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TOM TAT

Bai bdo duoc thuc hién nham nghién cuu in silico mé phong tham
qua da liéu hitu han két hop véi théng sé hoa tan Hansen va phdn
tich t6i wu da muc tiéu Pareto sang loc hé ta dwoc cho mot s6
anthraquinone g dung cho cdc ché pham ngodi da. Két qua cho
thdy 5 hop chdt bao gom: rubiadin cé kha ndng tham qua da tot nhat,
morindone néi bdt vé toc do khoi phat hip thu, nordamnacanthal va
damnacanthal c6 xu hwéng phin bé sdu hon vao da séng, trong khi
lucidin kém thudn loi nhat vé tham qua da nhiwng lheu gitk manh ¢ 16p
sung. Trong 7.200 hé ta duoc, hé poly(ethylene glycol)/poly(ethylene
oxide): castor oil: dimethyl sulfoxide (60:20:20, w/w/w) tuwong hop
véi da tot nhdt, hé urea:benzyl benzoate:propylene carbonate
(50:30:20, w/w/w) c¢6 mirc twong hop cao nhdt véi nhém
anthraquinone. Viéc phdn tich Pareto giip xdc dinh hé cin bang
twong hop véi da va hoat chit la poly(I1-vinyl-2-pyrrolidone): benzyl
benzoate: propylene carbonate (50:30:20, w/w/w). Két qua nghién
cru cung cd'p co so dinh huong tién cong thirc cho viéc lua chon hé
td dwoc cia anthraquinone trong ché pham ding ngodi da.

Tir khoa: Anthraquinone, Hansen, in silico, Pareto, ta duoc
ABSTRACT

A combined in silico approach using skin permeation simulation,
Hansen solubility parameters, and Pareto optimization was used to
screen excipient systems for topical anthraquinone formulations.
Simulation results revealed five compounds, including rubiadin (highest
permeation), morindone (earliest absorption onset), nordamnacanthal
and damnacanthal (deeper viable-skin distribution), while lucidin
showed the poorest transdermal permeation but the strongest stratum
corneum retention. Among 7.200 excipient systems, poly(ethylene
glycol)/poly(ethylene oxide): castor oil: dimethyl sulfoxide (60:20:20,
w/w/w) exhibited optimal skin coMPatibility, while urea: benzyl
benzoate: propylene carbonate (50:30:20, w/w/w) showed the highest
coMPatibility with anthraquinones. Pareto analysis further identified
poly(1-vinyl-2-pyrrolidone):benzyl  benzoate:propylene  carbonate
(50:30:20, w/w/w) as a skin-coMPatible balanced system for the active
ingredient. These findings offer a rational preformulation-oriented basis
for excipient screening in topical anthraquinone systems.

Keywords: Anthraquinone, Hansen, in silico, Pareto, vehicle
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1. GIOI THIEU

Trong nhitng nim gan day, viéc khai thac va img
dung cac hop chit c6 nguon gdc tw nhién trong
nghién ctru phat trién ché phdm dan truyén thudc
qua da ngay cang nhan dugc nhidu sy quan tam.
Diéu nay khong chi xuat phat tir xu hudng tim kiém
cac li€u phap an toan, cé tinh twong hop sinh hoc
cao, ma con do nhiéu hoat chat tyr nhién cé tac dung
sinh hoc phong phu va da dang (Schafer et al.,
2023). Tuy nhién, tr tiém ning sinh hoc dén kha
ning tng dung thyc té trong mot dang bao ché phu
hop 1a mot khoang cach khong nho. Cac phén tu
tong hop thudong duge dinh huéng ngay tir dau cho
nhitng muyc tiéu dugc 1y hoac dugc dong hoc nhét
dinh, cac hop chét ty nhién thuong boc 16 nhiéu han
ché vé tinh chat Iy hoa, kha niang hoa tan, 6 6n dinh
va mtrc d6 twong hop vai ta duge (Coimbra et al.,
2011). Nhing han ché nay cang nghiém trong hon
dbi v6i cac ché pham dung ngoai da, khi hiéu qua
diéu trj cua hoat chét khong chi phu thudc vao ban
chit hoa hoc va tinh chét duge dong hoc cua chinh
phén t&r, ma con chiu anh hudng tir cac tuwong tac
phirc tap giita hoat chat, cac thanh phan t4 dugc
trong cong thirc va hang rao bao vé sinh hoc cua da
(Crasta et al., 2025; Zhao et al., 2024).

Da vén 1a mot 16p bao vé rat tinh vi va chon loc;
vi vy, viéc thiét ké mot cong thie ding ngoai da
hiéu qua la rat kho khan (Van Gheluwe et al., 2021).
Hé ta dugc 1y tuong khong chi can thic ddy hoat
chat xuyén qua 16p simng, ma con phai kiém soat hi¢u
qua qué trinh phan bd cia hoat chét, cho phép né
duoc luu gilt & mirc d6 phu hop tai 16p da dich va
duy tri ndng d¢ du dé phat huy tac dung tai chd trén
bé mit da (Zhao et al., 2024). Néi cach khac, hiéu
qua ciia mot cong thirc ché pham qua da thuong
dugc quyét dinh boi it nhat ba phuong dién quan
trong: kha nang tham qua da, kha ning luu giit trong
da va muc d6 phan bd trén bé mit da (Alkilani et al.,
2015). Ba khia canh trén tuy co mébi lién hé mat thiét,
nhung thudong khong ddng pha v6i nhau. Mot cong
thirc ché pham dugc thiét ké dé nang cao do tham
chua han da duy tri dugc lugng hoat chét luu tra
thich hop trong mé dich. Nguoc lai, mot hé ta dugc
vu tién kha ning luu gitr hoat chét lai ¢6 thé lam
giam dang ké sy khuéch tan sau vao cac 16p da. Vi
vdy, viéc xdy dung mot cong thirc phu hop véi ban
chat 14 qua trinh tim kiém sy can bang gifta cdc muc
tiéu d6i khi mau thuén, thay vi chi tdi wu hoa mot
thong sé don 1é.

