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NGHIEN CUU CONG THUC VA QUY TRINH PIEU CHE HE CHAT
MANG NANO LIPID (NLC) TAI AMIODARON HYDROCLORID

Nguyén Hoang, Phan Minh Théo, Trén Lé Tuyét Chau”
Truong Duoc, Dai hoc Y Duoc Thanh pho Ho Chi Minh

TOM TAT

Pt vin dé: Amiodaron hydroclorid (AMH) la hoat chat thuéc nhém II theo phan logi sinh duoc hoc
(BCS) voi do tan thap va tinh tham cao. AMH dé tdi két tinh sau khi hoa tan, lam giam tinh 6 on dinh va
hiéu qua cua thuoc Hé chdt mang nano lipid (NLC) la hé nano Iong cdu tric 16i - vo, véi phan 16i la
hén hop lipid rin - long. Hé NLC giuip cai thi¢n do tan, giam dao thai hoat chdt ra khéi hé va la hé
chat mang tiém néng cho cdc hoat chat kém tan. Muc tiéu nghién ciru: Xay dung cong thirc va quy
trinh diéu ché hé NLC tai 5% AMH. Phirong phdp nghién ciru: Quy trinh diéu ché hé NLC tai AMH
(NLC-AMH) gom hai giai doan chinh: (1) diéu ché hé NLC thé va (2) giam kich thudc tiéu phan tao
hé NLC hoan chinh. Hé dwoc danh gid cac chi tiéu: Kich thide trung binh (KTTB) tiéu phan, chi sé
da phdn tan, hiéu sudt tai va hiéu sudt bat gitt AMH. Két qua: Cong thirce NLC-AMH chira 5% AMH,
6% glyceryl palmitostearat, 4% acid oleic, 4% tween 80 va nwéc tinh khiét vira di 100 g. Mdu thu
dwoc c6 thé chdt dong nhat, mau trang dén trang nga, KTTB tiéu phan 51.605 + 0.027 nm (véi Pdl
0.098 £ 0.003), thé zeta 30.55 + 0.845 mV, hiéu sudt tai hoat chdt khodng 4.9% va hiéu sudt bat giir
hoat chdt khodang 99%. Két lugn: NLC la h¢ chat mang phu hop cho cac hoat chat kém tan, dién hinh
nhw AMH va dinh huwéng c6 thé phdt trién thanh pham dang thudc tiém tiv két qua nghién ciru.

Tir khéa: hé chat mang nanolipid, amiodaron hydrochlorid, dong nhat héa dp sudt cao, nhém II-BCS

DESIGN AND PREPARATION OF AMIODARONE HYDROCHLORIDE-
LOADED NANOSTRUCTURED LIPID CARRIERS
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ABSTRACT

Background: Amiodarone hydrochloride (AMH) belongs to BCS class Il (low solubility and high
intestinal permeability). AMH tends to recrystallize after dissolution, resulting in reduced stability
and therapeutic efficacy. Nanostructured lipid carriers (NLCs) are colloidal systems with a core-
shell structure, consisting of a solid-liquid lipid matrix stabilized by surfactants. NLCs enhance drug
solubility, reduce drug expulsion, and are considered promising carriers for BCS class Il compounds.
Objective: This study aimed to develop and optimize a formulation and preparation process for AMH-
loaded NLCs (50 mg/g). Methods: NLCs were prepared using high-pressure homogenization method.
The process comprised two main steps: (1) preparation of a coarse NLC dispersion and (2) particle
size reduction to obtain the final nanosystem. Formulation and process parameters were
systematically investigated. The prepared systems were characterized in terms of mean particle size,
polydispersity index (Pdl), drug loading capacity, and entrapment efficiency. Results: The optimized
NLC-AMH formulation consisted of 5% amiodarone hydrochloride, 6% glyceryl palmitostearate, 4%
oleic acid, 4% tween 80, and purified water q.s. to 100 g. The obtained dispersion was homogeneous,
white to off-white in appearance, with a mean particle size of 51.605 £ 0.027 nm (PdI 0.098 + 0.003),
zeta potential of 30.55 £ 0.845 mV, drug loading capacity of approximately 4.99% and entrapment
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efficiency of approximately 99%. Conclusion: NLCs represent as a suitable carrier system for BCS
class Il drugs such as AMH and may be further developed into injectable dosage forms.

Keywords: nanostructured lipid carriers, amiodarone hydrochloride, high-pressure homogenization, BCS class Il

1. PAT VAN PE

Céc hé thong van chuyén thude kich thudc nano nhu liposome, microemulsion va hé nano lipid ran
(solid lipid nanoparticles, SLN) lan luot ra doi va phat trién, lam tién dé cho hé chat mang nano lipid
(nanostructure lipid carriers, NLC). NLC la hé chura céac tiéu phan nano c6 kich thude 50 - 300 nm,
ciu trac hinh cau dugc thiét ké dé van chuyén hoat chat. Thanh phan cta hé NLC bao gdém hdn hop
lipid rén -lipid 1ong, chat hoat dong bé mat (HbBM) va dung méi. NLC 1a h¢ c6 céu tric 161 - vo. Loi
ciia NLC duoc tao thanh tir sy két hop giira lipid ran - long, gitp tang kha nang tai hoat chat, giam
hién tuong chuyen d6i da hinh va cai thién tinh 6n dinh cua hé [1]. Loi lipid nay dugc bao boc bdi vo
13 phan tir chat HDBM, c6 vai tro 6n dinh tiéu phan nano, giam hién twong két tu va duy tri tinh dong
nhat trong hé phén tan, bén canh d6 16p vo chat HDBM nay con cho phép PEG héa hodc gan phdi tir
nhim dich, nang cao do dic hiéu dén té bao muc tiéu [2].

Trong cac ki thuat bao ché, ki thuat dong nhat hoa ap sut cao duogc lua chon dya trén kha nang tao
tiéu phan c6 kich thuéc nano déng déu va 6n dinh nho 4p sudt cao tao ra luc cit manh, dong thoi
khong str dung dung mdi hitu co nén dugce danh gia la phuong phap xanh va an toan [3].

