[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

% n'P/o ” w)-»\ﬂ%;e@‘:d)‘guw" _}

S5a05-2 (Sl g Johw 035 & p (I W 8 p 5 T

4 . . 3 " . 2 . *1, .
ﬁb)ﬁ_@)‘wUﬁﬁ‘Jﬁb \""J-ﬁ:‘ gw\SwUrﬂf

Q]J-,’,‘ ‘JJLJ ‘JJLJ L}'i“:‘)‘.’. ({}LP eL<.;.3\> cé.\iﬁ eJ..i.L.;\; ‘szjjj"j‘ﬁ e}; c)l.:}t'..w\ -1
Ol ol e ol ol T ity ot 13T o823l (g3l syl 0dSCisls (ilsols gogas (5185 =2
QIJ.)‘ cj....l.il.: cdb.l.:)u eL<.i.3\> ‘LSA.:.\:;' OJJQA.;\) cdbﬁ)ls Ls&.:.l' e}; c)L:.i.‘:'} -3

m.ghaseemi@mubabol.ac.ir:J siee sdes 5*

14007217 : 2 3 1399/11/11 1 3l s

e
los S Olis 0 (S o3 (S 03> 02 S 52 3l U Gl Gbadle s iuay aile
(SUl s I e 05 5 ot LB G dasly 0 281 8 W 20 o S50 e eslin]
Ol plml Sl Baa el o3 S iy el O o Olajs 5 (el (s SIS 50 528 4n) 53
Al S2052 Sl Jsheon; gl S L S A e b

Shoslial Ly 5 s st dowl LIS 5508 w0 bl 0353580 o pb 51 bl S i 0 Sl g
Sysn band S5 Lol 5 ltle ) S Olaly 5K 5wl s XRD FT-IRlacws
2 (i ol 55,5800 5 50100200400) s s il § b5 15 o268 15 s
L badshw sl Ao o 3Lsl 72 548 Sles o3l 53 53 Cdly o 5 58052 lad g (555
(23S 3 ey 3558 MTT Sl eslial

O clis o sl 5 oo w0l i oS 5 sk g 5 kil XRD SFTIR (ls s laasily
ol QLES 1y el A 5 Jgeamms 055 23,8 50 0Ll i il 5l ol sl DL
2> P Sl Ol o s (2318 50 S b sk agr s 5l ol 48 0238 51y
105580 b (25 0leys) S 05 8 4 S 5 2 ool 0 S Jeo 800 oS il s a5 a5 S
S gy fals

Slidss 53 cmulie Glau S Ol 4ol S andllas ol 53 0dd st S 5 (5 S Aoed
ph e S a5 Ol b e

sk sl (88082 Jshos 035 Ol 1S 25 0 S 1Ol S


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.10.0
https://biot.modares.ac.ir/article-22-49697-fa.html

[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

1400 &\Jn.gU 53 QJL»...::A 512 092

o S F LS Gosbd e

o =t sladle a1 6ol ar s Ol s Oleys
e ($3 5555 S0 gosld ol o3 S Ll st
sl e i e ) e 1S IS 55w
03 ol slailans s Cmiles 5 o Sy
(5-3) el o3 S al 3 1, Ol

53305 5L 0T Cabe 5 1S B ome JUSs o
B a5 2y 81,5 il slse Ol 4 s
Gl Sdrs 32 350 U Gl sbadle s s S
FU ol las iis 3l S g o S ales
o3> 03 3l las 8 sbls s 53 31—
13 e 3 Sl S a Sl (S
Olays 5 Sy 05 L 05 dlasl cpils s ¢t
(8-6) 1zl o O .

s Sk S o (LS A S
tri- U s-triazine Sz gla a1y ) Iz gsla
ool dauly e S35 a5 ol s-triazine
S 035 Sl GBSl Gy ASbe Glaze 5
sl 2 0lS 5o N el sS 5, Sas 5 Sl
=9) ol 4 S 1,5 eslinal e (S
Ol e (IS i S S0s sl (11
O 3 ol (oS s 4 O e UL
Al (05555 5l b s e SlS slas
ol 319-CaNy o .5 S o 5La1 o550 5 oDl
slad st 5 Cmsb) O sttt Sl s (2L
DS s eed 5 Sl Dl 5L s s
Gl 5o L sl o o5 1, 23,8 0 2
Ly b b s fes s w0 cilie
S b slge 0l G-CaNg VL e 4 mhas s
(15-12) wols VU Sl msols S0

