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Abstract:

In the present study, a novel polyimine-based @nalriazine framework (PI-CTF) was
introduced as a promising biocompatible carrier $orafenib (SFN) delivery. High specific
surface area and porosity allowed us to achievg thading and encapsulation efficiency as
high as 83% and 98 %, respectively. The in vitragdrelease study of SFN-loaded PI-CTF
showed a sustained and pH-dependent release behawvhich acidic pH accelerated drug
release compared with the neutral pH. Notably, toyicity assay against L929 cells revealed
the safety and biocompatibility of PI-CTF. MoreovBITT assay against LNCaP prostate cancer
cells expressed that the anticancer activity of SBN no diminution after incorporating into PI-

CTF. Thus, PI-CTF has envisaged as a great pramiggad anti-cancer drug carrier.

Keywords: Covalent triazine-based framework, CTF, Sorafebityg delivery, Drug controlled

release.

1. Introduction:

Cancer is a result of the uncontrolled prolifematiand rapidly spreading of abnormal
cells to other body parts and is responsible foestimated 13.1 millioneathsn 2030 [1]. The
treatment options for cancer therapy consist ofgisal intervention, chemotherapy, and
radiation therapy or a combination of these optif2ls Chemotherapeutic agents are non-
selective and have an unfavorable bio-distributidnich causes severe side effects in healthy
normal tissues and preliminary stop of chemotherapgsides all the drawbacks of
chemotherapy for cancer treatment, it is still kncas one of the most acceptable and effective

approaches for tumor therapy. Therefore, to deerdlas side effects of anticancer drugs and
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improve their efficacy, drug delivery systems slolde designed with the capability of
delivering the drugs to specific targets and prewstfficient concentration during a particular
time [3]. Nano-based drug delivery systems arerdeld as drug carrier because of their ability
to carry loaded therapeutic agents into targetegars selectively utilizing the unique
pathophysiology of tumors with compromised leakgatdature. In contrast to normal vessels
with the tight endothelial junctions, the size ok tfenestrations between the leaky cancer
endothelium is about 100 to 780 nm which dependshentype of tumor. As a consequence,
nanoparticles with suitable size have the potentalpass through the gap of the leaky
endothelial cells by passive diffusion and sinoe tlhmor lymphatic system is deficient, they
selectively accumulate in tumor tissue by enhampegtheation and retention (EPR) effect [4].
Among nanoparticles in development, porous orgaalymers (POPs) are receiving
growing interest in the last decades due to strattliversity, high surface area, and controllable
porosity [5-7]. POPs are a large class of nanostres used for various purposes in different
branches of science such as catalysis, gas staragéngs, etc. [5, 8-11]. Different kinds of
classifications were reported for POPs, but gehegradvalent triazine-based frameworks (CTFs)
emerge as the most important structures among o#ttegories. These structures are consisting
of covalently bonded carbon and nitrogen whichet to higher chemical stability in different
conditions in comparison to metal-organic framewdMOFs) which are more common in drug
delivery systems [12]. CTFs are often synthesizgdelersible condensation reactions between
multi-functional aromatic amines and aldehydes. Tbemation of strongn-n stacking
interactions between the oligomers and monomer rineeror-correction crystallization is
believed to be the driving force of these reactiftd]. Reversible bond linkages not only

provide the capability of an error-correction ardedt healing process but simultaneously make
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CTFs as biodegradable materials. [14] Moreover,nii@gnt features such as high thermal and
chemical stability, high surface area, and highopity, undoubtedly, provide CTFs a good
opportunity to be used in the biomedical fieldsc&e#ly,Bai and co-workers reported a three-
dimensional CTF for 5-fluorouracil (5-FU) with higlirug loading and efficient drug release
behavior [15].

