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TOM TAT

Chitosan (CS) c6 do deacetyl héa (DDA)
cao duwoc cho phan (rng véi anhydride acetic
(Ac,0) tao thanh chitosan c6 DDA khac
nhau phu thuéc ti 1é CS/Ac,0. Céu truc phéan
tr cia sdn pham duoc xac dinh bdng quang
phé héng ngoai (FT-IR), phé céng hudéng tir
hat nhdn *H NMR,*C NMR va phén t& luong
duoc xac dinh bdng phuong phép GPC.

Twr khéa: chitosan, acetyl hda, anhydride acetic.

MO PAU

Chitosan la mét vat liéu tuwong thich sinh hoc
va phan hiy sinh hoc, duoc san xuat thwong mai
bang phan tng N-deacetyl héa chitin, thanh phan
chinh trong vo cua dong vat gidp xac, trong moi
truong kiém. chitin va chitosan 1a copolymer cua
hai monomer 2-acetamido-2-deoxy-D-glucose
(N-acetyl glucosamine, GICNAc) va 2-amino-2-
deoxy-D-glucose (glucosamin, GIcN) théng qua
lien két p-(1—4). Cau trac hda hoc cua chitin va
chitosan dugc minh hoa trong Hinh 1. Do
deacetyl hda (DDA) duoc st dung dé phan biét
chitin va chitosan. Khi d6 deacetyl hda cua chitin
I6n hon hodc bing 50 % (phu thuoc vao ngudn
gdc cua polymer), né tré nén tan trong moi
truong acid va dugc goi la chitosan. Sy hoa tan
xay ra bai qué trinh proton hda nhom -NH, tai vi
tri C2 cua don vi tai 1ap D-glucosamin. Chitosan
c6 mot sb tinh chét hoa ly va dac diém sinh hoc
doc dao bao gdbm kha ning tao mang, két dinh
niém mac, khang khuan va Iam lanh vét thuong,
kha ning lién két chat béo, acid béo va ting

DDA cia sén phém gidm khi ting ti Ié
CSI/Ac,0. Sén phdm cé DDA duéi 80 % déu
tan trong nuwéc véi khodng pH réng. C6 thé
dung sadn phadm chitosan tan trong nuéc vao
nhiéu tng dung y sinh nhw ché tao hé dan
truyén thubc hodc chirc ndng héa hat nano
oxide sat tir.

cuong thdm nhap qua mang niém mac. chitosan
da duogc cong nhan la mot loai vat liéu co gida tri
cho cac ng dung tiém ning trong phan phdi
thubc va gen, thim thau qua da, nhitng cong thtrc
tham thau qua niém mac va cay ghép [1].

Tinh khdng tan cua chitosan trong dung dich
nuéc & pH > 6,0 gigi han mot s6 tng dung tiém
nang. Sau khi n6 dugc hoa tan trong moi truong
acid, khi pH ting 1én dén pH = 6,0, chitosan két
tua tir dung dich nuéc. Két qua 1a sy phan phéi
vao trong nhitng chat long sinh Iy trung tinh hozc
bazo s& dan dén két tua chitosan vai cac hiéu ung
bt lgi tiép theo. Pé giai quyét van dé nay, mot sb
nha nghién ctu da phat trién cac din xuat
chitosan bién tinh, trong d6 cai thién kha ning
hoa tan trong dung dich v&i mot pham vi pH rong
hon. Nhiéu phuong phap bién tinh dé dwa céac
nhém wa nuéc vao chitosan, phd bién nhét trong
s6 d6 1a nhom amin t&r cap cacboxymethyl hoa
[2] va phan tng ghép vai polyettylen glycol [3].
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Hinh 1. C4u trac hoa hoc cua chitin va chitosan.

Mot phuong phap khac dé cai thién khoang
pH-tan cua chitosan la giam su két tinh cua né.
Diéu nay cd thé dat duoc thong qua acetyl hda
mot phan chitosan vai anhydride acetic. Céc san
pham thu duoc, véi d6 acetyl hda khoang 50 %,
tang kha ndng hoa tan trong nudc So vai chitosan
chua bién tinh. Tuy nhién cic quy trinh dang
dugc ap dung c6 han ché 1 thoi gian phan tng
lau c6 thé 1am anh huong dén trong lugng phan
ta. Ngoai ra viéc str dung ethanol trong cac quy
trinh hién tai ciing lam kho kiém soat DDA cia
san pham do phan wng ester hda giira ethanol va
anhydride acetic [4, 5].