(S A S sl e (Shs s L
N Y e

4o dle
Sl oo sl SIS L pa i o 58 5l i
)lseage ol Ol cotlu anby oS (el e
O35S 53 sody 3550 et (Sobom () Al o
530 o) el 0Ll 5 OBl 55 53 5550 s
03 A G L Olegen 5 ps was 53 (Ole (1
R 03 St T )3 5 Sl el 3158 Ol 5
sl 5l Ul 6,V )y ey S s
Sosdsl 3 sd e edalin 5 SHL 5 Sy O
T P PP PIp ERP RGN PES LI TE P WS
B30 3 e 3015 (R £ gt - ol 3l
5o Sl et Jelse 5 Olsd s andl L Oleys s
(1) Sge o odalio

3 0Ny e et 9 5S35 2l o
dies Sloys e Jsl b VU a0 b LS 5 5
Sy il lacdle e b e Obles
P P N R P PO I
ol sl als 5 I il s S
Obbozs 31 ok Sl Olsmial san S 5w 5 bl
o o35 ot Vo8l S sbar 55l a3 55
S 3 34l il slaplll oSaws sl VL
NS B VS WP BV PR PAPW P U]
Sl S o=l 3l Shleys amed 5o kil
SeadS an Ladls (6,5 6l Ll Ll S oslizl
colod et o DA e S (5SS
(2) 1S axx e

Lol o Oleys a3 3L la 336 4 S
S Sl Wl D Sl Oljs ol 0l el
5 e s A o8 Sl amD o 5 Sl il Ol
SOl pal Bla b LS 5 e gla iy, A5

05 $L gusled Sleslaul oyl sy S gl 5


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.10.0
https://biot.modares.ac.ir/article-22-49697-fa.html

[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

oGS i S

Thermo ) Juos o&ws Lbw s (FTIR) 503 Ossle
FS e Ol Iy &S 5 s (& -l AVATAR

238 3 bl e (O] O1e) 0Lt

Ik S Loyl 5 03lisd 3,50 gl 03,
S 03) Sa05-2 I sy 5l caalllas ol s
Jsho Ol cdls b 5 (0Ll Ol gmnal Ol o
5 S SO Clides S e O b 5l s L
S al (b K el oS515) S
o ,an DMEM oiS Lames 3 bs Jsho o o3linl
d plonil 5l 5 LS e3ls S w53 10 FBS L
O3 eslial 3550 sdny Slislosl sl Ll L

P

UK

MTT s, 5 eslamal b (Joho sl Ol 5o ()
555 30 0S5 5 ISl 5l esliaul L MTT U sl
3-(4,5-dimethylthiazol-2-yl)-2,5- &,
=100 ;5 (MTT) diphenyltetrazolium bromid
Olsss 4 PBS 10%, DMSO “oiS L se =]
(2 hor/ 05 or Bl bl 1) S ol ploms
s S ke glac bl Sl gl S A 4
w8 ) e 25550800 5400-200-100-50
51 25,5 50 (ol 6l 96 cl Sals e 4
D s b 5 5805-2 sladshe (51> CiS L
0> Sl 3 a8 5l ke e gl) A Sl
Le Jsbe gl o) 6l 96 oo (A an S ks
CO2u0s 35 L L5l s el 72 e &
D3 Cashy )3 95 551 S sl s 37 (sles
PR Y S U S P VAT YU PO Rt 1
S5 oo osban Ladshe 05l 5SS 0L b
Ll (Sosdlops 5 ad, 516 e S 1,5

Sl Sldlas > 31.(16,15) 5,05 1 3 gl
=S 5 o=l b G SL30) 3550 53 (S35
S8 5w st Olas Sldlas 31 = 5 5505 5
53 = oS 5 ol b adshe YL Sles s
(19-17) wsl o sl slacdale
LS i S e 53 slealllas 0 5SG
SR P ST LN L SN W <=L>.u'l Sa0s-2 o3, &
Sla S5 omn 5 o ) e U ol addlls o
Sl sk sl Olsee s OF S 21,5 W% 0 S

