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Abstract

AL-5848 (5Z,13E)-(9 S,11R,15S)-9,11,15-trihydroxy-5,13-prostadienoic acid) is the car-
boxylic acid of travoprost (AL-6221), a single (� )-isomer of (� )-¯uprostenol, an FP-
class prostaglandin agonist which lowers intraocular pressure. We have prepared a
radioligand from this selective prostaglandin and demonstrated its utility for studying
the pharmacology and autoradiographic location of the FP-receptor. Speci®c [3H]AL-5848
binding (84% of total) was linearly related to bovine corpus luteum tissue concentration
and reached equilibrium within 275 min at 23�C. Scatchard analysis of saturation isotherms
indicated interaction of [3H]AL-5848 with a single class of high-af®nity (dissociation
constant, Kd, � 33�8� 2�9 nM, n � 4) and saturable (Bmax � 37�3� 3�0 pmol
(g wet weight tissue)ÿ1) FP receptor-binding sites in bovine corpus luteum. Speci®c
[3H]AL-5848 binding was potently inhibited by the FP-receptor ligands 16-phenoxyPGF2a
(inhibition constant Ki � 17�3 nM); cloprostenol (Ki � 56�8 nM); 17-phenyl PGF2a
(Ki � 87�0 nM); AL-5848 (Ki � 52�1 nM); PGF2a (Ki � 195 nM); PHXA85 (Ki �
223 nM); (n � 3±11) but very weakly by PGD2, ZK118182, BW245C, PGE2, PGI2 and
U-46619. The pharmacology of speci®c [3H]AL-5848 binding correlated well with the
pharmacology of [3H]PGF2a binding in the bovine corpus luteum preparation (r � 0�98,
n � 14, P< 0�0001) and also with functional responses in Swiss 3T3 and rat vascular
smooth muscle cells (A7r5) (r � 0�96) expressing FP receptors. Autoradiographic studies
revealed high levels of speci®c FP-receptor binding with [3H]AL-5848 on granulosa cells
in the bovine corpus luteum sections, and on longitudinal ciliary muscle, the ciliary
process, the iris sphincter and the retina in eye sections from man.

These studies show [3H]AL-5848 to be a high-af®nity agonist radioligand capable of
selectively labelling the FP prostaglandin receptor.

Prostanoids such as prostaglandins, prostacyclins
and thromboxanes are potent autocoids, derived
from arachidonic acid, which have many physio-
logical and pathological effects in mammalian cells
and tissues (Coleman et al 1994). Several different
types of naturally occurring prostaglandin (for
example the A, B, D, E and F series, etc.) are
known. Depending on the number of double bonds
in the a (top) and o (bottom) chains, the prosta-
glandins are further classi®ed with subscripts such
as PGD2, PGE1, PGE2, PGF2a, etc. (Coleman et al
1994). Although these classes of prostaglandin

interact preferentially with the designated major
classes of receptor (e.g. DP, EP, FP) and subclasses
(e.g. EP1, EP2, etc.), the subscripts associated with
the prostaglandin do not necessarily correspond
with the subclasses of the receptor(s) with which
they interact. Furthermore, it is well known that
these endogenous prostaglandins are somewhat
non-speci®c in terms of binding with various
classes of prostaglandin receptors (Coleman et al
1994). However, various synthetic prostaglandins
do have signi®cant receptor selectivity (see below).
Some key actions of prostanoids include lipolysis,
platelet aggregation (Andersen & Ramwell 1974),
smooth-muscle contraction and relaxation, induc-
tion of pain (Coleman et al 1994), intraocular
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pressure regulation (Wang et al 1990), iris sphinc-
ter contraction (Goh & Kishino 1994), ciliary
muscle relaxation (Goh & Kishino 1994), luteolysis
and immunoregulation (see Coleman et al 1994 for
review). Cell-surface receptors which have differ-
ent selectivity for natural prostaglandins such as
PGD2, PGE2, PGF2a, PGI2 (prostacyclin) and
TXA2 (thromboxane A2) (Coleman et al 1994;
Narumiya 1994) mediate these different physiolo-
gical and pharmacological effects of endogenous
and synthetic prostanoids.

