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TOM TAT

Trong nghién cu nay, vat liéu nano khung zeolitic imidazolate tam kém (Zn-ZIF) d& dugc téng
hop thanh cong va khao sat kha nang hdp phu dugc chét khang ung thu 3'-deoxyadenosine. Vat
liéu nano MOF dugc tao thanh tir phan ting khudy tron gitta mudi kém acetate dihydrate véi cau
noi hitu co benzimidazole trong hén hop dung méi bao gébm methanol, toluene va ammonium
hydroxide. Cau tric va tinh chat ctia vat liéu nano dugc xac dinh bang phuong phap phan tich vat
ly hién dai nhu nhiéu xa tia X dang bot (P-XRD), nhiét trong lugng vi sai (TGA), quang phé héng
ngoai (FT-IR), va hdp phu dang nhiét N, & 77 K. Két qua cho théy vat liéu cé dé tinh thé héa cao,
d6 bén nhiét trén 300 °C, dién tich bé mat xap xi 700 m? g~!. Trong thi nghiém hap phu dugc
chat khang ung thu 3'-deoxyadenosine, cac yéu té anh hudng dén qué trinh hdp phu dugc khao
sat bao gébm dung méi (dimethyl sulfoxide, ethanol, va nudc khition) va néng dé dugc chat trong
khoang tir 0,1 mg mL~! dén 1,0 mg mL~". Ngoai ra, hé vat liéu nano da mang dugc chat duoc
kiém tra do bén bang phan tich P-XRD sau qua trinh hap phu. Két qua thi nghiém hap phu dugc
chat cho thdy kha ndng hdp phu téi da 3'-deoxyadenosine clia vat liéu nano MOF xap xi 190 mg
g~ ! sau 24 gid trong dung moéi dimethyl sulfoxide va hiéu suét dat khodng 37%. Nghién clu cho
thdy vat liéu nano Zn-ZIF cé tiém nang lam chét mang nano dé tai dugc chét 3'-deoxyadenosine

trong diéu trj ung thu. =28

Tukhoa: 3'-deoxyadenosine, hap phu dugc chat, vat liéu nano, vat liéu khung zeolitic imidazolate,

Zn-ZIF

GIGI THIEU

Dugc chit 3’-deoxyadenosine hay goi la cordycepin
14 mot trong nhiing chét tuong tu nucleoside c6 kha
nédng gay doc t€ bao nhu mot tac nhan héa triliéu. 3’-
deoxyadenosine c6 ngudn goc tii ndm Pong trung Ha
thao Cordyceps militaris da dugc chting minh vé kha
ndng chong lai nhiéu loai t€ bao ung thu théng qua
cac con dudng kich hoat qua trinh chét ty nhién, bat
giti chu ki t€ bao va gy ton thuong DNA tit d6 tic ché
su phat trién, tiéu diét va kiém sodt qua trinh di can
clia té bao ung thu. -

Vat liéu khung hitu co kim loai (MOF) dugc xem 1a
vat liéu tiém ndng trong dan truyén thudc bdi dién
tich bé mit cao, d6 x6p 16n va co tinh tuong thich
sinh hoc.?”7 Bén canh d6, c4u trtc vat liéu MOF ¢6
thé dugc thiét k& va bién tinh dé phu hgp cho nhiéu
muc dich ing dung khic nhau.®® Quy trinh ché tao
vatliéu MOF ¢ dang nano thu hut dugc nhiéu sy quan
tam nghién cttu nham ting hiéu qua hoat dong trong
linh vyc y sinh. 10,11 yat 1jéu ZIF 1a mot nhém thudc

MOF véi thanh phén kim loai chu yéu la kém hay
cobalt lién két v6i cdu noéi hiiu co khung imidazole
nham tao ra vat liéu rn két tinh c6 d6 x8p cao va cdu

