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NGHIEN CUU SINH KHA DUNG IN VIVO CUA CHE PHAM M3NC-MTC-CUR
DUNG CHO PUONG UONG HOAC QUA DA

' Nguyén Xuan Thanh
Vién Nghién ciru Khoa hoc va Ung dung, Truong Dai hoc Sw pham Ha Noi 2

TOM TAT

Curcumin (CUR) ¢ nhiéu tac dung sinh hoc va an toan véi con ngudi nhung c6 sinh kha dung
thip. Mang lu6i 3D-nano-cellulose (M3NC) duoc tao ra tir Acetobacter xylinum trong méi trudng
chuan (MTC) dung 1am vét liéu mang CUR tao ché pham M3NC-MTC-CUR di dugc ching minh
¢6 kha nang giai phong curcumin kéo dai in vitro. Muyc dich ctia nghién ciru ndy nham danh gia
sinh kha dung in vivo cta ché phim M3NC-MTC-CUR ding cho dudng udng hoic dung qua da.
Ham lugng CUR trong huyét tuong tho sau khi ding ché pham duoc phan tich dinh luong boi sir
dung sic ky 16ng siéu hiéu nang (UPLC). Cac thong sé dugc dong hoc nhu ndng d6 CUR cuc dai
(Cinax), thoi gian dat n6ng d6 CUR cuc dai (Tax), dién tich dudi duong cong (AUC), thoi gian ban
hay cta CUR (typ),... duoc tinh théng qua chwong trinh PKSolver. Két qua dung duong udng hoic
ding qua da ché pham M3NC-MTC-CUR & tho déu cho thdy ché pham c6 thé tao hé mang CUR
giai phong kéo dai. Sinh kha dung in vivo cia M3NC-MTC-CUR ding dudng udng 1a 342%, trong
khi ché phim nay ding qua da ¢ ciing nong dd CUR c6 sinh kha dung in vivo 1 368%. Ché pham
M3NC-MTC-CUR di lam ting sinh kha dung ctia CUR so véi CUR nguyén chét ¢ ca duong uéng
va dudng qua da & tho.

Tir khéa: Curcumin (CUR); dwong uong; dwong qua da; sinh kha dung in vivo; mang lwdi 3D-
nano-cellulose (M3NC)
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ABSTRACT
Curcumin (CUR) has many biological effects and safety for human but has low bioavailability.
3D-nano-cellulose (3DNC) networks were produced by Acetobacter xylinum in standard medium
(SM) used as CUR carrying material, 3DNC-SM-CUR has been proven to prolonged release
curcumin in vitro. The purpose of this study was to evaluate the in vivo bioavailability of 3DNC-
SM-CUR for oral or transdermal administration. The concentration of CUR in rabbit plasma after
use of 3DNC-SM-CUR was quantitatively analyzed by using ultra performance liquid
chromatography (UPLC). The pharmacokinetic parameters such as maximum CUR concentration
(Cinax), maximum CUR concentration time (T.x), area under curve (AUC), CUR half-life (ty5),
and so on were calculated using the compartmental method with PKSolver program. The results of
oral or transdermal administration of 3DNC-SM-CUR in rabbits showed that 3DNC-SM-CUR can
create a prolonged CUR release system. The in vivo bioavailability of 3DNC-SM-CUR
administered orally was 342%, while 3DNC-SM-CUR was administered in the transdermal patch
at the same CUR concentration with an in vivo bioavailability of 368%. 3DNC-SM-CUR has
increased CUR bioavailability compared to pure CUR in both oral and transdermal administration
in rabbits.
Keywords: Curcumin (CUR); oral administration; transdermal administration; in vivo
bioavailability; 3D-nano-cellulose networks (3DNC)
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1. Gi6i thiéu

