2554k Acta Pharmaceutica Sinica 2025, 60(10): 3019-3035 + 3019 -

ET B E R AR AT

)_‘-{ 7N 1,2’ g%fé 3) )’/g{iﬁﬁlvz’ ﬁljﬂzﬁsj {ﬁyﬁd}%hz*, /fEI /T 1,2*
(1. YL R R IR 25817 808 0 A SR =, YL7E 78 330004; 2. YLPH4E 25 4 (i) i B R A5 0,
YLVE F§ & 330115; 3. FEZGRIRY 5%, TLJ5 B AT 211198)

FEE: T 2 — PR R JORE M B s, 2 B ol B BRI SR JORE B T, A& AT ERER )\ KR L, T E R A
AR . R 2 MR T7 L%, W29ia 7 MAEIRTT, (H 2 825U BB % 6 Fa e 2 A
A SR AL . Z9Wi8i% RS0 (drug delivery systems, DDS) 7E 8 VG T -1 R DL HH VB 78 (0 2 FH il 55, 4 ) A& 7R 42
AT ORI AN R BT TR A R I, JF R T AL DDS BON MR AR E . ARG E T T S
PRI R ER L LR YT HAR, IR RS MER T A YR T 515, fJa B SR 7 DDS TEREE T TS TE B
FH, B TE AR I V6 T HR B8 A0 A F0 T =

KEEIR: FHRIE; i1k R G R ERALS; W67 U7 AR, S 61k, TRILIBTE R, B R Y

h & 43S R943 HAFRIRAD: A X EHS: 0513-4870(2025)10-3019-17

Acne treatment based on drug delivery technology
Al Bing'?, LIAO Hui-ling’, LTAO Jia-1i'?, LIU Ya-ping’, WU Zhen-feng"*", HE Wei'*

(1. Key Lab of Modern Preparation of TCM, Ministry of Education, Jiangxi University of Chinese Medicine, Nanchang
330004, China; 2. Jiangxi Green Manufacturing Technology Innovation Center for Traditional Chinese Medicine,
Nanchang 330115, China; 3. School of Pharmacy, China Pharmaceutical University, Nanjing 211198, China)

Abstract: Acne vulgaris is a chronic inflammatory skin disease, mainly caused by clogged and inflamed hair
follicles, and is the eighth most common disease worldwide, severely affecting people's quality of life. Although
several treatment options are available, such as pharmacotherapy and physiotherapy, most medications suffer from
significant side effects, poor chemical stability, and low targeting efficacy. Drug delivery systems (DDS) have
potential applications in acne treatment, particularly in enhancing drug efficacy and minimizing side effects.
Therefore, the development of novel DDS has become the focus of current research. This review firstly analyzes
the pathological mechanisms of acne vulgaris and its therapeutic targets, secondly systematically outlines the
existing therapeutic approaches, and finally focuses on the potential applications of DDS in acne treatment, aiming
to provide new perspectives and options for future acne treatment.
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Figure 1

Diagram of the pathogenesis of acne. Acne: Acne vulgaris
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Table 1 Current medications used in acne treatment. ROS: Reactive oxygen species

Classification Therapeutic drug Therapeutic mechanism Negative effect Ref.
Vitamin A Isotretinoin Isotretinoin inhibits sebaceous gland function, reducing sebum Dose-dependent effects, [33,34]
analogues secretion and promoting acne resolution; it also decreases TLR-2 dryness, cheilitis, acne