812,13 71F ¢6 cdu tric tuong ty zeolite

trac mé& rong.
bdi sy lién két gitia cac nguyén tl trong khong gian
hinh thanh géc lién két M-Im-M béng 145° tuong tu
nhu géc lién két ctia Si-O-Si trong zeolite. '»1> Hién
nay, ¢6 hon 100 vat liéu ZIF dén ti sy bién d6i nhom
chtic trén cdu ndi khung imidazole va sy sap xép két
néi ctia cum kim loai va ciu néi imidazole. '® Trong
linh viyc dan truyén thudc, vét liéu ZIF c6 tim kim
loai Zn dugc danh gid cao bdi dién tich bé mét 16n, d6
bén héa hoc cao, va d6 doc tinh té bao thip. 1717 Véi
dién tich bé mit khoang 1900 m? g~ ! va kich thudc
16 x6p 11.6 A, ZIF-8 1a vat liéu dugc stt dung nhiéu
trong nhiing nghién cttu vé kha ning dan truyén va
giai phong thudc.?9-?* Bén canh tinh chat da néu,
ZIF-8 con réit dé téng hgp va diéu chinh kich thude dé
thu dugc vat liéu nano.?">>2° Nhiing nghién cu lién
quan da cho théy st dung ZIF-8 cho hiéu qua tai dugc
chét cao, c6 kha ning giai phong thudc theo pH moi

Trich dan bai bao nay: Chanh N M, Linh NH T, Tién LT M, Dat M N X, Thuang NT L, Tan D L H. Nghién citu
qua trinh hap phu dugc chat khang ung thu 3’-deoxyadenosine ctia vat liéu nano khung zeolitic
imidazolate tam kim loai kém. Sci. Tech. Dev. J. - Nat. Sci.; 5(4):1679-1685.
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trudng. 2*>* Mg rong ciu néi hiiu co imidazole, vat
liéu ZIF-11 véGi tAm kim loai Zn va ciu n6i hitu co ben-
zimidazole (BIM) c6 dién tich bé mét khoang 1600 m?
g~ ! va dudng kinh 16 x8p xdp xi 14.6 A.° Do d6, vat
liéu ZIF-11 hoan toan c6 kha néng hap phu dugc chat
tuong tu nhu vét liéu ZIF-8. Ngoai ra, cdu truc ZIF-
11 vdi céc vong phenyl ¢6 thé lam gia ting tuong tic
gitia vt liéu v6i duge chit 3’-deoxyadenosine thong
qua tuong tac xép chong cuia vong phenyl (-t stack-
ing). Chinh vi vay, ching tdi tién hanh nghién ctu
tong hop vat liéu ZIF tit kim loai Zn va cdu ndi ben-
zimidazole d€ tao vat liéu nano Zn-BIM c6 dién tich
bé mat cao va dudng kinh 16 x6p 16n dé khao sit kha
néng hép phu 3’-deoxyadenosine nhim hudng téi Ging

dung vt liéu lam chét mang nano.

VAT LIEU VA PHUONG PHAP

Héa chat

Zinc acetate dihydrate (99%), benzimidazole (99%)
dugc mua tit Merck. Methanol (99%), DMSO (99%),
Ethanol (99%) va toluene (99%) dugc mua ti Fisher.
3’-deoxyadenosine (99%), va ammonium hydroxide
(99%) dugc mua tit Sigma-Aldrich

Thiét bi

Thiét bi phan tich cu tric va tinh chét vatliéu dugc st
dung nhu nhiéu xa tia X dang bt (PXRD) Bruker D8
Advance, quang phd hong ngoai (FT-IR) Bruker Ver-
tex 70, phan tich nhiét trong lugng vi sai (TGA) TA
Q500 Thermal Analysis, phan tich hap phu déng nhiét
nitrogen (N, adsorption) Quantachrome Autosorb-
iQ2, kinh hién vi dién ti quét Hitachi S-4800. Phan
tich lugng chat hdp phu bang thiét bi sic ky 1ong hiéu
néng cao (HPLC) Agilent Technologies 1200

Quy trinh téng hop vat liéu Zn-BIM

Vat liéu Zn-BIM dugc t6ng hgp bing phuong phép
khudy tti & nhiét d phong dua trén quy trinh da dugc
cong b6.?” Hoa tan 0,06 g benzimidazole vao hén hgp
4,6 mL methanol; 2,65 mL toluene va 0,032 mL am-
monium hydroxide r6i khudy tii trong 10 phut & nhiét
d6 18 °C. Tiép tuc cin 0,055 g zinc dihydrate acetate
roi thém vao dung dich trén va khudy ti lién tuc trong
4 gi6 ¢ nhiét d¢ 18 °C. Tién hanh ly tdm thu 14y chat
rén bang thiét bi ly tim & t6¢c d6 8000 vong/phut trong
5 phat. Sau do, rta chit ran da thu hoi & trén 3 lan
(mbi 14n 2 mL) bang dung dich methanol r6i sdy kho
mau & 100 °C trong 1 gi¢. Mau chit rin dugc tiép tuc
rut chén khong gia nhiét & 120 °C trong 12 gio.
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Quy trinh hap phu 3’-deoxyadenosine trén
vat liéu Zn-BIM

