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Tom tat

Piperin 1a mot alkaloid duoc phan 1ap tir hat tiéu den (Piper nigrum L.), dugc danh gia cao véi kha nang chng viém
va khang khuén, c6 tiém ning trong img dung diéu tri cac bénh 1y duong tiéu hod, dic biét 1a viém loét da day - ta trang.
Tuy nhién, hiéu qua diéu tri ciia piperin con han ché, do do tan trong nudc kém, sinh kha dung dudng uong thap Nham
khic phuc cac nhuge diém trén, nghién ctru nay dugc thyc hién v6i muc ti€u phat trién cong thirc bao ché vicau ndi chtra
piperin gitp cai thién kha nang luu giit thudc tai da day va cai thién sinh kha dung duong udng. Vi cau ndi bao ché bang
phuong phap gel ionotropic, sir dung natri alginat va hydroxypropyl methyl cellulose (HPMC) lam ta dugc tao mang, B-
cyclodextrin duoc sir dung dé tao phirc voi piperin nhim cai thién dg tan va kha nang bao goi piperin cua hé, cung cac ta
duoc natri bicarbonate, calci carbonat, calci clorid dé tao hé ndi trong mdi truong dich vi. Céc thong s6 bao gdbm phuong
phap tao phirc, ty 1€ tao phure hop, ndng do polymer, ty 1é ta duoc tao khi dugc khao sat de t6i uu hoa dac tinh vi cau. San
phim duoc danh gia thong qua céc chi tidu: phan b6 kich thude hat, thoi gian tao hé nbi va thoi gian nbi, hiéu suét bao
g6i va kha ning giai phong duoc chat in vitro. Két qua cho thiy, vi cau thu dugc c6 hinh ciu, bé mit twong ddi nhin, kich
thudce trung binh 700-1200 pm, hi¢u sut tao vi cau cao va hiéu suat bao goi dat trén 80%. Cong thuc t6i wu cho kich
thudc hat 910 + 3um, thoi gian tao hé ndi 2,56 + 0,5 phut, hi¢u suat bao goi 88,35 = 2,05%, thoi gian ndi 7 gio voi kha
nang giai phong duoc chat sau 8 gio trén 60%. Cac két qua trén cho thdy nghién ciru da bao ché thanh cong duoc vi cau
noi chira piperin bang phuong phép gel ionotropic, cho thdy tiém ning Gmg dung trong phat trién dang bao ché duong
udng nham cai thién sinh kha dung va hiéu qua diéu tri cac bénh 1y da day - ta trang.

Tir khéa: Piperin, vi cau ndi, gel ionotropic, natri alginat, HPMC

Abstract

Piperine, an alkaloid isolated from black pepper (Piper nigrum L.), has been widely recognized for its potent anti-
inflammatory and antimicrobial activities, showing promising potential in the treatment of gastrointestinal disorders,
particularly peptic ulcer disease. However, its therapeutic efficacy is limited due to its poor aqueous solubility and low
oral bioavailability. This study aimed to develop and optimize a floating microsphere formulation containing piperine
with the objective of enhancing gastric retention and improving the oral bioavailability of piperine. Floating microspheres
were prepared by using the ionotropic gelation technique. The compositions are sodium alginate and hydroxypropyl
methylcellulose (HPMC) as polymeric matrix formers, B-cyclodextrin as enhancing solubility and encapsulation
efficiency material, and natri bicarbonate, calci carbonat, calci clorid as floating materials. The complexation method and
the effects of formulation parameters, including complex ratio, polymer concentration and gas-forming agent ratio, were
systematically investigated to optimize the microsphere characteristics. The prepared microspheres were evaluated for
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particle size distribution, floating behavior, encapsulation efficiency, and in vitro drug release profile. The obtained
microspheres were spherical with relatively smooth surfaces, exhibiting particle sizes ranging from 700 to 1200 pm, high
formation yield, and encapsulation efficiency exceeding 80%. The optimized formulation demonstrated a mean particle
size of 910 £+ 3 um, floating lag time of 2,56 =+ 0,50 min, encapsulation efficiency of 88,35 + 2.05%, total floating duration
of 7 h, and a cumulative drug release of over 60% within 8 h. These results demonstrate that piperine-loaded floating
microspheres were successfully formulated using the inotropic gelation method, indicating their potential application in
the development of oral dosage forms aimed at improving bioavailability and therapeutic efficacy in the treatment of

gastric.

Keywords: Piperine, floating microspheres, ionotropic gelation, sodium alginate, HPM

1. Pt van dé

Piperin (PIP), mot alkaloid tu nhién c6 trong
qua cua cdy ho tiéu (Piper longum L.), thudc ho
hod tiéu (Piperaceae), di dugc ching minh c6
nhiéu hoat tinh sinh hoc ndi bat nhu chéng viém,
khang khuan, chdng ung thu va diéu hoa mién
dich [7]. Béc biét, voi kha nang chéng viém va
khang khuan cta PIP, d3 mo ra tiém ning tng
dung trong diéu tri cdc bénh ly dudng tiéu hod,
trong d6 co6 viém loét da day - t4 trang. Tuy
nhién, d tan trong nudc rat thip va sinh kha
dung duong ubng han ché da lam giam dang ké
hiéu qua diéu tri cta PIP [5]. Trong nhiing nim
gén day, hé vi cau ndi duge xem nhu 1a mot
huéng tiép can hiéu qua trong hé dan thude luu
giit da day, c6 kha nang noi trén dich da day, kéo
dai thoi gian luu tra, kiém soat toc do giai phong
dugc chat va tang hap thu tai vi tri t6i uu. Trong
do, phuong phép gel ionotropic st dung natri
alginat 1am t4 duoc tao gel két hop véi HPMC
lam polymer dong tao mang diéu chinh d6 nhét
va kiém soét giai phong duoc chat 1a mot quy
trinh bao ché don gian, an toan, khong sir dung
dung méi hitu co.