AMH 1a thube chéng loan nhip tim, thudc nhom II theo hé théng phan loai BCS, c6 d¢ tan thép, tinh
thim cao; nhugc diém 1a dé tai két tinh sau khi dwuoc hoa tan. V&i cau trac 16i lipid ran - 16ng linh
hoat, hé¢ NLC c¢6 thé khic phuc diém bét loi nay cua hoat chit. Vi vay, viéc phat trién hé NLC tai
AMH 14 huéng nghién ctru ¢6 tiém ning img dung trong dugc pham.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Doi twgng va trang thiét bi nghién ciru
Déi twong: He NLC tai 5% AMH (NLC-AMH).

Héa chit: Amiodaron hydroclorid (Hengkang, Trung Quéce), glyceryl palmitostearat (Gattefosse
SAS, Phép), acid stearic (Oxford, An Do), acid oleic (Xilong, Trung Qudc), tween 80 (Xilong, Trung
Quéc), poloxamer 188 (BASF, Dric), ethanol (VN - Chemsol, Viét Nam), methanol (Merck, Puc),
nude tinh khiét (Viét Nam).

Thiét bi: Can ki thuat TE412 (Sartorius, Dirc), can phan tich 4 s6 Taisite (TaisiteLab Sciences, My),
may khudy tir Model AGE (Velp, Y), may khuay tir gia nhiét Wisestir Korea (Dathan, Han Qudc),
Ultra-Turrax® T25 digital (IKA, Puc), may dong hoa ap suit cao APV - 2,000 (SPX Corporation,
DPan Mach), may Zetasizer Nano S90 (Malvern, Anh), may quang phd UV-Vis (U-3900) (Hitachi,
Nhat), may vortex WiseMix® VM - 10 (Daihan, Han Qudc).

2.2. Phwong phap nghién ctru

2.2.1. Thdam dinh quy trinh dinh lwong AMH nguyén liéu bang phwong phdp UV-Vis

Trong nghién ctru ndy, cac mau dung dich dinh lugng s& duoc pha theo nguyén tic khdi lwong/khdi
lwong (w/w). Vi vy, ndng d6 cac dung dich duoc biéu dién duéi dang pg/g.

Amiodaron hydroclorid nguyén li¢u (Hengkang, Trung Qudc) co do tinh khiét > 98% dugc s dung
1am chuan lam viée dé xay dung duong chuan trong nghién ctru nay. Mau amiodaron hydroclorid véi
chtc ning mau thir s& duoc st dung khac 16 voi mau chuin lam viéc. Muc ti€u cta nghién curu la

khao sat va so sanh twong d6i ham luong hoat chét trong cac mau thir nghiém, viéc sir dung nguyén
liéu 1am chuén 1am viéc dugc xem 1a phi hop va thudng dugc 4p dung trong cac nghién ciru bao ché.

Chudn bi
Mau chudn lam viéc: Can chinh xac khoang 10 mg AMH (chuén lam viéc) vao vial, can thém
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methanol dén chinh xéac khoang 10 g, day kin, lic vortex 30 gidy, loc qua mang millipore 0.45 pm,
thu duoc dung dich c6 nong d6 khoang 1,000 pg/g. Pha loang dung dich nay 100 lan, thu duoc dung
dich chuan lam vi¢c c6 nong d6 khoang 10 pg/g.

Mau thir: Can chinh xac khoang 10 mg AMH nguyén liu vao vial, can thém methanol dén chinh Xac
khoang 10 g, day kin, lac vortex 30 gidy, loc qua mang millipore 0.45 um, thu dugc dung dich c6 nong
do khoang 1,000 pg/g. Pha loang 100 lan thu dugc dung dich mau thtr c6 nong do khoang 10 pg/g.

Mau tring: Methanol.
Mau placebo: Chi chira ta duoc va dung méi (khong chira hoat chat) dugc xir 1y twong ty miu thir.

Tinh twong thich hé thong: Tién hanh 6 lan do 46 hép’thu quang ciia mau chuén lam viéc AMH nong
do khoang 10 pg/g tai bude song 241 nm. Gia tri do hap thu quang trung binh, d6 1éch chuan (SD) va
do 1éch chuan tuong doi (RSD) dugc tinh toan. H thong dugc xem la dat yéu cau khi RSD <2%.

Dj dac hi¢u: Quet phd tir ngoai (200 - 400 nm) cua dung dich miu chuan lam viéc, mau thor AMH,
mau trang va mau placebo.

Yéu qcau: Mau thir phai co phd hz:ip thu quang va budc song hap thy cue dai (241 + 1 nm) giéng mau
chuan lam vi¢c. Mau trang va mau placebo khong cé budc song hap thu cuc dai tai 241 £ 1 nm.

Tinh tuyén tinh: Chuan bi mot day dung dich chuan lam viéc c6 nong d6 tir 3 dén 23 pg/g. Tién hanh
do d6 hép thu quang cac dung dich chuan lam viéc & budc song 241 nm. Tinh binh phuong hé sé
tuong quan (R?) va thiét lap phuong trinh hoi quy tuyén tinh gitta ndng d6 va do hip thu quang. St
dung tric nghiém F' (F-test, phan phdi Fisher) dé danh gia tinh tuong thich cua phuong trinh héi quy.
Str dung trac nghiém ¢ (¢-test, phan phdi Student) dé kiém tra y nghia ctia cac hé sb a, b trong phuong
trinh hdi quy.

Yéu cau: Gia tri binh phuong hé sé twong quan (R?) phai 16n hon 0.999.

Gidi han phdt hién (LOD) va gidi hgn dinh lwgng (LOQ): Duogc tinh toan dya vao phuong trinh hoi
quy tuyén tinh va dg 1éch chuan cua phép do quang phd UV-Vis.

Dé Idp lai: Chuan bi 6 mau thir doc 1ap co ndng d6 khoang 10 pg/g va do d6 hip thu quang tai budce
song 241 nm.

Yéu cau: Do 1éch chuan tuong ddi cua 6 1an do < 2.0%.

