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Annetocin, an Annelid Oxytocin-Related Peptide, 
Induces Egg-Laying Behavior in the Earthworm, 
Eisenia foetida 
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ABSTRACT Annetocin, an oxytocin-related peptide which we isolated from the earthworm 
Eisenia foetida, induced a series of egg-laying-related behaviors in the earthworms. These stereo- 
typed behaviors consisted of well-defined rotatory movements, characteristic body-shape changes, 
and mucous secretion from the clitellum. Each of these behaviors is known to be associated with 
formation of the cocoon in which eggs are deposited. In fact, some of the earthworms injected with 
annetocin (>5 nmol) laid eggs. Such egg-laying-related behaviors except for oviposition were also 
induced by oxytocin, but not by Arg-vasopressin and some other bioactive peptides isolated from 
E. foetida. Furthermore, annetocin also induced these egg-laying-like behaviors in the leech 
Whitmania pigra, but not in the polychaete Perinereis vancaurica. These results suggest that 
annetocin plays some key role in triggering stereotyped egg-laying behaviors in terrestrial or fresh- 
water annelids that have the clitella. o 1996 Wiley-Liss, Inc. 

About fifteen species of peptides of the oxyto- 
cin-vasopressin superfamily have been identified 
in vertebrates and invertebrates. Although the 
peptides of this superfamily have been extensively 
studied in vertebrates, the invertebrate peptides 
have not been reported until quite recently. The 
invertebrate peptides of this superfamily so far 
reported are as follows: conopressin G and 
conopressin S isolated from the gastropod mol- 
luscs, Conus geographus and C. striatus (Cruz et 
al., '87), respectively, Arg-vasopressin-like diuretic 
hormone of the insect, Locusta migratoria (Proux 
et al., '87), and cephalotocin from the cephalopod 
mollusc, Octopus vulgaris (Reich, '92). However, 
little is known about the physiological role of these 
invertebrate oxytocin-vasopressin-related peptides 
except for the diuretic action of the antiparallel 
homodimer of the Locusta peptide (Picquot and 
Proux, '90) and modulatory effect of conopressin G 
on gill behaviors in Aplysia californica (Martinez- 
Padr6n et al., '92). 

In annelids, oxytocin-like immunoreactivity has 
been detected in all ganglia of the earthworm, 
Pheretima hilgendorfi (Kinoshita and Kawashima, 
'86), and in the sex segmental ganglia of the three 
species of leeches, Theromyzon tessulatum, Hirudo 
medicinalis, and Erpobdella octoculata (Salzet et 
al., '93). Recently, we isolated and chemically iden- 
0 1996 WILEY-LISS, INC. 

tified an oxytocin-related peptide, annetocin, from 
the oligochaete, Eisenia foetida, which stimulated 
the gut and nephridial movements in the earth- 
worm (Oumi et al., '94; Ukena et al., '95a). Since 
annetocin had an excitatory effect on the nephridial 
pulsatory movement, we suggested at first that it 
might participate in the regulation of water bal- 
ance (Oumi et al., '94). However, no direct evi- 
dence for the activity on water balance has been 
obtained at present. In some vertebrates, oxyto- 
cin and vasotocin are known for their participa- 
tion in reproductive events such as parturition and 
egg laying. 

It is well known that most species of earth- 
worms and leeches exhibit stereotyped behaviors 
to form cocoons for egg laying (Barnes, '87; Grove 
and Cowley, '26; Nagao, '57), as schematically il- 
lustrated in Figure l. 

Here we report the possible involvement of 
annetocin in induction of egg-laying behaviors in 
E. foetida and the leech Whitmania pigra. 
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Fig. 1. Schematic illustration of egg-laying behavior of 
earthworms and leeches. (A) Both ends of the clitellum are 
constricted; (B) the cocoon membrane is secreted from the 
clitellar glands; (C) nutritious substance is secreted into the 
space between the cocoon membrane and the clitellum, and 
then eggs are deposited into the cocoon; (D) the cocoon is 
slipped forward over the anterior end of the animal (Barnes, 
'87; Grove and Cowley, '26; Nagao, '57). 

MATERIALS AND METHODS 
Animals 

The lumbricid earthworms, E. foetida, were pur- 
chased from a fishing-bait store and kept in wet 
compost at 25°C. The animals weighing 0.35-0.55 
g were grouped into two populations; one was a 
population of sexually active animals that had con- 
spicuously swelling clitella, and the other was a 
population of sexually inactive animals that had 
no visible clitellum. 

The fresh-water leeches, W. pigra, were collected 
at the paddy fields in Higashi-Hiroshima City, Ja- 
pan (in June and July, 1994). They were kept in 
an aquarium with dechlorinated tap water at  25°C 
and fed with the fresh-water pulmonate snails, 
Austropeplea ollula. The leeches were grouped into 
three populations: sexually active adult animals 
(1.5-2.5 g) with conspicuous clitella (in early July, 
spawning season), sexually inactive adult animals 
(1.5-2.5 g) without visible clitella (in late Septem- 
ber, non-breeding season), and immature animals 
(0.5-0.7 g) without clitella. Animals weighing 0.7- 
1.5 g were not used in the present experiments. 

