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The fluoresceinyl (Flu) group has been linked by an amide bond to the side chain amino group
at position 8 of (a) two oxytocin (OT) antagonists, to give d(CH2)5[Tyr(Me)2,Thr4,Orn8(5/6C-
Flu),Tyr-NH2

9]VT (Orn8(5/6C-Flu)OTA) (1) and desGly-NH2,d(CH2)5[D- Tyr2,Thr4,Orn8(5/6C-
Flu)]VT (2), and (b) eight Lys8 and Orn8 analogues of potent OT agonists, to give d[Lys8(5/6C-
Flu)]VT (3), d[Thr4,Lys8(5/6C-Flu)]VT (4), [HO1][Lys8(5/6C-Flu)]VT (5), [HO1][Thr4,Lys8(5/6C-
Flu)]VT (6), d[Orn8(5/6C-Flu)]VT (7), d[Thr4,Orn8(5/6C-Flu)]VT (8), [HO1][Orn8(5/6C-Flu)]VT
(9), and [HO1][Thr4,Orn8(5/6C-Flu)]VT (10). The tetramethylrhodamyl (Rhm) group was
attached to the precursor peptide of 9 to give [HO1][Orn8(5/6C-Rhm)]VT (11). All 11 fluorescent
peptides were evaluated in human OT and vasopressin V1a (vasoconstrictor), V1b (pituitary),
and V2 (antidiuretic) receptor binding and functional assays. With Kd ) 6.24, 217, >10000,
and >10000 nM for the OT, V1a, V1b, and V2 receptors, peptide 1 is a potent and selective
fluorescent OT antagonist and may be useful for specifically labeling OT receptors while peptide
2 exhibits low affinities for all the receptors. The fluorescent peptides 3-10 are all very potent
agonists for the human OT receptor. They exhibit the following Kd values (nM) for the human
OT, V1a, V1b, and V2 receptors, respectively: (3) 0.29, 57, 124, >10000; (4) 1.8, 25.5, 150, >10000;
(5) 0.34, 13.7, 66, nd (not determined); (6) 0.32, 17.3, 53, >10000; (7) 0.25, 107, 393, >10000;
(8) 0.40, 30, 282, >10000; (9) 0.18, 12.2, 126, nd; (10) 0.17, 11.8, 87, >1000; (11) 0.092, 7.36,
nd, nd. Peptide 7 exhibits both a high affinity and a high selectivity for human OT receptors.
Peptides 7 and 11 were utilized to study the internalization of the OT receptor-ligand complex.
Preliminary studies indicate that this process is similar to that observed for the vasopressin
V1a receptor and differs from that observed for vasopressin V2 receptors. Some or all of the
fluorescent OT antagonists and agonists reported here are very promising new fluorescent
ligands for labeling cells which express the human OT receptor and are also useful tools to
follow endocytosis of the receptor-ligand complex.

Introduction
G protein coupled receptors (GPCRs) are involved in

the recognition and the transduction of many extracel-
lular signals which are as diverse as light, ions, odor-
ants, small molecules such as peptides, and proteins.
The control of the activities of GPCRs is thus very
important in regulating physiological functions. Like
activation, desensitization and internalization play a
crucial role in the control of GPCR activities. Internal-
ization processes have been extensively studied for
several receptors and clearly indicate that although high
sequence homologies exist between related receptors,
processes of internalization may be different.1 For
example, it has been shown that AT1a receptors ex-
pressed in CHO (see the Abbreviations following the
Experimental Section) cells undergo an internalization
upon agonist stimulation while AT2 receptors remain
at the cell surface in the same conditions of stimula-
tion.2

Vasopressin and oxytocin are two neurohypophysial
peptides involved in the regulation of various physi-
ological functions. Among them, vasopressin partici-
pates in the control of blood pressure and of water
reabsorption while oxytocin induces contractions of
uterine myocytes during parturition and mammary
gland myocytes during lactation. Although these two
hormones have different roles, large homologies have
been observed in their structures and in the structures
of the three vasopressin (V1a, V1b, and V2) receptors and
the OT receptor.3 Except for the V2 receptor, which is
coupled to adenylyl cyclase, the other three receptors
are coupled to phospholipase C.

A few studies have been performed to investigate the
internalization of vasopressin V1a and V2 receptors. To
carry out these studies, some fluorescent ligands4 were
developed and used to label vasopressin receptors
expressed in cell lines. It has been shown that vaso-
pressin fluorescent agonists were internalized and
remained dispersed throughout the cytoplasm in vas-
cular smooth muscle A10 cells which expressed V1a
receptors, while they were addressed to a perinuclear
region in LLC-PK1 cells which expressed V2 receptors.5
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More recently, the same pattern of internalization
has been observed when using transiently transfected
HEK 293 cells expressing hemaglutinin-tagged vaso-
pressin V1a and V2 receptors.6 These data clearly
indicate that the processes of internalization are dif-
ferent despite the high homologies between these two
receptors.

OT receptor activation is very important for the
parturition process and is thus a promising therapeutic
target for the control of preterm labor. Analyses have
been performed to characterize hormone binding sites
on OT receptors and the coupling to Gq and Gi.
Desensitization of OT receptors has also been reported
in the human myometrium,7,8 but their internalization
after the activation by oxytocin is still questionable. Yet,
no direct analysis using fluorescent ligands has been
performed. Since vasopressin V1a and OT receptors are
expressed in the uterus, the analysis of OT receptor
endocytosis should be carried out with fluorescent
ligands which are very selective for OT receptors. Some
fluorescent derivatives of OT have been designed by
Buku and collaborators,9,10 but none have been used for
human OT receptor labeling. Moreover, no pharmaco-
logical characterization of the vasopressin and oxytocin
receptors has been performed with these fluorescent
ligands.

Here we report the design and synthesis of fluorescent
oxytocin antagonists and agonists and their pharmaco-
logical properties for all the human vasopressin and
oxytocin receptor subtypes. Among them, some are very
selective for the OT receptor and are very potent tools
for labeling of OT receptors. Furthermore, we also report
preliminary findings with some of these fluorescent
ligands from studies on the internalization of the OT
receptors in CHO cell lines and in transiently trans-
fected HEK 293 cell lines.

