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Strategies for Improving Corneal Retention: Progress in the Application of Adhesive Materials and Drug
Delivery Systems

WANG Haitao, LIU Rui", SONG Jin, SHANG Zhixian, WU Zhouyou(College of Pharmaceutical Engineering of
Traditional Chinese Medicine, Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China)

ABSTRACT: There are a large number of challenges in ophthalmic drug delivery because of the complex anatomical structures
and the special protective barriers of the eyes. However, there is no doubt that the traditional ophthalmic preparation generally
meet key problems with large dose loss and short residence time. The intraocular bioavailability of the drugs can be promoted by
improving the retention performance of the drugs in the eyes. On the one hand, there are a great of mucosal adhesion polymers to
modify the preparation, such as chitosan and its quaternary ammonium derivatives, polyethylene glycol, hyaluronic acid and
carbomer and so on, which can enhance the adhesion between the preparation and cornea. On the other hand, researchers can
utilize the interaction between nanodrug delivery system and in situ gel system and ocular mucosa, which is extremely good to
lengthen the residence time of the drugs on the surface of the eyes. Therefore, in this paper, based on the improvement of corneal
retention performance of drugs, the novel ocular drug delivery systems and bioadhesive materials that can modify the
performance of preparations are reviewed for the purpose of providing effective reference for the treatment of ocular diseases
with new materials and new preparations.

KEYWORDS: corneal retention; bioadhesive materials; novel ophthalmic preparation; ophthalmic drug delivery
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Fig. 1 Structure of eye and ocular anatomical barrier
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Fig. 2 Cationic modified ocular drug delivery system
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Tab.1 New ophthalmic adhesive preparations at the domestic and overseas market
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Fig. 3 Nanodrug delivery systems

211 REVEOR  REVEAEIET MR >
TR BAL R Yy, Ak RUE iU B 4
GUKAAR, HORARIEFIZIH 10~200 nmP*3%1, K%
O T 24588 3% 1 3G IR ol W e — ik Be G
IK-BA)REY . =B CEK-BUK- KA REY
HALCRAK-BLAO) N T CGRK-8 1) IR AR,
PEG J& FEHRAKFEBM, i T HA RIFr R
e, BUBCR RIS 25 o3 1T DU S
IR ERF T A4, HIEWm A 2 3e ik, =%
JEE 0 2 FE AR AR A MR A A 452 B IR ], [] R B AT /)
Oy FHRRER R T U A s A TSGR0 . IAh,
e R TR R Rl A e T . AR AR E P
5y T2 I ) 4 R T A R 2 RS W IR AR
PPAERS,

AR, Yu SFRUBESY T H AR R (2 —)- 3
(NZZHR) R A W (mPEG-PLA) I AAE Sy 3 45 il idh 1%
I ZE A(cyclosporine A, CsA)ZEHRIAERIA, BF
FEEREZW [l A CsA 19 mPEG-PLA IR ,
B CsA MR L CsA FLAlR 4.5 1
(P<0.05), JFH7E 8 h 345 0.8%[" CsA Wi, H
X T4 E] A A A, CsA IR B 25k 1 A i
T CsA T, RUIHAEA RO S M, 2
FIER CsA TEMME LA B ISl A R0677

P E AR 2 2022 4R 7 A5 39 5 13 1

HR T HRAE o (FUR iy TR ARAS B P, A LR
THRFSH LRI AR 2, M TR PR 4K 3K
PR, TEA W2 P REE 5 T AT BT PR
212 HOKAEFEA BRI BN P
M, AU XU= 45, 5
MRS, TG T 2K SR NEVE 2,
JE KRR A5 BRI )2, EUR phy AL SR R A A
I 2 B B R RS, 25 AR |
B RAEBERS . WA s, Sm
i PR i R AR AT IR AR 25 R R . 2
KRG J5T A 9 i AZ 2 T8 AR A g it 2 i ) A
PIFOR G W s ICE L AR, RERE i 7 A 20 i 1k
oy, TR R DL G ] 25 R . 24z
Wi AR A A, AR T S ey, AR
FUUE, S DRAET R 25 Wi A A LS K 2 P R
i B IS 18] 77 1A 3 BRI AR E

