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Introduction: Nanotechnology The invention has significantly enhanced the treatment of
stomach cancer. Thiosemicarbazones, a novel class of medicines that can be complexed with
nanoparticles. Thus, the aim of this study was to synthesize zinc oxide nanoparticles
functionalized with glutamine and conjugated with thiosmecarbazone and their cytotoxicity
and their effect on the expression of CASP8 and HULC Lnc-RNA genes.

Materials & Methods: In this experimental study, zinc oxide (ZnO) nanoparticles were first
synthesized and functionalized with glutamine (ZnO@GIn) and conjugated with
thiosimicarbazide (ZnO@GIn-TSC). FTIR, XRD, DLS, SEM, TEM analyses were performed
to investigate the synthesis of nanoparticles. The cytotoxicity of nanoparticles on AGS cells
was investigated by MTT test under different concentrations. The expression level of CASP8
and HULC genes under the influence of IC50 concentration of nanoparticles were investigated
by the real-time PCR method. Data analysis was conducted using SPSS Version 16, using
ANOVA and T-tests, with a P-value threshold of less than 0.05 deemed significant.

Results: FT-IR and XRD tests confirmed what the particles were made of, and the
nanoparticles were found to be between 30 and 70 nm in size. DLS showed the size of
nanoparticles to be 296 nm. The MTT test showed that the IC50 value of nanoparticles was 10
pg/mL. Nanoparticles turned AGS cells into a test group where the CASP8 gene went up by
6.79 and the HULC gene went down by 0.65 compared to the control group (P < 0.05).

Conclusion: Nanoparticles of ZnO@GIn-TSC had an effect on AGS cancer cells by increasing
the amount of CASP8 and decreasing the expression of the HULC gene. This stopped cell
growth and caused apoptosis, which could be further studied as a drug for treating cancer.
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Introduction

common (2). Following the emergence of
nanotechnology, a wide range of nanoparticles,

Gastric cancer is the fourth most common
cancer in the world. Its development is affected
by many things, such as an infection with
Helicobacter pylori, a person's family history,
genes, and mutations and polymorphisms that
cause changes in gene expression or protein
function that lead to the development of gastric
cancer (1). In Iran, 50% of the country's
common cancers are related to the digestive
system, among which gastric cancer is the most

especially metal nanoparticles, have been
studied in the field of cancer detection and
treatment (4). Due to their small size, these
substances can easily penetrate the body's
tissues and effectively influence cells through
their large surface area (4). Thiosemicarbazone
is a significant organic compound that can fight
bacteria, viruses, and tumors (4). It can also
accept a lot of different metal ion compounds as
main and substituent groups. Studies have
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shown that when thiosmecarbazone combines
with metal particles, it works better, including
stopping cancer cells from growing (4). Its
pharmacological effect is also improved with
metal ions (10). This is because genes are
involved in apoptosis. Any changes in how
these genes are expressed, like those in CASP8
and HULC Lnc-RNA, can stop the growth of
cancer cells. (16). Previous studies have clearly
demonstrated the role of thiosmecarbazone
complexes and metal nanoparticles in altering
the expression of these genes (10,16).
Accordingly, the aim of this study is to
synthesize zinc oxide nanoparticles. The
nanoparticles will be functionalized with
glutamine and conjugated with
thiosmecarbazone, assessing their cytotoxicity
and their impact on the expression of CASP8
and HULC LncRNA genes.

Methods

All materials and solutions used in this
research were of laboratory-grade purity. The
gastric cancer cell line (AGS) was obtained
from the cell bank of the Pasteur Institute of
Iran. In order to evaluate the physical and
chemical properties of ZnO@GIn-TSC
nanoparticles, physicochemical tests, including
FT-IR (Fourier Transform Infrared), XRD (X-
ray Diffraction), transmission electron
microscopes (TEM), scanning electron
microscopy (SEM), and X-ray diffraction
spectroscopy (EDS) tests, were done. AGS cells
were treated with different concentrations of
ZnO@GIn-TSC NPs, and the effect of
ZnO@GIN-TSC NPs on cell viability was
determined using the MTT assay. After
determining the inhibitory percentage of
different concentrations of nanoparticles, the
cells were treated with 50% inhibitory
concentration of the ZnO@GIn-TSC NPs, their
total RNA was extracted, cDNA was
synthesized, and gene expression level was
assessed by real-time PCR. Statistical analysis
was done using SPSS V.16, and the statistical
difference in MTT assay was analyzed by one-
way analysis of variance (ANOVA), and gene
expression changes were analyzed by t-test. A
p-value of less than 0.05 was also considered a
significant level.

Results

The FTIR spectrum shows that the peaks
for ZnO and TSC are correct, which means that
the ZnO@GIn-TSC NP was made correctly.

Through an electron microscope, it was seen
that ZnO@GIn-TSC NPs are almost spherical
and are about 30-70 nm in size. The results of
the MTT assay showed that ZnO@GIn-TSC NP
at concentrations higher than 3.90 pug/ml causes
a significant decrease in the survival rate of
cancer cells. Also, the 50% inhibitory
concentration of ZnO@GIn-TSC NP was 10
ug/ml. Also, it was observed that treatment of a
gastric cancer line with ZnO@GIn-TSC NP
caused a significant increase in the expression
of CASP8 and HULC genes by 6.79 and 0.65
folds, respectively.

Conclusion

The synthesized nanoparticle significantly
reduced the survival of cancer cells and led to a
significant increase in the expression of CASP8
and a significant decrease in HULC gene
expression. It can be concluded that the
activation of apoptosis is the most likely
mechanism of the anticancer effect of
ZnO@GINn-TSC nanoparticles.

Authors’ Contribution

Conceptualization: AS, FS, Methodology,
Visualization: AS, SS,Validation: AS, SB,
Formal Analysis: AS, HH, Investigation,
Resources: SB, Data Curation: AS, SB,
Writing— Original Draft Preparation: AS, HH,
Writing— Review & Editing: AS, Supervision,
Project Administration: AS, SS, HH, FS.

Ethical Statement

The ethical concerns were adhering to the
Declaration of Helsinki's guidelines, which are
designed to ensure honesty in library collection
and data reporting, and following principles for
conducting interventions on human subjects.
The authors adhered to ethical standards by
avoiding data fabrication, falsification,
plagiarism, and misconduct.

Conflicts of Interest
The authors declare no conflict of interest.

Funding
This study did not receive any financial
support.

Acknowledgment

The authors would like to thank the staff
of the Biology Laboratory of Islamic Azad
University, Rasht Branch (Guilan, Iran).

