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Tém tit: Mang lu6i cau tric 3D-nano-cellulose (M3NC) c¢é nhiéu tng dung trong linh vuc y sinh
va cac hé théng phan phdi thudc tién tién. Vat lidu M3NC tao ra tir Acetobacter xylinum trong moi
truong chuan (M3NC-MTC), nudc dira (M3NC-MTD) va nuée vo gao (M3NC-MTG) dugc nap
famotidine bang phuong phap hip thu thu dugc cic M3NC vén tai thudc dé khao sat sinh kha
dung in vivo ctia thudc. Nghién ciru sinh kha dung cua vat liéu M3NC nap famotidine dugc thyc
hién trén thé va dinh luvong famotidine trong mau huyet tuong bang phuong phap HPLC. Két qua
cho thdy cac loai vat liéu M3NC nap famotidine c6 thé tao hé van tai thubc giai phong kéo dai,
trong d6 thoi gian giai phong kéo dai cua vat licu M3NC-MTC nap famotidine va M3NC-MTD
nap famotidine cao hon vat licu M3NC-MTG nap famotidine. Sinh kha dung in vivo cta vat li¢u
M3NC-MTC nap famotidine 1a 172%, M3NC-MTD nap famotidine 1a 159%, M3NC-MTG nap
famotidine 1a 131% so véi vién nén famotidine trén thi trudong. Cac loai vat liéu M3NC nap
famotidine da lam tang sinh kha dung ctia famotidine so v4i vién nén famotidine thuong mai.

Tw khoa: Acetobacter xylinum, famotidine, gidi phéng kéo dai, mang ludi 3D-nano-cellulose
(M3NC), sinh kha dung in vivo.

1. Mé dau

Famotidine 14 mot trong s cac loai thudc
duong tiéu hoa dung qua duong tiém hodc
ubng, hoa tan dugc trong axit, rat it tan trong
nude. Thude ¢o tac dung lam giam tiét dich vi
nhd co ché dbi khang voi histamine tai thy thé
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H, & cac vach té bao niém mac da day, lam
giam tiét ca so lugng va nong d6 HCI cua dich
vi, 1am lanh cac vét loét da day,... Tuy nhién,
sinh kha dung ctia famotidine thap (khoang 40
— 45%) da lam giam tac dung dugc ly cta nd
[1]. Cac nghién ctru hién nay tap trung cai thién
cong thirc va quy trinh bao ché nhim tao ché
phém c6 d6 hoa tan cao, cai thién sinh kha dung
cta thude [1, 2]. Mang ludi 3D-nano-cellulose
(M3NC) duoc tao ra boi vi khuan Acetobacter
xylinum (A. xylinum) c6 cdu trac hoéa hoc rét
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giéng cellulose cua thyc vat nhung c6 mot )
tinh chét hoa ly dac bi€t nhu duong kinh sgi
nhé (cd nanomet), d0 tinh khiét cao, do
polymer hoa 16n, d6 bén co hoc va kha ning
thAm hat nude cao,... Vi viy, vat lieu M3NC
dugc g dung trong nhiéu linh vuc cong nghé.
Trong linh vyc y hoc, M3NC dugc nghién ciru
dung lam ta dugc, mat na dudng da, mach mau
nhan tao, mang sinh hoc tri bong va dic biét sur
dung 1am hé vén tai va phan phdi thudc [3].
Huang va cac cong sy da sit dung M3NC duoc
lén men tr modi trudng chuan (Hestrin —
Schramm [9]) ding cho van tai va phan phdi
berberine in vitro [4]. Két qua nghién ctru khac
cho thdy M3NC dugc 1én men tir méi trudng
chuén c6 tiém ning 1am hé van tai va phan phdi
thudc qua duong udng [3]. Satishbabu va cac
cong sy danh gia h¢ thong giai phong thude
cham cua famotidine dwa trén dau gan ca thu
két hop véi hat calcium alginate [5]. Anraku va
cac cong sy da nghién ctru gidi phong cham cua
famotidine tr vién nén: chitosan/sulfobutyl
ether B — cyclodextrin composites [6]. Zhu va
cac cong su dd nghién ciru thiét ké hé thong
phan phéi thudc lam ting sinh kha dung cta
famotidine trén chudt cdng [1]. Maday va céac
cong sy da danh gia chirc nang axit cua
carboxymethyl — beta — cyclodextrin trong viéc
cai thién sy on dinh héa hoc, sinh kha dung
duong ubng va huong vi ding cua famotidine
[7]. Fahmy va cac cong su da danh gia ti 1€ giai
phong thudc famotidine thong qua xdy dung
vién liquisolid trén ca in vitro va in vivo [8].
Vit lidu M3NC c6 kha ning hip thu va giai
phong thudc khac nhau khi duogc tao ra tir 4.
xylinum trong cac loai méi truong dinh dudng
khac nhau nhu: méi truong chuan (MTC) [3, 4,
9-11], nuéc dira (MTD) [11-13], nudc vo gao
(MTG) [11-13],... Nghién ctru nay nhim danh
gia sinh kha dung in vivo ctia famotidine tir vat
liéu M3NC nap famotidine duoc tao ra tur 4.
xylinum trong mdi truong chuidn (MTC), nudc
dura (MTD) va nudc vo gao (MTG).