Il S EL AT IF ST T e ) — o 2 SR S 0 B A K
LSRR AR T TR T R A R, IR AR R
VE R SZU0 SRR, e A RS 1) i B ) 24
THRFEINAT, R BN, KR BT AR IR
TR PR B BRI AT IR 24 h, H 538 H5AE L,
Wi KU EEIE N T 2 6 .
213 WEARAOKRRL BRI  — E R 1Y
PISEPE R B AE K i F 300 HOE A KR, 2K
LR, BB, R 2R e,
SRR, 3 A IR i B I (E] 0T,
TG ST A 1 TR FRWEND 3% JK A A KR, T
AL RS AL 1 2 A AT, R
POCAGIA , WEE T E P B WA APIRKLAER
S RHT AR Ol . SRR, R AKORL I %E
e B BRI, i il g ek
b, TEMIERTE AT B R, HAEA AR

Chin J Mod Appl Pharm, 2022 July, Vol.39 No.13 -1771 -




HAEBRA, MMREK T 259 76 AR BR 3% 1m0 ¥ 7
8] o Liu SEUSIF & T —Ff B 7808 S A AR 143 B
OB AR %, (i FH o B2 6 iR R G EAh
R AT R PERE , TR RGBT E AR AT 557K 25 3
SERESY . BEIROR, TR A8 K R B HIR AR R
(] B TS (P<0.01), HLARFRA= W FHEE LU A
b7 OB = 2.65 1%

TR A 4 AR AE s BR324 25 2R 8 A AR I
(Ve TR ST, (R Takifdin— [H
PR BIF 9 A AL G 5 Dt PR fef HL N FH 32 B 2 PR . H
T 7R [ P A0 b T Ak I DR B B 1 VAR 40 K
R I A BE,  FLAE P 24 50036 7 IR 3R e
J5 A RFRA
2.2 JRfUEER RS

Jir A7 R 5 — P8 LAV 6 1 1 i AR V0 XA R 35
AT 2, SRIGRIEER N IR H RIWAR, &4
FHARAR , FERRREG AL N BRI A, B R3S
T T T LS K 7 AR 2 T ) s B s ] 490, Bt
2O, TR EE IR R 45 25 R e v] USRI RS vl 45
25kt , I B T29WE AR R ER, wT
DAV FHZG B2, DT 2 5 S8 AR P R 25 4
OPEPNE €

JE AT B e e FEOR [R) ) VE R AL AR, R 50 Ry il
OB | B TR . pH RO L KOG SRR
. UWLE 4, TR pH 8B TN R BHA A
SEVE, BHIEA T8 ER A e e, PR A
VPRI URTEE AV E 2 2R, P 402
il #8122 R JETT I 80 A7 58 e FH 36 97 IR T
JiE, TR 2 R AR WS I 2R 40 %) 25 4 HIR 8 e
B E s, DFEgE R B, ARETTRER

B W SRR
/ 2 } k I
/_f ,J‘ —> Vo
| HBWRCRA  BogbR | RESERRRGERER |
),

| \./\

~ 0.9 © AHm |
o s e
| owswew  swmisr  wswwcswns
|++*+*-- WS ¥t |
| *\ 4+ 3 N : A T

= ¥ » I A2 /

[ ATHEEAY BT HRERAERA S~

B4 5% GUR M R AL BRI A G0 1F A AL
Fig. 4 Mechanism of environmental sensitive in situ gelling
system

-1772 - Chin J Mod Appl Pharm, 2022 July, Vol.39 No.13

D EERE IR T X AR S, 7E 27 ‘CHEZS
JEGEIRIGH, RO LB FIAE 27 CHETFUR & B A
Ak, BRAN, Zh 245 e PR IR I R SO 2
TR Ry 25 min, B B2 FRIZ9N 25 min,
JEVTRGA S 52 A

3 HiEERE

U SSAER B AT RE R T 7 L A R R 1R
JrRAAWIREL, BRI R iBkEe ), e
i T AR Z2 4% 2 i FIA7AE 1) oty , L2001 P9 Ab
WG MR 2 e IR AR A R, B
WF T AR 2200 1 T A8 K 2440 1 IR BR 2% 11 1 s B8
AFR] L 38600 245 40 1) HIR 21 2095 35 1 4 e S AL 2L 1)
Y RS . R 2 W AE IR A A M R
A 2D H— Rl P ARG B AR i 59
HEK 257 A7 BT DX A B ), TR R
R RG I 25 B R BB A ik, X R
A 8R T IR AR AR KT .