D¢ diing: Chuan bj mau thir: Pha 9 dung dich mau thtr co nbng do AMH tuong duong khoang 10
ng/g. Bo do hap thu quang ¢ budc song 241 nm, xac dinh néng 46 AMH. Thém AMH chuan lam
viéc vao mau thir: 3 mau dau thém 80% AMH so voi lugng AMH ¢6 trong mau; 3 mau tiép thém
100% AMH so véi lugng AMH c6 trong mau; 3 mau sau thém 120% AMH so vé6i lwong AMH c6
trong mau. Tién hanh do phd UV-Vis & budc song 241 nm, ghi nhan két qua.

Yéu cdu: Ti 1& phuc hdi trong khoang 98 - 102% va RSD < 2.0%.

2.2.2. Khdo sdt d¢ tan ciia AMH trong mét sé td dwoc

Thiét ké thi nghiém

+ Pha lipid (hdn hop lipid ran - lipid 16ng): Lipid rin (glyceryl palmitostearat, acid stearic); Lipid
long (acid oleic); Hon hop lipid rén - lipid long & cac ti 16 5:5, 6:4 va 7:3.

+ Chét hoat dong bé mit: Tween 80, poloxamer 188.

Can chinh xac khoang 2 g ta duoc vao lo thuy tinh, thém tir tir vao lo chira ta dugc mét luong du
AMH, khuay tur gia nhiét voi tdc do 600 rpm & 70 + 2°C trong 72 gid, tién hanh xir li mau thir theo
hudng dan chudn bi mau thir & Muc 2. 2.1. So sanh gia tri d6 tan dé chon ta dugc c6 kha ning hoa tan
AMH t6t nhat cho cac thuc nghiém tiép theo.
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2.2.3. Khdo sdt cdc thong sé cong thirc anh hwéng dén h¢ NLC

Sau khi chon duoc ta duoc phit hop v6i cac thanh phan pha lipid, chat HDBM, tién hanh khéo st ti
1¢ chit HDBM - pha lipid, ti 1¢ pha lipid trong cong thtrc. Thyc hién trén mau NLC tring v&i ¢& mau
nghién ctru 100.00 g.

Khao sdt ti Ié chdt HPBM - pha lipid ¢ cdc mirc 2:5, 3:5, 4:5, 5:5 (kl/kl)

Thong sb quy trinh ¢b dinh: Toc do va thoi gian khudy tron (ultra-turrax), thoi gian mau di qua may
HPH 10 phut va 4p sudt may HPH 1a 1,200 bar.

Théng s cong thire ¢b dinh: Ti 18 lipid ran - 16ng (theo két qua khao sat & Muc 2.2.2), ti 1& pha lipid 5%.
Tién hanh: Hé NLC dugc diéu ché theo quy trinh & Muc 2.2.4.

Cach danh gia: Cam quan (mau sic, d0 bén co hoc thong qua thoi gian tach 16p); mau c6 KTTB tiéu
phén < 200 nm va PdI nhé nhat.

Khao sat ti I¢ pha lipid trong h¢ NLC 6 cac miec 5%, 7.5% va 10% (kl/kl)
Théng s6 quy trinh ¢ dinh: toc do dong nhat hoa mdy ultra-turrax, thoi gian ddng nhét may ultra-turrax,
thoi gian miu di qua may HPH 10 phit va ap suat may HPH 1a 1,200 bar.

Thong s cong thie ¢d dinh: Ti 1¢ lipid ran 1ong 14 6:4, ti 1¢ chat HDBM-Pha lipid (két qua da khao
sat & muc trén).
Hé NLC duoc diéu ché theo quy trinh & Muc 2.2.4.

Cach danh gia: Cam quan (mau sic, 40 bén co hoc théng qua thoi gian tach 16p); KTTB tiéu phan <
200 nm va PdI nho nhat.

2.2.4. Khdo sdt cac thong 56 quy trinh anh huwong dén hé NLC

Quy trinh tong quat diéu che mau NLC trang hodc mau NLC-AMH gom hai giai doan chinh: (1)
khudy tron tde d6 cao tao mau thd va (2) dong nhat hoa ap suit cao thu mau NLC hoan chinh [4], quy
trinh dugc thé hién trong Hinh 1.

| Lipidrin | | Lipid long | | Dung moi | | ChétHPBM |
| | L ]
Khudy tr Khudy tir
600 rpm trong 15 phut 600 rpm trong 15 phit
Nhigtdg 60— 80°C Nhiét d§ 60 - 80 °C

— | Pha lipid Pha nuéc | |
Phai hop tir tir pha lipid vao pha nuéc

Thiét bj Ultra = turrax ﬁ

Giai doan 1 Téc db khnly x (vong/phit) @ |

Thoi gian khudy y phat
\hu.,ido 70+£2°C

Cam quan,KTTB tidu

‘ phéin,Pdl thé zéta Q ---------- HE NL@
i .T.C:L __ = ‘._
Giai doan 2 Ap sudit 1200 bar trong z phut f !_f| —

bé ngudi & nhiét do thich hgp

H C‘ml quan,KTTB ticu q_ Hé NLC
pl: in,Pdl,thé zéta hoan chinh

Hinh 1. Quy trmh tong quat diéu ché hé NLC

Mo ta quy trinh

Buéc 1: Chudn bi pha lipid: Hdn hop lipid ran va lipid 1éng dugce dun chay & nhiét do cao hon nhiét
d6 nong chay cua lipid ran khoang 5 - 10°C (thuong & 60 - 80°C, tuy theo loai lipid sur dung); tiép
tuc phéi hop AMH vao pha lipid (d6i v6i madu NLC-AMH).

Buoc 2: ’Chua;n bi pha nuoc: Chat HDBM va céc thanh phén phu trg néu co (chat 6n dinh, dung dich
dém, chat bao quan...) dugc hoa tan trong pha nuéc. Nhiét do cua pha nudc duoc duy tri trong khoang
nhi¢t 6 cua pha lipid d€ ngan chén hién tugng dong dac sdém khi phoi hop hai pha.
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Buée 3: Piéu ché hé NLC tho (giai dogn 1): Phéi hop pha lipid n6ng chay vao pha nuée. Hon hop
sau d6 dugc khuay tron toc do cao (thi€t bi ultra - turrax) voi toc do x (vong/phut) trong thoi gian y
(phut) ¢ nhiét d6 60 - 80°C, thu hé¢ NLC tho.