2. Phwong phap nghién ciru
2.1. Héa chdt va trang thiét bi

Vat liéu va héa chat: Famotidine 99,5%
(Sigma - My); vién nén famotidine (FAMSYN-
20, Haryana - An D¢); cao nim men (My);
pepton (European Union); methanol, acetonitril,
natri acetat trihydrat, tricthylamin, acid acetic
bang,... (Merck); cac hoéa chit khac dat tiéu
chuan dung trong sic ky va phan tich.

Trang thiét bi: Can phan tich (Sartorius,
Thuy S¥); khuay tr gia nhiét (IKA, Butc); may
lic tron tbe do cham (Orbital
Shakergallenkump, ~Anh); may lic (Lab
companion, SKF-2075, Han Quoc) ta sdy, tu
am (Binder, Duc); budng cdy vO tring
(Haraeus); ndi hip khur trung  (HV-
110/HIRAIAMA, Nhat Ban); may sac ky long
(Acquity UPLC HClass, két hop khéi phd Xevo
TQD, Waters, My); thiét bi lic (xor Vortex
ZX3, Velp Scientifica, M¥); thiét bi lic xody
ngang (Reciprocating Shaking 3006, GFL,
Duc); thiét bi béc hoi dung mdi ¢ ap suat giam
(Centrivap solvent system, Labconco, M¥); tu
lanh sau (MDF 236, Sanyo, Nhat).

2.2. Ching vi khudn, méi truong nudi cdy va
dong vdt thi nghiém

Chung vi khuan: Vi khuan Acetobacter
xylinum duge phan 1ap va nudi cdy tai phong
sach Vi sinh — Pdng vat, Vién Nghién ctru Khoa
hoc va Ung dung - Truong DPHSP Ha Noi 2.

Moi trudng nudi cdy [9-11]: Mbi trudng
chudn (MTC) gom glucose (20 g), pepton (5 g),
diamoni photphat (2,7 g), cao nam men (5 g),
acid citric (1,15 g), nudc cat 2 1an (1000 mL);
mdi truong nude dira gia (MTD) gom glucose
(20 g), pepton (10 g), diamoni photphat (0,5 g),
amoni sulfat (0,5 g), nudc dua gia (1000 mL);
mdi trudng nudc vo gao (MTG) gdm glucose
(20 g), pepton (10 g), diamoni photphat (0,5 g),
amoni sulfat (0,5 g), nuéc vo gao (1000 mL).

Dong vat thi nghiém: Tho tring khoe manh,
khéi luong khoang 2,5-2,7 kg, 3-3,5 thang tudi,
dat tiéu chuén thi nghiém, dugc cung cap tur
Vién Kiém nghiém thudc Trung wong. Tho
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dugc cho thich nghi v6i didu kién phong thi
nghiém it nhat mot tuan va cho nhin doi 12 gio,
chi uong nudc trude khi thi nghiém.