Sorafenib is a vascular endothelial growth factmeptor and multikinase inhibitor. It has
demonstrated extraordinary anticancer effects bothtro and in vivo against a wide range of
tumors, including hepatocellular carcinoma [16,, ign-small cell lung carcinoma [18], breast
cancer [19], malignant melanoma [20], etc. FDA apps sorafenib for the treatment of renal
cell carcinoma, unrespectable hepatocellular cansan and differentiated thyroid cancer [21,
22]. Several clinical studies also have reportedebts following treatment with sorafenib in
prostate cancer patients [23]. However, its céhiapplication is greatly hampered by its
undesirable systemic toxic effects such as skircityx diarrhea, hypertension, fatigue, alopecia,
anorexia, coronary artery spasm, and gastrointddtieeding andrariation in pharmacokinetics
resulted from low solubility [24]. Thus, severalnoparticulate systems were developed to
improve its therapeutic efficacy [21]. However th@ best of our knowledge, no attempt has yet
been made to use the CTFs as a carrier for sobadietivery.

In this work, a novel polyimide-based CTF (PI-CTWith high thermal and chemical
stability and high surface area was designed amthsgized by a facile room-temperature
condensation reaction. Then, it was used as vehigtesorafenib delivery. The physicochemical
characteristics of sorafenib loaded PI-CTF werelistliin terms of particle size, encapsulation
efficiency, loading efficiency, morphology, and dreelease kinetics. Finally, considering the

efficacy of sorafenib in prostate cancer, the antdr activity of sorafenib-loaded PI-CTF
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(SFN@PI-CTF) was studied against LNCaP cells, dls®,cytocompatibility of developed PI-
CTF was evaluated against L929 cells.

2. Materials and methods

2.1. Materials

Analytical pure 1,2 dichlorobenzene, acetone, didrhethane, tetrabutylammonium
bromide (TBAB), sodium hydroxide, hydrazine hydratethanol, potassium dihydrogen
phosphate (KEPQy), potassium hydrogen phosphate,HIRO,), 2,4,6-trichloro-1,3,5-triazine
(cyanuric chloride), tetrahydrofuran (THR);hydroxybenzaldehydelN,N-dimethylformamide
(DMF), methanol, acetic acid, ethyl acetate andrdghloric acid were provided from Merck
(Hohenbrunn, Germany) and Aldrich Chemicals Coi{aEm, Germany). Sorafenib (SFN) was
obtained from Parsian Pharmaceutical Co (Tehram).rAll the materials used without further
purification.

2.2. Preparation of 2,4,6-tris (4-formyl phenoxy)-13,5-triazine (TFPTZ)

TFPTZ was synthesized as following a procedureired|in the literature [25]. Briefly,
equivalent amounts of sodium hydroxide and p-hydoexzaldehyde (0.04 mol) were used to
prepare a 50 mL aqueous solution. Then, a 50 mittieal of cyanuric chloride (1.84 g, 0.01
mol) and TBAB (0.020 g, 6.5x® mol) as phase-transfer catalyst in dichloromethaere added
to the first solution in a 250 mL round-bottom ®aand stirred for 24h at room temperature.
TLC method was used to check the completion of resection and after that, the biphasic
solution was separated [25]. In order to purify greduct, the organic phase was well washed
with (10 %) NaOH (3x25 mL) and distilled water (Dx&1L). Thereafter, the remained solution
was dried by anhydrous sodium sulfate, filtered] amaporation under reduced pressure, and

then it was used to get the white powdered prodemt.a more purified product, it was then
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recrystallized in ethyl acetate to afford a ligttite precipitate (Scheme 1). Yield (%) = 85, m.p.
(°C) = 174, FT-IR (KBr) in crit: v = 1210 (C-O), 1370 (C-N), 1560 (C=N), 1697 (Q=@800-
2925 (C-H aldehyde)’CNMR (400 MHz, CDCJ, ppm):§ = 120-160 (C aromatic), 171 (C=N
triazine ring), 180 (C=0 aldehyde) (Fig. S1); elataé analysis for &H15N30s
(experimental/theoretical): C 65.03/61.35, H 3.7413N 9.42/9.59, O 21.81/21.75.
2.3. Preparation of PI-CTF