Trong nghién ciru nay, chung t6i dua ra quy
trinh tng hop chitosan tan trong nuéc véi thoi
gian phan &ng ngan hon, khong sir dung ethanol,
san pham thu duoc c6 do deacetyl hoa cao hon 50
% nhung van c6 kha ning tan trong nudc. Anh
huong cua thoi gian phan Gng va ti Ié
chitosan/anhydride acetic 1én DDA cua san pham
duoc khao sat.

PHUONG PHAP
Héa chét

Chitosan (CS) dwoc mua tir cbng ty
Chitoworld, KCN Tan Tao, Q. Binh Tan, Tp. Ho
Chi Minh c6é DDA = 90 %, kich thuéc 90 mesh,
ham lugng tro 0,6 % duoc deacetyl hda thém
trong phong thi nghiém dé thu dugc chitosan c6

d6 deacetyl hoa cao (HDCS) v6i DDA = 99 %,
M, = 1,5848*10°, M, = 3,0154*10° D =
1,9027*10°. NaOH (Merck, Duc), acetic acid
(AcOH) (Xilong, Trung Quéc), anhydride acetic
(Ac,0) M=102,09g/mol (Scharlau, Tay Ban
Nha), acetone (Chemsol, Viét Nam), pyridin
(Guangdong Guanghua Sci-Tech Co.Ltd, Trung
Qudc), nudc cat hai lan.

Téng hop chitosan tan trong nuwéc (WCS)

HDCS (0,5000 g) dugc hoa tan vao 50,00
mL acetic acid 2,8 % dé tao thanh dung dich
chitosan 1,0 %. Dung dich sau khi loc duoc
chuyén vao binh cau 1 c6 thé tich 100 mL, khuiy
déu trén may khudy tr ¢ nhiét d6 phong, cho
ting giot 4,00 mL pyridine vao binh cau, tiép
theo thém tung giot anhydride acetic vai khdi
lugng tuy theo tirng phan tng. Thoi gian phan
&ng tir 5 dén 60 phut tly theo ting phan @ng. Sau
khi phan ng két thdc, nho ting giot dung dich
trong binh cau vao mot becher chira 300 mL
acetone dang dwoc khuay déu lam xuat hien két
tia mau tring duc. Quay ly tam véi téc do 5000
vong /phit trong 15 phat dé thu lay phan két tua
tring. Rua két taa nhiéu 1an bang acetone sau d6
say chan khdng & 60 °C cho dén khi khdi luong
khong ddi. San pham thu duoc c6 dang bot mau
trang nga dwoc bao quan trong binh hit am truéc
khi dugc phan tich cac tinh chat. Quy trinh tong
hop chitosan tan trong nudc dugc tém tit trong
So d6 1.

Khdo sat sw thay déi DDA theo ti 1é mol
HDCS/Ac,0

HDCS dugc cho phan ung véi anhydride
acetic véi su c6 mit cua xuc tac pyridine theo
quy trinh duoc mo ta trong So dd 1, trong do
khéi lugng anhydride acetic thay d6i nhu mé ta
trong Bang 1, thoi gian phan tng 5 phut.
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So db 1. Quy trinh téng hop chitosan tan trong nudc.

Béing 1. Ki hiéu san pham va thanh phén tac chét ciia cc phan ng acetyl hoa chitosan bing anhydride acetic véi ti
1é mol HDCS/Ac,0 thay doi

Ki hiéu mau Ti 18 mol Khéi lwong HDCS | S6 mol HDCS Khéi lwong S6 mol
HDCS/Ac,0 (9) Ac,0 (g) Ac,0
WCS_R11 1:1 0,5000 3,110 0,3170 3,10 1073
WCS R12 |12 0,5000 3,1*10° 0,6341 6,21* 107
WCS R13 | 1:3 0,5000 3,1*10° 0,9511 9,31*10°
WCS R14 | 1:4 0,5000 3,1*10° 1,2682 12,42*10°

