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ABSTRACT

In recent years, many researches have been developing towards biocompatible
improvement and cellular penetrating ability of dendrimers in order to use in diagnosis and
treatment therapy for several type of cancer. In this study, to enhance biocompatibility,
drug loading efficiency and cellular uptake of the polyamidoamine dendrimer, the
dendrimer generation 3.0 (G 3.0) was conjugated with hexanoyl chloride and targeted with
acid folic (G3.0-C6-FA). The structure of the G3.0-C6-FA was determined by *H-NMR.
According to *H-NMR spectra, 9 hexanoyl groups and 2 folate groups were attached to the
G3.0 dendrimer. TEM image of G3.0-C6 dendrimer exhibited spherical shape and nano
sizes ranging from 3 to 4 nm and TEM image of the G3.0-C6-FA indicated a size
distribution ranging from 5 to 7 nm. In addition, Fluorouracil (5-FU)-loaded G3.0 and 5-
FU-loaded G3.0-C6-FA were also prepared to evaluate drug loading efficiency was using
High-performance liquid chromatography (HPLC). The obtained results indicated that
drug loading efficiency of G3.0-C6-FA (13,8% of 5-FU) is higher than G3.0 (11% of 5-
FU). 5- G3.0-C6-FA also showed a slow release profile of the drug. These positive results
show a potential of the drug-nanocarrier system in practical application.
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1. INTRODUCTION dendrimer, which is one of the most studied

5-Fluorouracil (5-FU) is highly effective dendritic nanopolymers with internal cavities
drugs for chemotherapy treatment of breast that can be ultilized as a novel nanocarrier for
cancer. However, it has many side effects to  dilivering anticancer drug, because drugs can
patients due to their non-specific interaction ~ De encapsulated via (non-)  covalent
with abnormal and normal cells. Many interactions resulting in decreasing its side
studies had showed that using drugs-loaded ~ €ffects [2-3].
nanoparticles could reduce side effects of 5- Polyamidoamine (PAMAM) dendrimer
FU. It can also prolong plasma circulation s the most well known nanopolymer that can
and enhance drug accumulation in cancer  be synthesized with controlled size and
tumors by increased permeability-retention  predetermine molecular weight. Many
(EPR) effect. One type of nano-carrier is  generations and derivatives of PAMAM have
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been being studied and applied in biomedical
fields such as drug/gene delivery nanocar-
riers, therapeutic/diagnostic nanodevices etc.
[4-7]. However, there are a few disad-
vantages accompanied with PAMAM
dendrimer drug-delivery system including
hemolytic toxicity and cell lysis, which
happen due to strong interactions of the
positively charged dendrimer and the
negatively charged cell membrane resulting
in membrane disruption [8-10]. Chemical
modification of the surface is an important
strategy to overcome the toxicity problems of
the dendrimers, for example pegylation,
acetylation, carbohydrate and peptide
conjugation... The conjugation may lead to
increase the inner cavity space of dendrimers
that contribute to the increment of drug-
loading capacity. Moreover, the drug nano-
carriers can also increase the residence time
of the drug in blood circulation by its stealth
properties in the blood plasma [11, 14].

In this study, denrimers G3.0 are
modified with FA and hexanoylchloride.
This modify can improve the biocom-
patibility of PAMAM G3.0 such as reduced
toxicity, increased ability to carry drugs and
target cancer cells. The PAMAM G3.0
dendrimer and PAMAM G3.0-C6-FA
dendrimer were evaluated ability to carry and
release the drug 5-FU using HPLC assay.

2. MATERIALS AND METHODS
2.1. Materials

5-FU, methyl acrylate (MA), ethylen-
diamine (EDA), toluen, Hexanoyl chloride,
Dimethylformamide (DMF), dimethylsul-
foxide (DMSQO) and 1-(3-Dimethylaminop-
ropyl)-3-ethylcarbodiimide ~ hydrochloride
(EDC) were purchased from Acros Organics.
Methanol (MeOH, China). Regenerated
Cellulose MWCO 3500-5000D dialysis bags
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were purchased from Spectrum Laboratories
Inc.