VY e/ O (S5 sk o1 Al


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

o0 (onlis 1 o 9 ObSuinila ki

\OFY-FYYA P-ISSN JIUMS
YOAM-YVYO :E-ISSN

PN (cowgnd b 459 55 (595 w1 D1 53936 (S o ol (i 99
HULC 3 CASP8 gy ol Ol jwe 831 9 000 Sl o s J gl

Thold ™ " 3l Ol ditae daw ¢ ' il s 3 T P oaliEle Jeo T (Ko Buo
Ol ey ool 513 oils ey doml g ¢ gulid S jos S

Ot 01,65 ¢ oDl 15T oKl (555 o 015 Aol g o lid S o3 S

Ol ety o godhnl 313T o815 (il y ol ¢ gant 03,5

PRV alio OleMb|
;pou)u{&j;j_(:,su.culokkL;La@:,'..\{mﬁaffu;w,;}Guﬁ.\{wJLﬁamoU’ﬂ:«m oy e £
J{RPINCIN-SOR W GCH BT E RPN L TSR PR PRSPPI S PR PR IS COPUUMINC I PP G SL 1 S

Al azdls Oleys 5> (6 rée AL VAR AL LI PR &b
VEORY/YA L9 g 36

3,15 Jole (ZNO@GIN) b L 5 a8 e (ZNO) (59,5 ST 13 5L iz (oS Al ol 5o i 995 9 Mg

- ~ = VEa Y0/ W e Zu b
e s 1, TEM 5SEM (DLS XRD FTIR sls ;LT .(ZNO@GIN-TSC) s S €558 318" oo POET AN @)

43,5 plonl Caltie (Slaclile Lo MTT s LAGS (slad b S350 ko e o 2 ot plal 53 56 AAUANACES el Bl

)y s oy, Real Time PCR 2y, L oly3sb ICs while 5T s CASP8 5 HULC (slaiss 0L O je

53 513 gima 18033 (51 P<O.05 5 3 S eslial 5 515 5T (5la0 g0 5T 5 SPSS VOL16 ,15lp i 31 asls ot 54y 5o

_ 1 J g o g
Al ah
el o3l o e
38 51 e sl B 53 suoee 53 Sly5 56 85100 5 B XRD sFT-IR L g Sly3 Conle g9 5 SRABL s (ol C§ 5=

55 55 HG/MLL0 1,3 456 1Cs0 Jldie o shs oles MTT s sls 0L e b Y4 1y Sly3 56 5161 DLS SIUT e eodal 5157 oS8l co s,
05,5 4 S (/FOYHULC 0 yls sne 28l 5 (9/V8) CASP8 (35 jls e il 331 Sl AGS (glad shos y o153 436 Ol pl e,y
(P<0.05) us J =5 )
Email:
5l 2alS 5 CASPB 55 0l sl 51 LAGS il sla e, ZNO@GIN-TSC oy 55 1315 106y domets § g 2-SAIENZATEN@ 1AL ACIT
J;:.ﬁJ'Ua,wa\)uﬁau);g\j})l;olyqxl}:@E,gsjfjﬁﬁTéw\c.;lﬂa;)l«bL;,L,,J::Q;HULC 3]

s g

HULC (CASP8 (555 ST 13 550 todma Ol v ¢ls 5L, o 55 1 SMS™ (SO SMg

j.\i;p)lfw,;g«?}}fd})wlc;l)s,'l;d‘Uaﬂ,\.,:wuL;«M.\ﬁ;u.;;Alu”,\:.ﬂﬂ,\;uQl:ugésudm%vl;uucbcawjﬁ:olm!
.\A-wv:vv(?)e\\mvﬂT;@/,(:,;(.,znﬁ:/)@.HULC,CASPS S35 0l Ol b5 5 odae Glb u slad sk

BY _NC olf._s,;_..._i}; © JJ§AL_§> PM:‘.‘ Lsi“"]’ f’?l" oKisls :}Ai':lj


https://orcid.org/0000-0002-2112-9239
https://orcid.org/0000-0003-4238-0999
https://orcid.org/0000-0002-3574-3870
https://orcid.org/0000-0002-5053-0507
https://orcid.org/0000-0001-8358-0159
https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

Sladshe Hlge ale i LOT S 55 4 (556 )3
G5B sl ol an 4 0T (215 515358 o0 e b
sobas] sl s, Laslwls (V) Wl e il
qjngplﬁ-QU)gMTijb:fs\My)m
Sl llS” (Sladlab b by g oo Lol g S 0
Vs A ALY ula ST clajluls (1) w5 § e S0
X ol ol Gl Ll 5 s e Jleb il b (glutal s
oy 4 1y 3llS ST o8 0T & S o S 1,V 59
oS, SalSs, CuSh o 5 Ll
q33.1Y oKl ;3 CASP8 (35 .5 5 oo Jskw 45 ool
n 3,303 5 o6 5 yaeb 5 5 e 45 05 ol ls 13
o o go 5 358 Jlb 5 o S ULl L
b 513 s 33,8 o CASP3 (0T Jlis 4 s CASP8 (s

44 345 g0 & 5 (U8 e I C gy S e (g 5Ll5T

OT JLs 4 5 CASPY Uslaze 5 Apaf-1 de gome 125
Gtes ba LNC-RNA (1Y) s dal g e Jlad CASP3
Golvaws NE 200 31 e Job b olbcdigs, Olgew
S b 03k MRNA lacigy, sl & 455
Jame a5 Lshoe disTh (oS5, 8N
5 Jse g5 5 ool Ol b LNC-RNA 51 .5 8 e
93 (ol (Slg s o ias e 0L ) Ly A o
5 Shas Il ol 8l 30l 5 Johe g
S 303 hang el gl b (Son5 bl LNc-RNA
by Cuadl 5 olises 5o LOT Jauly saasolis
sl b LNC-RNA ol 0T 55 Slays slas al
soled Ao 5l 6S o bt ) (S okl 351 (65l
03.0F00) 3651 5 55 5T ¢ oo i 2 B 5 ¢ I sk
S aS e Vb RNA Olgea |l 53  HULC
2 ki glbs S ladsle 5o eddOly do-5l
03851 53 Jols 55,05 1 5pb 1638 Jsb L p24.37 oS 1
W a5 L 05 RNA ) ol 03 2 &K
Sb sladile 53 5 dase s ) Gloss
Olasss Il JIS7) 557 €Oy codan cla Sl gl S

