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Abstract

PEGylated polyamidoamine dendrimer was designed as a novel drug carrier which possessed an interior for
encapsulation of drugs and a biocompatible surface. This paper describes the synthesis of PEGylated polyamidoamine
dendrimer, in which monomethoxy polyethylene glycol (MPEG) with the average molecular weight of 5000D was
attached to the surface groups of polyamidoamine (PAMAM) dendrimer of the second and third generations. The
structures of these products were confirmed by FT-IR, '"H-NMR, ""C-NMR, and Gel Permeation Chromatography

(GPC).

1. MO DAU

Dendrime 1a mét polyme c6 dang hinh cau, céu
truc nhénh, bén trong co nhiéu héc 18, nén duge ung
dung trong nhiéu linh vue, dic biét 1am chat mang
thudc trong nganh y dugc [2]. Kha ning mang thude
ctia dendrime d3 dwoc biét dén tir nhitng nim 80.
Nhitng phan tir thudc co thé két hop v6i dendrime
qua lién két hoa tri hay lién két khong hoa tri [3].
Mot s6 dendrime voi nhom NH, bén ngoai co kha
ning mang thubc rat tt nhung co hoat tinh doc kha
cao va thoi gian luu trong mau kha ngan [4].

Viéc thay thé nguyén tir hydrogen ctia nhom
NH, & bé mit PAMAM bang polyetylen glycol
(PEG) sé& khéc phuc duoc nhitng nhuoc diém trén
cua PAMAM. Ngoai ra PEG hoa dendrime con lam
tang kha nang hoa tan thudc, ting sy twong hop sinh
hoc, ting khoang tréng bén trong ciia dendrime.
Diéu nay gitp han ché dugc sy pha hity hong cau,
kiém soat duoc su giai phong thudc va kéo dai thoi
gian ban thai cua thude [4].

Trong nghién clru nay, chiing t6i trinh bay qua
trinh tong hop hop chit trung gian monometoxy
polyetylen glycol (MPEG) p-nitrophenyl cacbonat
va tong hop dendrime polyamidoamin lai héa véi
monometoxy polyetylen glycol (MPEG-PAMAM).
Céu trac cua cac san phdm duoc xac dinh bang cac
phuong phép phan tich hién dai nhu NMR, FT-IR va
sic ky gel GPC. Két qua nay sé& la co so khoa hoc
cho cac nghién ctu tiép theo nhim s dung
PAMAM lai hoa MPEG lam chat mang thudc chéng
ung thu.

2. THUC NGHIEM

Monometoxy polyetylen glycol (MPEG) (khi
lwgng phan tr 5000D), p-nitrophenyl chloroformat
(NPC), triethylamine (TEA) dugc mua tur Cong ty
Sigma-Aldrich va Acros. TGi tham tach Por 7
Regenerated Cellulose Membrane, MWCO 10.000D
dugc mua tir Spectrum Laboratories. PAMAM thé
hé G2.0 va G3.0 duoc tong hop theo quy trinh trong
tai liéu [1]. Cac hoa chat khac dat tidu chudn tinh
khiét phan tich. Ph6 FT-IR dugc do trén may Vector
22 Bruker. Phé NMR duoc do trén may Bruker
AMS500 FT-NMR. Sic ky gel dugc tién hanh trén
may Agilent 1100-GPC, téc d6 dong 1 ml/phit, cot
Ultrahydrogel. Phan tich nhiét TGA va DSC dugc
tién hanh trén may DTG—60, Shimadzu.

2.1. Téng hop MPEG p-nitrophenyl cacbonat
(MPEG-NPC)

Hoa tan 2,00 g (0,40 mmol) MPEG trong 20 ml
dichlorometan va 60 ul TEA trong binh cdu. Khudy
déu hdn hop trén trong 30 phit. Sau d6 cho 0,16 g
(0,79 mmol) NPC rin vao hdn hop trén. Giir lanh va
khudy déu hén hop 12 gid trong méi truong khi
nitrogen. Cét dudi dung moéi CH,Cl,, thu dugc chét
rin mau vang nhat. Hoa tan chét rin trong 10 ml
tetrahydrofuran va loc bo phan cin tring. Pem nudc
loc thu duoc két tua trong dietyl ete, loc hut chan
khong dé thu 1dy két tua, ria két tua nhidu lan véi
dietyl ete dén khi két tua tring hoan toan. Sau d6 siy
kho san pham trong chan khong.
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Hinh 2: So d6 phan tng tong hop MPEG p-nitrophenyl cacbonat