2.2. Synthesis of the hexanoyl-PAMAM
G3.0 dendrimer (G3.0)

2.2.1. Materials

PAMAM G3.0 dendrimer (Fig. 1) was
synthesized from ethylendiamin (EDA)
methyl acrylate (MA) via step-wise Michael
addition reaction, and amidation of
multifunctional groups as reported of Donald
Tomalia [4]. Structure and morphology were
characterized using ‘H-NMR Spectrometer
and TEM. [1]

Figure 1: lllustration of PAMAM G3 dendrimer

2.3. Synthesis of the hexanoyl-PAMAM
G3.0 dendrimer (G3.0-C6)

1 mmol G3.0 PAMAM dendrimer and
16 mmol TEA were completely dissolved in
10 ml DMSO and then 16 mmol hexanoyl
chloride in 10 ml DMSO was added drop-
wise to the dendrimer solution (scheme 1).
The mixture was stirred for 24 hours at room
temperature. The crude product was dialyzed
(MWCO 3,500-5,000 D dialysis bags) with
MeOH in 48 h, and dried in vacuo to obtain
the G3.0-C6 product. The structure and
properties of the product were determined by
'H-NMR, TEM.
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Scheme 1: Synthetic scheme of the hexanoyl-
PAMAM G3.0 dendrimer (G3.0-C6)

2.4. Synthesis of the hexanoyl-folat-
PAMAM G3.0 dendrimer (G3.0-C6-FA)

0.4 mmol FA was fully dissolved in 9 ml
of DMF and 3 mL of DMSO and added to
0.8 mmol EDC. This mixture was then added
dropwise to the solution of 1 mmol PAMAM
and 16 mmol hecxanoyl chloride in 10 ml of
DMSO. The result mixture was stirred for 24
hours at room temperature (Scheme 2). The
crude product was dialyzed (MWCO 3,500-
5,000 D dialysis bags) with MeOH in 48 h,
and dried in vacuo to obtain the G3.0-C6-FA
product. The structure and properties of the
product were determined by *H-NMR, TEM
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Scheme 2: Synthetic scheme of the hexanoyl-
folat-PAMAM G3.0 dendrimer (G3.0-C6-FA)
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2.5. 5-FU loading and in vitro release
evaluation

0,3 mmol 5-FU was dissolved in 10 ml
of distilled water, then added to 0,025 ml
(G3.0 or G3.0-C6-FA) sample under slow
stirring (50 rpm) for 24 h. The mixture was
sonicated for about 30 minutes in order to
increase the drug encapsulated. After that, it
was dialyzed twice in 40 min to remove the
amount of insoluble 5-FU. The dialyzed
solution was lyophilized and used for further
studies. The drug loading capacity of 5-FU in
samples were calculated by comparing the
weight of 5-FU in nanocarrier with the
weight of original 5-FU and nanocarrier by
HPLC method.

For release study, 5-FU-loaded sample
(4,5 ml) and 10 mL deionized water were
added to dialyzer membrane (MWCO
3,500D) to dialyze against 1000 mL
deionized water. At a predetermined time
interval, 10 mL of dialyzed solution was
drawn to determine 5-FU release by
absorbance measurement at wavelength
265.5 nm. After that another 10 mL of
deionized water was added to the dialyzed
solution to compensate for the withdrawn
volume. Similar concentration of dendritic
solution without drug loading was dialyzed in
the same condition to serve as control.