expression on monocytes, thereby attenuating inflammatory responses  flare-ups
Adapalene Normalizes keratinocyte proliferation and blocks multiple inflammatory Tingling, pruritus, redness,  [35,36]
pathways to promote acne dissolution and inhibit micro-acne formation dryness of the skin
Tazarotene Tazarotene is metabolized to active tazarotenic acid in skin, Trritation and skin redness  [2,37,38]
normalizing follicular keratinization and sebaceous gland proliferation
while exhibiting anti-inflammatory effects
Antibiotics Erythromycin Erythromycin inhibits cutibacterium acnes growth and reduces Dryness, irritation [6,39]
inflammation by suppressing neutrophil chemotaxis and reactive
oxygen species production
Clindamycin Beyond antibacterial protein synthesis inhibition, clindamycin reduces  Pruritus, erythema, dryness, [40]
inflammation via lipase suppression (decreasing free fatty acids) and photosensitivity
inhibition of leukocyte/cytokine chemotaxis
Minocycline Minocycline inhibits bacterial protein synthesis via 30S ribosomal Yellowing and irritation of ~ [41,42]
binding and exerts anti-inflammatory effects by suppressing pro- the skin
inflammatory cytokines, neutrophil chemotaxis, phagocytosis, and
superoxide dismutase activation
Oral Denogestrel + Elevates sex hormone-binding globulin synthesis, thereby reducing Gastrointestinal discomfort, [43,44]
contraceptives ethinylestradiol ~ bioactive free testosterone levels in women mood changes, headache,
high blood pressure
Hormones Spironolactone Spironolactone, an aldosterone receptor antagonist, reduces sebum Dizziness, hyperkalemia [45]
production by inhibiting ovarian androgen production and blocking the
effects of androgens on the sebaceous glands
Clasterone As a topical androgen receptor antagonist, clascoterone competitively ~ Erythema [46,47]
inhibits dihydrotestosterone binding, diminishing inflammatory
cytokines and sebum production
Other classes  Benzoyl peroxide Can release ROS and has a bacteriolytic effect Pruritus, peeling, irritation [48,49]
and redness of the skin
Azelaic acid Inhibits microbial energy metabolism and reduces pro-inflammatory Skin redness, burning [50,51]
factor production regulates keratinocyte differentiation sensation, dyspnea and
pruritus
Salicylic acid Salicylic acid is a beta hydroxyl compound that reduces acne formation Irritation, pruritus and [52]
by exfoliating the skin and keeping pores open; it also has anti- dryness

inflammatory and antibacterial properties
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Table 2 Natural products for acne treatment and their mechanisms of action. NADPH: Nicotinamide adenine dinucleotide phosphate

hydrogen
Plant Family Medicinal part Mechanism of action Ref.
Cannabis Cannabaceae  Cannabis extract Suppresses cutibacterium acnes-induced inflammation and [59]
(cannabidiol) downregulates TNF-o mRNA/cytokine expression in sebocytes
Greentea Camelliaceae  Green tea extract Apoptotic, inhibitory and anti-inflammatory effects on human [60]
(catechin) sebocytes
Psoralen Leguminosae Psoralen extract Inhibits the growth of propionibacterium acnes and reduces the [61]

(psoralen)
Centella asiatica

secretion of inflammatory cytokines IL-8 and TNFa in the skin
Umbelliferae  Centella asiatica extract Inhibits the production of pro-inflammatory cytokine IL-1/ and TLR2 [62]

(asiaticoside) expression and nuclear translocation of NF-«xB in propionibacterium
acnes-stimulated THP-1 human monocytes
Turmeric Zingiberaceae Turmeric rhizome Inhibits the production of propionibacterium acnes and inflammation [63]
(curcumin)
Mangosteen Garciniacam  Mangosteen extract Reduces inflammation by inhibiting the proliferation of [64,65]
bogia (a-mangosteen) propionibacterium acnes and blocking the activation of the TAK1-
NF-«B pathway
Teatree oil Camelliaceae Inhibits the growth of acne-associated bacteria (propionibacterium [66]
acnes and staphylococcus aureus) and reduces acne-induced
inflammation, thereby reducing acne formation
Oreganoessential oil Labiatae Causes structural and functional damage to bacterial cell membranes [67]
and reduces the release of inflammatory factors such as TNF-a, IL-15,
and IL-6; and inhibits NADPH oxidase
Thyme essential oil Labiatae Disrupts acne-associated bacterial cell membranes, leading to the [68]
release of their cytoplasmic components and inhibiting inflammation
Rosemaryessential oil ~ Labiatae Inhibits lipid peroxidation and the secretion and mRNA expression of  [69,70]

pro-inflammatory cytokines IL-8, IL-14 and TNF-« in

propionibacterium acnes-stimulated monocyte THP-1 cells

Table 3  Optical therapy for acne treatment and its mechanism of action. PDT: Photodynamic therapy; ALA: 5-Aminolevulinic acid,;

NR4A1: Nuclear receptor subfamily 4 group A member 1

Classification Mechanism of action Ref.
Blue light therapy Blue light penetrates the skin and is absorbed by porphyrins produced by propionibacterium acnes. this absorption [72]
causes porphyrin photoexcitation, generating oxygen radicals that exert a bactericidal effect within the sebaceous glands
Red light therapy Red light activates bacterial porphyrins and exhibits greater tissue penetration than blue light. it inhibits [73]
propionibacterium acnes growth and possesses anti-inflammatory properties
PDT PDT often utilizes topical photosensitizers, such as ALA, to enhance efficacy. ALA-PDT inhibits the Akt signaling [74,75]

pathway, activating JunD. this subsequently induces NR4A4 [ transcription, leading to lipogenesis inhibition
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Figure 2 Liposome-based drug carriers
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PE S RE K 2 W RE T 3 15 20 i B DL S AR I AE B
i T8 1195 325 R 503 240 400 1) 5 A B I i S A A0