2.2. Tong hgp PAMAM thé h¢ G2.0 lai héa véi
PEG

Hoa tan 0,0876 g (0,0269 mmol) PAMAM G2.0
trong 10 ml dimetylformamit (DMF) trong binh cau.
Sau d6 cho 2,78 g (0,538 mmol) MPEG
p-nitrophenyl cacbonat rin vao hdn hop trén. Khudy
déu hdn hop 12 ngay trong moi truong khi nitrogen.
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MPEG p-nitrophenyl chloroformate PAMAM G2.0

Dung dich sau phan tng duoc két tua trong
dietylete, loc hit chan khong dé thu iy két tia. Say
kho két tiia trong chan khong. Hoa tan két tiia trong
10 ml nudc cat, r6i cho vao tai thAm tich MWCO
10000D, thdm tach trong 1000 ml nudc dé loai b
nhitng tap chét c6 trong lugng phén tr dudi 10000D.
Pong ¢6 dung dich sau thim thu dugc chit bot rin
mau tring.
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MPEG-PAMAM G2.0 p-nitrophenol

Hinh 3: So d6 phan tng tong hop MPEG-PAMAM G2.0

2.3. Tong hop PAMAM thé hé G3.0 lai hoa véi
PEG

Hoa tan 0,173 g (0,0251 mmol) PAMAM G3.0
trong 10 ml dung dich DMF trong binh ciu. Sau d6
cho 5,18 g (1,00 mmol) MPEG p-nitrophenyl
carbonate ran vao hdn hop trén. Khudy déu hon hop
26 ngay trong mdi truong khi nitrogen. Dung dich
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MPEG p-nitrophenyl chloroformate PAMAM G3.0
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sau phan tng duoc két tua trong dietylethe, loc hut
chan khong dé thu lay két tia. Sdy kho két tia trong
chan khong. Hoa tan két tia trong 10 ml nudc cét,
rdi cho vao tii thdm tach MWCO 10000D, tham
tach trong 1000 ml nude dé loai bé nhiing tap chat
c6 trong lugng phan tir dudi 10000D. Péng c6 dung
dich sau thAm thu duogc chat bot rin mau tréng.

NO,

H

MPEG-PAMAM G3.0 p-nitrophenol

Hinh 4: So d6 phan tmg tong hop MPEG-PAMAM G3.0
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3. KET QUA VA BAN LUAN

3.1. Téong hop MPEG p-nitrophenyl cacbonat
(MPEG-NPC)

g i
O\E]/O\/\O {/\h/otcﬂs

FT-IR v(em™): 1769 (C=0); 1113 (C-O-C).
'"H-NMR (CDCls, ppm): 8,28, d, (b); 7,39, d (c);
4,44, m (f); 3,81, m (g); 3,65, m (h); 3,38, s (i). *C—
NMR (CDCls, ppm): 145,38 (a); 121,79 (b); 125,29
(c); 152,46 (d); 155,51 (e); 68,30 - 71,94 (f, g, h);
59,01 (i).

Trude khi lai héa, nhom hydroxyl cubi mach

Tong hop dendrime polyamidoamin...

MPEG can dugc hoat hoéa v4i tic nhan

p-nitrophenyl chloroformat. Day 1a mét phuong
phap rat pho bién trong tong hop vat liu sinh hoc
nhim chuyén nhém hydroxyl thanh nhém p-
nitrophenyl cacbonat c6 d6 phan ung cao, dé dang
tac dung v6i cac nhoém amin trén bé mit cia
PAMAM. Khi két hop nhém p-nitrophenyl cacbonat
vao cubi mach polyetylen glycol s& lam dich chuyén
tin hi€u cta proton H; ctia nhém metylen cudi mach
tir vi tri 3,65 ppm dén ving tir truong thip hon 4,44
ppm, va dong thoi lam xudt hién thém cac tin hiéu
ctia proton Hy, va H, ctia nhan phenyl. Dra trén ti s6
tich phan giita tin hi¢u H, va H, cua nhan phenyl va
tin hiéu H; cia nhom metoxy cubi mach MPEG, ta
c¢6 thé tinh dwoc do chuyén héa cia phan tng la
khoang 92% (bang 1). Két qua nay ciing phu hop véi
két qua phan tich nhiét ciia san pham thu dugc (bang
2). So véi tac chat MPEG ban dau, san pham thu
duge c6 nhiét do nong chay thip hon khoang 3 -
4°C, phan huy ¢ khoang nhiét d¢ twong ddi cao hon
(300 - 462°C). Puong cong TGA cua san pham chi
c6 mot bude giam khdi lwong tng véi 98,21%, cho
thiy sy tinh khiét ctia mau phan tich.