Khdo sat su thay d6i DDA theo thoi gian

HDCS dugc cho phan tng véi anhydride
acetic véi sy c6 mit cua xdc tac pyridine theo
quy trinh dwoc mo ta trong So dd 1, trong do6
khébi lwong HDCS va anhydride acetic 1an luot 1a
0,5000 va 0,6341 g (NHpcs:Naczo = 1:2), thoi gian
phan tmg thay d6i nhu duoc trinh bay trong Bang
2.
Béng 2. Ki hiéu san phim va diéu kién tién hanh phan

g acetyl héa chitosan bang anhydride acetic véi thoi
gian phan tng thay doi

Ki hiéu mau | Thoi gian phan ung (phut)
WCS6 6
WCS8 8

WCS10 10
WCS12 12
WCS14 14
WCS16 16
WCS18 18
WCS20 20
WCS40 40
WCS60 60

Xic dinh cu tric héa hoc va dd deacetyl hoa
cuia chitosan va WCS

Céu trdc héa hoc cua chitosan va san pham
cua phan ung acetyl hda chitosan bang anhydride
acetic (WCS) duoc xac dinh bang phuong phép
quang phé hong ngoai (FT-IR) va cong huong tir
hat nhan (NMR).

Bot chitosan va WCS da séy khoé duoc
nghién min sau d6 ép vién véi KBr. Phd FT-IR
dugc ghi nhan trén may FT-IR Vertex 70. Do
deacetyl héa xac dinh bang phwong phap FT-IR
duoc tinh theo cong thirc [6] :

ANEP) -0,3822

DDA(%)=100 - Auo (@)
0,03133

trong d6 Aqsx Va Arap 12 cudng do hip thu tuong
ing véi dinh hép thu tai s6 séng 1320 cm™ va
1420 cm™.
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Phé cong huong tir hat nhan *H va *C dwoc
tién hanh phan tich bang may Bruker Ultrashield
d6 phan giai 500 MHz. Dung méi D,0O duoc sir
dung ddi v6i miu tan trong nude, ddi véi mau
HDCS thi sir dung dung méi D,O va 1 %
CD5;COOD.

Xic dinh céu tric tinh thé

Phan tich nhidu xa tia X mau bot chitosan va
WCS duoc tién hanh trén may XRD TRY-WCU
3 K sir dung buc xa Cu Ka (A=1,54056A). 260 tur
5° dén 45 °C, tbc d6 quét 1 °/phit ¢ 25 °C.

Xac dinh trong lwgng phan tir

Phén tir lugng cua chitosan va WCS duoc
xac dinh bang phuong phap sac ki gel trén may
GPC 1100 Agilend. Cét 2000 ultra.CAL. Pha

2.4 4

Transmittance (%)
a
1

0.6

dong: 0,25 M CH;COOH/0,25 M CH;COONa.
Pau do RID. Nong do dung dich 1,000 g/L. Thé
tich dung dich 20,000 pL. Téc do dong 1,000
mL/phat.
Xac dinh d§ tan ciia sain phim trong méi
trudng nuwéc

Cac mau can khao sat duoc hoa tan vao nudc
cét hai lan (pH=7.0) vdi ndng d6 2,5 mg/mL. P
duc cua céc dung dich dwoc xac dinh bang may
TURB 350 IR, serien Nr: 212035, USA.
KET QUA VA THAO LUAN

Xac dinh cau tric héa hoc ciia sin pham

San pham cua phan tng acetyl héa chitosan
bang anhydride acetic dugc phan tich FT-IR va
cho két qua nhu trong Hinh 3 va Bang 3.

2.2 4
] HDCs

2.0
1.8

W wesRaz
i) WCS_R13
1.0 4
- _MW WCS_R14

T T T
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T T T T
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Hinh 3. Phd FT-IR ciia HDCS Vva céc san phdm WCS véi ti 18 CS/Ac,0 thay déi.

Bang 3. Céc dao dong dic trung va tan sé hip thu trong tng ciia miu chitosan d6 deacetyl héa cao (HDCS) va
chitosan sau khi acetyl héa

. S song (cm™)
Dao Bong HDCS WCS6
VoH 3275 3428
VCH2 2918 2921
VcH 2870 2857
Ve=o (@amide 1) Khong quan sat thay 1649
Sy (amine) 1589 1604 (vai nho)
Sni (amide 11) Khoéng quan sat thiy 1562
Scho 1420 1425
Ve VA Sy (@mide 111) 1328 1315
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Hinh 4. Phé *H NMR ctua WCS6.

