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A Review Prostaglandins as Ocular Hypotensive Drugs
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Abstract

Prostaglandins can lower intraocular pressure when they are applied topically to the eye. This
pressure-lowering effect is mediated by enhancement of uveoscleral outflow. Human ciliary musele has
binding sites (receptors) for prostaglandins and the EP2 receptor subtype is the predominant pros-
tanoid receptor found in this muscle. Prostaglandins are thought to bind to these receptors located on
the ciliary muscle, induce its relaxation, and promote the uveoscleral outflow. It is important to know
the receptor type involved in the pressure reduction to design a new drug with less adverse effect and
more potency. (J Jpn Ophthalmol Soc 97 : 289—296, 1993)
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H# ¥ ¢z, prostaglandin F,alpha ® B FREE
Bk, A, &, K, 3 B THEZE X hY, prostaglandin
E.ofEH, %, MT¥W, %7, prostaglandin D,
OFERE, A, B BCRRIATLSIE, Fe2
275V vRROBAE, FOER ok 2E5HE
ARITMEIZ &) 2, BEC L hEL R
0, BHEROMBRELLOEE, ATHTRDEZ
ENTERVETH S, KEXYERTHZ &4 7k<,
ANz 2 AR FRESE & LT, prostaglandin F,alpha
¥ I O prostaglandin D, R0t &HBHNTH S,

prostaglandin F,alpha isopropyl ester (%, prosta-
glandin F,alpha # =252 {bl, ZOlREEEZED
ToMFcH B, BEETEDLZLICLY, ABRCH
THHERES L, MBIELRL T kate, Lizhis
T, YEROMBTHMETREYE L, KERIOE
FRAYBEI2BZLMNTEL LI T,

REXRTCERBETRYETHRESE L
T, Z @ prostaglandin F,alpha isopropyl ester 73
BEhtws, ZosBEORETHREMZ, RAE
BECHEVWCLERIATWE i, ZhEikil
ofbE4 UF-021 25, BABEN THR 2, BERK
BEAMTHh TV A,

Il FexzrsvevEEk

TrAg s Iy vOREERBFYHS 5 AT,
F1z, X OEIEA D R0 B 2 BETHEELH
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VExORHEWSHIITTH LRRYTHE, £,
TaAgyIvevOERE, BHERTHrin) Riz
Zrirhe FerprIvovEEEOARCE
AR EEZ LRIFRARTH S,

TrAR IO VOEEE (VeFr-) 1}, &
HERIEEET D T e AR V5 v SV B I UOEOEESE
#HE (agonist) 12X T 5 GO EIZES VT, LT
DEICERFHIZCKE 5208 EATW
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EP % %i{k : prostaglandin E,i=3 L T F IS

FP % %4k : prostaglandin F,alpha 1= % L T £z
I

DP %4k : prostaglandin D, izt L € ERRIG

TP % %44 : thromboxane A, =¥ L TE LRI

IP & %4 : prostacyclin (prostaglandinl,) (=&t L
TEERE

EP %% Fiwz, EP1, EP2, EP3%5#ko I
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BaBInTnws®?, EENICHFETL 7 r AL
revovx, BMEoxzrhn, 1EEN LT
B ERIETAEBELH B, 7ok 2iE, prostaglandin
F,alpha i¥, FP #%&{icd, EP 84 bEEL T
WHLHTHDH, BIE EZFECHLTLIRFRY
ZRIGT % agonist 2\HEE 2250, 5, 7 r A
277 v EBEOEBZNNRLTTOTHA
5.