2.3. Tao vat lieu M3INC nap famotidine dung
danh gia sinh kha dung in vivo

Lén men thu M3NC tir 3 m6i truong theo 6
budc [11]: Chuén bi mdi trudng; Hap khir tring
mdi truong d6 & 113°C trong 15 phat; Ly moi
truong ra khir tring bang tia UV trong 15 phit
roi dé ngudi; B sung 10% dich giéng va lic
cho g16ng phan bd déu trong ‘dung  dich;
Chuyén dich sang dung cu nudi cay theo kich
thuge nghién ctru (budng nudi cdy té bao 24
giéng d1,5 cm), dung gac vo trung bit miéng
dung cu, dat tinh trong 10-14 ngay ¢ 28 °C; Thu
vat liéu M3NC tho va xir Iy tinh sach M3NC
truée khi nap thude. Vat lidu M3NC c6 duong
kinh 1,5 cm véi d0 day 1 cm duoc nap
famotidine theo diéu kién t6i wu trong nghién
cuu trude day cua chung t6i [10, 11].

2.4. Nghién ciru sinh kha dung in vivo cua
famotidine gidi phong tie M3NC nap thuoc

Thiét ké thi nghiém: 12 tho thi nghiém dugc
chia thanh 04 nhoém (n = 3 cho mdi nhoém). Mdi
tho cho udng 01 vién ché phim hodc 01 vién
nén voi lidu don cé ndng do6 20 mg/tho: nhom 1
(vién nén famotidine thuong mai), nhém 2 (ché
phim M3NC-MTC nap thudc), nhém 3 (ché
pham M3NC-MTD nap thudc), nhém 4 (ché
pham M3NC-MTG nap thude).

Phuong phap lay mau: Sau khi cho thé ding
thudc 14n luot 14y miu mau thd vao thoi gian
trude khi ding thude (miu tring khong co duoc
chét), sau do léy méau lan lugt tr 0,5 gio, 1 gio,
2 gio, 4 gio, 6 gio, 8 gio, 10 gio, 12 gio, va 24
gir sau dung thudc [14]. Chon tinh mach thich
hop, méu duge ldy ¢ sau tai tho. Dung miii kim
d3 sat khuan trich tinh mach sau tai tho, himng
mau vao ong nghiém cé chua sin chét chéng
dong mau (EDTA). Ngay sau khi lay, mdi mau
méu duoc lic nhe nhang dé dam bao tron hoan
toan voi cac thude chéng déng mau va ngay 1ap
tac ly tim & 5000 rpm trong 10 phut ¢ 4 °C dé
tach huyét tuong. Huyét twong (plasma) noi s&

dugc chuyén sang 6ng sach va tién hanh phan
tich [14].

Dinh lugng famotidine trong huyét tuong
tho bang phuong phap HPLC: Khao sat didu
kién sic ky, quy trinh xir Iy mau va tham dinh
phwong phép phén tich duoc thuc hién theo két
qua nghién cuu trude ddy cua chung toi [15].
Chung to1 dé khao sat, t6i wu hoa cac diéu kién
sdc ky va lua chon duoc cac diéu kién nhu sau:
Cot 1a cot thép khong gi C18 (15 cm x 4,6 cm,
5 um); Tdc do: 1,2 mL/phut; Detector: 275 nm;
Nhiét do: 40 °C; Thé tich tiém: 50 uL; Pha
dong: Bém pH 6,0 (Hoa tan 13,6 g natri acetat
trihydrat trong 750 mL nuéc. Thém 1 mL
triethylamin, diéu chinh d&én pH 6,0 bing acid
acetic bang, pha loang v6i nude dén 1000 mL)
— acetonitril = 90:10. Quy trinh xu 1y mau: Hut
1 mL huyét twong tho tai cic thoi diém nghién
ciu (ly tam khoang 3 mL mau thé 7000
vong/phut trong 10 phat thu 14y dich nbi) vao 1
mL methanol, tron déu. Ly tdm 7000 vong/phit
trong 10 phat thu dich noi, tiém 50 uL vao hé
théng HPLC.