Céc dao dong dic trung cho thay ciu trdc san
pham cua phan Gng acetyl hda tuong tu nhu
chitosan ban dau. Tuy nhién viéc xuat hién thém
dai hép thu dic trung cho nhom amide ching to
su thay thé mot phan nhém amine trong cu tric
chitosan bang nhém amide théng qua phan tng
véi anhydride acetic.

Két qua phan tich '"H NMR cua HDCS va
WCS6 duoc trinh bay lan luot trong Hinh 4 va
Hinh 5. Mii cong hudng ¢ 4,51 ppm tuong ttng
v6i proton H1 cia méc xich N-acetyl
glucosamine (GIcNAC), tin hiéu ¢ 3,86 ppm ung
v6i proton H1 trong méc xich glucosamine
(GIeN). Tur 3,71 dén 3,48 ppm la ving cong
huong cua cac proton H3-H6 do chldng c6 mat do
dién tr gan giéng nhau. Miii cong huong & 2,76
ppm la tin hiéu cua proton H2 trong mic xich
GlIcN. Céc proton ctia nhdm acetyl do c6 mat do
dién tr xung quanh hat nhan cao nhat nén cong
huéng & ving tir treong cao, ching xuat hién &
dang mi don tai 1,37 ppm [7].

Khi so sanh véi phé *H NMR caa HDCS
duoc trinh bay trong Hinh 5, cac tin hiéu cong
huong cia WCS va HDCS tuong ty nhau nhung
do trong HDCS ham lwgng nhém amide rat it nén

khong thiy tin hiéu cong huéng cua H1 trong
méc xich GIcNAc dong thoi tin hiéu cua cac
proton nhom acetyl & 2,03 ppm c6 cuong do rat
thip. Didu nay khing dinh lai két qua tir phd FT-
IR rang trong san pham da c6 su thay thé mot
phan nhom -NH, trong chitosan ban dau thanh
nhém —NH-CO-CHs.

Két qua *C NMR cua WCS6 dugc trinh bay
trong Hinh 6 cho thay trong ciu tric c6 8 loai
carbon. Tin hiéu & 174,6 ppm tng véi carbon cua
nhém carbonyl (C=0), mili & 101,2 ppm ung Vvai
C1, con C4 cong huong ¢ 79,0-77,5 ppm, tin hiéu
& 74,6 ppm ng véi C5, tin hiéu ¢ 73,1-71,7 ppm
ng vé6i C3, tin hiéu & 60,0 va 56,4 ppm lan luot
ung vai C6 va C2, trong khi d6 C cua nhom
acetyl cong huong & 22,29 ppm [8]. Ca phé *H va
B3C NMR cua WCS déu khdng xuét hién thém tin
hiéu cong huong la nao chirng to phan (ng xay ra
chon loc, anhydride acetic chi tac kich vao nhém
amine trén mac xich GIuN. Trén phd **C chi c6
mot loai carbon carbonyl va d6 chinh 1a carbon
trong nhém amide nén c6 thé két luan qua trinh
chinh xay ra Ia qua trinh N-acetyl héa, khdng cé
qua trinh phu O-acetyl hda (anhydride acetic tac
kich vao nhom CH,-OH).
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Hinh 5. Phé *H NMR ctua HDCS.
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Hinh 6. Phé *C NMR cta WCS6.
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Anh hwéng cia ti 1€ tic chit va thoi gian phan
ung dén DDA ciia sdn pham

Bing 4. Sy thay d6i DDA cua céc san pham theo ti 16
mol HDCS/Ac,0

Tén mau Ti 1€ mol DDA (%)
HDCS/Ac,0
WCS_R11 1:1 99,4
WCS_R12 1:2 77,7
WCS_R13 1:3 26,9
WCS_R14 1:4 1,4

