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Abstract

Background: Breast cancer (BC) remains one of the most prevalent
malignancies among women worldwide. Early detection of BC is crucial as it
significantly increases the chances of successful treatment and reduces mortality

rates. Fluorescence imaging holds significant promise for the early detection of
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electron microscopy, transmission electron microscopy, and energy-dispersive
X-ray spectroscopy (EDAX). Spectroscopic features were investigated by the
ultraviolet absorption and fluorescence spectra. Analysis of FTIR spectroscopy,
size, and zeta potential verified the synthesis and modification of DI-dot. The
UV-visibility and fluorescence intensity of the DI-dot showed great optical
properties under a radiation of 360 nm.
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Results: The DI-dot was synthesized with high yields (~34%). Average
diameter of monodispersed DI-dots was within the range of 6-10 nm. The EDAX
results determined the preservation of DNA moieties within the secondary
structure of the DI-dot modified by imidazole. The FTIR analysis further
identified the NH and C-N bonds, corresponding to the enhanced fluorescence
efficiency of the DI-dot. The DI-dot showed two distinctively sharp fluorescence
peaks at 400-500 nm, with maximum absorption at 260 nm. The cytotoxicity
assay ensured the high viability (~88%) of the MDA-MB-231 breast cancer cell
line.

Conclusion: The DI-dot represented superior fluorescent properties and
significant stability under strange conditions, including long-term UV exposure,
different pH solutions, and high ionic concentrations. Ultimately, DI-dots can be
used for fluorescence imaging of MDA-MB-231 breast cancer cells due to their
enhanced fluorescence properties and high biocompatibility.
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Introduction

Breast cancer is a major global health challenge,
with about 2.3 million new cases diagnosed
each year. This underscores the urgent need for
better early detection methods to improve
treatment outcomes and reduce mortality rates
(1). In this context, fluorescence imaging
presents a non-toxic probe for breast cancer
(BC) detection, offering high sensitivity and
specificity in the identification of cancerous
tissues at early stages. However, current
methods face various challenges, such as
autofluorescence interference, photostability
issues, and limited performance in aqueous
environments (2).

To address these limitations, the present study
aimed to introduce DNA-Imidazole dots (DI-
dots) as a novel fluorescent nanomaterial. The
DI-dots combine the biocompatibility of DNA
with the fluorescence-enhancing properties of
imidazole, resulting in superior photostability.
Additionally, the dual emission peaks that
reduce interference  from  endogenous
autofluorescence outperform many
conventional fluorophores. Carbon dots are
valuable tools in bioimaging due to their unique
optical properties, biocompatibility,
hydrophilicity, low cytotoxicity, and ease of
surface modification (3). These features make
them ideal for designing optical probes,
biosensors, and systems capable of tumor
targeting, drug delivery, and monitoring
therapeutic effects (4). However, many
fluorescent nanomaterials, including metal
nanoparticles, quantum dots, and magnetic
nanoparticles, suffer from limitations, such as
poor photostability and solubility in aqueous
media, which can restrict their therapeutic
effectiveness.

This study introduced DI-dots, synthesized
through a facile hydrothermal method using
DNA and imidazole as a heterocyclic function
group. The DI-dots are presented as a novel
fluorescent nanomaterial that leverages the
inherent properties of DNA combined with the
fluorescence-enhancing potential of imidazole,
a five-membered heterocyclic molecule known
for its remarkable biological and chemical
characteristics and its high fluorescence
potential, particularly in combination with ions.
This builds on the previous work of the authors,
where it was noticed that the fluorescent
intensity of bio-dots seemed higher when
accompanied by imidazole. The present study
aimed to modify the structure of bio-dots,

evaluate the role of imidazole in the enhanced
fluorescent properties of DI-dots, and
investigate the potential of the modified DI-dots
for cellular imaging, thereby exploring a new
approach to improve BC detection and
treatment methodologies.