The polychaetes, Perinereis vancaurica, were 
purchased from a fishing-bait store and kept in 
artificial seawater (ASW) at 25°C. Animals weigh- 
ing 1.3-1.6 g were used in the experiments. 

Injection experiments 
Different amounts of annetocin dissolved in 5 

p1 each of physiological saline (see below) were 
injected into the coelom of E. foetida at the me- 
diodorsal body wall. For comparison, the animals 
were also injected with oxytocin, Arg-vasopressin, 
and other bioactive peptides isolated from the 
earthworm E. foetida in our laboratory (Table 1). 
The earthworm peptides have excitatory (GGNG- 
2, ETP, S-Iamide) or inhibitory (EIPP-2) effects 
on spontaneous contractions of the earthworm gut. 
Ten microliters of the solution of annetocin was 
injected into W. pzgra (5 pl for immature animals) 
and I? vancaurica in the same manner as in E. 
foetida. Control animals received injection with 
the same volume of physiological saline. The ani- 
mals were placed on plastic Petri dishes (filled 
with ASW in the case of €? vancaurica) a t  25"C, 
and their behaviors were observed and recorded 
photographically. The latent period was defined 
as the time required for induction of each behav- 
ior after injection. Experiments on leeches were 
carried out during spawning season (early July) 
except for those on sexually inactive adult ani- 
mals (late September). Compositions of physiologi- 
cal salines were: 102 mM NaC1, 1.6 mM KC1, 1.8 
mM CaC12, 5 mM Hepes (pH 7.2) for E. foetida; 
115 mM NaC1,4 mM KCI, 1.8 mM CaC12, 10 mM 
Hepes (pH 7.2) for W. pigra (Evans et al., '91); 
and 445 mM NaC1, 55 mM MgC12, 10 mM CaC12, 
10 mM KC1, 10 mM Tris-HC1 (pH 7.6) for I? 
vancaurica (ASW). 

Peptides 
Annetocin, GGNG-2, ETF', S-Iamide, and EIPP-2 

(Table 1) were synthesized with a solid-phase peptide 
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TABLE 1. Primary structures ofpeptides used in this study' 
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Name Sequence References 

Annetocin C ys-Phe-Val-Arg-Am-Cys-Pro-Thr-Gly-NH2 Oumi et al. ('94) 
Oxytocin Cy s-Tyr-Ile-Gln-Asn-Cys-Pro-Leu-Gly-NH2 
Arg-vasopressin 
GGNG-2 Gly-Lys-Cys-Ala-Gly-Gln-Trp-Ala-Ile-His-Ala-Cys-Ala-Gly-Gly-Asn-Gly Oumi et al. ('95) 
ETP Gly-Phe-Lys-Asp-Gly-Ala-Ala-Asp-Arg-Ile-Ser-His-Gly-Phe-NH2 Ukena et al. ('95b) 
S-Iamide Pro-Ser-Lys-Tyr-Val-Arg-Ile-NH2 In preparation 
EIPP-2 Ser-His-Leu-Phe-Val-NH2 Ukena et al. ('96) 

'Two cysteine residues of annetocin, oxytocin, Arg-vasopressin, and GGNG-2 form an S-S bond. 
ETP: Eisenia tetradecapeptide, EIPP-2: Eisenia inhibitory pentapeptide-2. 

C y s-Tyr-Phe-Gln-Asn-C y s-Pro-Arg-G1 y -NH2 

synthesizer (Applied Biosystems 430A, Foster City, 
CA, or Shimadzu PSSM-8, Kyoto, Japan) and puri- 
fied by reversed-phase HPLC (Oumi et al., '94; Ukena 
et al., '95b). oxytocln and Arg-vasopressin were pur- 
chased from Peptide Institute, Inc. (Osaka, Japan). 

RESULTS 
Earthworm, E. foetida 

As shown in Table 2, annetocin (5  nmol or more) 
induced mucous secretion from the clitellum and 
constriction of the body-wall muscles at both ends 
of the clitellum in all sexually active earthworms, 
behaviors which are known to associate with co- 
coon formation. Further, secretion of the cocoon 
membrane and oviposition was observed in some 
cases (Figs. 1 and 2). Constriction of the clitellar 
region was accompanied by some other morpho- 
logical changes in accordance with the description 
of Grove and Cowley ('26) such as elongation of 
several anterior segments of the animals, trans- 
verse expansion of the following segments down to 
the clitellum, and slight elongation of the residual 
segments posterior to  the clitellum. Oviposition 
into the cocoon was observed in three out of ten 
earthworms injected with 10 nmol of annetocin, 

which laid 1, 6, and 28 eggs, respectively. Further, 
one out of ten animals injected with 5 nmol laid 13 
eggs. When eggs were deposited, the cocoon was 
slipped forward over the anterior end of the ani- 
mals. Mucous secretion and clitellar constriction 
started a few minutes after the injection, and the 
cocoon was taken off about 25 minutes aRer the in- 
jection. Most of the sexually inactive animals in- 
jected with 5 nmol characteristically altered their 
body shape, but none of clitellum constriction, mu- 
cous secretion, cocoon membrane formation, or ovi- 
position occurred. The injection of physiological 
saline did not induce any of these responses. 

