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ABSTRACT: Combination therapy is a promising strategy to improve therapeigicg and minimize sidesets. So far, the
C9-functionalized acridine derivatives were employed as photocages to deliver only one active molecule. Here, we have devel
C4, C5-substituted dual-arm acridine photocage fasthiene to release two carboxylic acids and amino acids simultaneously. As
a proof of concept, we have constructed a visible light-responsive dual drug delivery system (Acr-Cbl-Vpa) and made it sir
component uorescent organic nanoparticles (NPs) to deliver two anticancer drugs (chlorambucil and valproic acid). Acr-Cbl-V|
NPs can accumulate inside the cell nucleus, and the planer motif allows the photocage to intercalate with the DNA and maximiz
cancer cell killing ability of the drugsvitrostudies with cancerous HelLa cell lines showed that Acr-Cbl-Vpa NPs displayed
improved anticancer eacy and real-timeiorescence monitoring of the drug release.

KEYWORDS:combination therapy, dual-arm acridine, photocage, FONPs, nuclear-targeted delivery, anticancer drug

INTRODUCTION In this regard, acridine is a potential bioactive molecule, and
fhany of its derivatives are extensively studied for their
antibacterial, antimalarial, and anticancer actritiege-
ol, - X .
ides, the planer structure of acridine allows it to intercalate
fth DNA and inhibit the topoisomerase-Il enAielhese

Photoremovable protecting groups or photocages enable
release of active molecules with high spatiotemporal ‘contr
Therefore, photocages are gaining tremendous popularity

several biological and material appliczfticr)naecently, . ndings provided the opportunity to design acridine-based
photocages with dual release capacity have become highlyincages for targeted control release of anticancer drugs.

required in therapeutics, especially in delivering two anticanG&{yang and co-workenst introduced 9-hydroxymethylacri-
drugs>’ A combination or cocktail chemotherapy is advantagine chromophore as a photocage foereint alcohols.

geous over single drug-based chemotherapy as it increasestithermore, our group and Piloto et al. employed the same
therapeutic ecacy by minimizing the multidrug resistance ofC9-functionalized acridine photocage to release neurotrans-
the cancer cefls* For this purpose, dirent dual-arm  mitter amino acids and carboxylic &tdddowever, this C9-
photocages were developed using carlaittepenzyl, and  functionalized acridine photocage can release only one active
bimane chromophor&s* However, poor aqueous solubility
and low photocytotoxicity reduce the anticanceaay of Received: April 8, 2022 it
these photocages. Moreover, these photocages could not si@wepted: April 29, 2022 '
real-time uorescence color change during photolysis. Theré&ublished: May 10, 2022
fore, there is an actual demand for building a dual-arm

photocage with good aqueous solubility, high biocompatibility,

enhanced photocytotoxicity, and real-time monitoring ability.

© 2022 American Chemical Society https://doi.org/10.1021/acsanm.2¢01515
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molecule, restricting its application in combination therapyeprecipitation techniqtie’> Our newly designed nano-drug

Therefore, we designed a C4- and C5-functionalized acrididelivery system shows a distinabrescence color change

(acridine-4,5-diyldimethanol) photocage for teetime to from green to blue upon photoinduced uncag@iolgefne )1

release two (same andedient) carboxylic acids and amino We have also performed ftimevitro cellular imaging and

acids simultaneously. cytotoxicity assay to check the biocompatibility and anticancer
On the other hand, light-responsiwmrescent organic activity of the nano-drug delivery system.

nanoparticles (FONPs) have received much attention in drug

delivery’® These single-component FONPs act as a photocage RESULTS AND DISCUSSION

and a nanocarrier for delivering anticancer drugs. Interestin

the dispersion of the photocage NPs in water makes them v - e
; ot S : : : Scheme .2Acridine-4,5-diyldimethandl) (was prepared
useful for their applications in biological media. Previously, ol ording 1o the literature repBrtThe identical dual-arm

group developed light-responsive FONPs as anticancer d ) .
delivery systems using photocages, namely, perylene(2 eq esterss4 €) were synthesized by an EDC cou.pllng
ylmethyl, acridin-9-methyl, apdiydroxyphenacii.2® This reaction between the alcoh@) @nd the corresponding

encouraged us to build an acridine-based single-compongﬁr{nb%);ylg daggtseggoNv;/grso'[secéfr?eiglendo i(:l]CId’[\NS(I)TSTee dﬁ,:mm'
nanocarrier that simultaneously delivers tweredit anti- anisic %cid was treatedy with compoddo %?”(%_
cancer drugs(gure )L P 9

(hydroxymethyl)acridin-4-yl)methyl-4-methoxybenzdate (
which was further coupled wittoluic acid using EDC.HCI

)e dual-arm acridine photocages were synthesized, as shown

(a) Previous Study (b)  Present Study to obtain5a We characterized all the caged eSare,(59
y / O ::)); H N'MR|':>13C NSI\/Igl,7and HRMS (see th®upporting
ci S s nformation Pages ).