Buoc 4: Giam kich thuoc tiéu phan, c?‘iéu cﬁé h¢ NLC hoan chinh (giai dogn 2): H¢ NLC th6 thu dugc
tir Burde 3 tiép tuc duge xtr li qua thiét bi dong nhat hoa ap suat cao. Mau dugc dwa 1én pheu tiép liéu
va bom qua van v6i ap suat 1,200 bar trong z (phut), thu h¢ NLC hoan chinh.

Budce 5: Lam ngugi va bao quan h¢ NLC: Sau khi déng nhét héa, hé NLC duge lam ngudi dén nhiét
do phong. Mau duoc bao quan trong 1o kin.

Thyc nghiém khao sat cac thong sO quy trinh anh huéng dén hé NLC duoc thyc hién trén mau NLC
trang (khong chtra hoat chat) voi khoang khao sat dugc trinh bay trong Bang 1.

Bang 1. Thong s quy trinh anh huéng dén hé NLC

Thiet bi Thong s6 quy trinh Khoang gia tri khdo sat
Thoi gian khudy 5- 10 phut
Ultra-turrax Tée do khudy 10,000 - 15,000 vong/phat
HPH Thoi gian mau dong nhat hoa 2 - 10 phut

Cd& mau nghién ctru: 100.00 g.
Thong sb quy trinh ¢b dinh: Ap suat may HPH 1a 1,200 bar.

Thong s6 cong thirc ¢b dinh: Ti 1 pha lipid 14 5% (pha lipid 1a hdn hop lipid rén - lipid long véi ti 1¢ theo
két qua khao sat & Muc 2.2.2), ti 1& chit HDBM 14 2%.

Thoi diém kiém tra mdu: Giai doan 1 (tao h¢ NLC tho voi thiét bj ultra-turrax 10,000 - 15,000
vong/phut): lay mau & thoi diém 5 va 10 phut. Giai doan 2 (tao h¢ NLC hoan chinh v6i thiét bj dong
nhat hoa 4p suat cao & 1,200 bar): LAy mau ¢ cac thoi dlem 2,4,6,38, 10 phut.
Mau NLC dugc kiém tra cac chi tiéu: Cam quan, KTTB tiéu phan, chi s6 PdI.

2.2.5. Dinh gid tinh chat, dp on dinh ciia h¢ NLC-AMH
Tién hanh tai 5% AMH vao h¢ NLC voi cac thong so cong thirc va quy trinh da duoc xac dinh tur
thuc nghiém Muc 2.2.2 dén Muc 2.2.4. Péanh gia chi tiéu KTTB’ tiéu phan va thé; zeta bang phu:ong
phap tan xa anh sang dong (DLS); chi tiéu dinh luong, hiéu suat tai va hiéu suat bat gitr hoat chat
bang phuong phép quang pho UV-Vis.
Hiéu suit tai (Drug loading - DL, %): DL = ( The ) %100

Mpem
Trong do: )
DL: Hi€u suat tai hoat chat (%)
mhe: Khdi lugng hoat chét duoc tai trong hé (g)
Mpem: TOng khoéi lugng hé chat mang (g)
Hiéu suat bat giir (Encapsulation Efficiency - EE, %): EE = (1 mr: d") x100

tp

Trongdo: )
EE: Hi¢u suat bat giir hoat chat (%)
My do : Khéi lwrong hoat chit ty do trong hé (pg)
myp: Khoi lwong toan phéan ciia hoat chét trong hé (ug)

Thim dinh quy trinh dinh lwgng AMH trong h¢ NLC-AMH

Dung méi pha mau trong quy trinh dinh luong AMH trong h¢ NLC-AMH da duoc khao sat va lya
chon la ethanol-nudc (8:2).
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Chuan bi

Mau chudn lam viée: Can chinh xac khoang 10 mg AMH (chuan lam viéc) vao vial, can thém ethanol-
nudce (8:2) dén chinh xac khoang 10 g, day kin, lac vortex 30 gidy, loc qua mang millipore 0.45 pm,
thu dugc dung dich co nong d6 khoang 1,000 png/g. Pha lodng dung dich nay 100 lan, thu dugc dung
dich chuén 1am viéc c6 ndng d6 khoang 10 pg/g.

Mau thir: Can chinh xac khoang mot luong miu NLC-AMH chta twong dwong 10 mg AMH, cén
thém ethanol-nude (8:2) dén chinh xac khoang 10 g, day kin, lic vortex 30 gidy, loc qua mang
millipore 0.45 pm, thu duoc dung dich c6 nong d6 1,000 pg/g. Pha lodng dung dich nay 100 lan, thu
dugce mau thir c6 ndng d6 khoang 10 pg/g.

Mau trdng: Ethanol-nuéce (8:2).
Mau placebo: hé NLC trang (khong chira hoat chat) dwoc xir Iy trong tu mau thir.

Céc chi tiéu thim dinh gém: Tinh tuong thich hé¢ théng, d6 dac hiéu, tinh tuyén tinh (duoc xay dung
trong khoang nong do 2 - 24 pg/g trong dung méi ethanol-nudce 8:2), gidi han phat hién, giéi han dinh
lugng, do 1ap lai, do ding duoc thuc hién twong tu Muc 2.2.1.

2.2.6. Dj on dinh ciia hé¢ NLC-AMH

Mau NLC-AMH duoc danh gia so bo 6 on dinh & diéu kién céap tdc (40 + 2°C, 6 4m 75 + 5%). Mau
duoc kiém tra cac chi tiéu: cam quan (mau sic, do trong, hién tugng tach 16p), KTTB tiéu phan, chi
s6 PdI, ham luong AMH, hié¢u suét tai va hiéu suét bat gilr hoat chat. Thoi gian luu mau 13 30 ngay,
cac thoi diém 1ay mau 1a 1, 15 va 30 ngay. Hé 6n dinh khi két qua ctia cac chi tiéu thay doi khong c6
 nghia thong ké.