Design and Synthesis of Fluorescent Analogues

For the design of fluorescent OT antagonists, we
selected two of our previously reported OT antago-
nists: (1a) [1-â-mercapto-â,â-cyclopentamethylenepro-
pionic acid,2-0-methyltyrosine,4-threonine,8-ornithine,9-
tyrosylamide]vasotocin (d(CH2)5[Tyr(Me)2,Thr4,Orn8,Tyr-
NH2

9]VT) (OTA)11,12 and (2a) desglycinamide [1-â-
mercapto-â,â-cyclopentamethylenepropionic acid,2-D-
tyrosine,4-threonine,8-ornithine]vasotocin (desGly-
NH2,d(CH2)5[D-Tyr2,Thr4,Orn8]VT).13 Neither peptide
contains an R-NH2 group at position 1. Both peptides

have an ornithine residue, suitable for attachment of a
fluoresceinyl group, at position 8. Peptides 1a11,12 and
2a13 were converted to their respective Orn8 (5/6-Flu)
derivatives 1 and 2 by coupling with the 5(and 6)-
carboxyfluorescein succinimide ester (5/6C-Flu-OSu).
For the design of fluorescent OT agonists, our strategy,
essentially an expansion of that reported by Buku for
the synthesis of d[Thr4,DH-Pro,Lys8(5/6C-Flu)]VT9 and
that which we utilized for the design of linear fluores-
cent V1a antagonists,14 was to select a series of potent
OT agonists which lacked an R-NH2 group at position 1
and replace the Leu residue at position 8 in each one
with both Orn and Lys residues for attachment of a
fluoresceinyl group. We selected the following four OT
agonists: (A) [1-deamino]oxytocin (dOT),15 (B) [1-deam-
ino,4-threonine]oxytocin (d[Thr4]OT),16 (C) [1-L-(-)-2-
hydroxy-3-mercaptopropanoic acid]oxytocin ([HO1]OT),17

and (D) [1-L-(-)-2-hydroxy-3-mercaptopropanoic acid,4-
threonine]oxytocin ([HO1,Thr4]OT.18 With the exception
of d[Thr4]OT,16 the others are 2-10 times more potent
than OT as oxytocic agonists in rat bioassays.15-17,18

Four Lys8 analogues and four Orn8 analogues of A-D
were synthesized to give the following eight peptides:
(3a) d[Lys8]VT, (4a) d[Thr4,Lys8]VT, (5a) HO1[Lys8]VT,
(6a) HO1[Thr4,Lys8]VT, (7a) d[Orn8]VT, (8a) d[Thr4,-
Orn8]VT, (9a) HO1[Orn8]VT, (10a) HO1[Thr4,Orn8]VT
(Table 1). These were subsequently converted to the
desired Lys8(5/6-Flu) and Orn8(5/6- Flu) vasotocin ago-
nists by coupling with 5/6C-Flu-OSu. Subsequently, for
internalization studies, the tetramethylrhodamine (Rhm)
group was attached to the Orn8 residue of peptide 9a
by coupling with 5(and 6)-carboxytetramethylrhodamine
succinimide ester (5/6C-Rhm-OSu).

Ten Flu8 peptides and one Rhm8 peptide (see Table
2) were designed according to the above rationale.

The Flu8 OT antagonists 1 and 2 (Table 2) have the
following general structure:

Table 1. Physicochemical Properties of Free Peptides 3a-10a

TLC, Rf
b

compd
no. peptide

yield,
%

[R]D
25, deg

(c ) 1,
1 N AcOH) a b c

HPLC,c
Tr, min formula MW(calcd)

MS(found)
(ESMS)

3a d[Lys8]VT 56.7 112.0 -0.23 0.02 0.12 17.9 C43H66O12N12S2 1007.2 1007.2
4a d[Thr4,Lys8]VT 68.2 98.0 -0.24 0.02 0.19 19.0 C42H65O12N11S2 980.2 980.2
5a HO1[Lys8]VT 47.1 84.0 -0.29 0.38 0.11 17.0 C43H66O13N12S2 1023.2 1023.3
6a HO1[Thr4,Lys8]VT 69.7 76.0 -0.25 0.10 0.17 19.2 C42H65O13N11S2 996.2 996.2
7a d[Orn8]VT 55.1 44.0 -0.16 0.10 0.15 17.4 C42H64O12N12S2 993.2 993.2
8a d[Thr4,Orn8]VT 65.5 99.0 -0.21 0.20 0.23 18.8 C41H63O12N11S2 966.2 966.2
9a HO1[Orn8]VT 22.6 56.0 -0.14 0.07 0.14 17.0 C42H64O13N12S2 1009.2 1009.2

10a HO1[Thr4,Orn8]VT 32.6 109.0 -0.17 0.12 0.18 19.0 C41H63O13N11S2 982.2 982.1
a Yields are based on the amount of the protected peptide in the reduction-reoxidation step in each case and are uncorrected for acetic

acid and water content. b Solvent systems and conditions are given in the Experimental Section. c All peptides were at least 95% pure.
For elution a linear gradient of 90:10 to 30:70 (0.05% aqueous TFA/0.05% TFA in MeCN) over 60 min with a flow rate of 1.0 mL/min was
utilized.
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The eight Flu8 OT agonists 3-10 (Table 2) and one
Rhm8 OT agonist 11 have the following general struc-
ture:

Preliminary communications on the properties of
peptides 1-10 have been reported.19,20

Results
Affinities for Oxytocin and Vasopressin Recep-

tors. The affinities of all the ligands (peptides 1-11;
Table 2) for the human OT receptor have been evaluated
by competition experiments using [125I]OTA12 or [125I]-
HO-LVA21 as radiolabeled ligands. The inhibition con-
stants are reported in Table 3. In comparing the data
of compounds 1 (Orn8(5/6C-Flu)OTA) and 2, both de-
rivatives of the previously reported oxytocin antagonists
1a and 2a, only 1 exhibits a good affinity for the OT
receptor (Ki ) 6.24 nM). By contrast, analogue 2, which
differs from 1 by a D-Tyr2/Tyr(Me)2 interchange and by

deletion of the tyrosyl-NH2 residue, has a 20-fold lower
affinity for the oxytocin receptor. Concerning ligands
3-11, which are derived from the Orn8 and Lys8 OT
agonists 3a-10a, they exhibit very good affinities for
the OT receptor with Ki values in the 0.5 nM range,
except that for the ligand 4, which is 1.8 nM.

To investigate their selectivities, we determined their
affinities for the human vasopressin V1a, V1b, and V2

receptors by competition experiments using [125I]HO-
LVA or [3H]AVP as labeled ligands (Table 3). All of them
exhibit very low affinities for the vasopressin V2 recep-
tor, since none of them were able to bind efficiently to
the V2 receptor at a concentration lower than 1 µM.
Moreover, only the ligands 5, 6, 10, and 11 exhibit
medium affinities for the V1b receptor, while the others
have low affinities for this receptor (Table 3). The
selectivities of the ligands for the V1a receptor vs OT
receptor are illustrated in Figure 1A and reported in
Table 3. Compounds 1 and 2 show low affinities for the
vasopressin V1a receptor, while most of the other
compounds exhibit good affinities for this receptor
subtype. Indeed, the inhibition constants are between
7 and 60 nM except that for compound 7, which for the
V1a receptor is greater than 100 nM. Compound 7 is thus
more selective for the OT receptor versus V1a receptor.
It is of interest to note that, as illustrated in Figure 1B,
it can be used to bind selectively to OT receptors, while
compounds 10 and 11 can be used to label both OT and
V1a receptors (Figure 1C).

