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Ocular transport of hydrophilic drugs: Enhancement of the paracellular
penetration across cornea and conjunctiva in the rabbit.

Youn Bok Chung', Seen Suk Lyoo, Kun Han

College of Pharmacy. Chungbuk National University, Choengju, Chungbuk 360-763, Korea

(Received January 30, 1996)

The objective of this study was to determine whether 4-phenylazobezyloxycarbonyl-Pro-Leu-
Gly-Pro-D-Arg (Pz-peptide), an enhancer of hydrophilic solute permeability in the intestine,
could elevate the paracellular permeability of hydrophilic drugs across cornea and conjunctiva in
the rabbit. The in-vitro penetration of hydrophilic drugs (mannitol, atenolol) and lipophilic drug
(propranolol) across the rabbit cornea and conjunctiva was studied either in the presence or ab-
sence of 3mM Pz-peptide. Drug penetration was evaluated using the modified Ussing chamber.
The conjunctiva was more permeable than the cornea to all drugs. Pz—peptide showed enhanced
effects on the drug transport across cornea and conjunctiva in a concentration dependent manner.
Effects of ion transport inhibitor on the mannitol penetration were then investigated. Mannitol
penetration was not changed by serosal addition of 100 uM ouabain, suggesting that Na™/K" ion
tranporter was not involved in the Pz-peptide induced elevation of paracellular drug permeability.
Furthermore, effects of Pz-peptide and EDTA on the transport of atenolol and propranolol into
the ocular tissues or blood circulation after its administration into both eyes were investigated.
EDTA showed enhanced effect on propranolol transport into the ocular tissues, but Pz-peptide
did not show significant difference. Systemic absorption of propranoclol by the addition of EDTA
or Pz-peptide was not changed. On the other hand, EDTA and Pz-peptide elavated the atenolol
transport into the ocular tissues. The transport of atenolol into the blood circulation was also
enhanced by the addition of EDTA, but no effect was observed by the addition of Pz-peptide. The
above findings suggest that Pz-peptide would be used as an paracellular pathway enahncer of hy-
drophilic drugs into the eye, without affecting the systemic absortion of topically applied op-
thalmic drugs.

Keywords— Paracellular transport, Cornea, Conjunctiva, Atenolol, Propranolol, Mannitol
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213 4-phenylazobezyloxycarbonyl-Pro-Leu-Gly-
Pro-D-Arg(Pz-peptide)®7} ztet 2 Auko] A2zt
Z 22 FHEFA =AM AM7FsAE Bagh vt 9l
o} waba] o] AT gloiMe #8439 propranolol
(log PC=3.2D)" % 48] %% atenolol(log PC
=0.16)"g B AMgslo], B7le] ztut o Av}
ol gloir =gALIES AENF B2 +5& F7M
734} 3Tt ©1F 8l AENS FZ 23
EDTA ¥ Pz-peptide 2] 98-S AESF o1, 29
kAN o83} AAggho 2o] o] S SrEHoz
skt
AlE e

AlgF Y =

Propranolol, atenolol, disodium ethylenediami-
netetraacetic acid(EDTA) R 4-phenylazo benzyl-
oxycarbonyl-Pro-Leu-Gly-Pro-D-Arg(Pz-peptide)
£ Sigma Chemical Co.(St. Louis, MO)E5-E T+
QJsle] AMgslg en . 3H-mannitol (specific activi-
ty, 1mCi/nmol)2 New England Nuclear(Boston,
MA, U.SA)Y A& A3t o HEYER, v
e 9 Z|gAge B BAG U EFES A4E
At

AYFEZE New Zealand White F £E7](2~3
k)& ALFEPHAE7=Z, SHd)olA FaEol o
gt FEALSONN 2 ZUstA ARSS
% 2183t

