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Table 1 Agonistic and antagonistic activities of some analogues of arginine-vasopressin 

Agonistic activities 
(unitsmg- 1

) 

Antagonistic activities 
effective dose (nmol kg- 1

) 

Analogue Antidiuretic Vasopressor Antidiuretic Vasopressor 
AVP (ref. 1) 
AVP-acid* 
desGilAVPt 
desGiy9 (NH2 )A VP:j: 
d(CH2 ) 5A VP (ref. 2) 

330±23 382±5 
4.7±0.6 <0.3 
164±4 <0.05§ 60±16 
5.6 ± 1.1 - 0.02§ 

0.03±0.01 0.56±0.11 
0.28±0.04 
0.73±0.07 
0.58±0.04 
0.47±0.04 
0.80±0.08 
0.49±0.11 
0.45±0.02 
0.45 ±0.11 
0.45±0.04 
0.99±0.12 

1a desGiy9 -d(CH2) 5AVPt -0.003§ 
1 b desGiy(NH2)

9 -d(CH2) 5A VPt 0.04±0.01 
2 d(CH2) 5[o-Phe2]V A VP (ref. 6) 
2a desGiy9-d(CH2) 5[o-Phe2]VAVPt 
2b desGiy(NH2 )

9 -d(CH2)s[o-Phe2 ]VA VPt 
3 d(CH2) 5[Tyr(Et)fVAVP (refs 3-4) 
3a desGiy-d(CH2) 5[Tyr(Et)2]V A VPt 
4 d(CH2) 5[D-Tyr(Et)2]V A VP (ref. 5) 
4a 1esGiy-d(CH2 )1[o-Tyr(Et)2]V A VPt 
5 1(CH2 ) 5[o-Phe , Ile4]A VP (ref. 7) 
Sa oesGiy9-d(CH2) 5[o-Phe2

, Ile4]AVPt 

Weak§ 

-0.03§ 

Weak§ 

0.67±0.13 
0.58±0.11 
1.30±0.35 

1.9±0.2 
1.0±0.2 
1.1 ±0.2 
1.8±0.3 

0.46±0.07 
0.66±0.17 1.0±0.1 

Except for A VP-acid, which was purchased from Bachem, all A VP analogues were synthesized in our laboratories by standard methods of 
peptide synthesis either in solution or by the Merrifield solid-phase method18

, as previously described2
-

7
• Details of these syntheses will be reported 

elsewhere. 
*This analogue was originally reported to be an antidiuretic antagonist in vitro and in vivo 13

, but is shown here to be an antidiuretic agonist in 
vivo. 

t This publication. 
:j: Originally obtained by tryptic cleavage of A VP10

, pharmacological properties reported here for the first time. 
§ These analogues showed weak partial agonistic activity in these assays which was inconsistent and not clearly related to dose. Abbreviations: 

A VP, arginine-vasopressin; A VP-acid, deamidoarginine vasopressin or vasopressinoic acid; d(CH2) 5A VP, [1-(/3-mercapto,/3,/3-cyclopentamethyl
enepropionic acid)]arginine-vasopressin; d(CH2)s[Tyr(Etf]V A VP, [ 1-/3-mercapto-{3,{3 -cyclopentamethylenepropionic acid ),2-o-eth yltyrosine, 
4-valine ]arginine-vasopressin; d(CH2),[ D-TJ,r(Et)2]V A VP, [ 1-({3 -mercapto-{3,{3 -cyclopentamethylenepropionic acid),2-o-( o-ethyl)tyrosine, 
4-valine]arginine-vasopressin; d(CH2 ) 5[o-Phe ]VA VP, [1-(/3-mercapto-/3,{3-cyclopentamethylenepropionic acid), 2-D-phenylalanine, 4-valine]ar
ginine-vasopressin; d(CH2) 5[o-Phe2 ,IIe4]A VP, [1-(/3-mercapto-{3,/3-cyclopentamethylenepropionic acid), 2-D-phenylalanine, 4-isoleucine ]arginine
vasopressin (carboxy terminus is Arg(NH2); desGiy, desglycine; desGiy(NH2), desglycinamide (carboxy terminus is Arg(OH)). 

Radiolabelled, photoaffinity or immunogenic covalent ligands 
of A VP receptor antagonists have not been developed to date. 
Such ligands could be useful tools for probing the structural 
characteristics and binding specificities of A VP receptors, 
isoreceptors and for the production of A VP anti-idiotypic anti
bodies. The desglycinamide modification of A VP receptor 
antagonists presents a novel and simple pathway for the synthesis 
of such ligands; by chemical or enzymatic coupling, in solution 
or on a solid support of a desglycinamide analogue via its 
carboxy-terminal COOH group to the amino group of an 
appropriately radiolabelled amino acid, photoaffinity derivatives 
or of suitable haptens. 