3. KET QUA NGHIEN CUU

3.1. Két qua thAm dinh quy trinh dinh lwong AMH bing phwong phap UV-Vis

Quy trinh dinh luong AMH bang phuong phap UV-Vis d duoc thim dinh theo huéng dan ctia ICH.
Quy trinh dat yéu cau vé tinh twong thich h¢ théng, 6 dic hiéu, tinh tuyén tinh (5 = 0.0418x + 0.0178
véi R? =0.9999, trong khoang 3.05 - 23.06 pg/g), gidi han phat hién (LOD) = 0.2059 pg/g, gi6i han
dinh lugng (LOQ) = 0.6239 pg/g, d6 lap lai (RSD = 1.053% < 2.0%), d6 dung (ti 1é phuc hdi 6 ca 3
mirc ndng do dat trong khoang 98-102% véi RSD < 2%). Mau tring va miu placebo (chi chira ta
dugc va dung méi) khong ¢ bude song hap thu cuc dai tai 241 £ 1 nm.

(c)
Hinh 2. Ph6 UV-Vis (a) mau chuan lam viéc AMH, (b) mau thir nguyén liéu AMH, (c) mau trang
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3.2. Két qua khao sat d tan cia AMH trong mdt s6 ta dwoc
Bang 2. Két qua khao sat d§ tan cia AMH trong mot so ta dugc

STT Loai ta dugc Tén ta duoc Ham luong AMH
(mg/g)

1 Lipid rén Acid stearic 1.232 + 0.004"
2 Glyceryl palmitostearat 79.163 + 0.145"
3 Lipid long Acid oleic 0.065 + 0.002

4 Glyceryl palmitostearat-Acid oleic (5:5) 69.815+0.173"
5 Hon hop lipid Glyceryl palmitostearat-Acid oleic (6:4) 82.930 +0.184"
6 Glyceryl palmitostearat-Acid oleic (7:3) 85.839 +1.199
7 £ Poloxamer 188 0.224 + 0.002¢
g | ChattbBM Tween 80 0.810 = 0.003@

@ H < 0.05

Do tan cia AMH trong glyceryl palmitostearat tot hon c6 ¥ nghia thong ké so véi acid stearic; do tan
ctia AMH trong hdn hop lipid rén-1ong ti 1& 6:4 khac biét c6 y nghia thong ké (p < 0.05) so véi ti 1& 5:5,
trong khi ti 18 6:4 va 7:3 khac biét khong c6 y nghia théng ké (p > 0.05). Bén canh do, khi ti 18 lipid ran
trong cong thirc cao hon thi KTTB tiéu phan 16n hon va ting nguy co két tu [5]. Chon pha lipid (rén-
16ng) gdom glyceryl palmitostearat-acid oleic voi ti 1¢ 6:4 va tween 80 1am chat HDBM.

3.3. Két qua khao sat cac thong ) cong thirc anh huong dén hé NLC
Tién hanh diéu ché gid mang NLC (cd mau 100.00 g).

3.3.1. Két qua khdo sat ti I¢ chdt HDBM - pha lipid ,
Bang 3. Két qua khao sat sy anh hudng cua ti 1¢ chat HDBM - pha lipid dén KTTB

STT | Ti 1¢ chAt HDBM-pha lipid (kUkl) | KTTB (nm) PdI Thé zeta (mV)
1 2:5 131442475 | 0257+0.013 |-29.0+0.212
2 3:5 141.1+0.566 | 0370+0.013 | -29.0+0.212
3 4:5 143.9+0.354 | 0.352+0.028 |-30.9+1.130
4 5:5 146.4+1.909 | 0375+0.011 |-29.9+0.141

Mﬁ}l c6 ti 18 chat HDBM-pha lipid 2:5 (kI/kl) c6 KTTB du¢i 200 nm va PdI du6i 0.300 dat yéu cég.
Thé zeta cua cac mau thtr nghi¢m khéc biét khong cé v nghia, h¢ NLC 6n dinh. Chon ti 1€ chat
HDbBM-pha lipid (kl/kl) 2:5.

3.3.2. Két qua khao sat ti I¢ pha lipid trong h¢ NLC
Béang 4. K&t qua khdo sat ti I¢ pha lipid d&nh huong dén h¢ NLC

STT Til¢ pha lipid | Cam quan KTTB (nm) Thé zeta Cam quan | Cam quan
(%) (1 ngay) va Pdl (mV) (15 ngay) (30 ngay)
e e [ lmeen | o | o
] e | o g [aeeem | o | o
| 00 | O | gressoony | BB | © | @)

(+) Mau trang, long, dong nhat; (-) Mau trang, long, ¢6 hién tiong déng von

Céc mau déu dat tinh chét vét li co ban (KTTB tiéu phan, PdI, thé zeta). Tuy nhién, khi theo ddi cam quan
sau 30 ngay thi mau 5.0% va 7.5% c6 hién tugng dong von, hé sanh nhét. Chon ti 1€ pha lipid 10%.
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3.4. Két qua khao sit cic thong sé quy trinh dnh hwéng dén hé NLC

3.4.1. Khao sat giai dogn 1 (ultra-turrax) ) )

Mau thu duoc ¢ giai doan 1 s€ dugc danh gia ¢ hai thoi diém 1a vira két thiic giai doan 1 va sau 1 gio.
Thanh ghén cong thurc: Glyceryl palmitostearat: 3.00 g; Acid oleic: 2.00 g; Tween 80: 2.00 g; Nudc
tinh khiét (vira du): 100.00 g.