(19) Sl sdtiodalie 5 0 5 ol SOb o 5ulS sl

doddo

5 Sl Olgz 53 wla Ol o (sl ok O 4w
Cishe B & Olsie o 205 alodiz dig) OT dawg
5 e (S5 Hn) (el Al 5y ks STLSUs
2L 5050k Ol mR L& 58 o)Ll laged s
sdrs Ol Sl 3 5 s olen s 3 Shes
osiS GL: SLOb ju dp s 04 (Ol 1 5s (V) Wl s
odan Olb o (80T Ols 53 o8 ol i )| S oSusay Lo g 1o
Loze L oo Ol oo 5l o3 1 35 el 5l aes
Aoy YUY s Ol ol 3Ll eaS s sy S0
skl edlatlis glap,die Sy oddas b s, 8
S3gh 4 Sl ey ol gladle 5o (Y) 545
LUl s Sl .l odds Ko 5 Ln) 53 0k pwdige
IS D 0,8 b D3 gl Dlas guas LS
Olays (sl 5 9> Olgea LOT LS5 5 0T (JSS
W Sl B Sse Gl et sladshe
A I glad gy (g ST S35 ) cdas 8
Blge Db s, )l8 il I S
S Jas 53 Olajas plonil ) liteny 0T S S
e &S5 5,5V F) sl Hge g 4 5)ls Oy 5 50
.uuu(.g_;Tj\wwcoT;),.gsw\dﬂﬂzggs
iaes K5 Slny WSS Gl Ka S
5 ©olaans B s ol g5y ST Lgh e lub e
DIl gl g ST 366 1yl oS STl 5
Lo g ls Cuoglin Lol 3l 5 Sloygsls il cla g yls S
Olgear 5 655 M5 6l b o (0 8) 555 oo 05linul
S ol 5 Gl Gl s e 2SS (Sl 03le i
okl 5 SIS 5 (glontonl 2 (612 055 75 5 25 e
VA 33 8 o o3lizal i

ol JT e DS 5 51 (S 09301 e
52503 Go50 58 5 s st (b S Ao ol &
Olsea b s slads OS5 5l (s b W5 oo
B ) das Gl s 55 Kl 0s S 5 Loty S
b 0ssblS s oShaS oS s e Ol Slallas

Ny

VY g/ eO1 (S5 p ke o515 dloes


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

Ny

= )

T

Syt @U’J“‘M

LSl

(S 9D

Caale glulis gl FTIR 51 zlasT ol 53 todd o
Shle Slaoy i Jdodsa o 5 ladisy slacd
ZnO@GIN-TSC 5 ZnO@GIn )53 56 55 Cakises
Perkin Elmer oS, 5l ey Sl ofws Lawg
43 5 oLzl (Spectrum 100)

Gl 5 Jow Skl jadis 5 )l p
o&ews 51 ZNO@GIN-TSC 548 i & a5 b 3 g 50
T Jsb b (W ks PWIT30) SOf dndl 31,
(1=1.54056 A Cu-Ka X-ray tube) ¢ 5 =T 1 0F 09
Tt S S50 Goos B Bsad A eolinl
A BV als L wSolansl 303 8 515 o&ams 53 0l
s (6 S LI BY 415 5 o ills & sad (595 4y

s DOLS) Sals ,5 Sast, ;0T
5 sl 533 2 g0 D3 Ml w5 e 6l (K5
S L em gy el O paeiln g
S o311 o&aws 31 OT L oot » ZNO@GIN-TSC
(:»'3) HORIBA Scientific <S4 SZ-100 J. DLS
w380 S L5 S e onl b3 s B eslind
35 SAS T 50l O gl gon 4 YY1+ e i
zoe s sl A S 68 Sl ST L s 3
@bj\é@j&))w%chLsali:.w.s)\}‘élcj
Aol yldle s 5 s 8 asia

51 ZNO@GIN-TSC S35k o (s 2 12
TESCAN =S4 (SEM) o, s SIS g S
o3l ol ey ¢y s MIRA3 Jue
OLJT Zeiss &S ,a (TEM) o 18 s S o oS5 Sen
A3 8 oslizul Zeiss-EMI00 Jute

(AGS) odas Sl o Jgh 3, iylad 5 28
&L 5 (AGS) sdme Sl S 355 canlllas oyl s
2AGS ad gl s 5l 5 01l sty sz J b
\ 5 4o,s FBS 10 L S w3 § i DMEM Ls
0S5 Sl Ve e oS ) o 5 el 5 2l oy
3o Foke Sl Sl s e li S 5 (e
(S Lo ) L ¥ 0 ST Lol g (gl (i 5

350mnT Rl p s Jos S0S B ar 5L

155 Pl Ll 5o 05 1 Ol 42 o 65 0
Gty Sllae pd e G Jie &
Ol i 2 (6315 )5 5L 5 s SL)IS7 o 55 (sla mShaS”
J\ oda ‘Lﬁ‘ wb‘jv\a\b}\} QL:a G?Q b &L&Qjﬁ
booddyls ole (g9, dnST D3 gb e iags ol
21 0Tl W3S s b S 558 5 ol
‘;}MWQ:LGUMJGAJ:S‘Ue-\MSUQﬂLSLAJ}M
HULC 5 CASP8 (slai Ol » 0T 31 5 55 s 0T

235 jasia LNC-RNA

by w9y 9 3lg0

ool 5 oyl ol (g5 ST 1,3 50 o
oo /N S gaT dgloma 1050087 (o5 b 535
A& BLSIZNCI2 [N g0 +/0 Jshen ;) Aa V0 v 4 ol Ta
IS5 5PH Ky i saliin b VY 500 4 OTPH &
.Ma:jvﬁa\g-};\nL;La:)sgﬁpb\géisj..\:émg}w)
s e BBV Sda P00 555 L okeT sty J o
ISEILOLY 5 e STLLY dio Jol gy 5 43 8
WColgys Ao Sad mle oylgs 9 osly sdawd Lo ys 47
ColoA Sode 4 05T JoHls 5 ey 5 (gl Sy )3 g
oty 8 e kS b A 3l 1 amys A (slos s
Y r i b et o b okl el (5 ST 653 56
Sl b A 6l 28 8 Sy e Jolp bsV @
o35 b 558 5 b S L sh s Jule (55 LS
Yoo 5 ZnO-GIn 5,346 Dfdl:» Ovr sl e L,K
1348 B 2l oo Yo 53 5L o s 0 S s
pla 53 4idy Yo 5 Ul e3)sT0 Jsle s
PPSYS SRV POISTRICI A | TR PRV RTL S JWA I
bug Jol Cpy 35 5 5L S
LY 503 8 Mo 4i8 V0 Do Froe e 5 5l
Al o3ls ghzad dos 47 JgbI L LY 5 e OT L
Av sl 53 Colu & Sode @ 0o Tt O guny (sl po
V) s § 6SCest 0aT 3 dm ys

S3L glesd 5 (Kb Slosas )y


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

A5 53 05 5 Ol yea D356 sy slacSaly oy
55 ZnO@GIN-TSC &3 46 (gl acbale s 45 5
X/AEYD VAN oS 0y 5 s ja AGS s,
Brv YO YD BYD FVYD NOEYD VAVYD
el a0 5 S
318 ol Gy ¥V 3 5 Celu YF b ad
[0 8 o 10 I goma S ads S Vet s 655 4SS
Tadome ol 5 3 8 03531 Saler o o MTT 2 Lo
e 848 4 31 E sl dr 3 YV s Colu ¥ e
A S Y ol a2l S Lo
e gl 3 A8 9ls| (DMSO) S gil o fito(s
o3l b e U080 50 b )3 oSl 5165 0 )5
skt (USA (USA (ELX800) 13,1 Kl 5 oK |
Inhibitory — 78+)  Sle sl ey s S