The absorption and emission spect@aoé and5awere

I
I
I
I
Ne~g | o o recorded in a % 10 ® M acetonitrile solutiorT@ble S). The
OY\M@/ ! o oY), normalized absorption and emission spe@eaoé shown in
3 I Figure 2We noticed that compouBdshows a sharp peak at
I
1

co ° around 357 nm in the absorption spectrum and maximum

emission at 449 nm, giving a Stokes shift of 92 nm. The

\ O J/ 1 absorption maxima, molar absorptivity, emission maxima,
N ci Stokes shifts, andiorescence quantum yield3af e and

Saare provided iffable S1The uorescence quantum yield

Figure 1. (a) Jana and co-worker€9-functionalized acridine ( ¢ of the acridine photocages was calculated (see the
photocage for nuclear-targeted drug delivery and (b) C4, C&5hh0rting Informatidmusing quinine sulfate { = 0.54)%*
substituted dual-arm acridine photocage for simultaneous release he photouncaging abilities of all the caged esters (

two anticancer drugs. 538 were analyzed. We irradiated the argon-purged solution of
all the caged esters (k00 °> M) individually in a 3:7 viv
In this study, we have utilized acridine-4,5-diyldimethanol tacetonitrile/water mixture using a Hg lamp (12§ W3.7x
construct dual-arnuorescent photocages to release carboxylit0t‘quanta s 365 nm).
acids and amino acids. Our designed photocages are (i) easy Bhotolysis oBa e, 5a for 110 min resulted in 888%
synthesize, (ii) encapsulate two (same arcdedit) carboxylic  release of the analogous carboxylic acids and amino acids with
and amino acids, and (iii) show a clean photo-deprotectiogood quantum yield (0.04d.047), as shown irable 1 We
reaction. calculated the photochemical quantum yielg (sing
Furthermore, we have applied acridine-4,5-diyldimethanol fesrioxalate actinometry (see fhgporting Informatipsi®
a nanocarrier to deliver two anticancer drugs. For this purposeThe course of photorelease 3af (as a representative
we have attached chlorambucil (a well-known DNA alkylatirexample) was monitored using RP-HPLC amescence
agent) and valproic acid (a histone deacetylase iffjibitor spectroscopyF(gure &,b). We carried out the RP-HPLC
with acridine-4,5-diyldimethanol and made them as singlasing a binary mixture of ACNM (9:1, v/v) as the mobile
component uorescent organic NPs (Acr-Cbl-Vpa) using aphase. The RP-HPLC chromatografigure &) shows a

Cl

Scheme 1. Schematic Representation for the Fabrication of Acr-Cbl-Vpa NPs and the Anticancer Drug Release Inside the Cell

Acr-Cbl-Vpa Cellular
nanoparticles Internalization

Ultrasound Cell Death
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Scheme 2. Synthesis of the C4, C5-Substituted Dual-Arm Acridine Caged Esters. Reagents and Conditions: (a) (i)
Bromomethyl Methyl Ether, 80, 50 °C, 12 h, 65%; (ii) CaC@ H,O, Dioxane, 140C, 4 h, 91%; and (iii) EDEHCI,
DMAP, RCOOH (2 equiv), DCM, °C-rt, 6 h; and (b) (i) EDC.HCI, DMAP, RCOOH (1 equiv), DCM, O°C, 2 h, 60% and
(i) EDC-HCI, DMAP, RCOOH (1 equiv), DCM, rt, 6 h

a) Dual identical arm caged ester

Q
w

(0]
a-e
P,

R, = p-OMePh, (3a) 82%

2 (i) - = p-CH;Ph, (3b) 83%
S —— O ~ O = 0-CIPh, (3¢) 80%
N N = Gly(NHBoc), (3d) 74%
4a OH
R.