Kelidari %538 o R F FL - 77 28 Rk 4 A
75 il 25 W8 Y g (spironolactone, SP) [& 14 g 5 44 2K K
(SP-SLN). 4B ki 5 5L U0 IE S, SP-SLN ) B Jik i
R 25 AL T W SP. A, SLN A BLR 35 48 Tt SP
FR) R B 5 25 M, G R R TSR = A i B0 988 34 1) vy 20K 2
VR YT, 2 B SLN ]/ AR Jay S VA I7 1 v A Ak

AD E I PR F B G AR 38 B R VR 9T 25,
TEIRYT IR TR AT e 2 H T8 0 B2 20 B RTINS AN
RN, HL SR AR, 8 1 5 M B8 3 I AR A
FEIT AR, HAD JUPABE TREN . N T ik
X 2L J5 R 1, Rodrigues 26! I B 7 X S ms M & 7 R
HE R e R SLN-AD #EiK . 5 &E4;
AD BERAH L, SLN-AD % B A w45 10 25 )R i &
B ) PR ARG ) R R I B . SLN-AD I 1 2
FERNPEREIT S AL T — P A A H 2 A ik,
it — B R T SLNEZ Yk Rg b 1)) iz MH
.
3.1.3 YEREEMBEREMA BRI 9Kk (SLN)
1B — R g K s, HE AR & T &
¥ SRR S5 . SR, IX PP K S B G T
PR, S 3B E LR /) T 1%, IEAT RE 51 R AR AR H )
2R 1) RRUOY . D T RO e R R, 4K S A
J# A& (nanostructured lipid carriers, NLC) M iz 1 4 .
NLC HH 73 BUAE &5 A 2 1 37 4 771 1R 7K 80+ 1 3] 44
ARG TR VR A AR, X R R R A TR T A 7
BRI AR oL R0, A s S AR AR s AL S, AN
TG INER 2558 71, /N BARRL AR, FE gk G 7 fif A7 ik A2
A S VA R T SRS 0210

LT F e TN ZE R R ) 32 B SR AR A
Y, BAADUE U PR U R v 5 2 2 B
YRR, TR C8k T 9097 B R A S VR | R Ik 4
I A7 B S Y . T LA AR R B IE M E A
FRAGE BT AR, 2R BRSNS 3 7R N
TS AMEVA PR 22 B FON R B R E K175 0%, Rapalli 261
K AT PRE 8 75 Ab 3 45 T 22 EH-NLC. 4+
AR R, 5S4, Z2HFNLCRILE BRI
BIFERE AR o R P AN 24508 TBORN B JER SR ek ot e 2 B,
EWEARMAEREFRNBEMEEAE T BESE, fF
LT DLz A I FH T 9 4 A )= 50 Rz SR B G RV 9T o
3.4 HUERELR  HOKRILIR, OB T RCK
FLIR B FLIR, 2 ik B2 T Vi 1 770 55 LA TR /K PR AT
THE RN TR IR A S, TR BB AR N 20~500 nm
BN TR , 3 R L R LA AR R 2 1 R AT A ) AR

PSR U AR, K FLIR A B A8 Ui AR 1 T
OB T e 1A AR R B, Ak W] DL AR A B A
B ARV K m oy TR T, AR I R R
H R — PR L R P IS R A0

Hosny &' K T 3 7 4E AFR (isotretinoin, ITT)
(144K FL3 (ITT-SNEDDS), 38 i 5] A {4 42 75§ LAY
DR AR R EAR K. AN ERY, 5H
il S5 24 A T 1) AR B, 3 R 2R 44 oK FL B AT DL R 1
JH OR3P 7% PR R AR 1) B3, o] DU eI VR 9T 254 1
IR AR
3.1.5 4HpESNEEIE AAAMIRIA (extracellular vesicles,
EV) A& H i 57 AT A i 20 2 28 T R 1) 40 oK 4 Bk B
3, Hoh — ey ml DA 2R 5 AR H AR 2 R
AR T VEAE F, T B2 VR o7 AR, MR K
ANV VAR AR A LR R D RE, EV EE N
3 VA s Y FE WY (microvesicles, M) A i 44 AT T
AR T 2 AT R S, At S 2R A A RN R 1 S
W R I RV IR B ) TR 25 W06 9T 3% U5 TH
BARH, (BN 2590 2 L 4% 5 7 1 49 58 38 31 v
Z ARG, WK A R 5 G IR R fish S R 9 I
R BV AR N 2 ik ik A, A EE v IR T AR R
A R 24 32 32 R 8 AH O [