Trong bdi canh d6, nhom hop chat
anthraquinone tuy nhién dugc xem nhu mot dbi
tuong nghién ctru day tiém ning. Cac hop chét dién

38

Tdp 62, S6 CP: Khoa hoc tir nhién Pong bang séng Ciru Long - 37-50

hinh nhu  damnacanthal, nordamnacanthal,
morindone, rubiadin va lucidin (Hinh 1) da dugc ghi
nhan co6 nhiéu hoat tinh sinh hoc quan trong, bao
gdm tac dung khang viém, khang khuan, khang oxy
hoéa va tiém ning khang ung thu (Alogbi et al., 2025;
Chee et al., 2022; Latifah et al., 2021; Xin et al.,
2022). Pay 1a nhimg dic diém cho thdy nhom chét
nay c6 nhiéu trién vong trong phat trién cac h¢ dan
truyén thudc qua da. Tuy nhién, tiém ning d6 dén
nay van chua duogc khai thac sau. Mot trong nhing
nguyén nhan quan trong la cac anthraquinone
thuong c6 dac tinh ly héa & mirc trung gian, nghia la
khong that sy qua than nudc nhung ciing khong
hoan toan than dau. Chinh ddc diém nay khién kha
ning phan bd cta chung rt nhay véi sy thay doi
thanh phan ta dugc, chi mot thay doi trong hé cong
thirc ciing c6 thé lam bién d6i dang ké kha ning
tham, kha niang luu gitr hodc cach hoat chat hién
dién trén bé mat da (Lin et al., 2022).
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Hinh 1. Cac anthraquinone trong nghién ctru

Mic du viéc khao sat riéng 1¢ tung hoat chét
anthraquinone hoac danh gia mot vai tiéu chi hiéu
ning nhit dinh di dwoc thuc hién & mot s6 cong
trinh, nhung phan 16n cac nghién ctru trén da van
con han ché vé pham vi va thiéu mot cach tiép can
thong nhat (Lin et al., 2022). Dic biét 1a nhimng
nghién ctru so sanh mot cach c6 hé thong nhiéu
anthraquinone trong cung modt khong gian cong
thirc, dong thoi viéc xem xét ddy di mdi quan hé
giita cac tiéu chi quan trong ciia ché phdm qua da,
hién van con it.

Trén co s& do, nghién clru nay da sang loc hé ta
dugc tiém ning cho nim anthraquinone ding ngoai
da bang céach tich hop mo phong tham da liéu hitu
han, thong s6 hoa tan Hansen va toi uu da muc tiéu
Pareto. Trong d6, md phong qué trinh tham da dwoc
st dung dé md ta hanh vi thdm noi tai cua ting hoat
chat trong diéu kién chuéan hoa, con phén tich thong
s6 hoa tan Hansen (Hansen Solubility Parameters,
HSP) két hop Pareto dugc s dung dé sang loc
khong gian ta dugc theo mirc do twong hop vadi hoat
chat va véi da. Hai 16p mo hinh nay khong lién két
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v6i nhau bing sy dong nhit hoa chi sb, ma bang su
pht hop co ché, 16p thir nhit cung cip co s dé nhan
dién xu hudng phan b va thdm qua da cua hoat cht,
con 16p tht hai gitp lwa chon cac hé ta duoc co tiém
ning diéu chinh tuong tac ta dugc — thude — da theo
hudng phit hop hon cho phét trién tién cong thirc. Vi
viy, cac hé ta dugc trong nghién ctru nay 1 tién dé
cho giai doan kiém chimng thyre nghiém tiép theo. Tir
d6, hudng tiép can hiéu qua da dugc mé ra dé thu
hep khoang cach giira tiém ning sinh hoc va ung
dung thyc tién ciia cac hop chit ty nhién trong phat
trién ché pham ding ngoai da.

2. PHUONG PHAP NGHIEN CUU

2.1. Mo phong thAm qua da trong diéu kién
liéu hiru han

Trudc khi thuc hién md phong thAm qua da,
Consensus logP ~cia nam  anthraquinone
duoc du doan béng cong cu SwissADME
(https://www.swissadme.ch/) (Daina et al., 2017).

Kha ning thim cua cac anthraquinone dwgc mo
phong trong diéu kién lidu hitu han bang phin mém
Finite Dose Skin Permeation Calculator (National
Institute for Occupational Safety and Health, MY).
Mo hinh dugc thiét 1ap trong diéu kién da & trang

Liéu 100 pg/cm?
. s
Lép sing =
~10-20 pm ~=
Biubiséng | |.
~50-100 pm ‘L e
Trungbi < .
~1-2 mm
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thai hydrat héa mot phan, nhiét do bé mat da 32°C
va céu trac da gdm 16p sing, biéu bi sdng va trung
bi, v6i d6 day cac phan 16p da dugc thiét 1ap theo
thong s6 sinh 1y mdc dinh coa da ngudi (Hinh 2).
Céc dan xuét anthraquinone khao sat déu 1a nhiing
hop chét dang rin, cong kénh va it bay hoi, vi vay
ap suét hoi ciia chung & nhiét do bé mat da 1a cuc ky
nho. Do d6, hing s6 téc do bay hoi ciia hoat chét
trén bé mat duoc gia dinh bang khong, qua do loai
trir yéu t6 that thoat duoc chit ra méi truong va cho
phép mé hinh tap trung phén tich qua trinh phan bd
cling nhu khuéch tan qua 16p simg. Qua trinh danh
gia dong hoc tham thau qua da duoc mod phong trén
dién tich da quy chuan 1 cm? thong qua 151 thuét toan
4C3L (phién ban 2.4.09.09.2010 rev 3.3). V&i mdi
hoat chét, cac thong s6 1y hoa dau vao nhu khdi
luong phén tu, logKow, nhiét 3 nong chay, nhiét
d6 s61 duge nhap twong tmg dé xay dung hd so tham
qua da riéng biét. Hoat chit duoc ap dung 1én bé mat
da dudi dang liéu hitu han 100 pg/cm? (Kasting &
Miller, 2006; Kasting et al., 2008). Cac thong s6 thu
dugc tir mo hinh thim da trong nghién ciru nay dwoc
su dung nham mo ta hanh vi thAm ndi tai cia hoat
chat trong diéu kién chuan hoa, khong nham thay thé
cho danh gia tryc tiép anh huong cua timg hé ta duoc
cu thé 1én kha nang tham qua da.

Tich iﬁy o R on . 2
trong ldp siing Dieu kién mo phong
o T o
Da hydrat héa
Tich liy mét phan
trong bidubiséng | |
SRR Tl PG Nhiét dd bé mat da:
Tich liy 32°C
trongitrungbi || | s
= Dién tich da:
B 1em?
Hap thu vao
& tuanhoan | | T
=5
] kbay hei =0
A\ J

Hinh 2. So' 46 minh hga mé phéng thAm qua da trong diéu ki¢n liéu hiru han

2.2. Thiét ké hé ta dwgc

Trong pham vi nghjén cuu nay, ba nhom ta du;qc
duoc lya chon lﬁlm d(*)i‘ tugng khao sat chinh gom
pha nudc, pha dau va dong dung méi, do day la cac
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thanh phan nén thuong chiém ty trong chi yéu trong
cong thirc ché pham ngoai da va ¢6 vai trd chi phdi
dang ké dbi voi kha ning hoa tan, phan bd va thim
qua da cia hoat chit (Ahuja et al., 2024). Trong
nghién ctru nay, 8 ta dugc pha nudc duogc sir dung
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gém water, urea, lactic acid, triethanolamine,
ethanolamine, poly(ethylene glycol)/poly(ethylene
oxide) (PEG/PEO), poly(1-vinyl-2-pyrrolidone)
(PVP) va poly(vinyl alcohol), dac trung bdi d§ phan
cuc va kha nang tao lién két hydrogen cao. Nhom
pha diu c6 15 ta dugc gdm isopropyl palmitate,
ethyl oleate, oleic acid, stearic acid, castor oil, oleyl
alcohol, cetyl alcohol, triethyl citrate, polysilicone,
D-limonene, L-menthol, 1,8-cineole, benzyl
benzoate, butyl stearate va isopropyl myristate, chu
yéu c6 tinh than diu. Nhom ta duge ddng dung moi
¢6 12 ta dugc gdm ethanol, isopropanol, propylene
glycol, glycerol, diethylene glycol monoethyl ether
(DEGEE), dimethyl isosorbide (DMI), N-methyl-2-
pyrrolidone (NMP), dimethyl sulfoxide (DMSO),
propylene carbonate, ethyl lactate, benzyl alcohol va
phenoxyethanol. Nhitng ta dugc nay dugc vu tién vi
da duoc su dung rong rdi trong cong nghiép duoc
pham va m§ pham, c6 dit liéu an toan phong phu, d&
tiép can va dé dang 4p dung vao thuc té bao ché.