Materials and Methods

The synthesis of DI-dots involved a
hydrothermal method where double-stranded
DNA from salmon fish and imidazole were used
as a nitrogen precursor mixed in distilled water
at a 1:1 ratio, stirred until a transparent yellow
solution formed, and then heated in a sealed
glass bottle at 160 °C for 4 h (5). Subsequent
physicochemical characterization included
Fourier-Transform  Infrared  Spectroscopy
(FTIR) to identify functional groups present in
DNA, bio-dot, and DI-dot samples prepared via
the KBr pellet method, Transmission Electron
Microscopy (TEM) to determine the size
distribution and morphology of the DI-dots,
Dynamic Light Scattering (DLS) and zeta
potential measurements to analyze
hydrodynamic diameter and surface charge, and
Scanning Electron Microscopy (SEM) with
Energy-Dispersive =~ X-Ray  Spectroscopy
(EDAX) to examine surface composition and
elemental analysis. Optical analysis
encompassed  ultraviolet-visible (UV-Vis)
spectroscopy to record absorption spectra and
Fluorescence  Spectroscopy to  measure
emission spectra at 400—700 nm with persistent
excitation at 360 nm and calculate quantum
yield using quinine sulfate as a reference. /n
vitro studies involved culturing MDA-MB-231
breast cancer cells in Dulbecco's Modified
Eagle Medium supplemented with FBS and
pen-strep, assessing DI-dot cytotoxicity using
the MTT assay with various concentrations of
DI-dots (0.25, 0.50, 0.75, and 1 mg/ml) and
performing fluorescence imaging to observe
intracellular fluorescence after incubation with
DI-dots. Additionally, stability analysis was
conducted to evaluate photostability after UV
exposure for different time intervals, pH
stability using pH solutions ranging from 2 to
14, ionic stability using NaCl, KCl, and MgCl»
solutions, and long-term storage stability at -4
°C and in the dark, all by measuring
fluorescence absorbance at 360 nm. All
statistical tests were analyzed using GraphPad
Prism with a t-test (»<0.05, n=3), and the DI-
dots size study was conducted using Imagel.

18(2):87-104



18(2):87-104

Results

The synthesized DI-dots exhibited a consistent
spherical formation of well-separated and
monodispersed structures, as revealed by TEM
analysis, with an average size distribution
within the range of 6—10 nm estimated using
Image] software. The SEM images yielded the
composition and stacked surface of the DI-dot,
and EDAX analysis verified the presence of
carbon, nitrogen, phosphate, and oxygen,
confirming that DNA precursors were
maintained within the DI-dot structure (Fig.1).
The DLS measurements indicated an average
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Frequency

hydrodynamic diameter of 46.18 nm and a zeta
potential of 0 mV (Fig.2). The FTIR spectrum
of the DI-dot represented a peak at 1700 cm'!
related to the stretching of C=0O (6,7), two
distinctive bands at 1,423 and 1,580 cm’!
representing the sp2 carbon (G-band) and sp3
(D-band) in DI-dot (8), and a peak from 3,400
to 3,200cm™ attributed to the stretching
vibration of the N-H and O-H groups (Fig.3)
(9). The UV-Vis spectroscopy showed a distinct
absorption peak at 260 nm, and fluorescence
spectroscopy revealed two sharp emission
peaks between 400 and 500 nm when excited at
360 nm (Fig.4).
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Fig 1: Characterization of the DI-dot. (a) TEM images and (b) a comparable size distribution histogram of
the bio-dot. (c) SEM image of aggregated DI-dot (d) EDAX analysis and elemental composition of the DI-

dot.
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Fig 2: Determination of the average hydrodynamic diameter and surface zeta potential of DI-dot. (a) The
average hydrodynamic diameter and (b) the surface zeta potential of the DI-dot
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Fig 3: Characterization of the dsDNA, bio-dot, and DI-dot. FTIR spectrum of dsDNA, bio-dot, and DI-

The DI-dots demonstrated high
biocompatibility, maintaining approximately
88% cell viability (n=3) in MDA-MB-231
breast cancer cells (Fig.5) (10). Stability
analysis showed consistent performance under
UV exposure, varying pH levels, and high ionic
concentrations, highlighting their potential for

dot.