FeAg ST yFRER MRECEETHER
BETHLM, TOSEHEHLEEMOBERL L
WAL 0B B, FF, thromboxane A, FEMEE
HoBETF, Afl/EO cDNA library 12 X b 478
Xh, TOEERFIAHRE S NP, TOHE, throm-
boxane A, %&1{&%, G protein (GTP binding pro-
tein) WCEET HZEFAE s L — 7 G protein coupled
receptor family*®? "B+ 5 = & B s iz - 1z,
SEhoOZ R, FTerEFFyOVEEER M
FAEERE LT, EFCTPAMRLARELTVS
ZEERLTWA, O G protein coupled receptor
family cE3+ 2 M0EBE L LT, fifilao= ¥7 >
v, TrvF ) vEBELEND B,

thromboxane A, ¥BHEHOME T, ALHIC
77V Hy A= L0RTRRE LIS, Z
D F74E1Y thromboxane A, ITXREIGT 545, o 7
v A% ¥ 3 v v (prostaglandin D,, F,alpha) 12X
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LB Z R ELFET S LEREL T2,
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01,000 %45 10,000 D REZHT 2 KERD
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1 AB¥IFZ&£7% [*H] prostaglandin F.alpha, E,, D,0O#&30L.
LA, BAEHH, 3LURECEET1H5, GOk 28) 29765/
(a) 2nM[*H]prostaglandin F.alpha, (b) #]H(a)d = » 2L ¥eftf§ () 2nM[*H]prostaglan-
din F,alpha+10 xM prostaglandin F,alpha, (d) 2nM [*H] prostaglandin E,, (e) #]H (d)
D=y 2AREE (f) 2nM [*H] prostaglandin E,+10 M prostaglandin E,, (g) 2nM [*H]
prostaglandin D,, (h) ¥ (g) @ = A A%t () 2nM [*H] prostaglandin D,+10 ¢ M

prostaglandin D,

L, #fEfkTszbicky, Epofolmridc
ERTED LI, EYOMBERSY, SRS
MUEEZRHBZ ENTES,
ANBOFEHETR #HWC, ERLieHETA -+ 35
CAYF7 4 —%1TH &, prostaglandin D,, E,, F,
alpha O FFE I EREN, BEALEHHICERE CF
L, Foft, BEZLEET D LA o e
(1), Z 0ZEEE, BRETO AT h, longitudi-
nal muscle 2B I SEECHEL T, E#LCS
RARFGVOVORERYEL, BohtA -5
FLF74—D7 4 A EOBERAYEERTCL
b, BRAEHsaE T2 2752 v Dk
HHFEA 2T, FOFERE, prostaglandin Ey iz

LS E AL S (ZB4H) A%, prostaglandin F,alpha
BIUDIcH TG HMEEICHERTE N2 &b
otz (X 2),

KEFBHEELT, SZFEHCHLTL HFHRAR
agonist ¥ T, FORBEZE T vAZ T v ovD
EEMNHEEh A2 i & 2 5, prostaglandin E,
15 X U F,alpha off 13 & $i2, prostaglandin E, ¥
& U 11-deoxy prostaglandin E, (EP2 receptor
agonist) 12X h, b & LEHEANCIHE S h2 (K
3B XU 4), —FH, prostaglandin D, D#5 5%,
prostaglandin D X b & - & 13l FHE X 722
(F5). 2%bh, ARERFICHEESrnARST v
vEBMHY, EP2EEEYTEEATHY, PEIHB
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2 AREHSHICE 15 [*H] prostaglandin F,
alpha, E,, D.0#&his.
ERREF I, prostaglandin E iz A5 & 360
Bh ok b, CIEE 29 65H)

DPZBHELHFEETHILERLTVS, 2D 5h, &
LLOFEES, BETHICHLTL ) EE8c@ X4
LCWwahit, BED L AT TH S, ¥, prosta-
glandin F,alpha {3, Fi2 EP2 ¥/ &S LT 5
CERED,
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%, prostaglandin F.alpha ioxf3 2 & &6, AR
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3 ABREHEHICH5 [*H] prostaglandin E,
BECHT H2EEEYIC L 5EEHE.