HAT, 1RZ90Ki8 24 2R 50 A7 BE I R 5t 1
FERBE 5T A R IT R AR T, (HEARZ N
MEARREMA DL . AR, FETIRERE R .
RIFEME2E . R /N R, 22 [ 7Y g
R G WK BEIE R 50 A 25 25 R G B
FHE R R Beah, SR & Bk Bt 2
— AR, AR R AR S S R 2 R 4
FIZE A, AT LAZE K 245 9 76 B0 0 1 FH B ]
) Bt T AR 25 e S e, IR TR i
FIBEAREE M, 20T IRRAR 2 A R O R A
T, RRBEERN—FMRERE T TREY, MUA
BB LT . AEHHAMIL R . WA L R
BEPESEOLA, WESRIE) T, IMARIKEE, & 5
Mk, HATCfEEZ ., ki . gREEL
SR BT, HARKE LS. ¥ BpE N
HTIRIA ARG, SHKBIKRLES, NUATLU
W TR 70 A 25 205, VA b R IR B RS
1 ELA BTG B A, JEGE T8
PEI

SR, HRTE 4 I PR B 25 B A R
N, HAEEREMICERUER A&, IR A HH
RIS R op—, O3 — e, 3R
TBRIRIT RO AR BRAY . Kok, WNfaDKE AR AT
B I RIS I BT & B, SRR
UL B, FEWRRE NIRRT B bR, HHME
B 5 HIR i B8 PRI I TR, ) s 35 4o 5] A i

P E AR FH 22 2022 4F 7 A4S 39 B4 13 1




T ORG24 R 5055 2 T il i AN Wkt
K2 A PRI FP T IT 87 0 SRy

REFERENCES

(1]

[10]

[11]

[12]

[13]

[14]

AGRAHARI V, MANDAL A, AGRAHARI V, et al. A
comprehensive insight on ocular pharmacokinetics[J]. Drug
Deliv Transl Res, 2016, 6(6): 735-754.

AWWAD S, MOHAMED AHMED A H A, SHARMA G, et
al. Principles of pharmacology in the eye[J]. Br J Pharmacol,
2017, 174(23): 4205-4223.

HU W J,LI'Y, WANG J, et al. Research progress of nano drug
delivery system in ocular anterior segment[J]. Chongqing
Med(FE K EE2%), 2019, 48(17): 3006-3009.

CHEN X. Advances of ocular surface drug delivery system[J].
Chin J Exp Ophthalmol(H4e52 5 IREL%E), 2020, 38(12):
1091-1096.

XU C, LU J H, ZHOU L, et al. Multifunctional nanocomposite
eye drops of cyclodextrin complex@layered double
hydroxides for relay drug delivery to the posterior segment of
the eye[J]. Carbohydr Polym, 2021(260): 117800. Doi:
10.1016/j.carbpol.2021.117800.

PAI R V, MONPARA J D, VAVIA P R. Exploring molecular
dynamics simulation to predict binding with ocular mucin: An
in silico approach for screening mucoadhesive materials for
ocular retentive delivery systems[J]. J Control Release,
2019(309): 190-202.

WANG K, HAN Z C. Injectable hydrogels for ophthalmic
applications[J]. J Control Release, 2017(268): 212-224.

KIM K, KIM K, RYU J H, et al. Chitosan-catechol: a polymer
with long-lasting mucoadhesive properties[J]. Biomaterials,
2015(52): 161-170.

MAHMOOD A, LANTHALER M, LAFFLEUR F, et al.
Thiolated chitosan micelles:
carriers[J]. Carbohydr Polym, 2017(167): 250-258.
PONTILLO A R N, DETSI A. Nanoparticles for ocular drug
delivery: Modified and non-modified chitosan as a promising
biocompatible carrier[J]. Nanomedicine (Lond), 2019, 14(14):
1889-1909.

DEL PRADO-AUDELO M L, CABALLERO-FLORAN I H,
SHARIFI-RAD J, et al. Chitosan-decorated nanoparticles for
drug delivery[J]. J Drug Deliv Sci Technol, 2020(59): 101896.
ALMEIDA H, AMARAL M H, LOBAO P, et al. In situ
gelling systems: A strategy to improve the bioavailability of

Highly mucoadhesive drug

ophthalmic pharmaceutical formulations[J].
Today, 2014, 19(4): 400-412.
SHAHAB M S, RIZWANULLAH M, ALSHEHRI S, et al.

Optimization to

Drug Discov

development of chitosan decorated
polycaprolactone nanoparticles for improved ocular delivery of
dorzolamide: in vitro, ex vivo and toxicity assessments[J]. Int J
Biol Macromol, 2020(163): 2392-2404.

AMEEDUZZAFAR, ALRUWAILI N K, IMAM S S, et al.
Formulation of chitosan polymeric vesicles of ciprofloxacin
for ocular delivery: Box-behnken optimization, in vitro
characterization, HET-CAM irritation,

assessment[J]. AAPS PharmSciTech, 2020, 21(5): 167.

and antimicrobial

P E AR 2 2022 4R 7 A5 39 5 13 1

[15]

[1e]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

ASASUTIJARIT R, THEERACHAYANAN T, KEWSUWAN
P, et al. Gamma sterilization of diclofenac sodium loaded-
N-trimethyl chitosan nanoparticles for ophthalmic use[J].
Carbohydr Polym, 2017(157): 603-612.