Ussing chamberi® ALZ8H oFE29| 2to} 4 Za}
£y &3

2712588 713t 2 A9hg 2338l Ussing cha-
mber®d A2AAZ1 & 2.5m19] GBR(O,Brien and
Edelhauser, 1977) €&4(PH 7.4, 300 30mOsm/
kg)S A& (receptor side)oll 7Fsiitt. Eolo] 2t
oFE-& 3k 2.5 mi2] GBREEUS A& (dono-
r side)oll 7¥515t}. Propranolol € atenolol®] %%
EE 0.5mg/m!, mannitold] %=+ 0.5mg/mi(3
-H-mannitol 0.5 pM o2 3Kt A@Fde
%2 chamber &5 95% 0;~5% CO, 7}2%
AlA gdo] Z BIHEE ¥t E=F SYT]
E AMgEle] g 2 E 37°CE AAIAA FA
A8 AR T AR 3087HE o2 9 (donor
side) S2HE AF(100 uDE AAT ¥ 5% GB-
RESEE FA) B33 FUch A43% GBR 894 F<
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Propranolol, atenolol %! mannitol2| X 2f

Propranolol®] A %olle HPLCE A8t Hi-
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#4¢ 1.5 ml/mine & 3152H, labetanols W5
EFEARZ AMSIE Y. Propranolol % labeta-
nole] FXAIZEE 247} 5% 2 3RS Yehllon
Sz E2lEAt.

Atenolol®] A= HPLCE AMEslon ZH
< propranolol®] %9 22 C-18 & AHE3IY
T} o] EF 0 2= 0.2% triethylamine(pH 3.0)3} o}
AEUEZY £FA(90:100S AH83l9). 2982
71(Ex: 225 nm, Em: 300 nm)& AHE3l9oH, 7%
< 1.0ml/mine 2 A th WREFEZZE bame-

N lo

thaneS ARME81912™, atenclol ¥ WHEFEZ <
FAIAIZEE 247t 47 R E st B E A

S mannitol®] A-olE AA liquid scin-
tillation$ cocktail(Ecosint, Nationalo Diagnosti-
cs, Manville, NJ) 5m/E 7Isle] &8 o5 li-
quid scintillation counter (Beckman 151801, Ful-
lerton, CA)& 24819t}

Propranolol 2! atenolol?] [AFE £ MA=E
CE9| 0|¥M =3

E7)9] AZWd 7lENIV. Cathether/Needle
Unit, Insyte Co., 22G 1IN)E 4143 & & g=igt
o2 AT FIAAB0 [U)E F4ste] e
TH7E B OS, oFE woll A FEEY 25 w(0.
1 mg/kg) & sttt & FoAHde 3 oF=
Solo] Qe 435l 300130 mOsm HHUl 7t
HE22 233t Propranolols gk 74-fol
AANF o2 A2 5m)E AFH T AT
AL da 0.2miol WEEEEZAZA labetanol 1
ng(10 pg/mi&< 100 W) 2 carbonatetEd (pH
9.83) 400 WE 713 T, old 3miE F&31 3,
000rpmellA 1557 A2l % 2.5 ml
< FBt Aartaz g8 LA F 3 AL
o o]EA 100 WE 718t &3lAZl o 20 WE
HPLCA FY43tdch,

Atenolol& Folgt Afole AAHoz H(25
m)E ANFT F A EeBkd 42 A 0.6miol W
BEEE2A84 bamethane 10 pg(100 pg/mj&-Y
100u) 2 1-N NaOH 1.2miE 718l pH7t 12,
3o]do] Hlx:2 243 v, CHLl:butanol(95:5)
£580 8miz 223k 3,000rpmelA 1587 9
AEEsin}. S 6 miE FHsle] Aartag oA
3 A7) F G 2kl o] B 100 WE kst
S3IA17) The 20 WE HPLCH £+t

3 o) Fojakdl gt Ailegho R ofsf
&5 ALk H8le] FaA gAY 2L F] S
AuFEAE & G w5 E S5

Propranolol Y atenolol2| ZAXE % OIX 3|
2ol 0|y =X

7} oFE 25 ui(0.1 mg/kg FHE E79] ¥ wo
A Aorer T ARAIZH45E) ] AHHRE o =
o] e g (1 g/mD< AN FAlel] E7 S
erehAA AT kA (cornea epithelium), AP

A (aqueous humor), 214714 (cornea stroma), =

10

J. Kor. Pharm. Sci., Vol. 26, No. 1(1996)



46 A% -

A (lens), Z %A (iris ciliary body), Z=Hconjucti-
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Ade] Aeoe AR R 5N} DA et
=3

Mannitol®] Z{8t gl 2dgt EM

Mannitol #AFMW=182)°] Z2 +84 &
Az NFF AR 750 RddE (marken) 2 2
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Figure 1 — Effects of Pz-peptide on the apparent per-
meability coefficient (Papp) of propranolol{(PPL) and
atenolol(AT) across cornea(CO) and conjunctiva(CJ)
in the rabbit. The concentration of PPL or AT was 0.5
mg/ml. Each point represents the mean +S.E. of
four different experiments.