[®*H] prostaglandin E,» & &%, prostagalandin
E,# X U* 11-deoxy prostaglandin Ejlc X b & - &
L BHE SRS, (LB 29 65D

® Prostaglandin D, O Prostaglandin E,
m Prostaglandin F,e o J46619

4 11-deoxy Prostaglandin E, 2 Sulprostone

* 17-phenyltrinor Prostaglandin F,ea
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H d k. A
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24 ABREHETFIZE TS [*H] prostaglandin F,
alpha &S+ 2 EBEM - L 2[HEHR.
[*H] prostaglandin F,alpha ®#5& %, [3 H]pros-
taglandin E,®#% & M4, prostaglandin B35 X OF
11-deoxy prostaglandin E\\ & 9 & - & b3 < [H
EEXhb, CEenn65 D

® Prostaglandin D, O Prostaglandin E,

= Prostaglandin F,a o U46619

4 11-deoxy Prostaglandin E, 2 Sulprostone

* 17-phenyltrinor Prostaglandin F,a
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5 ABREEZKEIZE T 5 [*H] prostaglandin D,
EECHT > JEEYIC L HEEDR.
[*H] prostaglandin D, ® #5513, prostaglandin D,
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® Prostaglandin D, O Prostaglandin E,

® Prostaglandin F,a o 46619
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* 17-phenyltrinor Prostaglandin F.«

e =y ALGtE (S

RETHELLTOFeRA2 7S v oy« BE 293

RUSEXHCAERIZLY, Yrrzrs5voy
wRlRT 5 L, BREHOFMEOEI ML £y, 0
BIBRARS 25 & EMibho T3, ¥, 7 r A&
73 vryoRBRiC LY, EREGEHER D25 -7
VARMEE AT D L S HEL BB,

—h, ROTGHEGEF 2 HEEL, BB L in vitro T
AR L S THMBERTESE, Th7 A
2o vkiET B E, BREHFMETSZ L
DR X T LB,

UEDLdic, 7raxsr5ve v BHEGcE
BEER L, Fhi il 225 2 212 X - T uveoscleral
outflow ZHMEL5H L WL HFFIDE T Hhooh 5,

BOKRT, 7exz2s75vovosaRck hRE
T2 %2, BEEFRROREICRAR Lt o
b o TWBY, Nicksids SRTL, oo
RIREICEIE A BRI R L B Y
ik, Zoi#Eo#ETIZ L b, longitudinal muscle,
radial muscle, circular muscle ® 3 DiC /3 S h %,
% L T longitudinal muscle 2, & I uveoscleral

IR RIS A

6 3EER (a,b,c) &L URMEE (d, e, f) YIE (5 (F5 [H] prostaglandin F.alpha 0#&ERAL.

NRFERE, TRETHCHEELSES 5,

(a) MR, 10nM [*H] prostaglandin F.alpha, (b) &R, (a)®=» 2@ (o) R,
10nM [*H] prostaglandin F,alpha+10 uM prostaglandin F,alpha, (d) ¥, 10nM [*H]
prostaglandin F,alpha, (e) ¥R, (D)o =, 2@, (F) IR, 10 nM[*H]prostaglandin

F,alpha+10 M prostaglandin F,alpha
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outflow @ Hl#=E95 L, circular muscle 2%, FA#io
HEOFZL IE<BEELTWBEELLBR TS,
S a AR F Ty vEEEN longitudinal muscle @
o rEREcEE T o bR, Lo, 7
r A& 735w BEIC uveoscleral outflow @ il i
CHELTWR LDEZITERTS,
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prostaglandin E,, F.alpha (%, 55# L 7c AHRARMER:
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1-2o#F 2 e LT, SEdkor Mot b &R
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7o B fRMEE A o BLMIE A, Bl o B KT #EER uveo-
scleral outflow ZFEH L T 5 Y H 5,

—F, B EHEEN T v AZ X5 v R SWL,
B4 B {FHT % autocline /s @ X% LT\ 51
LD, ERALEMRL T r A2y v o v R
AL TR S B 52,