biological applications. The observed decrease
in absorbance after 20 min of UV exposure was
minimal, and no further significant decrease
was observed after 2 h (Fig. 6), confirming the
photostability of DI-dots under prolonged
irradiation.
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Fig 4: Optical properties of the DI-dot. (a) UV-Visibility at 360 and (b) fluorescence intensity, excitation
at 360 nm, emission range of 200-600 nm.
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Fig 5: Cell viability and fluorescence imaging. (a) The effect of DI-dot at different concentrations (20, 40,
80, 160, and 200 mg.ml-1) on the viability of MDA-MB-231 breast cancer cell line analyzed by MTT
assay, (b) MDA-MB-231 breast cancer cells emitting green fluorescent after 24 h of treatment with 1

mg.ml-1 of DI-dot, (c) MDA-MB-231 cells emitting blue fluorescent after 24 h of treatment with 1 mg.ml-

1 of DI-dot, (d) blue fluorescent emission of DI-dot solution under UV exposure.
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Fig 6: Stability of the DI-dot. (a) UV-Visibility of the DI-dot under UV exposure, (b) in different ionic
strengths, (c) in different pH values, and (d) after 60 days of storage at -4 °C and darkness.

Discussion

Combination of DNA and imidazole enhances
fluorescence due to their complementary
properties. The DNA provides a biocompatible
and hydrophilic matrix, which stabilizes the
fluorescent core and minimizes quenching
effects. Imidazole, a heterocyclic compound,
contributes through its ability to participate in
proton transfer and m-conjugation, which

enhances fluorescence intensity. Previous
studies have shown that imidazole-
functionalized nanomaterials exhibit

suppressed photoinduced electron transfer
processes, leading to increased fluorescence
emission (11). This synergy between DNA
structural stability and imidazole fluorescence-
enhancing properties results in superior optical
performance of DI-dots, compared to
conventional nanomaterials.

The DI-dots demonstrated high fluorescence
stability and biocompatibility, making them
promising  candidates  for  bioimaging
applications in breast cancer detection;
however, their efficacy has so far been
validated only in in vitro studies. Additionally,
incorporating appropriate controls, including
non-imidazole-functionalized dots or
alternative fluorophores, would strengthen the
interpretation of results by isolating the
contributions of imidazole to fluorescence
signal enhancement. This safe DI-dot with
increased intensity will be conjugated to
biomolecules, such as antibodies, for specific
cancer cell imaging.

Conclusion
The DI-dots synthesized in this study, with a
high yield of approximately 34%, demonstrate

18(2):87-104



18(2):87-104

enhanced fluorescent properties, strong
biocompatibility, and considerable stability
under diverse conditions. These characteristics
position them as a promising material for
fluorescence imaging in MDA-MB-231 breast
cancer cells due to their ability to emit
intracellular green fluorescence when excited at
260 nm. Combination of superior fluorescence
and biocompatibility highlights the potential of
DI-dots as a novel fluorescent nanomaterial for
the early detection and imaging of breast
cancer, warranting further investigation into in
vivo applications for targeted drug delivery and
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Fig 1: Characterization of the DI-dot. (a) TEM images and (b) a comparable size distribution histogram of
the bio-dot. (¢) SEM image of aggregated DI-dot (d) EDAX analysis and elemental composition of the DI-

dot.
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Fig 2: Determination of the average hydrodynamic diameter and surface zeta potential of DI-dot. (a) The
average hydrodynamic diameter and (b) the surface zeta potential of the DI-dot
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Fig S: Cell viability and fluorescence imaging. (a) The effect of DI-dot at different concentrations (20, 40,
80, 160, and 200 mg.ml!) on the viability of MDA-MB-231 breast cancer cell line analyzed by MTT assay,
(b) MDA-MB-231 breast cancer cells emitting green fluorescent after 24 h of treatment with 1 mg.ml! of
DI-dot, (¢) MDA-MB-231 cells emitting blue fluorescent after 24 h of treatment with 1 mg.ml"' of DI-dot,

(d) blue fluorescent emission of DI-dot solution under UV exposure.
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Fig 6: Stability of the DI-dot. (a) UV-Visibility of the DI-dot under UV exposure, (b) in different ionic
strengths, (c) in different pH values, and (d) after 60 days of storage at -4 °C and darkness.