The current prostaglandin receptor nomenclature
and classi®cation, as de®ned by pharmacological
and molecular cloning techniques: DP, EP (with
further subtypes EP1, EP2, EP3, EP4), FP, IP and TP
receptors, re¯ect their preferred series of pros-
taglandins (Coleman et al 1994). Thus, DP recep-
tors interact preferentially with D-series
prostaglandins (e.g. PGD2) and FP receptors inter-
act preferentially with F-series prostaglandins (e.g.
PGF2a). Splice variants of the EP3 receptor have
also been discovered recently; these are EP3A,
EP3B, EP3c, and EP3D (Coleman et al 1994; Nar-
umiya 1994). Prostaglandin receptors couple with a
variety of effector systems. The FP, TP and EP1

receptors couple preferentially to Gq=Gq=11 and
their activation results in the formation of inositol
trisphosphate and diacylglycerol and mobilization
of intracellular Ca2� (Coleman et al 1994; Abra-
movitz et al 1995). The DP, EP2, EP4 and IP
receptors couple preferentially to Gs and activation
of these receptors stimulates adenylyl cyclase to
produce intracellular cAMP (Narumiya 1994;
Abramovitz et al 1995). Several subtypes of EP
receptor have been identi®ed, including EP1, EP2,
EP3 and EP4, which couple to various G proteins
(see Coleman et al 1994 for review). Furthermore,
the numerous splice variants of the EP3 receptor
couple to a multitude of G proteins and second-
messenger systems (Coleman et al 1994; Narumiya
1994; Abramovitz et al 1995).

The FP prostaglandin receptor has been studied
in a variety of tissues including bovine corpus
luteum (Niswender & Nett 1988; Chegini et al
1991; Sharif et al 1998), the uterus from man
(Senior et al 1993; Fernandes & Crankshaw 1995),
the rabbit jugular vein (Chen et al 1995), iris
sphincter muscle (Goh & Kishino 1994; Abdel-
Latif 1995) and a variety of cells such as Swiss 3T3
®broblasts (Grif®n et al 1997) and rat vascular
smooth muscle cells (A7r5) (Grif®n et al 1998). In
the binding and autoradiographic studies conducted
thus far on FP receptors [3H]PGF2a has been
employed as the only commercially available
radioligand when the constitutive (Hammarstrom et
al 1976; Chegini et al 1991) or cloned (Sakamoto et

al 1994) FP receptor has been characterized. PGF2a
is rather a promiscuous prostaglandin (Coleman et
al 1994)Ðin bovine ciliary body membranes
[3H]PGF2a-labelled sites were more potently dis-
placed by PGE2 than by PGF2a (Csukas et al 1993)
and in bovine corpus luteum homogenates biphasic
interactions of [3H]PGF2a were detected (Sharif et
al 1998), making the interpretation of the binding
sites somewhat complicated. In addition,
[3H]PGF2a, a natural prostaglandin, is subject to
relatively rapid degradation, especially when bro-
ken-cell preparations are used in ligand-binding
studies. Hence, [3H]PGF2a is not an ideal radio-
ligand for labelling FP-receptor binding sites. To
overcome these problems we decided to radiolabel
the (� ) isomer (AL-5848) of (� )-¯uprostenol, a
potent and selective FP-receptor agonist, the iso-
propyl ester of which (AL-6221) is a potent
intraocular pressure-lowering prostaglandin (Hell-
berg et al 1998; Sallee et al 1998). We report herein
the FP-receptor binding characteristics of [3H]AL-
5848 and its use in quantitative autoradiographic
studies to visualize the FP-receptor binding sites in
thin sections of bovine corpus luteum and eyes
from man.