Sau khi phéi tron ba nhom ta duoc (mdi hé gom
1 ta dugc pha nudc + 1 ta duge pha dau + 1 ta dugc
ddng dung moi), cac hé nay dugc thiét ké theo cac
nhom ty 1¢ khdi luong ctia pha nudc: pha dau: dong
dung méi (N:D:DM) (w/w/w) khac nhau (Bang 1)
(Ponphaiboon et al., 2024). Két qua thu dugc 8 ta
dugc pha nude x 15 ta dugce pha dau x 12 ta duoc
ddng dung méi x 5 phan nhom ty 16 = 7.200 hé ta
dugc nhdm tao khong gian cong thirc rong, bao quat
nhiéu kha nang phdi hop. Mdi hé duge xem nhu mot
cong thirc gia dinh dé danh gia mirc d6 twong hop
v6i hoat chat va véi da.

Béng 1. Phan nhém ciac hé ta dwoc theo ty 1€

N:D:DM
Ty 1€ N:D:DM A 1A
STT Ovw/w) Tén hé
1 70:15:15 H¢ nu(ﬁfc cao
H¢ céan bang tiéu
2 65:20:15 %
. chuan
3 60:20:20 H¢ dong dung moi
_ cao
4 55:25:20 H¢ déu trung binh
5 50:30:20 Hé dau cao

2.3. Xay dung khong gian céng thirc va tinh
thong so6 hoa tan Hansen (HSP)

Thong s6 hoa tan Hansen (Hansen Solubility
Parameters, HSP) 1a hé ba tham s6 mé ta dic tinh
tuong tac phan tir cia mot chat, gdm thanh phan
phan tan (dp), phan cuc (dp) va lién két hydrogen
(0m). HSP duogc dung dé du doan mirc d6 tuong hop
gitra dugc chét, td dugc va mé dich. Khoang cach
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HSP (R,) cang nho thi kha nang hoa tan hodc ai luc
tuong tac thuong cang cao. Cac thong sd hoa tan
Hansen cua cac ta dugc dugce thu thap tu co so dir
liéu Hansen Solubility Parameters (https://hansen-
solubility.com/). Thong sé HSP cua 16p sing da
ngudi & 32°C duge st dung 1am hé tham chiéu, voi
céc gia tri dp = 16,5; dp= 12,0 va 6y = 7,7 (MPa!?).
Bén canh d6, ban kinh twong tic Ry = 6,3 (MPa'?)
cua da theo dir li¢u thyc nghiém trong mdt nghién
ctru trude do ciling dugce dung trong nghién ctru nay
(Ezati et al, 2020). Thong s6 HSP cua
damnacanthal, = nordamnacanthal, = morindone,
rubiadin va lucidin dugc wée tinh bang cong cu HSP
Parameter & Affinity Estimator
(https://processchemistryportal.com/tools/solubility
_tool/1_affinity estimator/) (Bang 2).

Béng 2. Thong so Hansen ciia cac anthraquinone
trong nghién ciru

Tén chit o or oH
Damnacanthal 27,86 9,20 11,24
Morindone 25,58 9,94 15,94
Rubiadin 26,35 9,05 13,32
Nordamnacanthal 32,57 11,87 15,26
Lucidin 29,79 10,26 16,19

Ghi chii: don vi MPa'”.

Ddi véi cac hé ta dugc, thong ) Hansen cua hén
hop duoc tinh theo trung binh ¢6 trong s6 theo phan
khoi lugng w; cua timg thanh phan (Fernandes et al.,

2025):
6Dmix = Z Wi (SDL'
i
Opmix = Z w; 6p;
i
SHmix = z w; by
i

Khoang cach Hansen giira h¢ t& dugc véi hoat chét
(Ra-drug) hodc da (Ry.skin) v6i don vi 1a MPa'? duge
tinh theo cong thirc (Tsioptsias et al., 2025):

R, = \/4(65“ =852+ (650 = 52 + (8 — 672

Chi s6 khoang cach tuong ddi (Relative Energy

Difference, RED) v&i RED = f;— giita hé ta duogc va
o ~ 0 \

da ciing dugc tinh d€ ho trg danh gia muc do gan
nhau trong khong gian HSP (Ezati et al., 2020).

2.4. Sang loc da tiéu chi dya trén Kkhoang

cach Hansen va toi wu Pareto

H¢ ta dugc dugc sang log déng thoti theo hai tiéu

chi: Ro-drug va Ra-siin/ RED. X€p hang theo Ry.grug dugc
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thuc hién riéng cho tiing anthraquinone nham chon
cong thirc hd trg hoa tan va phan tan hoat chét t6t
nhét. Xép hang theo Ry.sin va RED duoc ap dung cho
toan bo hé dé danh gia kha ning twong tac thuan loi
véi hang rao da.

Phan tich Pareto dugc ap dung trén hai muc tiéu
can toi thiéu hoa 13 Ry4ng va RED, duge xir Iy va
phan tich théng ké bang phin mém R 4.52 (R
Foundation for Statistical Computing, Vienna,
Austria). Mot hé duoc xem la nam trén Pareto front
(tap hop cac diém khong troi) khi khong ton tai hé
nao khac co gia tri muc tiéu khong 16n hon ¢ tat ca
c4c tidu chi va nho hon & it nhat mot tiéu chi. Tur tap
nghiém Pareto, diém can bang dai dién (mirc can
bang danh ddi t6t nhat) dugc xac dinh 1a nghiém
thirc dai dién cho trang thai can bang dai dién giira
hai myc tiéu (Lee et al., 2020). Dé Iya chon nghiém
trong Pareto, tur tap nghiem khong trdi, nghiém can
bang dugc xac dinh bang phuong phép khoang cach
dén diém 1y twong. Cu thé, cac gia tri Ry.dmg va RED
ctia cac nghiém trén Pareto front dugc chuén hoa
theo phuong phap min-max vé khoang [0,1]. Diém
Iy twdng dugce xac dinh tai toa d6 (0,0), twong ung
v6i trang thai dong thoi toi thiéu hoa ca hai myc tiéu
sau chuan hoa. Sau d6, balance score, mot chi sd
khoang cach Euclid toi diém 1y tuong trong khong
gian muyc tiéu, dugc tinh cho ting nghiém. Chi s0
nay phan anh mirc d6 can bang téng thé cua nghiém,
gia tri cang nho cho thiy nghiém cang gan dlem ly
tuong va do do cang dat dugc sy thoa hiép tdt hon
gitta cac muc tiéu (Ballestero & Garcia-Bernabeu,
2015). Balance score trong nghién ctru nay chi la gia
tri hd trg Iya chon mot nghiém dai dién c6 mire can
bang hai hoa nhat trong tap Pareto, khong mang ¥
nghia xac nhan mot cong thire ti wu tuyét dbi.