b) Dual different arm caged ester

o~
0
N
HO 2 OH
R

(o)

pé o sa 0  =Phe(NHBoc), 3¢) 70%
2~ 0 2/&0 OJ\R3
R, = p-OMePh, (4a) 56% R, =p-OMePh, R;=p-CH;Ph, (52) 75%
1.0 —— Absorption steady decrease of the peakthe retention time ) of 4.8
’ —— Emission min with the increasing irradiation time, which indicates the

photodecomposition 8& In addition, two new peaksand

d, gradually arise at3.1 min and 2.0 min, respectively, which
correspond to the releasedofuproduct acridine-4,5-
diyldimethanol and the uncagednisic acid, respectively.

The pealb attg 3.5 min, initially found overlapping with peak

¢, gradually decreases as photolysis time increases. This peak
corresponds to the intermediate (5-(hydroxymethyl)acridin-4-
yl)methyl-4-methoxybenzoatég)( which decomposes to

0.8

0.6|

0.4

0.2

Normalized Intensity (arb. unit)

300 350 400 450 500 550 600

Wavelength (nm) produce the nal photoproduct acridine-4,5-diyldimethanol
(peakc) and p-anisic acid (pea#t). The intermediate (5-
Figure 2.Absorption and emission spectra of comp8and (hydroxymethyl)acridin-4-yl)methyl-4-methoxybenzoadé,
photoproduct (acridine-4,5-diyldimethanol), and relgased
Table 1. Photochemical Data Set for gaand 5a anisic acid were isolated. Thal photoproduct (acridine-4,5-
Caved Carboxsli Debrofect — diyldimethanol) was characterized'thyNMR and HRMS
age ar| (.)ng ic €pro e;colon .ualz um (Figures S19 and 320
Ester Add Yield® % Yield® () Another set of experiments was carried out to monitor the
0 photolysis of3a by uorescence spectroscopy. A degassed
3a /°_©_/<OH 86 0.047 solution of caged es8a(1.0x 10 & M) in acetonitrile/water
o (1:9 v/v) was irradiated [incident photon intensigy=£13.7 x
3b _©_/< 88 0.046 10"quanta s for 40 min. Then, theuorescence spectrum
OH was recorded at dirent time intervals between 0 and 40 min
0 (Figure B). We observed a gradual hypsochromic shift in
3¢ ©5LOH 87 0.046 emission maxima during the photolys3a dfhis blue-shifted
emission was attributed to the formation of the photoproduct
cl acridine-4,5-diyldimethan&iqure S21
3d BOC\H/\H/OH 84 0.044 From this photolysis data (obtained by RP-HPLC), we
o} observed that the photodissociatioBadbllowed rst-order
) kinetics with a rate constant of 2080 * s ! (Figure 4).
3 OH 83 0.045 Furthermore, we did a light am experiment to show the
HN. precise control over the pbrelease. We periodically
Boc monitored the photoproduct formation fr8munder light
o—@—«o and dark conditions, and the HPLC data indicated that only
/ OH 87 0.025 light induces the photoreleaBey(re 4).
Sa o Based on the photochemical studies and earlier literature
_Q_Q 85 0.023 reports: >’ we have suggested a possible mechanism for the
OH photolysis of acridine caged €3¢¢n Scheme .3nitially,3a

gets excited to the singlet excited staje({84d*), which
aCaged carboxylic acids and amino &ldscentage of deprotected then undergoes a heterolytic @ bond cleavage at the
acid (obtained by RP-HPLC) from the caged ester after irradiation (P€nzylic position at either C4 or C5 to produce an ion pair.
365 nm). Photochemical quantum yield of photorelease (errolJpon solvent capture, the tight ion pair releases one equivalent
limit within £ 10%). of p-anisic acid and forms (5ythroxymethyl)acridin-4-
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Figure 3.(a) Overlay of HPLC chromatograms of the caged3asa¢ithe dierent course of photolysis; (h)orescence monitoring of the
photolysis a8a The red line designates therescence spectrunBaft 0 min; the blue line designates tirescence spectrun8affter 40
min of light irradiation; and the orange, dark yellow, and dark green lines represgestemce spectreBafat di erent intervals (5, 15, and
30 min, respectively) of light irradiation.
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Figure 4.(a) Rate constant of photouncaging of caged3egt@btained from HPLC); (b) temporal control over the photouncagBay Bifie
“ON" state indicates the active stage of photochemical reaction in the presence of ligttF&hst#te indicates the dark step; the reaction is
stopped in the absence of light.