PH 55lie 45 (€) cikizko gy gWlé 1o (b) « jiiial b il coxi gl- g0 blis UV-Vis dinb (a): DI-dot (s lasly 5 J5b
593U 9 01,5 (Bl 4z 50 F— slod 10 (6,1 595 £ 3y (d) cgliso

ekl 4y 5ls a8 sl )5 bl yus gl 48,0 4
Sd obml wnld o)la 68 SOl L awl olge
Aok sl jsba ol e S
53 el Gy Bma figs LIS 5 %5 (slacis,
o, 4 1l dSDNA T Jle g yomn STy Jsb
le CDa sSDNA  _l)l095 s g o0 houd G
J> ol po ol aons oy ()5 bl agid oo plox]
SBlad 5 5,05 95 ol Jolore S eie 5 gl oo
S gy ol S (o0 g ol iz (sl oS g oo
080,508 1 s (sesilsS Ll adgs (sl ool
QY s e wile Jalse silaangy 25 (s

slr sl ey
20 ool pe Sjgots plbpe Gloys g asis
ol bpnsal syl o Bl slacd iy
Jlre 5o Ol by parsls Ul iy Lol
S bl el ool il 1) i ol L 4]

oibeygls (G lo gl

b omiboysld slse 5l aas aiws o DNA 5 e
5 IV el Gln glinel Gl S

S il ysl8 (615 52 52 g8
calize SSiSS @,k 5l (05 2 e (oglsS bl
O 3 s SST SO Jlo gy g ilodds i



23 |y 381nsly gl g Sl glacis oS 0o
255 el S (o0

iy g pelgsl gl BB ol 5,05
9 ) G Gkl aedas Jiged g Seitugil
b oo i nl 53318 )13 (Joko (610 0 g
ol mlscwl Hloye5 5 (oYL Coal 5o i bl
Jokw &yl ppgar glp o pd bl DI aads a5 ols
el addllae ;o b)) mizmen 353 1 Vb (gl b 0w
Sl om0 ol 4 Sls DNA a5 ol las
(30) s o550 sloo )5 gl ol g ailas
S92 IRl S plgie 4 il jold (J9SIge (510 2 2 g
S99 Sobas bl Olb w395 panas ;o
Sleesd O S0l bl 00,5 j5eb YL
P oS S5 oyl ol g 5 S5y
5 il oSae il dole o |, eeday slacdl,
BB o Sgude | (pantid 2

S P (S uen lavisn Jold g5y JU
SgiSly Sl Gl 0 S Gleisly )
3 osisn Jisl slagiSly oSl ol lemnie
o 55 S Lt o la sk DI e
obsS om0 5 Ogign JU! (2ST5 3550 50 0l (o)
bsle ;o comw g &5 DI ahts slacdale 4 oo

o3l lgae 4 DI adais a5 ol jlid zols wasls
Solowr parzeid g uileyold (50 ppgal ;o (So5elen
.Q] J.JL..;)}B 6“;}’:’.5 Jdoay Sl ool b6
Olyieas DNA bl b9, g aulas BB uile gl
3,leie 6@9....155 Ll 6‘).3 GlouisSlgacal Lsteu.s)i;b
(I 09,0 Gl ppgal lp Jsse slaogn g
ol 00l ol dgaste wiedud oot g (S ) lsmivw
PB-Jsle gaiedan Julge L aslys oo DNA L
s e g by (aseis 6l sl T wsle
2 Ngd oS 5 0ddy Gl ghu puliw o lapleys &6
oL gl o uile,gd bla g lal s o))
i 55 bl es sloo )5 sl 55,0 S
OBl slp lyedg els s ol JoSUse g (Jolw