Tl dloes 5 alaly 3l eslazul L (COncentration

Sl A plasl 4> 0 5 RPMI000 Lo b 5 sk sl
o s Jsloue 25 S 00 oz 03557 Cawssy
S AS Sl b g Ol 5 60, dslome 51 2y S ¥
20T Al St s 505 S MiX 5 Lol J g J o
P53 3 sn Sad g Sl h ) e gl sen oY
XVer leicS 5 b Abjective o Sy oo w5 0
PR PURRIAN R JPIIN OB PRI RN
se g Ol 5 0555 g sl (63l335 120 e
V ebie 5 bad g 31w 6 5 8 5 0 53 oliidelous
AT Csas 2 e
S G s 103 50 ko s (o
5IAGS adske  ZNO@GIN-TSC iy 5t sk

S48 Sy 53 AGS (lad sho A o3lizad MTT 2ulesT

25 s 8 caS $Sale/dhe WX 1F (ST L
ZnO@GIN-TSC i3 6k Calises clac bl L aglse
S bl a Gl MTT s s bayl SG s § 515

Ll g8 ode — Hld o ods

x 100

Sler Ol Ao s =

DNA i s eslizal s b oams 31 el i
PrimeScriptTM first (¢l &S 1 eslizal L oS
strand cDNA Synthesis Kit (Takara, Tokyo, Japan)
s 8 ol
sl g Sl rasn ol b ely Sk
ol s a3 S gy SVle L 55 okoslizel (5 puyl
Olaabl olamtl b Y gams Ois LS5 1 Blast
35 adllas 3 eddoslizal sl el g b3S fols

OA) Sl o 03591 Y 6 yleds J gl

dald )8 o

Il 53 ©DNA x5 JS RNA ol sl

DX V10 (S15 Ly 4l # ol 5 AGS (slad b
Sl il bl s § s Sl /e
L ZNO@GIN-TSC &l )3 6b L agl g 3 b sb MTT
Sdeay 548§ 15 1) e /p S5 Sa Ve olg il
Lol s 4 SOl 8l 8 Bl Gy VY (gles 3 el YF
SIRNA £l el &7 5l eslizal b JSTRNA o1 5
048w S 4 5l CatNO: PR8I1620 Jbu i8S

RNA  ogs 5 Chle gy ly 038 pln

HULC 5 CASPS (GAPDH 3555 i), 5 ) 63lod Jao

Gene Forward primer (5'-3")

Reverse primer (5'-3") Reference

GAPDH CCCACTCCTCCACCTTTGAC

CATACCAGGAAATGAGCTTGACAA| (M)

CASP8 |GACTGGATTTGCTGATTACCTACCTAA|CCTCAATTCTGATCTGCTCACTTCT| OA)

HULC ACAGACCAAAGCATCAAGCA

TTTGCCACAGGTTGAACACTT A

"f

VY g/ eO1 (S5 p ke o515 dloes


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

o

= )

T

Syt @U’J“‘M

LSl

(S 9D

ST laast o ke 0L 53 .25k OLL 436 FO ot
ooy b adlas oty Al awle 05 a gl (CT)
Ly g b3S oslizal [1ICEY Jgap g AACE glauslie
BU Jsep ol 03 Y sde A ) 5 05 il L ials

.J)‘J ﬁ)@

e ACt(Control) = Ct(Target gene) —
Ct(Reference gene)

e  ACt(Treatment) = Ct(Target gene) —
Ct(Reference gene)

e AACt= ACt(Treatment) - ACt(Control)

*  Relative fold change = 2-ACt

95 ol G opl 3 el glsesls

Ol il o 5 ol Kl 8 S8 5 5 sl 1SS
Jelos sy 5 5 shateny 5 8 alons Sl Ol slons
s 31957 w031 5 SPSS vol16 e 3l Laesls
23 gme 2lsT a5 05 6l 5 P<0.05 . oslizul

o9 R Slddl

Glros S oy ssbiea FTIR b7 =B
L3 5 o3l FT-IR aleT Sl eds s 356 Ll
Zn0@GIn- 5 ZnO@GIn =f,3 46 FT-IR slacal
ol (eSS L lods onls iles ) 6l S 55 TSC
COO - C-N— 28 Slales l isOlis Hls e 53 o)
el NHz 5C-S slaes £ 450 35— C-O

5 CASP8 (GAPDH (slaiss Ol Ol (o

Ol Ol Real-time PCR 2L 5T i sslizwl L HULC
05 Olsieas GAPDH 05 b awglie 53 oltianlllas glads}
Ay 05 A lp 6B be Sl S
OS5 05 ol Glamly leslid b le3T
SYBR Green® Premix Ex TaqTM (TaKaRa, s,

ABI 7300 Real- )L g 5 oews 1 oslizal |y 5 Japan)
time PCR system (Applied Biosystems, Foster City,
A ST 25515 bl sl e s 8 ol CA)
1 SYBR Green .S zws s Sl Vo (gob=
CDNA ;s S Y «(Jge5, 50 ¥) msl o 51 s STlo
2y feie 0T 2y St 5 S

Real-Time PCR =S5 by gduole) 4l
Kl 25 Sy gty pSl g 5 ol 53

Tag 5T Giledi jshie o 2 & s b
los 54iss Vs oot SIDNA Ll 25l s 5 510k
slie O oy chay Ao o A plol 5 S Sl B )3 90
318 Sl G530 (glos b ail VO S 4 45 5 Fr o
FrGlesbast £ Sy e s DNA 28 il g slatens
D5 el il 5 (gl oS (gl 5 8 Bl d o
Jsb 03 Lo g5k 55 O Wbl 5 Qper (sl 1 S
4308 Sl G p3 VY s s 8 sl (63l o sb Sl o


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

ZnO@GIn-TSC
ZnO@Glin

T (%)

4000 3500 3000 2500

Wave Number (cm™)

b. ZnO@GIn -TSC sa. ZnO@GIn =i,3 56 4 b s o FT-IR Cab .Y o yleds o

4 by S A Y VY G VPYY/YE ladls caalsl js (YY
9 YAOD/ A L Jf‘jf L;‘.An\ls 9 N=H k) C=N L;LAJ.:}:&
(Y0) Sl N-N 5 C-N (slail 4 L5 0 cm ™ YSYA/FY
.bﬁfcm'14000 tcm13000 wsabj-buJJ Jﬁyw
Ohydgb S § jktle dallas gl (XRD) WS
Sl eSS 5kt S8 s 03lizel ZNO@GIN-TSC
e, .l ZNO@GIN -TSC 3 66 (gl Xiasl
Cohe taSwl S oS L gl iy

sl ZNO@GIN -TSC 53 it &SC31 8 Jews S

Jls @ ZnO@GIN Sl 4k 4 by e Cab s

5V ol 5y 4 b gy eem T 535 claals (K5, riy
cML883 46 5 C-H il 4 by o CM L 710 46 :pooman
S Lgy 4 Ly 2 CM L1067 5C=0 Ligy 4 by o
a Lbs MO0 5 VFOF AYVA L 1, sladls 5 C-O
A pumman ¢l (Y1) N-H 5 (Y+) C=N C-C slasl
33 3590 O-H 228 Wsy 4 by ,e ;0 cm ™ 3634
ZnO@GIN- Sly3 5L 4 b g o Cads 55 (YY) Col Hli L
58y 4 by Cm14692845 (K, ST s ) TSC
cm 1 3/1362 5 cm 1 3/1000 ««m 1 9/773 (claals

c\‘f) ol N'O}S:O -0 C-H -\5}:.; 4 .17}.3]» g_,t:‘;é\a

\Ai4

VR e/ O (S5 o she ol Al


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

ny

= )

k:a-:q’

Syt @Uo‘rsv\..é

LSl

(S 9D

16000 —
14000 ~
12000 ~
10000 —

8000 ~

Intensity(a.u.)