Mang Iuéi 3D-nano-cellulose (M3NC) la mét
loai nguyén liéu méi do vi khuan Acetobacter
xylinum tao ra c6 nhiéu ting dung trong cac
linh vyc khac nhau. M3NC da duoc nghién
ciru dung lam td dugc, mdt na dudng da,
mach mau nhéan tao, mang sinh hoc tri bong
va dac biét st dung lam hé van tai va phan
phéi thude [1]. Viéc st dung M3NC lam
mang boc paracetamol cho thdy mang M3NC
gitip cho thudc duoc giai phong mot cach kéo
dai 1am ting hiéu qua str dung cua thude [2].
M3NC di duoc dung nhu chit nén nap
famotidine va tizanidine dé tao hé mang thude
cho thiy M3NC c¢6 tiém niang dung cho
duong udng [1]. Mang M3NC mang thudc
dung qua da dd duoc nghién ciru bang cach
tai tetracycline cho thdy mang M3NC khong
chi ¢6 kha ning mang ma con dé xuat mot mo
hinh cho giai phong thudc qua mang [3].
Mang M3NC con duoc dung cho viée thim
thiu qua da ctia nhiéu thuc nhu diclofenac,
ibuprophen,... cho két qua tich cuc [4, 5]. Gan
day, nhom nghién ctru cua ching t6i da s
dung M3NC cho viéc nghién clru sy mang va
giai phong berberine cho thdy thuc da duoc
giai phong kéo dai in vitro ttr M3NC [6]. Sinh
kha dung in vivo ctia ché pham M3NC nap
famotidine da duogc chiing t6i nghién curu va
danh gia; két qua cho thiy ché phim M3NC
nap famotidine da lam tang sinh kha dung in
vivo cua famotidine so vo&i vién nén
famotidine thuong mai [7]. Cac hoat dong
dugc 1y tiém ning ciia curcumin (CUR) trong
cac r6i loan viém, bénh tim mach, ung thu,
bénh Alzheimer va réi loan than kinh di dugc
ching minh. Tuy nhién, ing dung lam sang
ctia CUR bi han ché nghiém trong boi nhiing
nhugc diém chinh ctia né nhu d6 hoa tan thép,
sinh kha dung kém va chuyén hoa nhanh [8].
Nghién ciru cta ching t6i da chi ra ring CUR
duogc giai phong cham va giai phong kéo dai
in vitro tir ché phdm M3NC-MTC-CUR [9].
Vi thé, chiing t6i cho rang M3NC-MTC-CUR
¢6 thé tao hé tri liéu phong thich kéo dai nham
lam tang sinh kha dung cia CUR. Muc dich

ctia nghién ciru ndy nham danh gia sinh kha
dung in vivo cta ché pham M3NC-MTC-CUR
ding cho dudng udng hoic ding qua da.

2. Phwong phap nghién ciru

2.1. Vit ligu va thiét b

- Hoa chét: Curcumin (95%, Apollo, An bo);
Acetonitril (Merck, grade > 99,8%), Methanol
(Merck, grade > 99,8%), Ethyl acetat (Merck,
99,5%), Acid acetic (Merck, 99,8%),...; cac
hoa chét khac dat tiéu chuan ding trong sic
ky va phén tich.

- Ché pham: Vat liéu 3D-nano-cellulose
(M3NC) duoc tao ra tir Acetobacter xylinum
trong mdi truong chudn cua Hestrin va
Schramm (MTC) chta curcumin (M3NC-
MTC-CUR) ¢ dang vién dung cho duong
ubng hodc dang miéng dung qua da duoc
Vién Nghién ctru Khoa hoc va Ung dung -
Trudng Pai hoc Su pham Ha Noi 2 cung cép
theo két qua tir cac nghién ciru trude day [10].
- Thiét bi: Hé sic ky long siéu hiéu ning
(Acquity UPLC H-Class, két hop khéi phd
Xevo TQD, Waters, M¥); thiét bi lic (xor
Vortex ZX3, Velp Scientifica, M¥); thiét bi
bdc hoi dung méi ¢ ap sudt giam (Centrivap
solvent system, Labconco, M¥); tu lanh sau
(MDF 236, Sanyo, Nhat); mot s6 thiét bi
nghién ctru khéc.

2.2. Dong vit thi nghiém

Tho tring khoe manh, khdi luong khoang 2,5-
2,7 kg, 3-3,5 thang tudi, dat tiéu chuan thi
nghiém, dugc cung cép tr Vién Kiém nghiém
thudc Trung wong. Tho dugc cho thich nghi
v6i diéu kién phong thi nghiém it nhat mot
tudn va cho nhin do6i 12 gio, chi uéng nudc
trudc khi thi nghiém.

