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Abstract

e Vision is closely tied to quality of life. Traditional drug
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delivery routes for clinical therapy of key ocular diseases,
such as glaucoma, are topical and systemic
administrations, which are less invasive but often face
some physiological barriers such as tear film turnover,
corneal penetration, and blood - ocular barrier. These
barriers may limit penetration and distribution of
ophthalmic drugs, resulting in limitation of information
about pharmacokinetic characteristics of drugs in human
eye. To address this, some ocular based compartment
models, including classical ocular compartmental model
and physiologically based pharmacokinetic ( PBPK)
model, have been established to illustrate dispositions of
drugs in eyes. For classical ocular compartmental model,
cornea or vitreous humor serves as central compartment
and other ocular tissues are identified as peripheral
compartments. The PBPK model, incorporating dynamic
factors such as changes in ocular blood flow, effects of
transporters, blood - ocular barrier, may characterize
complex ocular physiology structure and dispositions of
drugs in eyes. These models can contribute to
development of new ophthalmic drugs and therapy
strategies for ocular diseases. Here, the characteristics of
drugs in eye following administrations via various routes,
general ocular compartmental model and PBPK model as
well as their applications in the development of new
ophthalmic drugs and drug regimen for ocular diseases
are reviened.
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2R MR AT R TV BR . IFFE 2RI, AR AR R i
A 19%-5%BEMEIE AR Y2 12 IR i35 9 4135 W]
HA 5 2 6 2R BEIRAE A 1k 20 A 2H 1, HER] 55 3% 4
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1 AAAAFTKAYERBHUEES
M ERE 254 (GRl &/ 5 iR ) s AUC 5 C,,.
IRAT7 4525 T IR 20 mmol/L P[5 % /K (25 pL) 7" Ee ) AUC 5, =71720 min/(nmol - g)
AUC g =4014 min/(nmol - g)
AUCy; ¢ =19.6 min/(nmol - g)
0.6% V175 i v 5L IR fiif =747 S Al AUC,, =3240 b/ (pg - g)
TRE (50 pL) ™ B AR AUC =8.6 h/(pg - g)
AUC, =21 h/(pg - g)
i3 AUC 5, = 6440 h/ (g - g)
AUC, =124 h/(pg - g)
AUC, =21 h/(pg -+ g)
0.1% A EZ (35 uL) BvEE R AUC 5 =28322.9 b/ (ng « g)
AUC ;5 = 12532.3 h/(ng - g)
AUC; =132.3 h/(ng + mL)
i P 4 1 mmol/L FI#E /K (5 wL) M7 B 22 AUC, e = 9939 min/ (nmol - mL)
AUC;  =28711 min/(nmol - mL)
EET 2y 40 mg/mL K ARZEZ (0.5 mL) 1 fif 2277 (3R B Cyimpp = 1.4 pg/(g - mL)
Cpx =26.4 pg/(g - mL)
200 mg/mL ZhEE (0.5 mL)[ZOV faf 2200 (%) R Copmpp =2.6 pg/ (g - mL)
Cpp =89 pg/(g - mL)
RG2S B R NS 60 mg/mL SR IFHR (25 pL) 2 B2 AUC gy =238.4 1/ (mg - mL)
40 mg/ml. FATA 7 -2 B 22 Coie =989 pg/ml,
Cpk=12.9 pg/mL
12.5 mg/mL ranibizumab (50 L) (23] vt 2= AUC 5 =4927 day/ (g + mL)
AUC,;, =286.3 day/(pg - mL)
40 mg/ml, fh 258100 pL) G4 AUC g5 = 77600000 day/ (ng + mL)
AUCy, , =8500 day/(ng - mL)
o2 3 5 40 mg/ml. M4 2 (100 wlL) 2 G 2= AUC 0 = 3460000 day/ (ng - mL)
AUC,,,c NA
o gir] HEHIKAZ 2 mg/mL AiMAERE(0.75 mg/kg) ) Cy =2990 pg/mlL
Cpy<2.5 pg/mL
Corppeis = 78.7 ng/mL
109 pCim/mg rabFab(1 mg) ™’ B2 AUC ;5 = 1060 day/(ng - mL)
AUC 55 =91.4 day/ (ng - mL)
AUC,;, =110 day/(ng - mL)
k2 HEkEAM-RREREMHREERL
e
o __FEWG BB R
ABC %5k
ABCB1/MDR1 V(RN VvV WEE A eIk ERT
ABCG2/BCRP V() V (FERRM) BTS2 OKITHER £ R LA
ABCC1/MRP1 vV PR PIER KEM
ABCC4/MRP4 vV XTI IRIR R R R R
ABCC5/MRP5 vV NS 5 — TR I e
SLC #%iB {4k
SLC22A3/0CT3 vV X LT PRI 651 AL IS
SCL22A8/0AT3 V(SR it 2 5 T R R
SLCO1A2/0ATP-A V (FERRA) ERALIRRE , VEARAMTT , B (AT
SLC7A5/LATI vV AfEZ W s T
SLC2A1/GLUT1 V (FEIEA) D-Hi b