3. KET QUA VA THAO LUAN

3.1. X4ac dinh cac thoéng s6 1y hoa cia

cic anthraquinone bing cdng cu
SwissADME

Két qua & Bang 3 cho thy co sy khac biét giita
céc hoat chat ¢ tong dién tich cua cic nguyén tir
phan cuc (Topological Polar Surface Area - TPSA),
tinh than dau (LogP) va d¢ tan dy doan (Estimated
SOLubility - ESOL).

Rubiadin c6 TPSA thap nhét (74,6 A?) va LogP
cao nhat (2,23), du doan c6 xu huéng thuan loi cho
khuéch tan qua méi truong than dau, nhung do tan
van thép (0,0387 mg/mL). Nguoc lai, lucidin co
LogP thdp nhat (1,32) va do tan cao nhat (0,111
mg/mL), du dodn xu hudng uu tién cac mdi trudng
c6 d6 phan cuc cao hon so vdi cac anthraquinone
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con lai. Morindone va lucidin cung c6 TPSA cao
nhit (94,83 A2), song morindone c6 LogP cao hon
va lai cho d¢ tan thap nhit (0,0258 mg/mL). Trong
khi @6, damnacanthal va nordamnacanthal c6 dac
tinh trung gian hon, dic biét 1a damnacanthal cé
TPSA twong d6i thap, LogP trung binh va ESOL kha
cao, du doan s& c6 su can bang giira kha ning hoa
tan va phan bd. Dir liéu cho thdy rubiadin nghiéng
vé wu thé thim qua pha lipid, lucidin nghiéng vé uu
thé hoa tan, con damnacanthal va nordamnacanthal
¢6 xu hudng can bang giira cac tiéu chi. Sy khac biét
vé TPSA va LogP trong nhém anthraquinone 1a tién
dé hop 1y cho nhimng thay d6i vé hé sb thim, thong
luwong va mtrc @6 luu giir tai da (Tian et al., 2021).

Bang 3. Thong s6 TPSA, LogP va ESOL ciia cic

anthraquinone
Hoat chit TPSA LogP ESOL
Damnacanthal 80,67 1,84 0,0988
Morindone 94,83 2,03 0,0258
Rubiadin 74,6 2,23 0,0387
Nordamnacanthal 91,67 1,65 0,0682
Lucidin 94,83 1,32 0,111

Ghi chiti: TPSA: tong dién tich ciia cdc nguyén tir phdn
cuc (Topological Polar Surfuce Area) (42), LogP: hé s6
phéan bé octanol/nude dw dodn (khong thir nguyén),
ESOL: d¢ tan dy doan (Estimated SOLubility) (mg/mL).

3.2. Mo phéng thAm qua da trong diéu kién
liéu hitu han ciia cac anthraquinone

Két qua md phong tham qua da cho cac
anthraquinone trong ctng diéu kién da nguoi, ban
ngdm nudc, & 32°C cho théy su khac biét ro rét vé
kha nang khuéch tan, mic d6 x4m nhap biéu bi va
xu hudng luu giit trong da giira cac hop chat. Viéc
xét theo hé sb thdm hiéu qua (effective Kp) va thong
luong hap thu cuc dai (Bang 4) cho thay rubiadin 1a
hop chat c6 kha nang tham ndi troi nhét, voi Kp =
5,70.10* cm/h va théng luong cuc dai dat 0,007
pg/cm?/h. Morindone xép thir hai (3,13.10* cm/h;
0,016 pg/cm?/h), trong khi lucidin cho gié tri thip
nhit (8,30.105 cm/h, 0,004 pg/cm¥h). Tuy nhién,
d6i voi nong do cuc dai tai 16p thugng bi giita,
nordamnacanthal dat gia tri cao nhat (2,390 uM),
tiép theo 1a damnacanthal (1,951 uM), con lucidin
thap nhat (0,204 pM). Két qua nay cho thay rubiadin
duge dy doan biéu hién tiém ning thim da manh
nhat, trong khi lucidin 1a chat bi can tré nhiéu nhét
khi di qua hang rao da.

Vé dong hoc khoi phat, morindone dat thoi diém
xuét hién cia thong luong h?ip thu cuc dai s6m nhat
(329,169 giv), tiép theo 1a rubiadin (510,709 gid),
trong khi nordamnacanthal dat cuc dai mudn nhét
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(khoang 1000 gio) (Bang 4). Diédu nay cho thay
morindone khong phai 1a chat co6 cuong do thim
manh nhat, nhung ¢6 xu huéng dat trang thai hap
thu cuc dai nhanh hon. V& mit dinh hudng tmg
dung, day c6 thé 1a dic diém thuan lgi néu muyc tiéu
1a tao dap Umg som trén da; du vdy, gia thuyét nay
van can dugc x4c nhan thém trong b01 canh cong
thirc cu thé. Tuy nhién, néu cac yéu té dugc xem xét
ddng thoi thi rubiadin van trién vong hon (xét trén
céc chi s tham ndi tai trong mo hinh hién tai).

Bén canh d6, rubiadin c6 hé s6 phan bd 16p
stung/nudc (Kesr) cao nhat (19,15); do d6, hop chat
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nay cho kha ning thim cao nhét va can tré khuéch
tan thap nhat. Nguoc lai, lucidin c6 K4, thdp nhat
(10,05), trong tmg véi can tré khuéch tan cao nhat
va kha ning thim yéu nhat. Két qua nay cho thay
trong nhom anthraquinone khao sat, sy gia tang tinh
than dau ¢ mirc vira phai cung voi khdi lugng phan
tir thap 1a nhitng yéu t6 thuan loi cho qua trinh xuyén
qua 16p stmg. Noi cach khac, hiéu qua tham khong
phu thudc don thuan vao do hoa tan bdo hoa trong
mdi trudng chua thudc, ma phu thuéc manh vao
murc d§ twong hop cua phén to véi moi truong lipid
cua l6p sung.