Antagonist and Agonist Properties of the Fluo-
rescent Ligands. We evaluated inositol phosphate

Table 2. Physicochemical Properties of Fluorescent Peptides 1-11

TLC,a Rfcompd
no. peptide a b c d

HPLC,b
Tr, min formula

MW
(calcd)

MS(found)c

(ESMS)

1 d(CH2)5[Tyr(Me)2,Thr4,Orn8(5/6C-Flu),Tyr- NH2
9]VTd 0.68 0.59 0.72 0.71 37.7 C75H89O19N12S2 1512.7 1512.5

2 desGly-NH2,d(CH2)5[D-Tyr2,Thr4,Orn8(5/6C-Flu)]VTd 0.54 0.44 0.45 0.63 34.1 C65H77O18N9S2 1336.5 1336.4
3 d[Lys8(5/6-Flu)]VTd 0.46 0.31 0.51 0.56 27.2 C64H76O18N12S2 1365.5 1365.3
4 d[Thr4,Lys8(5/6C-Flu)]VTd 0.47 0.36 0.57 0.56 29.0 C63H75O18N11S2 1338.5 1338.4
5 [HO1][Lys8(5/6C-Flu)]VTd 0.47 0.37 0.51 0.62 26.6 C64H76O19N12S2 1381.5 1381.4
6 [HO1][Thr4,Lys8(5/6C-Flu)]VTd 0.52 0.36 0.56 0.55 28.7 C63H75O18N11S2 1354.5 1354.4
7 d[Orn8(5/6C-Flu)]VTd 0.39 0.37 0.61 0.56 26.4 C63H74O18N12S2 1351.5 1351.4
8 d[Thr4,Orn8(5/6C-Flu)]VTd 0.45 0.42 0.65 0.60 28.6 C62H73O18N11S2 1324.5 1324.4
9 [HO1][Orn8(5/6C-Flu)]VTd 0.38 0.50 0.56 0.56 29.2 C63H74O19N12S2 1367.5 1367.4

10 [HO1][Thr4,Orn8(5/6C-Flu)]VTd 0.45 0.36 0.52 0.56 28.3 C62H73O19N11S2 1340.5 1340.4
11 [HO1][Orn8(5/6C-Rhm)]VTd 0.19 0.07 0.09 0.43 29.8 C67H84O17N14S2 1421.6 1421.3
a-c TLC solvent systems and HPLC and ESMS conditions are described in the Experimental Section. d This paper.

Table 3. Receptor Binding Affinities (Ki) of the Fluorescent and Related Ligands for the Various Human Vasopressin and Oxytocin
Receptorsa

Ki (nM)compd
no. ligand R OT R V1a R V1b R V2*

OTA d(CH2)5[Tyr(Me)2,Thr4,Orn8,Tyr-NH2
9]VT 0.21 3.9 >10000 930

1 d(CH2)5[Tyr(Me)2,Thr4,Orn8(5/6C-Flu),Tyr- NH2
9]VT 6.24 ( 0.46 217 ( 32 >10000* >10000

2 desGly-NH2,d(CH2)5[D-Tyr2,Thr4,Orn8(5/6C-Flu)]VT 126 ( 20 656 ( 7.5* >1000* >10000
OT OT 0.8 ( 0.2 120 ( 40 nd 3500 ( 300
3 d[Lys8(5/6-Flu)]VT 0.29 ( 0.04 57 ( 10 124 ( 33 >10000
4 d[Thr4,Lys8(5/6C-Flu)]VT 1.8 ( 0.1 25.5 ( 2 150 ( 64 >10000
5 [HO1][Lys8(5/6C-Flu)]VT 0.34 ( 0.05 13.7 ( 6.8 66 ( 14 nd
6 [HO1][Thr4,Lys8(5/6C-Flu)]VT 0.32 ( 0.03 17.3 ( 4.3 53 ( 14.3 >10000
7 d[Orn8(5/6C-Flu)]VT 0.25 ( 0.03 107 ( 12 393 ( 203 >10000
8 d[Thr4,Orn8(5/6C-Flu)]VT 0.40 ( 0.16 30 ( 7 282 ( 138 >10000
9 [HO1][Orn8(5/6C-Flu)]VT 0.18 ( 0.07 12.2 ( 2.8 126 ( 30 nd
10 [HO1][Thr4,Orn8(5/6C-Flu)]VT 0.17 ( 0.05 11.8 ( 1.4 87 ( 23 >1000
11 [HO1][Orn8(5/6C-Rhm)]VT 0.09 ( 0.02 7.6 ( 0.8 nd nd
a All values are expressed as the mean ( SE, calculated from three independent determinations except for the V2 receptor subtype or

when an asterisk is present: in these cases two independent experiments were performed. nd ) not determined.

Fluorescent Oxytocin Antagonists and Agonists Journal of Medicinal Chemistry, 2002, Vol. 45, No. 12 2581



accumulation induced by the various ligands at 250 nM
on a CHO cell line stably expressing human OT recep-
tors (CHO-OT). As illustrated in Figure 2A, ligands 1
and 2 are devoid of any agonistic properties since no
accumulation of second messengers was observed. The
antagonistic properties of compound 1 have been inves-
tigated. As shown in Figure 2B (open circles), it is a full
antagonist. It completely inhibited the OT (10 nM)

Figure 1. Graphical representation of the selectivities of the
fluorescent peptides for OT and V1a vasopressin receptor
subtypes (panel A): abscissa, log(Ki) of the ligand for the OT
receptor; ordinate, log(Ki) of the ligand for the V1a vasopressin
receptor. Ki values were calculated with the program Ligand
and are indicated in Table 2. The dashed line indicates
equipotency in affinity for the OT and V1a vasopressin receptor
subtypes. The indicated number refers to the number of the
component as mentioned in Table 2. VT ) vasotocin. Deter-
mination of the affinities of fluorescent oxytocin analogues 7
(panel B) and 10 (panel C) for the various human oxytocin
and vasopressin receptor subtypes by concentration-displace-
ment binding experiments. Membranes were prepared from
CHO cells expressing one human vasopressin or oxytocin
receptor subtype. They were incubated for 1 h at 30 °C in the
presence of increasing concentrations of fluorescent analogue
and 140 pM [125I]HO-LVA for the OT receptor subtype, 60 pM
[125I]HO-LVA for the V1a receptor subtype, or 2 nM [3H]AVP
(for the V1a, V1b, and V2 receptor subtypes). Membranes were
used at 0.5-1 µg of protein/assay for radioiodinated ligands
and 5-10 µg of protein/assay for [3H]AVP. Values of specific
binding measured in the presence of fluorescent analogues are
expressed as a percentage of the specific total binding mea-
sured in the absence of competitor. Concentration-displace-
ment curves are representative of three independent experi-
ments, each performed in triplicate.