2.3. Nghién ciru gidi phong curcumin in vivo
tir M3NC-MTC-CUR diing cho dwong uong

- Thiét ké thi nghiém: Tho thi nghiém gdm 6
con dugc chia thanh 2 nhém (n = 3 cho mdi
nhém). Mbi tho cho ubng 10 vién ché pham
(kich thudc: 1,0x1,7x1,7 cm) hodc 01 dung
dich curcumin véi liéu don c6 néng do 144
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mg/tho: nhom 1 (ché pham M3NC-MTC-
CUR), nhém 2 (dung dich curcumin).

- Phuong phéap liy miu: Liy miu méu tho
vao thoi gian trudce khi cho thé dung thube (0
gi0) thu dugc mau tring khong c6 duoc chét,
sau do léy mau lan luot tr 0,5 gio, 1 gio, 2
gio, 4 gio, 6 gio, 8 gio, 10 gio, 12 gio, va 24
gio sau khi cho tho dung thudc. Chon tinh
mach thich hop, mau dugc léy O sau tai tho.
Dung miii kim da sat khuan trich tinh mach
sau tai tho, himg mau vao dng nghiém co
chira sin chit chéng dong mau (EDTA).
Ngay sau khi 1ay, mbi miu méau duoc lic nhe
nhang dé dam bao tron hoan toan véi cac
thuc chéng déng méau va ngay lap tirc ly tim
& 5000 vong/phit trong 10 phit & 4°C dé tach
huyét twong. Huyét tuong (plasma) ndi sé
dugc chuyén sang 6ng sach va tién hanh phan
tich [7, 11-13].

- Pinh lugng curcumin trong huyét twrong tho
bang UPLC.

2.4. Nghién ciwu gidi phong curcumin in
vivo tir M3NC-MTC-CUR dung qua da

- Thiét ké thi nghiém: Trudc thir nghiém mot
ngdy, cho tho 1én ban kep & vi tri 6n dinh.
Dung tong do dién lam sach long thé & ving
giita lung déu hai bén cot séng mot khoang du
rong dé dat mang M3NC-MTC-CUR va boi
dung dich curcumin. Thé thi nghiém gom 6
con dugc chia thanh 2 nhém (n = 3 cho mdi
nhom). Mdi tho duogc dap trén da 2 miéng ché
phém (kich thudc: 0,5x3,7x7,7 cm) hodc dugc
b6i trén da dung dich curcumin véi liéu don
c6 ndng do 158 mg/thd: nhém 1 (ché pham
M3NC-MTC-CUR), nhém 2 (dung dich
curcumin).

- Phuong phap 1y miu: Tuong ty nhu ndi
dung trong muc 2.3.

- Pinh lugng curcumin trong huyét twrong tho
bang UPLC.

2.5. Diéu kign sdc ky

Trén co sé tham khao cac tai lidu da cong bd
[14-18], chung t6i d4 khao sét, toi wu hoa cac
diéu kién sic ky va lya chon dugc cac Kkét qua

sau: Cot thép khong gi C18 (15 cm x 4,6 cm,
5 um); Tdc d6 dong: 1,2 ml/phit; Detector:
bude song 425 nm; Nhiét do: 40°C; Thé tich
tiém mau: 200 pl; Pha dong: Acetonitril va
acid acetic 2% (50/50, v/v), loc qua mang loc
0,45 um va dudi khi. Két qua khao sat quy
trinh xir Iy mau chon dugc dung moi pha mau
la methanol. Phuong phap dugc tham dinh dat
yéu cau dung phan tich curcumin trong huyét
tuong tho vé tinh tuong thich hé thdng, tinh
dac hiéu, do tuyén tinh, gi61 han phat hién va
gidi han dinh lugng, do lap lai, d0 ding va
khoang xac dinh.
2.6. Théng sé ddanh gid sinh khd dung in vivo
Nong do cuc dai (Cray), thoi gian dat ndng do
cuc dai (Thax), dién tich dudi du‘or}g cong
(AUCQ), thoi gian ban hily cua thuoce (ty).
SKDtuomg déi :_AUCthu X Dchuan %100 (1)
AUC, . %

chuan thu

Trong céng thirc 1: AUCy, 1a dién tich dudi
duong cong cia thude thir; AUCenuan 12 dién
tich dudi duong cong cua thudc dbi chiéu;
Din 12 liéu st dung cta thude thir; Depan 12
lidu st dung cua thudc ddi chiéu. Néu ché
pham thir c6 SKD = 80-125% so véi ché
pham ddi chiéu s& duoc coi 1a twong duong
sinh hoc véi ché pham dbi chiéu [19].