To prepare PI-CTF, 33 mg (0.08 mmol) of TFPTZ wddel to a 10 mL glass vial and
then it was charged with 2 mL of 1,2-dichlorobereethanol (2:3 v/v). In order to get a
homogeneous dispersion, it was then sonicated Gomih. Afterward, 6.5uL (0.21 mmol) of
hydrazine was added to the obtained suspensionitamés sonicated for another 5 min.
Afterward, 0.2 mL of acetic acid solution (6M) wadded to the vial and it was sealed and kept
undisturbed for 3 days. Finally, the obtained yellprecipitate collected by centrifugation and
washed several times with anhydrous THF, anhydagesone, and anhydrous dichloromethane,
respectively. Subsequently, anhydrous methanol wsasl for solvent exchange and then the
activated product was dried at 120 °C under vactarmi2h. FT-IR (KBr) in crit: v = 998 (N-
N), 1215 (C-O), 1363 (C-N), 1563 (C=N); elementahalgsis for GgH21NgOs
(experimental/theoretical): C 62.98/65.52, H 4.2832N 18.08/17.71, O 14.69/13.42.
2.4. Characterization of PI-CTF

Moreover, PI-CTF structure was thoroughly charaoter using elemental analysis,
powdered X-ray diffraction (XRD), Fourier transforinfrared (FT-IR) spectroscopy, field-
emission electron microscopy (FE-SEM), transmissi@tectron microscopy (TEM),
thermogravimetric analysis (TGA), and €€&brption, as described in the Supporting Infororati

(SI).



10

11

12

13

14

15

16

17

18

19

20

2.5. Preparation of SFN@ PI-CTF

Briefly, a specific amount of SFN was dissolvedOMF and different amounts of PI-
CTF (Table 1) were added into the solution. Theieardrug ratio in the loading solution was
5:1, 1:1, 1:2 and 1:5 (wt.: wt.). Then, the mixgimeere sonicated for 4h and stirred for 6-24 h at
ambient temperature. After that, the mixtures wegatrifuged at 6000 rpm for 10 min. The
supernatant was completely removed and retainechlmulate the drug-loading factors. The
precipitated SFN@PI-CTF were washed with waterfeeekze-dried for further investigations.
2.6. Encapsulation efficiency and drug loading of BN

The encapsulation efficiency and drug loading wemvaluated UV-Vis
spectrophotometrically by using the supernatantstaddard solutions of SFN at 280 nm. The
following equations were used to determine druglilogaand encapsulation efficiency:

the total amount of drug addesd free drug
the total amount of drug added

Encapsulation efficiency %(: 100

the total amount of drug added free drug) «100
the weight of SNF@ PI-CTF

Drug loading %=<
2.7.1n vitro drugs release and kinetics
The release behavior of SFN from the formulatiorthwihe highest encapsulation
efficiency and drug loading (Table 1, entry 1) veasluated at 2 different pH ( 5.3 and 7.4). For
this, an appropriate amount of freeze-dried SFN@PH was dispersed in phosphate buffer
solution (PBS) and filled in a dialysis bag (molecwcut off 50 kDa) and then, the end sealed
dialysis bag was immersed into the PBS ( pH 5.3phd.4) containing 40% methanol at 37 °C.

At predetermined time intervals (every 2 hoursg #bsorbance of the external medium was

measured by using UV-Vis spectrophotometer at 2BQ@adetermine the drug release (Fig. 5).
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The obtained release data from the designed fotronlavere fitted into various kinetic
models such as Higuchi (Qt stk*?), zero-order (Qt = @+ kot), Baker-Lonsdale: [1-(1-R.,)
2B. QUQ., = kt, first-order (INQ= InQ, + kit), and Peppas model {Q, = kt") [17]. In these
equations, @is the initial amount of drug, Qs the amount of drug released at time t, t is
sampling timek is release constant, and n is release exponeatb&st mathematical model to
describe drug release from PI-CTF is the one withttighest correlation coefficient. Exponent
(n) was calculated to determine the mechanismug delease from PI-CTF. n can take the three
following values: 0.5 < n < 1, n = 1, andrD.5 that are related to the non-Fickian (anomalous
drug diffusion) model, zero-order mechanism, arakiin diffusion mechanism, respectively. n
values higher than 1 indicated the super casanbkport [26].
2.81n vitro cytotoxicity assays