Figure 2. (A) Determination of the agonist properties of the
fluorescent ligands. myo-[3H]Inositol-prelabeled CHO-OT cells
were incubated for 20 min at 37 °C with OT or with a
fluorescent ligand (250 nM). Total inositol phosphates were
determined. The values are normalized to the cells’ response
in control conditions. All values are expressed as the mean (
SE, calculated from two independent determinations. (B)
Determination of the inhibition constants of the fluorescent
analogue 1 (open circles) and of the activation constants of
fluorescent agonists 7 (closed tilted squares) and 10 (closed
squares). Fluorescent ligand 1 was added at various concen-
trations, and 20 min later, cells were stimulated with 10 nM
OT for 20 min. Total inositol phosphates were determined, and
the values were normalized to the response of OT-stimulated
cells in the absence of fluorescent ligand. Fluorescent agonists
7 and 10 were added at various concentrations, and the values
were normalized to maximal responses. All values are ex-
pressed as the mean ( SE calculated from three (for 1) or four
(for 7 and 10) independent determinations. The apparent
inactivation constants were calculated as Kinact ) IC50/(1 +
[OT]/Kact), where IC50 is the concentration of fluorescent ligand
leading to 50% inhibition of specific binding, [OT] ) 10 nM,
and Kact is the concentration of OT inducing half-maximal
stimulation of total inositol phosphate accumulation (Kact )
10 nM).
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induced inositol phosphate accumulation at a concen-
tration higher than 100 nM. The value of the inhibition
constant (Kinact) is 2.74 ( 0.35 nM.

By contrast, compounds 3-10 all have agonistic
properties since, as shown in Figure 2A, at a concentra-
tion of 250 nM, they induced an increase in inositol
phosphate accumulation. Most of them appear to be full
agonists. We investigated more precisely the agonist
properties of compounds 7 (Figure 2B, closed tilted
squares) and 10 (Figure 2B, closed squares). The inositol
phosphate accumulation is dependent on ligand con-
centration. The activation constants (Kact) of compounds
7 and 10 were, respectively, 5.3 ( 1.5 and 6.6 ( 2.2 nM.

Fluorescent Labeling of CHO Cells Expressing
Human OT Receptors. We used the fluorescent ago-
nist 7 to label human OT receptors stably expressed in
the CHO cell line (Figure 3) or in the transiently
transfected HEK 293 cell line. CHO-OT cells (panels a
and b) were incubated for 1 h at 37 °C in the presence
of 2.5 nM agonist 7. CHO-OT cells observed by fluores-
cent microscopy presented a punctate labeling (panel
a). This labeling was not observed when CHO-OT cells

were incubated with an excess of nonfluorescent peptide
(1 µM OTA) (panel b). The same pattern was also
observed in HEK 293 cells transfected with the cDNA
encoding for the OT receptor and was not observed when
HEK 293 cells were transfected only with a carrier
plasmid (data not shown). Because tetramethyl-
rhodamine is less sensitive to photobleaching than
fluorescein, we synthesized a derivative of ligand 9 with
a tetramethylrhodamine on the ornithyl8 to give [HO1]-
[Orn8(5/6C-Rhm)]VT (peptide 11; Table 2). The same
punctate labeling was observed when CHO-OT cells
were incubated for 1 h at 37 °C in the presence of 2.5
nM [HO1][Orn8(5/ 6C-Rhm)]VT (panel c). No labeling
was observable when cells were incubated with an
excess of nonfluorescent peptide (1 µM OTA) (panel d).
By contrast, incubation of cells in the presence of 2.5
nM [HO1][Orn8(5/6C-Rhm)]VT for 5 h at 0 °C exhibited
a pericellular labeling (panel e), which was no more
observable when cells were incubated with an excess of
unlabeled ligand (panel f).

Because the punctate labeling we observed at 37 °C
and not at 0 °C suggests an endocytosis of the ligand-
receptor complex, we undertook a confocal analysis of
cells labeled with [HO1][Orn8(5/6C-Rhm)]VT for various
periods of time. As illustrated in Figure 4, images
acquired as midcellular optical sections show small
fluorescent endosome-like particles in the cytoplasmic
area when cells were incubated at 37 °C (Figure 4b-d)
and not when cells were incubated at 4 °C (Figure 4a).
Internalization of receptors was observed within 15 min
(Figure 4b), but endosome-like particles were distrib-
uted in the periphery of the cells. After a 1 h incubation
(Figure 4c) endosome-like particles were widespread in
the cytoplasmic area but were not concentrated in the
perinuclear region, even after a 3 h incubation (Figure
4d).

Figure 3. Labeling of CHO cells expressing OT receptors.
CHO-OT cells were incubated with fluorescent ligand (2.5 nM)
in the absence (panels a, c, and e) or in the presence (panels
b, d, and f) of unlabeled ligand and observed by fluorescence
microscopy. (a, b) Cells were incubated with 2.5 nM d[Orn8-
(5/6C-Flu)]VT (7) for 1 h at 37 °C. (c, d) Cells were incubated
with 2.5 nM [HO1][Orn8(5/6C- tetramethylrhodamyl)]VT (11)
for 1 h at 37 °C. (e, f) Cells were incubated with 2.5 nM 11 for
5 h at 4 °C. (Bar ) 10 µM.)