.m.h))\jé By 3)}# \)SaOS'Z @&ﬂdn)

b gy 9 ol se
SIS S S
SAS s5en & eedle 005580 L 1S 5o el
s peedle 0 S10 ¢ iy onl 53 58 55 A
S e e e R R L
i bl Open L 035 pa o (037)
o3l Joloes 5 o Lol s St paedle J ghoes
R R S
80 (los 3 ol 12 Ce 4 0,58 4 bl IS 550
Gk 5l 55 0-C3NA s sls JUist 51,8 sle ax s
i deel s IS s e ol S WIS
Wy 53 b s LIS sds et S Dy 0
Gles U 5 S 51,5 L JT L sts saiy (455)
celod S 515 5l ax s 600 L 550-500
(20) ws osls ol >

s el Slasia 5 IS ls Sy
oSl anal Bl g 4 el el LS S
PHILIPS) PW17306(&: s Jis b 5 (XRD)
TakRam o(Kaws Jie baw 5 Olsly e il (ks

sh b awe il 5 (0,0 Teksan)N1-541


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.10.0
https://biot.modares.ac.ir/article-22-49697-fa.html

[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

1400 Q\:...‘.gb' 53 Ulmi 512 092

o S f J&sls EY] LRGNy

sobel 5IGT

ool AT bl s Sl eslizal b 2ules] =B
5 T e T s i 05051 e 5 485k S
L esls Olis mean+SEM & 50 4 s el Lo S
53 sl (golal Llsd 510005 51 xS p slis
A a S L

Laaidl

Gla S5 pun Glp el 4y 231,85 LS S

W3S I e 2o se aleend S

FTIR 5 (o 5o, 2
S L e SETIR (il S 0Ll 15 5l sed
sLoel a3 .ol 400-4000 cm™ 3L 53 e jrew
o3l 6o ail= w0l e 1, 808/32 em™ s e
1344143 cm™ s 5y e sln B sls
sl Ol 1474/62 ,1434/86 . 1389/67
em™ s eui s slass 5 C-N slan s
e 0L 1, C=N gla e 5o 1651/92 4 1518/71
3156/62 oM™ s eit sboml (slacKey siman . dias
= L NH2— slses, S & 0lg e 5o 1, 3339/88

(1J.<.&) sls s NH

1. Bonferroni

50 Ol SOl plasl 51 oy 308 Jol Ol
S edd g slachle Sl elas el o) S
sl IS U 5 jasiie Salr 3 4 2315 W s
el e @ges Ol e 5 Kals 3 5 A 03y 53l
S ey et 4 BlST Bl 1S S Ok
Sl sl 0 96 ol hi sy laclale 0355
Lo esls L3 550,31 s s cel 72 548
LS L S L el 5o B e s Ll
S Lsccl wesln 72 L 48 5 5,8 18
Ao 1S 5 LS has 5 e300 ol LS
54l ol LaSaly Sl e Sl eslinal b 2318
PPwaw&QJQﬂJ@f3L“J)L“
45 Salr a an el st oral Gl
2 de 4 ook 5 s sl MTT KO, 2l S
L 4 SOl s, S sl a5 3T sles s csl
O3las b sls Jles S 03,5 Jor shitens g
b Salr S W25 S 5 S e 5l s
JEEAPYCNVECl N WU PPN g RO R
il Ol ai35 15 51 il oS- DMSO
53 ey g Sl o&aws Sleslinal L Salx 2 )5
S5 Ol At 68 03100 a5l 570 50 Ik
Sploe b slas pladda sl bedd u g
Sl lasT S plS a sl it aaly s Jlad
Slestinal b Joho gli Ol 5 L35 5180 L 4w
S e 5 g

S5 ial(le J5l) U5 655 dax100
Isbo lo Loy = s


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.10.0
https://biot.modares.ac.ir/article-22-49697-fa.html

[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

o GBS A S

% Transmittance

60

551
50+
51
o

34

3500

3339.88
3156.62

~
=
=)
@
@

3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)

6 Al ol S 5 ol e s i &S
$ amio a by e 11P05 6 wsls 53 5 S S
el sl ekl 5 g-CoNy s <K 100
S orl 5> Ko S s sdaze Glads sz pe

J_.Lbu_n a.LLJ..I...M:g_,.;SJJ u’j’l}' oas OLES A.)’:"J'l

intensity

18,000 4

15,000 4

12,000 4

9,000 +

6,000 -

3,000 4

el i 23S W s o SFTIR il -1 IS

KRD p (20 gl om) 2
Sl Aol 5 e () eSOl ] A
ssbean el ol 5B S 5 s 5B Sl s
P SRS S S S s sl
°0 5°100 ;120 s 4L ;3 XRD (¢S5 el ol
(2 )52) s o 0Lz 1 XRD (81 13 s ged  Lds o