Based on the data presented here for the A VP antagonists 
and on the finding that the Gly at position 9 in d(CH2) 5[o-Phe2

, 

Ile4 ]A VP (ref. 7) can be replaced by L- or o-Ala, Ser or Arg, 
with retention of antagonism (unpublished), it is clear that 
position 9 can be either deleted or substituted with a variety of 
other derivatives with retention of potent antagonism. This 
opens up the possibility of incorporating modifications at this 
position which might lead to more potent and/ or more selective 
antagonists for use as pharmacological tools in studies on the 
physiological, pathophysiological and behavioural roles of A VP 
and for potential clinical use. 
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Release of the predicted calcitonin 
gene-related peptide from 
cultured rat trigeminal ganglion cells 
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Calcitonin gene-related peptide (CGRP) is a putative novel 
neuropeptide predicted on the basis of alternative RNA pro· 
cessing events of primary transcripts of the calcitonin gene1

• 

Distinct mRNAs encoding either calcitonin or CGRP are gener· 
ated from the calcitonin gene RNA transcript in what appears 
to be a tissue-specific manner1

'
1

• The predicted peptide has now 
been detected immunocytochemically in discrete regions of the 
central and peripheral nervous systems2 and potent in vivo 
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actions have been reported for centrally and peripherally 
administered synthetic CGRp3, However, so far there is no 
evidence that CGRP is secreted or released by intact cells. Tbe 
present experiments investigated the possible secretion of 
CGRP in vitro using primary dispersed cell cultures of the adult 
rat trigeminal ganglion, which previously has been found to 
contain large amounts of CGRP mRNA (ref. 2). We report 
here that immunoreactive CGRP is spontaneously released by 
cultured trigeminal ganglion cells and that secretion is stimu
lated by incubation in high potassium medium in a calcium
dependent fashion. Chromatographic characterization of the 
secreted CGRP-Iike immunoreactivity (CGRP-LI) isolated 
only one molecular form which appears to be similar or identical 
to the predicted rat CGRP (1-37). 

Trigeminal ganglia were obtained from adult male Sprague
Dawley rats (Holtzman, 200-220 g) and em;ymatically digested 
into dispersed cells using a method previously described4

'
5 (see 

Fig. 2 legend for details). At the time of a secretion experiment, 
all cells appeared healthy and well differentiated. Figure 1 shows 
a fluorescence photomicrograph of a cultured trigeminal gang
lion cell stained using an antiserum against a synthetic analogue 
of CGRP, [Tyr23)CGRP(23-37). In culture dishes prepared as 
described in Fig. 1 legend, a small percentage ( < 1%) of cells 
were reliably stained using a conventional indirect immuno
fluorescence method6

• Cells stained for CG RP-LI were typically 
medium in size, measuring 18-22 IJ.m in diameter, round or 
polygonal in shape, and gave rise to 4-7 processes that branched 
extensively in the area immediately surrounding the cell body. 
Cells stained in culture for CGRP-LI were thus similar in size 
and shape to trigeminal ganglion cells stained in situ 2

, although 
extensive local plexuses of neuronal processes comparable to 
those described here could not be resolved in sections through 
intact ganglia. 

Basal release of CGRP-LI from trigeminal ganglion cells in 
dispersed culture was readily measurable using our radioim
munoassay. Typically, 10-30 fmol of CGRP-LI were released 
per dish during a 60-min incubation period. Depolarization of 
cells by incubation for 60 min in high potassium (59 mM) 
medium typically elicited the release of 90-250 fmol of CGRP
LI per dish ( -30% of total cellular content of CGRP-LI), a 
7-11-fold increase over basal levels. When calcium ion was 
removed from the high potassium medium, the release of 

Fig. I Fluorescence photomicrograph of a cultured trigeminal 
ganglion cell. After 4-6 days in culture, dishes (n = 25, from 
different preparations over a period of 2 months) were fixed for 
15 min in 4% paraformaldehyde and 0.5% glutaraldehyde in bor
ate buffer at pH 9.5. Indirect fluorescence histochemistry was then 
done as described in detail elsewhere6

, usin~ an antiserum raised 
against a synthetic analogue of CGRP, [Tyr2 ]CGRP(23-37), con
jugated to human a -globulin and used at a dilution of 1 : 2,000. 
This serum was preabsorbed with human a-globulin (7.5 ILg ml-1 

). 

Each of the stained processes shown in the photomicrograph could 
be traced to the cell body at the centre. Staining of trigeminal 
ganglion cells was completely blocked by the addition of synthetic 
[Tyr23]CGRP(23-37) or CGRP(l-37) (1 mgml- 1); addition of 
synthetic substance P, somatostatin(l-14), or human calcitonin at 

the same concentration did not influence staining. 

