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Gravity serves two functions: (i) it 
gives calanoids orientational direction at  
night within unlimited uniform space, 
and (ii) it helps to set up a large feeding 
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nen, Eds. (Plenum, New York, 1975), vol. 2, pp. 
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tion, during sinking, as  gravity receptors 
(27). A neutrally buoyant animal (28), 
unable to orient itself, persistently exe- 
cutes escape movements, uses up all its 
energy (29), and dies. During a feeding 
bout the animal does not sink. It uses its 
relative weight to  create a strong feeding 

-,, " . A ,  

F. Ruttner, Grundiss der Limnologie (de 
Gruyter, Berlin, 19621, pp. 127-135; see also 
Hutchinson in (23), pp. 245-305. 
Barrientos (18) found higher sophisticated sen- 
sor arrays in calanoids from nutritionally poor 
waters. Experiments with animals with partially 
or fullv amoutated first antennae are inconclu- 
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ble shear field to perceive its food. The 
extended first antennae serve, therefore, sive bkcaus'e of too high food levels [M. M. 

Mullin and E. R. Brooks, Limnol. Oceanogr. 12, 
657 (1967); M. R. Landry, ibid. 25, 545 (1980)l. 
R.  F. Lee, personal communication. 
Results were the same with further addition 

not only as  parachutes (30) but also as  
sophisticated arrays of sensors, perceiv- 
ing trajectories of algae, gravity, and of chemicals (28) and observations in darkness 

with a false bottom to prevent surfacing. 
I thank J. C. Andrews, A. A. Benson, J .  S. 
Bunt, D. G. Meyefs, ,M. Mullin, and P. W. 
Sammarco for revlew~ng t h ~ s  report and all 
researchers who are observing copepods in my 
laboratory for discussions. I also thank S. Corr- 
sin for advice. 

approaching predators (31). A case in 
point is the report (32) that Arctic cala- 
noids, which store large amounts of wax 
esters and are, therefore, positively 
buoyant, behave in an upside-down fash- 
ion (33). eptember 1981; revised 16 December 1981 

In summary, negative buoyancy helps 
calanoid copepods to orient and to create 
a large laminar feeding current in which 
the active space around an alga is de- 
formed predictably. Arrays of chemo- 
sensors perceive the trajectory of an alga 
in the feeding current. In selecting the 
flow through the capture area (Fig. 2A) 
from the feeding current, calanoid cope- 
pods maximize encounter rate with al- 
gae. This allows them to survive in nutri- 
tionally dilute environments (I) .  

J. RUDI STRICKLER 
Australian Institute of Marine Science, 
Townsville M.S .O.  (2. 4810, Australia 

Suppression of Ovulation in the Rat by an Orally Active 
Antagonist of Luteinizing Hormone-Releasing Hormone 

Abstract. A synthetic antagonist of luteinizing hormone-releasing hormone 
blocked ovulation in rats in a dose-dependent manner when given by gavage on the 
afternoon ofproestrus. Ovulation was delayed for at least 1 day in all animals given 2 
milligrams of antagonist and in some of the animals treated with I or 0.5 milligram. 
Oral administration o f 2  milligrams also blocked the preovulatory surge of luteinizing 
hormone. This demonstration that antagonists of luteinizing hormone-releasing 
hormone can have oral antiovulatory activity clearly enhances their therapeutic 
potential. 
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ability to suppress L H  levels in ovariec- 
tomized rats (Fig. 1). The animals were 
ovariectomized 14 days before receiving 

hindered their clinical use for contracep- 
tion. We now report a potent new antag- 
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I Vehicle I T a single injection of 10 or 100 kg of the 
antagonist and were decapitated at the 
time of injection or up to 30 hours after- 
ward. Concentrations of LH in serum 
were markedly suppressed 1 and 6 hours 
after treatment with either dose (6). 
Twenty-four hours after treatment, se- 
rum LH rose to levels seen in the control 
animals. 