DDA cuia c4c san pham WCS véi ti 1é mol
HDCS/AC,0 thay doi dwoc xac dinh tir pho FT-
IR theo cdng thic (2.1) duoc trinh bay trong
Bang 4. Khi ti 1& mol 1a 1:1, DDA cua san phim
gan bang DDA cua HDCS, lic nay chua xay ra
phan &ng, c6 thé do lugng anhydride acetic da bi
thiy phén trong méi treong nude. Khi ti 1€ mol
CS/IAC,0 ting 1én, lugng anhydride nhiéu hon,
nén ngoai luong anhydride bi thiy phan thi van
con anhydride tham gia phan ¢ng N-acetyl hda.
Ti 1€ mol HDCS/Ac,0 cang ting, lugng
anhydride tham gia phan tng N-acetyl héa cang
nhiéu, nhém amine bi chuyén héa thanh nhém
amide cang nhiéu, DDA giam. Khi sé mol Ac,0
g4p ba 1an sé mol chitosan thi DDA trg nén nho
hon 50 % va giam xudng con 1,4 % khi ti 1& nay
la 1:4.

Khao séat thoi gian phan tng cho thiy khi
thoi gian ting, DDA giam (Hinh 7). DDA dat
56,6 % khi thoi gian phan ung la 6 phat, sau 16
phat DDA da giam xubng dudi 50 % va sau 60
phut DDA chi dat 27,2 %. DDA giam nhanh theo

thoi gian ching to téc do phan tng nhanh, do d6
muén thu san pham c6 DDA trén 50 % can tién
hanh phan ung vai thoi gian dudi 16 phut.
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40

DDA (%)

35

30

25

Thoi gian (phiit)

Hinh 7. Su thay d6i DDA theo thoi gian phan tng.

Tinh tan ciia sin phim trong méi truedmg nuéc

Tinh tan cua cac san phim dwoc trinh bay
trong Bang 5. Cac mau c6 DDA < 77,7 % c6 do
duc nho, ching déu tan trong nuéc & pH=7,0.
Trong khi d6, HDCS tao thanh pha phéan tan
khong tan trong nude lam cho do duc ting gan
100 1an so voi cAc miu tan. Tuong tu nhu vay,
mau chitosan duoc bién tinh voi ti 1& mol
HDCS/Ac,0 =1:1 (WCS_R11) c6 DDA cao cling
tao thanh huyén pht ¢ pH=7,0 nén d6 duc cao
Xap Xi chitosan ban dau. Nhu vy trong nghién
clru nay gia tri DDA 16n nhat dé mau van con tan
trong nuéc 6 pH=7,0 1a 77,7 %.
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Bing 5. Tinh tan ciia cac san pham trong médi truong nudc & pH=7,0

Ki hiéu mau DDA (%) bo duc (NTU) Tinh tan
HDCS 99,9 1068,0+ 41,6 Khong tan
WCS_Ri11 99,4 1048,3+ 31,2 Khong tan
WCS_R12 77,7 10,1+ 0,6 Tan
WCS_R13 26,9 10,0+ 0,2 Tan
WCS_R14 1,4 13,1+ 0,7 Tan
WCS6 56,6 9,9+ 0,7 Tan
WCS8 55,9 10,3+ 0,1 Tan
WCS10 54,5 11,9+1,2 Tan
WCS12 54,0 12,5+ 0,5 Tan
WCS14 51,4 13,4+0,8 Tan
WCS16 49,4 12,4+ 1,0 Tan
WCS18 46,5 9,2£0,1 Tan
WCS20 41,6 14,7+ 2,7 Tan
WCS40 32,1 13,1+ 0,4 Tan
WCS60 21,7 12,7 0,4 Tan

Hai yéu t6 chinh chi phdi kha ning hoa tan
cua chitosan la sy proton héa cia nhém amino va
d6 két tinh cua mAu. Vi chitosan co d¢ deacetyl
hoa cao, nd c6 thé duoc du doan rang proton héa
dugc wu dii, nhung diéu nay dudng nhu duoc
can bang boi su két tinh cao cua polymer nay, két
qua cudi cung 1a no chi tan & pH<6. Khi chitosan
tham gia phan ung acetyl héa bing anhydride
acetic, ham luwong nhdm amin giam (ttc 1a DDA
giam) lam cho lién két hydrogen lién phan tir
giam. Ma lién két hydrogen déng vai trd quan
trong trong viéc hinh thanh ciu tric tinh thé cua
chitosan nén khi DDA giam d¢ két tinh cia mau