Bang 5. Két qua khao sat sy anh huong thong s6 quy trinh (giai doan 1)
Thoi gian

x Toc | Gdng nhit ) KTTB Tinh on dinh
Mau do Cam quan cia mau sau 1
(rpm) (ultra-turrax, (nm) gity
phut)

NLCI10.5 | 10,000 5 Mau trang, long, dong nhat | 2,797 £62.93 |Podng von, tach pha
NLC10.10 | 10,000 10 Mau xam, léng, dong nhat | 2,249+31.11 |Pdng von, tich pha
NLC15.5 | 15,000 5 Mau trang, long, dong nhat | 1,603 £25.46 | Long, dong nhat
NLC15.10 | 15,000 10 Mau xam, léng, dong nhat | 1,672+22.63 | Long, dong nhat

M4u can dat tinh 6n dinh trong thoi gian chuyén tiép gitta giai doan 1 va giai doan 2. Vi vdy chon
thoi gian 1 gid sau khi két thac giai doan 1 dé danh gid hé NLC thd. Cam quan mau NLC10.5 va
NLC10.10 (téc do 10,000 rpm) sau mot gio ¢6 hién tugng két tu va tach pha; mau duoc khufiy voi
téc do 15,000 rpm (NLC 15.5 va CLC 15.10) sau 1 gio van giit trang thai phan tan kha tot. Mau
NLC15.10 bi thay d6i mau sic. O giai doan 1, chon thoi gian khuéy tron 1a 5 phut, tde do 15,000 rpm
(mau NLC15.5).

3.4.2. Khdo sat giai dogn 2 (mdy HPH) 7 ‘
Mau NLC15.5 tiép tuc dugc danh gia ¢ giai doan 2 (giam kich thudc ti€u phan bang may HPH).

Bang 6. Két qua khao sat sy anh huong thong sd quy trinh (giai doan 2)
Thoi Sau 24h Sau 15 ngay
Miu gian | Cim KTTB Pdl Ciam KTTB PdI
(phut) | quan (nm) quan (nm)
NLC2p 2 (+) | 136.8+1.061 | 0.317+£0.036 | (-) |143.5+0.846 | 0.326 £ 0.054
NLC4p 4 (+) [137.4+2.828 |0.285+0.010| (-) |134.3+0.707 | 0.271 +£0.001
NLCé6p 6 (+) [ 1344+1.061 | 0.264+£0.006 | (-) |132.6+0.353 | 0.271 £ 0.009
NLC8p 8 (+) | 133.8+1.768 | 0.257£0.001 | (+) |132.1+0.919 | 0.252+£0.010
NLC10p 10 (1) | 131.4+2.47510.257+£0.013 | (+) [129.7£1.697 | 0.252£0.011

(+) Mau trang, hoi duc, I6ng, dong nhat; (-) Mau trang, duc, long, cé hién twong déng von

Céc mau qua may dong ~nhf?lt hoa HPH (ap sqét 1,200 bar) voi thoi gian 2, 4, 6 phut bi dong von, tach pha
sau khoang 15 ngay. Mau qua may dong nhat hoa HPH tir 8 - 10 phut thi dong nhét va bén sau 15 ngay.
O giai doan 2, chon thoi gian 10 phat dé dong nhat hda bang may HPH véi ap suat 1,200 bar.

3.5. Két qua danh gia tinh chét ciia hé NLC-AMH va d6 6n dinh so bd ciia mdu NLC-AMH
3.5.1. Tham dinh quy trinh dinh lwong AMH trong hé NLC-AMH bing phwong phdp UV-Vis
Tinh twong thich h¢ théng

Bang 7. Két qua tinh twong thich hé théng quy trinh dinh luong AMH trong hé¢ NLC-AMH

bo hép thu quan A bo hép thu quan Trung binh RSD
Lan do I() Abs)q g Lan do [() Abs)q g ( A%)s) (%)
1 0.478 4 0.481
0.480 5 0.484 0.481 0.444
3 0.481 6 0.483
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Quy trinh dinh lvgng AMH trong h¢ NLC-AMH bang phuong phap quang phé UV-Vis dat tinh tuong
thich h¢ thong véi do 1éch chuan tuong d61 RSD (%) = 0.444 < 2%.

D¢ ddc hiéu: Két quéa d6 dac hidu cia quy trinh dinh lugng AMH trong hé¢ NLC-AMH bang phuong
phap quang ph6 UV-Vis duoc trinh bay trong Hinh 4.

4

i

i

= ]

ot i SRR AR MR — e —
0 250 00 30 0 0

© (d)
Hinh 3. Ph6 UV-Vis (a) mau chuan lam viéc AMH, (b) mau thir, (c) mau trang, (d) mau placebo

Trén pho UV, mau chuén lam viéc AMH va mau thir (NLC-AMH) ¢6 bu6c séng hap thu quang cuc
dai tai A = 241 nm; mau trang va mau placebo khong c6 dinh hap thu cuc dai ¢ budc song nay. Quy
trinh dinh lugng dat do dac hiéu.

Tinh tuyé’q tinh )
Béng 8. K&t qua tinh tuyén tinh - quy trinh dinh lugng AMH trong hé NLC-AMH

MAu Nong dé6 AMH (ng/g) Abs
1 2.07 0.085
2 4.08 0.184
3 8.00 0.378
4 12.01 0.579
5 16.01 0.778
6 20.03 0.980
7 24.02 1.179

=i
b

y=0.0499% - 0.0196
R2=1

=
sa =

= =
[ERS

D6 hép thu quang (Abs)
=
[=2

(=]

0 5 10 15 20 25 30
Néng d6 AMH (pg/g)

Hinh 4. D) thi biéu dién mbi trong quan gitra nong do6 (ng/g) va do hap thy quang (Abs) cia AMH
trong dung dich chuan lam viéc (dung moi ethanol-nudc 8:2)

Tric nghiém tinh twong thich ctia phuong trinh hdi quy bang tric nghiém F:

F =906468 > F(9.05:1.5) = 6.608: Phuong trinh hoi quy tuong thich.