Quy trinh hép phu 3’-deoxyadenosine trén vat liéu
Zn-BIM dugc mé phong theo quy trinh da dugc cong
bs.28

Kha nang hdp phu 3’-deoxyadenosine ctia Zn-BIM
dugc nghién ctiu dya trén kha ning hoa tan trong
dung moi va néng do ctia hgp chit. Khao sat danh
huoéng cia dung méi trong qua hinh hdp phy dugc
thuc hién trén 3 loai dung moi 1a dimethyl sulfoxide
(DMSO), ethanol (EtOH) va nudc loai bo ion (DI).
3 mg 3’-deoxyadenosine dugc cho vao lo chtia 5 mL
dung moi ké trén va thuc hién chiéu xa siéu 4m trong
15 phut. Sau d6, cAn 5 mg vat liéu Zn-BIM da hoat
héa cho vao tling lo dung dich da pha & trén va thuc
hién khudy tii lién tuc trong 24 gi¢ & nhiét d6 phong.
Hon hgp sau qua trinh hip phu dugc ly tim & 8000
vong/phut trong 5 phut dé€ thu 14y phan dung dich
nhim xdc dinh lugng chit da hdp phu va phén chét
rdn nhim d€ phan tich d¢ bén ctia vat liéu.

Khao sit anh hudng ctia néng do 3’-deoxyadenosine
dugc thuc hién nhu sau: Can mdi 5 mg vat liéu
Zn-BIM da hoat héa cho vao tiing lo dung dich 3’-
deoxyadenosine c6 néng do tit 0,1-1 mg mL~! va thuc
hién khudy tii lién tuc & nhiét do phong trong 24 gio.
Hén hogp sau qué trinh hép phu dugc ly tAm & 8000
vong/phit trong 5 phut d€ thu ldy phan dung dich
nhdm xdc dinh lugng chit da hip phu.

Lugng chét hip phu dugc phén tich bang sic ky long
hiéu nang cao (HPLC) két hgp dau do UV véi thong
s6 thiét bi chi tiét nhu sau: cdt Zorbax SB-C18 (Agi-
lent, 5 um, 4,6x250 mm) va nhiét d6 cot 30 °C. 5 uL
dung dich mau phan tich ndng d¢ 3’-deoxyadenosine
dugc rut tii dung dich khao sat sau khi loc qua mang
loc 0,2 um dugc tiém vao thiét bi HPLC st dung
hé pha dong gom nudc:acetonitrile (H,O:AcCN=95:5
v/v), t6c 46 dong 1 mL min~! va ddu do phan tich tai
budc song 260 nm. Khai lugng chét da tai dugce tinh
toan dya trén cong thiic

Khéi lugng chit da hdp phy = (©-CalV

Co va Cy, (mg mL~ 1) ndéng do 3’-deoxyadenosine
ban d4u va ltic can bang

V (mL): thé tich dung dich 3’-deoxyadenosine

m,;: khéi lugng Zn-BIM

KET QUA VA BAN LUAN

Phan tich ciu trac vat liéu

Vit liéu sau qua trinh tdng hgp dugc phan tich ciu
truc, tinh chét va hinh thai bing mét s6 phuong phép
nhu PXRD, FT-IR, TGA, hdp phu ding nhiét nitrogen

6 77K va SEM. Gian d6 PXRD ctia vat liéu dugc quét
gbc 20 tlt 3-30 ? cho thdy cdc tin hiéu nhiéu xa c6
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cudng do nhiéu xa cao tai vi tri 4,39; 6,14; 7,54; 8,69
va 9,23%. So sdnh véi gidn d6 nhiéu xa tit cdu tric don
tinh thé ctia vat liéu ZIF-11 cho thdy sy trung khép tai
cdc vi tri tin hiéu nhiéu xa, diéu nay cho thdy cdu tric
vat liéu téng hop tuong tu nhu vatliéu ZIF-11 di cong
b6 (Hinh 1). 12

ﬂ Zn-BIM

J A A Zn-BIM m6 phong

1 | Il |
T T T
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T T
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Hinh 1: K&t qua phan tich PXRD ctia Zn-BIM.