cling giam. Khi DDA giam dén mot gié tri nao do
thi cdu tric tinh thé tro nén long I8o, qué trinh
solvat hoa dién ra dé dang va chitosan tan duoc
trong nudc ngay khi pH=7. Lap luan trén dugc
kiém tra lai bang phan tich nhidu xa tia X. Két
qua phan tich XRD cua mau HDCS (DDA = 99,9
%) cho thay ba dinh nhidu xa chinh sic nhon &
20=10,2 °, 19,9 ° va 22,0 ° véi cuong dd cao
(Hinh 8) thé hién do két tinh cao. Trong khi d6
mau WCS_R12 (DDA = 77,7 %) chi c6 hai dinh
nhiéu xa rong & 20=10,2 ° va 20,5 ° véi cuong do
thap hon nhiéu thé hién do két tinh thap.
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Hinh 8. Gian dd nhidu xa tia X ciia mdu HDCS (DDA = 99,9 %) va WCS_R12 (DDA = 77,7 %).

Két qua phan tich GPC ciia mau chitosan HDCS va WCS_R12 dugc trinh bay trong Hinh 9, Hinh

10 va Bang 6.
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Hinh 9. Két qua phan tich GPC ctia miu HDCS.
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Hinh 10. Két qua phan tich GPC ciia mdu WCS_R12.
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Bang 6. Két qua phan tich GPC cia mau HDCS va WCS_R12

Mau Mhn (g/mol) Mw (g/mol) D
HDCS 1,5848x10* 3,0154x10* 1,9027x10°
WCS_R12 2,3274x10" 8.9449x10* 3,8433x10°

Sau khi tham gia phan ung acetyl héa voi
anhydride acetic c6 mat xdc tac pyridine, phan tir
lugng cuda chitosan tang do hai nguyén nhan. Thi
nhit 1a do trén mach chinh cua chitosan c6 su
thay thé nhém amine thanh nhém amide c6 khéi
lwong 16n hon. Thir hai 1a do ham luong lién két
hydrogen trong chitosan ban dau nhiéu hon trong
san pham nén cac mach polymer co cum lai,
chiing phan b trong nhiing 16 xdp ¢6 kich thugc
nho cua pha tinh, trong khi chitosan sau khi
acetyl hoa s& phan bb vao céac 16 x6p 16n hon.
Phan tir lwong cua san phiam dat khoang 2,33x10*
c6 thé dap ung duoc yéu cau trong nhiéu linh vuc
ung dung.

KET LUAN

Phan tng acetyl héa chitosan bang anhydride
acetic c6 mat xuc tac pyridine da dugc thuc hién.
Céu tric san pham c6 su thay thé mot phan nhém
amine trén mach chinh bang nhém amide duoc
xéc dinh bing FT-IR va *H, *C NMR. Thoi gian

phan ung téi thiéu dé thu duoc chitosan tan trong
nuée dugc rdt ngén so véi cac tai lieu tham khao
khac.

C6 thé diéu khién DDA cua san pham thu
dugc bang cach thay doi ty 1é mol HDCS/Ac,0
va thoi gian phan ung. Khi ty 16 mol HDCS/Ac,0
va thoi gian phan tng tang, DDA giam.

San phiam c6 DDA < 77,7 % déu tan trong
nudC ¢ pH<7. Phan tng acetyl hoa da gitip mo
rong khoang pH hoa tan cua chitosan. DDA tbi
da dé chitosan tan trong nudc (77,7 %) cao hon
S0 VGi cac cong bd trude day. Phan ng khong
lam giam phan tir lugng cua nguyén liu dau.

San pham chitosan thu duoc c6 DDA va
phan tir lwong cao va quan trong la c6 thé tan
trong mdi truong nudc ¢ pH=7. Picu nay khic
phuc han ché vé tinh tan cua chitosan va mo ra
v s ung dung, dic biét 1a cac ung dung & moi
truong sinh 1y.
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Synthesis of water-soluble chitosan for
biomedical applications
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University of Science, VNU-HCM

ABSTRACT

Highly deacetylated chitosan (CS)
reacted with anhydride acetic (Ac,O) to
produce chitosan with various degree of
deacetylation (DDA) depending on the
CS/Ac,0 ratios. The structure of products
was characterized by FT-IR, 'H NMR, **C
NMR, and the molecular weight was
identified by GPC. The DDA of products
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