Figure 4. Confocal microscopic imaging of CHO-OT cells
incubated with 2.5 nM 11 for 5 h at 4 °C (panel a) or for 15
min (panel b), 1 h (panel c), and 3 h (panel d) at 37 °C. Images
were acquired as midcellular 200 nM thick optical sections.
(Bar ) 10 µM.)
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Discussion

We previously developed fluorescent analogues of
linear vasopressin antagonists14 and demonstrated that
the addition of a fluorophore on a Lys8 residue allows
the ligand to maintain a high affinity for the human
vasopressin V1a receptor. To develop a fluorescent
antagonist selective for human OT receptors, we have
designed a fluorescent analogue of OTA12 (peptide a,
Table 1) which was previously characterized as an OT
antagonist with a high affinity for rat and human OT
receptors.12,22 As in the case of [Lys8(5C-Flu/Rhm)]-
PVA,14 we decided to link a fluoresceinyl group on
residue 8, which has an ornithyl residue in the OTA
structure. The resulting compound, Orn8(5/6C-Flu)OTA
(1) (Tables 2 and 3), exhibits a good affinity for OT
receptors with a Ki of 6.24 nM. Moreover, because its
affinity for the V1a receptor is 34 times lower than that
for the OT receptor, 1 is much more selective for OT
receptors than [Lys8(5C-Flu/Rhm)]PVA14 and iodinated
OTA12 itself. Indeed, the selectivity indices (Ki(OT)/Ki-
(V1a)) are 0.029 for 1, 9.4 for [Lys8(5C-Flu/Rhm)]PVA,
and 0.5 for IOTA. Thus, Orn8(5/6C-Flu)OTA may be a
very useful tool to specifically label OT receptors.
However, compound 1 has quite high binding affinity
for the OT receptor, but its affinity is 30-fold lower than
that of OTA (Table 3). The reason for such a decrease
remains unclear since it was not seen for other com-
pounds,14 and it may be due to the global rigidity of this
antagonist derivated with a bulky group such as the
fluorescein.

In contrast to 1, compound 2 did not show a good
affinity for any of the four receptors. The D-Tyr/Tyr(Me)
interchange at position 2 combined with the deletion of
the Tyr-NH2

9 residue in its structure induces a 20-fold
decrease in its affinity for the oxytocin receptor. This
decrease in the affinity of compound 2 is more probably
due to the presence of an acidic function at the C-
terminus than to the position 2 interchange or to the
deletion of the tyrosyl residue. Indeed, such an effect
has already been observed for other ligands such as
d(CH2)5AVP,des-Gly9-d(CH2)5-AVP and des-Gly(NH2)9-
d(CH2)5-AVP for which the inhibition constants for the
V1a receptor are 0.3, 0.23, and 7.2 nM, respectively.23

As noted earlier, fluorescent agonists of oxytocin have
been previously reported. Buku and collaborators9

reported three fluorescent analogues of oxytocin which
differ by the position of the fluoresceinyl group on the
peptide. The authors noted that the addition of fluores-
cein at position 1 or 4 in a series of analogues of d[DH-
Pro7]OT leads to weak and moderate fluorescent ago-
nists, respectively, while the addition of fluorescein at
residue 8 of [1-desamino,Thr4,Lys8]OT confers to the
agonist a good oxytocic activity in the rat.9 They also
developed a fluorescent vasotocin agonist, d[Phe9(Flu)]-
AVT, which yielded half-maximal hydrosmotic re-
sponses in the toad urinary bladder at 2 nM.10 However,
none of these ligands have been tested on human OT
receptors, and no comparative pharmacology on the
different human vasopressin and OT receptor subtypes
has been performed.

Nevertheless, all these results corroborate computa-
tional modeling data24 and photoaffinity labeling stud-
ies:25 indeed, the side chain of the vasopressin Arg8

residue is close to the first extracellular loop and is also

close to the extracellular medium, while residue 9
should be embedded deeper in the binding cleft of the
receptor. Many analogues are probably capable of sup-
porting bulky groups such as biotin or photoactivatable
or fluorescent groups on residue 8 without losing their
affinities for the vasopressin receptor. Therefore, we
considered position 8 as the best position to add the
fluoresceinyl group. Because [Lys8]vasotocin (also known
as [Lys8]oxytocin) exhibits a good affinity for the human
OT receptor (1.87 + 0.4 nM),26 we chose to develop
fluorescent agonists by incorporating Lys8 and Orn8

residues in OT agonists to give peptides 3a-10a, Table
1, for derivatization to Lys8- and Orn8(5/6C-Flu)OT
agonists. The resulting fluorescent analogues 3-11
(Tables 2 and 3) exhibit very high affinities for the OT
receptors since their inhibition constants are in the 0.5
nM range. Whatever the modification introduced in the
ligand, be it the substitution of an ornithyl residue for
a lysyl residue, substitution of a threonyl residue for a
glutamyl residue, or hydroxylation of the N-terminus
of the ligand, no significant change in the inhibition was
observed, except for compound 4 for which a slight
increase of Ki was observed.

As concerns their affinities for the vasopressin recep-
tors, it is worth noting that the addition of a fluorophore
induces a 4-30-fold decrease of the inhibition constant
for the V1a receptor. The decrease is even more drastic
for the V2 receptor since we were not able to determine
any inhibition constant of the ligands for this receptor
subtype. Moreover and contrary to the OT receptor, the
V1a receptor is more sensitive to subsequent modifica-
tions of the fluorescent ligands, especially for the Orn8

series. Indeed substitution of threonyl for glutamyl in
position 4 or hydroxylation of the N-terminus induces
an increase in the affinity of the ligand for the vaso-
pressin V1a receptor. However, these modifications are
not additive since compounds 9 and 10 have the same
inhibition constant (12 nM). Both of these peptides and
peptide 11 are potent ligands to label human vaso-
pressin V1a and oxytocin receptors. Compound 7, which
has a higher dissociation constant for vasopressin V1a
receptor (107 nM), is much more selective for labeling
OT receptors.

To our knowledge, and in contrast to the vasopressin
receptor (for a review see ref 27), very few studies on
desensitization and internalization of the OT receptor
have been undertaken, and contradictory results on a
possible internalization have been reported. Indeed, a
time-dependent decrease in the number of oxytocin
binding sites by exposing myometrial cells to oxytocin
was observed by Phaneuf and his collaborators7 and by
Adachi and Oku.8 However, according to Phaneuf and
his collaborators,7 flow cytometry experiments demon-
strated that OT receptors were not internalized during
this treatment, while Adachi and Oku reported the
internalization of OT receptors which could be blocked
by concanavalin A and by incubation at 4 °C.8 The
development of fluorescent OT agonists may thus offer
new possibilities to study the internalization process of
OT receptors. Indeed, as we have found, the fluorescent
agonists we have developed are efficient ligands to label
OT receptors. The punctate labeling observed is very
similar to what has already been observed for other
receptors such as vasopressin V1a receptors5 and soma-
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tostatin sst2a receptors.28 It results from an internaliza-
tion of the complex ligand-OT receptor when a CHO
cell line stably expressing OT receptor as well as
transiently transfected HEK 293 cells were incubated
in the presence of fluorescent agonists. Because vaso-
pressin V1a and V2 receptors, which share large struc-
tural homologies with the OT receptor, used different
intracellular routes when internalized,5 the analysis of
OT receptor internalization may be a relevant question.
The data presented here suggest that the internalization
process of the OT receptor is similar to what has been
observed for the vasopressin V1a receptor and different
from the vasopressin V2 receptor internalization.27

Indeed, the OT receptor internalization can be clearly
seen within 15 min, but endosome-like particles re-
mained widespread in the cytoplasmic area after a
longer time of incubation with the fluorescent peptide
and did not concentrate in the perinuclear region,
suggesting a recycling of OT receptors. Such results
obtained on cell lines have to be confirmed on human
myometrial cells to better understand mechanisms
underlying myometrium contraction during parturition.