&S Lhas |) )Li..';.ﬂ ‘5;,‘)\5 b LS)L-‘il?,
@ ola 68,5ee 095 SO lgiear Jgslaes] s
uﬁua.a pKa J,,Jo 4 ‘U"‘ » 05)1.(2 w‘ o MPH
pH 0dgdzme O 653 u.....]a& LS‘)“) Jj)‘..\...o.u‘ 5(V\)

o 2] sl g6 lons sode alomo | 150 5 (o Lugeo

Fw 53 oIk 5 6 et 5 (il ysls sla S
el pten Sl (2l Jyazme 0392 25 9

s Sy GRIBl e Jgslaeel G @ cnl o
Sl S5y Jole S5 plgre 4 blis DNA- Gl j9ld
S (Byre oy Jobo 55l peal sl e
Wl s Y glos (o Jslome (29, 325k 51 DI bl
Bl Lol S gl o aislids os an] 3 S, a5
2 Jolsel yii Plol el Gl wlie 5l (08
yoa &S oo bas bl DI-a 1) Ll b CDgplaw (g3,
@l oS5 50 GheaSTy Slind (e (S
DI i lz5Les ,o DNA (glooole i, Lai> DI alai;
Wb SP2 ()5 b e o Sy piz y9a> 555wl
oSy Geizes s DI L oD aibsp3 (8 5 G
» ghe Dol (ASewg e glaail> 55 sl ol
yga> FT-IR aslllas ool pls .58, ol 1, DI Ll
1, DI abais s (55, 32 JemSg e 5 (ool (sloog,S
Jsilomal 58 sl (sloog S (iSTly Cunibga 5 0,5 ol
CoallB ols L T ey A 45 oS 5,5 (sloog,S
¢ DNA Cd> alienm Y#+ o DI ass UV 6o
T-n* Jisl 5 T slag il (SusSly b Sy ol

Komgyie slaail> o hdeps Glagg Sl
UV iz oy e & Col Lo pe baggdlS's

0397 S0 pSIN-T* (slagyg 2SIl Jlasl 4, DI akais
oS T JUl 5 Jgjlases] Logs oad (el
sl Dy o i3 aais il 1o SP2 glanigns )
Cewl oyl sdsmolid sy adady il eld Cal Sy
3 29> 4 DNA oobs iy [y yin gloadl> oS
Sas 1> Ko S ssld i Wlons Laa DI alaii i

225 Slopg S (rbads oS 5 b DI alais el
03355 5 C=0 laey 5 o n-m* Jail 5 )b 5l oads
O s ol el bag e DI bl ojladl juss yuiores
Lsg oads uall Gy sladils oatais oS3
odle .l 0uls 0815 Cnd DI alais [zl jo g 5louen!
Sad Gl g SVL @l eimoplis gls il
oyl 4y Cons Pl 5l oy DI alais il jols
slaails o g xS S L Glgise | ams ol
OS5 Oore Sainn bawss a5 DI abis Lo i
RSP CE I ST NP SC ST PRV by
oilaizeglgish S e SO ol b Gl e 1) (0S5 blE

VA(Y): AY-) - F



< e x5 DNABLE 5ot 3 5

VA(Y)AY-Y - ¥

540 & (g cslal> o G Jloyig e (he) o be
(DI-J3lap0s] b 00 2ol DNA Ll 52200 (sl oy
DI Ll 020ls dnwgs uilu9ld o ]38l L dots)

Sk s Vb Sy )8 (Jle 6y sla S Lo
Jelse a1y o] a8 ssmo oo oyl 1) calises sl o o

o5 g Jshe bppgal lp eaisS gl
I, DI bla s S5s cpl oS o0 Jos Jiz! Sloyo

el did ey glacsl il (sl aied)l sl )l 4,
Lug ouds Colos GL“’@‘)—.’ 50 ohed (Sleys g

DS oo o 9098 B8 LB (gl (6510 gl

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality
worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2021;71(3):209—49.

2. Agarwal H, Bynum RC, Saleh N, Harris D,
MacCuaig WM, Kim V, et al. Theranostic
nanoparticles for detection and treatment of
pancreatic cancer. Wiley Interdiscip Rev
Nanomedicine Nanobiotechnology.
2024;16(4):¢1983.