Su hién dién ctia cdu néi hitu co benzimidazole trong
vat liéu dugc xac dinh thong qua tin hiéu dao dong
clia cdc nhém chitc hitu co. Phé FT-IR clia mau vat
liéu (Hinh 2) cho thdy su hién dién ctia cac tin hiéu dac
trung cho dao dong ctia nhém C=C, C=N va C-N tai
viing 1600-1400 cm ™! va 1342-1260 cm ™! lién quan
dén cdu ndi hitu co benzimidazole. Sy dich chuyén
dao dong cua tin hiéu manh ctia nhém chitc C=C va
C=N tai 1600 cm~'va 1490 cm~! trong BIM vé 1590
cem ! va 1480 cm™! trong Zn-BIM chting minh sy
hinh thanh lién két gitia Zn va N ctia benzimidazole.
Ngoai ra, trong phd d6 khong c6 su xuét hién ctia dao
dong lién quan dén nhém chiic C-H tai viing s6 séng
3000 cm~! ctia toluene, diéu nay gitip chiing minh
chét nay da dugc loai bo trong qua trinh hoat héa vt
liéu & nhiét d¢ 120 °C.

Do bén nhiét ctia vat liéu Zn-BIM dugc thé hién qua
su 6n dinh ctia ciu truc khung theo nhiét 9. Két qua
phén tich TGA (Hinh 3) cho thdy, ti nhiét d phong
dén 200 °C c6 su mat khoang 2-3 % khoéi lugng vat
liéu lién quan dén sy bay hoi cta cac hgp chit dung
moi con sot lai trong 16 x6p. Tl 200-350 °C c6 su 6n
dinh vé khéi lugng cho thdy d6 bén cta vat liéu ndm
trong khoang nhiét d6 nay. Tt 350 °C dén 550 °C, su
sut gidm khoi lugng dién ra lién tuc va chiém khoang
60% khdi lugng ctia vat liéu. Két qua nay cho théy,
phan 16n khoi lugng bi thay d6i lién quan dén sy mét
di ctia phén cdu noi hitu co va ciu truc khung bi sup
d6. Tu d6 dén 800 C, su 6n dinh ctia khéi lugng mau
trong khoang 32% thudc vé phan oxide kim loai Zn.
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Hinh 2: Két qua phan tich FT-IR ctia Zn-BIM.
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Hinh 3: K&t qua phan tich TGA ctia Zn-BIM.

Dién tich bé mat va dudng kinh 16 x6p cua vat liéu
dugc thé hién bsi phép phan tich hdp phu nitrogen &
77 K. Dya vao dudng cong hdp phu (Hinh 4) cho théy
vétliéu hdp phu N, theo dang dudng ddng nhiétloai 1.
Két qua tinh toan dién tich bé mat theo phuong trinh
Bruher-Emmett-Teller (BET) 1a 700 m? g*1 va kich
thuéc 16 x6p theo phuong trinh BJH 12 14 A. Ngoai ra,
két qué phén tich hinh thai ctia vat liéu Zn-BIM béng
SEM cho thdy c6 d6 dong nhét cao, c6 dang hinh khoéi
tinh thé, va kich thuéc khoang 100 nm (Hinh 5).

Nghién ciu khd niang hap phu 3'-
deoxyadenosine ctia vat liéu Zn-BIM

Sau khi da xdc dinh dugc vat liéu x8p c6 dién tich
bé mit trén 700 m? g~! va kich thudc 16 x6p 14 A,
Zn-BIM di dugc sti dung cho khao sat qud trinh hép
phu 3-deoxyadenosine. Anh huéng ctia dung moéi
lén qua trinh hip phu dugc thé hién trong Hinh 6.
Co thé thdy rang, kha ning hip phu trong dung moi
DMSO va nudc kht ion la tuong déi gan nhau va
cao hon trong truong hop dung méi EtOH. Li do c6
thé do tai nong d¢ cua 3’-deoxyadenosine st dung

1681



Tap chi Phdt trién Khoa hoc va Céng nghé — Khoa hoc Tu nhién, 5(4):1679-1685

320

300 |-
280
260
240
T, 220
"’E 200
S 180f o—gw=
> 160 |
> -
2 |
| 100 |
b o
80 +
60 -
40
20 +
9 . . . . .
0.0 0.2 0.4 0.6 0.8 1.0

PP

4

Hinh 4: Két qua phan tich hdp phu N, & 77 K cla
Zn-BIM.