LNCaP prostate cancer cell line and L929 normaloblast cell line were purchased
from the national bank of Iran pasture institutel @altured in RPMI1640 enriched with 10%
FBS (Gibco/USA) and 1% penicillin/streptomycin (Gdy USA) at 37°C in a humidified
incubator with 5% C@ Then, the cytotoxicity of free SFN, free PI-CTdhd SFN@PI-CTF
against LNCaReells were estimated by MTT assay. Briefly, abowut(f cells per well were
incubated into 96-well plates for 24 h and thetisogere treated with a series of SFN@PI-CTF
and free SFN with equivalent SFN concentration irggnérom 0.25 to 1Qug/mL.

Drug-free SFN@PI-CTF was also assessed by the sanmeentrations as drug-loaded
SFN@PI-CTF on LNCakells. After 48 and 72 h of incubation, the mediwas discarded and
20 pL of MTT solution (5 mg/mL) was added to eaatlvand located in 37°C for 3 h. Then, the

media were replaced with DMSO (150 pL/well) to $dlize the formazan crystals. The
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absorbance value for wells was evaluated at a wagd of 570 nm using ELISA plate reader.
Finally, cell viability percentages were calculatetording to the following formula:

Cell viability % _<mean absorbance of sampte mean absorbance of bl >|<(100
Viabiiity 7o = mean absorbance of contrel mean absorbance of blank

Moreover, the drug-free PI-CTF cytotoxicity was m@a@d against mouse fibroblast L929 cells
by MTT assay. In summary, about 1¥'10929 cells plated and after 24 h treated with wasio
concentrations of drug-free PI-CTF for 48 and 72nrd then, cell survival percentage was
assessed using MTT assay.
3. Results and discussion
3.1. Synthesis and characterization

In the current study, the building block of a noRHCTF was synthesized through a
nucleophilic substitution gb-hydroxybenzaldehyde and cyanuric chloride at aré@mperature
process. Then, the prepared monomer was used thesyze the PI-CTF by a facile solution-
suspension method at room temperature. In a typi@dedure, a homogenous dispersion of
TFPTZ was placed in a 10 mL vial and then the hgideawas added and kept undisturbed for 3
days at room temperature [25]. The yielded pregipitvas washed several times with anhydrous
solvents and dried under vacuum (Scheme 1). Fintdly structure was confirmed by FT-IR,
XRD, TGA, CHNS, TEM, FE-SEM, and GQorption.

In order to prepa

re the SFN@PI-CTF, different weight ratios of PHCTSFN were used and the
encapsulation efficiency and drug loading at défdgrincubation time were investigated and the
results are illustrated in Table 1. An increaséhimn SFN/PI-CTF accompanied by increasing the

encapsulation efficiency and drug loading. Consetiye SFN/PI-CTF=5 (Table 1, entry 4)



1 which is prepared after 6 h incubation, found tahee optimal formulation and used for further

2 investigation.

Table 1 Formulations and effective factors on the drug lading process

Drug Loading (% Encapsulation Efficiency (¢
Entry PI-CTF: Drug
6 h 24t 6 h 24t
1 5:1 7.8 8.€ 42.F 47.2
2 1:1 36.€ 36.€ 58.¢ 58.¢
3 1:2 64.7 64.4 91.¢ 90.£
4 15 83.C 83.1 98.1 98.¢
3
i on ~
N N +
(fl)\Q)\(‘l """
benzaldehyde /'y
0
i n YQY
)\OJ\,©) '"'
! "“\J\"‘: T stackm
“-bondmg
e Yo‘r ) O\
(@’ or
/LOJ\».’
4
5 Scheme 1. A schematic illustration for preparatiorof PI-CTF and SFN@PI-CTF.