Maic du PIP da dugc nghién ctru rdng rai, cac
ché pham trén thi truong hién nay hau nhu khong
ton tai & dang don thanh phan, ma cha yéu s
dung PIP nhu mét chat 1am ting sinh kha dung
trong cac cong thirc phbi hop, dién hinh 1a véi
curcumin, acyclovi hodc cac polyphenol kém
héap thu khac. Do d6, viéc phat trién mot dang
bao ché chira PIP don thanh phan c6 y nghia
quan trong trong viéc tao co sé khoa hoc dé danh
gia tiém nang diéu tri ciia PIP d6i v6i bénh 1y da

day - ta trang, 1am rd muc d6 cai thién hap thu
nhd hé mang vi cau ndi va xdy dung nén tang
bao ché cac ché pham phdi hop chira PIP.

Tir nhiing co s& trén, nhom nghién ctru tién
hanh dé tai “Phat trién cong thirc bao ché vi cau
néi chira piperin", véi myc tiéu: xay dung duge
cong thitc va quy trinh bao ché vi ndi chua
piperin.

2. Pbi twong va phwong phap nghién ctru
2.1. Péi twong nghién ciru
2.1.1. Nguyén li¢u

Bot piperin (46 tinh khiét 95%, san xut tai
Viét Nam), piperin chuan (Dirc), natri alginat
(Trung Qudc), calci carbonat (Trung Quéc),
natri bicarbonat (Trung Qudc), cacli clorid
(Trung Qudc), HPMC (Trung Qudc), acid
hydrochloric (Trung Qudc), Tween 80 (Trung
Qudc), nudc cat (Viét Nam).

2.1.2. Thiét b

May khudy tir IKA C-MAG HS-7 (IKA, Bric),
may do quang phd Agilent Cary 60 UV-Vis
(Agilent Technologies, M), thiét bi thir 46 hoa
tan canh khuay DT-810 (Jasco Corporation, Nhat
Ban), may siéu am Q500 (QSONICA, M¥), may
do pH (Hanna Instruments, Romania), ti sdy tinh
Memmert UF110 108 lit (Memmert, Ptrc), can
phan tich OHAUS PA214 (OHAUS, My).

2.2. Phwong phap nghién ciru
2.2.1. Phirong phép bao ché vi cau néi chiva PIP

Bio ché phirc hop chira PIP va p-cyclodextrin
(PIP/B-CD) theo hai phwong phap - nghién co
hoc va dong két tia. Trong phuong phap nghién
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co hoc, PIP va B-cyclodextrin (B-CD) dugc tron
theo cac ty 1& mol khdo sat, sau d6 hon hop duoc
nghién va rdy qua rdy co kich thude 18 125 pm
dé thu duoc phirc hgp PIP/B-CD dang bot min.
Trong phuong phap dong két tiia, PIP duoc hoa
tan trong ethanol 96% (dung dich 1) va B-CD
dugc hoa tan trong nudc cit nong (50 — 60°C)
(dung dich 2). Nho tir tr dung dich 1 vao dung
dich 2, két hop khudy tir véi toc do 250
vong/phut. Hon hop dugc tiép tuc khudy & nhiét
do phong trong 4 gi0, sau d6 ngam vao nudc da
lanh trong 30 phut. Loc, rira phan két tia bang
ethanol lanh dé loai bo PIP ty do con du. Sdy kho
taa ¢ nhi¢t 3o 40°C trong 12 gi0, thu dugc phirc
hop PIP/B-CD.

Bao ché vi cau ndi chia PIP bang phuong
phap tao gel ionotropic. Ngam truong nd natri
alginat va HPMC trong 6 ml nudc cit thu duoc
cde (1). Hoa tan natri bicarbonat vao 3 ml nuéc
cét trong cdc khac thu dugc cde (2). Nghién min
phirc hop PIP/ B-CD trong cdi str kho, riy qua
ray kich thudc 16 125 pm. Phén tan déu phic hop
PIP/ B-CD va calci carbonat trong coc (2), sau
d6 @6 coc (2) vao cde (1) sir dung may khudy tir
v6i toe do 500 vong/phut trong 45 phut dé tao
dich dong nhat. Thém nudc vira di 10 ml, thu
duoc hon hop A. Hoa tan calci clorid vao 15 ml
nuéc cat, st dung may khudy tir voi toe do 200
vong/phut trong 10 phut, thu dugc dung dich B.
Nho ting giot hdn hop A vao dung dich B bang
bom kim tiém 26G véi khoang cach tir kim tiém
dén bé mat dung dich B 13 3 cm, két hop khudy
tir voi tde d6 100 vong/phut. Sau khi qué trinh
nho giot hoan tat, tiép tuc khudy tir thém 30 phat
v6i toc do khudy khong doi. Vi cau tao thanh
duoc thu béng cach loc, rira sach 2 1an béng nudc
cét, sau d6 sdy & 40°C trong 12 gio. San pham vi
cau sau sy duoc bao quan trong tai polyethylen
kin & nhiét d§ phong.