*Significant different from the value of the control (in
the absence of Pz—peptide) (P<0.05)
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Figure 2 — Effects of Pz-peptide (3mM) on the ap-
parent permeability coefficient (Papp) of mannitol
across cornea(CO) and conjunctiva(CJ) in the rabbit.
The concentration of mannitol was 0.5 mg/ml
(containing 3H-mannitol 0.5 uM). Each point
represents the mean +S.E. of four different ex-
periments.

*Significant different from the value of the control (in
the absence of Pz-peptide) (P<0.05)

Propranoclol®| otF Ol £0{%F QtXE gl
gozo| 018y
Ussing chamberZ A3t A&ol|A Pz-peptide
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Figure 3 — Plasma disappearance curve of propranolol
after its i.v. bolus administration at the dose of 0.1
mg/kg. Each point represents the mean +S.E. of
three rabbits.
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Figure 4 — Effects of EDTA or Pz-peptide on the sys-
temic absorption of propranolol after its ad-
ministration into both eyes at the dose of 0.1 mg/kg.
Each point represents the mean +S.E. of three rab-
bits. The concentration of EDTA or Pz-peptide was 3
mM.

Keys: (®): Control, (m); +EDTA, (A): +Pz-peptide

39 propranolol(0.1 mg/kg)e] ¢HgEr Fo3A] <t
Z2] o]g)d]] mlxle EDTAY Pzpeptide®] 98-
Fig. 591 Jeliitt. EDTAY Pz-peptide2] 7l
2J&l propranolold] =AY o8 & zolE e
WA gksict ZHebds] (CE)E 39H(SC)olA EDTA
ol 2% propranolol®] Z23F =7} A St
HAdom, =IAICBE ZAHCI)A EDTAR
Pz-peptidee 2]8] propranolol?] 23 =7t F
7 AEE Ve 22y APTA (AR
271 A(CS)%Y dEsTe F7HA o3 zlelE
Holx] ¢kttt EDTAR Pz-peptideol 213l propra-
nolol?] AXNEE oj3Ado] & Aol& YehilA] @<
A7} (Fig4, Table D¢} 37 2&sPA, vlm3 =&
419l propranolol& A ¥ A2 ¥vl= Xy 42
of 2J3) oj3)=7] wjFoleta FH At

Table 1— Effect of Cuabairt on the Permeability of Mannitol in the Rabbit ¥

G Papp(E-06 cm/sec) Lag time(min) Pap ratio

roup o .
Cornea Conjunctiva Cornea Conjunctiva (Conjunctiva/Cornea)

Control 2.47+0.393 26.1+2.72 20.4+3.85 23.9+3.44 10.8

Ouabain 2.84+0.254 27.1£2.10 26.0+1.67 39.0+6.62 9.82

1)The concentration of mannitol was 0.5 mg/m]. Ouabain (100 pm) was added in serosal side. The values of per-
meability coefficient and lag time represent the mean+S.E. of 4 deffeent experiments.
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Figure 5 — Effects of EDTA or Pz-peptide on the ocular tissue distribution of propranolol at 45 min. after its ad-
ministration into both eyes at the dose of 0.1 mg/kg. (A) Cornea epithelium, (B) Aqueous humor, (C) Cornea stro-
ma, (D) Lens, (E) Iris ciliary body, (F) Conjunctiva, (@) Sclera. Each bar represents the mean +3.E. of three rab-

bits. The concentration of EDTA or Pz-peptide was 3 mM.