002 (s amiw au by, 28/°05 g wisly 55 21,

002
100 }
ﬁ /1
X ot Y
4 m"_4‘_,..,--- 0 g i s
g s .
20 (degree)

ol e 23S x5 o S XRD s yas -2 IS


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.10.0
https://biot.modares.ac.ir/article-22-49697-fa.html

[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

1400 C}LL.M.:U s3 GJM s12 092

wJJA Caﬁ; e@‘b d)ﬁu C—-w-f_}

S 53 sl 65 ladels adas LIS oS 303 g
D 5Ga byye ls ald ol ol jm 2315 0, 2
Sl kil 4 S 13 03 28 Ll > el S
I, G kb a5 1500-1800 cm™ 51 el eSSy Jle
S Ol e Sl st Dlons s IS
L S5 03 35 ge SP° Sakisn 5 Sl W ga D3

(3 J&.ﬂ) das o Ol Lo

Obl) (e b (e Sla )
Fo S 5 S Obly (e b 5 S
L;\ﬁwuwij)&_:ﬁ-Qw‘MJdﬂdmbe
Lol JoS0se sl oLl 5 oS slpe aseis
o e S 5l 5 S S 5 s s
S 5 g0 0d 55 G 55 a8 Hsb Oles das s L
200 L5 4200 cm® o5 50mes 3l 03 1S il a0l

4800 200 400 600 800 000 1200 1400 1600 1800 2000 2200 2600

2600

2800 3000 3200
Raman Shift (cm-1)

0 %0 £ 200 20 0 7500

O.LZJJL.M g'C3N4 Q‘.Ab W &_.écb‘)l}}‘u. - 3 JS“:‘"

A ool o 55,52800 5 (P = 0.0009) 400 (0.0006
(odezs Olays) U8 05,5 4 oo (P < 0.0001)
Gloes, S w03 2ok 5l OLE 1) (golslae 2alS
P =)800, (P = 0.0047) 400 (P= 0.0028)200
2 aS as S i oo &) kil o S5 S0 (0.0003
S A S A el 0 55,80 80 2 s
sdalie |y (glalme sl Ol g 50 iz g ans S 13
S ol sl 5o Jobe Gl do s (ol pedle S
(P = 0.0294) 400 (P = 0.0028)200 slac._Lals L
3 gy ok S50 ) Al e S5 S (P=0.0017) 800
oo i i el p 55,8100 e @ s

(4 J25) 58 Iy mals (g)ls e

0) 1 b S SeS Gl S
oy (C3Ny
o3 slad s L& Olr (s 2 51 Jol Slaesls
48 5 My, Jbo 5 glad ghoo b acslis 5> Sa0s-2
Sy Lo Ay B ST Il e 5 L el T2
SIUT bl e ) nmw\p@uja;)\;jgu
3 sz 3ssm (S5 Osa3l e 5 b b 53 Ll
s S

0l Olges 355 o0 sdaline Hls el 534S 55k Olaa
Slesla 48 c2d8 5l e Sa0s-2  glad o 0Ls

2. GraphPad Prism


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.10.0
https://biot.modares.ac.ir/article-22-49697-fa.html

[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

oGS i S

48 h

150-
< 100
>
= T A A
0 = =
S 501 -
.T, * k% —I— #
o .':'E;Q'E'E‘- .I 1 ]
s S S
& & &
@ L ¥ ¥
\}(\ QQ QQ QQ
N RO
Q éb‘ Ny b‘\
O P S
g 4 G
SEE

Lt S il gla CLe b agrlge Sl e el Sl 5 feor SA0S-2 63, 6LAJJL~Q.,ULA¢.,U)'M):)|;}QJ—4JS&
A el o S5 50 B0 ks b aslis #P<0.001 5 "P<0.01 ¢ (o225 Glay3) J 28 05 5 L awglis 53 P<0.001. il S
LS s S 1 el e S5 S 100 Chle b awslis ;3 P<0.01 5 P<0.05 ¢ 23l § W i op S