P<0.01 
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Fig. 2 Basal (CTRL) and stimulated (59 mM K+) release of 
CGRP-like immunoreactivity (CGRP-LI) from trigeminal gang
lion cells in primary dispersed cell culture. The calcium (Ca2+) 
dependency of the 59 mM K+ -induced release of CGRP-LI is also 
shown (59 mM K+, no Ca2+). 
Methods: One hundred pairs of trigeminal ganglia were collected 
and dissociated enzymatically for 150 min in sterile siliconized 
spinner flasks using collagenase II (Worthington)4·s. DNAase II 
(3.2 x 103 Kunitz units; Sigma) was added at 40, 95 and 130 min. 
Following dispersion of the tissue, cells were washed, resuspended 
in HEPES-buffered Dulbecco's modified Eagle's medium 
(HDMEM) containing 10% fetal calf serum (FCS) and plated at 
a density of 5 x 106 cells per 60 mm tissue culture dish (Falcon 
3002, previously coated with poly-o-lysine at 20 JLg ml- 1

)

this is equivalent to four trigeminal ganglia per dish. The 
culture medium was changed 3 days after plating to HDMEM + 
5% FCS and secretion experiments were performed the follow
ing day. On the day of an experiment the culture medium was 
aspirated off the dishes and the cells were washed three times with 
2.0 ml HEPES-Krebs-Ringer's-bicarbonate glucose solution 
(HKRBG)4

• Cells were then equilibrated in 1.0 ml HKRBG for 
1 h, followed by a 1 h experimental period in HKRBG with or 
without 59 mM K+. Finally, cells were exposed to high K+ (59 mM) 
HKRBG for 1 h to validate responsiveness. Appearance of cells 
following a secretion experiment was unremarkable. At the end 
of each incubation, the media were collected and placed in glass 
tubes at 4 oc, heated for 5 min at 90 oc, chilled and assayed within 
12 h for CGRP-LI. Synthetic CGRP(l-37) and a C-terminal 
analogue, rryr23]CGRP(23-37), were prepared on. a p-methyl
benzhydrylamine resin as described previously7 and purified using 
preparative scale reverse-phase HPLC8

. Peptide purity was >95% 
as determined by amino acid analysis and analytical reverse-phase 
HPLC. Antisera were raised in New Zealand rabbits to a synthetic 
C-terminal analogue of CGRP, which was first coupled to human 
a-globulin via glutaraldehyde. The final dilution of antiserum was 
1:85,000-100,000. Radiolabelled ligand ([mi-Tyr23]CGRP(23-
37)) was prepared by the chloramine-T method and purified by 
reverse-phase HPLC on a Vydac C-18 column. Standard curves 
were constructed using CGRP(l-37). Antibody complexes were 
precipitated with Pansorbin (Staphylococcus aureus protein A; 
Calbiochem). The minimum detectable dose was 2-4 pg CGRP(l-
37) per assay tube and the 50% effective dose (EDs0 ) of the 
radioimmunoassay standard curve was in the range 45-55 pg 
CGRP(l-37). None of the media used in our cell culture system 
or any of the peptides tested exhibited any cross-reactivity in the 
radioimmunoassay. Statistical comparisons (multiple range tests 
of Dunnett and Duncan) analysed the responses of dishes to test 
substances or control (HKRBG) during the experimental period. 
Numbers in parentheses indicate the number of dishes per treat-

ment group. • P < 0.01. 
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Fig. 3 Reverse-phase HPLC of pooled gel filtration chromatogra
phy samples taken from the zone containing >90% of the recover
able CGRP-LI (see text). Solvents for reverse-phase HPLC were 
0.1% triftuoroacetic acid (TF A) in deionized water (solution A) 
and 0.1% TFA in a mixture of 60% acetonitrile/40% deionized 
water (solution B). Lyophilized sample or synthetic CGRP(1-37) 
was dissolved in 1.5 ml of solution A and 0.5-1.5 ml was applied 
to a Vydac C-18 column (0.46 x 25 em, particle size 5 JJ.m, pore 
size 330 A). Chromatograms were run for 33 min at 20-25 •c in 
conditions of increasing amounts of solution B (see diagram) using 
an Altex gradient liquid chromatograph Model 332. Flow rate was 
1.5 ml min-1 and fractions were collected every 0.5 min into glass 
tubes containing 5 11-l of 10% bovine serum albumin (BSA) in 
H20 . Fractions were lyophilized, reconstituted in assay buffer, 
neutralized with 2M sodium hydroxide and assayed for CGRP-LI. 
Blank runs of injections of solution A were performed before each 
application of sample or synthetic CGRP(1-37). No CGRP-LI 
was detected in any of these collected fractions. Recovery of 
CGRP-LI from samples or synthetic CGRP(1-37) across the 
HPLC column was -70%. When basal or 59 mM K+ medium was 
taken directly for reverse-phase HPLC, using a Vydac or a Waters 
C-18 column (0.46 x 30 em, particle size 10 11-m, pore size 120 A), 
the media from 50 or 25 dishes was first pooled into an equal 
volume of 2 M acetic acid at 4 •c containing 12.5 mM EDT A. The 
acidified medium was then heated at 90 •c for 5 min, cooled to 
4 •c and then partially purified over Bond Elut (Analytichem) 
disposable C-18 cartridges to remove large (>20,000 molecular 
weight) proteins. Samples were then prepared and applied to the 
columns as described above. The arrow on the diagram indicates 