Céc thong s6 vé cong thirc bao ché dugc khao
sat bao gém: ty 1¢ tao phtrc B-CD va PIP, % natri
alginat, % natri bicarbonat va calci carbonat. Cac

thong sb vé quy trinh bao ché dugc khao sat bao
gdm: phuong phap tao phirc PIP/B-CD. Vi cau
dugc danh gia vé phan bd kich thude hat, thoi
gian tao hé nodi va thoi gian ndi, kha ning bao
g6i va kha nang giai phong duogc chat in vitro.
2.2.2. Phuong phap danh gid cac ddc tinh hé vi
cau néi chira PIP

Xac dinh hiéu suét tao phuc PIP/B-CD theo
cong thue: Hp (%) = mpipp / mprp, trong d6 Hp 12
hiéu suat tao phirc (%), mempp 14 khéi lugng PIP
trong phirc PIP/B-CD (mg), merp 14 khdi luong
ban dau (mg).

Kich thudc vi cau ndi: Pudng kinh cta vi cau
n6i duoc do bang thude kep k¥ thuat. Kich thude
trung binh ctia vi cau ndi dugc tinh bang gia tri
trung binh ciia duong kinh 10 vi cau néi dugc
lya chon ngau nhién (n=10).

Xac dinh ham lugng PIP trong vi ciu ndi: Can
chinh xac khoang 25 mg bot vi ciu ndi (mau thir)
da duoc nghién min vao binh dinh muc 25 ml.
Thém khoang 20 ml methanol, siéu &m trong 10
phut dé hoa tan hoan toan duoc chat. B6 sung
methanol dén vach dinh muc. Loc dich thu duge
bang gidy loc. Pha loang dich loc 20 lan bang
dung dich HCI1 pH 1,2 chira 0,2% Tween 80, dé
yén trong 15 phat. Do d6 hip thy cta dung dich
thu dugc tai budc soéng cuc dai, st dung mau
trang 1a dung dich HCI pH chira 0,2% Tween 80.
Ham luong PIP trong vi cAu ndi dugc tinh theo
cong thire: HL (%) = mpip / myi ciu, trong do6 HL
(%) 14 ham luong PIP trong vi cau ndi (%), memp
1a khéi lwong PIP c6 trong 25 mg vi ciu ndi
(mg), duoc tinh dua trén do hap thu quang do
dugc va phuong trinh tuyén tinh gitra nong do
PIP va d6 hap thu quang, myi ¢ 14 khoi lugng
can ctia mau thir (mg).

Xéc dinh hiéu suét bao g0i cua vi cau ndi theo
cong thire: EE (%) = mpipw/mpipiex 100%. trong do,
EE 14 hiéu suét bao goi vi cau ndi (%); mpmpy 13 khoi
luong PIP trong vi cau (mg), dwoc xac dinh tuong
tu nhu phﬁn xac dinh ham lugng PIP trong vi cau
noi; mprpi 13 khdi lugng PIP ban dau (mg).
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Xéac dinh thoi gian tao hé ndi va thoi gian noi
in vitro: Thoi gian tao hé ndi duoc xac dinh 1a
khoang thoi gian tinh tir khi tha vi cdu vao moi
truong thr cho dén khi toan bo hat vi cau noi
hoan toan trong mdi truong. Thoi gian ndi duoc
xac dinh la khoang thoi gian tinh tir khi cac hat
vi cdu ndi hoan toan trong mdi truong thir cho
dén khi toan bd hat vi cau hoa tan hét hodc chim
xudng trong moi truong. Thi nghiém duogc tién
hanh trén thiét bi hoa tan kiéu canh khudy (USP
apparatus 1), voi cac diéu kién: thé tich méi
trurong thir: 900 ml dung dich acid hydrochloric
HCI1 pH 1,2 chtra 0,2% Tween 80; nhiét do:
37+0,5°C; tbe d6 khudy: 50 vong/phit. M&i mau
thir 14 lugng vi cau tuong mg véi 50 mg PIP.

Danh gia kha nang giai phong dugc chét cia
hé vi cau ndi in vitro: Thi nghiém tién hanh
tuong tu nhu phuong phap xac dinh thoi gian tao
hé noi va thoi gian ndi voi lugng mbi mau thir 1a
lwong vi cau twong tmg voi 50 mg PIP. Lay mau
tai cac thoi diém: 1, 3, 5, 7, 8 va 24 gid. Thé tich
mau 1a 10 ml, sau d6 b6 sung ngay mai truong
méi voi thé tich 10 ml. MAu sau khi thu duoc
duoc loc qua giéy loc, b6 3 ml dich loc dau. Pha
lodng dich loc dén ndng do thich hop bang dung
dich HCI pH 1,2 chua 0,2% Tween 80. Po do
hap thy quang & budc song cuc dai, mau trang la
dung dich HCI pH 1,2 chtra 0,2% Tween 80.
Khéi lugng PIP di giai phong tai thoi diém t
duogc tinh theo cong thure:

m=Cx V+vxYiZlc,
trong d6 m 1a khdi lugng PIP di giai phong tai
thoi diém t (ug), C¢ 1a ndng do PIP trong moi
truong thir tai thoi diém t (ug/ml), Cila ndng do
PIP trong mai trudng thir tai cac thoi diém trude

thoi diém t (ug/ml), V 1 thé tich moi trudng thir
(ml), v 12 thé tich mdi lan 1ay mau (ml).