800) =!8 &z o S YL clale L 45 Saos-2
e Do L STl () el o S5 Se
(P < )(J,28) st 0lass 05,5 4y Coed (5013
(P =) 100 (P < 0.0001) 50 sl . 1:1£.0.0001
(P = )400 , (P < 0.0001) 200 . 0.0001
(ol S A i S e Al e S5 540.0010
(5 JK2) il als

L oaxlge 5l Cslo 12 Ci08 51 o opl 2 osdle

o5, slad s 0Ll o li3 Aoy 2318 W3S o S
03 el sl s 5 S Ty Shals 55 Saos-2
400 c—Lle L, 4 S Sa0s-2 o3, gl_adl .
S S L S S A el S S
FalS S 058 4 S (6uls e sk 4t
o3y sbdsle 53 Jshe gl Ol .(P=0.0363) il


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.10.0
https://biot.modares.ac.ir/article-22-49697-fa.html

[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

1400 C}L:..M.:U s3 BJM s12 092

60

N
(]
1

Viability (%)

N
o
1

g S S Nt 6)-3\"5 S )

72 h

T *
1 Q@@
888
AAA
o
L] L] L]
5 O
¢ & &
§ & 9
QQ QQ
Q \)
N\
D éb‘
/O“D
S

bl S s o S Cilses slac bl b agalge 5l e sl 55 5 5lids S808-2 63 slad s Ol o) o s 13503 =D IS
anslis 55 "P<0.001 ¢ 23l S W i o S sl p 5550 50 ke L i 53 P<0.001 ¢J ;28 05 5 L awslis 3 P<0.05
(S L S A el o S5 e 200 Clale U alis s #45P<0.001 ¢ 231 S bk S 1)l S5 S0 100 lale
800 chale L anslis ;3 @@OP<0.001 5 il S 2 o S 2 sl 0 S5 5a 400 ki L el s &&&p<0.001
(SBS S S A el S5 S

55 A e Ul 5950 5 s 2 Sl
5 s B e ST sl STy G b
Sla Cd gl Kb e Sl Al p 4 i o
20) oS S L 55 A o S s S
s osb 4 Wl (e e Sl 2 Sy s
slad sl (ROS) &5ms| sl3l LSSl 055 ok
RS 5 el e o S S
sl antle O3St a3l IS0l s 4 281 S 0 2
S e sad s 035 o 5l LIS ki 5k 4 &S
(st B b (15-12) 5 (S sls 1)
ooy a8 8l S 0 18 S SO Sl el
So Ulse o LlS e 00,5 o JSE 3k 5 slad
Slial ¢l ROS W5 g 058l (555 oliS o

(23,22) 5,8 )1 3 oslinal 350 ol 5 SCalys g

S 5 Lo
wolge b a @l ax g il s Oloys 55 Sibs
oS ol Sl el (S sl 5L o g
sl 4 DU 4 oS s 0w pae ol s
st glas IS e ls (S S sla il 5 IS
Slads (st slad s (ol s Sl o
SULRL) asls S s sl Solas 5 s
Lacad b (3,8 dla ad gl abes 5l o S 314
L S ol Sl R3S % S 5 bl o 5318
Lo o ties (5L) SosS l slad 3 5p2 L
e amy o3 28 Hsbar (23S W% (S ol Jle
polds 5 sbian 4 S AL 5 56 Ol LU B S
05eeS1 331 gl JIGsly W5 5 e 58 e ok

J‘)Tdud&}bw‘ m‘)g)‘} or JJ‘}A 53)‘) b


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.10.0
https://biot.modares.ac.ir/article-22-49697-fa.html

[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

oGS i S

Sl s Olays 53 S5 sk a4 Ll o5 G
v s glaalles b .(25) 5,5 515 eslizal 5,5
do i oS Sl OELLSes 5 Jhie Sl 2020
S R ST PP TN ISRV [y
Ol il 53 Ol s s ke Ol o5
53 48 35 0L aalllas el ol 103 S e3lisa] Ol gk
“f GHU Dlmio (ol 5 e 3y e s
sk S xS Sl bl 2 ei
03 e DL (2l Coes 355 5l g 55 L6
48 524 s 4 Sa0s-2 slad she ol S5 anlllas
Ao S e glac bls (5w s el
(2 s 53,5200 5100 50 25 1215 ) i1 8
MTT o530 51 ol plceslass s
2 sk chle s e gli 5105550 als
48 5l ey 1S i S A el 55,5 25
(21) ol s gy S 5 ol L gl g sl

a3 islS w2017 Ol s mShas 4)?:
s 4 555,50 lel Sl eslinad b Salys 52 Ol
Sl sl (S A S slacls sl S
5Kl O5eeS] 45 A5 sdalie aslllae ol 53 5L oyl
Tloel Lol SG o (23S s (S B S
S A5 b Dl e 35 e S s SOl
(15) 5 o 51 S e slad s