2.7. Xii Iy 56 ligu

Str dung Microsoft Excel dé xir 1y s6 liéu thuc
nghiém. Két qua dugc biéu dién dudi dang
“gia tri trung binh £ d6 1éch chuan”. Gia tri
trung binh cia hai mau duoc kiém dinh gia
thiét bang test thong ké. Nhitng khac biét duoc
coi la c6 y nghia khi gia tri p < 0,05. Céc thong
s6 duge dong hoc dugce tinh toan, xir Iy bang
chuong trinh bd sung cho phén tich dit liéu
trong Microsoft Excel (PKSolver) [20].

3. Két qua va ban luin

3.1. Sw gidi phong curcumin in vivo tir
M3NC-MTC-CUR diing cho dwing uong
Cac mau huyét twong tho thu duoc sau khi
cho udng ché phim vién M3NC-MTC-CUR
hodc ubng dung dich CUR véi cung ndng do
144 mg/tho dugc xu ly va dinh lugng theo
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phwong phap UPLC. Két qua xac dinh ndng
dd CUR trong huyét tuong tho thé hién &
bang 1 va hinh 1 cho thdy, vao 2 gio dau khao
sat, nong do CUR trong huyét tuong tho ting
nhanh & ca tho udng ché pham M3NC-MTC-
CUR hoic udng dung dich CUR. Tuy nhién,
sau thoi diém 2 gio dau, nong do CUR tiép
tuc tang o tho uéng ché pham M3NC-MTC-
CUR nhung ndng d6 bat dau giam ¢ tho ubng
dung dich CUR. Néng d6 CUR ¢ tho ubng
ché pham M3NC-MTC-CUR dat gia tri cuc
dai sau 8 gio, sau d6 gidm nhe va kéo dai dén
12 gio.

Bang 1. Néng do curcumin trong huyét twong tho
sau khi uong ché pham M3NC-MTC-CUR va dung
dich curcumin ¢ cung nong dé 144 mg/tho (n = 3)

Thoi gian M3NC-MTC- Dung dich
(gio) CUR (ug/ml) CUR (pg/ml)
0 0,0000 + 0,0000 0,0000 + 0,0000
0,5 0,5054 +0,0956 0,6011 +0,0163
1 0,7436 +0,0980 0,7579 + 0,0609
2 0,9728 + 00,0806  0,9349 + 0,0447
4 1,2696 £+ 0,1225 0,6257 £ 0,0805
6 1,6185 £ 0,0812 0,3936 + 0,0099
8 1,7607 £ 0,0503 0,3477 £ 0,0403
10 1,5121 £ 0,0983 0,2461 £ 0,0472
12 1,3985 + 0,0590 0,2229 + 0,1050
24 0,0355+0,0231 0,0048 + 0,0015
20
£ —ncuTCaUR
:
S os
ol
z 02

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Thin gian (gid)
Hinh 1. Biéu dién nong dé curcumin trong huyét
tuong tho theo thoi gian (dwong uong)

Céc thong sb lién quan dén hap thy thude qua
duong udng trén cac nhom tho udng ché
phim M3NC-MTC-CUR hodc udng dung
dich CUR dugc trinh bay & bang 2. Két qua
cho thiy, nhém tho udng ché pham M3NC-
MTC-CUR hoic uéng dung dich CUR dat
dugc Crax sau 1an luot 1a 8 hodc 2 gio, chiing