3. RESULTS AND DISCUSSION

3.1. Characterization of the PAMAM
G3.0 dendrimer (G3.0)

1H NMR (PAMAM G3.0, MeOD, ppm)
(Fig. 2): 2.605-2.618 (a), 2.804-2.831 (D),
2.379-2.404 (c), 2.735-2.760 (d) and 3.261-
3.334 (e). Using method to calculate mole-
cular weight of PAMAM dendrimer [1], we
calculated the molecular weight of PAMAM
G3.0 dendrimer Mw appro-ximately 6529.
TEM image of PAMAM G3.0 dendrimer
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showed that the synthesized nanoparticles
were formed with spherical shaped ranging
from 3 nm to 4 nm [1], [4].
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Figure 2: *H-NMR spectra of the PAMAM
G3.0 dendrimer (G3.0))

3.2. Characterization of the hexanoyl
dendrimer G3.0 (G3.0-C6)

Amide reaction between PAMAM G3.0
dendrimer and hexanoyl chloride easily occur
in the presence of TEA. 1H-NMR spectra of
G3.0-C6 derivative of PAMAM dendrimer
(500 MHz, D20, &ppm) showed typical
peaks of the synthesized dendrimer (Fig. 3):
2.589 (a), 2.780-2.793 (b), 2.379-2.415(c),
2.974 (d), 3.260 (e) and 0.808-0.836 (j).
Based on 1H NMR spectra, degree of
activation is 35,71% (number of alkylated
group (z, 11); Mw, 8040) [1].
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Figure 3: 1H-NMR spectra of the hexanoyl
dendrimer G3.0 (G3.0-C6)
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Compared with TEM image of PAMAM
G3.0 dendrimer (spherical shaped ranging
from 3 nm to 4 nm), TEM image of the G3.0-
C6 (Fig. 5a) has in size from 4 to 6 nm. This
results are consistent with reports of (name of
author, publishing date) [1, 4], [17-19].

3.3. Characterization of the hexanoyl-
folat-PAMAM G3.0 dendrimer (G3.0-C6-
FA)

1H-NMR  spectra of G3.0-C6-FA
compounds have proton signals of charac-
teristic groups: -NHCO-CH2(CH2)3CH3
(0,823ppm, peak j) and -NHCO-CH2(CH2)
3CH3 (1,242-2,131 ppm). When replacing
proton H of the -NH2 groups in PAMAM
G3.0 dendrimer by -CO-CH2(CH2)3CH3
groups, 1H-NMR spectra of G3.0-C6-FA
derivative also display the characteristic
proton signals of the atom groups in folic
acid: k (8,543 ppm), m (7,614-7,631 ppm); r
(6,711-6,728 ppm); p (4,700 ppm); g (4,488
ppm); i, s (2,102-2,348 ppm) and in the
PAMAM molecule: a (2,524 ppm); b (2,815
ppm); ¢ (2,102-2,348 ppm), d (2,734 ppm); e
(3,208 ppm) (Fig. 4).
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Figure 4: 1H-NMR spectra of the hexanoyl-
folat-PAMAM G3.0 dendrimer (G3.0-C6-FA)

Formula 1: Method to calculate degree
of PAMAM dendrimer derivatives.



Journal of Thu Dau Mot University, N°2 (21) — 2015

S (J)
H(-CH,)

S

X% = —CCH) 10096

&hy)

ZH (@)
(-CH,-)

S (J) S (a) : The peak
H(-CHz)'  H(-CH,-

area of protons in (j) and (a) positions were
appeared in the *H-NMR spectrum.
2_H

(- C Hs)
protons in (j) and (a) positions in the molecular

formula of the PAMAM dendrimer’
x%: Degree of alkylation derivatives.

: The sum of

47 L A in AR,
- - _
v - - " p.l-..‘.
vV - al s Yo
- A R
st a s .
. By
- -- .‘
. ‘
. »
.'\ B .
- '

MAU G3_C6[ TEM] "

T400 100k

The conversion (x%), conversion groups
(Y, z) and molecular weight (Mw) of the hexa-
noyl-folate-PAMAM G3.0 dendrimer product
are identified by 'H NMR (Table 1). [1]

Table 1: The conversion (x%), conversion

groups (Y, z) and molecular weight (Mw) of
the hexanoyl-folat-PAMAM G3.0 dendrimer

derivative
Dendrimers derivative )((;;0 é);o '(\\CI\;))/O
G3.0-(C6)y- 29% 6%
G3.0-C6-FA 638
(FA), © 2

AU 3 cs FA[TEM] -

Figure 5: Morphologles of dendrimers |nd|cate these spherlcal shaped nanoparticles ranglg from 4 nm
to 5 nm for G3.0-C6 (a) and 5 to 8 nm for G3.0-C6-FA (b)

Compared with TEM image of
PAMAM G3.0-C6 dendrimer (spherical
shaped ranging from 4 nm to 6 nm) (Fig. 5a),
TEM image of the G3.0-C6-FA (Fig. 5b) has
size ranging from 5 to 7 nm. This size
corresponds to the molecular weight (8638
Da), which asserts that G3.0-C6-FA has been
successfully synthesized.