22O Dlbes s 5o edd S5 Dlallle L Ll s
O3 (31,8 2 oS o8 A eals OLES 55 03554 0
J=lse 5 sl L L A sl Jl e sl
oy Ao s jals Lol Llg o sus 6 oS eles
48 L s oSl edalis s pi Sl e slad sl 0L
e 55,50 800 5400 . 200 sLs ks sl
5 st A Sl edd e SIS W e S A

o 25390 5t 3ol ge (S 3 s sl sk w

4, Chu

Slos s sl allas 2018 Jlo 55 2an 5% st
L5 = 05 abs a4 Ol Oleys 5 (S)lo 5 5ol
U sl sl 2318y 5 S 3 b Sl ealia
cladsbu o ol a2l S 00 x5 0 S ol
ST Gl sl b (5 g0 sk 5 038 358 Jlbo
cos-7 s HelLa o3, S v slad b Coiil s (O 5S]
aor s o fash o e Sl GBSl Sse 4 )
S S S (s DA e LS s
L amlin 53 Gl o slad s a0 1) 6 20 ool
ol ol sl s o Lo sladsl
S0 L2016 Ul s JihSen 5 Ju (14)s S
Sl S i S 5 (1) oo 2180 o 1S
i3 S eslinal Sz g Oloys gl o ROS W5 5 g
ROS jlade [ialS w0555 08 o8l w4z 55 L
A3 S e 5 o 4 Doy 3l g o A5
e S S L (1) e Dl 5L ool
LS tman 5 05S1 ST IG5 5 4
033l ol e 52 5 Sl s 055058 el
(24) ws o Ol s
oS ol 2020 Ol s mKes 5 g el ab i
A s e sda 53 slesle Olgea a3l S
0355 3 =5 05 Dlialesl 55 Sealys g Oleys s
451 ey Lad o caalllan ool 3 ks S eslinud S
S e glacBle (5 3 S8 el
55 (i s 53,50 400,200.1000) 21 S o
05 o o555 5> 7o sb 4507 50 b w0 )5 b agr 5o
i o300 als ;e S el 2 51
Sl o 2 el e85 5 200 s s sk
Sl s etaliie 5 il 5o (55 sl
G GBS L S s Ko S A el OLS
oIS e Jolse b Sos sla ol 51 aslizal 05

3. Heo


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.10.0
https://biot.modares.ac.ir/article-22-49697-fa.html

[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

1400 Q\SML? 53 ejl.m: 512 092

o S f J&sls EY] LRGNy

5. Heath JR, Davis ME. Nanotechnology and
Cancer.  Annual Review of  Medicine.
2008;59(1):251-65.

6. Kim J-H, Benelmekki M. Chapter 4 - Two-
dimensional  nanostructures  for  biomedical
applications. In: Benelmekki M, Erbe A, editors.
Frontiers of Nanoscience. 14: Elsevier; 2019. p.
103-20.

7. Chen Y, Tan C, Zhang H, Wang L. Two-
dimensional graphene analogues for biomedical
applications.  Chemical  Society = Reviews.
2015;44(9):2681-701.

8. Chimene D, Alge DL, Gaharwar AK. Two-
Dimensional  Nanomaterials for  Biomedical
Applications: Emerging Trends and Future
Prospects. Advanced Materials. 2015;27(45):7261-
84.

9. LiaoG, HeF, Li Q, zZhong L, Zhao R, Che H,
et al. Emerging graphitic carbon nitride-based
materials for biomedical applications. Progress in
Materials Science. 2020;112:100666.

10. Lin T, Zhong L, Wang J, Guo L, Wu H, Guo
Q, et al. Graphite-like carbon nitrides as peroxidase
mimetics and their applications to glucose
detection.  Biosensors and  Bioelectronics.
2014;59:89-93.