6 3.2. FT-IR study
7 Fig. 1(a-c) represents the FT-IR spectra of cyanahloride,p-hydroxybenzaldehyde,
8 and the TFPTZ which is the building block of the@TF structure. In the case of TFPTZ, the

9 existence of a peak at 2800-2925tshows the presence of the aldehyde C-H bond in the
10
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structure. The C-O bond absorbance appeared atct@1@nd the C=N bond was shown around
1500-1600 cnl. In addition, the presence of a sharp peak at t8®brepresents the aldehyde
carbonyl group [25]. The addition of hydrazine ®BPITZ led to form new bonds in the structure
of PI-CTF. The disappearance of the carbonyl diretcfrequency at 1690 ¢hand formation

of new bonds in the range of 990-1560 care related to the presence of C=N, C-N, and N-N
vibrational stretching and confirmed the structoi®I-CTF (Fig. 1 (c-e)) [27].

Possible interaction between sorafenib and PI-CiFprepared SFN@PI-CTkwas
evaluated by the FT-IR study. The presence of egtbgroups in the SFN structure led to
observe strong bands at 1691 tand 1712 ci. N-H group of amine and urea was detected by
a single-branched peak in the region of 3146-3386.cThe C-F vibrational band of the —CF
group was also observed as a sharp and strongjm&mne region of 1006 -1314 ¢ In the case
of SEN@PI-CTF, a slight red-shift was observeddaroxyl groups from 1701-1720 chto
1691-1712 cit which might be related to the formation of hydrodemds between the amide

hydrogens and carbonyl species (Fig. 1(e-Q)).

11
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Figure 1. FTIR spectra of (ap-hydroxy benzaldehyde, (b) cyanuric chloride, (EPTZ, (d) hydrazine

hydrate, (e) PI-CTF, (f) SFN, (g) SFN@PICTF.

3.3. XRD study

The x-ray diffraction pattern of PI-CTF was alsodséd to investigate the crystalline
nature of the CTF. Two peaks were seen in the mdtaXRD pattern, a strong peak at 3.2° and a
relatively weak band at 5.9° (Fig. 2). The regylamlranged crystalline structure of PI-CTF

could help to increase loading factors.

12
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Figure 2. XRD pattern of TFPTZ

3.4. TGA study
TGA is a reliable means for the investigating coomuts thermal properties. Herein, the

obtained thermogram was expressed high thermallistglfig. 3a). The thermal stability of a
sample usually determines by studying the decortiposiemperatures of 5% and 10% of the
compound, char yield at 800 °C, and also the limgitbxygen index (LOI). LOI of PI-CTF was
calculated by the Van Krevelen and Hoftyzer eque#iod were summarized in Table 2 [28].
LOI=175+0.4CR

Where CR stands for char yield. Thus the PI-CTFlmaistable at about 350 °C might be due to
the presence of aromatic rings. According to previstudies [29-31], PI-CTF can be put in the
classification of self-extinguishing materials. Th@l value of PI-CTF was decreased after SFN
incorporation which is attributed to the lower tinai resistance of SFN in the SFN@PI-CTF

structure. Incorporation is a proper solution feing stability against oxidation.

13
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Table 2 Comparison of thermal properties of the PI-CTF aml free SFN

Samples T0° Toe20 Char yield (%) LOI
PI-CTF 363 435 54 39.1

SFN@PI-CTF 319 379 40 33.5

SFN 25C 271 25 27.5

TGA curves of PI-CTF, SFN@PI-CTF, and SFN are adown in Fig. 3. The
comparison between curve (a) and curve (b) revealsr thermal stability of SFN@PI-CTF
which is mainly resulted from the SFN decomposit{carve (c)) and its mass loss at lower
temperatures. Moreover, the comparison betweeredimvand curve (c) expressed that the SFN

decomposition is prevented by incorporating in® Bi-CTF hollow structure. [32].