6000

4000 ~

[ —

L

0 T = T

2000 ~ “

20 40

|
|
SRS ’“‘L—f’b—.ﬁwﬁ,
60 80

1
100

2 Theta(degree)

ZnO@GIN-TSC 5,35 & by » XRD T o jlod K

bl = o S5 g5k 5 LAl 1,ZNO@GIN -TSC

sl é)'j:\'s)wdﬁ:DLS ST s
a3 oo 0l 1, ZNO@GIN -TSC 5 s o435 65140
5 Caliee (Slao Il b kil S son D3 m s
b a0 56 Y49 53100 5 Sile ol 0 ST

Z-Average (r.nm): 296
Pdl: 0.417

PSS SR illas S5k 5 55 3y (sladls

OF/FY FV/EY X9V FF/XV¥VOV L ol 02 slia s
b S a 53 VWY 5 VY/FY SAAY SY/AY £5/0Y $Y/IVA
AV YA Y e B1E e S slas S g
S o Sl YOY 5 rF XY Yee (1Y) ey
Shish 4 by SEHE o S e Mg

Volume (%)

Size Distribution by Volume

01 1 10

100 1000 10000
Size (r.nm)

DLS 25T 5l Jol= ZnO@GIN-TSC i3 55141 SLBLT™ T o lods SO

S el sl Ve G Y 555 53 ZNO@GIN -TSC

Sl g6 5o S S S Sy Son 2 3o B 5 ylads

il Sl (Cl eddesls Olas Fobjles S


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

200 nm

s e gl #e BT O s 8 3T L Ol 3 das 0 0L, ZnO@GIN -TSC

EHT = 10.00 kV Signal A = SE2 Date :1 Oct 2020
WD= 6.9 mm Mag= 50.00KX  User= DP

30 nm

ZnO@GIn-TSC 5,34t ;I SEM 2 b7 m g Skl KO

Mag =35.970 KX DayPetronic Company

ZnO@GIn-TSC &5 46 I TEM b7 =0 Skl U

NA

VR e/ O (S5 o she ol Al


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

N4

= )

k:a-:q’

Syt @Uo‘rsv\..é

LSl

(S 9D

S35 sl 1C50 (o lge clale .ol ot )1 8 J 8
83,61 ke 2p S 55V L4, ZNO@GIN -TSC
ol aJ)ij 6% Z)L«L Jg.in): (AGS) od=o G\Lr“

Ll

120
100
80
60
40

Relative Cell Viability%o

S PP

1 ~
N o2

35 (AGS) sdrs b gl ske » ZNO@GIN -TSC
Olis a8 5 les IS8 55 J S 0 8 5 Calibes glac lale

%}QJLMLE.G)JGJ Lo s QJ}.&A{ Gt‘: ] ool

ar >

. [
: ) P ¥
N AT AD \;\'3 ol

el ) e
! v ¥

N fa)

Concentrations (ng/ml)

AGS (P<0.001%**) b o clad sk 53 ZNO@GIN -TSC 3 56 MTT i o 2 63lod U

120

100

80

60

40

20
o kuEm 3 « M
. 5

-
’-Q (a) \r\/

Relative Cell Viability%o

o

1% )
N o2

el ) e
! v ¥

o
b

%

N . 4
N’ A " Cﬁ& o o
N~

Concentrations (ng/ml)

AGS b oo cladske 53 ZNO@GIN -TSC 115 56 1C50 i san b T 6 slads S

aegle )3 515 g ATl /70 Ol e 4 adlagrl po
O 0 5 (PO.00L) LT sy J 28705 8 (slad shos
bsayiks JSKu 55 CASP8 s HULC slaoj ol
GLas 3 K Gl pmes Lleds esls il
35 b goie I 4 505 ¢SS CASP8 5 HULC (GAPDH
IS 3 iS5 e 14550 &S5 sC sh @A S et S

el sdeTC gb @ 85,

CASP8 s HULC (s} 0l Ol (s g5

lad sl dg>1 50 5 s CASP8 s HULC (sla(si O Ol 50
356 51 e 08 5,8 1 L 4l 1C50 ke
lgrlse & 5> Ol b i ), ZNO@GIN-TSC
05 Ol Sl 4 sdiisl Sly3 gL L AGS (glad sl
Sl sk 53 513 can L3I L s #IVR Ol e 4 CASPS
235 e S 055 Slad gl b aylie 5 ookl
sdsw ;3 HULC o ok ol s (P<0.001) 54


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

[=1]

mRMNA Expresion (Fold Change)
row B

12

0.8

0.6

04

0.2

mRMA Expresion (Fold Change)

05,5 SWadsb b amglin ;5 ZMO@GIN — TSC o3 5k b a3l agorlpe slgh s 53 HULC 053 5 CASP8 05 Oy ol i 13 g .Y 6 sl S

CONTROL

CONTROL

CASP3
TREATMENT
HULC
TREATMENT

S

b: HULC Melt Curve a: GAPDH Melt Curve
[ 20000.0
800000 u‘i
P 80000, f
70000.0 I\ |’
|
| 700000
|
80000, l\
‘[ 60000
| 2
& so0oo g
g ;:f 50000,
& II 3
| .
£ 40000 ] i
4 : 5
|
30000 I
I 1 . ZERN
I 1 I = V.4
| | y
200000 5‘ aoos KT
SR i
7 = i
toooo! 10000
s I
: \
050 00 750 800 850 00 050 o o o et T 0.0 950
—— Temperature (C)

A B lcC MWD HE HF

Legen
A s Ec WMo HME WF

VR e/ O (S5 o she ol Al


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

m

¢: CASPS Melt Curve

00000.0

80000.0

= )

70000.0

k:a-:qé

60000.0

50000.0

Derivative Reporter (-R)

40000.0

30000.0

20000.0

10000.0

Temperature (°C)

Legend

A B lc Hp HE WF

CASP8(c) s HULC (b) « GAPDH (2) sla05 5l o2 2 4 Glate 93 (oo 31 4505 & A B lod SO