2.5. Cdc théng sé danh gid sinh kha dung in vivo

Nong d6 cuc dai (Cpay), thoi gian dat ndng
d6 cuc dai (Tay), dién tich dudi du(‘)pg cong
(AUC), thoi gian ban huy cua thuoc (t,).

SKDyong déi = AUC,, %X Dy %100 (1)
AUC

chuan x thu

Trong cong thirc 1: AUCy, la dién tich dudi
duong cong cia thube thir; AUC ¢huan 12 dién tich
dudi duong cong cua thude dbi chiéu; Dy, 1a
liéu st dung cua thudc thir; Depan 12 liéu st
dung ctia thuéc dbi chiéu. Néu ché pham thur
c6 SKD = 80 — 125% so v6i ché pham dbi
chiéu s& dugc coi 1a twong dwong sinh hoc
v6i ché pham ddi chiéu [16].

2.6. Xur Iy 56 liéu

Cac so liéu duoc phan tich, xu ly thong qua
phan mém Microsoft Excel 2010 va dugce biéu
din duéi dang “sd trung binh + d6 1éch chuan”.
Kiém dinh gia thiét v& gi4 trj trung binh cua hai
mau bing cach sir dung test théng ké. Nhiing
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khac biét dugc coi 1a co ¥ nghia théng ké khi
gia tri p < 0,05. Cac thong s6 duoc dong hoc
dugc tinh toan, xtr 1y bang chuong trinh b6
sung cho phan tich dit li€u trong Microsoft
Excel (PKSolver) [17].

3. Két qua va ban luin

Quy trinh phan tich famotidine trong huyét
tuong thdé da dugc chung t6i xay dung va cong
bb [15] bao gdm phuong phap xtr Iy mau va
phwong phéap phén tich bang HPLC. Qua khao
sat, chiing t6i da chon dugc dung modi pha mau
12 methanol, cac diéu kién phan tich sic ky long
hiéu ning cao phu hop vé& cot, pha dong,
detector, toc do dong, thé tich tiém mau cho
phép phan tich famotidine trong huyét tuong tho

v6i gioi han phat hién nhd 0,0644 pg/mL va gidi
han dinh Iuvong 1a 0,212 pg/mL [15].

Quy trinh dinh Iuwong famotidine trong
huyét tuong tho da duogc thAm dinh vé tinh dic
hiéu, do tuyén tinh, khoang xac dinh, gidi han
xac dinh, gigi han dinh luong, d6 dung, do 1ap
lai, do chinh xéc trung gian. Cac két qua nghién
ctru cho thay phuwong phap phi hgp dé dinh
lwong famotidine trong huyét tuong thé [15].

Céac mau huyét twong tho thu dugc sau khi
cho uéng 3 loai vat li¢u M3NC nap famotidine
va vién nén famotidine voi cing ndng do 20
mg/tho [18, 19] duoc xtr Iy va dinh lugng theo
phuong phap mo ta trong nghién ciru trudc day
cta ching t6i [15]. Két qua xac dinh ndng do
famotidine trong huyét tuong tho sau khi udng
3 loai vat licu M3NC nap thudc va vién nén
famotidine duoc thé hién ¢ Bang 1.