Scheme 3. Possible Photorelease Pathway of Caged Ester 3a

1 * 1 *
*
S5 (m-7%) S S5
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N - N 4—' N
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¢ (Z]
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H,0 0
@ or
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H,0 DS abs DS
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— -~
_ < N emi N
N recombination

o) OH o OH

o” Ho & @

yl)methyl-4-methoxybenzoade)( Then, compoundaagain valproic acid on another arm, as illustrat&tlieme .4The

gets excited to, §[44d*) and produces another equivalent of drug conjugat@was characterized by NMiR @nd**C) and

p-anisic acid along with theal photoproduct (acridine-4,5- HRMS (Figure S9 and S)18

diyldimethanol). Acr-Cbl-Vpa NPs were prepared by a reprecipitation
After a successful demonstration of acridine-4,5-diyldimerethod, that is, slow addition of the dilute solution of Acr-

thanol as a dual-arm photocage, we were encouraged Gbl-Vpa (25 L, 1 mM in THF) into water (25 mL) for 30

construct a single-component nano-photocage to release tmm using an ultrasonic bath sonicatechéme 31 The

anticancer drugs. First, we synthesized the dual drug conjuggtiape and size of the resulting Acr-Cbl-Vpa NPs were

Acr-Cbl-Vpa 9 by caging chlorambucil on one arm and determined by TEM and DLS, respectively. We observed

o
+
@ or
H
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Scheme 4. Synthesis of Photoresponsive Dual Drug Conjugate Acr-Chl-Vpa
Cl

HooC —~

COOH ( N

3 \
/ O /\)\/\ 2 el / O
—— —_—
N EDC.HCI, N EDC.HCI, N
DMAP, DCM, DMAP,DCM,
HO oH 0°C.2h o oy 0°C-rt,6h

o] (o]
2 7 9
) /(qj 04I 3)3
N
mj Im

that the NPs were formed in a bulbous shape with an averagdhe Acr-Cbl-Vpa nano-drug delivery system also exhibited
size of 92 nm Kigures &b andS2). These NPs can the real-time monitoring ability during photolySigufe a).

e ectively penetrate and accumulate inside the cancerous cAlts aqueous suspension of Acr-Cbl-Vpa NPs was irradiated
due to the EPR (enhanced permeability and retentionyising visible light (410 nm), and the emission spectra were

e ect® recorded (with an excitation wavelength of 370 nm) at a
regular interval of 5 min between 0 and 40 min. The initial
emission maxima at 528 nm started decreasing gradually, and a
new emission band appeared at 426 nm. After 40 min of
irradiation, the peak at 528 nm almost vanished, which
suggested the completion of the reaction. The newly formed
peak at 426 nm was attributed to the formation of the
photoproduct (acridine-4,5-diyldimethaneiy(re S21 The
decrease in the emission maxima was due to degeneration of
the aggregated state in the NPs during photoBsgigre

5¢,d). The deformed NPs could no longer give the red-shifted
broad emission signal at 528 nm; instead, a sharp emission
maximum was observed at 426 nm.

Acridine derivatives are well-known DNA intercalators. We
have performed the ethidium bromide (EtBr) displacement
assay to establish the DNA binding of Acr-Cbl-Vpa NPs. In the
beginning, theuorescence intensity of EtBr was enhanced
after intercalation with the DNA (plasmid). However, with the
gradual addition of Acr-Cbl-Vpa NPs to EtBr-DNA, the

uorescence intensity of EtBr started decre&singg b).

This observation indicates that Acr-Cbl-Vpa NPs preferred
to intercalate with DNA. The quenching of EtBr-bound DNA
by Acr-Cbl-Vpa NPdted well with the linear Steriolmer
equation Figure S26
_ ) Cell imaging studies revealed the cellular internalization of
Figure 5.(a d) TEM images of Acr-Cbl-Vpa NPs (a,b) before acr-Cpl-vpa NPs within the cancerous HeLa cells. Cells were
photolysis and (c,d) after photolysis. incubated with Acr-Cbl-Vpa NPs for 4 h and imaged with a