Bing 4. Cic thong s6 md phéng thim qua da va lwu giir trong da ciia cic anthraquinone

) . Thong lweng hap Thoi gian dat N(“)ng do cuc dai
Hoat chat Iijgecc;:;}lf) thu toi da thong lugng tai 16p thuwong bi Kserw
P (ug/cm?/h) cuc dai (gio) giira (uM)

Rubiadin 5,70.10* 0,007 510,709 0,490 19,150
Morindone 3,13.10* 0,016 329,169 1,039 16,450
Damnacanthal 1,86.10* 0,032 929,650 1,951 14,330
Nordamnacanthal 1,58.10* 0,041 988,616 2,390 12,540
Lucidin 8,30.107 0,004 644,456 0,204 10,050

Bing 5. Péng gop ciia cic 16p da vao tong tré khuéch tan ciia cac anthraquinone khio sat

Téng tré khuéch tan (%)

Hoat chit

Lép sirng Lép biéu bi song Lép sdu/trung bi
Damnacanthal 99,76 0,0460 0,20
Lucidin 99,87 0,0204 0,11
Morindone 99,64 0,0743 0,29
Nordamnacanthal 99,79 0,0382 0,17
Rubiadin 99.41 0,1300 0,47

Ty 1& dong gop ciia 16p stmg vio tong trd khuéch
tan dao dong tir 99,41 dén 99,87%, trong khi biéu bi
song va 16p sau chi dong gop rat nho (Bang 5). Tong
tro khuéch tan giam theo thi ty: lucidin,
nordamnacanthal, = damnacanthal, = morindone,
rubiadin. Két qua twong ty ciing dugc ghi nhan ¢
mot nghién ctru khac khi cac phan tir rat than dau
tich lily trong 16p simg va khuéch tan theo con
duong lipid (Neubert, 2024). Két qua nay cho thay
su khac biét vé thim gitra cac anthraquinone chu ycu
dugc quyét dinh boi kha ning phan bd vao va
khuéch tan qua 16p stng, hon 13 boi su van chuyén
trong cac 16p da sau hon. Trong dinh hudng ti wu
hoa cong thirc ngoai da, cac chién lugc cai thién
phan bd vao 16p stmg va giam trd khang khuéch tan
tai 16p nay c6 vai tro quyét dinh sy thanh cong cta
ché pham (Zhao et al., 2024).

V& luu giit trong da, xu huong thu duoc khong
hoan toan trung véi x€ép hang tham. Lucidin cho
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téng lugng luu giit trong da cao nhit (93,20 pg/cm?),
tiép theo la rubiadin va morindone, trong khi
nordamnacanthal c¢6 tong lwong luu giit thap nhat
(56,56 ng/cm?) (Bang 6). Tuy nhién, khi tach riéng
theo tung l6p cho thdy c6 su khac biét vé co ché
phan bd: lucidin lvu gitr chu yéu & 16p simg (SC =
93,19 pg/cm?) con  damnacanthal va
nordamnacanthal tuy c6 tong lwu giit thap hon, lai
¢6 lwong luu giit & biéu bi séng va 16p sau cao nhat
VE+DE = 0,03 (pg/cm?) (Bang 6). Diéu nay cho
thiy rang lucidin c6 xu huéng tich tu tai bé mat hang
rao da, trong khi damnacanthal va nordamnacanthal
¢6 xu hudng phan bd sau hon vao mé da sdng. Vi
vay, néu muc tiéu Ia tac dung tai chd ¢ 16p nong thi
lucidin 14 ing vién déng chu ¥, con néu hudng dén
dua hoat chat vao cic 16p da sdu hon thi
damnacanthal va nordamnacanthal c6 loi thé rd hon.



Tap chi Khoa hoc Dai hoc Can Tho Tap 62, S6 CP: Khoa hoc tu nhién Béng bdng song Cuu Long : 37-50

Bang 6. Phan bd lwong hoat chat lru giir trong cac 16p da ciia nim anthraquinone

Hoat chat Luwong luu giir trong da (ug/cm?) (ﬂ;/ccm 2 (,u;;clfnz) (ﬂ‘ggn 2 XEIZB%
Damnacanthal 65,12 65,09 0,01 0,02 0,03
Lucidin 93,20 93,19 0,00 0,00 0,00
Morindone 80,55 80,53 0,00 0,01 0,01
Nordamnacanthal 56,56 56,53 0,01 0,03 0,03
Rubiadin 89,78 89,78 0,00 0,00 0,01

Chii thich: SC: I6p sung (stratum corneum); VE: biéu bi séng (viable epidermis); DE: trung bi (dermis); VE+DE: tong

leong hoat chdt leu giik trong biéu bi song va trung bi.

Két qua nghién ctru nay cling tuong dong voi
mot két qua nghién ciru trén khung anthraquinone
gém aloe-emodin, rhein, emodin, physcion,
chrysophanol. Trong d6, nhimg khac biét ciu tric
nhd ciing quyét dinh dac tinh phan bd, cu thé,
chrysophanol tich liiy cao tai mé da, ngugc lai, rhein
¢6 tinh xuyén thdm manh (Lin et al., 2022).

Két qua md phong cho thay rubiadin 1a hop chat
¢6 tiém ning tham qua da manh nhat xét theo hé s6
thim hiéu qua, trong khi nordamnacanthal dat ndng
dd cuc dai cao nhit tai 16p thugng bi gitra. Vé dong
hoc khéi phat, morindone 1a hop chat dat thong
luong hép thu cuc dai s6m nhét, con lucidin 1a hop
chit kém thuén loi nhat vé kha nang xuyén da. Viéc
xét vé luu giir trong da cho thiy lucidin cho tong
luong luu giit cao nhat va sy tich liy nay chu yéu
tap trung & 16p stng. Vi vay, su khac biét giilra cac
anthraquinone chu yéu bét ngudn tir mirc d6 twrong
tac cia chiing v&i 16p stmng, cho thay day 1a dich t6i
wu quan trong nhét khi thiét k& hé t4 dugc hodc chién
luoc ting thAm cho nhom hoat chat nay.

3.3. DPanh gia mirc do twong hgp HSP giira hé

ta dworc, da va hoat chat

Céo téng $6 7.200 hé ta dugc dugc danh gia, Kkét
qua sang loc HSP cho thiy gi4 tri R dao dong
trong khoang 2,136 dén 27,866 (MPa'?), voi
17,54% sb hé dat RED < 1, cho thiy sé hé thuc sy

nam trong ving twong hop HSP cua da 1a twong ddi
han ché (Bang 7) (Haq et al., 2020). H§ c6 muc
tuong hop cao nhat theo tiéu chi nay 1a PEG/PEO:
castor oil: DMSO (60:20:20, ww/w), V&1 Ra-skin =
2,136 (MPa'?) va RED = 0,339, trong khi hé kém
nhét 1a water: castor oil: glycerin (70:15:15, w/w/w),
VOi Ry-siin = 27,866 (MPa!?) va RED = 4,423 (Béng
8). O mot nghién ctru khac, vai tro lam bién d6i tinh
thim 16p sing cuia DMSO thong qua viéc twong tac
tryc tiép v6i mang lipid, mang ludi keratin va moi
truong ndi bao da dugc bao cao (Vasyuchenko et al.,
2021). Mic du vay, mirc d¢ tuong hop HSP chi phan
anh d¢ gan nhau Vé déc tinh tuong tac phén tir trong
khong gian tham s6 hoa tan, chir khong dong nghia
tryc tiép voi hidu qua thim qua da hodc hiéu ning
duoc hoc cua cong thure ta duge hoan chinh.

