 ams 5 cnl 5o Y plxil ol Jedll 52 3 5 (Synthesis Kit
dobe 35 e &y S e 518 a0 S Sl sslas S obs QL MTT (a3l 51 Jols s il
ol b s G Y ss s ol cuie S gls e a3 L (sl b sy anals MCF-7 65w ol e
Perocarya S Jsilie o5las 1Cs0 Jlade oz sanlie sl dee 5 p 85 S VYoo 5V e v ekl s lee o 5V il
S Jols bl as sl 2 e 5 0 S5 S FVA/Y 5 FOY/N (s HGF-1 5 MCF-7 sk s, sl fravdinifolia
5 auzls il 53| Pterocarya fraxinifolia oS o lae Jls 1 ;5 MCF-7 bJsle 53 P21 o5 ols oS ol ol o5 ole Qrﬂ
ol S oolas bsas Sl S e sbadshe 53 BID o) ol ol sss <ol L"J‘“ olas [las o Jl i Joe 0o
sl G adshe 5o sl olas o5 el ol o 1 o p2alS s lae J“L cos Jl s gbade &8 550 5o il
3> el Gty s o)las L3 cow Jbj cldshe 53 05 ol ol bl sad BCL2 55 oly 2ol am olS o5las



e Sl oslas b s p

oslae ;W MCF-7 QJU:JW sladshe 5o Ul 3J§3 LsJ\.,\.._':-J...«.. a\.,S/ oylae s cow RBL o5 ol C)‘j:-‘ JLAJJ sl

Sose 0 dle i oo \wﬂ oS ol s cos @U’Jw sbdshe 53 MDM2 5 ol oz o5 ol ol (2l 3l e se

cu ol S sl i, 5l Lo Pterocarya fraxinifolia oLS s, 4 guse, )y lassie o o) (S S A
Sl L .’\M)&JE 4 ‘3)J‘)‘ R u\.«u.u utbﬁ ‘5\.5;}‘,1“ 2 s\ﬁf U“ J}L-‘ c)\..ac &5)\4.;: J.»\ Do iRy u.»‘ )‘ J.a\.&

04y

2l (Sl (Bl o5 cel ol eslas Hles cow Wl Joke o &S

2 S el (b e gleys 5o QT SLS 5l ol s o) 0 e

oWl e 2o MCF-7 Jole o3, MTT o}aﬂ t)j,ufT (e S sl oblS eudS slassls
doddo

3 d}}"e,xT O sl a0 4 5 Aea
(Pang, 2023) &yt po s SH551) w> SaenSs
Bel- Bad Bak Bax |els 3500w sy »
S5l Ao by, 5 HIK 5 Bim Bik Bid Xs
Mcl-1 , Bfl-1 Bcl-W Bcl-W Bel-XL Bel-2 J.ls
)3»434Y ) )yéyi O oSy om ol ol
S b ssa 5l Seuel U aS e a5 cul
e BO2 wlyils 5o Loy, on Jols o oK
S bl ol s Ssaal S LT IT=
S 5l e ol s 4 silg e ) 5 25 e SO
a b Kol aeeS b sl 4o nEs, ae b
Wong, ) sl 5o s 5 S5 b sl Lie onBsn
L BCL-2 wile (ismsl 4o slaoas,, (2011
5 Jodsum J5b 4 C oy Se Slagl S s
b i Gk 51 BID sl Hsmal he claiaSs s
Flores-Romero et ) uuS o vkt ) 55t 5] e ol
ol s (55550 el L MDM2 5 .(al., 2022
I P N ) IR
2 ds boSs s 5 P53 sy SsS e onfsy
L RBL [se5 SosSm oo 5 3515 DNA GOl

a ) e Lol e i 58 s cnl A8 Ll
w5 42 MDM2 o5 el Sl nl ol 05 0l

RB1 .(llic et al., 2022) .. Q\Lﬂ ol sl
sdsle 5o 5 o) rb Logiadgii; Lses Ji’}sj‘*’
.(Subash-Babu et al., 2017) 552 0 Jb s b u
Lf‘}l“" s s..dﬁy ;,&\.- S ol 6\0.,\*.5 )L@-ﬂ B P21