VI Ferig o500
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RE#H S E<Fhigw AL T, AFTEDLLD
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5,

FRARTF I VIHROMEY BT TSR
FAETV T 4 9> acar v E7 KRERBEHRED Max
S. Cynader #d% s X ORISR S WRBE#HE O R
EEHEFCRHL ET,

X fk

1) Camras CB, Bito LZ, Eakins KE: Reduction
of intraocular pressure by prostaglandins
applied topically to the eyes of conscious rab-
bits. Invest Ophthalmol Vis Sci 16 : 1125—1134,
1977.
Stern FA, Bito LZ: Comparison of the
hypotensive and other ocular effects of prostag-
landins E2 and F2 alpha on cat and rhesus
monkey eyes. Invest Ophthalmol Vis Sci 22 ; 588
—5098, 1982,
Camras CB, Bite LZ: Reduction of
intraocular pressure in normal and

>

3

glaucomatous primate (Aotus trivirgatus) eyes
by topically applied prostaglandin F2 alpha.
Curr Eye Res 1: 205—209, 1981.
Lee PY, Podos SM, Severin C: Effect of
prostaglandin F2 alpha on aqueous humor
dynamics of rabbit, cat, and monkey. Invest
Ophthalmol Vis Sci 25: 1087—1093, 1984.
) Groeneboer MC, Hoyng PFJ, Kuizenga A :
Prostaglandin F2 alpha isopropyl ester versus
iloprost phenacyl ester in rabbit and beagle
eyes. Curr Eye Res 8: 131—138, 1989.
Giuffre G: The effects of prostaglansin F2
alpha in the human eye. Graefe’s Arch Clin Exp
Ophthalmol 222 : 139—141, 1985.
Lee PY, Shao H, Xu L, Qu CK: The effect of
prostaglandin F2 alpha on intraocular pressure
in normotensive human subjects. Invest Oph-
thalmol Vis Sci 29: 1474—1477, 1988.
Villumsen J, Alm A: Prostaglandin F2
alpha-isopropylester eye drops: Effects in nor-
mal human eyes. Br ] Ophthalmol 73 : 419—426,
1989.
9) Bito LZ, Draga A, Blanco J, Camras CB:
Long-term maintenance of reduced intraocular
pressure by daily or twice daily topical applica-

E=

@

6

7

8

~—t



FRE 54 3 A10H

~s

[

tion of prostaglandins to cat or rhesus monkey
eves. Invest Ophthalmol Vis Sci 24 : 312—319,
1983,

Bito LZ, Srinivasan BD, Baroody RA,
Schubert H: Noninvasive observations on
eyes of cats after long-term maintenance of
reduced intraocular pressure by topical applica-
tion of prostaglandin E2. Invest Ophthalmol Vis
Sci 24 ; 376—380, 1983.

Bito LZ: Comparison of the ocular hvpoten-
sive efficacy of eicosanoids and related com-
pounds. Exp Eve Res 38: 181—194, 1984,

Goh Y, Nakajima M, Azuma I, Hayaishi O:
Prostaglandin D2 reduces intraocular pressure.
Br J Ophthalmol 72 : 461—464, 1988.

) Goh Y, Nakajima M, Azuma I, Hayaishi O:
Effects of prostaglandin D2 and its analogues
on intraocular pressure in rabbits, Jpn J
Ophthalmol 32 : 471—480, 1988.

Woodward DF, Hawley SB, Williams LS,
Ralston TR, Protzman CE, Spada CS, Nieves
AL: Studies on the ocular pharmacology of
prostaglandin D2. Invest Ophthalmol Vis Sci
31: 138—146, 1990.

Nakajima M, Goh Y, Azuma I, Hayaishi O:
Effects of prostaglandin D2 and its analogue,
BW245C, on intraocular pressure in humans.
Graefe's Arch Clin Exp Ophthalmol 229: 411
—413, 1991.