100 |
90 -
80 -
70
60 -
50 ] (@)
40 1 (b)
30 -
c
0 ] (c)
10 |
0

Weight loss (%)

0 100 200 300 400 500 600 700 800 900
Temprature (°C)

Figure 3. TGA curves of (a) PI-CTF, (b) SFN@PI-CTF, (c) SFN

3.5. Morphological study (FE-SEM and elemental mappg)
The FE-SEM micrographs show a structure similah&t observed in marine corals which
consists of tubular structures with a diameter eanig20-40 nm and an average particle diameter

of about 30 nm (Fig. 4 (a-c)). The condensatiorhydrazine and TFPTZ provides a certain

14
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degree of regularity. A small amount of freeze-dri&F-N@PI-CTF was used for FE-SEM. As
illustrated in Fig. 4 (e and d), no significant obas were observed in the PI-CTF morphology
during drug loading, however, structural pores apge be filled which is evidence for SFN

loading. Mapping images of SFN@PI-CTF show thes@nee of carbon, nitrogen, oxygen,
chlorine, and fluorine in the structure. C, N, a@dare presented in both PI-CTF and SFN
structure, in contrast, Cl and F are only foundSBN structure. Consequently, SFN was
successfully incorporated into the PI-CTF struct{iig. S2). Moreover, the EDX spectrum of

SFN@PI-CTF also corroborates the obtained data fnapping images (Fig. S3).

20.0 250 30.0 350
Particle Diameter Distribution (nm)

Figure 4. FE-SEM images of PI-CTF in the scale afri (a), 500 nm (b), 200 nm (c), particle diameters
distribution diagram of PI-CTF (d); The FE-SEM ineagof SFN@PI-CTF in the scale of 500 nm (e), and

200 nm (f).

15
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3.6. CO, sorption study

One of the key parameters of a drug delivery systesngood drug-loading capacity
which is attributed to the specific surface arehese a higher surface area could increase the
loading factors [33, 34]. CTFs like other simil&ustures mostly consist of micropores in their
structure. This phenomenon restricted the use of @&ead of N due to the lower kinetic
diameter. Carbon dioxide adsorption study conduete@73 K, as expressed in Table 3, the
surface area of PI-CTF and the median pore widtte 886 ni. g and 0.63 nm, respectively.

Table 3. PI-CTF surface area based on C{Csorption

Measurement meth PI-CTF
Dubinin-Astakhov surface area (g°) 85¢€
Langmuir surface area (g°) 30z
(g/crr®) median pore widi 0.62

3.7.Study of in vitro release and kinetics

Thein vitro release profiles of SFN from PI-CTF in PBS at pB &nd 7.4 are shown in
Fig. 5. As shown in this figure, the drug releaseswemarkably affected by pH and increased
when the pH decreased from 7.4 to 5.3. For instaaiter about 48 h, SFN sustained-release
from PI-CTF found to be nearly 48% and 66% at p#Hahd pH 5.3, respectively. This could be
due to protonation of nitrogens of PI-CTF structur@n acidic condition which in turn weaken
SFN-PI-CTF hydrogen bonds and results in faster $&Mase [35]. The pH of the tumor
extracellular region is slightly more acidic (pHb@o pH 6.9) than physiological pH of normal
tissue (7.2 to 7.5) possibility due to the highaterof glycolysis in cancer cells to provide the
energy needed for survival by transforming glucode lactic acid. At the cellular level, the
intracellular acidic components (pH ~5.5 for endosppH ~5.0 for lysosome) can also be used

to trigger drug release if the nanoparticles arespHisitive [36].

16
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This increase in drug release at pH 5.3 demonsydtcilitated drug release from PI-
CTF in acidic endosomes and/or lysosomes (pH 40)-abter internalization in tumor cells. This
result was in accordance with the results repdriedarshosaz et al [37].

The release profiles were also biphasic with atwalease followed by a slower release.
Dissolution and diffusion of SFN that absorbed @ PI-CTF surface resulted in burst release
which can inhibit the growth of cancer cell on fivst hours of administration. Whereas, the
latter is related to the diffusion of SFN from timerior hollow pores of the PI-CTF structure
[38]. This phenomenon is also seen in other polybased structures [38-41].