e sl 5w sy spls sle ol e

» o S el 03 L3 ol 5l 2 e 5 S
b s et 4 ol Gl U s pler bl pls
So 4 e &S ol ol s ells 5 é a5
@\-ﬂ W Sleys G iy, st o e s jf R~
Smolarz et) el sl ol /& 555 plolis 5 iy
el S pne ol (..,)kr— oy o ziy @l 2022
S SeediSs s 4y 005 polie wais J S iS5
ol Bl sl iSs sk S e s }fe,xj 5ol
S ol Srml Al kb 2S5 S
Soomaly Johe S glosnlp o peasaslis Sl
3 35hn Pk S5 5 S e m Jol Like (o pe o
Sl ol e 3 5l S cul Gl 0 as ganl
Dt ASIAST 4 i 45 sl 5l L] S sl
AS e oolimal sl e Glae glas s ol S
2wl ol WGl el el pl
2 S ool Ll Gy S sl
5l cmlas 53 e sl Wl S520] Gl
5 dde 63 S, s aal aal ol ow s yay 5 A,
s ol ao was bbb o, wll
Rajabi et al., ) cwl plos a4 cuwslie 5 o Sols
P55 s Sles BCL-2 sy, ool (2021
OB sl e sleda Johe sas Goab S e
GIXS s }f*.!.j:f.T S s H@ » L el
bowsn 5 @hs md b hls slsle ) )l



04y

S s 8, sl oilae Ky 5 adlan
s HGF-1 Jle s MCF-7 aie 5l e Joboo slanY
5 RB1 BCL-2 BID P21 <o ole » of I 5

L gy g dlge
el.; aJL.A.c A

w3 8 Soslpan S LK 5l S S S,
algn o2 me 53 sai Sas S e Y 5l S slas
53 oAl Jplie eolial b (g gl le) 00 S e 55
0o el YY 5 ol S sle 4 yn YO waids 5 a0 VY-
A siels sl elind boojlas aas il (S50
s a2 s Whatman® Grade 42 (Sigma-Aldrich)
2w s Bds s s s el NECEN QT =
S ol ) rjgk#. 0 i las (gl S Sis
3 5 sxi J> RPMIF1640 L 5 Jolbs
S XY (Kipe p Jel AS Lol A
Aoy Al glackle ag ol Sl lsea

Jsb cis
HGF-1 5 MCF-7 ape ol Johe slass,
48 0lpl s ple S0 5l b ok 02 plsien
o jon RPMIL640 oS Lams 5o ok slaos, ol b
o g S s 5] e/ 535) 7N+ FBS |
a3 YV les Lo 5 (ems/ (S55) AN e s ]
S 55lsSSl 5 oS At 65 70 Jlzs 5 ol S sl

RSV

MTT (505
MTT ot 8BS, el s Slasasy dw o
o (D leg oo o3l s Jd 0 —da5ls Jae 00)
Codhe 55058550 5 slas an pliws 5l ey s S