Kiém tra y nghia cta cac hé s a, b bang tric nghiém ¢ Hé sé a co y nghia (p = 2.43 X 10"'* < 0.05),
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hé s6 b co y nghia (p = 1.6 X 10 < 0.05).
Quy trinh dinh luong AMH trong h¢ NLC-AMH bang phuong phap quang UV-Vis dat tinh tuyén tinh
v6i phuong trinh hoi quy § = 0.0499x - 0.0196 (R? = 1) trong khodng nong do tir 2.07 - 24.02 ug/g.
Gioi han phat hi¢én (LOD) va gioi han dinh luong (LOQ)
Gid61 han phat hién: LOD = 3.3xS/a = 3.3x0.001050/0.0499 = 0.0694 ng/g.
Gi61 han dinh luong: LOQ = 10xS/a = 10x0.001050/0.0499 = 0.2104 pg/g.
Do lap lgi
Bang 9. Két qua do 1ap lai quy trinh dinh lwong AMH trong hé NLC-AMH

Mau | Abs | Ham luong AMH | Mau | Abs | Ham luong AMH | Ham lugng AMH | RSD
(ng/g) (ng/g) trung binh (ug/g) | (%)
1 10.486 10.14 0.480 10.02
0.480 10.02 0.483 10.08 10.06 0.488
3 10.483 10.08 0.480 10.02

Quy trinh dinh lvgng AMH trong h¢ NLC-AMH bang phuong phap quang phé UV-Vis dat yéu cau
ve do lap lai véi RSD = 0.488% < 2.0%.

Do diing
Béang 10. Két qua d6 dung quy trinh dinh lugng AMH trong hé NLC-AMH

M | | an Hainhlal;{w : Dtl?lll(:'lcpktlllliu DY hip thu Hainhlal;{w : Tilgphyc | |rungbinh
Kkhio PR R z | sau Kkhi thém 2o A: 0/ (%)
st do | chuanthém | thém chuan chuin (Abs) chuan tim hoi (%) RSD %)
vao (ug/g) (Abs) lai (ng/g)

1 8.314 0.492 0.907 8.317 100.03 99.89 +
80% 2 8.275 0.489 0.900 8.236 99.53 0.310

3 8.348 0.489 0.906 8.357 100.10 (0.310)

1 10.418 0.492 1.010 10.381 99.64 99.83 +
100% | 2 10.456 0.491 1.010 10.401 99.47 0.484

3 10.381 0.492 1.012 10.421 100.38 (0.485)

1 12.304 0.494 1.110 12.304 100.33 99.92 +
120% | 2 12.448 0.494 1.113 12.405 99.66 0.360

3 12.473 0.488 1.109 12.445 99.77 (0.360)

Ti 1& phuc hdi & ca 3 mirc n@)‘ng do dat trong khoang 98 - 102%, quy trinh dinh lwvgng AMH trong hé
NLC-AMH dat ti€u chuan vé d¢ dung theo quy dinh.

3.5.2 Két qua ddnh gid tinh chit ciia h¢ NLC-AMH
Cong thtrc diéu ché hé¢ NLC-AMH (c& mau 100 g) dugc trinh bay trong Bang 11.

Bang 11. Thanh phan cong thirc mau NLC-AMH (¢& mau 100 g)

Thanh phin cong thirc Ti 1¢ phin trim (%) Khdi lwong (g)
AMH 5.0 5.0
Glyceryl palmitostearat 6.0 6.0
Acid oleic 4.0 4.0
Tween 80 4.0 4.0
Nuéc tinh khiét  vira du 100.0 100.0
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Quy trinh diéu ché h¢ NLC-AMH

AMH Glyceryl palmitostearat Acid oleic Nude tinh khidt Tween 80
500¢g 600g 400g 3100 g 4.00¢g
I I
Khudy tir P Khudy tir
600 rpm trong 15 phit 600 Tpm (mnxiignyh:‘:: 600 rpm trong 15 phiit
Nhigt d3 70+ 2 °C Nﬂi(;,! . Al s Nhigt d 70 £2 °C

Phii hop tir tir pha lipid vao pha nude

~ Thift bj ultra~turrax Gini dogn 1

Tae d§ khudy 15000 rpm

Théi gian khudy 5 phie
Nhigtdd 70 +2 °C

| H¢ NLC thé

o Miy HPH
Ap suat 1200 bar trong 10 phit
B ngudi & nhigt b thich hop

| R
Hé& NLC hodn chinh

Hinh 5. Quy trinh hoan chinh dé diéu ché hé¢ NLC-AMH

Gini dogn 2

Céc tinh chat cia h¢ NLC-AMH dugc dénh gia gom: KTTB tiéu phan, chi s Pdl, thé zeta, hiéu suat
tai va hiéu suat bat gilr hoat chat (Bang 12 va Hinh 6).

Bang 12. Két qua danh gia cc tinh chat cia hé NLC-AMH (n = 3)

KTTB (nm) PdI Thé zeta (mV) |Hiéu suat tsi AMH (%)| Hiéu suat bit gitt AMH (%)
51.605+0.027 | 0.098+0.003 | 30.55+0.845 4.96+0.017 99.20 +0.341

=

(a) | i - (b ”
Hinh 6. (a) KTTB tiéu phan hé NLC-AMH, (b) Thé zeta hé NLC-AMH

Gia tri KTTB tiéu phan (51.605 + 0.027 nm < 200 nm) phu hop cho dinh hudng phat trién thudc tiém
truyén va thé zeta khoang 30.55 + 0.845 mV. Hé NLC-AMH giir duoc trang thai bén viing nho su
ddng nhét vé kich thudc va dai phan bé kich thudc hep (PdI < 0.2).

3.5.2 Theo déi so by dé on dinh hé¢ NLC-AMH

Két qua theo doi d6 6n dinh cua hé NLC ¢ diéu kién nhiét d6 40 + 2°C, d6 4m 75 + 5% duoc trinh
bay trong Bang 13 (v6in = 3 1a ba miu do chuan bi doc 1ap va dugc do lip lai mdi méiu ba lan).