WU M Y, LONG Z, XIAO H N, et al. Recent research
progress on preparation and application of N, N, N-trimethyl
chitosan[J]. Carbohydr Res, 2016, 434: 27-32.

WANG W Q, MENG Q Y, LI Q, et al. Chitosan derivatives
and their application in biomedicine[J]. Int J Mol Sci, 2020,
21(2): 487. Doi: 10.3390/ijms21020487.

KARAVASILI C, KATSAMENIS O L, BOUROPOULOS N,
et al. Preparation and characterization of bioadhesive
microparticles comprised of low degree of quaternization
trimethylated chitosan for nasal administration: Effect of
concentration and molecular weight[J].
30(41): 12337-12344.

ZAMBOULIS A, NANAKI S, MICHAILIDOU G, et al.

Chitosan and its derivatives for ocular delivery formulations:

Langmuir, 2014,

Recent advances and developments[J]. Polymers, 2020, 12(7):
1519. Doi: 10.3390/polym12071519.

SONG L, HE W. Study on corneal retention and irritation of
N-trimethyl chitosan-coated sparfloxacin nanoliposomes[J].
China Pharm(H [E 25ii), 2016, 19(8): 1614-1616.

LI J J, JIN X, ZHANG L L, et al. Comparison of different
chitosan

lipid nanoparticles for improved ophthalmic

tetrandrine delivery: Formulation, characterization,
pharmacokinetic and molecular dynamics simulation[J]. J
Pharm Sci, 2020, 109(12): 3625-3635.

LIU R, WANG S S, SUN L, et al. A novel cationic
nanostructured lipid carrier for improvement of ocular
bioavailability: Design, optimization, in vitro and in vivo
evaluation[J]. J Drug Deliv Sci Technol, 2016(33): 28-36.
ZHOU X Y, L1 J L, WANG Y M, et al. Application of new
formulations in ocular drug delivery system[J]. Chin J New
Drugs(H EHT 24 4%), 2020, 29(1): 55-62.
LYSENG-WILLIAMSON K A. Cationorm®
emulsion eye drops) in dry eye disease: A guide to its use[J].
Drugs Ther Perspect, 2016, 32(8): 317-322.

MADNI A, RAHEM M A, TAHIR N, et al. Non-invasive
strategies for targeting the posterior segment of eye[J]. Int J
Pharm, 2017, 530(1/2): 326-345.

IBRAHIM S S. The role of surface active agents in ophthalmic
drug delivery: A comprehensive review[J]. J Pharm Sci, 2019,
108(6): 1923-1933.

MAKONI P A, KHAMANGA S M, WALKER R B.

Muco-adhesive clarithromycin-loaded nanostructured lipid

(cationic

carriers for ocular delivery: Formulation, characterization,
cytotoxicity and stability[J]. J Drug Deliv Sci Technol,
2021(61): 102171.

PARK C G, KIM Y K, KIM M ], et al. Mucoadhesive
microparticles with a nanostructured surface for enhanced
bioavailability of glaucoma drug[J]. J Control Release, 2015,
220(Pt A): 180-188.

GUTER M, BREUNIG M. Hyaluronan as a promising

excipient for ocular drug delivery[J]. Eur J Pharm Biopharm,

Chin J Mod Appl Pharm, 2022 July, Vol.39 No.13

<1773 -



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

1774 -

2017(113): 34-49.

CHANG W H, LIU P Y, LIN M H, et al. Applications of
hyaluronic acid in ophthalmology and contact lenses[J].
Molecules, 2021, 26(9): 2485.

LIN J, WU H J, WANG Y J, et al. Preparation and ocular
pharmacokinetics of hyaluronan acid-modified mucoadhesive
liposomes[J]. Drug Deliv, 2016, 23(4): 1144-1151.

CHUN T, MACCALMAN T, DINU V, et al. Hydrodynamic
compatibility of hyaluronic acid and tamarind seed
polysaccharide as ocular mucin supplements[J]. Polymers,
2020, 12(10): 2272.

ZHANG X D, WEI D Y, XU Y, et al. Hyaluronic acid in
ocular drug delivery[J]. Carbohydr Polym, 2021(264): 118006.
FEGHHI M, SHARIF MAKHMALZADEH B, FARRAHI F,
et al. Anti-microbial effect and in vivo ocular delivery of
ciprofloxacin-loaded liposome through rabbit's eye[J]. Curr
Eye Res, 2020, 45(10): 1245-1251.