RA, XA AR, 247 ARATAEY), O
UE B O] B RO IT R B R B . SR, BT KA T
G RE AT RA TR E IRV FI I BEAIR L LR35 B 2
REEGR I, BRI 7 ARG R R M, 28025 R
A EATRE S TE K 48 N eV 1 259, 5] IN O08 25 )
15 R e iz g e ae

Shamma 28R K & BOR & R T 78 RA
YK FEIE, K Span 60 A Tween 20 1F N FE i X2 1557,
R 2 A . IR IR 7R B, A R
1) 49 K 3 60 e % 38 o W0 B R B AR 5= BB 1, FE
TRIT I TS TR 2 B 7 T, AH LGS SRR 9T 29, TR
Jok 2 A P N R A A YR T T B AT B R AR 35
3.1.6 B AT SRR TE F KB IE T A
S, 20 tH 22 90 AL, Ceve Fl Blume 25 ¥ 11 1 04X F2 3
W—HFEFE K (transfersomes). %45 14K 1 i - 3= I G M
T M A 7K A5 DB R 40 2H R, B AT M LB AT AR TR A
LR B AE RN EARIRAE R R, B R ER T K 4 25
RGBS 3 16 L, R AT 245 W) IS R 8 A 3% 7% 31 H br X
W 256 BB R I, H A R o7 F B Tk
H BN FLBR, TGOS B R 2 R R PEE Y. #5%
AT DA J s ik K7 T2 & 0 T 24, iR
BN S P IRFE 250 5 -, RY BB 250 G 2 A
Vit e e, 2 e FLASOE 1, (HUR AE AN 3 AR TR R 58
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REFI AT 4R 264 N, K i K VE 25 W0 N RS AR AP AE — €
(RIBe R A

YEEZR CTETH Bk AD W JLE — VA M R A R
ML (BB, R 7 R RE R, e T T
EZL . Vasanth E"F R TS HHAEERC
(1) AD F B B A BB, AF iR 9T -8 B RS T
e 58— AD BERAHEL, F BRI AR & 797
R, B EGE T ADYRYT IR R IRAE, [ B AT SE 4
HIE R ABTRAEH

M R IR S AE AT B I R BT AR, =2
F T8 e 55 R R ¥R IT o AR, A% 48 7 B A7 AE
JER SRR A0 A= R EE AR (X 5%~ 8% A %) 45 ] i
N v BRI 2 R BR M, Abdellatif 2 i i K A H R
FRINH % T R EE IR B R SR A A . RS B TR iB I S
U 45 AR, X B ARTE 24 h N2 R AR T2 B
ZwE TR R E RPN HAh, NSRBI
B EAT B BRI VR A UE SE T 12 R A R ) T
P . 8 BT, W SR, SRR R BEIR Sh A
A BEAE A 250k D A% G2 700 Y A 5% B B R AN BSOS, [R] I
YERF AW 22 AR TT A U .
3.7 LA SLU5 AR S R J5TORI 2 1
FEFA LT S A FRVE IR SR A o B e AR R
A D)5 e PR I e S5 7 i AR R U, ST RS
2 H S RN A 2% () = Al S5 M L m] DA 3 6 K P
JUE PR S M B 2, I [ B 46 5 24 0 P R v >
55 H A NG B 9K B AR L, SRR A A A 2
PE 32 = 2494 I Ao P 0 e e A 3R A R Y, A B
AVRE [V e HE 0 S5 4, AT DA I TH) 2 (1t 24 40 11 328 2 1
T, M I/ 5 24 A3 4 v 6 R AR ™Y

ZA KA (dapsone, DAP) fE AW 2571 %7 4y K R 4
(biopharmaceutics classification system, BCS) 1 # 4
12K, BA @@ AR R v . R AR IR % 7
&~ DAP N 52 1 R4, (BAT5 ] B8 51 & ¥ I A vy 2 1fiL 21
R I S5 AN RS R, S PR LI PR A

Nithya S5 758 5 0f 2 A 5 B2 H b B A0 s b 1
407 FRISL 77 I HE BT (19 7K 3 HIORUEE A7 6 P A 2R, e Dy ]
7 U DAP I SL 5K, A4 Je 55335 1 0 58 B0,
FARBNSL T AR 75 )25 Bz 28 73 31 L T B o 751 A0 0o TR
7 (PBS 25 i -F DAP) = 1.28 #1 1.58 7%, Al g2 5 %
JR AR A ELAE TR B 1 e B8 8 1 24 4098025 1) JE