11. Zhang L, Liu C, Wang Q, Wang X, Wang S.
Electrochemical sensor based on an electrode
modified with porous graphitic carbon nitride
nanosheets (C(3)N(4)) embedded in  graphene
oxide for simultaneous determination of ascorbic
acid, dopamine and uric acid. Mikrochimica acta.
2020;187(2):149.

12. Dong Y, Wang Q, Wu H, Chen Y, Lu CH,
Chi Y, et al. Graphitic carbon nitride materials:
sensing, imaging and  therapy.  Small.
2016;12(39):5376-93.

13. Cao Q, Cui Q, Yang Y, Xu J, Han C, Lidong
L. Graphitic carbon nitride as a distinct solid
stabilizer for emulsion polymerization. Chemistry-
A European Journal. 2018;24(9):2286-91.

14. Heo NS, Lee SU, Rethinasabapathy M, Lee
EZ, Cho H-J, Oh SY, et al. Visible-light-driven
dynamic cancer therapy and imaging using
graphitic carbon nitride nanoparticles. Materials
Science and Engineering: C. 2018;90:531-8.

15. Chu X, Li K, Guo H, zZheng H, Shuda S,
Wang X, et al. Exploration of Graphitic-C3N4
Quantum Dots for Microwave-Induced
Photodynamic Therapy. ACS Biomaterials Science
& Engineering. 2017;3(8):1836-44.

10

i Sl sl Jsha 0l o3 Ao ys ialS
N ol s s Lodlsan 58 J 28 6y S
L oS i o S L adole s wele 12 agrl e
6 aelw 48 & Wl SISl susal cus 4 LoDl
oALS Ol e LS A S L ed b
28 Sl s 0,8 3 ) Sk Sl do s St
Sble 53 0T 5l ey 5 A el p S5 506 800 s
38 sdalia | 1) Ll p S5 e 400

ui-‘”lsﬁé:—bﬁg;ﬁ‘)“-u@ﬂ‘%@u@@-}”e
cdals 558808 slad v Oule o) dus s Sls Lixe
o o ) ol o S5,55- 800 5 400 < 200 sla
eSS s el al Sl el (Sas (28 05 S
02,8 o3l Ol s 4y b gy e Dlids 3 A

Sl Sis
Do S o p e QLS 51 el 5 1358 L
2 Sbls s S Je S50 5 Jho 5450
L edgs 4 G ol el

el 0ls Ol (63,50 1 (SIS 4 U0l

g:,.w\ I ot QL;J 6.})}0 :éhﬁ ij

@l:a

1. Clark JCM, Dass CR, Choong PFM. A review
of clinical and molecular prognostic factors in
osteosarcoma. Journal of Cancer Research and
Clinical Oncology. 2008;134(3):281-97.

2. Lee V. Bone tumours in childhood and
adolescence. Paediatrics and Child Health.
2018;28(4):164-8.

3. Nie S, Xing Y, Kim GJ, Simons JW.
Nanotechnology Applications in Cancer. Annual
Review of Biomedical Engineering. 2007;9(1):257-
88.

4. Misra R, Acharya S, Sahoo SK. Cancer
nanotechnology: application of nanotechnology in
cancer therapy. Drug Discovery Today.
2010;15(19):842-50.


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.10.0
https://biot.modares.ac.ir/article-22-49697-fa.html

[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

oGS i S

electrophoretic size fractionation as an anticancer
agent against human bone carcinoma. Materials
Science and Engineering: C. 2020:110803.

22. Lin L-S, Cong Z-X, Li J, Ke K-M, Guo S-S,
Yang H-H, et al. Graphitic-phase C3N4 nanosheets
as efficient photosensitizers and pH-responsive
drug nanocarriers for cancer imaging and therapy.
Journal of Materials Chemistry B. 2014;2(8):1031-
7.

23. Ju E, Dong K, Chen Z, Liu Z, Liu C, Huang
Y, et al. Copper(Il)-Graphitic Carbon Nitride
Triggered Synergy: Improved ROS Generation and
Reduced Glutathione Levels for Enhanced
Photodynamic Therapy. Angewandte Chemie
International Edition. 2016;55(38):11467-71.

24. Ju E, Dong K, Chen Z, Liu Z, Liu C, Huang
Y, et al. Copper (Il)-graphitic carbon nitride
triggered synergy: Improved ROS generation and
reduced glutathione levels for enhanced
photodynamic therapy. Angewandte Chemie
International Edition. 2016;55(38):11467-71.