In conclusion, the fluorescent antagonist 1 and the
fluorescent agonists 7, 9, 10, and 11 we have developed
will be helpful to investigate more precisely the behavior
of OT receptors at the cellular level and especially to
study the process of internalization of OT receptors. A
few strategies based on the expression of chimeric
receptors such as green fluorescent protein (GFP) recep-
tors or tagged receptor have been used to follow recep-
tors during the internalization and to better understand
such processes. Nevertheless, these strategies were
performed on cell lines in which receptors were tran-
siently or stably overexpressed, and their application
on a primary culture cell model is far from being simple.
By contrast, fluorescent ligands are relevant tools to
study this dynamic process in freshly dissociated cells
or in primary culture cells. Thus, the fluorescent ligands
we have developed, especially agonists 7, 10, and 11,
may be useful ligands to study desensitization and
internalization of the ligand-OT receptor complex in
cells such as myocytes of human myometrium during
parturition. Finally these fluorescent ligands can also
be used to perform fluorescence recovery after photo-
bleaching to study the diffusion of molecules in a tissue
or in one cell29 or to obtain structural information for
ligand-receptor interactions by fluorescence quench-
ing,30 polarization,31 or resonance energy-transfer ex-
periments.32

Experimental Section

Materials and Methods. All reagents used were analytical
grade. L-(-)-2-Hydroxy-3-benzylthiopropanoic acid (HO-Mpr-
(Bzl))33 and 3-tritylthiopropanoic acid (Mpr(Trt))34 were syn-
thesized as previously described.33,34 The Mpr(Meb),NR-Boc-
protected amino acids and Boc-Gly resin were purchased from
Bachem (Torrance, CA) and Chem-Impex International (Wood
Dale, IL). The 5(and 6)-carboxyfluorescein succinimide ester
(5/6-Flu-OSu) was from Pierce Chemical Co. (Rockford, IL),
and the 5(and 6)-carboxytetramethylrhodamine succinimide
ester (5/6-Rhm-OSu) was from Molecular Probes, Inc. (Eugene,
OR). Peptides d(CH2)5[Tyr(Me)2,Thr4,Orn8,Tyr-NH2

9]VT (1a)
(OTA)12 and desGly-NH2,d(CH2)5[D-Tyr2,Thr4,Orn8]VT (2a)13

were synthesized as previously described.12,13 Peptides d[Lys8]-
VT (3a)35,36 and d[Orn8]VT (7a)37 (Table 1) were resynthesized
as described below. Peptides d[Thr4,Lys8]VT (4a), [HO1][Lys8]-

VT (5a), [HO1][Thr4,Lys8]VT (6a), d[Thr4,Orn8]VT (8a), [HO1]-
[Orn8]VT (9a), and [HO1][Thr4,Orn8]VT (10a) (Table 1) were
synthesized specifically for this study. All peptides were
synthesized by the Merrifield solid-phase method38,39 as previ-
ously described11-13 or with modifications previously de-
scribed.18 TLC was run on precoated silica gel plates (60F-
254, E. Merck) with the following solvent systems: (a)
1-butanol/AcOH/H2O (4:1:5, upper phase); (b) 1-butanol/AcOH/
H2O (4:1:1); (c) 1-butanol/AcOH/H2O/pyridine (15:3:3:10); (d)
1-butanol/AcOH/H2O (2:1:1); (e) 1-butanol/AcOH/H2O (4:1:2).
Loads of 10-15 µg each were applied, and chromatograms
were developed at a minimal length of 10 cm. For detection, a
combination of monitoring on a UV lamp (model UVGL-58,
UVP Inc., San Gabriel, CA) and the chlorine gas procedure
for the KI-starch reagent39 was used. Analytical HPLC was
performed on a Waters 810 instrument under the following
conditions: 90:10 to 30:70 0.05% aqueous TFA/0.05% TFA in
MeCN, linear gradient over 60 min at 1.0 mL/min (λ ) 254 or
214 nm), on a Microsorb C18 column (Rainin Instruments Co.,
Inc.). All peptides were at least 95% pure. Electrospray mass
spectrometry (ESMS) was done by the University of Oklahoma
Health Sciences Center Molecular Biology Resource Facility
on a PE Sciex Q-STAR Quadropole TOF mass spectrometer
using 50:50 MeCN/H2O with 0.5% AcOH as a solvent.

General Procedure for Peptide Synthesis. Peptides
3a35,36 and 7a37 (Table 1), precursors of the fluorescent peptides
3 and 7, respectively (Tables 2 and 3), were resynthesized for
the purpose of this investigation. We report here the synthesis
of peptides 4a-6a and 8a-10a (Table 1), precursors of the
fluorescent peptides 4-6 and 8-10, respectively (Tables 2 and
3). All peptides were synthesized by the Merrifield solid-phase
method38,39 with the modifications previously described11-13,18

as follows. Boc-Gly resin (0.25 mmol) was converted to the
corresponding protected acyl octapeptidyl resin in eight cycles
of deprotection, neutralization, and coupling with the following
amino acids: position 8, Boc-Orn(2ClZ) or Boc-Lys(2ClZ);
position 7, Boc-Pro; position 6, Boc-Cys(Bzl) or Boc-Cys (Mob);
position 5, Boc-Asn-ONp; position 4, Boc-Gln-ONp or Boc-Thr-
(Bzl); position 3, Boc-Ile; position 2, Boc-Tyr(Bzl); position 1,
Mpr(Meb), HO-Mpr(Bzl), or Mpr(Trt). A 1 M HCl/AcOH
mixture was used in all the deprotection steps,38 except those
involving Boc-Gln in which TFA was employed.40 Neutraliza-
tions were carried out with 10% Et3N/CH2Cl2. All coupling
reactions (except when Boc-Asn and Boc-Gln were involved)
were performed by the DCC/HOBt procedure41 in CH2Cl2/DMF
(9:1, v/v). Boc-asparagine and Boc-glutamine were coupled as
their nitrophenyl esters42 in DMF. The acylpeptide resins were
cleaved by ammonolysis in methanol.43 All of the protected
precursors were purified by the same general method: extrac-
tion or dissolving with warm DMF followed by reprecipitations
with H2O and EtOH/Et2O until judged pure by TLC as
previously described11-13,18 to give the required protected
peptides III-X (Table 4). The physicochemical properties of
all protected peptides III-X are given in Table 4. All protected
peptides III-X were deprotected by the sodium in liquid
ammonia procedure44 as previously described.11-13,18 Prior to
the reduction of peptides III and IV, the S-Trt protecting group
was removed by treatment with 1 M HCl/AcOH and precipita-
tion with ether. All of the resulting disulfydryl compounds
were oxidatively cyclized with K3[Fe(CN)6] using the modified
reverse procedure.45 The free peptides were desalted and
purified by a two-step gel filtration procedure46 on Sephadex
G-15 (eluent 50% AcOH) and Sephadex LH-20 or G-15 (eluent
2 M AcOH). For some peptides an additional purification on
Sephadex G-15 and/or on Sephadex LH-20 with 0.2 M AcOH
as eluent was carried out. The purity of the free peptides 3a-
10a (Table 1) was checked by TLC and by HPLC. Their masses
were confirmed by ESMS. The TLC, HPLC, and ESMS data
and some other physicochemical properties of the free peptides
3a-10a are presented in Table 1.