10, 8: GAPDH Arrpéfication Fict

0000001 *

Lo

[~ e WC WO ME WF



https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

b: HULC

100

ARNn
°
°

0.001

0.0001

0.00001

0.000001

Ampiification Plot

Cycle

 tagne —

A 8 lic Mo Hec WFf

10, C: CASPS

01

ARN

0.001
0.0001
0.00001

0.000001

- Logus
. A B lic Mo Mt WF

Amplification Plot

x 2
Cycle

CASP8 (c) s HULC (b) « GAPDH (8) slais3 31 o 2 4 (slaie 2S5 (somia 31 65503 &S A 85l i

90 A4S 03 b candlan pl 53 ¢opl bl il OGT
JsSs0 b o 5 s> 8l ol cali J° 51 oslizal
ol (sl sla 23T s 5587 5L, ey
Fw o) p &y TEM JSEM DLS XRD FT-IR
B b (Ko dlis s 8 5 8 plol D3 5 s
o ).jb [Ty LsLAWJKjJJT L;L&d}ol.w L. a-l,;}':}.w
Ol Ol 5 55T i3 5 0T 15 458 e (IC50)
RIS P W SUIT PN GO PR
ST 03 56 5 Shas b b5l 55 oage Slalllas
@‘a&icbu‘g\.bfﬂé\.&djbjéjjw\aﬁ)méﬁ
55 O 5L dalllas 5 das o 0L 1 0T cote 5T S
o5 )S Sladshe » ZNO 36 3k g Jl
VY de)Jj:'-‘ X;JUasjbﬁM)oul gf"g‘.'.)}“'

S5 o § Som
(S SN s M e 55
Ve B S L e STse b ol S5 5 obast
Jols s iyls Ko slge 3 plate ool S ol gl
el glod YU Cld 5l o 4wl o
Uss;l.u\u:&lfl{@).u@Sﬁo.afcbwu:gp\
053 gl 53 @ls slagST 51 (8L ale el cas e )
B U e RIS RSt Pt e PR e Lgl.ar.?\ oy a
S o 1 slse s b OT Sl 50,5 Solas guast
31 Yl Sy 15 D356 (6 p s SNy el 131
e 53 5 SN S ST (b (Y9)
3 8es 35 5 Sileiig o sin (o5 L g

u"’l" ué)\f Ji.a\f LJ‘:—L}:G)ij‘)S O’l‘ G’Uaf».\..é

Yy

VR e/ O (S5 o she ol Al


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

Y

= )

T

Syt @U’J“‘M

LSl

(S 9D

o O3 56 el bles Luss o ge TSC s G55 25
Cnt =V S o Sl eslizal b oS 36 sl
MTT i il 4 a5 L (4 OFF YD) 558 oo OT
Ol Jowily ZNO@GIN-TSC )3 46 87 A jadeiia
Ol ot 513 533 & &sly SN L S o 5o
b Ol e Oleys y3 il S35k s Shae & 5 5 Ol e
Sladllas ol L5 o ok &5 0 W1 55 0T LUl
3l oShaS slas Shas g Cls gl (gl
odas Glb o S sk 5 O35 o 55 5 S 510 LS
ot Ml b Gl Llg o S ool
Sl I8 Lokl fule IS ST il 3 56 5T sl
S35 5 man 5 LI o s b 5587 5 A
Sshes3;5 5 053 s 58 555 52 b 5587 2T
o> 8 Sk 535 ol 53 55T W Eel odne Ol
IS ST it 5h gladdlas s (FF V)
o S35 S ramen 5 AL e s b 558
S 313 QL AGS lad g 3L o s LS 558
o sn e b Jshe St Cools L S350 )
(FA ) s il 5 (659 T LT (g1l
Col S 5500l SET 53 age v,_;.sTCASPS
@ s W Johe o5l GBS 4 il s &
ZnO@GIN-TSC 546 L5t 45 sls Ol sl dalllas
FINA O g 4 1, CASP8 05 Oy s S o lad sl
o O Jlob Cor e 5 033 (I3 S 05 8 4 S
ad S se 3l ol sl W MIRNA. ol 0l S 53T
2 S dzea RNA S8 8 oSS gl oSS
3 2l e sl ddy il oo (S5 eyl
SO s sl b S HULC .5 138 o 3T 1500
L5335 JWs CREB Law 5 il 5 oo ool Lo jo Citlies
L MIR-B13 dhoor 31 0S5 (SRNA 0315 1§ ot
ol 53 (50 BV 555 8 55 Gl slad g A
RNA 0L » ZnO@GIN-TSC iys46 31 canlllae
22 AGS slad g 3 HULC suS’0S 6 Y,
53 /80 5 HULC 03 0l 0o o 515 0L s 5 8

55s wase MCF-7 gladyle , ZnO Silysgb b
ledsbe 05 5 8 5 65 5T 5 Gl et sl S5
asdlles 93 8 mb s ad sl ‘_5.\...“.2- O3y Cws 3l g
LYV A 55 ol dallas 5 odeT s T L seer
g okd i Sl b s i SRl s el 8 1
o ol I8 05 8 slad s 40 e Gl (slad 5k
Lo 55 o (8l Slon g 5 5551 e 587
09,0 sk 2S5 5 Ay (sl 4T ol a5 IS 55
v:\;a«f@lalw\:}lfr@)é)bﬁ-u;jw.@\
Jlesl ke (gaily 5 Lael Ol JUasI L oS 35 055 25
Jolos @i 53 cage B el g dms oo plonil 5 355
Gadshe SIpke bl (Y8 o) syl b-ad
DM 53 Johe St g e o 4 b 4 S e
SOl drns sl Ll§ o SlodgymSlodan (5 lome
Obily ol 4 5 1) 55 40 45 AL Cnlis Aibiln
4oy b OA) osi e ol Gladsle & T
S st Sl gl b slad e pie O
695 4S5 56 0357 s Jale caaT (sladwl abeor 5|
350 1) b Slad gl 4 )l 358 Ll 5o el 7L
R S Srolans (didda Olays s i
s adleys cpl 53 Sl 4Bl anw g Calidee S350
Sl &) ot S S 0 Jos oxrlg Do
5 Sl glacsl 5 adshe 655 5 bl Jos
038 & 555 8 Sl osls Ol | Slallas .51 o
4 Ll 5 oo 58 D53 56 4 O Dlinkin b 5L o 5
3 Gz 5ds Sns Sl rmen 5 OUT (L 350
b Ogb)8 e ss (FV) 335 ote OUT b uds
db ShaS” |85 b il g It o Jlail
LS W 5 Jlab (61 50587 (slo 8 ol 5 0 gl
4 0,8 S35k o sls Ol andllas & mls LYY FY)
el 033 o b S 558 5 ol el S o
I (1) Lus MCF-7 gladshe 53 55057
038 558 5 Glapsl b L o b 5l (538 (sl mSaS”

5 &8 S bkl sy 3,8 e Sope O3s


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

S s el bl 2alS J S0 8 (slad shos b s e
5,8 D3 sl (6558 8T Slas gz gy ) slatens aslllae
AL s b a3 5 el L el ele
05 & sls Ol Sb e sladshe » (Ag@GIN-TSC)
A28 L HULC 03 5 (A) Lls gas I35 L CASPS
L35 o 5559 T S a1y S J b o(4/Y) s sime
OA)