Phan tram PIP giai phong tich luy theo thoi
gian dugc tinh theo cong thuc: GP (%) = m¢mo
x 100%, trong d6 GP 1a % PIP da giai phong tai
thoi diém t (%), m; 1a khdi lugng PIP da giai
phong tai thoi diém t (ug), mo 1a khdi lugng PIP
ban dau (ug).

Danh gia d6 6n dinh cia vi cau ndi: Panh gia
cac chi tiéu vé kich thuée hat vi ciu ndi, ham
luong PIP trong hat vi ciu noi, thoi gian tao hé
ndi va thoi gian ndi, kha nang giai phong duoc
chit ctia mau vi cAu ndi sau thoi gian bao quén 1
tudn, 1 thang ¢ diéu kién thuong.

Phuong phép xir Iy sd lidu: Sir dung phan
mém Microsoft Office Excel, trinh bay sé liéu
duédi dang X + SD, trong do6: X 1a gid tri trung
binh, SD 14 d6 léch chuin (n=3).

3. Két qua nghién ciru

3.1. Két qua xdy dung phwong phdp dinh lwong
PIP

Phuong phap dinh lugng PIP trong moi
truong HCI pH 1,2 chtra 0,2% Tween 80 duoc
xdy dung bang phuong phap do quang phd UV-
VIS. Két qua khao sat cho thay, budc song hap
thu cuc dai tai 343 nm. Phuong trinh hoi quy
tuyén tinh giita ndng do PIP va d6 hap thu quang
la: y = 0,0908x-0,00523, trong do x la néng do
PIP (ug/ml), y 1a do hap thu quang twong tmg.
Khoang tuyén tinh ctia phwong phap 1a 3 — 8
(ng/ml), v&i hé sé tuong quan R = 0,998, cho
thdy phuong phap dinh lugng co do tin cdy cao,
phul hop dé sir dung dinh lugng PIP trong céc
khao sat tiép theo.
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Hinh 1. D) thi biéu dién mbi twong quan gitta d6 hap thu quang va ndng do PIP trong mdi truong HCI pH 1,2

3.2. Két qua xdy dung quy trinh tao phirc

PIP/B-CD

3.2.1. Két qua khdo sat phwong phdp tao phirc

PIP/B-CD

Phtrc PIP/B-CD duoc bao ché theo 2 phuong

chira 0,2% Tween 80

phuong phap dong két tiia (CT2), ty 1& mol 1:2.

M&i cong thirc déu chira mot lugng phirc PIP/p-

CD tuong tmg véi 0,1 g PIP. Két qua dénh gia

mot sO dac tinh cua vi cau noi dugc thé hién

trong Bang 1.

phap - phuong phap nghién co hoc (CT1) va

Bang 1. Thanh phan va dic tinh ctia vi cau ndi chira phic hop PIP/B-CD
bao ché theo cac phuong phap khac nhau (n=3, TB£SD)

| CT1 | CT2 | cT1 CT2
Thanh phin céng thive Két qua dinh gid dic tinh
PIP/B-CD 1,02 | 0,64 | Hiéu suit tao phuc (%) 4928 +237 | 8725+1,11
Natri alginat (g) 0,20 0,20 | Kich thudc hat (mm) 1,04 +£ 0,05 0,88 + 0,04
HPMC (g) 0,01 0,01 | Thoi gian tao hé noi (phut) 4,13 +0,62 3,08 0,49
CaCOs (g) 0,30 | 0,30 | Thoi gian ndi (gid) 5 5
NaHCOs 0,20 | 0,20 | Ham luong PIP (%) 10,17+0,39 | 13,38+0,52
CaClz (g) 0,30 0,30 | Hiéu suat bao 261 (%) 82,51+0,86 | 90,05+0,97
Nudc cat (ml) 15,00 | 15,0

Két qua khao sat cho thdy, tao phirc bang
phuong phap dong két tia cho hiéu suét tao phirc
cao dang ké (87,25+1,11), gép hon 1,5 14n so voi
tao phic bang phuong phap nghién co hoc
(49,28+2,37). Piéu nay cho thiy phuong phap
dong két tiia c6 kha nang hinh thanh phtrc PIP/B-
CD hi€u qua hon, tao nén h¢ déng nhét va 6n
dinh vé mit ciu trac hon so véi phuong phap
nghién co hoc. Sy cai thién nay dugc thé hién