General Procedure for Coupling of a Fluorophore. The
preparation of the fluorescent peptides 1-11 (Tables 2 and 3)
was performed as described by Tota and co- workers31 with
some modifications. The purification of the fluorescent peptides
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was by one-step gel filtration on Sephadex LH-20 as described
below. Both the fluorescent labeling and purification were
performed in the dark as follows. The precursor free peptide
(10 µM) was dissolved in 1 mL of 0.1 M NaHCO3, the solution
was cooled in an ice bath, and 12 µM 5/6-Flu-OSu (or 5/6-Rhm-
OSu) in 0.5 mL of DMF was added with stirring in two portions
for 30 min. The reaction was incubated for an additional 1 h
at room temperature with continuous stirring, TLC, and pH
(∼8.5) monitoring. The coupling mixture was then subjected
to gel filtration on Sephadex LH-20 (100 × 1.5 cm) eluting with
25% AcOH with a flow rate of 4 mL/min. The desired
fluorescently labeled peptide was eluted in a single peak
(absorbance at 254 nm). Lyophilization of the pertinent
fractions gave the desired [Orn8(5/6-Flu)]VT, [Lys8(5/6-Flu)]-
VT, and [Orn8(5/6-Rhm)]VT analogues 1-11 (Tables 2 and 3)
with yields in the range of 20-40%.

Cell Culture. CHO cell lines expressing the vasopressin
receptor subtypes or the oxytocin receptor were maintained
in Dulbecco’s modified Eagle’s medium supplemented with
10% decomplemented fetal calf serum, 4 mM glutamine, and
500 units/mL penicillin and streptomycin, in an atmosphere
of 95% air and 5% CO2 at 37 °C.

Membrane Preparation. Cells were treated overnight
with 5 mM sodium butyrate to increase receptor expression.47

This treatment does not modify the pharmacological properties
of the receptor. Culture dishes of CHO cells expressing one
receptor subtype were washed twice with PBS without Ca2+

and Mg2+. Lysis buffer (15 mM Tris/HCl, 2 mM MgCl2, 0.3
mM EDTA, pH 7.4) was added, and the cells were scraped,
polytron homogenized, and centrifuged at 100g for 5 min. The
supernatant was then centrifuged at 44000g for 20 min at 4
°C. The pellets were resuspended in buffer A (50 mM Tris/
HCl, 5 mM MgCl2, pH 7.4) and centrifuged a second time at
44000g for 20 min at 4 °C. The pellets were then resuspended
in the appropriate volume of buffer A. The protein concentra-
tion was estimated. The membranes were immediately used
or aliquotted and stored in liquid nitrogen.

Binding Experiments. The affinities of the various ligands
for the vasopressin and oxytocin receptor subtypes were
determined by competition experiments using 200-250 pM
[125I]OTA or 120-180 pM [125I]HO-LVA antagonist for the OT
receptor, 40-60 pM [125I]HO-LVA antagonist for the V1a

vasopressin receptor, and 1-3 nM [3H]AVP for the V1b and V2

vasopressin receptors as radioligands. Nonspecific binding was
determined in the presence of 1 µM unlabeled ligand. The
concentrations of fluorescent ligand varied from 1 pM to 1 µM.
The membranes were used at 0.5-1.5 µg of protein/assay for
competition with iodinated ligands and 5-10 µg of protein/
assay with [3H]AVP. Binding assays were performed at 30 °C
for 1 h. Ligand binding data were analyzed with the computer
program Ligand, and the inhibition constants, Ki, were deter-
mined with a nonlinear least-squares regression from at least
three independent competition experiments (two independent
experiments as concern the V2 receptor) performed each in
triplicate.

Inositol Phosphate Assays. Inositol phosphate accumula-
tion was determined as previously described.48 Briefly, CHO-
OT cells were labeled overnight with myo-[2-3H]inositol (10-
20 Ci/mmol; DuPont New England Nuclear) at a final

concentration of 1 µCi/mL in a serum- and inositol-free
medium. Then the cells were washed twice in PBS, incubated
for 1 h in PBS at 37 °C, and incubated with 10 mM LiCl for
15 min and with or without antagonists at various concentra-
tions. The cells were then stimulated with 10 nM OT for 20
min. The reaction was stopped with perchloric acid, inositol
phosphates were extracted on an anion-exchange column
(Dowex AG1-8, formate form, 200-400 mesh; Bio-Rad) and
collected, and the radioactivity was determined by scintillation
counting. Results are expressed as the amount of IP produced
over the radioactivity contained in the membrane fraction.
Kinact values were determined from three independent concen-
tration-response curves (ligand 1) and from four independent
concentration-response curves (ligands 7 and 10), performed
in triplicate. Kinact was calculated as IC50/(1 + [OT]/Kact), where
IC50 is equal to the concentration of antagonist leading to half-
inhibition of the OT-stimulated cells, [OT] ) 10 nM, and Kact

is the concentration of OT inducing half-maximal stimulation
of total inositol phosphate accumulation (Kact ) 13 nM) in CHO
cells.

Fluorescent Labeling of CHO Cells Expressing the
Human OT Receptor. CHO cells expressing OT receptors
were washed twice with culture medium without fetal calf
serum and incubated at 37 or 4 °C with fluorescent ligand at
a concentration of 10 Ki and with or without an excess of
unlabeled ligand. Then the cells were washed three times,
fixed with 4% paraformaldehyde for 30 min, washed three
times for 10 min with 0.1 M glycine solution (pH 7.4), and
quickly rinsed with PBS. The cells were observed on a Zeiss
axiovert 2 microscope equipped for epifluorescence (excitation
range, 450-495 nm; barrier filter, 515 nm) using a 63-oil
immersion objective. Confocal images were acquired as mid-
cellular optical sections on a Noran Odyssee XL confocal
microscope with a slit of 10 µm and a 63-oil immersion
objective.