td, dung dich CUR dugc hép thu nhanh hon
so v6i CUR dugc nap trong M3NC-MTC.
Nong d6 thubc cuc dai trong huyét tuong,
thoi gian ban thai (typ) va gia tri dién tich
dudi duong cong (AUC) cua ché pham
M3NC-MTC-CUR déu cao hon so voi dung
dich CUR. Ty cua ché phérn M3NC-MTC-
CUR cao hon dung dich CUR chiing té vat
liu M3NC-MTC nap CUR cé thé giup CUR
giai phong kéo dai. Sinh kha dung in vivo cua
ché pham M3NC-MTC-CUR la SKD tuong
d6i = (24,72x100/7,25)% = 342%. Két qua
nay cling phu hop véi nghién ctu trudc day
[7] da chiing minh cac loai vat licu M3NC
nap famotidine da lam tang sinh kha dung ctua
famotidine so v&i vién nén famotidine thuong
mai khi dung cho duong uéng. Tuy nhién,
dung vat liéu M3NC-MTC nap famotidine
cho sinh kha dung in vivo cia vat li¢u thép
hon so véi nghién ctru nay (172%) [7]. Diéu
nay cé thé giai thich do dic diém cua 2 loai
thudc nay khac nhau, sy twong tac giira thudce
va vat liéu c6 thé khac nhau. Nhu vay, vat
liéu M3NC-MTC nap CUR da gitp cai thién
sinh kha dung cia CUR so v6i dang dung
dich CUR.

Bang 2. Thong $6 dige dong hoc trung binh ciia

ché pham M3NC-MTC-CUR va dung dich
curcumin (dung qua dwong uong)

Thong M3NC- Dung

£ Pon vi MTC-CUR dich CUR
Q)

(1g/ml) (1g/ml)

T max gio 8 2
Crnax pg/ml 1,7607 0,9349
t1/2 glb’ 2,46 2,35
AUC gio.ug/ml 24,72 7,24
AUC,., gio.ug/ml 24,85 7,25
MRTy, h 8,76 6,01

3.2. Sw gidi phong curcumin in vivo twr
M3NC-MTC-CUR dung qua da

Céc miu huyét tuong thé thu dugc sau khi
cho dan trén da tho ché phim vién M3NC-
MTC-CUR hodc bdi dung dich CUR trén da
tho voi cing nong do 158 mg/tho duge xir 1y
va dinh lugng theo phuwong phap UPLC. Két
qué xac dinh nong d6 CUR trong huyét tuong
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tho thé hién ¢ bang 3 va hinh 2 cho thay, vao
gio ddu dau tién khi khao sat, néng d6 CUR
trong huyét twong tho ting nhanh & ca tho dan
trén da ché pham mang M3NC-MTC-CUR
hodc bdi dung dich CUR trén da. Tuy nhién,
sau thoi diém gio dau tién, nong d6 CUR tiép
tuc ting ¢ tho dan trén da ché phim mang
M3NC-MTC-CUR nhung ndng d6 bit dau
giam ¢ tho boi dung dich CUR trén da. Nong
d6 CUR ¢ thé dan trén da ché pham mang
M3NC-MTC-CUR dat gia tri cuc dai sau 10
gi0, sau d6 giam nhe va kéo dai dén 12 gio.

Bang 3.1 Nong dé curcumin trong huyét twong tho

sau khi dan ¢ da M3NC-MTC-CUR va bdi dung

dich curcumin ¢ cung nong dé 158 mg/tho (n = 3)

hodc 1 gio, ching td, dung dich CUR duoc
hép thu qua da nhanh hon so véi CUR dugc
nap trong M3NC-MTC. Néng do thude cuc
dai trong huyét twong, thoi gian ban thai (ty,)
va gia tri dién tich dudi duong cong (AUC)
ciia ché pham mang M3NC-MTC-CUR déu
cao hon so voi boi dung dich CUR. Ty clia
ché phim mang M3NC-MTC-CUR cao hon
dung dich CUR ching té vat liéu mang
M3NC-MTC nap CUR c6 thé giup CUR giai
phong kéo dai. Sinh kha dung in vivo cua ché
pham mang M3NC-MTC-CUR 1la SKD tuong
d6i = (12,16x100/3,3)% = 368%. Nhu vay,
vat liéu mang M3NC-MTC nap CUR da giup
cai thién sinh kha dung cua CUR so v6i dang
dung dich CUR khi dung qua da.
Bang 4. Thong $6 dige dong hoc trung binh ciia
ché pham M3NC-MTC-CUR va dung dich
curcumin (dung qua da)