Khan S5/ o 74672 000 A T b 5 il 82 15 A0 v
VDU 407 B EL B, BT A% T AL BRI M. MRS
BRI s R W, L8 R TR E R T 5w a5
L, 7624 h RARE MR S v, JF B 36 h I 4E i mke
Ko R 78 45 FAUE 5, 4185 3 50 J5 i n] SE I 2

VI SRR R, NI IR YT S B S T — A
R ARAR N 25 24 SR o
32 ETRAEYHEAYMEERS

REMRG ] 50 ARREESY (7 FEnk 21 4t
) AN LE RIS (AR R), 1X 28 5 45 0] AR
) BN 27 P e 1R 2SR B AN [\ I 25 M AT 25
BT H RS A AT 1%, JE G RGN R AT 5
MWk RSz — . BB AR, BE
V)R GEAM ] DAAR i B A E, I8 R PR R 1%, %
KIBIT R REVRRM 2 E A & 3 frs .
3.2.1 &t B4l (microneedles, MN) J& — Fh 3L T
K KB R RLIE 4 2 R 48, HEGY &
JEFI AR E Z PR BRI Y. ZRGES S TR IE
SHER A R FR AR AR N PRI ) A 3500, W] BA L TG SR
(0 77 22 i B IR o B, A PR AR 45 2 AN & IR AR [R] I, Bt
A2 PR R K VR T 25 PR HE S R AL T, B R
AR B R AR PED . SR, ST B R AT T
I o7 Pk A BB Bk AE 32 21 U RT Re 3 B0 SOl
B WUER O o £ B2 JBk A Wi 288 O I () 457 B AT RE 5 RS %
JiE S LA AN R FAE Oy TR g B e, RN
Wb 7 AR

Zhang 2518 1 ¥ 58 B T 4K (poly ionic liquid,
PIL) 5 st 45 & ile ok, M 1 KR (salicylic
acid, SA) 25245 R4 H TR PR TT o 1ZMEHE R
A R K IR IR 3% B R, AR T ROR . RS
A E B, SA-PIL-MN W5 745 & 1 FHE 1 R At
BRRR I K A B2 B B8 1 I e AR F, LEIR 9T Rt
TG T TH 2 B H AURE B B R AR 3
322 RBREVIRKR KA B, PR R B
W (HH 218 7K A B 7K S A R 1 A R R O I T R
W FE (critical micelle concentration, CMC) 11l 7 iif &
(critical temperature, CMT) B, 23 B 4155 T 1 49 K 2 iR
WEEH, BP SR A W A o IR b R R LA B 7K R 4 Al
KA 58 I ARE G0 K S 4, AN RE S K 24 4 s 8 I 1]
e I D 2595 PRI 5 ) AR e YR AE ELAE
DA S ARG A 2 03 A A5 P e e, B & AR = 24
Vi AR A R

Rao 25 °TIF R T 1%k DAP (1R & R A & FH T
JEIEIRTT o WAL SRR, 5iF & DAP ML, %R G
JRe SRR R SR B Ry T DAP B RR R, R I SRR
PRSI A R AT 1) 2 eV, H OISR T BT
TR RST .

Dahmana 55" H 0] A2 9y [ fif 3% 540 1 ) 1) 4%
T HESP IR AR o N VTAl I B i i e e 6 1
RE 77, B F0 3 LU T 2 B G I 5 AN 2 B i i e PR
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Figure 3 Polymer-based drug carriers

HLEFT ISP &E. SR ER, & RS HZS R
SPifik BARAS AR IR B 2 5 1%, XK W%
REWERAMLGEVE N SP HIH R K #4k, 5 RESLHL
X RZ M T B e 8 1R A ), D VR T AR AL T — FhoRr
AT
323 HAKERRE YK HE (nanocapsules, NCs) /& —
FHERTE M 5 1), FoA% 0o 23 i 1T AR 25 9F i 4 e
Ry T HR& GRS KR Al & T2
T B S it A A e T S R A, K IR AR AE IR 2 &
i ST S I 2 R R P i )
o KM (chitosan, Ch) E AR T 4F 4E 5 K K48
20, SRR T 55 S WA L TR A M B e B AR A
PEA BT 3 MM da Silva SR IR R R (tea
tree oil, TTO) 4 T 7¢ SR ME - 58 O N BB A% 52 90 K I 3%

o

JU 2Rk
(NC-TTO-Ch), )R T R R ¥R 97 . B 73R
55 B4 TTO Y4 K i FAH LG, NC-TTO-Ch %] 55 4 TR #T
PR PR o1 3 1 3 Y R IR AU T BE & TTO
A Ch (1§ [R1808E, BERE$2 i ¥6 97 2R, AT AR
2 A 24 P AU