3. Altinbasak I, Alp Y, Sanyal R, Sanyal A.
Theranostic  nanogels:  multifunctional
agents for simultaneous therapeutic delivery
and diagnostic imaging. Nanoscale. 2024;

4. Wan X, Zhang Y, Wan Y, Xiong M, Xie A,
Liang Y, et al. A Multifunctional
Biomimetic Nanoplatform for Dual Tumor
Targeting-Assisted Multimodal Therapy of
Colon Cancer. ACS Nano. 2024;

5. Liu G, Tian X, Shen R, Li C, Wang Z, Sha
X, et al. Double metal nanoparticles loaded
and NIR/pH dual responsive drug
nanocrystals inhibit cancer stem cells in a
multi-modal manner. Appl Mater Today.
2024;39:102272.

6. ZhuP,LiuY, Tang Y, Zhu S, Liu X, Yin L,
et al. Bi-doped carbon quantum dots
functionalized liposomes with fluorescence
visualization imaging for tumor diagnosis
and treatment. Chinese Chem Lett.
2024;35(4):108689.

yls bLs | DI alais stwgas! ial38l b a5 ol sus
$lgs oo DI alais ¢ SG5glen 58 slovlanoee PH &y 4> 55 L

5L Fge 293 4 (I 590 9 09,0 Sl eal sl
o o b DI alais UV s colls U pH pyolie o

oS il Gl e abE wiz b dlie )0 oS
RRCES 5 abdiggp g (AbAgig o lawgl Wy o

2 ogdle 09 0ols udgy DI alais o (g0 Slos slrog,S
S gilwe w3 50 DI alaids Joloeo Gylub ol
2 05t 036 slasises alie LB 5 4 BB G, o)
Lyl o |, DI ahis g bole g lul b mbs wulys
L cyoul DI bl connyT lalllas jo 0385 a0l dawsxe
& Jal bowilg oo aldlialsl ule)sls oal
wobaisl sl ppgas j3 ol T asle glo s gese

sl sl LS Sl gla Jsbo 4

7. Yin Q, Gao X, Zhang H, Zhang Z, Yu X, He
J, et al. Fe304-Cy5. 5-trastuzumab
magnetic  nanoparticles for magnetic
resonance/near-infrared imaging targeting
HER2 in breast cancer. Biomed Mater.
2024;19(3):35034.

8. Son T, Kim M, Choi M, Nam SH, Yoo A,
Lee H, et al. Advancing fluorescence
imaging: enhanced control of cyanine dye-
doped silica nanoparticles. J
Nanobiotechnology. 2024;22(1):347.

9. Puvvada N, Shaik MAS, Samanta D, Shaw
M, Mondal I, Basu R, et al. Biocompatible
fluorescent carbon nanoparticles as
nanocarriers for targeted delivery of
tamoxifen for regression of Breast
carcinoma. Spectrochim Acta Part A Mol
Biomol Spectrosc. 2024;321:124721.

10.Wang Z, Liao H, Wu H, Wang B, Zhao H,
Tan M. Fluorescent carbon dots from beer
for breast cancer cell imaging and drug
delivery. Anal Methods. 2015;7(20):8911—
7.

11.Hui S. Carbon dots (CDs): basics, recent
potential biomedical applications,
challenges, and future perspectives. J
Nanoparticle Res. 2023;25(4):68.

12.Yan X, Zhao H, Zhang K, Zhang Z, Chen Y,
Feng L. Chiral Carbon Dots: Synthesis and
Applications in Circularly Polarized
Luminescence, Biosensing and Biology.
Chempluschem. 2023;88(1):202200428.



13.Shinde VR, Khatun S, Thanekar AM, Hak
A, Rengan AK. Lipid-coated red fluorescent
carbon dots for imaging and synergistic
phototherapy in breast cancer.
Photodiagnosis Photodyn Ther.
2023;41:103314.

14.Mohammed J, Desu PK, Namratha JR, Rao
GK. Applications of carbon dots (CDs) in
drug delivery. Adv Pharmacol Pharm.
2023;11(1):36-45.