uorescence microscopeigire #-iii). The treated cells

The absorption and emission speétigufes &,b and523 showed uorescence signals from the nano aggregates inside
of Acr-Chl-Vpa NPs show a broad absorption peak at 368 ntine cell, corrming cellular uptake. Furthermore, cell nuclei
and a wide emission band around 528 nm, respectively. Nexgre counter-stained with propidium iodide. We noted a
the drug release ability of Acr-Cbl-Vpa NPs was evaluateini cant overlap of a dised greenuorescence signal from
using RP-HPLC. A 25 mL of aqueous suspensiorl(1° the NPs with the red propidium iodide signal, indicating a free
M) of Acr-Cbl-Vpa NPs was exposed to visible light. Thelistribution of the particles inside the cell cytoplasm and
photolysis was monitored by RP-HPE@Q{re S26 After 40 nucleus figure #&). Real-time monitoring of drug release by
min of light irradiation, almost all Acr-Cbl-Vpa NPs wereur Acr-Chl-Vpa NPs was followed hgrescence micros-
consumed (monitored by the HPLC peak area). Again, weopy. Initially, the cells exhibited graerescence due to the
have also investigated the hydrolytic stability of Acr-Cbl-Vpaternalization of Acr-Cbl-Vpa NPs. A weakescence signal
NPs. An aqueous dispersion of Acr-Cbl-Vpa was stored wias observed in the blue channel, probably due to minimal
room temperature under dark conditions for 2 days, whictleavage of the photocage. After 30 min of exposure to light (
resulted in no sigrdant drug releasédble S TEM images 410 nm), the cells showed morphological changes, including
(Figure S24also showed that Acr-Cbl-Vpa NPs were stableell shrinkage and cytoplasmic blebbing and csighi
under dark conditions. uorescence enhancement in the blue channel, suggesting
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Figure 6.Normalized (a) absorption and (b) emission spectra of Acr-Chl-Vpa NPs.

(a) (b)
.“571.00 =
3 S 201
£ ]
S0.75} 5
2 > 15
g £
£0.50 8
‘@ £ 10F
1%
c [}
80.25 e
73 Q@ 5
Q (7]
5 o
3 ]
ic 0.00Le L L L L 3

40 450 500 550 600 650 i O=Zo 55 555 =5 =50

Wavelength (nm) Wavelength (nm)

Figure 7.(a) Real-time monitoring by emission spectra of the Acr-Cbl-Vpa NPs during photol/Hisr{m). (b) Quenching ofiorescence
spectrum of EtBDNA with gradual addition of Acr-Cbl-Vpa NPs. The green line showsr#szence spectra of EtBr, the red line shows the
uorescence spectrum of EtBr-DNA, and the blue lines indicate the quenabiegadnce upon the addition of Acr-Chl-Vpa NPs.

the photorelease of the drugs (chlorambucil and valproic aciditilized our photocage as single-component photoresponsive

A green uorescence signal in the irradiated cells was observaabrescent organic NPs (Acr-Cbl-Vpa) to simultaneously

due to the uncleaved Acr-Cbhl-Vpa NPs. The overalielease two anticancer drugs (chlorambucil and valproic acid).
uorescence signal was enhanced in irradiated shrunk célts-Cbhl-Vpa NPs manifested real-time information through a

due to an increased local concentration of the NPs. green to blueuorescence color change during drug release.
Subsequently, we have evaluateih thigrocytotoxicity of ~ Excellent cellular uptake capability, appreciable biocompati-

Acr-Cbl-Vpa NPs using an MTT asdaygyre @,b). Before  bility, and great spatiotemporal control over drug release make

photolysis, the cell viability remained above 90% up k 25 Acr-Cbl-Vpa an excellent nano-vehicle for photoresponsive

of Acr-Chl-Vpa NPs. Cellular toxicity was observed withoutrug delivery.

light irradiation at 50M concentration of Acr-Chl-Vp&0%.

Upon light irradiation, A&bl-Vpa NP-incubated cells EXPERIMENTAL SECTION

exhibited almost twofold cytotoxicity G 1259 M) Synthesis of Acr-Cbl-Vpa NPsA 1 x 103 M THF stock
compared to free chlorambucil {£€ 20.23 M). Free  so|ytion was prepared for Acr-Chl-Vpa. Thenl 26ock solutions
valproic acid is a histone deacetylase (HDAC) inhibitor angere taken via a 10 syringe and added dropwise into 25 mL of
did not show any sigweiant cytotoxicity at the investigated water in a glass beaker inside an ultrasonic bath sonicator. The
concentrations, similar to previous repottgerestingly, the  addition was continued for 30 min. Next, removal of THF from the
combination of valproic acid with chlorambucil in the nanosolution by argon purging gave>ali0 ® M aqueous suspension of
drug delivery system showed enhanced cytotoxicity agaifi§t-Cbl-Vpa NPs. _
cancerous Hela cells compared to the individual free drugsfggt'\cl’l'ys;sAOf Aé:t;c\:/bl-vlgg NPSA 25 mL gqtu?plﬁ srgpensgm <
This auggects o Synergsiece of Vbroc acd Upon 19 LA OB vae osed ot 10 om) by
chlorambucil, similar to previous rep8rtshus, Acr-Cbl- y ‘amp. '