Materials and Methods

Materials
[3H]AL-5848 (19�5 Ci mmolÿ1; 2 mCi mLÿ1) was
custom-radiolabelled by Dupont-NEN (Boston,
MA); [3H]PGF2a (150±175 Ci mmolÿ1) was pur-
chased from Dupont-NEN (Boston, MA); and
[3H]Microscale radioactivity standards and radia-
tion-sensitive Hyper®lm for autoradiographic stu-
dies were purchased from Amersham Life Science
(Arlington Heights, IL). Kodak D19 and Koda®x
were purchased from a local photography shop.
Human donor eyes were obtained from local eye
banks. Frozen bovine corpus lutea from numerous
cows of unknown menstrual and hormonal status
were obtained from Pel-Freez (Rogers, AR). The
prostaglandins ZK118182 and S-1033 were gener-
ous gifts from Schering (Berlin and Bergkamen,
Germany) and Shionogi (Osaka, Japan), respec-
tively, and UF-021 was synthesized by our collea-
gues in the Medicinal Chemistry department. The
other prostaglandins used in our studies were pur-
chased from Cayman (Ann Arbor, MI). All other
standard reagents, chemicals and buffers were
purchased from Sigma (St Louis, MO). Phosphor-
imager (Cyclone) was purchased from Packard
Instruments (Meridin, CT). Agfa Arcus II digital
scanner was purchased from Agfa-Gevaert (Boston,
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MA). Tissue-Tek material was from Miles (Elkhart,
IN).

Preparation of [3H]AL-5848
A full description of the synthesis and radiolabel-
ling of [3H]AL-5848 will be given elsewhere. The
structure shown in Figure 1 depicts where the
tritium atom was incorporated in the molecular
structure of AL-5848.

[3H]PGF2a binding assays
Details of tissue preparation and the [3H]PGF2a
binding assay have recently been described (Sharif
et al 1998). In brief, total particulate bovine corpus
luteum homogenates were prepared by standard
homogenization (tissue disruptor setting 5 for
4 min; 15 g mLÿ1 Krebs buffer, pH 7�4) and cen-
trifugation (30 000 g for 20 min at 4�C) procedures.
Supernatant was discarded and the tissue pellets
washed by two re-suspension-centrifugation steps
as above. Washed bovine corpus luteum total par-
ticulate homogenates (20 mg mLÿ1 in Krebs buffer;
pH 7�4; see above) were incubated with [3H]PGF2a
(0�9±1�5 nM ®nal) and increasing concentrations (in
duplicate) of the test compound for 2 h at 23�C in a
total volume of 0�5 mL as previously described
(Sharif et al 1998). The non-speci®c binding was
de®ned with 10 mM unlabelled PGF2a or clopros-
tenol. Standard time-courses of association of
[3H]PGF2a binding to bovine corpus luteum
homogenates were also conducted at 37�C for
comparison with association of [3H]AL-5848 (see
below). The assays were terminated by rapid
vacuum ®ltration through Whatman GF=B glass
®bre ®lters previously soaked in 0�3% poly-
ethyleneimine, and the receptor-bound radio-
activity was determined by liquid scintillation
spectrometry at 50% ef®ciency.

[3H]AL-5848 binding assays
The tissue preparation and ligand binding assays for
[3H]AL-5848 were essentially identical with those

described above for [3H]PGF2a binding to bovine
corpus luteum homogenates except that after the
time-course determinations the assays were con-
ducted for 3�5 h at 23�C. For time-course, tissue
linearity and competition experiments, a low con-
centration (5 nM ®nal) of [3H]AL-5848 was used
with non-speci®c binding being de®ned with 10±
100 mM unlabelled PGF2a or (� )-¯uprostenol. For
saturation experiments the concentrations of
[3H]AL-5848 were varied from 1 to 110 nM. The
assays were terminated by rapid vacuum ®ltration
through Whatman GF=B glass ®bre ®lters pre-
viously soaked in 0�3% polyethyleneimine, and the
receptor-bound radioactivity was determined by
liquid scintillation spectrometry.

DP-, EP3-, IP- and TP-class binding assays
[3H]PGD2 was used to label DP receptors on
platelets from man as previously described (Cooper
& Ahern 1979). EP3 receptors were studied in
bovine corpus luteum membranes by use of
[3H]PGE2 (Sharif et al 1998), and IP and TP
receptors were labelled on platelets from man as
described elsewhere by use of [3H]iloprost (Arm-
strong et al 1989) and [3H]SQ29548 (Ogletree &
Allen 1992), respectively. All these ligand binding
assays were performed at 23�C.