qua kich thudc hat vi cau trung binh cua CT2
(0,880,044 mm) nhé hon so vé&i CTI
(1,0440,05 mm). Vé dic tinh ndi, CT2 c6 thoi
gian tao hé ndi ngan hon (3,08+0,49 phut) so véi
CT1 (4,1340,62 phut), cho thdy kha ning tao khi
CO2 va phan bd bot khi trong mang gel hiéu qua
hon. Thoi gian ndi kéo dai trong 5 gio & ca hai
cong thirc, ching to hé c6 kha ning duy tri noi
6n dinh trong méi truong da day gia dinh. Ham
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luong PIP (13,38+0,52%) va hiéu suit bao goi
(90,05+0,97%) ctia CT2 déu cao hon so voi CT1
(10,17+0,39% va 82,51+0,86%). Két qua nay
cho thay phuong phap dong két tiia giup ting
kha nang lién két giita PIP va B-CD, qua d6 lam
giam kha ning hao hut dugc chit trong qua trinh
gel hoa ion va tao hat. Do d6, phuwong phap dong
két tia duoc lya chon dé tao phuc PIP/B-CD
trong cac nghién ctru tiép theo.

3.2.2. Két qua khdo sdt ty 1é tao phirc gitta PIP
va p-CD

Nham xac dinh ty 1¢ mol tdi wu giita PIP va
B-CD trong qua trinh tao phuc PIP/B-CD, cac
méu thir dugc bao ché véi cac ty 1¢ mol PIP:B-
CD lan lugt 1a: 1/1, 1/2, 1/3 va 1/4 bang phuong
phap dong két tia. Cac méau phirc sau khi thu
dugc duge danh gia hiéu suét tao phirc va ham
luong PIP. Két qua dugc thé hién & Bang 2.

Bang 2. Két qua khao sat ty 1¢ tao phuc gitta PIP va f-CD (n=3, TB+SD)

Ty 1¢ phurc (mol/mol) Phén tram PIP trong phirc (%) Hiéu suit tao phirc (%)
1/1 27,05+ 0,96 62,58 1,58
1/2 15,58 £0,95 87,25+ 1,11
1/3 13,13 £0,37 89,28 £0,72
1/4 11,04 + 0,53 90,90 + 1,26

Két qua khao sat cho thiy, khi tang dan ty 1¢
PIP/B-CD tir 1/1 dén 1/4, hiéu suat tao phtic ting
dan trong khi phan trim PIP trong phic giam
dan. Pang chu ¥, khi tang ty 1& PIP/B-CD tir 1/1
1én 1/2, hiéu suét tao phuc tang ro rét (tu
62,58+1,58% 1én 87,25+1,11%), cho thiy kha
nang tao phuc hi¢u qua khi st dung ty 1¢ PIP/B-
CD 14 1/2. Khi tiép tuc tang ty 18 B-CD, hidu suét
tao phtrc chi tdng nhe, cho théy hé da c6 thé dat
gan muc bao hoa vé kha ning bao goi ctia B-CD.

Pé danh gia anh huong cua phirc hop PIP/p-
CD dén dic tinh cua vi cdu ndi tao thanh, tién
hanh bao ché vi cau ndi chtra phic hop PIP/B-
CD véi cac ty 1€ mol khac nhau, lan luot 1a 1/0,
1/1, 1/2, 1/3 va 1/4, mdi cong thirc chira lugng
PIP nhu nhau (0,1g). Vi ciu tao thanh duoc danh
gia kich thudc hat, thoi gian tao hé ndi, thoi gian
ndi, ham luong PIP, hi¢u suit bao gb1 va kha
nang giai phong dugc chit. Két qua dugc thé
hién & Bang 3 va Hinh 1.

Bang 3. Pic tinh ctia vi cdu ndi chira phirc hop PIP/B-CD véi céc ty 1¢ phdi hop PIP:B-CD
khéc nhau (n=3, TB£SD).

CT3 CT4 CT2 CT5 CT6
PIP: B-CD 1/0 1/1 12 1/3 1/4
KT (mm) 0,76 £0,02 | 0,85+005 | 0,.88+004 | 1,03£005 | 1,11+0,02
tiag (phit) 2,56+0,32 | 2,93+0,56 | 3,08+049 | 3,75+026 | 3,69+ 0,47
tnsi (Zi0) 5 5 5 5 5

HL (%) 139+0,7 | 124+03 | 134+05 | 128+03 | 12,6=07
H (%) 83,3+£0,6 | 863+055 | 90,1+1,0 | 884+04 92,1+0,7

Chi thich: KT: kich thu6c hat vi cau ndi, tlag: thoi gian tao hé ndi, tosi: thoi gian ndi, HL: ham

lwong PIP trong vi cau ndi, H: hiéu suét bao géi.

Két qua khao sat cho thdy, khi ting dan ty 18
B-CD trong phirc hop PIP/B-CD (tir 1/0 dén 1/4),
kich thudc hat vi cau ndi co xu hudng ting dan,
tr 0,76+£0,02 mm Ién 1,1140,02 mm. Sy gia tang

kich thudc nay c6 thé duoc giai thich do luong
B-CD tang, lam tang d0 nhdt cua pha phan tan,
dan dén kha nang tao giot 16n hon trong qué trinh
tao gel ionotropic. Thoi gian tao hé ndi ting dan
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khi tang ty 1¢ B-CD, dao dong tir 2,56+0,32 phut
dén 3,75+0,26 phut, c6 thé do kich thudc hat
tang 1én, dan dén mat do hat giam, do d6 gidm ty
1€ t4 dugc tao khi. Tuy nhién, thoi gian ndi cua
cac cong thirc déu dat 5 gid, cho thdy hé vi cau
duy tri duge tinh ndi 6n dinh trong thoi gian dai.
Ham luong PIP trong vi ciu ndi khong c6 su

100 1

Phin trim giai phong (%)
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khac biét 16n giita cac cong thirc, cho thdy su
thay d6i ty 18 p-CD khong anh hudng 16n dén
ham luong dugc chat dugc bao goi. Trong khi
d6, hidu suit bao géi ting dan tir 83,3+0,6% 1én
92,1+0,7%, cho théy sy ¢6 mat cua B-CD co thé
cai thién kha nang giir PIP trong cdu tric vi cau.