) Bito LZ: Species differences in the responses
of the eye to irritation and trauma : A hypothe-
sis of divergence in ocular defense mechanisms,
and choice of experimental animals for eye
research. Exp Eye Res 39: 807—829, 1984.
Camras CB, Siebold EC, Lustgarten JS, Serle
JB, Frisch SC, Podos SM, Bito LZ:
Maintained reduction of intraocular pressure
by prostaglandin F2 alpha-1-isopropyl ester
applied in multiple doses in ocular hypertensive
and glaucoma patients. Ophthalmology 96
1329—1337, 1989.

Villumsen J, Alm A, Soederstroem M : Prosta-
glandin F2 alpha-isopropylester eye drops:
Effect on intraocular pressure in open-angle
glaucoma. Br J Ophthalmol 73 : 975—979, 1989.
) Sakurai M, Araie M, Oshika T, Mori M,
Masuda K, Ueno R, Takase M: Effects of
topical application of UF-021, a novel prosta-
glandin derivative, on aqueous humor dynamics
in normal human eyes. Jpn ] Ophthalmol 35:

WP,

R

BETHELLTOTvR2 75V oY« BB 295

Levy GP, Lumley P: Studies on the character-
ization of prostanoid receptors: A proposed
classification. Prostaglandins 24: 667689,
1982,

Coleman RA, Humphrey PPA, Kennedy I,
Lumley P: Prostanoid receptors. The devel-
opment of a working classification. Trends
Pharmacol Sci 5: 303—306, 1984.

) Dong YJ, Jones RL, Wilson NH : Prostaglan-

din E receptor subtypes in smooth muscle:
Agonist activities of stable prostacyclin ana-
logues. Br J Pharmocol 87 : 97—107, 1986.
Englen RM, Whiting RL: Characterization
of the prostanoid receptor profile of enprostil
and isomers in smooth muscle and platelets in
vitro. Br ] Pharmacol 98 : 1335—1343, 1989.
Halushka PV, Mais DE, Mayeux PR, Morine-
Ili TA: Thromboxane A2, prostaglandin and
leukotriene receptors. Annu Rev Pharmacol
Toxicol 10 : 213—239, 1989.

5) Hirata M, Hayashi Y, Ushikubi F, Yokota Y,

Kageyama R, Nakanishi S, Narumiya S:
Cloning and expression of cDNA for a human
thromboxane A2 receptor. Nature 349: 617
—620, 1991.

) Birnbaumer L: G proteins in signal transduc-

tion. Annu Rev Pharmacol Toxicol 30: 675
—T705, 1990.

) Kaziro Y, Itoh H, Kozasa T, Nakafuku R,

Satoh T: Structure and function of signal-
transducing GTP-binding proteins. Annu Rev
Biochem 60 : 349—400, 1991.

Matsuo T, Cynader MS: Localization of
prostaglandin F2 alpha and E2 binding sites in
the human eye. Br ] Ophthalmol 76 : 210—213,
1992.

Matsuo T, Cynader MS: The EP2 receptor is
the predominant prostanoid receptor in the
human ciliary muscle. Br ] Ophthalmol 77 : 110
—114, 1993.

Kerstetter JR, Brubaker RF, Wilson SE,
Kullerstrand LJ: Prostaglandin F2 alpha-1-
isopropylester lowers intraocular pressure with-
out decreasing aqueous humor flow. Am ]
Ophthalmol 105 : 30—34, 1988.

Camras CB, Podos SM, Rosenthal JS, Lee PY,
Severin CH: Multiple dosing of prostaglandin
F2 alpha or epinephrine on cynomolgus monkey
eyes. 1. Aqueous humor dynamics. Invest Oph-
thalmol Vis Sci 28 : 463—469, 1987.