S Y Jol 5SS s passait g 5 S
9 \.,\._'> EDTA—MJJ ‘Lw}’ &—wy\& gﬂS‘b Lo

Fooles X9 sl ol e s psols oS Clides allas

Lila o Js ssipe S e 5l Ol 4 b e
s Gal L ol e s ke S5 Wiy Lo
sl b mle 25,15 plaLS (Abbas & Dutta, 2009)
sl ol dan sl sl oyl ass ol
ol 5700 Lp ames ol eniS St
oy st b Slie 5 LS SISl Sl aps
shls oS 5l send » (Sahu et al., 2018) wloue
Sl a5b sbcdsle flsl s 2 pls Lolss
sl byl cale s bl plsil gloys 5o age (28
5 ead Grie anb olse (Pammi et al., 2023) .S
S w8 Gl Gty ple boalis o obls
Balkrishna et ) wlosls olas o w b o3l 5o oo
s Ml Sbow s olS s 5l ol Lal, 2023
b e 5 Ko lam oLLS 5 bl iy 5 ot S
Ukwubile et al., ) xles § e |, g5 LB Sl
Pterocarya fraxinifolia e U L S} (2020
o ol ol Jt s e 28 (Poir) spach
5 gl 3l (Pterocarya Kunth ) «S b
23, 5 JRutales) ol awl, (Juglandaceae)
LS8
388 N0 350> 5 sy 5 22b . (Dicotyledones)

belal 95 s, 5 (Dialypetales)

5 G 0 0 oS L8 7 5 ple o s o
51 P fraxinifolia a8 5 5505 352y bl 205
Lo (Ohaske s AS) 528 Sl duJib.- 22 \-eﬂ
shls oS ) S oslas (Abbas & Dutta, 2009)
2l 4o el s (Fathi, 2015) s Soe 4 clled
5> .(Ebrahimi & Parvinzadeh Gashti, 2015) ..
M a s ) S olas & ws Laduie s
clad gbls s gde 5 s I oYL Gl il
S ol gl OS5 utmas Ll lanuS] s
NS5 S bepsasime 5 Lopsss
s ladlas s (Ebrahimzadeh et al., 2009)
S8 s sl 5 Sy aslae 5o 5 J8 lpo
ol s (Akhbari et al., 2017) w258 YU [l



e Sl oslas b s p

F

vH
oo < 1€50

1C25 =

Hill Slope :H 5 ks 5,5 IC ,luis :F

S HGF-1 5 MCF-7 sl 51 RNA £ 5l
S ojlas 511G clile o oas 5 cole YF Snes
el RNXDIUS™ oS Jadly st b ing 48 51 3
b Jite a5 =Ve 5 4 ead ] Sl RNA

Sl 3 oS e oS 3l el L cDNA -
5 (RevertAid First Strand CDNA Synthesis Kit)
ol o Jadl s b

s RB BCL2 BID P21 clays sl )y o0
Jle s &b 5 5 NCBI el L il MDM2
05 olsea GAPDH (5 3l cpizen o oLl primer3
sl mly Js Sledbl Y Joua 5 as eslial p
il ea 03 5] e 5 B ol polans

cS 5l eslimel L Real-time PCR sl 28,
Jels as > F. 5 SinaSYBR Blue HS-gPCRMix
a5 AYC Gl Lo oadyl olears by aids ¥
AYC Gl o olecwuly asb v ol 8 sl
b Y. 500-2:"C by o el Jlasl gl , asb Y-
LightCycler o\&ews ;3 VY'C los L gus bob ol
- ¢l 96 (Roche)

el S sy 52

5 ks S £ b 6 s MTT bgses
SAS 15l @b 5l besls az pldl 556 & pon
S5 053] o Sl 5 Kad S s 2 4 b
,ylatea) Gl sl Sl &y s 4 Wssls iy § acslis
JVORIP SOV PR BRSNSV Vool v Y Y 300 ﬂbﬂ a3
s 8 bdshe 5 s eolaal slslid ool olsea
el olyiea Bad Lld sols 5sa RPMI 5 DMSO |
o3l b o5 ol csloesls Julos iy 525 o a3 Sl o
Lol YAl 5 b sl S1od J e 5

