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Advances in Novel Ocular Drug Delivery Systems

LYU Jufang', CHEN Fen'", YU Yibin?'(I.Liaoning University of Traditional Chinese Medicine, Shenyang 110847, China;
2.China Medical University, Shenyang 110122, China)

ABSTRACT: The ocular bioavailability of traditional ophthalmic preparations is relatively low, and it is difficult to have a
satisfactory therapeutic effect on ocular diseases, which is mainly due to the difficulty of traditional ophthalmic preparations to pass
through many physiological barriers in the eye and the short residence time of the preparations in the eye. In order to improve the
ocular bioavailability of drugs and reduce the adverse drug reaction to ocular tissues, some novel drug delivery systems, such as
nanoparticles, microspheres, and in situ gels, have been employed to develop ophthalmic preparations, and have attracted increasing
attention of researchers. In terms of the rapid development of ocular drug delivery systems, recent advances in ocular drug delivery
systems are summarized in this paper. Firstly, ocular structure and physiological barriers which restrict drugs into the eye are
introduced. Secondly, novel ocular drug delivery systems, including nanoparticles, liposomes, lipid nanoparticles, microspheres, and
in situ gels are introduced. Finally, the future prospects and crucial problems of ocular drug delivery systems in clinical treatment are
focused on.
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Tab. 1 Ocular drug delivery systems that were marketed/in
clinical phase
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e F iz Ee), FanokiEiEE A
3(aquaporin-3, AQP3). A Hl FH & + &% iz 1k
(OCTN1., OCTN2). 7#i%j b5 % iz & [ (glucose
transporters type, GLUT) &5, Jf H. 4% B8 A4 2% 1a L
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LN 258 KR 5 25 M AE R A AL
2.3 [fiHR5#F%E (blood-ocular barrier, BOB)
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Kb, Hagigit 5% & T —Fh e CEAZATRR A FH
BRI, IRNSEEERIT, 75 R A2 /N R
RS ORE T T R S SO AT R i MR AR T
R SCSERZ AT TR BH 85— 48 K L 00T 910 o 33 358 4 i A=
ML AT AT . PRI FH S 9 oK 2L 5 A i B
FIEYT MR A M0 A T A — 2 T T
3.4 IRk

BT KRAL S T[S AE B 40K AL (solid lipid
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AT LU 8 245 4 Ve S5 0 245 0 e s 3 ) SRR 3
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 GA LS 72 PLGA IR 2K A 24
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IR I T 2B VTR LK BE IR | gl 7K e
e R K BEE T . B A K BE R K BE
PG KB fil B U0 45 TR M S /K
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AR, TR B e DR L 7 M
AR s B RIS . 29k A L AR v o
ori, BT 2K, RIS AL ] 5 A
VI B R EE I . R U A B . pH RER A
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3.6.1 EYIFHBERIEE T A Y%k B TR M e
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PRI FHEE o CPX (035 M B2 2 BE AR pH (EL, 7EHR
A PRAAF T M 2 . Khalil 7 R & T LA
A Ry 2L S i 2k CPX Bo ik A= W B I ALK BERS ,
TARIT AT XU ) AR T . FRR I, %
A ) 0 B TR 7K R 1 R B R RN 20 AR A M AN 25
R E R 2424 2024 4F 2 H 4 41 556 3 1

ZRF YR , RIMFR R, ZOKEER
BERALAEHA TP FEKE, A RIFNTAE
PERE, JFXT ARG EAA DR R T e R B
YA R TR IRV B, 25 3z BRI 2 b Bt LA
K EHETIRBREm, S T4t KN 3%
FIZ AR NER . Xu E P R T —F S 4 A
KA BA LR 8 B A YRR BUOKBERS , R
MR . DRt R B0 y-R a4 AR
(PGA-Cys) MRS KB, RIMEIELR %
B, S5 ] PGA W IRAHLL , PGA-Cys /KBEE
o A AR K - B g RO, 1B R AR
ROR LS

3.6.2 il P RRURAY S A RS ek AR R i A
JE S — 2N Il B AR A BB R IR BE I, A BRI
FE A F B A I 540 22 35 (lower critical solution
temperature, LCST) Bf4b T2, MR E & T
LCST W 2TE MR A SRS, A B TAEL 2538000
FEA 25 W) /E TR, Permana 2575 K M VA P 24
Wy MK il B Mg (itraconazole, 1TZ) B A 94 K & 4k
(nanocrystals, NCs) 5, FHif—H¥ ITZ-NCs 73
TELATA I VD 5 5 DN 3 HH L 2 48 3R ol 66 o 1) i
HURAY AL . SR IRMAR LG, R
AR T A7 35 S PT35S 1) e B )
B8], 25 SRR 7 3 ] 55 B R T R AR AR
B v F1 . RS S HF (nifedipine, NF) JLF A% T
K, HAZEIIRFE B s, FE IR A PR
FEZ BRI, El-Feky 557 LIATE VPR 5 2 SEH
FELER LT, SR T 73 NF (iR
HURHY AT BERE . BFRCAS IR, 1748 NF iR
HORR AR i 57 358 e EL AT B B I AR R, TR IR
PRAMET AT H sl o MR 0 03 A 2H 4L B~
WFGEUE B T il % 8 0/ 28 D o7 58 st 1 35 FH
PR et IRNAREES R Bor, 5iTEiER
WAHLY, 1728 NF A0 U i (o7 B e 45 il IR &
MIRCR TGS o P AT S 2% 38 1 3 0 B K0 R
IR Fe 3Ry 7 B IR, S8 5 MR 3 7 MR S iy 7 st
[B]%E, ANRER BN EIRTRIRYT K, 5200
P . Cheng S5V HF & T —FhHr3H T 51 25 6 B
RO J A BRE S, AR A R P RR TIORIF 9 4 2R 3R
WY, JFRMHHETS R A B A R4 i A YA
Bk, RIMERFENE, & T HOEATS R AEIR
FRAAE IR BE LRI AR e i 30 b 3t i HR
WA ERBR 22 VE B AR (levocetirizine dihydro-
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chloride, LD) 52 I HR &5 45 H BE BR p 52 i, AR E
25 . Chen M EE T LS RIE A a-D-Hj 45
- 1l T 0 o 56 T 11 9 3 R Y i v 5 e FH
LD 7ERRFR A% . 55 HURIRBAH L, 32K B
Ji2 ) HIS 8 s B B ] d A, B A U b
LS RER , X RWAIET 2R o-D-H 4
- 1 PR b ) Ak R AR I A6 9 M T AR S 3L
IR ERLA 25 R4