'The potency of this antagonist encour- 
aged us to test it for oral activity also. In 
a second experiment we dissolved vari- 
ous amounts of the antagonist in 40 per- 
cent propylene glycol and saline. Trasyl- 
01, a protease inhibitor (7), was added 
(1000 1.U.lml) in an effort to retard deg- 
radation of the peptide by digestive en- 
zymes (8). One milliliter of antagonist or 
vehicle was then given through a poly- 
ethylene tube inserted into the esopha- 
gus of conscious rats at 1400 hours on 
the day of proestrus. The rats had exhib- 
ited at least three consecutive 4-day cy- 
cles before treatment. The animals were 
deprived of food but not water from 1000 
to 1530 hours on the day of the gavage. 

On the morning of estrus the oviducts 
were examined for the presence of ova. 
All animals given vehicle alone ovulated; 
the antagonist, however, induced a dose- 
dependent blockade of ovulation (Table 
1). Ovulation was blocked in all 11 ani- 
mals given 2 mg and in 7 of 11 animals 
given 1 mg. Even at a dose of 500 kg, the 
antagonist blocked ovulation in 2 of 11 
animals. In a group of six rats given 2 mg 
of the antagonist by gavage on proestrus, 
three animals had ova in their oviducts 
on what would have been diestrus I of 
the next cycle, indicating that ovulation 
was delayed 1 day by the antagonist. 
When the analog was given 1 day earlier, 
at 1400 hours during diestrus 11, all the 
animals ovulated, including those that 
received the 2-mg dose. 

The blockade of ovulation by oral ad- 
ministration of the analog was accompa- 
nied by suppression of the preovulatory 
surge of LH. The 2-mg dose suppressed 
the increase in LH normally seen at 1800 
hours during proestrus in the control 
animals (Fig. 2). Since the antagonist can 
block ovulation when given as late as 
1400 hours on proestrus, it appears to be 
quickly absorbed and fast-acting. This 
time span is consistent with the interval 
between oral administration of LH-RH 
agonists and the subsequent increase in 
LH (9). 

From the minimum amount of paren- 
terally administered antagonist needed 
to induce total blockade of ovulation 
(- 5 pg per rat), it appears that less than 
1 percent of the antagonist is absorbed 
when given orally. Accordingly, the 
amount given by gavage was relatively 

800. Vehicle 

Antagonist 

0 6 

Hours after injection of antagonist 

Fig. 1. (Left) Suppression of LH in ovariectomized rats 
injected subcutaneously with [N-acetyl-D-p-chloro- 
Phe12Z,~-Trp3,~-Arg6,~-Ala'O]-LH-R~ (10 or 100 pg) in 40 
percent propylene glycol and saline. The animals were O J- 

decapitated at the times specified and blood from their 1500 1600 1700 leoO 
trunks was analyzed for LH content by radioimmunoassay. Hour of proestrus 

Results are expressed in terms of NIH standard LH-RPl. Each data point represents the mean 
* standard error for four determinations. Serum LH was significantly higher after 6 hours in 
animals injected with the vehicle than in animals given antagonist (P < .05). Fig. 2. (Right) 
Blockade of preovulatory surge of LH in proestrous rats by oral administration (gavage) of 2 mg 
of [N-acety~-~-~-chloro-Phe'~~,~-Tr~~,~-~rg~,~-Aa'~]-LH-RH at 1400 hours. The animals 
were fasted from 1000 to 1530 hours. Each data point is the mean 2 standard error for four 
determinations. Levels of LH were significantly lower at 1800 hours in animals given the 
antagonist than in controls (P < .05), indicating that the antagonist suppressed the preovulatory 
surge of LH. 

large. However, the finding that antago- 
nists of LH-RH have antiovulatory ef- 
fects when given orally is important. It is 
likely that more potent oral antagonists 
of LH-RH will be developed. Since 
known LH-RH antagonists contain so 
many dextrorotatory amino acids, enzy- 
matic degradation should be severely 
retarded (10). Moreover, it may be possi- 
ble to protect the antagonist further and 
facilitate absorption by changing the 
conditions of oral administration, as by 
using other carriers or encapsulating the 
peptide in liposomes (11). 