Bang 7. Cac chi s6 théng ké dianh gia mic d
twong hop HSP giira hé ta dugc va da

Chi s Gia tri
S6 hé khao sat 7200
Ri-skin trung binh (MPa'?) 10,907 + 5,324
Gi4 tri Ry.gin nh nhit (MPa'?) 2,136
Gié tri Ry.sin 10n nhat (MPa'?2) 27,866
RED trung binh 1,731 £ 0,845
RED <1 17,54%
RED<1,5 46,81%
RED <2 69,22%

Bing 8. Xép hang mirc d9 twong hop HSP giira cic hé ta dwoc va da

Xép Ty 1€ N:D:DM Ta dwoc

Ta dwgc Ta dwoc dong R-skin

hang (w/nw/w) than nuéc thin diu dung méi (MPa'?) RED
1 60:20:20 PEG/PEO Castor oil DMSO 2,1359 0,3390
2 60:20:20 PEG/PEO Tcrl‘terggl DMSO 2,2237 03530
3 60:20:20 PEG/PEO L-Menthol DMSO 2,2921 0,3638

7198 70:15:15 Water L-Menthol Glycerin 27,4167 43519

7199 70:15:15 Water Tricthyl Glycerin 27,8607  4,4223

citrate
7200 70:15:15 Water Castor oil Glycerin 27,8660 4,4232
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Nguoc lai, khi mirc d6 tuwong hop cua cac hé ta
dugc duoc xét véi hoat chét trén tong s6 36.000
khao sat da cho thay xu hudng tuong hop lai dich
chuyén sang mot to hop khac (Bang 9). Hé urea:
benzyl benzoate: propylene carbonate (50:30:20,
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nhét cho hoat cht hoan toan khong phéi 1a hé c6
muc tuong hop cao nhat cho nén sinh hoc dich, va
ngugc lai (Roberts et al., 2025).

Bang 9. Cac chi s théng ké danh gia mic do
twong hgp HSP giira hé ta duwgc va hoat

w/w/w) dat Ry.ang thip nhat trong toan bd khong gian chét
cong thirc, dong thoi ciing 1a hé twong hop cao nhat Chi so Gia tri
cho ca nam anthraquinone khao sat (Bang 10). Diéu S8 hé khao sat 36000
nay ung ho gia thuyét rang t6 hop trén khong chi 23.933 +
thuan loi cho mot hoat chat don 1& ma con c6 kha Ra-drug trung binh (MPa'?) 5’ 560
ning dung hoa tt voi toan bo nhém chat nghién Gih tri Rudug nho nhét (MPa'?) 11’ 205
ctru. Tuy nhién, hé nay khong phai la hé tuong hop Gié tri R y * 16n nhat (MPa'?) 39’1 29
tot voi da, khi RED van nam ngoai ving tuong hop s 2
ly tuong cua da. Két qua nay cho thiy hé ta dugc tot
Bing 10. H¢ ta dwoc c6 gia tri Ro-ang thap nhit va cao nhit doi véi cac anthraquinone
Hoat chit Ty 1€ N:D:DM  Ta duge Ta dwge  Ta dwge df”mg Ra-drug
: (w/w/w) thin nuwéc  thin dau dung moi (MPa'?)
He ¢6 Damna'ca.nthal 16,320
ﬁ&c Lu'<:1d1n Benzyl Propylene 19,160
twong hop Morindone 50:30:20 Urea benzoate carbonate 11,225
a0 nhf;l t Nordampacgnthal 24,382
Rubiadin 13,185
He ¢6 Damnacanthal 34,420
’ Lucidin 34,079
mofllg;qp Morindone 70:15:15 Water Castor oil Glycerin 27,831
Kkém nhé i Nordampacgnthal 39,129
Rubiadin 30,879

O Cép d6 ting hoat chét, khi xét theo Ry-arg trung
binh trong khong gian cdng thirc khao sat, muc do
dé& dat tuong hgp HSP giam theo thtr ty morindone,
rubiadin, damnacanthal, lucidin, nordamnacanthal.
Trong do, nordamnacanthal ludn cho Ra.dng cao
nhét, cho thay day 1a hoat chat gi¢i han néu muc tiéu
la phét trién mot cong thirc ding chung cho ca 5
anthraquinone (Bang 11). Nguoc lai, morindone la
chat dé dat twong hop nhit trong khong gian cong
thirc khao sat. Két qua nay cho thay khi xay du’ng
cong thirc da hoat chét, higu qua t6i wu hoa cudi
cung nhiéu kha niang s& bi chi phdi boi cu tir kho
dung hop nhat, thay vi boi gia tri trung binh ctia toan
bo nhom.

Biang 11. Rsawg trung binh cia tirng
anthraquinone

Hoat chét Ra.drﬁ/‘ili)l:;%)bmh
Morindone 18,247 + 2,843
Rubiadin 20,061 £2,994
Damnacanthal 23,314 + 3,086
Lucidin 26,274 £2,613
Nordamnacanthal 31,768 + 2,570
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Pang chu y, bd dir li¢u khong xéc dinh mdt hé
t6t duy nhat, ma lam rd sy ddi 1ap giira dich sinh hoc
(trén da) va dich hoat chét (anthraquinone). Két qua
sang loc HSP dua ra hai dinh hudng thiét ké khac
biét hoan toan: néu wu tién twong hop véi da thi cac
hé chira PEG/PEO 1a lya chon ndi bat, néu wu tién
tuong hop dong thoi voi nhom anthraquinone thi hé
urea: benzyl benzoate: propylene carbonate la Gng
vién tiém nang. Chinh sy khac biét nay tao co s&
khoa hoc quan trong cho buéc t6i wu tiép theo, noi
cong thirc can duogc lya chon khong chi theo do gén
HSP, ma con theo muc ti€u tng dung cu thé cua ché
pham ngoai da.