25. Taheri H, Unal MA, Sevim M, Gurcan C,
Ekim O, Ceylan A, et al. Photocatalytically active
graphitic carbon nitride as an effective and safe 2D
material for in vitro and in vivo photodynamic
therapy. Small. 2020;16(10):1904619.

11

16. Chung YJ, Lee BI, Ko JW, Park CB.
Photoactive g-C3N4 Nanosheets for Light-Induced
Suppression of Alzheimer's B-Amyloid
Aggregation and Toxicity. Advanced Healthcare
Materials. 2016;5(13):1560-5.

17. Li M, Guan Y, Chen Z, Gao N, Ren J, Dong
K, et al. Platinum-coordinated graphitic carbon
nitride nanosheet used for targeted inhibition of
amyloid B-peptide aggregation. Nano Research.
2016;9(8):2411-23.

18. Rong M, Cai Z, Xie L, Lin C, Song X, Luo F,
et al. Study on the Ultrahigh Quantum Yield of
Fluorescent P,0-g-C3N4 Nanodots and its
Application in Cell Imaging. Chemistry — A
European Journal. 2016;22(27):9387-95.

19. Zhang X, Xie X, Wang H, Zhang J, Pan B,
Xie Y. Enhanced Photoresponsive Ultrathin
Graphitic-Phase C3N4 Nanosheets for Bioimaging.
Journal of the American Chemical Society.
2013;135(1):18-21.

20. Jiang X, Li J, Fang J, Gao L, Cai W, Li X, et
al. The photocatalytic performance of g-C3N4 from
melamine hydrochloride for dyes degradation with
peroxymonosulfate. Journal of Photochemistry and
Photobiology A: Chemistry. 2017;336:54-62.

21. Davardoostmanesh M, Ahmadzadeh H,
Goharshadi EK, Meshkini A, Sistanipour E.
Graphitic carbon nitride nanosheets prepared by


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.10.0
https://biot.modares.ac.ir/article-22-49697-fa.html

[ Downloaded from biot.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.23222115.1400.12.3.10.0]

Tarbiat Modares Biotechnology-Tarbiat Modares University
University

The effect of graphitic carbon nitride on viability of Saos-2
cancer cell line

Maryam Ghasemi-Kasman'" , Parisa Khakpour ?, Shahram Ghasemi®, Roghayeh
Pourbagher*

1- Assistant Professor, Department of Physiology, School of Medical Sciences, Babol University of
Medical Sciences, Babol, Iran)

2- Doctor of Pharmacy, Faculty of Pharmacy, Islamic Azad University, Ayatollah Amoli Branch,
Amol, Iran

3- Associate Professor, Department of Applied Chemistry, University of Mazandaran, Babolsar, Iran
4- Expert, Cellular and Molecular Biology Research Center, Health Research Institute, Babol
University of Medical Sciences, Babol, Iran

*Corresponding author: m.ghasemi@mubabol.ac.ir

Received: 2021/1/30 Accepted: 2021/4/27

Abstract:

Background and objective: In recent years, two-dimensional nanomaterials
are widely used in biomedical applications. Graphitic carbon nitride has been
significant not only due to good biocompatibility but also because of its
application in the bio-imaging, diagnosis, and treatment of cancer. The
purpose of this study was to investigate the effect of graphitic carbon nitride
on viability of Saos-2 cancer cell line.

Methods: Graphitic carbon nitride was synthesized by adding melamine to
hydrochloride acid and its physicochemical properties and structure was
evaluated using FTIR, XRD, and Raman spectroscopy. Synthesized graphitic
carbon nitride (50, 100, 200, 400, and 800 pg/mL) was added on Saos-2 cells
and fibroblasts in two periods of 48 and 72 hours. The survival rate of the
cells was investigated by MTT.

Findings: The results of FT-IR and XRD tests showed the structure and
bonds of the synthesized compound, its accuracy and purity, respectively.
Raman spectroscopy results also showed the graphitic content of the
synthesized product. After passing 48 hours of the exposure of the cells to
synthesized graphitic carbon nitride, the level of cell survival in the group
that received 800 pg/mL was decreased to nearly 80% compared to the
control (untreated) group.

Conclusion: The synthesized compound in this study might be considered as
an appropriate option in cancer related researches.

Keywords: Graphitic carbon nitride, Cancer, Saos-2, Cell survival
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