The proven efficacy of LH-RH antago- 
nists given orally may have far-reaching 
implications. In addition to serving as 
contraceptives, these substances may be 

Table 1. Oral antiovulatory activity of [N- 
acetyl-~-p-chloro-Phel~~,~-Trp~, ~-Arg~,~-Alal ']-  
LH-RH in rats. Different amounts of the 
antagonist were dissolved in 40 percent pro- 
pylene glycol and 10 percent Trasylol in sa- 
line. One milliliter of antagonist or vehicle 
was given by gavage through a polyethylene 
tube inserted into the esophagus of conscious 
rats at 1400 hours on the day of proestrus. The 
data are compiled from three separate experi- 
ments. 

Dose 
(mglml) 

Num- 
ber 
of 

ani- 
mals 
OVU- 

lating 

Number 
of ova 

Per 
ovulat- 
ing rat 

(mean ? 
standard 

error) 

effective in treating some hormone-de- 
pendent tumors, endometriosis, and pre- 
cocious puberty by lowering the secre- 
tion of LH, follicle-stimulating hormone, 
and sex steroids (I). Recently we showed 
that LH-RH antagonists decrease the 
size of prostate tumors in rats (12). We 
observed a similar inhibition of tumor 
growth in rats with prostate tumors and 
in patients with prostate carcinoma after 
treatment with [ D - T ~ ~ ~ I - L H - R H ,  an ago- 
nistic analog (13). If the oral activity of 
LH-RH antagonists can be increased by 
further synthetic modifications of LH- 
RH, it may be possible to inhibit ovula- 
tion and induce tumor regression by oral 
peptide administration. 

M. V. NEKOLA 
A. HORVATH, L.-J. GE 

D. H. COY, A. V .  SCHALLY 
Tulane University School of  Medicine 
and Veterans Administration Medical 
Center, N e w  Orleans, Louisiana 70112 
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Complete Amino Acid Sequence of Urotensin I, a Hypotensive 

and Corticotropin-Releasing Neuropeptide from Catostomus 

Abstract. Urotensin I, purij7ed from extracts of the urophpsis of a teleost fish 
(Catostomus commersoni), exhibits potent hypotensive activity (mammals and birds) 
and corticotropin-releasing activity (both fish and mammals). The primary structure 
of this 41-residue peptide was determined to be H-Asn-Asp-Asp-Pro-Pro-Ile-Sedle- 
Asp-Leu-Thr-Phe-His-Leu-Leu-A~.g-Asn-Met-Ile-Glu-Met-Ala-Arg-Ile-Glu-Asn-Glu- 
Arg-Glu-Gln-Ala-Gly-Leu-Asn-Arg-Lys-Ty- Extraction with 
O.1N HCl at 1OO"C cleaves the amino-terminal tripeptide, yielding a fully active 
analog, urotensin I (441) .  The amino acid sequence was conjirmed by measuring the 
biological activity of synthetic urotensin I(4-41j. Urotensin I exhibits a striking 
sequence homology with ovine corticotropin-releasing factor and with frog sauva- 
gine. These three peptides exhibit similar activities in biological test systems. 

The name urotensln and the defini- 
tions of the activities of urotensin I to 
urotensin IV were proposed (I) after the 
purification of a number of fish urophys- 
eal peptides that have potent effects on 
smooth muscle (2). Urotensin I (U1), a 
neuropeptide isolated from the urophysis 
of the teleost Catostomu.r commersoni 
(white sucker), has mild vasopressor ac- 
tivity in fish and other cold-blooded ver- 
tebrates. In contrast, the action of U1 in 
mammals is of particular interest be- 
cause of its uniquely selective vasodila- 
tory, hypotensive activity (3). During the 
course of our work on the structure of 
U1, Vale et a / .  (4) described the amino 
acid sequence and biological properties 
of ovine corticotropin-releasing factor 
(CRF). It  then became apparent to us, 
even at  a preliminary stage of our se- 
quence studies, that U1 is structurally 
similar to ovine CRF and to the related 
frog skin peptide, sauvagine (5). We 
have now determined the complete ami- 
no acid sequence of intact U1 (a 41- 
residue peptide) and of a fully active 

analog, UI(4-41), both of which can be 
obtained from acid extracts of C.  com- 
mersoni urophyses under appropriate 
conditions. Further, we have compared 
the biological activities of naturally oc- 
curring U1 with the activities of synthetic 
U1, ovine CRF, and sauvagine. 