the elution time of synthetic rat CGRP(l-37). 

' 
cc 
~ 

CGRP-LI was attenuated (Fig. 2). Secretion of CGRP-LI by 
cultured trigeminal ganglion cells resembles calcium-dependent, 
high potassium-induced secretion of other peptides in different 
in vitro model systems4

•
5

• Returning cells that had been stimu
lated with 59 mM potassium to culture medium for 18-24 h and 
repeating the experiment the next day demonstrated that cells 
could typically release significant amounts (70-100%) of 
CGRP-LI compared with the previous day. 

Gel filtration chromatography of CGRP·LI released from 
trigeminal ganglion cell cultures depolarized with 59 mM 
potassium medium demonstrated that more than 90% of the 
total CGRP-LI recovered from the column eluted in Ute Kd 
range 0.28-Q.41, with the peak at a Kd of 0.33. Synthetic 
CGRP(l-37) applied to the same column eluted in an almost 
identical manner (>90% CGRP-LI in Kd range 0.33-Q.42, Kd 
peak at 0.38). In both cases only one peak of immunoreactivity 
was observed. No calcitonin-like immunoreactivity was detected 
in the column eluant or in media from cells depolarized with 
59 mM potassium. In other experiments, we combined the frac
tions containing the CGRP-LI peak from gel filtration of 
medium from high potassium-stimulated cells. The pooled 
lyophilisate was then subjected to reverse-phase HPLC and only 
one peak of CGRP-LI was observed, which co-eluted with 
synthetic CGRP(l-37) (Fig. 3). Media from unstimulated 
(basal) and stimulated (59 mM potassium) cultured cells were 
also directly subjected to reverse-phase HPLC (following the 

procedures outlined in Fig. 3) and an identical profile was 
observed. Together, these data provide strong evidence that 
only one molecular form of CGRP-LI is released from our 
cultured trigeminal ganglion cells and that this is very similar, 
if not identical, to synthetic rat CGRP(l-37). 

In summary, our data provide the first direct evidence of 
secretion of CGRP-LI from nervous tissue and support the 
possibility that CGRP may have a role as an extracellular 
modulator. Secretion appears to depend on the availability of 
extracellular calcium, as is expected in secretory systems of 
established physiological significance. Only one molecular form 
of CGRP-LI, apparently identical to the predicted rat CGRP(l-
37), is released. Our observations agree with a previous report 
describing high levels of CGRP immunoreactivity and CGRP 
mRNA in trigeminal ganglia2 and with studies suggesting a tissue 
specificilj' in the generation of mRNAs encoding calcitonin or 
CGRP1

• . Furthermore, the data support the possibility that 
alternative RNA processing mechanisms are a biologically sig
nificant means of increasing the diversity of extracellular regula
tory molecules. 
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An ideal vacine does not yet exist to prevent cholera, a sig· 
nificant health problem in many less developed countries. .Vibrio 
claolerae, the agent of epidemk and endemic cholera, colonizes 
the small bowel and secretes a potent enterotoxin that consists 
of a single A subunit, which stimulates adenylate cyclase activity, 
and five identical B subunits which bind to the gangHoside GM1 
receptor of intestinal mucosal ceUs1

• Previous studies in man 
indicate that toxoid-derived antitoxic immunity by itseU is 
insufficient to provide effective, long-lasting protection against 
cholera~. Using recombinant DNA techniques we have now 
constructed a Hve, attenuated V. claolerae strain by deleting 
genes encoding the enterotoxin. Restriction enzyme fragments 
encoding cholera toxin were deleted in vitro from cloned vibrio 
chromosomal DNA and the resulting mutations introduced into 
the chromosome of a vibrio strain of proven immunogenidty. 
Recently, Mekalanos and coworken5 have reported attenaated 
V. clwlerae strains constructed by similar methods. It appean 
that recombinant DNA techniques offer a promising approach 
to the development of effective cholera vaccines. 

Experimental cholera studies in community volunteers at the 
Center for Vaccine Development, University of Maryland, have 
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