5 10 15 20 25
Thoi gian (gio)
—e—C(CT3 CT4 CT2 —e—CT5 CTé6

Hinh 2. Phan tram giai phong dugc chét cua cac cong thirc vi cdu ndi chira phie hop PIP/ B-CD
v6i cac ty 1€ phoi hop PIP:B-CD khac nhau (n=3, TB + SD)

Puong cong giai phong cho thiy xu hudng
taing dan ty 1¢ PIP giai phong theo thoi gian,
trong d6 téc do giai phong phu thudc dang ké
vao ty 1& phdi hop PIP:p-CD. CT3 (khong chira
B-CD) cho phan trim giai phong PIP thap nhat
(khoang 40% sau 24 gi0), phan anh rd d¢ tan
kém cua PIP trong mdi truong acid. Nguoc lai,
cac cong thic chira B-CD (CT2, CT4-6) thé hién
kha ning giai phong duoc chat cao hon rd rét
trong 8 gior dau, dat khoang 50 — 60%, va tiép tuc
tang dan dén 65 — 75%. Su khéc biét cho thiy
phtrc hgp PIP/B-CD cai thién dugc d§ tan cua
dugc chat, phan tan dong déu duoc chét trong
mang gel alginat-HPMC, dong thoi han ché hién
tuong két tu PIP trong khéi gel, do do6 lam tang
kha ning giai phong duoc chét trong méi truong
acid. Bac biét, CT2 (ty 1¢ PIP:B-CD = 1/2) cho
két qua % giai phong duoc chat 13 cao nhét

(khoang 75% sau 24 gio), khi tdng thém ty 1&
chat mang, luong duoc chéat giai phong co xu
hudng giam nhe, ¢ thé do su hinh thanh phirc
chat ché hon, 1am cham qua trinh giai phéng
dugc chat ra méi truong. Dua trén két qua giai
phong duoc chét va cac thong sb dic tinh cua vi
cau noi, cong thirc CT2 véi ty 1¢ PIP:B-CD=1:2
duoc lua chon dé tiép tuc tién hanh céc nghién
ctru tiép theo.
3.3. Két qua xdy dwng céng thirc hé vi cau néi
chira PIP
3.3.1. Két qua khdo sat nong do natri alginat
Céc cong thuc duogc ¢d dinh khdi lugng cac
thanh phan nhu CT2, tuy nhién c6 su thay d6i vé
khdi luong natri alginat trong cac cong thirc. Két
qua dugc trinh bay ¢ Hinh 3.
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Hinh 3. Cac miu vi cau ndi sau khi bao ché (a) CT7, (b) CT2, (c) CTS, (d) CT9, (e) CT10

Két qua khao sat cho thiy, véi ty 1& natri
alginat 13 1,5% (CT?7), hat vi cau khéng duoc
hinh thanh. Khi ting dan ndng d6 natri alginat
(tir 2,0% dén 3,5%), c6 thé thay su thay doi 16
vé kich thudc va bé mat hat: cac hat 16n hon, bé

mat nhin va it xbp hon. Do d6 lwa chon céc cong
thirc c6 nong do natri alginat >2% d¢ tién hanh
danh gia cac dic tinh. Két qua duoc trinh bay &
Bang 4 va Hinh 3.

Bang 4. Két qua khao sat ndng do natri alginat (n=3, TB + SD)

CT2 CTS8 CT9 CT10
% natri alginat 2,0 2,5 3,0 3,5
KT (mm) 0,88 +£ 0,04 0,92 + 0,02 0,99 + 0,02 1,04 +£ 0,03
tlag (phuit) 3,08 +£0,49 5,46 £0,21 8,74 +0,15 11,85+0,47
tnéi (210) 5 5 4 3
HL (%) 13,38+ 0,52 12,48 £ 0,49 12,85+ 0,37 11,69 + 0,39
H (%) 90,05+ 0,97 91,86 + 0,63 88,52+ 0,59 86,24 + 0,82