Bang 1. Nong d6 famotidine trong huyét trong tho sau khi géng 3 loai vat li¢u M3NC nap famotidine va vién
nén famotidine thwong mai cung nong d6 20 mg/tho (n = 3)

Thoi gian M3NC-MTC nap M3NC-MTD nap M3NC-MTG nap Vién nén

(gio) famotidine (ng/mL) famotidine (ng/mL) famotidine (ng/mL) (ng/mL)
0,5 2,641 £ 0,154 5,641 £0,154 6,917 +0,292 6,479 + 0,979
1 6,006 + 0,278 8,567 + 0,220 9,520 + 1,565 11,860 + 0,760
2 9,751 £ 0,286 9,504 £ 0,279 11,318 £ 0,656 14,015 +0,933
4 10,946 + 0,146 10,687 + 0,082 12,972 + 0,526 9,931+0,711
6 11,723 £ 0,138 11,410+0,190 11,518 0,332 7,887 + 1,068
8 11,274 +£ 0,086 10,604 £+ 0,102 6,410 £ 0,456 4,364 £ 0,463
10 8,906 + 0,465 8,037+ 0,182 3,974 £ 0,245 2,666 + 0,319
12 5,804 £ 0,244 4,761 + 0,288 2,689 + 0,343 0,933 +0,218
24 0,834 + 0,047 0,517 £0,277 0,207 +£0,103 0,031 + 0,006

Két qua & Bang 1 cho thdy, vao cac thoi
diém khao sat dau, nong do famotidine trong
huyét twrong tho ting chdm & tho udng M3NC-
MTC nap famotidine hodc M3NC-MTD nap
famotidine, nhung ting nhanh ¢ tho udng
M3NC-MTG nap famotidine hoac vién nén
famotidine thwong mai. O da sb cac thoi
diém, néng d6 famotidine trong huyét twong

tho udng cac loai vat liéu M3NC nap
famotidine déu cao hon khi tho ubng vién nén
famotidine thuong mai.

Dé ¢ thé minh hoa rd hon sy khac nhau vé
nong d6 famotidine trong huyét tuong giira 4
nhom tho, cac sb lidu duoc biéu din dudi dang
dudng cong néng do famotidine trung binh theo
thoi gian duoc thé hién trén Hinh 1.
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Hinh 1. Biéu dién ndng d6 famotidine trong huyét tuong thé theo thoi gian.

Béang 2. Thong $6 dugc dong hoc trung binh cua 3 loai M3NC nap famotidine va
vién nén famotidine thuong mai

Thong sb Pon vi

M3NC-MTC nap

M3NC-MTD nap M3NC-MTG nap Vién

famotidine famotidine famotidine nén
Tinax gid 6 6 4 2
Cnax ug/mL 11,72 11,41 12,97 14,02
ti gidy 421 3,64 3,27 2,24
AUCo, gidr.pug/mL 152,44 142,82 119,12 91,19
AUCo gidrpg/mL 157,51 145,53 120,09 91,29

Céc thong sb lién quan dén hap thu thudc
qua dudng udng trén cic nhom tho udng cac
loai vat ligu M3NC nap famotidine va vién
nén famotidine thuong mai dwoc trinh bay &
Bang 2.

Két qua & Bang 2 cho thdy: cic nhom thod
uéng M3NC-MTC nap famotidine, M3NC-
MTD nap famotidine, M3NC-MTG nap
famotidine va vién nén famotidine thuong mai
dat duoc C.x sau lan lugt 1a 6, 6, 4, 2 gio,
chung to, famotidine trong vién nén thuong mai
duoc hép thu nhanh hon so voi famotidine duoc
nap trong cac loai vat liéu M3NC. Néng do
thudc cuc dai trong huyét tuong trén thé ubng
cac loai vat lidu M3NC nap famotidine déu thip
hon so voi thd udng vién nén famotidine
thuong mai. Thoi gian ban thai (t,,) va gia tri