3.4. Phén tich Pareto va xac dinh h¢ ta dwgc

cin bing

Két qua dugc trinh bay tai Hinh 3 cho théy
khong gian cong thire cia cac hé ta dugc phan b co
chu truc rd rét, ddng thoi ¢ mdi twong phan manh
gilta mire d6 trong hop voi da va mirc dg twong hop
v0i hoat chat. Phan 16n cac hé khong tap trung trong
ving tdi wru & goc dudi bén tréi, cho thay nhing cong
thirc ddng thoi dat RED thip va Ry.qn thap 12 trong
d6i han ché. Khi phan nhom theo thanh phan cong
thirc, ta duogc pha nude va ty 1& phdi hop tao ra su
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phan tach rd hon so véi pha dau va dong dung méi,
cho thiy déy 14 hai yéu t6 chi phdi manh nhat vi tri
ctia hé trong khong gian HSP. Nguoc lai, pha dau va
ddng dung méi chu yéu dong vai tro diu bién, giup
dich chuyén cong thirc trong timg mién phan bd

@ Ethanolamine

@ Lactc acid

@ FEGIPEO

@ Polyvinyl alcohol

@ PP

@ Triethanolamine
Urea

@ water

@ Benzyl sloohol
@ DEGEE

@ om

@ omMso

@ Ethanol

@ Ethyllactate

@ Giycerin

@ Isopropyl aleahol

@ Phenoxyethanol
@ Propylene carbonate
@ Fropylene glycol

RED
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nhung it tao thanh cdc cum tach biét hoan toan.
Pang chu y, cac hé thudc vung ty 1€ can béng hoac
giau dau vira phai co xu hudng xuat hién nhiéu hon
gan vung thuan loi, trong khi cac hé nuéc cao
thuong 1éch khoéi vung nay.

@ 1,8Cineole

@ Benzyl benzoate
@ Bulyl stearate

@ castor il

@ Cetyl aloohol

@ d-Limonene

@ Ethyloleate

@ Isopropyl myristate
@ Isopropyl palmitate
@ I-Menthol

@ Oleicacid

@ Oley! alcohol

© Polysilcone

@ Stearic acid

@ Triethyl citrate

@ Hé Can bang tiéu chuan
@ He D can

@ Hé Ddu trung binh

@ Heé Pang dung méi cao
@ He Nwoc cao

RED

Hinh 3. Biéu dd phén tan cac hé ta duoc theo Ra-aug va RED.

Ghi chii: té diege pha nwée (4), té diege pha dau (B), dong dung méi (C) va ty 1é phéi hop (D).

Két qua phan tich Pareto cho thdy cac
anthraquinone déu biéu hién mdi twong phan rat
manh gitra d§ twong hgp véi da va do tuong hop véi
hoat chét trén toan bo khong gian cong thirc khao
sat, thé hién qua xu huéng ddi nghich gitra RED va
R drug trén ma tran Pareto (Hinh 4). Cac nghiém nam
& phia trai cia Pareto front ¢ RED thap hon nhung
Ra-arug cON cao, trong khi cac nghiém & phia phai co
Ra-drg thap hon nhung RED ting 1én. Pang chu ¥,
cac hé chira PEG/PEO chu yéu tp trung & ving uu
tién tuong hop véi da, cac hé chira urea tap trung &
ving uu tién tuong hop véi hoat chét, con cac hé
chira PVP nidm & ving trung gian. Trong sb cac
nghiém khong trdi, h¢ PVP: benzyl benzoate:
propylene carbonate (50:30:20, w/w/w) nam gin
diém 1y tuong cua Pareto front va dugc xem la
nghiém can béng dai dién, do dat dugc mirc danh
d6i hai hoa nhét giita hai muc tiéu.
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Két qua cho thdy s6 lugng hé nim trén dudng
Pareto front dao dong tir 26 dén 37, phan anh muc
d6 khac nhau vé do phuc tap khi tdi uu hoa cong
thirc cho timg hop chét (Bang 12). Ca 5 hoat chat
déu hoi tu vé& ciing mot nghiém cin bang dai dién,
gdbm PVP: benzyl benzoate: propylene carbonate
(50:30:20, w/w/w), balance score trong khoang
0,187 dén 0,266 (Hinh 4 va Bang 12). Két qua nay
cho thiy day khong chi 1a hé can bang dai dién cho
mot hoat chat riéng 1€, ma con 1a hé ta dugc 161 mang
hoat chét tiém nang trong khong gian phéi tron khao
sat. O ting chat, PVP 1a ta duoc pha than nudc
chiém wu thé rd rét, trong khi propylene carbonate
la ddng dung méi tru cot, ty 1& 50:30:20 (w/w/w)
cling 1a ving phdi tron ndi troi nhat.
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Ra-drug
x)
o

® PEG/PEO
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(7017) 75505 |
20+ (4055)
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RED

Hinh 4. Pareto front cia mo hinh khao sat

Ghi chii: Diém dwoc danh ddu la diém can bang dai
dién. Cac hé duwoc ma hoa nhw sau:

— 3836: PEG/PEO:
(60:20:20, w/w/w).

— 6752: PEG/PEO: triethyl citrate: DMSO
(50:30:20, w/w/w).

— 1048: PEG/PEO: benzyl benzoate: glycerin
(70:15:15, ww/w).

— 5367: PEG/PEO:  benzyl
propylene glycol (55:25:20, w/w/w).

castor oil: DMSO

benzoate:

— 7017: PVP: isopropyl myristate: propylene
carbonate (50:30:20, w/w/w).

— 5505: PVP: polysilicone:  propylene
carbonate (55:25:20, w/w/w).
— 4065: PVP: polysilicone:  propylene

carbonate (60:20:20, w/w/w).

— 06993: PVP: benzyl benzoate: propylene
carbonate (50:30:20, w/w/w).

- 6057: Urea:
carbonate (50:30:20).

— 06093: Urea: benzyl benzoate: propylene
carbonate (50:30:20, w/w/w).

D-limonene:  propylene
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Bén canh do, két qua dugc trinh bay tai Hinh 5
cho théy su khac biét 1o rét gilra cac anthraquinone
vé muc dd thuan loi caa khong gian tdi wu. Rubiadin
va damnacanthal c6 Pareto front tip trung hon va
nim & ving gia tri thuan loi hon, cho thy hai hop
chét nay d& dat trang thai cAn bang gitra cac muyc tiéu
t6i wru. Morindone biéu hién xu huéng trung gian,
v6i Pareto front van twong d6i gon nhung muc danh
d6i giita cac tiéu chi da rd hon. Trai lai, lucidin va
nordamnacanthal cé Pareto front dich 1én ving kém
thudn loi hon va trai rong hon. Mot dac diém dang
cht ¥ 14 su phan bd cua cac nhém ta duge gan nhu
lap lai nhat quéan trén toan bo chudi anthraquinone
khi ma PEG/PEO chii yéu ndm & dau trai — trén cua
Pareto front, urea tip trung vé phia phai — dudi, con
PVP phan b6 ¢ ving trung gian. Tuy nhién, s6 lan
xudt hién c6 su khac nhau gitra cac ta duoc nay. Két
qua nay cho thdy PEG/PEO va urea dai dién cho hai
xu huéng dbi nghich, trong khi PVP giit vai tro can
bang giita hai muc tiéu. Nhin chung, rubiadin va
damnacanthal 1a nhitng hoat chét thuén 1o1 hon cho
phat trién cong thuc, lucidin va dic biét
nordamnacanthal nhiéu kha nang 1a cac hop chat chi
phdi giéi han bao ché khi thiét ké hé mang dung
chung cho nhiéu anthraquinone.