*Significant different from the control (P ¢ 0.05)
Keys: (N); Control, () + EDTA, (8): +Pzpeptide

Table I — Pharmacokinetic Parameters of Proprano—
fo and atenolo i v. Bolus administration at the Dose
of 0. 1mg/kg in the rabbit. ®

Parameter Propranolo Atenolo
A (ug/mi) 0.045+0.008 1.07+£0.222
B (ug/mb 0.012+0.002 0.124+0.003
o (min™) 0.346+0.108 0.139+0.017
B (min™) 0.006+0.001  0.004+0.0003
Va (W/kg) 1.93+0.317 0.093+0.018
Va (ul/kg) 8.43+1.19 0.65410.033
Vas (Wi/kg) 2.68+0.362 1.36+0.252
Kiz (min™) 0.246+0.079 0.094x0.012
Kz (min™) 0.078+0.027 0.018£0.001
Ka (min™ 0.027x0.005 0.031=0.006
CLt (ul/min/kg) 45.9+4.95 2.39£0.089
t”* (min) 20.7+2.48 20.7+2.48
t¥# (min) 328+£12.7 328+12.7
AUC (ug - min - m[") 2.25+0.221 419+1.64

a) Mean+S.E. of three rabbits.
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Figure 6 — Plasma disappearance curve of atenolol aft-
er its 1.v. bolus administration at the dose of 0.1 mg/
kg. Each point represents the mean +S.E. of three
rabbits.
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Table IIT — Pharmacokinetic Parameters of Propranolol(PPL) after Topical Administration at the Dose of
0. 1 mg/kg in the Rabbit. ®

Parameter PPL +EDTA +Pz-peptide
k. (min™) 0.494+0.108 0.372+0.0358 0.657+0.0542
ty (min) 1.58+0.274 1.93+0.185 1.08-+0.0895
tmae (min) 7.67+£3.03 6.00+1.69 3.67+0.544
Crusx {ng/ml) 42.6+1.16 30.9+1.67 30.5+£1.86
AUCoeu (g - min - ml) 1.97£0.086 2.13+0.293 2.11+0.075
AUMCur (Mg - min® - m[™") 316+11.3 365+20.5 402+20.0
MRT (min) 160+3.27 171+7.53 181£11.0
ABA (%)” 87.7+3.81 94.8+1.30 93.6+3.38
RBA (%)® 100 108+1.49 106+3.85

a) Mean*S.E. of three rabbits.

b) ABA(Absolute bioavilability) and RBA(Relative bioavailability) were calculated from the following equations,
ABA=(AUC\ue/AUC,,) X100 and RBA= (AUCoeu/AUC™) X 100, respectively, where AUCsr represents AUC after

1000
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Figure 7 — Effects of EDTA or Pz-peptide on the sys-
temic absorption of atenolol after its administration
into both eyes at the dose of 0.1 mg/kg. Each point
represents the mean +S.E. of three rabbits. The con-
centration of EDTA or Pz-peptide was 3 mM.
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Figure 8 — Effects of EDTA or Pz-peptide on the ocular tissue distribution of atenolol at 45 min. after its ad-
ministration into both eyes at the dose of 0.1 mg/kg. (A) Cornea epithelium, (B) Aqueous humor, (C) Cornea stro-
ma, (D) Lens, (E) Iris ciliary body, (F) Conjunctiva, (G) Sclera. Each bar represents the mean +S.E. of three rab-

bits. The concentration of EDTA or Pz-peptide was 3 mM.

*Significant different from the control (P{0.05)
Keys: (N); Control, (B); +EDTA, (8): +Pz peptide

Table IV — Pharmacokinetic Parameters of Atenolol(AT) after Topical Administration at the Dose of 0. 1 mg/

kg in the Rabbit’

Parameter AT +EDTA +Pz-peptide

k. (min™) 0.0412+0.014 0.0946+0.0202" 0.0389+0.0002

tyes (min) 16.8+2.49 8.31+1.57* 17.8+0.0114
tmar (min) 60.0£0.00 20.0+4.08" 80.0+16.3
Cuax (ng/ml) 35.8+2.60 136+34.6* 45.8+13.5
AUCer (Hg - min - ml) 13.9+2.29 17.9+0.500* 14.4+4.97
AUMCouar (hg * min® - mi?) 4.30£0.727 4.07+0.314 4.47+1.65
MRT (min) 307x£7.90 166+19.4 302+7.15
ABA (%)Y 33.4+5.46 42.9+1.19* 344119
RBA (%) 100 129+3.58" 103£35.6

a) Mean=S.E. of three rabbits.

b) ABA(Absolute bioavailability) ad RBA(Relative bioavailability) were calulated from following equations, ABA=
(AUC suismaven) X 100 and RBA= (AUCuua/AUCsr) X 100, respectively, where AUCs: represents AUC after AT ocular

administration.
*Significantly different from the AT group(p<0.05).
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