As 52w ZNO@GIN-TSC &l 3 46 candllan s
55957 G 3 S Jsbe S8 5 S S5 s
3 ) g odne Gl o (slad ke 55 rge (S0 Oy L
» ZNO@GIN-TSC &y356 3k & sl ol ks
Sl 5 I 25 ler w0 AGS S o (slad sk
a8 5 CASP8 05 Ol Ol 31 35 b 51 5397
opl S s o O sl .l 0 HULC 05 0Ly O 50
Slrsnd Glp 6B 4SS Glesle Olsea S350
B gy p i M5 b Ol
S F ol

i T oBglefT oy S O i
Aol o S by ol 55T oKl
Blo o)W

o el s S Ll el OB dw s
R PRESNCH g TSR K DK SV PO
S ol

i 03,55 8L 53 b oo 035 )
O W o8 o5 5l

el o e 53 (5sln g (513 K

\Yf

VY g/ eO1 (S5 p ke o515 dloes


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

Yo

= )

T

Syt @U’J“‘M

LS

(S 9D

References

1.

10.

11.

Smyth EC, Nilsson M, Grabsch HI, van
Grieken NC, Lordick F. Gastric cancer.
Lancet 2020; 396:635-48. doi:
10.1016/S0140-6736(20)31288-5.

Bray F, Ferlay J, Soerjomataram I, Siegel RL,
Torre LA, Jemal A. Global cancer statistics
2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 2018; 68394-
424. doi: 10.3322/caac.21492.

Wydra RJ, Oliver CE, Anderson KW, Dziubla
TD, Hilt JZ. Accelerated generation of free
radicals by iron oxide nanoparticles in the
presence of an alternating magnetic field.
RSC Adv 2015;5:18888-93. doi:
10.1039/C4RA13564D.

Mokwena MG, Kruger CA, Ivan MT, Heidi
A. A review of nanoparticle photosensitizer
drug  delivery uptake systems for
photodynamic treatment of lung cancer.
Photodiagnosis Photodyn Ther 2018; 22:147-
54. doi: 10.1016/j.pdpdt.2018.03.006.
Jayarambabu N, Kumari BS, Rao KV, Prabhu
YT. Beneficial role of zinc oxide
nanoparticles on green crop production. Int J
Multidiscip Adv Res Trends 2015;2273-82.
Han N, Xu L, Zheng H, Yang Y, Fan W. In
vivo co-delivery of paclitaxel and herceptin
for Her2/Neu+ breast cancer treatment using
micellar nanoparticles. Nanomed:
Nanotechnol Biol Med 2016; 12:513-4. doi:
10.1016/j.nan0.2015.12.191.

Altman BJ, Stine ZE, Dang CV. From Krebs
to clinic: glutamine metabolism to cancer
therapy. Nat Rev Cancer 2016; 16: 619-34.
doi: 10.1038/nrc.2016.71.

Cruzat V, Macedo Rogero M, Noel Keane K,

Curi R, Newsholme P. Glutamine:
metabolism and immune function,
supplementation and clinical translation.
Nutrients 2018; 10:1564. doi:
10.3390/nu10111564.

Pelosir G. Thiosemicarbazone  metal

complexes: from structure to activity. Open
Crystallogr J 2010; 3: 16-28. doi:
10.2174/1874846501003010016.

Sadat Shandiz SA, Montazeri A,
Abdolhosseini M, Hadad Shahrestani S,
Hedayati M, et al. Functionalization of Ag
nanoparticles by glutamic acid and
conjugation of Ag@ Glu by
thiosemicarbazide enhances the apoptosis of
human breast cancer MCF-7 cells. J Clust Sci
2018;29:1107-14. doi:10.1007/s10876-018-
1424-0.

Ma ZY, Shao J, Bao WG, Qiang ZY, Xu JY.
A thiosemicarbazone copper (I1) complex as
a potential anticancer agent. J Coord Chem

12.

13.

14.

15.

16.

17.

18.

19.

20.

2015; 68: 277-94.
doi:10.1080/00958972.2014.979811.
Paul-Samojedny M,  Kokocinska D,
Samojedny A, Mazurek U, Partyka R, Lorenz
Z, et al. Expression of cell survival/death
genes: Bcl-2 and Bax at the rate of colon
cancer prognosis. Biochim Biophys Acta
2005; 1741:25-29. doi:
10.1016/j.bbadis.2004.11.021.

Rofeal M, EI-Malek FA. Valorization of
lipopeptides biosurfactants as anticancer
agents. Int J Pept Res Ther 2021; 27:447-55.
d0i:10.1007/s10989-020-10105-8.

Peng W, Gao W, Feng J. Long noncoding
RNA HULC is a novel biomarker of poor
prognosis in patients with pancreatic cancer.
Clin Oncol 2014, 31:1-7. doi:
10.1007/s12032-014-0346-4.

Gonzalez I, Munita R, Agirre E, Dittmer TA,
Gysling K, et al. A IncRNA regulates
alternative splicing via establishment of a
splicing-specific chromatin signature. Nat
Struct Mol Biol 2015; 22:370-6. doi:
10.1038/nsmb.3005.

Zhao Y, Guo Q, Chen J, Hu J, Wang S, Sun
Y. Role of long non-coding RNA HULC in
cell proliferation, apoptosis and tumor
metastasis of gastric cancer: a clinical and in
vitro investigation. Oncol Rep 2014; 31:358-
64. doi:10.3892/0r.2013.2850.

Nejabatdoust A, Salehzadeh A, Zamani H,
Moradi-Shoeili Z. Synthesis, characterization
and functionalization of ZnO nanoparticles by
glutamic acid (Glu) and conjugation of ZnO@
Glu by thiosemicarbazide and its synergistic
activity with ciprofloxacin against multi-drug
resistant Staphylococcus aureus. J Clust Sci
2019; 30:329-36. doi:10.1007/s10876-018-
01487-3.

Taati H, Sangani H, Davoudi A, Safabakhsh
Kouchesfahani S, Hedayati M, et al. Silver
nanoparticle functionalized by glutamine and
conjugated with thiosemicarbazide induces
apoptosis in colon cancer cell line. Sci Rep
2024; 14:3809. doi: 10.1038/s41598-024-
54344-x. Ramesh P, Saravanan K, Manogar
P, Johnson J, Vinoth E, et al. Green synthesis
and characterization of biocompatible zinc
oxide nanoparticles and evaluation of its
antibacterial potential. Sens Bio Sens Res
2021; 31:100399. doi:
10.1016/j.sbsr.2021.100399.

Senthilkumar SR, Sivakumar T. Green tea
(Camellia sinensis) mediated synthesis of zinc
oxide (ZnO) nanoparticles and studies on
their antimicrobial activities. Int J Pharm Sci
2014; 6: 461-5.