Urotensin I was extracted in 0.1N HC1 
from acetone-dried C.  commersoni uro- 
physes, either with or without a heating 
step. Heating at  100°C for 15 minutes (6) 
led to the extraction of active peptide 
material, which was readily purified by 
the chromatographic procedures but 
proved to be a partially hydrolyzed prod- 
uct [UI(4-41); see below] of the intact 
peptide present in unheated acid ex- 
tracts. Because of the comparatively 
higher yield of peptide from the heated 
extracts, heat treatment was used for the 
preparation of peptide used for most of 
the sequence studies. 

Throughout the purification, UI activi- 
ty was monitored by measuring the de- 
crease in perfusion pressure in the isolat- 
ed rat hind limb assay (7); the U1 activity 
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was expressed in units defined earlier 
(I).  Polyacrylamide gel electrophoresis 
(PAGE) (7.5 percent acrylamide; tris- 
HC1, pH 9.5; staining by Coomassie blue 
R; trichloroacetic acid) was also used as 
a guide for pooling active fractions (8). 

Peptides were isolated from batches 
(500 mg) of acetone-dried urophyses 
(- 2000 urophyses per batch) and puri- 
fied by sequential gel filtration, ion-ex- 
change chromatography, and reversed- 
phase high-performance liquid chroma- 
tography (HPLC) (9). The initial 0 .1N 
HC1 extracts contained 12 t o  23 units of 
UI activity per milligram of protein. Pro- 
tein cantent in extracts and fractions was 
determined with ninhydrin after alkaline 
hydrolysis or by amino acid analysis, 
respectively. 

Urotensin I was isolated as outlined in 
the legend of Table 1. Amino acid analy- 
ses, after SP-Sephadex chromatography 
or HPLC, showed close to integral molar 
ratios for both peptides (Table 1) and, 
together with sodium dodecyl sulfate- 
PAGE (lo), suggested 38 residues for the 
peptide extracted with the heating step 
and 41 residues for the peptide extracted 
without the heating step. 

Edman degradation of U1(4-41) (11, 
12) and of fragment mixtures derived 
from trypsin, Staphylococcus aureus 
protease (SAP), and cyanogen bromide 
(CNBr) cleavage ( I I ) ,  provided a se- 
quence identification for residues 4 to  38 
(Fig. 1). Carboxypeptidases A, B, or Y 
did not release amino acids from the 
carboxyl terminus of U1(4-41), suggest- 
ing a blocked or conformationally 
restricted carboxyl terminus. Tryptic, 
SAP, and CNBr fragments were there- 
fore isolated by HPLC (conditions as 
given in Table 1 but with various aceto- 
nitrile gradients) and characterized by 
amino acid analysis; the resultant frag- 
ments were used to complete the se- 
quence (13). Tryptic digests subjected to 
HPLC yielded two tyrosine-containing 
peptides, a pentapeptide and a hexapep- 
tide containing an additional lysine. Ed- 
man degradation of the hexapeptide gave 
the sequence Lys-Tyr-Leu-Asp-Glu- 
(14). Only valine remained unaccounted 
for from the amino acid analysis on the 
hexapeptide. Valine amide was liberated 
(35 percent yield after HPLC) by SAP 
digestion of UI(4-41) in 0.05M ammoni- 
um acetate, pH 4.0, and identified (15) 
by (i) thin-layer chromatography under 
conditions that separate valine and va- 
line amide [silica-gel 60 F-254 (Merck); 
butanol, pyridine, acetic acid, and water 
(15 : 10: 3 : 6); and ninhydrin] and (ii) hy- 
drolysis (6N HC1 for 20 hours at reduced 
pressure) to valine, identified by amino 
acid analysis (there was no valine peak in 

SCIENCE, VOL. 218, 8 OCTOBER 1982 