LI'Y, TANG Z, WANG Q. Recent advances of in situ gel for
ocular drug delivery[J]. Chin Pharm J(H1[E 242424 i), 2015,
50(14): 1174-1179.

SONG L N, LT H R, WANG H Y, et al. Preparation and
properties of thermosensitive in situ gel for ophthalmic
formulation containing pearl hydrolyzate[J]. Acta Pharm
Sin(Z55:274%), 2016, 51(10): 1622-1628.

LI Z Q, YUAN S T, XU H M, et al. Research advances in
nanotechnology drugs for the treatment of eye diseases[J].
Prog Pharm Sci(22%#EJ#), 2020(6): 459-465.

MANDAL A, BISHT R, RUPENTHAL I D, et al. Polymeric
micelles for ocular drug delivery: From structural frameworks
to recent preclinical studies[J]. J Control Release, 2017(248):
96-116.

LI M S, ZHANG L, LI R, et al. New resveratrol micelle
formulation for ocular delivery: Characterization and in
vitro/in vivo evaluation[J]. Drug Dev Ind Pharm, 2020, 46(12):
1960-1970.

GOTHWAL A, KHAN I, GUPTA U. Polymeric micelles:
Recent advancements in the delivery of anticancer drugs[J].
Pharm Res, 2016, 33(1): 18-39.

YU Y L, CHEN D Q, LI Y N, et al. Improving the topical
ocular pharmacokinetics of lyophilized cyclosporine A-loaded

micelles: Formulation, in vitro and in vivo studies[J]. Drug

Chin J Mod Appl Pharm, 2022 July, Vol.39 No.13

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Deliv, 2018, 25(1): 888-899.
TSAI C H, WANG P Y, LIN I C, et al. Ocular drug delivery:
Role of degradable polymeric nanocarriers for ophthalmic
application[J]. Int J Mol Sci, 2018, 19(9): 2830.
SUN R R, TANG Z, WANG Q. New dosage forms for ocular
administration[J]. Chin Pharm J(FP [EZ42£2%%), 2016, 51(23):
1993-1998.
DESFRANCOIS C, AUZELY R, TEXIER I Lipid
nanoparticles and their hydrogel composites for drug delivery:
A review[J]. Pharmaceuticals (Basel), 2018, 11(4): 118.
USTUNDAG-OKUR N, GOKCE E H, BOZB1YiK D 1, et al.
Novel nanostructured lipid carrier-based inserts for controlled
ocular drug delivery: Evaluation of corneal bioavailability and
treatment efficacy in bacterial keratitis[J]. Expert Opin Drug
Deliv, 2015, 12(11): 1791-1807.
SHAN Q Q, GUI Z P, GUI S Y. Research progress of liquid
crystalline nanoparticles as drug delivery system[J]. Chin
Pharm J(H [E 242424 3k), 2018, 53(7): 485-489.
WANG Q Q, CHEN M L, HU X, et al. Preparation and
characterization of timolol maleate cubic nanoparticles for
ocular administration[J]. Acta Pharm Sin(Z§2%2%4k), 2018,
53(11): 1894-1900.
LIU R, WANG S S, FANG S M, et al. Liquid crystalline
nanoparticles as an ophthalmic delivery system for tetrandrine:
Development, characterization, and in vitro and in vivo
evaluation[J]. Nanoscale Res Lett, 2016, 11(1): 254.
ZHANG Y Y, DU L N, JIN Y G. Application of
environmentally sensitive hydrogels in drug delivery[J]. Acta
Pharm Sin(Z52#2#4), 2021, 56(5): 1314-1331.
DEKA M, AHMED A B, CHAKRABORTY J. Development,
evaluation and characteristics of ophthalmic in situ gel system:
A review[J]. Int J Curr Pharm Sci, 2019, 11(4): 47-53.
GAO Y, ZHANG Y, WANG L. Formulation of in situ
ophthalmic microemulsion gel loaded with tacrolimus[J]. Chin
Pharm J(H[E 252 4%), 2019(5): 390-399.
HUANG P Q, GAO L L, YU Y C, et al. Preparation and
quality evaluation of levocarnitine thermosensitive in situ
gel[J]. Acta Pharm Sin(Z52254f), 2019, 54(6): 1115-1122.
e H b 2021-09-06
(BT . ZEHS)

P I IR FH 22 2022 4F 7 A 39 55 13 3