Receptor autoradiographic studies
Eyes from human cadavers, 24±79 years; mean age
49� 9 years (mean� s.e.m.; n � 6) were obtained,
on ice, from the Central Florida Eye Bank and
some local eye banks. They were frozen on to
microtome chucks in Tissue-Tek O.C.T embedding
material within 24 h of death. None of the donors
had any documented ocular diseases. Freshly iso-
lated frozen bovine corpus lutea were obtained
from Pel-Freez and also frozen on chucks as above.
Tissue sections (20 mm) were cut from eyes at
ÿ17�C on a freezing microtome and collected on
gelatinized glass microscope slides (Sharif &
Hughes 1989; Blue et al 1995; Sharif 1996). The
sections were pre-incubated in Tris-HCl (pH 7�4,
50 nM, 550 mL) containing NaCl (100 nM), CaCl2
(3 nM) and 5% bovine serum albumin (BSA; frac-
tion V) for 1 h at 23�C (Matsuo & Cynader 1992;
Davies & Shariff 1999). The slides were then
covered with [3H]AL-5848 solution (40 nM, 1 mL)
prepared in the above buffer with 1% BSA con-
taining either 100 mM unlabelled PGF2a or clo-
prostenol to de®ne non-speci®c binding, or none of
the unlabelled compounds to de®ne the total bind-
ing. After incubation at 23�C for 3�5 h the solutions
were poured off the slides and the slides were

Figure 1. The structure of [3H]AL-5848. T depicts the posi-
tion of the tritium atom.
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rinsed in ice-cold buffer (550 mL, see above, con-
taining 1% instead of 5% BSA) on a rotary mixer
for 10 min. The slides were then dried in a stream
of cool air and placed in a vacuum desiccator
overnight. Autoradiograms from the sections and
[3H]Microscale radiation standards were generated
over 19 days and quanti®ed by image analysis
using the phosphor-imager, Cyclone, and the
associated Optiquant software package, using the
principles previously described (Sharif 1996;
Upham & Englert 1998; Davies & Shariff 1999).
Some of the higher-resolution images were gener-
ated on tritium-sensitive Hyper®lm (Sharif &
Hughes 1989) after 27 weeks exposure and scanned
via an Agfa Arcus II digital scanner.

Data analyses
The original data (disintegrations minÿ1) from the
different ligand-binding experiments were analyzed
by use of non-linear, iterative curve-®tting com-
puter programs incorporating logistic functions
(Sharif et al 1991; Bowen & Jerman 1995). Addi-
tional analyses were performed by use of another
suite of computer programs (McPherson 1983). The
inhibition constants (Ki) were calculated from IC50
values (amounts resulting in 50% inhibition) as
described elsewhere (Cheng & Prusoff 1973).
Autoradiographs were quanti®ed by use of the
principles of image analysis (Sharif 1996) via the
Optiquant software package (Upham & Englert
1998; Davies & Shariff 1999).

Results

AL-5848 was found be signi®cantly more FP-
receptor-selective than PGF2a when tested in a
battery of PG receptor-binding assays (Table 1).
AL-5848 was also a more potent agonist than
PGF2a in stimulating phosphoinositide turnover in
Swiss 3T3 ®broblasts. Thus AL-5848 EC50 (con-
centration with 50% of maximum effect) �
4� 0�5 nM (n � 5) and PGF2a EC50 � 24� 4�6 nM

(n � 8) (data not shown).
To label the FP receptor binding sites, [3H]AL-

5848 (19�5 Ci mmolÿ1; 2 mCi mLÿ1) was generated

by tritium exchange of a suitable precursor and
shown to be > 95% pure by high-performance
liquid chromatography and thin-layer chromato-
graphy. Speci®c [3H]AL-5848 (5 nM) binding to
washed total particulate homogenates of bovine
corpus luteum (a tissue enriched in FP receptors),
was linear over the range 10±60 mg mLÿ1 (data not
shown) and attained equilibrium within 275 min at
23�C (Figure 2). At 37�C the binding was sig-
ni®cantly reduced, attained equilibrium within
40 min, but was not stable and steadily declined
between 100 and 210 min (Figure 3). Binding of
1 nM [3H]PGF2a was even lower than that of
[3H]AL-5848 at 37�C (Figure 3). Therefore, all
subsequent studies were conducted at 23�C.