Chu thich: KT: kich thudc hat vi cau noi, tiag: thdi gian tao hé ndi, tasi: thoi gian néi, HL: ham

luong PIP trong vi cdu ndi, H: hiéu suit bao gbi

Két qua cho thay, khi ting dan nong do natri
alginat, kich thuéc hat ting dan (tir
0,88+0,04mm dén 1,04+0,03mm). Thoi gian tao
hé ndi ciing ting dan khi ting nong do natri
alginat, & CT10 13 11,85+0,47 phut, lau hon gan
4 14n so v&i CT2 (3,08+0,49 phut). Didu nay co
thé giai thich do khi ting nong do natri alginat,
dong nghia véi viée ting 16p vo bén ngoai clia
hat vi cau, do vay kich thudc hat tang. Thoi gian

tao hé ndi tang dan do can c6 thoi gian dé natri
alginat duoc thdm hit nude dé truong ng. Tuy
nhién, thoi gian ndi lai giam (con 4 gio) khi tang
ndng d6 natri alginat dén 3,0% va 3,5%, co thé
do lugng natri alginat tang, lam ting khdi luong
vi cau, do d6 1am giam thoi gian n6i. Ham luong
PIP trong vi cau va hi¢u suat bao goi cua cac
cong thire déu twong ty nhau, chénh 1éch khong
dang ké.
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Hinh 4. Phén trim giai phong dugc chat theo thoi gian ciia cac cong thirc vi cau
chtra cac nong do natri alginat khac nhau.

Tir d6 thi phan trim giai phong dugc chét
theo thoi gian clia cac cong thire vi cau, cho thay,
khi nong d¢ natri alginat ting, kha ning giai
phong dugc chit giam (tir khoang 70% xudng
con khoang 60% sau 24 gio). Diéu nay co thé
giai thich do natri alginat tdng, kéo dai thoi gian
tao hé n6i (do phai ting thoi gian truong né natri
alginat). Do d6, nong do natri alginat 2% dugc
lira chon dé tién hanh cac nghién ciru tiép theo.

3.3.2. Két qua khao sat ty l¢ ta duwoc tao khi

Céc mau vi cau dugc bao ché v6i thanh phan
tuong tu CT2, thay doi ty 1é ta duoc tao khi. Vi
cau noi thu dugc duge danh gia dic tinh vé kich
thudce hat, thoi gian tao h¢ ndi, thoi gian ndi, ham
luong PIP va hiéu suét bao goi. Két qua duoc
trinh bay ¢ Bang 5.

Bang 5. Dic tinh ctia cdc cong thirc vi cdu chira thanh phan ta dugc tao khi véi cac ty 18 khac nhau

(n=3, TB+SD)

CT2 CTI5 CT16
CaCO:s (g) 0,30 0,25 0,20
NaHCO:; (g) 0,20 0,25 0,30
KT (mm) 0,88 + 0,04 0,91% 0,03 0,96 + 0,05
tiag (phiit) 3,08 + 0,49 2.56 £ 0,50 138 +0,.28
tagi (phut) 5 7 7
HL (%) 13,38 £ 0,52 14,92 £ 0,38 13,74 + 0,33
H (%) 90,05 + 0,97 88,35 + 2,05 83,29 + 1,65

Chu thich: KT: kich thudc hat vi cau ndi, tiag: thoi gian tao hé noi, tasi: thoi gian ndi, HL: ham

lugng PIP trong vi cAu ndi, H: hiéu suat bao goi

Két qua khao sat cho thiy, khi ting ty 1é
NaHCO:s, kich thude hat va thoi gian ndi ting,
trong khi d6 thoi gian tao hé n6i giam 1o rét (tir
3,08+0,49 phut xudng 1,38+0,28 phiit). Diéu nay
¢6 thé do lwong khi sinh ra tir NaHCOs 16n hon,
1am gidn nd cau tric gel trong qua trinh tao vi

cau, va lugng khi sinh ra 16n ciing lam giam thoi
gian tao hé ndi, va thoi gian ndi dai hon (tur 5 gio
tang 1én 7 gid), c6 thé do cdu tric vi cau xop hon.
Nguoc lai, hi¢u sudt bao go1 giam dan, tur
90,05+£0,97% xudng 83,29+1,65%, c6 thé giai
thich do cau triic xdp ctia vi cau c6 thé lam giam
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kha ning gitr dugc chat, ro ri trong qua trinh rira
va sdy vi cau. Nhu véy, viéc ting NaHCOs gitp
rit ngan thoi gian tao hé ndi va tang kha nang ndi,
tuy nhién c¢6 thé anh huong khong tot dén hidu
sut bao goi. Do d6, CT15 dugc can nhic 1a ty 18
t6i wu, gitip can bang giira tc do tao ndi nhanh,
hiéu suat bao géi va hinh thai hat 6n dinh, dugc
Iira chon dé tién hanh cac nghién ctu tiép theo.

3.3.3. Két qua ddnh gid dé on dinh ciia cong thire
161 wu

Két qua danh gia do 6n dinh cta vi cau noi:
Panh gia dic tinh cia CT15 & thoi diém ngay
sau khi bao ché, sau 1 tudn va sau 1 thang, bao
quéan & nhiét d6 phong. Két qua dugc trinh bay &
Béng 6 va Hinh 5, 6.