Abbreviations

Symbols and abbreviations are in accordance with the
recommendations of the IUPAC-IUB Commission on
Biochemical Nomenclature (Eur. J. Biochem. 1989, 180,
A9-A11) and IUPHAR (Trends Pharmacol. Sci. 2001).
All amino acids are in the L-configuration unless oth-
erwise noted. Other abbreviations: [125I]HO-LVA,
4-HO,3-[125I]PhCH2CO-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-
Arg-NH2; HO-LVA, linear vasopressin antagonist,
4-HOPhCH2CO-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Arg-
NH2; [Lys8(5C-Flu/Rhm)]PVA, [Lys8(5C-Flu/Rhm)] phe-
nylpropionic linear vasopressin antagonist, 4-HOPh-
(CH2)2CO-D-Tyr(Me)-Phe-Gln-Asn-Arg-Pro-Lys(5C-Flu/
Rhm)-NH2; [HO1][Orn8]VT, [1-L-(-)-2-hydroxy-3-thiopro-
panoic acid,8-ornithine]vasotocin; [HO1][Thr4,Orn8]VT,
[1-L-(-)-2-hydroxy-3-thiopropanoic acid,4-threonine,8-
ornithine]vasotocin; [HO1][Thr4,Lys8]VT, [1-L-(-)-2-hy-
droxy-3-thiopropanoic acid,4-threonine,8-lysine]vasoto-
cin; [HO1][Lys8]VT, [1-L-(-)-2-hydroxy-3-thiopropanoic

Table 4. Physicochemical Properties of Protected Peptides IIIa-Xa

TLC, Rfcompd
no. peptide

yield,
%

mp,
°C

[R]D
25, deg

(c ) 1,
DMF) a b c

III Mpr(Trt)-Tyr(Bzl)-Ile-Gln-Asn-Cys(Bzl)-Pro- Lys(2ClZ)-Gly-NH2 61.8 232-33 -22.4 0.63 0.55 0.74
IV Mpr(Trt)-Tyr(Bzl)-Ile- Thr(Bzl)-Asn-Cys(Bzl)- Pro-Lys(2ClZ)-GlyNH2 60.4 235-36 -29.0 0.81 0.67 0.78
V HO-Mpr(Bzl)-Tyr(Bzl)- Ile-Gln-Asn-Cys(Bzl)-Pro-Lys(2ClZ)-GlyNH2 59.8 218-19 -29.6 0.65 0.59 0.80
VI HO-Mpr(Bzl)-Tyr(Bzl)- Ile-Thr(Bzl)-Asn-Cys(Bzl)-Pro-Lys(2ClZ)-Gly-NH2 70.2 222-23 -18.2 0.79 0.65 0.71
VII Mpr(Meb)-Tyr(Bzl)-Ile-Gln-Asn-Cys(Bzl)-Pro- Orn(2ClZ)-Gly-NH2 68.6 236-38 -34.2 0.80 0.67 0.77
VIII Mpr(Meb)-Tyr(Bzl)-Ile- Thr(Bzl)-Asn-Cys(Bzl)- Pro-Orn(2ClZ)-GlyNH2 74.0 236-38 -24.0 0.83 0.67 0.73
IX HO-Mpr(Bzl)-Tyr(Bzl)- Ile-Gln-Asn-Cys(Bzl)-Pro-Orn(2ClZ)-GlyNH2 82.9 226-28 -18.8 0.88 0.69 0.79
X HO-Mpr(Bzl)-Tyr(Bzl)- Ile-Thr(Bzl)-Asn-Cys(Bzl)-Pro-Orn(2ClZ)-Gly-NH2 72.1 227-28 -30.0 0.61 0.59 0.70

a The protected peptides III-X are the immediate protected precursors for the peptides 3a-11a given in Table 1. b Yields are based
on the amino acid content of the resin. c Solvent systems are described in the Experimental Section.
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acid,8-lysine]vasotocin; [Lys8]VT, [8-lysine]vasotocin;
5/6C-Flu, 5(or 6)-carboxyfluoresceinyl; 5/6C-Rhm, 5(or
6)-carboxytetramethylrhodamyl; AcOH, acetic acid; Boc,
tert-butyloxycarbonyl; Bzl, benzyl; Meb, p-methylbenzyl;
CHO cells, Chinese hamster ovary cells; [DH-Pro7]OT,
[dehydroproline7]oxytocin; d[Lys8]VT, [1-deamino,8-
lysine]vasotocin; d[Orn8]VT, [1-deamino,8-ornithine]va-
sotocin; d[Thr4,Orn8]VT, [1-deamino,4-threonine,8-or-
nithine]vasotocin; d[Thr4,Lys8]VT, [1-deamino,4-threo-
nine,8-lysine]vasotocin; DCC, dicyclohexylcarbodiimide;
desGly-NH2,d(CH2)5[D-Tyr2,Thr4,Orn8]VT, desglycina-
mide [1-â-mercapto-â,â- cyclopentamethylenepropionic
acid,2-D-tyrosine,4-threonine,8- ornithine]vasotocin; DMF,
dimethylformamide; ESMS, electrospray mass spec-
trometry; Et3N, triethylamine; Et2O, ethyl ether; HEK
293 cells, human embryonic kidney 293 cells; HOBt,
1-hydroxybenzotriazole; HPLC, high-performance liquid
chromatography; MeCN, acetonitrile; Mob, p-methoxy-
benzyl; 2ClZ, 2-chlorobenzyloxycarbonyl; Mpr, thiopro-
panoic acid; HO-Mpr, L-(-)-2-hydroxy-3-thiopropanoic
acid; ONp, p-nitrophenyl ester; OSu, N-hydroxysuccin-
imide ester; OT, oxytocin; OTA, oxytocin antagonist,
(CH2)5C(S)-CH2CO-Tyr(Me)-Ile-Thr-Asn-Cys-Pro-Orn-

Tyr-NH2; TFA, trifluoroacetic acid; TLC, thin-layer
chromatography; Trt, trityl; Tyr(Me), O-methyl-L-ty-
rosine; d(CH2)5[Tyr(Me)2,Thr4,Orn8,Tyr-NH2

9]VT (OTA),
[1-â-mercapto-â,â-cyclopentamethylenepropionic acid,2-
O-methyl-L-tyrosine,4-threonine,8-ornithine, 9-tyrosy-
lamide]vasotocin; AT, angiotensin; VP, vasopressin; VT,
vasotocin.
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