At 23�C, 5 nM [3H]AL-5848 resulted in total
binding of 1447� 24 disintegrations minÿ1 (n � 81)
and non-speci®c binding of 226� 17 dis-
integrations minÿ1 (n � 81) (84% speci®c). At 37�C
total binding was 576� 25 disintegrations minÿ1

Figure 2. Time-course of [3H]AL-5848 binding to washed
total particulate bovine corpus luteum homogenates at 23�C.
[3H]AL-5848 (5 nM) binding was conducted in the absence
(total, u) or presence (non-speci®c, s) of PGF2a (10mM) for
various times; m indicates the speci®c binding. Data are means
from a representative of several experiments; vertical lines
show the s.e.m.

Table 1. Receptor-binding pro®le of AL-5848 (9-b-(� )-¯uprostenol) and PGF2a in PG receptor subtype binding assays.

Prostaglandin used Prostaglandin receptor subtype binding af®nity (Ki, nM) and selectivity relative to FP receptor af®nity

DP EP3 FP IP TP

PGF2a 18 000� 6460 (150�) 24� 6 (ÿ5�) 120� 9 > 50 000 (416�) > 190 000 (1583�)
AL-5848 46 000� 5700 (885�) 3501� 461 (67�) 52� 10 > 90 000 (1713�) > 121 000 (2327�)

Data are mean� s.e.m. from 3±83 independent experiments. Selectivity relative to FP receptor af®nity is shown in parentheses.
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(n � 34) and non-speci®c binding was 202� 18
(n � 34) (65% speci®c). Scatchard analysis of
speci®c [3H]AL-5848 binding obtained from
saturation experiments indicated interaction with a
single class of high-af®nity (dissociation constant,
Kd, � 33�8� 2�9 nM, n � 4) and saturable (Bmax �
37�3� 3�0 pmol (g wet tissue)ÿ1 FP receptor bind-
ing sites (Figures 4 and 5). The equilibrium binding
parameters were very similar when non-speci®c
binding was de®ned with unlabelled (� )-¯upros-
tenol or PGF2a (Figures 4 and 5 ).

In competition experiments, speci®c [3H]AL-
5848 (5 nM) binding was concentration-depen-
dently inhibited by a range of FP-receptor ligands
with af®nities (Figure 6; Table 2) commensurate
with selective labelling of the FP-receptor binding
sites in the bovine corpus luteum homogenates.
The rank order of af®nity of these FP-ligands was:
16-phenoxyPGF2a>AL-5848 � cloprostenol> 17-
phenylPGF2a> (� )-¯uprostenol> PGF2a> PHX-
A85>>> S-1033 (Table 2). Speci®c [3H]AL-5848
binding was minimally inhibited by PGD2,
ZK118182, BW245C, PGE2, PGI2, and U-46619
(Ki values> 1�5±407 mM; Table 2), ligands known
to have a high af®nity for non-FP receptors.

Figure 4. Scatchard plot of speci®c [3H]AL-5848 binding to
washed total particulate material in bovine corpus luteum
homogenates at 23�C. Data are means of duplicate points
from two experiments with 12 concentrations of [3H]AL-
5848 and using 10 mM unlabelled (� )-¯uprostenol to de®ne
the non-speci®c binding. Similar results were obtained with
10 mM unlabelled PGF2a (Figure 5).

Figure 5. Scatchard plot of speci®c [3H]AL-5848 binding to
washed total particulate material in bovine corpus luteum
homogenates at 23�C. Data are means of duplicates from
two experiments with 12 concentrations of [3H]AL-5848 and
using 10mM unlabelled PGF2a to de®ne the non-speci®c bind-
ing. Similar results were obtained with 10mM unlabelled (� )-
¯uprostenol (Figure 4).

Figure 3. Time-course of [3H]AL-5848 (5 nM; m, total; n,
speci®c) and [3H]PGF2a (1 nM; d, total; s, speci®c) binding to
washed total particulate bovine corpus luteum homogenates at
37�C. Data are means from a representative of several experi-
ments; vertical lines show s.e.m.
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The pharmacological characteristics of speci®c
[3H]AL-5848 binding detailed above and shown in
Table 2 correlated well with the pharmacology of
[3H]PGF2a binding to FP receptor sites in the
bovine corpus luteum preparation (r � 0�9, n � 14,
P< 0�0001) (Figure 7). There was also a good
correlation between the af®nities of 12

compounds competing for [3H]AL-5848 binding at
23�C and 37�C (r � 0�77) (Figure 8). Likewise,
receptor-binding af®nities of a whole range of PGs
against [3H]AL-5848 binding and their agonist
potencies at stimulating inositol phosphates gen-
eration in Swiss 3T3 and rat vascular smooth
muscle cells (A7r5) were also well correlated
(r � 0�96) (Figure 9).