SRl S B T ORI, HRTAT SR Z e B A A
=B,
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J(2) SRR (3) , T AR Eq.(1)-(3) ]l
HHBh T, AT ¢, LC, L C R IR AR I By
B EE sk, ks o 27 25 W) FE 45 D7 25 18] 1 43 A TR
R s kg ooy TR ZGHIAE T IV B 25 1) T B S 30 S, A4
TR 25 B A 5 25, 25 e IR N A5 4R SR R =, 1 13 Fif
B —Z VR BELWT 751 148 77 45 0 A I, 4005 1 38 g s i) R 5 K
WA Ve B 34 55 SE G (B AH A

dC./dt == (k,, +k,) X C kg (1)

dCy/dt =k, x C, +ky Xx Cy = (ky, + ky) X C,#Eq
(2)
dC/dt =ky x C, - ky, X C,#Eq (3)

212 REIDH  Lee S HEST LABFEA (2) Jyrp 3 Y
= A M AR TR 28 K A 5 45 2R A R R (1) (B
B (2) AMESAE (3) BTN 45 T 5 AS R 59 2
14 JE s o A B B A D 1) v B A5 ARG 1O

Amrite 85 ST DA IR Ry e ) T B AR
BRI 20 0, A A 25T IR PRI ZH 40 (1) fAE(2) W 2, 3
HRIR e R B TR AS I T — A 25 SR G s, FLRR
HREBLL b Feon, BT R R 45 28k H A TR B
FUAE AR R P B, O FH S B0 (A 0 UE AR R, JO& 285 S R 0, A0
KR (r=0.99)

Ranta %5 HE 7 DABE B Ol o o2 ) — iy AR 3L
R G QU FE 45 25T IR R ZH 2L (1) (BB (2) AT
T FITC—dextran (70 kDa) 7£ 3% 38 14 N (1 ¥k B AR 4k, FF
AR Eq.(4) B0 R N AED R, B2 R %
HH i FH 92 R 24540 B S K 2 WV P R0 A0 45 B s [) 359 T 348
AR EE

BA, =k,/ (k, +k,) X 100%#Eq (4)

i T4 B A 2 RIVE I AAAE  E ST I3 25 ik B S5 R
PRV R 65 P P e B8 22 ) ) 2 B DG 2R, T LA Il PR 45 25 77
A5 LA 4 B 4 27 A O RS RV L LA SRS 7

ZEIEFE(D)
ki

e K4k, McLaren LSS T A BN :}7?‘5*%@,
P 25 B s 2 AR (%) LAty 3 1 245 1 DA HR 8 485 44 %)
IV 43 A ek 2 R AL 25 4 UL 181 3 40 35 Il = T
(1) Hip2E(2) SAR(3) . AT I #E[ Eq.(5)-(8) ]
a8l , ARh €, .C, . C, . C RN
TEXT IV 5 28 o MR BE R R 25 R BE 5 by ey By oy TR
PWITERS Dy 2 M A R R by kb RN 25 TR
SURNMLIR ] 1Y) 53 A1 3835 88 r 3ROR M B B AR FL 45
R ASTALLTRUI S A A R Dk S B AR b e gk B O
UEBH W] LU D) S 22 AR,
dC/dt =k, xC, =k, xC =k, xC +ky, xC#Eq