80
70
60 -

(a)

(b)

30

[
=

Release (%)
=
]

[y
=

0 4 8 12 16 20 24 28 32 36 40 44 4
Time (h)

Figure 5. SFN release profile from PI-CTF in (a) pH=5.3, (bi=7.4.

The obtained release data from the designed fotronlavere fitted into various kinetic
models. Based on higher’ Ralues, SFN release data fitted better with Balersdale model
[42] (Table 4). The mechanisms of drug release fruepared optimized PI-CTF was also
evaluated using the Korsmeyer-Peppas madQalculated release exponent was found to be
between 0.5 and 1 representing both diffusion andi@en mechanisms play role in SFN release
from PI-CTF (non-Fickian diffusion mechanism).
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Table 4. Regression coefficient ) of Sorafenib release data from F-CTF to the different kinetic
models

Sample pH Baker Higuchi  First-ordel Zerc-ordel Korsmeye-Peppa N
Lonsdale

PI-CTF 5.2 0.964: 0.932¢ 0.934: 0.857¢ 0.905: 0.56

PI-CTF 7.4 0.940¢ 0.876¢ 0.834( 0.756¢ 0.826¢ 0.57

3.8.1n vitro cytotoxicity assay

The cytotoxic effects of drug-free PI-CTF on L92Ig after 48 and 72 h were reported
in Fig. 6. As shown in this figure, not only PI-CT#as non-toxic against L929 cell but also
increase the proliferation rate of cells in spec@hcentrations (0.5-15 ppm and 0.5-1 ppm after
48 and 72 h, respectively). This result indicatessé nanocarriers are safe and biocompatible
structures and are suitable farvivo antitumor drug delivery.

The in vitro cytotoxic activity of free SFN, SFN@PI-CTF wastéss against LNCaP
cells using MTT assay after 48 and 72 h exposudetlaa results are shown in Fig. 7a and Fig.
7b. According to these results, SFN and encapsuBi inhibited proliferation of LNCaP cells
in a dose and time-dependent manner, but therenwasgnificant difference in cytotoxicity of
SFN and SFN@PI-CTF after 48 and 72 h incubationq(®5). This probably would be related
to the simple diffusion of free SFN into LNCaP selvhich in turn cause a rapid effect on the
cells. But uptake of SFN@PI-CTF is time-consumimgl ¢hen, the drug will be released in a
controlled manneiThis finding is in accordance with the resultshe bther literature employing
anticancer drug-loaded nanoparticles where freg dlustrated higher cytotoxicity than drug-
loaded nanoparticles[43-50]. In addition to SFN@HIF and free SFN, the cytotoxic effect of
drug frees PI-CTF, in the equivalent concentrates used for SFN@PI-CTF was also
investigated. Fig. 7a and Fig. 7b showed drug-REETF were non-toxic against LNCaP cells
in low concentrations, but, a little toxicity wases with cell viability of near 70% in high

concentration.
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4. Conclusion

In the present study, TFPTZ was synthesized by Isindiplacement of chlorine in
cyanuric chloride by-hydroxybenzaldehyde and used as a building blockhfe preparation of
PI-CTF by a reaction with hydrazine. Then, the pred CTF was used as an SFN carrier.
Different PI-CTF/drug ratios were studied to firek tformulation with the highest encapsulation
efficiency and drug loadindn vitro cytotoxic study revealed that SFN kept its pharnagioal
activity when incorporated into PI-CTF. Sustainetbase of the drug and passive targeting of
the PI-CTF to the tumor site may have benefitsentuction of the need to the drug high doses
and consequently its fewer side effects. Howewethér in vivo study is required to confirm the

efficacy and side effects of this formulation.
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» Nove covaent triazine-based polyimine framework (PI-CTF) with good
biocompatibility was synthesized
» PI-CTF show good efficacy with drug loading of 83% for sorafenib (SFN)
delivery
» The in vitro release study showed a sustained and pH-dependent release
behavior
» Cytotoxicity assay against L929 cells revealed these nanocarriers were safe and

biocompatible structures
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