Table 2. Af®nities of different prostaglandins for [3H]AL-5848 and [3H]PGF2a binding to washed total particulate bovine corpus
luteum homogenates.

Compound Af®nity (Ki, nM)
relative to [3H]AL-5848

ÿlog Ki relative to
[3H]AL-5848

Af®nity (Ki, nM)
relative to [3H]PGF2a

ÿlog Ki relative to
[3H]PGF2a

16-PhenoxyPGF2a 17�2.�2�9 7�7 22.�5 7�66
AL-5848 52�1.�2�6 7�28 52.�10 7�28
Cloprostenol 56�8.�6�3 7�14 31.�3 7�51
17-PhenylPGF2a 87.�8 7�06 59.�8 7�23
(.�)-Fluprostenol 108.�4�7 6�97 102.�11 6�99
PGF2a 195.�12 6�83 120.�9 6�92
PHXA85 223.�5 6�62 98.�11 7�01
PGD2 1500.�122 5�87 2500.�760 5�6
Latanoprost 3470.�455 5�47 4200.�790 5�38
PGE2 8220.�245 5�24 3400.�710 5�47
U-46619 22 200.�3560 4�66 8900.�140 5�05
S-1033 28 300.�2730 4�55 22 000.�2600 4�66
ZK118182 103 000.�18 400 4�13 69 000.�19 000 4�16
PGI2 268 000.�98 500 3�63 86 000.�29 000 4�06
BW245C > 407 000 3�39 not determined

Data are means� s.e.m. from 3±11 experiments for [3H]AL-5848 and from up to 50 experiments for [3H]PGF2a. Experiments
were conducted in duplicate at 23�C. The Hill coef®cients for the competition curves were not signi®cantly different from unity
(P> 0�05).

Figure 6. Competition curves for different prostaglandins
displacing [3H]AL-5848 binding from high-af®nity FP recep-
tor binding sites on washed total particulate bovine corpus
luteum homogenates at 23�C. m Cloprostenol, e AL-5848, j
(� )-¯uprostenol, , PHXA85, d PGF2a, u PGD2, r PGE2, n
U-46619, . S-1033. Data are means of duplicate determina-
tions from one representative experiment. Composite data
from 3±11 experiments are shown inTable 2.

Figure 7. Correlation of the pharmacology of speci®c
[3H]AL-5848 and [3H]PGF2a binding to washed total particu-
late bovine corpus luteum homogenates at 23�C (r �
0�988; P< 0�0001).
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In quantitative autoradiographic studies con-
ducted on bovine corpus luteum and sections from
eyes from man, high speci®c binding of [3H]AL-
5848 was associated with the granulosa cells in the
bovine corpus luteum and in the longitudinal ciliary
muscle, the ciliary process, the iris sphincter
muscle and the retina in the eye (Figure 10; Table 3).

Discussion

The radiolabelling and pharmacological character-
ization of FP-receptor binding sites has historically
been performed with the natural ligand [3H]PGF2a.
However, because of the relatively limited speci-
®city of PGF2a (Csukas et al 1993; Coleman et al
1994; Sharif et al 1998) and its limited stability, it
is not an ideal radioligand. In these studies, AL-
5848 [(9-b-(� )-¯uprostenol)] was synthesized and
shown to be an FP-receptor agonist with relatively
high FP-receptor af®nity and functional activity.
Furthermore, [3H]AL-5848 was generated and
shown to bind to a single population of high-af®-
nity FP-receptor binding sites in washed total par-
ticulate homogenates of bovine corpus luteum, a
tissue which is very rich in FP receptors (Chegini et
al 1991; Sharif et al 1998) and from which the ®rst
FP receptor was cloned (Sakamoto et al 1994).
[3H]AL-5848 binding to bovine corpus luteum
homogenates was of high-af®nity and saturable,
indicative of labelling of speci®c FP-receptor
binding sites in this tissue. The dissociation con-
stant for [3H]AL-5848 binding (Kd approx. 34 nM)
compared well with that observed for [3H]PGF2a
binding (Kd � 21±50 nM) to luteal membranes
(Kimball & Lauderdale 1975; Hammarstrom et al
1976). However, in our studies a greater percentage

Figure 8. Correlation of the pharmacology of speci®c
[3H]AL-5848 binding to washed total particulate in bovine
corpus luteum homogenates at 37�C and 23�C (r � 0�77;
P< 0�01).