dién tich duéi duong cong (AUC) cuia cac loai
vat li¢u M3NC nap famotidine déu cao hon so
véi vién nén famotidine thuong mai. T, cla
M3NC-MTC nap famotidine va M3NC-MTD
nap famotidine cao hon M3NC-MTG nap
famotidine, va vién nén famotidine thuong mai
¢0 Tmax nho nhat. Nhu vay, cac loai vat li€u
M3NC nap famotidine c6 thé giup thudc giai
phéng kéo dai, trong d6 thoi gian giai phong
kéo dai cua vat licu M3NC-MTC va M3NC-
MTD nap famotidine cao hon M3NC-MTG nap
famotidine. Sinh kha dung in vivo cia vat liéu
M3NC-MTC nap famotidine 1a 172%, M3NC-
MTD nap famotidine la 159%, M3NC-MTG
nap famotidine 1a 131% so voi vién nén
famotidine trén thi truong. Cac loai vat liéu
M3NC nap famotidine da gitp cai thién sinh
kha dung cua famotidine so voi vién nén
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famotidine thwong mai. Két qua nghién ctru cua
Jha va cong su [18] cho thiy cac cong thirc vi
nhil tuong nap famotidine sau khi st dung qua
duong udng dugc thyc hién trén tho cho két qua
vé kha ning xuyén thdm thudc qua thanh rudt
va Cpax cao hon thude tinh khlet, sinh kha dung
tang cua famotidine dugc nap vao hé vi nhil
tuong c6 thé 1a do tinh xuyén thdm thudc qua
thanh rudt tang. Nghién ctru sinh kha dung in
vivo cta cac cong thirc vi cdu nbi nap
famotidine dugc Mishra va cong su [19] thuc
hién trén tho; Cmax, max Va AUC du:orc tinh toan
va xac nhdn rang cong thirc vi cau ndi nap
famotidine giup phan phdi thuéc duge kiém
soat va cai thién sinh kha dung dudng udng.

Két luén

Cac loai vat ligu M3NC nap famotidine co
thé tao hé véan tai thudc giai phong kéo dai,
trong d6 thoi gian giai phong kéo dai ctia vat
liecu M3NC-MTC nap famotidine va M3NC-
MTD nap famotidine cao hon vét li¢u M3NC-
MTG nap famotidine. Sinh kha dung in vivo
cua vat lifu M3NC-MTC nap famotidine la
172%, M3NC-MTD nap famotidine 1a 159%,
M3NC-MTG nap famotidine 1a 131% so vdi
vién nén famotidine trén thi truong. Cac loai
vat licu M3NC nap famotidine da lam ting
sinh kha dung cua famotidine so v64i vién nén
famotidine thuong mai.

Loi cam on

Xin tran trong cam on thanh vién va cong
tac vién ciia nhom nghién ctru Ky thuat sinh y
dugc hoc (BIPERG) thudc Vién Nghién ctu
Khoa hoc va Ung dung — Trudng Pai hoc Su
pham Ha Noi 2 da tham gia mot phan trong dé tai.
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Evaluation of the /n Vivo Bioavailability of Famotidine-loaded
3D-nano-cellulose Networks Produced by Acetobacter
xylinum in Selected Culture Media

Nguyen Xuan Thanh

Institute of Scientific Research and Applications, Hanoi Pedagogical University 2,
No 32, Nguyen Van Linh, Xuan Hoa, Phuc Yen, Vinh Phuc, Vietnam

Abstract: 3D-nano-cellulose networks (3DNC) material has wvarious applications in the
biomedical fields and advanced drug delivery systems. 3DNC materials produced from Acetobacter
xylinum in standard medium (3DNC-STM), coconut medium (3DNC-COM) and rice medium (3DNC-
RIM) were loaded with famotidine by absorption method to obtain famotidine-containing 3DNC to
investigate the in vivo bioavailability. The results show that famotidine-loaded M3NCs could produce
prolonged release drug delivery, where the extended release time of famotidine-loaded 3DNC-STM
and famotidine-loaded 3DNC-COM was higher than famotidine-loaded 3DNC-RIM. The in vivo
bioavailability of famotidine-loaded 3DNC-STM was 172%, famotidine-loaded 3DNC-COM was
159%, and famotidine-loaded 3DNC-RIM was 131% compared with the commercial famotidine
tablet. Famotidine-loaded 3DNC materials increased the famotidine’s bioavailability in comparison
with the commercial famotidine tablet.

Keywords: Acetobacter xylinum, in vivo bioavailability, famotidine, prolonged release, 3D-nano-
cellulose networks (3DNC).