15.Xiong W, Meng XF, Zhang C.
Inflammasome activation in podocytes: a
new mechanism of glomerular diseases.
Inflamm Res. 2020;69(8):731-43.

16.Zhao X, Wang H, Feng Y, Li H, Liu Q, Chen
X. Self-propelled quantum dots-based
spherical nucleic amplifier for ratiometric
imaging of intracellular microRNAs.
Sensors Actuators B Chem.
2023;374:132802.

17.Zu F, Yan F, Bai Z, Xu J, Wang Y, Huang
Y, et al. The quenching of the fluorescence
of carbon dots: A review on mechanisms
and applications.  Microchim  Acta.
2017;184(7):1899-914.

18.Rania RSP, Venkatesha T, Satyanarayanb
ND, Nippub BN. Current Chemistry Letters.
2023;

19.Soni A, Palia P, Sharma P. Synthesis,
Characterization of various Imidazole-1, 3,
4-Oxadiazole Derivative. J Pharma Drug
Regul Aff (e-ISSN 2582-3043). 2022;1-15.

20.Wang J, Ding X, Lan Z, Liu G, Hou S, Hou
S. Imidazole Compounds: Synthesis,
Characterization and Application in Optical
Analysis. Crit Rev Anal Chem. 2021;1-26.

21.Siwach A, Verma PK. Synthesis and
therapeutic  potential of  imidazole
containing compounds. BMC Chem.
2021;15(1):12.

22.Zhang BT, Liu H, Liu Y, Teng Y.
Application trends of nanofibers in
analytical chemistry. TrAC Trends Anal
Chem. 2020;131:115992.

23.Hashemi F, Heidari F, Mohajeri N,
Mahmoodzadeh  F, Zarghami N.
Fluorescence Intensity Enhancement of
Green Carbon Dots: Synthesis,
Characterization and Cell Imaging.
Photochem Photobiol. 2020;96(5):1032—40.

o 2] sl g6 lons sode alomo | 150 5 (o Lugeo

24 Whitfield CJ, Zhang M, Winterwerber P,
WuY, Ng DYW, Weil T. Functional DNA—
polymer  conjugates. Chem  Rev.
2021;121(18):11030-84.

25.Cheung YW, Rothlisberger P, Mechaly AE,
Weber P, Levi-Acobas F, Lo Y, et al
Evolution of abiotic cubane chemistries in a
nucleic acid aptamer allows selective
recognition of a malaria biomarker. Proc
Natl Acad Sci. 2020;117(29):16790-8.

26.Imani M, Mohajeri N, Rastegar M,
Zarghami N. Synthesis and characterization
of N-rich fluorescent bio-dots as a reporter
in the design of dual-labeled FRET probe for
TagMan PCR: A feasibility study.
Biotechnol Appl Biochem. 2022;(April):1-
14.

27 .Hassan A, Macedo LJA, Souza JCP De,
Lima FCDA, Crespi FN. OPEN A combined
Far-FTIR , FTIR Spectromicroscopy , and
DFT Study of the Effect of DNA Binding on
the [ 4Fe4S ] Cluster Site in Endolll
2020;1-12.

28.Hashemi F, Mohajeri N, Radnia F,
Zarghami N. Design of an efficient
fluorescent nanoplatform carrier for
hydrophobic drugs along with green carbon
dot: Possible application in cancer image-
guided drug therapy. Photodiagnosis
Photodyn Ther. 2022;37:102738.

29.Radnia F, Mohajeri N, Hashemi F, Imani M,
Zarghami N. Design and development of
folate-chitosan/CD nanogel: An efficient
fluorescent platform for Cancer-specific
delivery of AntimiR-21. React Funct Polym.
2021;160(August 2020):104814.

30.Mohajeri N, Mostafavi E, Zarghami N. The
feasibility and usability of DNA-dot
bioconjugation to antibody for targeted in
vitro cancer cell fluorescence imaging. Vol.
209, Journal of Photochemistry and
Photobiology B: Biology. Elsevier B.V;
2020. 111944 p.

VA(Y): AY-) - F