Table 3. Quantitative autoradiographic distribution of FP
receptors by use of [3H]AL-5848.

Tissue region Speci®c [3H]AL-5848
binding (digital

light units mmÿ2)

Eye from man
Iris sphincter muscle 14 367� 1325
Iris (minus sphincter) 13 261� 1187
Retina 3611� 1182
Ciliary epithelium=process 3593� 673
Lens 2628� 698
Longitudinal ciliary muscle 2517� 236
Circular ciliary muscle 1861� 352
Cornea 966� 371

Bovine corpus luteum
Granulosa cells 115 212� 5154
Connective tissue and blood vessels 3268� 534

Eyes from human donors and bovine corpus luteum sections
were radiolabelled with 40 nM [3H]AL-5848. The speci®c
binding in each region of interest was determined from several
sections and donors by quantitative image analysis of the
phosphor-imager screens. Data for the eye structures are
mean� s.e.m. from six different donors. The data for bovine
corpus luteum are mean� s.e.m. from > 6 readings for each
structure from up to six different sections. Speci®c binding
ranged between 15±19% (e.g. cornea, lens) and 50±91% (e.g.
iris sphincter of eye, granulosa cells of bovine corpus luteum)
of the total in the regions shown above.

Figure 9. Correlation of the pharmacology of speci®c
[3H]AL-5848 binding to washed total particulate material in
bovine corpus luteum homogenates and FP-receptor-mediated
phosphatidylinositol (PI) turnover in A7r5 and 3T3 cells.
Functional data for mouse Swiss 3T3 ®broblasts and A7r5
rat vascular smooth muscle cells were taken from Grif®n et al
(1997, 1998), respectively. s Swiss 3T3 cell data, m A7r5 cell
data (r � 0�96; P< 0�01).
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of speci®c binding was found for [3H]AL-5848
than for [3H]PGF2a, especially when assayed at
37�C, perhaps emphasizing the greater stability of
[3H]AL-5848 than [3H]PGF2a. It is noteworthy that
optimum radioligand binding to FP receptors pre-
sent on tissue homogenates in-vitro occurs at 22±
23�C rather than at 37±38�C or 0±4�C (Kimball &
Lauderdale 1975; Wright et al 1979), these being
the conditions used also in our present studies.

The pharmacological characteristics of binding of
[3H]AL-5848 to bovine corpus luteum homo-
genates was indicative of labelling of FP-receptor
binding sites. Hence, well known FP-receptor
agonists, for example cloprostenol, PHXA85
(latanoprost acid) and 17-phenylPGF2a (Coleman et
al 1994; Abramovitz et al 1995) competed for
[3H]AL-5848 binding with nanomolar af®nities,
whereas ligands with some selectivity for DP (e.g.
ZK118182, BW245C), EP (PGE2), IP (PGI2) and
TP (U46619) receptors had micromolar af®nities. It
was worthy of note that the rank order and overall
correlation of the pharmacology of [3H]AL-5848
binding compared well with the pharmacology of

[3H]PGF2a binding (Figure 7) and that of the
potencies of various PGs in stimulating phospha-
tidylinositol turnover in Swiss 3T3 mouse ®bro-
blasts and rat vascular smooth muscle cells (A7r5)
(Figure 9). This overall pharmacological pro®le of
[3H]AL-5848 binding was also similar to that
recently described for [3H]PGF2a binding to bovine
corpus luteum membranes (Goh & Kishino 1994;
Sharif et al 1998), except that [3H]AL-5848 is a
more FP-receptor-selective radioligand.