M3NC-

Thoi gian M3NC-MTC- Dung dich
(gio) CUR (pg/ml) CUR (pg/ml)
0 0,0000 + 0,0000 0,0000 + 0,0000
0,5 0,2054 + 00,0062 0,2011 + 0,0036
1 0,3870 +0,0208 0,4579 + 0,0352
2 0,4561 + 0,0552  0,3049 + 0,0186
4 0,5029 + 0,0353  0,2923 + 0,0059
6 0,6985 +0,0189 0,1736 +0,0101
8 0,7174 £0,0244  0,1444 +0,0121
10 0,9088 +0,0165 0,1394 + 0,0021
12 0,7652 +0,0353  0,1196 + 0,0041
24 0,0028 + 0,0005 0,0018 + 0,0003
164
& ¥ Z CUR mpuytn ekt
f ol
%‘ 08 4}
é 0.8 :
e 04
g 02 ;'
F4

0 2 4 6 B 10 12 %4 16 18 20 22 24 2%
Thiri gian (gid)

Hinh 2. Biéu dién nong dé curcumin trong huyét
twong tho theo thoi gian (dung ché pham qua da)
Céc thong s lién quan dén hép thy thudc qua
da trén cac nhom tho dan trén da ché pham
mang M3NC-MTC-CUR hoéc boi dung dich
CUR trén da duoc trinh bay & bang 4. Két qua
cho thdy, nhom thé dan trén da ché pham
mang M3NC-MTC-CUR hoéc boi dung dich
CUR trén da dat dugc Cpax sau lan Iuot 1a 10

Dung dich

Théong s6 Pon vi E/IJRC_ CUR

/ml)

(ugmp 9

T max gio 10 1
Crax pg/ml 0,9088 0,4579
tue gio 2,15 1,60
AUC; gio.ug/ml 12,16 3,30
AUC,.,  gio.ug/ml 12,16 3,30
MRTy, h 8,93 6,44

Ché phim M3NC-MTC-CUR di lam ting
sinh kha dung ctia CUR so vdi CUR nguyén
chat ¢ ca duong udng va duong qua da & tho.
Két qua nay ciing phu hop véi nghién ciru sy
giai phong CUR tir ché pham M3NC-MTC-
CUR in vitro [9]. Vat liéu M3NC-MTC gom
cac soi nano-cellulose c6 do cdu truc 6n dinh,
khong co su thay doi nhiéu vé kich thudc cac
156 va céu trac hé mang ludi 3D nano-cellulose
trudc va sau khi nap CUR, ¢6 su tuong tac
gitta CUR va vat liéu M3NC (két qua do phd
FT-IR) [10]; cac yéu tb nay di gitp cho CUR
dugce bao vé trong cdu tric M3NC va giup
CUR giai phong cham tir vat li€u nay.

4. Két luan

Ham luong CUR trong huyét twong tho sau
khi dung ché phém duoc phan tich dinh lugng
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boi sir dung sic ky long siéu hiéu ning
(UPLC). Két qua dung duong udng hodc
dung qua da ché pham M3NC-MTC-CUR &
tho déu cho thdy ché pham c6 thé tao hé van
tai CUR giai phong kéo dai. Sinh kha dyng in
Vivo cia M3NC-MTC-CUR dung duong udng
14 342%, trong khi ché phdm nay dung qua da
c6 sinh kha dung in vivo la 368%. M3NC-
MTC-CUR da lam ting sinh kha dung cua
CUR so voi CUR nguyén chit ¢ ca dudng
ubng va duong qua da ¢ dong vat thi nghiém.
Ché pham M3NC-MTC-CUR c6 tiém ning
st dung nhu mdt h¢ tri liéu giai phong CUR
kéo dai nhdm tang sinh kha dung va hiéu qua
sinh hoc cua thude.

Lo&i cam on

Két qua nghién ciru duoc tai trg kinh phi tir
dé tai KHCN cip Bo, ma sb: B2017-SP2-09.
Xin tran trong cam on cac thanh vién dé tai da
dong gop thuc hién cac ndi dung nghién ctru.
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