(5)
dCy/dt =k, X C) = ky X C, =k, X C) —ky xC, +
ks, % Ci#Eq (6)
dC/dt =k, X C, - k,, x C,#Eq (7)
ky, =ky XV, X1/ V,#Eq (8)

Vellonen % {34k iRl SN T — BB AR
T E MR A IRE B AR ()  Hae i T —
MUEEGHAMAL W GE, BT 2887 Ak
VG T FE BB A PN 4 A | I L UE B AR R 235 5 5 S ot 50 {1 4
T AR ¢ kAP T, 12 h J5 B0 H AUC 4
15h/(pg - mL) , HESSLIEN 14 b/ (pg - mL) ;457
A2 g SAIPE T, 12 h JSHEI AUC 29 32 b/ (pg - mL),
HESLSIRE R 22 b/ (pg - mL) . G55 IR, B 5
D 30T, UE I 4 B 4 2GRS AU ST T
22 £BHR B N FER
2.2.1 PBPK &g T  PBPK HE L b5 545 0 IR 3 4%
P ZR R T i 5 e 1) 2 R A B i S, T e o A5 4
Fag ] i A B A A A RN A B A o | DA Ak 22 iR
R A . PBPK A7 5 1 1 25 i Ak 8 3st e o 2 3

FANRE S5 2L 5(3) I

1 ZHPIREEERE,
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AR JEZHZH(1)

k10
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up HA Bk
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CL, 211 ffa 1] Bt
p (1FR)*CL,, 1 fif 1) P
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IgG
Qg Qpk
1
VLS
A

E 4 MREPAEIBZHRIINFERENE A RES PBPK AL, B, LT i - BERAA S 4 114 11 %5 PBPK #52

AR R R T B T R R R AR (R AT L
B AR Sl R IR 2548 Y DAL IR 25 25 25 5 5%
Bussing 257 @57 7 — >4 lR PBPK £7U ([&] 4) K
AR B LA 15 b5 & 5 I R s 4 8k (5K ) AHE
AAEMEE 0RO E K E | RIS SR
% M MK RRE S BRI 2 Y FE 2 IR B i
A2, e 5 1 9 i A MR S 465 R R I R S A S R A
), A4 T HRE - AR A 25 A0 D R Jok 24 5, A SR 25 ) #E
I Y AN AR 2548 Z ] i 25 W) e ds 3 AR TR o 7K & YR A4
AP A D5 & T S - IR AR 5 7 AR W 5K A B
KB Q) » TAEIUREFRIKSETHER (Q sy ) » W AT
TEABEIARE Qe ) o FEIEARE PR TT I A M
B Quusome ) B IEA KA IBE , A FT A D3 7K 58 ( Qs )
LIRS NIEIR, T [ Eq.(9)-(15) [ )&
RN 2B A T A B s K & T R - R
T ARIAE B E R R KK AR N 3 ) 2 S
B, BLAULT G R B B R P G B v B AR S R PN 45 4 A
WRE I HISE I I IR WA S5 R R A, IR 4143
%%;}5&[47—48]%%% 3.
FAREE
dAgy/dt = (Cpy = Cyp) X PSyp#tEq  (9)#
Pk
dAgy/dt = (Cope = Cpp) X PSgy + (Cpppe = Cppp) X
PSpi + Comp X Quomamn + Compopmix X Qumamn X
(1 =0 = Cpye X (Qupemn + Quanr ) #Eq
(10)#
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I - R AR %
d Ay dt = (Que X fyrgeogmr) X € = (Q = Lyy) ¥
X

(11)

Simwnn X Copppnn ~ Copponie X Qi
(1 - O-D‘hk) + CD?‘?k X Qf}?7k§mm§i#Eq
TRV N
d A/ dt = (Cppe = Cp) X PS s +