Hinh 5. Hinh anh cua cac mau vi ciu (CT15): (a), ngay sau bao ché, (b) sau 1 tuin, (c) sau 1 thang

Béng 6. Dic tinh ctia vi cau CT15 sau cac khoang thoi gian bao quan khac nhau (n=3, TB + SD)

Ngay sau bao ché Sau 1 tuan Sau 1 thang
KT (mm) 0,91+ 0,03 0,92 £ 0,02 0,91 £ 0,04
tiag (phut) 2,56 £ 0,50 2,69 + 0,36 2,24 +0,39
tnéi (phut) 7 7 7
HL (%) 14,92 £ 0,38 14,59 £ 0,13 14,73 £ 0,29
H (%) 88,35 +2,05 86,37 + 1,03 87,20 £ 1,96

Chu thich: KT: kich thudc hat vi cau ndi, tiag: thoi gian tao hé noi, tasi: thoi gian ndi, HL: ham

lugng PIP trong vi cAu ndi, H: hiéu suat bao goi
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Hinh 6. Phin tram giai phong dugc chét ctia cac mau vi cau sau thdi gian bao quan khac nhau (n=3, TB + SD)
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Két qua cho thay, cic dic tinh va kha nang
giai phong dugc chat cia CT15 khac nhau khong
¢6 ¥ nghia thong ké gitta thoi diém ngay sau bao
ché, sau 1 tuan va sau 1 thang.

4. Ban luian

Két qua nghién ctru cho thiy, phuong phap
ddng két tua cho hiéu suat tao phtic giira PIP va
B-CD cao hon 13 rét so véi phuong phap nghién
co hoc (87,25 £ 1,11 % so voi 49,28 £+ 2,37 %).
Diéu nay pht hop véi cac nghién ciru trude day,
trong d6 phuong phap dong két tia dugc chimg
minh gitp tdng kha nang tuong tac phan tur va
hinh thanh cau tric bao bén viing giita PIP va p-
CD nh¢ diéu kién dung moi ddng nhat va kha
nang khuéch tan t6t hon ctia phan tir khach trong
pha long [2,3].

Khi khéo sat ty 1¢ phdi hop giita PIP va B-CD,
két qua cho thdy hiéu sut tao phirc ting theo ty
1¢ B-CD, trong khi phan trim PIP trong phirc
giam dan. Piéu nay c6 thé dugc giai thich 1a do
su du thira B-CD gitp tang kha ning bét giir phan
tir piperin trong khoang ky nuéc, nhung dong
thoi 1am pha lodng ham luong dugc chat trong
khdi phirc. Xu huéng nay twong tu béo co ctia
Quilaqueo va cong su (2019) [4], khi hiéu suit
tao phtrc dat cuc dai ¢ ty 1€ mol 1:2 va it thay doi
O céc ty 1€ cao hon.

Déi véi cac vi cau ndi chira phirc PIP/B-CD,
két qua cho thay kich thudc hat va thoi gian tao
hé nbi (tlag) ting theo ty 1& alginat, trong khi thoi
gian ndi (tndi) van duy tri 6n dinh khoang 5 gio.
Khi tang ty 1€ natri alginat, d nhét dung dich tao
gel ting 1én, dan dén sy hinh thanh cac hat ¢
kich thudc 16n hon va kha nang giir khi t6t hon,
gitip hé c¢6 d6 ndi bén hon. Két qua nay pha hop
v61 nghién ctru cua Sen O va cong su (2023) [6]
, trong d6 alginat dugc xem 1a polymer nén hi¢u
qua cho hé thudc ndi nho kha ning tao mang gel
jon bén ving voi Ca2".

Vé anh hudng cua ta dugc tao khi, khi tang ty
1€ NaHCOs3 so v6i CaCOs, thoi gian tao hé ndi

giam 1o rét (tr 3,08 = 0,49 phut Xuéng 1,38 +
0,28 phit), trong khi thoi gian ndi kéo dai va
kich thudc hat ting nhe. Co ché nay duoc 1y giai
la do NaHCO3 phan img nhanh hon véi CaClava
moi truong acid, giai phong CO; tic thi, lam
tang kha ning n6i nhung dong thoi tao ciu triic
vi cau x6p hon, anh hudng dén hiéu suat bao goi.
Xu hudéng tuong tu dugc bao céo trong cac
nghién ciru vé vi cdu noi alginat ciia Birajdar va
cong su (2021) [1].

Tuy nghién ctru hién tai méi dung ¢ viée tao
ban thanh phdm vi cdu ndi, nhung ddy 1a budc
tién dé cho cac hudng phat trién tiép theo nhu:
hoan thién dang ding (vién nang, thudc cém),
danh gid dugc dong hoc - sinh kha dung, nghién
ctru tac dung bao v€ niém mac da day trén mo
hinh in vivo,...

5. Két luin

D3 bao ché thanh cong vi cau ndi chira piperin
(PIP) bang phuong phap tao gel ionotropic sir
dung natri alginat va HPMC. Phuc PIP/B-CD
dugc tao bang phuong phap dong két tia véi ty
16 mol t6i wu 1:2. Cong thirc t6i wu gém phirc
PIP/B-CD (tuwong ung 0,10 g PIP), natri alginat
0,20 g, HPMC 0,01 g, CaCOs 0,25 g, NaHCO:s
0,25 g va CaCl-2H>0 0,30 g. Vi cau thu dugc
c6 kich thude 0,91 + 0,03 mm, thoi gian tao hé
n6i 2,56 + 0,50 phut, ndi 7 gio, hiéu suit bao gbi
88,35 +2,05% va giai phong PIP dat 76,79% sau
24 gid. Két qua cho thay hé vi cdu ndi c6 tiém
ning cai thién kha nang luu giit va hap thu PIP
tai da day.
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