Hinh 5: Két qua phan tich SEM ctia Zn-BIM.

trong khao st 1a 0,6 mg mL~! trong khi d6 tan ctia
hop chét nay trong dung moi EtOH 1 0,5 mg mL™!,
dan dén 3’-deoxyadenosine di khong tan hoan toan
va chi khuéch tdn dugc mot phan vao bén trong 16
x0p clia Zn-BIM. Ngugc lai, trong dung méi DMSO
va DI, d¢ tan ctia 3’-deoxyadenosine khoang 10 va 30
mg mL~! do d6 vat lieu da hép phu dugc lugng 3’-
deoxyadenosine nhiéu hon.

Vat liéu Zn-BIM sau thi nghiém hép phu dugc kiém
tra bang thiét bi PXRD nham xdc dinh d¢ bén cdu
triuc x6p. Dua vao gian d6 PXRD trong Hinh 7, ¢6
thé thély cac tin hiéu nhiéu xa cia miu vt liéu trong
dung méi DMSO van dugc duy tri tai vi tri 20 nhu
ban d4u va khong c6 su thay d6i dang ké vé cudng do
nhiéu xa. Trong dung moéi H,O va EtOH, c6 su sut
giam vé cudng do nhiéu xa lién quan dén do bén vat
liéu trong moi truong. Do d6 xac dinh dugc DMSO
14 dung moéi phit hgp cho qua trinh tai dugc chit 3’-
deoxyadenosine trén vét liéu Zn-BIM.

Su hdp phu & cac nong do 3’-deoxyadenosine khic
nhaulén méu Zn-BIM dugc thic hién trong dung moéi
DMSO tai nhiét d6 phong trong 24 gi¢ dugc mo ta
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Hinh 6: Anh hudng ctia dung méi trong qua trinh
hédp phu 3'-deoxyadenosine ctia vat liéu Zn-BIM
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Hinh 7: Gian d6 PXRD mau vat liéu sau khi hap phu
3'-deoxyadenosine

& phin quy trinh trong phin 2. Két qua tinh todn
khdi lugng chit da tai trén Zn-BIM dugc trinh bay
trong Hinh 8. Khi néng d6 3’-deoxyadenosine ting,
khéi lugng chat hdp phu trén ZIF-11 clng gia ting
va duong cong hidp phu cho thdy qud trinh hép phu
tuan theo mo6 hinh hap phu loai I. Tt két qua nay co
thé xdc dinh dugc phan trim tai 3’-deoxyadenosine
tai néng d6 0,3 mg mL~! c6 hiéu sudt tai cao nhat 1a
37% (Bang 1). V6i hiéu sudt tai nhu trén cho thdy vét
liéu Zn-BIM c6 kha nang hip phu dugc lugng 16n 3’-
deoxyadenosine tai nong d6 ban d4u thép, nghién ctiu
cung cép di liéu quan trong cho quda trinh tai nhim
tiét kiém lugng dugc chat ban dau.

KET LUAN

Zn-BIM dugc tong hgp trong diéu kién khudy tii &
nhiét d6 18 °C dé thu dugc hat vét liéu dong nhdt c6
kich thuéc 100 nm ma van dam béo cdu triuc khung
zeolitic imidazole, d6 bén 200-350 °C. Vat liéu co
dién tich bé mit trén 700 m®> g~ va duong kinh
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Bang 1: K&t qua tinh toan lugng tai va hiéu suat tai 3'-deoxyadenosine trén vat liéu Zn-BIM theo néng dé.