3.6.3 pH HURMI AL pH BRI [ A 58 i
A LA FH 253580 i pH & A= i o7 1 2 A 5 - I
FIFEAE . pH BUBAL R SRS B pH BURR G4
B, A RYE R TR o R ) ol o Pk 3k A (%
b (SRR, T R FEAEE R pH ) kAR
M BGEERE ™ s R0 T 45 pH U S
e, HAorFEMhAEfERERE, 78 pH<S.S B
IR, pH>S5.5 BF &I BUABERCIR S . ZER
TP TR S R AR B T, 7R far (] Y
HLR IR TR R R, RREKSIFR
BT BT S A M T SR PR IBENT 1 R N A
iR TR B 2 A 4 DL IR BOE 2N & G
iR, A TEHESRAHBRRR, 2552
Wy e W) R 42 A . Dubey 25052 D) ik 8R4
HEHER, RPN L LR OB A, s Tk
PR TR FRERD Y IR FINE A PR TR B S 1Y pHL sk Al
TS B G o 2R T JE K HIR R TS R, BB i 24
Y15 RS R e 1], e 2GR, R R
NIRRT 1 o AR PN SE B 25 R B, 5B A
pH U JFA B A ARG HIR R A 8 R T o A2 3R
B B )5 ], v 2% 3 IR A R 1) A= )
FHA K. Allam %5159 DU 2 36 27 2 2% 5 R 9% 1)
934P J LN, RIS T A R $E v pH AU
RUFAIEERS , FFX P 7T RAE . 2 TR A BERE P
1) 2 100 R A% B A s I 25 W R . 5 T BT IR
FHEG, pH SRR BE I REW /D 25 200K, HA
T R R B, 2 R AR B R, A
b3 R AR ERAE R BT . BRI, pH U i
VLB I3 3 25 I LT T

3.6.4 B TREUBHUEAEERE BT RO A
I Rt B R R, H SRR &
KA, MRS A R o 1A ) — B e Y
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R MBI R TR . S5 IR nT LA S B 745 4,
TE R =2 AR EERE 2544 . TIMOPTIC-XE Refg LUK
FEWROCSTHEAIRST, 5HEHRYHEF (Na',
K, Ca®) MHEAEH, TERE mASEER . BERIE L
JE R, BT DAUSE K 245 ) 7 B %) s B I
[B) o 7 3K 51 2 R S — AR T T T P R A 2
iR, (IR - H R sl IR IR W, TR 24
JE MR, 25 AR, 2™
DLV e Ay 25 Jo o] 4 7 38 i 2 IR 15 - U U IR
JRALEENE . LA R R, 5 ERIREAHLL,
IS R S T U AR A 5 A R S R AE
B, nlEE R aa s E IR AR, A
BIENGIR A FIRIF AR, BTE %S (acyclovir,
ACV) BERVS R R R, (HHB EEARAR, IniBR
il T 25 e IR R, Li 250 i £ T TR PR
1) B - R R T o7 R RS R BB 25 25 R s . S 1E 500
MRRAH L, 36T 7 i A9 28 7 R A8 {7 958 e i
EIEGE T 2% ACV FERRTS R, $m T 2R
AR B .

KEEREE B 2 H TR 25 R, UG
NUER . &) T45245, IR Refe M2 ) 7E MR 1) i
BEIFI], AT m 2 MR B2 My R, [ T
DI /D 25 25055, WS T R NP . K
8 e PR AE IR 328 24 v LA R A7 0 N R A 5ok 2
ZEH L) K
4 REERE

F T HR BB LR 4 B A0 Ak 22 A B 57 e ) IR i
4 W IR R 580 a 7 IR B A e 2 R, H
I, BB AR R 245 2R 40 N IR )24 2 i 5 () 4
M, MEREWAKRL . BREIA . GKEL. IR
KL, K. KBERCSE, XUCHT AL 25 RGN
AT R 2 W IR B, HE K 24 4 HI AT B
[B), DA B &5 25 R IR AR R, 3 vT RIS
FHZGUE . i £ 3 R P RNk 2D 259 B AS R I
7, FE HIR ) 70 4503 F B I A R R o
JF HIX B3 1 245 245 R GE B8 38 o AR 4R AR i IR
BEPRAE K T2k BIIR G B, SR, X
SRR AF R R e M2 . B RAIR . AR
PR A I H BRr 2 FaRE B, I
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