Pawlukoj¢ A, Hotderna-Natkaniec K, Bator
G, Natkaniec 1. L-glutamine: Dynamical
properties investigation by means of INS, IR,
RAMAN, 1H NMR and DFT techniques.


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Chem  Phys 2014; 443:17-25. doi:
10.1016/j.chemphys.2014.08.003.

Khurana N, Arora P, Pente AS, Pancholi KC,
Kumar V, et al. Surface modification of zinc
oxide nanoparticles by vinyltriethoxy silane
(VTES). Inorg Chem Commun 2021;
124:108347. doi:
10.1016/j.inoche.2020.108347.

Barrak H, Saied T, Chevallier P, Laroche G,
M’nif A, Hamzaoui AH. Synthesis,
characterization, and functionalization of
Zn0O nanoparticles by N-
(trimethoxysilylpropyl) ethylenediamine
triacetic acid (TMSEDTA): Investigation of
the interactions between Phloroglucinol and
ZnO@ TMSEDTA. Arab J Chem 2019;
12:4340-7. doi:
10.1016/j.arabjc.2016.04.019.

Dehkaei AA, Khalathari K, Emamifar A,
Taramsari SM, Balkhi S, et al. Cytotoxicity
effect of nickel hydroxide nanoparticles
functionalized by glutamine and conjugated
by thiosemicarbazide on human lung cancer
cell line (A549) and evaluation of bax and bcl-
2 genes expression. Gene Rep 2022;
29:101700. doi:
10.1016/j.genrep.2022.101700.

Jamdagni P, Khatri P, Rana JS. Green
synthesis of zinc oxide nanoparticles using
flower extract of Nyctanthes arbor-tristis and
their antifungal activity. J King Saud Univ Sci
2018; 30:168-75. doi:
10.1016/j.jksus.2016.10.002.

Wang MS, Chen L, Xiong YQ, Xu J, Wang
JP, et al. Iron oxide magnetic nanoparticles
combined with actein suppress non-small-cell
lung cancer growth in a p53-dependent
manner. Int J Nanomedicine 2017; 17:7627-
51. doi: 10.2147/1IN.S127549.

Akhtar MJ, Ahamed M, Kumar S, Khan MM,
Ahmad J, et al. Zinc oxide nanoparticles
selectively induce apoptosis in human cancer
cells through reactive oxygen species. Int J
Nanomedicine 2012; 21:845-57. doi:
10.2147/1JN.S29129.

Pandurangan M, Enkhtaivan G, Kim DH.
Anticancer studies of synthesized ZnO
nanoparticles  against human  cervical
carcinoma cells. J Photochem Photobiol B
2016; 158:206-11. doi:
10.1016/j.jphotobiol.2016.03.002.

Antonio J, Street C. Glutamine: a potentially
useful supplement for athletes. Can J Appl
Physiol 1999; 24:1-4. doi: 10.1139/h99-001.
Hensley CT, Wasti AT, DeBerardinis RJ.
Glutamine and cancer: cell biology,
physiology, and clinical opportunities. J Clin
Invest 2013; 123:3678-84. doi:
10.1172/3C169600.

Hamrayev H, Shameli K, Yusefi M.
Preparation of zinc oxide nanoparticles and its

31.

32.

33.

34.

35.

36.

37.

38.

39.

cancer treatment effects: A review paper. J
Adv Res Micro Nano Engin 2020;2:1-1.

Ma ZY, Shao J, Bao WG, Qiang ZY, Xu JY.
A thiosemicarbazone copper (I1) complex as
a potential anticancer agent. J Coord Chem
2015; 68: 277-94.
D0i:10.1080/00958972.2014.979811.
Yildirim H, Guler E, Yavuz M, Ozturk N,
Yaman PK, et al. Ruthenium (Il) complexes
of thiosemicarbazone: Synthesis, biosensor
applications and evaluation as antimicrobial
agents. Mater Sci Eng C Mater Biol Appl
2014, 44:1-8. doi:
10.1016/j.msec.2014.08.007.

Gou Y, Wang J, Chen S, Zhang Z, Zhang Y,
et al. o— N— heterocyclic thiosemicarbazone
Fe (1) complex: Characterization of its
antitumor activity and identification of
anticancer mechanism. Eur J Med Chem
2016; 123:354-64. doi:
10.1016/j.ejmech.2016.07.041.

Goya GF, Grazu V, lIbarra MR. Magnetic
nanoparticles for cancer therapy. Curr
Nanosci 2008; 4:1-6.
doi:10.2174/157341308783591861.

35. Jarestan M, Khalatbari K, Pouraei A,
Sadat Shandiz SA, Beigi S, et al. Preparation,
characterization, and anticancer efficacy of
novel cobalt oxide nanoparticles conjugated
with thiosemicarbazide. 3 Biotech 2020;
10:1-9. doi: 10.1007/s13205-020-02230-4.
Habibzadeh Sz, Salehzadeh A, Moradi-
Shoeili Z, Shandiz SA. A novel bioactive
nanoparticle synthesized by conjugation of 3-
chloropropy! trimethoxy silane functionalized
Fe304 and 1-((3-(4-chlorophenyl)-1-phenyl-
1H-pyrazol-4-yl) methylene)-2-(4-
phenylthiazol-2-yl) hydrazine: assessment on
anti-cancer against gastric AGS cancer cells.
Mol Biol Rep 2020; 47:1637-47.
d0i:10.1007/s11033-020-05251-7.
Hosseinkhah M, Ghasemian R, Shokrollahi F,
Mojdehi SR, Noveiri MJ, et al. Cytotoxic
potential of nickel oxide nanoparticles
functionalized with glutamic acid and
conjugated with thiosemicarbazide (NiO@
Glu/TSC) against human gastric cancer cells.
J Clust  Sci 2022; 33:2045-53.
doi:10.1007/s10876-021-02124-2.

Badrooh M, Shokrollahi F, Javan S,
Ghasemipour T, Rezaei Mojdehi S, et al.
Trigger of apoptosis in adenocarcinoma
gastric cell line (AGS) by a complex of
thiosemicarbazone and copper nanoparticles.
Mol Biol Rep 2022; 49:2217-26. doi:
10.1007/s11033-021-07043-z.

Dong Y, Wei MH, Lu JG, Bi CY. Long non-
coding RNA HULC interacts with miR-613 to
regulate colon cancer growth and metastasis
through  targeting RTKN. Biomed

\Y#

VY g/ eO1 (S5 p ke o515 dloes


https://sjimu.medilam.ac.ir/article-1-8285-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-01-30 ]

WYYy

= )

T

Syt L;?Uof»v\..é

LSl

(S 9D

40.

Pharmacother 2018; 109:2035-42. doi:
10.1016/j.hiopha.2023.115370.

Esquela-Kerscher A, Slack FJ. Oncomirs—
microRNAs with a role in cancer. Nat Rev
Cancer 2006; 6:259-69. doi:10.1038/nrc1840.


https://sjimu.medilam.ac.ir/article-1-8285-fa.html
http://www.tcpdf.org