Ivanova 55" F B A & FE SR IR PE 5 AR R M 1
KB SR A, 8560 B, @it B 4 2ERORS & T gk
ZfE I (essential oil, EO) 4K K EE (NCs). &4kt
U9 R, A5 NAK B2 Ik 20 i 22 A BE G L N, 1% EO-NCs
AR 2R3 EO % B35, i H ge A Jud ik I 4R
T TR B AT T 2 R A X 4. [RI i), EO-NCs Ji&
AL H T B 1 A R 7, 2 T DR A R R A S 52 S AL

m—Skin barrier

= @; Bioactive molecule

Polymeric micelle

e

-

.
‘ Hydrophilic polymer

= Bioactive molecule

Hydrogel

Wil . SAEGPUEA T M E, & EO-NCs i RC 7 72
Y 5 R JER S 33 1 AN B D ROT T SR BAR S, IR B
it LA i 25 1 (antimicrobial resistance, AMR) %
KT,
324 JKERR  JKEEEIE oK VIR A 1 iE i P P ER
257 T7 1R SE R TE B 1Y) = 4 I &% &6 ), HORE TSORL 1) ek
PHC R S PR s )87 1 55 22 AR A, %2R RLRE S
AN [) 4 457 0 1 29 ) o IR B, A B K AR 45 2
AT B A B 1), AR 3 B 7K 4, AT I 3o e Wit
W, [F] A SEEL 2 24 3k [m] g ik U

Zeng 2SR H HGZBE 51, ¥ HHER (glycyrrhizic
acid, GA) 5 & F} Z i - Ik 4 & %) (cryptotanshinone-
peptide conjugate, CTS-G-GLU, CU) $£ 3, i Th il 4%
T CU-GA /KBRS o Bz IS PEAL R BH, %K & B
AR E B E AR . B, P
TG M T 0045 A TEFI ) NF-xB 18 B 7 TH 2R I 2 25 1
PRI, M e KA A T PR 5 U s 1, S
HEIRIT IR T — Bk SR

Ak, Tomié S5V I & 1) T — B2 (azelaic acid,
AZA) 21K (AZA-NC) /KB AR LU AL 58 AZA FLE, BE
i 0 2E R D A R R, H e . £ AZA
TR R B A AT B 51 A IR L0 B AN R B 0]
Bisht %9 — 30 Wik & 2RO 1) £ IR S K
JZ, AR P AIE FUAIE S AR 2R AE i 52 1 BEAR S B i
BB, N R 1) R R T SR — R s R A
Mhishik R 4G
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325 FLERR  FLEEIRAE N — PR AL 2 W) ik w A,
FH 73 HIOCLE 3 252 AH PR ) LIRS 1 — 4% ) 24 285 ) 1R o Fe
SEME R EEME, BRCES T W AR5 R
PENT FUIR AT DAOR 3 245 ) G 52 T8 i AR AR 7K R T R i
I G VBE AN E K 25 W R FH I (8] R U B2 & 1 &%
JE A A, BRAK T R IR Ay, TR & T R R
E PN

FE 37 2 25 25 03, LRI FE It 2 AR 35 .
5508 WS g B L, FLEE IR B RS R
Gy TV R TG R e 375 B A0 U B H R U B S5 Ry
R RER T R RN,

Malavi &0 il % T £ 84k H R (tretinoin, TRT)
A0 B LI ) 57« % TRT Pk IR 2 B HY R 4T 1) 38
Je b, PrEs e S 1S TRT SR Y, HAE A E#
(R0 28 3 1, [ BT, 2 T H B vy 110 2 4 P R AR S 12 o
3.3 HbXRAYEAEAMEE RS

RGN SRS T IR Ak (B 4),
TENR PR SR G A S Bt — P d@ it i s e
S8 P S TR T 3L 1) 36 026 S TR A ) o e 5 SRS, Dy
I RIR T SRAE A IR IT IT R .
331 £EBMNIEZR £JEANPAHELE (metal organic
framework, MOF) & — Fl LA JE ML & J&@ &5 1/ ik N
RO VUECARAE R SORE, 8 5 20 26 10 % i i) 22 FLBC A7
R 45 W) (porous coordination polymer, PCP), I &5 #4 H.
A AT E TEF L AR E EY. 4> MOF 2 & 41k
BAVUEAEBERME . s e sl T~ b
pH B MIEE ), MOF fe % 7 A2 3% M 4, i 175 5 40 T 4
AR A0 55 ) e 2R % S 04 B AR