STT Nong d6 3-deoxy (mg mL~1) Qe (mg g’l) Hiéu xudt tai (%)
1 0,1 15,98 15,98
2 0,2 44,12 22,06
3 0,3 111,43 37,14
4 0,4 142,20 35,55
5 0,5 153,36 30,67
6 0,6 161,44 26,90
7 0,7 182,7 26,08
8 0,8 189,10 23,63
9 0,9 194,03 21,55
10 1,0 197,68 19,76
UV-VIS: Ultraviolet-visible spectroscopy (Quang phé
200 | . tu ngoai kha kién)
/'/ _ ZIF: Zeolitic-imidazole framework (Vét liéu khung
150l P zeolite-imdazole)

100

ge/mgg’

0 1 L I 1
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Hinh 8: Anh hudng ctia néng d6 3'-deoxyadenosine
trong qua trinh hdp phu cta vat liéu Zn-BIM

16 x6p trén 14 A dé dang cho hoat dong hidp phu
hgp chit 3’-deoxyadenosine. Két qua nghién ctiu anh
huoéng cta dung moéi va nong d6 khac nhau ctia 3’-
deoxyadenosine cho thdy dung méi DMSO va néng
d6 3*-deoxyadenosine 4 0,4 mg mL~! 13 diéu kién t6t
cho quad trinh hip phu hgp chét dat dugc hiéu qua tai
cao.

DANH MUC CAC TU VIET TAT

BIM: Benzimidazole
FT-IR: Fourier-transform
(Quang phé hong ngoai)
MOFEF: Metal-organic framework (Vat liéu khung htiu
co kim loai)

PXRD: Powder X-Ray diffraction (Nhiéu xa tia X
dang bot)

SEM: Scanning Electron microscopy (Kinh hién vi
dién tl quét)

TGA: Thermogravimetric analysis (Phan tich nhiét

infrared spectroscopy

trong lugng vi sai)

XUNG POT LO1 iCH

Céc tac gia khéng dinh khong c6 xung dot loi ich doi
v6i cac nghién ctiu, tac gid va xuét ban bai bdo
DPONG GOP CUA CAC TACGIA

Nghién ctiu nay dugc thiét ké bdi tac gia Poan Lé
Hoang Tan va Nguyén Minh Chénh. Téc gia Nguyén
HO6 Thuy Linh, Nguyén Minh Chanh, Lé Thi My Tién,
Mai Ngoc Xuan Dat tién hanh khéo sat thuc nghiém,
thu thap s6 liéu va xt 1y két qua. Tac gia Nguyén Ho
Thuy Linh, Nguyén Minh Chénh, Lé Thi My Tién,
DPoan Lé Hoang Tan va Nguyén Thi Lién Thuong tham
gia viét ban thao.

LO1 CAM ON

Nghién cttu nay dugc tai trg bdi Quy Phét trién Khoa
hoc va Céng Nghé Qudéc Gia trong khuon khé dé tai
ma s6 103.02-2020.62.
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ABSTRACT

In this research, a zinc-based zeolitic imidazolate framework (Zn-ZIF) nanomaterial was success-
fully synthesized and investigated for adsorption of 3'-deoxyadenosine as an anticancer drug. The
nano MOF was prepared via a mild reaction of zinc acetate dihydrate and benzimidazole as or-
ganic bridges in a solvent mixture of methanol, toluene, and ammonium hydroxide. The structure
and properties of the synthesized nanomaterial characterized by modern physical analysis tech-
niques such as X-ray diffraction (P-XRD), thermogravimetric analysis (TGA), infrared spectroscopy
(FT-IR), and Ny isotherm adsorption at 77 K. The analyzing results show that the material has high
crystallinity, thermal stability up to 300 °C, and surface area approximately 700 m? g=!. In the
experiments for adsorption of anticancer drug 3'-deoxyadenosine, various parameters of adsorp-
tion process were investigated including solvent (dimethyl sulfoxide, ethanol, and deionized water)
and drug concentrations in range of 0.1-1.0 mg mL~!. Moreover, the drug-loaded MOF nanosys-
tems were characterized by P-XRD technique to study their stability after adsorption process. The
resuls of drug adsorption experiments indicated that the maximum adsorption capacity of 3'-
deoxyadenosine of the nanomaterial was approximately 190 mg g~ after 24 h in dimethyl sulfoxide
and the adsorption efficiency was about 37%. The study dislays that the Zn-ZIF nanomaterial has
high potential as a nanocarrier to deliver 3'-deoxyadenosine in cancer treatment.

Key words: 3'-deoxyadenosine, drug adsorption, nanomaterial, zeolitic imidazole frameworks,
Zn-ZIF
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