156—165, 1991. 32
Kennedy I, Coleman RA, Humphrey PPA,

—

Gabelt BT, Kaufmann PL: The effect of

20 prostaglandin F2 alpha on trabecular outflow

S



296

33

34)

35)

36)

37)

38)

39

facility in cynomolgus monkeys. Exp Eye Res
51 : 87—91, 1990.

Gabelt BT, Kaufmann PL: Prostaglandin F2
alpha increases uveoscleral outflow in the
cynomolgus monkey. Exp Eye Res 49 : 389—402,
1989.

Nilsson SFE, Samuelsson M, Bill A, Stjerns-
chantz J: Increased uveoscleral outflow as a
possible mechanism of ocular hypotension
caused by prostaglandin F2 alpha-1-
isopropylester in the cynomolgus monkey. Exp
Eye Res 48: 707—716, 1989.

Crawford K, Kaufmann PL: Pilocarpine
antagonizes prostaglandin F2 alpha-induced
ocular hypotension in monkeys. Evidence for
enhancement of uveoscleral outlfow by prosta-
glandin F2 alpha. Arch Ophthalmol 105: 1112
—1116, 1987.

Luerjen-Drecoll E, Tamm E: Morphological
study of the anterior segment of cynomolgus
monkey eyes following treatment with prosta-
glandin F2 alpha. Exp Eye Res 47: 761—769,
1988.

Tamm E, Luetjen-Drecoll E, Rittig M, Rohen
JW : Connective tissue changes in the uveo-
scleral pathways of primate eyes after treat-
ment with prostaglandin F2 alpha. Invest
Ophthalmol Vis Sci 30(Suppl) : 99, 1989.

Chen J, Woodward DF: Prostanoid-induced
relaxation of precontracted cat ciliary muscle
is mediated by EP2 and DP receptors. Invest
Ophthalmol Vis Sci 33: 3195—3201, 1992.
Crawford KS, Kaufmann PL: Dose-related
effects of prostaglandin F2 alpha isopropylester
on intraocular pressure, refraction, and pupil

140

44)

45)

HER&GE 97% 35
diameter in monkeys. Invest Ophthalmol Vis
Sei 32 ¢ 510—>5189; 1991,

Weinreb RN, Mitchell MD, Polansky JR:
Prostaglandin production by human trabecular
cells: In vitro inhibition by dexamethasone.
Invest Ophthalmol Vis Sci 24 : 1541—1545, 1983.

) Weinreb RN, Polansky JR, Alvarado JA,

Mitchell MD : Arachidonic acid metabolism
in human trabecular meshwork cells. Invest
Ophthalmol Vis Sci 29: 1708—1712, 1988.
IWEE— | KEHE LEMRICSsT 5 5-12-9 K
¥ —EOFHE, HREEEE 96 : 309—312, 1992
Villumsen J, Alm A: The effect of adding
F2 alpha-isopropvlester to
timolol in patients with open angle glaucoma.
Arch Ophthalmol 108 : 1102—1105, 1990.

Lee PY, Shao H, Camras CB, Podos SM:
Additivity of prostaglandin F2 alpha-1-
isopropyl ester to timolol in glaucoma patients.
Ophthalmology 98 : 1079—1082, 1991.
Cheng-Bennett A, Poyer J, Weinkam RJ,
Woodward DF: Lack of prostaglandin F2
alpha metabolism by human ocular tissues.
Invest Ophthalmol Vis Sci 31 : 1389—1393, 1990.
Bito LZ, Wallenstein MC: Transport of
prostaglandins across the blood-brain and
blood-aqueous barriers and the physiological
significance of these absorptive transport
processes. Exp Eye Res 25(Suppl): 229—243,
1977.

Bito LZ: Prostaglandins and other
eicosanoids : Their ocular transport, pharmaco-
kinetics, and therapeutic effects. Trans Oph-
thalmol Soc UK 105: 162—170, 1986.

prostaglandin