Bang 13. Két qua theo ddi do 6n dinh hé NLC & diéu kién 40 + 2°C, d6 am 75 + 5% (n = 3)

Thoieian | KTTB (nm) Thé zeta Hiéu suat tai Hiéu suit bat giir AMH
g PdI (mV) AMH (%) (%)
‘ 51.61 £0.027
Sau 1 ngay (0.098 + 0.003) 30.55 + 0.845 4.96+0.017 99.20 + 0.341
.| 51.33+0218
Sau 15 ngay (01204 0.019) 32.45 +2.205 4.95 +0.025 98.92 + 0.500
.| 54.66+0.336
Sau 30 ngay (0.084 4 0.018) 29.45 + 1.805 4.96+0.014 99.23 +0.275
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Céc gia tri KTTB tiéu phén, PdI, thé zeta, hiéu suat tai va hiéu sut bat giir hoat chat khac biét khong
c6 y nghia thong ké (p > 0.05) gila cac thoi diém sau 30 ngay ¢ diéu kién 40 + 2°C, do am 75 + 5%.
Két lugn: Hé NLC-AMH duoc diéu ché véi cong thirc c6 ti 18 AMH 5%, ti I¢ lipid ran - 16ng 6:4, ti
1¢ pha lipid 10%, ti 1¢ chit HDBM-pha lipid 2:5 véi cac thong sO quy trinh gdm téc d6 dong nhat hoa
15,000 rpm (may ultra-turrax) trong thoi gian 5 phut, ap suit 1,200 bar trong thoi gian 10 phut (HPH)
dat céc tiéu chi cam quan, KTTB tiéu phdn va thé zeta khac biét khong c6 y nghia théng ké (p > 0.05)
trong 30 ngay theo ddi ¢ diéu kién 40 + 2°C, d6 am 75 + 5%.

4. BAN LUAN

Két qua khao sat do tan cho thiy amiodaron hydroclorid (AMH) c¢6 d tan thip trong acid stearic va
acid oleic nhung ting dang ké trong glyceryl palmitostearat va dic biét trong hon hop lipid ran - lipid
long. Hién twong nay duogc giai thich boi cau tric tinh thé khong hoan hao cua ma trén lipid trong h¢
NLC, trong do lipid long pha v& mot phan mang tinh thé lipid rén, tao cac khoang khuyét giup ting
kha niang phan b hoat chat va 6n dinh trong qua trinh bao quan [1, 3, 6].

Ti 1¢ lipid ran - lipid 16ng (6:4) duoc lua chon nhdm can bang giita kha ning hoa tan hoat chét va do
6n dinh ciia hé. Ham luong lipid ran qué cao co6 thé gay két tinh lai va ro ri hoat chét, trong khi lipid
16ng qua nhiéu lam giam do bén ctua hé. Thanh phan lipid 16ng déng vai trd quan trong trong viéc tao
c4u trac ma tran khong hoan héo va tang kha nang tai hoat chat [5].

Ti 1 chat hoat dong bé mit cling anh huong dang ké dén kich thudc tiéu phan va do 6n dinh cua hé.
Khi tang ti 1€ chat dién hoat, kich thudce ti€u phan va Pdl c¢6 xu hudng tang, cé thé do su gia taing do
nhét hoac sy hinh thanh micelle, anh huong dén qua trinh hinh thanh ti€u phan nano [3, 7].

Hé NLC dugc didu ché bang phuong phap két hop khudy tron tdc d6 cao va ddng nhét hoa ap suat
cao (HPH). Trong d6, khudy tao hé phan tan thd, con HPH gitip giam kich thudc tiéu phan nhd luc
cét va va cham manh. Day la phuong phap hiéu qua dé tao hé nano lipid c6 kich thudc nho, phan bd
hep va c6 kha ning mo rong quy mé san xudt [3, 4].

Hé NLC-AMH tdi wu ¢6 kich thude trung binh tiéu phan khoang 51 - 55 nm va PdI < 0.2, cho théy su
phan bo kich thudce hep va d dong nhat cao, phu hop dinh hudng duong tiém. Cac nghién ciru gan day
cling cho thay hé nano lipid c6 thé cai thi¢n phan bd va dugc dong hoc cia AMH [10, 12, 13].

Hiéu suat bat giit dat khoang 99%, phan anh kha ning bao géi tot ctia hé, chu yéu do tinh ki nuéc cua
AMH va cau triic ma tran lipid ran - 1dng linh hoat [1, 6]. H¢ cling cho thay d 6n dinh tot sau 30
ngay bao quan, nho sy két hop gitra ma tran lipid va 16p chat dién hoat gitip han ché két tu va tai két
tinh [1, 3].

Ngoai ra, phuong phap UV-Vis dugc st dung dé dinh luong AMH trong nghién ctru. Mac du HPLC
¢6 d6 chon loc cao hon, nhiéu nghién ctru cho thay UV-Vis van cho két qua dang tin cdy khi da ching
minh dugc do dac hi¢u va khong gay nhiéu tu ta duoc [9, 11, 14].

5.KET LUAN

Nghién ctru nay da xay dung dugc cong thirc va quy trinh diéu ché hé NLC tai amiodaron hydroclorid
bang phuong phap két hop khudy tron téc do cao va dong nhat hoa ap suit cao. Cong thirc ti wu clia
hé¢ NLC-AMH gom 5% amiodaron hydroclorid, 6% glyceryl palmitostearat, 4% acid oleic, 4% tween
80 va nudc tinh khiét vira di 100 g, voi cac thong so quy trinh gom khudy tron bang ultra-turrax &
tbc d6 15,000 vong/phut trong 5 phut, sau d6 déng nhat hoa ap suét cao ¢ 1,200 bar trong 10 phut.
Hé NLC-AMH thu duoc ¢6 KTTB tiéu phan khoang 51 - 55 nm, dong nhat, thé zeta khoang +30 mV,
hiéu suat bt giir hoat chat khoang 99% va hiéu suat tai hoat chat khoang 5%. Céc thong s6 vat 1y cua
hé khong thay ddi ¢6 ¥ nghia théng ké sau 30 ngay bao quan & 40 + 2°C, d6 4m 75 + 5%. Tir nghién
ctru nay cho thiy rang hé NLC phu hop cho hoat chit amiodaron hydroclorid, gop phan cai thién d6
tan cua hoat chat kém tan va c6 tiém nang phat trién thanh céac dang bao ché nano lipid, dac biét dbi
véi cac hoat chat thudc nhom 11 theo phan loai sinh dugc hoc.
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