Xiang 25" 3# i % & A MOF (ZnTCPP@ZnO) %%
BCEE B RN A B e T . B TR, O R
NEGE W AN O e ) AR ) 22 A e, 34 R A% 4 )
I AF O IR ik TRk B B 2 58, BaiE T MOF 1£

Inorganic metal ion

Organic-ligand
Drug

Surfactant Rod-shaped micelles

Silica

AW U9 7

Taherzade 6" & 7 —Fo&E T ks 251 &2
HWEF] o ZNEFIHE T MOF #k}, HoALE L5417t
REGIAR LA 2R AZA 25, i — P 5 R 4%
1% (polyvinyl alcohol, PVA) 5 -&¥) & & il % 13 £ PVA-
MOF & & k5. 1% PVA-MOF & &7 #R 8 H B
TFI AR VAR AR B I 2 B . RSB TOT FE k
BH, B FR 25 P07 24 h N AT SR T 58 A ORI, 796 K
JBkga 2 N R K . 2RI Eh 11 W R AR B, MOF
FLIE 4548 n) A RO P 2R AT N, (RS E 2
B R I FE AR AL o AR Ah Bz K5 1 S &5 BAIE SE, 1M
T I B R k% 2 2 A i, Bk B SO T AR BT
I 7K o
332 BAUAYEBEEXRLG AAKAMILERSR
(self-emulsifying drug delivery system, SEDDS) /& H JH
A TR V5 M 7] B 3 T 3 2 751 R 245 4 2L Bl 1) 4% T[] 42
REW. 45 8 WK iy, SEDDS £ B
J¥ 38 i S AR FH R AT B R Y BOK AL 9K FLIR Y.
WSO ] 3 238 I otk R AR e ds, T A Z050H0 I I
RN . AECTAE G A, SEDDS BIAS 2 /KA 1
FCISARAR R, I AR R e . AR, X RG
B AR08 PR 22 1 = RS a2 & DL AGR Y ik
P RIETERFIET, B HME T 1 24 )16 325 1Y) B 2L SR

5 A YK I%IE RS (WR L A4) #H LG, SEDDS i
WA R B R R T R, AR — e R R BT DLgR
e 25 ) AT T R B 2 5] Uk 1 M TE RIS T A R
PEUY, Bid R B 900K A AL BOR i1l & BPO 40K
FLUR, S0 2 B ) 77 L T 8 24 B R 2 R T
HEAPIREIEYE, IR E D A B .
333 MILZFEAEEMNRBRL /L = S ALREG R
#L (mesoporous silica nanoparticles, MSN) J& — ff HL. 5
TN FLIE S5 R R TR, AL G 7E 2~50 nm

Surfactant
Co-surfactant

Oil phase

Gastrointestinal tract

Mesoporous silica nanoparticles

Figure 4 Other types of drug carriers. MOF: Metal organic framework; SEDDS: Self-emulsifying drug delivery system



W R T AYISIEEAR R RIT - 3029 -

Z[E U VR 2 iH % R G, MSN B A AE T
F A AT, AT DUE I B P R A S e 2 T K
ST REA AR, I 45 G '  pH S R0 B 4y Sk
I 2 [) FIBST ) %) W7 458 i, AT PR A1 4 B 2 R0
SR, MSN I PR 2 AT T I 5 KBk il 6 —, il 4 i
T R DA S BN K RURE PR RS 38— 1 =, KA
LM A B

1T W G E T s, Ain ZEUTR R T S A
% W% (glycyrrhiza glabra polysaccharide, GGP) [ /1 L
THREMNEGOKE ARG, T REERIRTT . R
i}, MSN-NH,-GGP@PDA il ik BH I 5 o 14 % #F 11 ¥
1% [ TLR2-MAPK H1 NF-«B 15 538 B, R 4% 2 0E [
N, AT A RRTT RIS -
334 REBEAF WL IE B A (deep eutectic
solvent, DES) /& H & ## %2 1& (hydrogen-bond acceptor,
HBA) Fl1 4 8 ff:4& (hydrogen-bond donor, HBD) % —
SE BE IR LU AH ELATE TR BRI A RV A 1, L A kAR
7Rz 25 2 A e I R N AN B . WE SR,
DES MY e 38 5 24 W13 J 15 13 30 %, ARt o
Pt S5 A% G Ak 22 AR 1B TR B AR 30%~50%, A 35 2% fifk 57 Jik
S ] O o JH - R 5 DES (choline and
geranic acid, CAGE) [FIJHURF [ X Ly §& 1 22 4 14 B A A
FUIA R F oy 1 S5 A b i 2 e 6 i Tl i AR A 5
BB SR R 25 55 SH R A s, T A R AT AR A U
oifs b 57 44 3 3 TN SRR S, 7R AN K B AR R
REBFIZZAM T, CAGE R AE IE AE B RS ZRE KR
o> T YV I3 FB 03 2R 50% R B R R g
2.3~3.8 5", H7E A 5 B4 B B0 BB AL AR i R
KU B wh . XM R A AN 5255
M)~ 1, A 15 CAGE B B AN 2 AN A I R 8 56 (1)
DES #j#)id ik #2417,