! . éohotolysis was examined by RP-HPLC.
Vpa NPs serve as a multipurpose drug delivery system du€ t@e||"Lines. We obtained the HeLa cell lines from the National

e cient cellular uptake and the combineace of Centre for Cell Science (NCCS), India. The cell line was kept in

chlorambucil and valproic acid inside the cancer cell. Dulbeccts modied Eagls medium (DMEM) (Gibco) media along
with 10% fetal bovine serum, 20 mlylutamine (Gibco), and 1%
CONCLUSIONS penicillin streptomycin (Gibco) in a humidd incubator (Thermo

Fisher Scientt) at a temperature of 3T in the presence of 5%
As a nal remark, we have constructed a C4- and CScq, ) P P ’

functionalized dual-arm acridine photocage, which can releasgeal-Time Fluorescence Monitoring of Acr-Cbl-Vpa NPs
di erent carboxylic acids and amino acids. Then, we hairside HeLa CellsThe cancerous HelLa cell line was used to study

7517 https://doi.org/10.1021/acsanm.2c01515
ACS Appl. Nano Mate2022, 5, 75127520


https://pubs.acs.org/doi/10.1021/acsanm.2c01515?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01515?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01515?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01515?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01515?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01515?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01515?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.2c01515?fig=fig7&ref=pdf
www.acsanm.org?ref=pdf
https://doi.org/10.1021/acsanm.2c01515?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Applied Nano Materials WWww.acsanm.org

Figure 8.Bright- eld and uorescence images of HelLa cells: (i) control experiment (without Acr-Cbl-Vpa NiPshc(ibation with 50 M
Acr-Cbl-Vpa NPs for 4 h followingtion of cells and staining by Pl (propidium iodide), (a) brgghtmage of cells, (b) staining of the nucleus

by PI, (c) uptake of Acr-Cbl-Vpa NPs in the green channel, and (d) uptake of Acr-Cbl-Vpa NPs in the blue channel. Sddle(ibar = 50
Internalization of Acr-Cbl-Vpa NPs inside the cell. (a,b) Distribution of Acr-Cbl-Vpa NPs in the cell (the white line narksctbas;ahd

the white arrow shows the cytoplasmic aggregates). (c) Overlay of Pl stained nucleus and Acr-Cbl-Vpa NPs inside the cell.M&cale bar = 2(

Figure 9.(a,b) Cell viability studies of Acr-Cbl-Vpa NPs, chlorambucil, and valproic acid in HeLa cells: (a) before light exposure and (b) after lig
exposure. All the values are presented astn&fan

the uptake of the Acr-Cbl-Vpa NPs. 1P cells were seeded in each In Vitro Cell Viability Assay.Anticancer ecacy was tested on
well of a 12 well plate. 20 h post-incubation, cells were treated withe cancerous HeLa cell line. 10 000 cells were seeded in 96 well

100 M of the Acr-Cbl-Vpa NPs and incubated for 4 h. Cells werd'ates and cultured in DMEM with fetal bovine serum and penicillin
either exposed to visible light for 30 min or kept under daritreptomycin, at 3T in the presence of 5% £@fter 20 h of the

dit inthe i bator after i bati Following that. cell Incubation period, cells were treated witareint concentrations of
conditions in the incubator atter incubation. Foflowing that, ce SWeWcr-CbI-Vpa NPs. 4 h after incubation with the NPs, the cells were

xed with 3% formaldehyde, and nucleus staining was done Wifiher exposed to visible light for 30 min or kept in the dark. Then,
propidium iodide and RNase A treatment. Images were taken withige cell viability was measured using a MTT (3-(4,5-dimethylthiazol-
Leica uorescence microscope. 2-yl)-2,5-diphenylte-trazolium bromide) assay.
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