0ay¥

B3l 3l sl L sasy sladshe U5l s (toles
PR W I WO 5 R RO SR P N A W
25 ok St g a4 S Sy
7+ FBS U, of jas RPMI-1640 Lo 51 2y Seo ) - -
et 53 ol sy S 5 5 ((amn/ (355)
Sles 5ol 8 sle am s YV sls o 5 (ams/ 555) 1)
o B 4SSl el Y Soeay oSSl 70
S Nere Voo Bee Yoo Nee lac bl Lo, lze
s Lol LaSale 4y e 5o 0 85 S VY-
L oaals plyea oylas oo s e ol sbSals
S (e’ 555) 7Y - DMSO L g J =8 55 8
lyiea i Lme ole 5 Jshe 286 clacSale sins
S Lo ot VF 51 e a2 a5 S L5 s SO,
Jols 658 i o 51y Sa Ve s eas as
5 Sole a & MTT G e 51 sl e 5o 05 s /1
Shacm s § Sl cele ¥ omen 5 o slol ol
Sale o4 peas lis blde 4oy b cell ¥
B EIER Ve o1 /A RN WALV OV WP PR OV R
s Jsb 53 obile) s S5 o5 ol adds )
A3 6 Sesll e gl OV

4 Comd o)las J‘L Cov gbdshe Sleeksy as o
Sheslial b wisg 00 S5 2l lolas &8 olad sl
A a5 Jge B

olas 5t cos b Sals OD—SM,0D
%0D= x 100
J =5 0D, 0D

Real-Time PCR ; RNA 7] 5.l
S as,las 51 So 2 1Cs0 Il o5 ol g 2 skt &

S35 ) g M 4l GraphPad Prism 8 153l 5 5, b
Sas @l cale ) 51 g s Ao ICos Slie oyl laie
3 r’\_.w S Y G o 1Cos ) e s el b Gl

el ey 25 dsep b b e



040 Foolas X4 e ol) Jhes 5 ooob olE Slades allas
g s S 55 bl y JIs5 - Jsas
Table 1. Primer sequences of target and reference genes
Gene Gene accession . Forward/ Annealing
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name number Reverse temperature (°C)
BID NM 197966.3 5-CCTACTGGTGTTTGGCTTCC-3’ F 56
- ’ 5’-GCCTCTATTCTTCCCAAGCG-3’ R
5’-TCACAGATTCCAGCTTCGGA-3’ F
MDM2 NM_002392.6 5’-GCACGCCAAACAAATCTCCT-3’ R 56
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5’-TCACCAGGGCTGCTTTTAAC-3’ F
GAPDH NM_001357943.2 5*-GGACTCCACGACGTACTCAG-3’ R 57
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Figure 1. Morphology of MCF-7 cancer cells before (a) and after (b) treatment with 1000 pg.ml of
Pterocarya fraxinifolia leaf methanol extract for 24 hours
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Table 2. ANOVA of different concentrations of Pterocarya fraxinifolia leaf methanol extract effects on growth
inhibition of normal HGF-1 and MCF-7 cancer cell lines

S.0.V. d.f. S.S. M.S.
A (Cell line) 1 54.79 54.79"
B (Extract concentration) 6 49506.17 8251.03"
AxB 6 410.2 68.37"
Experimental error 28 481.13 17.18
C.V. (%) 8.87

s and ™*: non-significant and significant at 1% probability level, respectively
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Figure 2. Cytotoxic effect of Pterocarya fraxinifolia leaf methanol extract on normal HGF-1 and MCF-7
cancer cell lines after 24 hours

Means with common letters are in the same statistical group at 5% probability level (Tukey test).
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Figure 3. Cytotoxic effect of standard drug doxorubicin on normal HGF-1 and MCF-7
cancer cell lines after 24 hours

Means with common letters are in the same statistical group at 5% probability level (Tukey test).
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Figure 4. 1C50 values of toxic effect of Pterocarya fraxinifolia leaf methanol extract compared to

doxorubicin on normal HGF-1 and MCF-7 cancer cell lines after 24 hours
Means with common letters are in the same statistical group at 5% probability level (Tukey test).
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Figure 5. Pterocarya fraxinifolia leaf methanol extract and doxorubicin effects on p21 (a), BCL-2 (b), RB1 (c),
BID (d), and MDM2 (e) genes expression in normal HGF-1 and MCF-7 cancer cell lines after 24 hours
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