B 797 = 1 &, Luhaibi 2173 F JH B 2% DES JF
R — T R 6 IR R AR T R R I R
WO . WFFL S R, DES 18 A T R 1 18 v A it
REHAR, R IR YT SUR B AT R E N . i —
A ST R B, Al R i TR £k DES i1l 55 5 0% R N L
FZ 2, 50 78 AR T Bz IR R S B St P R A T 7 A A AT
Hi1EH, 1X — K I R R IR 9T SR g 1Rt 7 &
LRI,
34 IlmREFRLIIK

VAR, 91K L AR B (g Bk VR &
YKL LB ) FE A VR T A0 I e Tt I 3 R A
Ho AGryrikd, R IE R (In4E ATR) BREA A
OO R, (R G R G TR E R A R
S TR N B B Ak o d GE 25

VAR Y 5 B R VB 03 M I e 3o % R, AR 8 A4k
25 ) WAL 35K R I AR AR TR o 5 B, T B R K 5
(NCT04080869)!" ™'k FI I Joi 1 45 3 5 R, *FHe w72 1
A 8 T A e TR T 0 ) 7 5 A 4 o) ) D i 52 1 22 S
JE I AR A T 1 4 )RR TN L ) S 3 AR AR 2 JER I, 3
E T B A7 O 52 1 O E S T, AT S 2
IR AT B3R (AT B 2 R T D 4 2 P A

SR, K 259 (PO PR B AR AT T e = K A% OB A
@ B 17 33326 R0RRAE, 853 25 W T0E K e 311k B 2R 5k
B G IR p s @ K HA AR W 22 A A7 5, SR M BHEE
JR Y R AR M 84 4 oK s A A © T FE RS 1A
WSz, G OKRORE W] el o VIR PR 51 K 4 S e R IR

RAEHEZ A R R, A CER ST R DL B A S
@ e BRI 2883 1R, @ RS
FR AT KA B ) S A8 - D e 0% R R AR & A% B
o 5 2 L [F) ) 3, B ST AR HEAL AN A RO,

4 HFHEERE

B 2 BAR A V5 7K P 10 52 v DA PR G IR 2% () 5
DRI () R R RS T . IR IS IR
%, H A2 REUGEA MRS R AT 09T F T, n: ©
VBN G5 K, B S bR S S W RN, AT )
JIE 3 W - B AR IR RSy s @ K FH R} 228 2801 s g 8 B
R B AR SR, DAAERFAR NIRRT AR e, NI 2%
R R ; @ HEAT ML IR T, LA AT
PEVET- T, SR, FERE Wi T T I 2 Ak . =
0 2 A7 7E B2 Bk B B 32 77 55 97 200 B0 J J= 35 0 38
S5 R G 25 BAR BE AR OB RE IR, (K A
Al RE S EPLAE RN 2556, T 5 B 28 B 1R 9T /L
RAE

HIBL 25 %1% R G R PR IX S ] B T R T E
K T1o n, R EARTT DU 3503485 77 24590 5 35 B2 Bk Bf
Wi, K 24 ks 2 5 M R BB 2, AT A5 2803 i 8 4 )
AR TR AR ) R I A B 7 SR 2 W IR B A
i, BERIAYN R E AR R E ., XEHAR
DR JEE S 2 ) (P 3R A SR T A i R ) R, AR I PR T
RAHNG 2 Pelik . 15, A7 AR I M0 1= 1k
AAFAFIX L 2 G I PR S FH A2 2 BR 1) oIk, ¥ 2 2454
IR AR T IR IR B B, R B 2 I PR R Sk 56
EH 2 ARG . oAk, AR 22 7 2 R 254
IR MR E B R R, PR DA 1k
BIT &

B & LB 1) &R Rl PRI 78 IR N, 58 X6 2654
IR RGN TR ARG N E Bl v RS | I R
5 TH S FH AR 22 S S gk ik, B L 25 Wi ik R G
TESEBRIG YT FR AR BT )32 BB, I T 58 4 b i 2 R
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