Két qua TGA va DSC cia MPEG-NPC

x Nhiét d6 nong o Z. o Khoang nhiét ¢
STT Mau chiy Ty, °C % khoi lugng giam, % phan hity, °C
1 MPEG 61,25 99,08 225 -450
2 MPEG- NPC 57,82 98,21 300 - 462

3.2. Téng hgp PAMAM thé h¢ G2.0 va 3.0 lai hoa
MPEG
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MPEG-PAMAM G2.0: FT-IR v(cm™): 1709
(-0-C=0-N), 1654 (C=0), 1112 (C-0-C). 'H-NMR
(CDCl;, ppm): 4,19, m (f); 3,77, m (g); 3,65 m (h);
3,38, s (1); 3,29, 2,71, 2,49, 2,35 (PAMAM).

GPC (M, = 21.964, M,,= 29.567, D = 1,35), dua
vao khéi lugng phan tir cia PAMAM G2.0 1a 3252D
va MPEG-NPC la 5165D, tinh toan da gén duoc 5
nhom MPEG vao cac nhom NH, cuia PAMAM.

MPEG-PAMAM G3.0: FT-IR v(cm): 1707
(-0-C=0-N); 1655 (C=0) 1111 (C-O-C). '"H-NMR
(CDCl;, ppm): 4,18, m (f); 3,79, m (g); 3,65 m (h);
3,38; s (1); 3,12; 2,71, 2,35 (PAMAM).

GPC (M,,= 39.044, M,,= 57.807, D = 1,40), dua
vao khdi luong phan tir cia PAMAM G3.0 1a 6900D
va MPEG-NPC la 5165D, tinh toan da ga’in duoc 10
nhém MPEG vao cac nhom NH, cia PAMAM.

Dbi véi cac vat lidu sinh hoc ciing nhu thudce
diéu tri bénh, trude khi duge dua vao co thé sinh vat
thuong dugc lai héa véi PEG. Su két hop véi cac
chudi polyetylen glycol i nudc, trung hoa vé dién
tich va c6 khdi lugng phan tir 16n nham lam ting do
hoa tan, giam sy tAn cong cua hé théng mién dich va
kéo dai thoi gian luu cia vat liéu hay thudc trong
tuan hoan mau, tir d6 lam tang hiéu qua diéu tri.

Trong nghién clru nay, sau khi hoat hoéa, cac
chudi MPEG mang nhoém p-nitrophenyl cacbonat
cubi mach s& d& dang phan (mg voi cdc nhom amin
bac mot trén bé mit cia PAMAM, dan dén hinh
thanh lién két cacbamat, giai phong phan tu
p-nitrophenol (hinh 3 va 4). Piéu nay mét lan nita
lam dich chuyén tin hiéu cua proton H; ngay sau vi
tri lién két tir 4,44 ppm vé Vung tr truong cao hon
4,19 - 4,18 ppm. Dong thoi véi su dich chuyén tin
hiéu H¢ 1a su blen mét céc tin hi€u cia proton nhéan
thom va sy xuit hién céc tin hiéu cia PAMAM
trong khoang 2,35 - 3,30 ppm trén phd san pham thu
duoc. Trong nghién ctru nay, bang phuwong phap
tham tach MWCO 10.000D, céc tac chat du thira va
tap chat co khéi lwong phan tir nhd hon 10.000D
duoc loai bo, thu dugc san phém lai hoa tinh khiét.
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Muc d6 PEG hoda dugc tinh toan tir gia tri khdi
lwong phan tir cia san phdm xac dinh bang phuong
phap GPC, khdi lugng phan tir cia MPEG-NPC
5.165D, PAMAM G2.0 (MW 3.252D) va G3.0

Nguyén Ciru Khoa va céng sw

(MW 6.900D) ban dau. Két qua cho thay ti 1¢ lai hoa
dat duoc lan luot w12‘1 5/16 nhom amin va 10/32 nhém
amine cho san pham MPEG-PAMAM G2.0 va G3.0.
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