The similarity of autoradiographic labelling of
FP-receptors in bovine corpus luteum sections and
in sections of eyes from man with [3H]AL-5848
(this study) and that reported recently using
[3H]PGF2a in bovine corpus luteum (Chegini et al
1991; Sharif et al 1998) and in post-mortem eyes
from man (Matsuo & Cynader 1992; Davis &
Shariff 1999) also attests to the labelling of FP
receptor sites in these tissues with these radi-
oligands. However, the more speci®c binding,
and the greater stability and speci®city of [3H]AL-
5848 over [3H]PGF2a, should make [3H]AL-5848
the radioligand of choice for future work. The high

Figure 10. Autoradiographic location of FP-receptor-binding sites in bovine corpus luteum and sections of eye from man. Panels
A and B show FP-receptor labelling in bovine corpus luteum sections with 40 nM [3H]AL-5848, with A representing total and B
representing non-speci®c binding. Panels C and D show total and non-speci®c binding in sections of the eye from a 62-year-old
donor at low power and panels E and F show the anterior chamber structures of interest at higher magni®cation. The low-power
images in panels A±D were taken at 1�75� magni®cation of the original; panels E and F are at 4�7� magni®cation of the original.
GC � granulosa cell, CT � connective tissue, BV � blood vessel, CO � cornea, CB � ciliary body, IR � iris, LN � lens,
RC � retina-choroid, LCM � longitudinal circular muscle, CCM � circular ciliary muscle, CE � ciliary epithelium.
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FP-receptor labelling with [3H]AL-5848 in the
granulosa cells in the bovine corpus luteum is
because FP-receptor-mediated phosphatidylinositol
turnover, intracellular calcium mobilization and
hormone release occurs via these cells in this tissue
(Davis et al 1987; Niswender & Nett 1988; Chegini
et al 1991). In terms of the ocular location of
[3H]AL-5848- and [3H]PGF2a-labelled FP recep-
tors, it is known that ligands in the FP-class par-
tially reduce intraocular pressure by promoting
aqueous humour out¯ow (Toris et al 1993) by
modulating the tension of the longitudinal ciliary
muscle (Wang et al 1990; Goh et al 1995) and
partially by increasing extracellular matrix degra-
dation (Weinreb et al 1997) via intracellular cal-
cium mobilization (Chen et al 1997). FP agonists
also in¯uence the smooth muscle activity of the iris
in various animals (Yousufzai et al 1996; Bito
1997) and the iridial pigmentation observed with
the FP agonist latanoprost (Stjernschantz et al
1995; Bito 1997), might be because of activation of
FP receptors in the iris (Bito 1997). There is also
evidence for the involvement of the FP receptor in
the iris and ciliary muscles in the mediation of the
release of other prostaglandins (Abdel-Latif 1995).
Our autoradiographic location of FP-receptor sites
in eyes from man using [3H]AL-5848 also corre-
lated well with recent data reported from in-situ
hybridization and immunohistochemical studies of
FP receptors conducted on cynomolgus monkey
eyes in-vitro (Ocklind et al 1996) and with the
ocular effects of FP agonists mentioned above,
including the reduction of the intraocular pressure
in glaucomatous cynomolgus monkey eyes by the
isopropyl ester of AL-5848 (AL-6221) (Hellberg et
al 1998). The level of speci®c binding in the eye
structures was lower than that associated with the
granulosa cells in the bovine corpus luteum,
because the overall FP receptor density is lower in
the eye and the presence of melanin in most ocular
regions leads to higher non-speci®c binding.
Similar observations have previously been made
with [3H]PGF2a-binding to sections of eye from man
(Matsuo & Cynader 1992; Davis & Sharif 1999).

The data presented above indicate that [3H]AL-
5848 is an FP-receptor-selective PG with a reason-
ably high af®nity which labels an homogeneous
population of FP-receptor sites in the bovine corpus
luteum with pharmacological features akin to those
previously reported for FP receptors in this and other
cells and in other tissues (Coleman et al 1994). The
apparent superior speci®city and stability of [3H]AL-
5848 over [3H]PGF2a should make [3H]AL-5848 a
useful radioligand for receptor-binding and auto-
radiographic studies on various biological tissues to

enable better understanding of the physiology and
pharmacology of the FP receptor.
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