3.4. 5-FU loading and in vitro release
evaluation

Loading efficiency was about 11%,
which  means approximately 6 drug
molecules were encapsulated within one
G3.0 molecule structure. Moreover, optimal
drug loading was also determined around
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13,8 % for G3.0-C6-FA (9 drug molecules
were encapsulated within one G3.0-C6-FA

molecule structure).
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Figure 6: Release profile of 5-FU from drug-
loaded dendrimer.
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Release profile of encapsulated drug
molecules is shown in Fig. 6. drug was
slowly released from the system and reached
more than 84% after 24 hours. This is a
significant improvement in prolonging drug
bioavailability, since 5-FU anticancer drug
was reported to have short remaining time in
blood circulation.

4. CONCLUSION

charaterized to determine their structure,
morphologies, drugs loading capacity, slow
release ability in vitro. Effect of drug-
encapsulated nanocarrier has evaluated.
These positive results show a potential of the
drug-nanocarrier ~ system in  practical
application. These obtained results may pave
the way for further studies and development
of dendrimer-based nanocarriers application

In this work, dendrimer based drugs " Vietnam.

nanocarriers were successfully prepared and

PAC TiNH MANG VA NHA 5-FLUORORACIL CUA ALKYLATED
POLYAMIDOAMINE G3.0 DENDRIMER-FOLATE
Nguyé&n Thi Bich Tram®, Nguy&n Phuc Thinh®,

Nguyén Ciru Khoa®, Trin Ngoc Quyén(3)
(1) Truong Pai hoc Thit Dau Mét, (2) Trieong Pai hoc Can Tho,
(3) Vien Khoa hoc Vat liéu Ung dung
TOM TAT

Trong nhitng ndm gan ddy, nhiéu nghién ciru da dwoc phdt trién theo hiedng cdi thién
twong thich sinh hoc va kha néing tham nhdp vao té bao ciia dendrimer dé sir dung trong chén
dodn va diéu tri cho mét sé logi ung thw. Trong nghién ciru ndy, dé ting cuong sw hdp thu cia
té bao, tinh twong thich sinh hoc va hiéu qua mang thuéc cia dendrimer polyamidoamine, thé
hé dendrimer 3.0 (G3.0) da dwoc lién hop voi hexanoyl clorua va tac nhdan huong dich folic
acid (G3.0-C6-FA). Cdu triic ciia G3.0-C6-FA dwoc xdc dinh bang 1H-NMR. Theo phé 1H-
NMR, 9 nhém hexanoyl va 2 nhém folate dwoc gan vio dendrimer G3.0. Anh TEM cho thdy
hinh théi cdu tric cau kich c& 3-4 nm ciia G3.0-C6 dendrimer va G3.0-C6-FA chi dinh mot
phdn bé kich thuée cau tir 5-7 nm. Ngoai ra, G3.0 mang Fluorouracil (5-FU) va G3.0-C6-FA
mang 5-FU ciing di diege chudn bi dé danh gid hiéu qud mang thudc (sir dung sdc ky long cao
dp - HPLC). Céc két qua thu dwegc cho thdy rang hiéu qud mang thuéc cia G3.0-C6-FA
(13,8% cua 5-FU) cao hon so voi G3.0 (11% cua 5-FU). G3.0-C6-FA mang 5-FU da duoc
chitng minh mét kha ndng nha thuée chdm. Nhitng két qua nay cho thdy tiém ndng ciia hé
théng mang thuéc nano trong vmg dung thuc té.
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