(12)
= Cp) X PSputtEq

(Cfm%‘%

PeRE IR
d A/ dt = (Cyrayy ~ Copgr) X PSypgag + (Cpppge = Coppe) X
PSpik = Com X Quumprox ~ Commir X Qnrzmn ¥
(1 = gy + Cppe X Qs #Eq
(13)#
L flsE 2
d g/ dt = Oy X frgae X € = (Qu = L) X fppge X Coypgye +
Come X Qs X (1 = Tyay) + (Cpgpn = Chya) X
PSyaum + (Comix =~ Comm) X PSuam ~ Copame X Quivzm X
(1 = o) #Eq
(14)#
ok £ i ==
d Apye/dt = Qg X [ X € = (Qu = Lig) X i X
Cym * (Cymam ~ Crm) X PSyg + Cograe ¥
Quirzmn X (1 = Tyuy) #Eq

(15)#
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®3 RAFENEESH

B ai X

R I3 A
Ve (mL) 0.09 0.04 0.08 FRATR
Vi (mL) 0.31 0.13 0.31 DK IR
V e (mL) 1.41 0.20 4.00 AR A AR
Qu(L/h) 0.05 0.04 0.06 AR P Il R
Ly (L/h) 1.00x107* 8.00x107° 1.20x107* T AR P A L YR
PR, 0.13 0.13 0.14 T — B R A A 98 R 9 2L L (L
(- 0.01 0.05 0.05 R A IS 1 Y8 R DL VO LU A
Fpeane 0.86 0.82 0.81 Ik 2 R A V8 R I L2 VR A L
Quirzm (L/h) 3.00x10°° 6.09x107° 9.84x107° R i 20 AR AV 1Ak i
Qumizrx (L/h) 8.00x107 2.28x107° 4.08x107° PRSI EE B 5 K 3 VA
Qg (1/h) 2.12x107* 6.39x107 9.24x107° G 7K 1 38 i Y8 P R
Quuzx (L/h) 2.34x107 1.02x107* 1.50x107* 78 380 35 7K A i
PS,(L/h) 1.19x10°* 2.62x10°° 3.95x10°* 2UWIAE AR S R
PS gy (L/h) 2.64x107°° 3.00x107° 8.34x10°° 2 0AE L I B 3 TR
PS g (L/h) 2.88x10™° 2.45x107° 3.21x10°° i TE IS I T B R

2.2.2 REISTHT Toffoletto 25" Fi| FH 1H A Y A5E 01 Fic 3 45
24 [0 R B8 e AR P A5 465 44 1 25 4 vk B3 3 5 {8 Ross
0T S 1) MR T 2 A e S KA 114 R R 485, 0 2 IR
TRy BE WA 1] 43 A (0 554 , 0 IE 3215 18 A0 A R fig
g 25 4 0 AR Y RTHI 5 T 2 L) 25 vk B AL 4
KU, German 250" {4 B8 T 4= HRASE B epr () HR 1 5 41 21
A T HR AT B PBPK A5 A ASE4LL T Ry i AR B /R
BT WA A AL OCIR AR IR e s IR N A 25 Uk B
- HAAT S SR, RIS TR A AGE U & 2 sk T
IRER Sk, 3B T8 S8 R A G I 2300k, 5
Lee 452 G HRAFF 5T A0 76 PR S0 A EL , 205 B55 0 £ 55 2 Bl 2
WA BT,

Sakanaka %" 38 i< HR /i 5 PBPK A5 A1 55 400 Je) 348 i
AR HR R 25 W A A A T e AR Y B 25 0V B U5 259
e B SR P e B e (] il 2, DA A 7 24 ) R i i S 2 ROk
2 ABHULE R R W  R R B A R A, Deng %0 i
A6 7RG PBPK 58U (AL 4 A RN B oK AN b ==, O
UG I LB 33 R BOR T FUI 1 DT 8% 1= SF- 0 IR VRAE D5 7K
MR,

Naware 2% D) 4> & PBPK A JL il SRR ANIn AR 58 4%
WP E  URIELWAEIR R4 AU PK A7, iRl
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