Hai 16p mo hinh trong nghién ctru khong lién két
v6i nhau bang su dong nhét chi s§, ma bang su phu
hop vé co ché. Viéc mo phong tham da lidu hitu han
cho biét dic tinh thim noi tai cua anthraquinone
trong diéu kién chuan, con HSP két hop Pareto ding
dé sang loc cac hé ta dugc c6 kha ning diéu chinh
tuong tac gitra hoat cht, t4 dugc va da. Do qué trinh
thAm khong chi phu thudc vao ban chét hoat chat ma
con chiu anh hudng cua hoat d§ nhiét dong trong hé
mang, muc tuong tac voi 16p stng va kha nang luu
gilr trong m6 da; do do, két qua Pareto chi nén dugc
xem la bang chimg sang loc dinh hudng. Theo do,
HSP doéng vai tro cau noi tlen cong thuce, gitp lya
chon cac hé ta duoc c6 trién vong nhit dé kiém
ching thuc nghiém.

Biang 12. Két qua phan tich Pareto va hé cin bing ciia tirng anthraquinone

A S6 hé trén Ty 1€ N:D:DM A A1 3 Balance
Hoat chat Pareto front (w/w/w) HE¢ can bang score
Damnacanthal 26 0,187
Lucidin 37 ) ) 0,257
Morindone 33 50:30:20 K bf;fgi:firfrf;t: 0.233
Nordamnacanthal 37 propy 0,266
Rubiadin 27 0,194
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Dya trén kha nang thAm qua da, hé ta duoc
Pareto can bang (hé ta dugc 16i) PVP: benzyl
benzoate: propylene carbonate (50:30:20, w/w/w) va
cac thanh phf&n ta duoc ndi troi trong Pareto front
clia timg anthraquinone (Bang 13), mot s6 thanh
phan bo sung da dugc dé xut nhdm hoan thién cong
thue ché phém trén pham vi dy doan in silico. Cac
bd sung nay tap trung vao tang thim, tao va 6n dinh
nhil twong, cai thién do bén luu bién hoc, cam giac
trén da va bao quan, voi tinh dy doan dua trén di

liéu mo6 phong.
Damnacanthal

35

30
¥
5
o' 25

20\

Lucidin Morindone

T 2,3 4

Nordamnacanthal
40

w35

&
30

®

25

T 3,53 4 i3
Rubiadin
® PEGIPEQ
30 o PVP

Urea

1 QREDa 4

Hinh 5. Phén bb cic hé Pareto cin l)%mg ciia ba
ta dwgc PEG/PEO, PVP va urea doi vé6i tirng

anthraquinone

Ghi chii: diém dwgc dénh ddu la diém can bang dai dién,
diém dwoc khoanh tron la cac diém can bang noi bat.

Déi véi lucidin (c6 xu hudng luu giir cao trong
da, chu yéu tai 16p sung), hé ta dugc 161 6 thé duoc
xem xét bd sung polysilicone dé ting do linh hoat
mang, cai thi¢én cam giac va 6n dinh cong thirc trong
dang mang ma tran hodc gel hydroalcoholic, cung
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D-limonene 1am chét ting thAm bang cach lam rdi
loan lipid 16p stng (Chiu et al., 2024; Sounouvou et
al., 2022). Vi morindone (dat thong lwong hap thy
cuc dai som nhat), hé ta duoc 161 (hodc két hop voi
PEG/PEO) nén dugc bo sung 1,8-cineole hd trg ting
lwu giit bé mat (Cornwell et al., 1996). Néu dinh
hudng phat trién sang hé kem dau/nudc thi co thé
xem Xxét viéc bd sung chét dién hoat polysorbate 80
hodc cetearyl alcohol, chitlam dac carbomer 940 va
glycerin 1am chét giir am (Berardi et al., 2022; Otto
& Du Plessis, 2015). Ddi v6i rubiadin (c6 kha ning
tham tot nhat), viéc bo sung polysilicone nén dugc
xem xét, két hop chit dién hoat nhu lecithin hodc
poloxamer dé hd tr¢ tao vi nhil twong on dinh trong
kem da pha (Otto & Du Plessis, 2015; Sounouvou et
al., 2022). V&i damnacanthal (c6 xu hudng phan bd
vao 16p da sdng t6t hon lucidin va morindone, dong
thoi co ndng do cao tai 16p thuong bi gitta), viée bd
sung urea da dugc dé xuat nhdm lam ting thim qua
hydrat hoa da, cung polysilicone va D-limonene
(Chiu et al., 2024; Piquero-Casals et al., 2021;
Sounouvou et al., 2022). Carbomer nén dugc xem
xét bd sung nhim hd trg do nhét trong gel
hydroalcoholic (Berardi et al., 2022). Pdi voi
nordamnacanthal (dat néng d6 cuc dai cao nhét tai
16p thuong bi giira va ¢6 xu hudng phan bd sau hon
vao mo da), urea, polysilicone va D-limonene nén
dugc bd sung, két hop chit dién hoat nuéc/dau nhu
Span 80 (chat nhii héa) va cetyl alcohol dé 6n dinh
kem dau/nude hodc dang xit tao mang (Otto & Du
Plessis, 2015). Bén canh d6, nham dam bao d6 bén
tong thé, chat khang oxy hoéa (BHT hoic
tocopherol) dugc dé xuit bd sung thém dé bao vé
anthraquinone khoi oxy hoéa va chat bao quan
(phenoxyethanol) dé ngan ngira nhiém khuan (Keen
& Hassan, 2016; Lanigan et al., 2002; Puschmann et
al., 2018).

Bang 13. Céc thanh phin ta dwgc va ty 1§ phoi tron noi trdi trong Pareto front ciia tirng anthraquinone

£ T4 dwge thAin  Ta dwoc thin dAundi T dwoc dong Ty 1¢ phdi tron
Hoat chat (e one y ne Ne  Rs 4 As F O ,
’ nuwéc noi troi troi dung moi noi troi __ noi trdi (wmw/w)
Damnacanthal  PVP, PEG/PEO  Donzyl benzoate, 50:30:20
polysilicone
Lucidin Urea, PVP Polysilicone, - 50:30:20
limonene
Polysilicone, 1,8-
. . > Propylene 50:30:20
Morindone PVP cineole, benzyl carbonate va60:20-20
benzoate
Nordamnacanthal PVP, urea Poly's1hcone, b- 50:30:20
limonene
Rubiadin PVP Polysilicone, benzyl 50:30:20

benzoate, D-limonene
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4. KET LUAN

Béng su két hgp mé phong tham qua da liéu hitu
han, thong s6 hoa tan Hansen va tdi uvu héa da muc
tiéu Pareto, viéc nghién citu in silico nay da sang loc
hé ta dugc cho mot sb anthraquinone dinh hudng
tmg dung trong ché phdm ngoai da. Két qua mo
phong cho thiy rubiadin ¢6 kha ning tham qua da
t6t nhat. Morindone ndi bat vé toc do khoi phat hap
thu, nordamnacanthal va damnacanthal c6 xu huéng
phan bé sau hon vao da song, trong khi lucidin kém
thuan lgi nhat vé thim qua da nhung luu giit manh
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