The injection of oxytocin also induced egg-lay- 
ing-like behaviors excluding oviposition in the 
sexually active animals, but Arg-vasopressin did 
not (Table 3). Injection of GGNG-2, ETP, and 
EIPP-2 did not induce any response in the earth- 
worm. The S-Iamide peptide induced only mucous- 
secreting response which was similar to that 
induced by injection with annetocin (Table 3). 

Leech, W. pigra 
As shown in Table 4, 1 nmol of annetocin in- 

duced a series of egg-laying-like behaviors in most 

TABLE 2. Effects of  annetocin injection on behaviors o f  the earthworm E. foetida 

Number of earthworms 
Earthworms Annetocin (nmol) Total Mucous secretion Constriction Cocoon membrane Oviposition 

Sexually active 10 10 10 10 3 3 
5 10 10 10 3 1 
2.5 10 10 5 0 0 
0.5 10 9 0 0 0 
0.25 10 5 0 0 0 

Saline 10 0 0 0 0 
Sexually inactive 5 10 0 8' 0 0 

Saline 5 0 0 0 0 
Latent period (min, mean 2 S.D.) 3.4 2 1.9 3.4 2 2.0 (Cocoon deposition) 

'Characteristic alteration of body-shape except for clitellum constriction. 

(n = 44) (n = 33) 23.3 0.9 (n=4) 
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Fig. 2. Effect of annetocih injection (5 nmol) on behaviors 
of the earthworm E. foetida. A to C show the anterior half of 
the same animal. A Control earthworm before the injection. 
B: Four minutes after the injection. C: Ten minutes after the 
injection. This animal did not lay eggs. D: The earthworm 
which laid eggs, and the cocoon was being slipped forward. 
Bar = 10 mm. 

of sexually active or inactive adult leeches (Figs. 
1 and 3), which corresponded with the descrip- 
tion of Nagao ('57): remarkable constriction of both 
ends of the clitellum (about 15 minutes after the 
injection), accordion-like movement of the clitel- 
lum (about 20 minutes). secretion of transparent 
yellow-greenish mucus (cocoon membrane) from 
the clitellum (about 35 minutes), and secretion of 
opaque white mucus (nutritious substance) from 
the clitellum (about 50 minutes) (Fig. 3). How- 
ever, no oviposition was observed in the leeches. 
When injected with 1 nmol of annetocin, all of the 
sexually inactive adult animals exhibited constric- 
tion and accordion-like movement of the clitella, 
and some of them secreted the mucus for the co- 
coon membrane. However, nutritious substance 
was never secreted. Most of the immature ani- 
mals injected with 0.5 nnnol exhibited the constric- 

tion and the accordion-like movement of the 
clitellar region, but neither cocoon membrane nor 
nutritious substance was secreted. The injection 
of physiological saline caused no such behavioral 
or morphological changes in any leeches. 

Polychaete, Perinereis vancaurica 
The polychaete seaworm, F! uancaurica, injected 

with 10 nmol of annetocin did not exhibit any be- 
havioral changes at  all. 

DISCUSSION 
Annetocin, an oxytocin-related peptide isolated 

from the earthworm E. foetida, induced a series 
of egg-laying behaviors in the animal, suggesting 
that the peptide plays some principal role in natu- 
ral egg-laying behaviors in E. foetida. In anne- 
lids, bioactive substances inducing egg-laying 
behaviors have not been reported so far. In 
other invertebrate phyla, however, the mollus- 
can peptides, egg-laying hormone (ELH) isolated 
from Aplysia californica (Chiu et al., '79) and 
caudodorsal cell hormone (CDCH) from Lymnaea 
stagnalis (Ebberink et al., '851, are reported to  in- 
duce egg laying in respective animals. Atrial gland 
peptides isolated from A. californica also induce 
the egg laying by causing afterdischarge in the 
bag cells containing ELH (Heller et al., '80). 
However, these molluscan peptides have no 
structural relation to  oxytocin-vasopressin su- 
perfamily peptides. 

The egg-laying behaviors of these animals are 
expressed as stereotyped pattern, which include 
ovulation, egg packaging, oviposition, and related 
behaviors (Joosse and Geraerts, '83). However, it 
has been suggested that some neuropeptides in 
addition to  ELH or CDCH are necessary for in- 
duction of the entire egg-laying behaviors (Scheller 
et al., '83; Vreugdenhil et al., '88). In this connec- 
tion, such multiple neuropeptides involved in the 
stereotyped egg-laying behavior have been known 

TABLE 3. Effects of injection of some peptides on behaviors of sexually active earthworm 

Number of earthworms 

Peptides Quantity (nmol) Total Mucous secretion Constriction Cocoon membrane Oviposition 

Oxytocin 10 9 9 9 1 0 
5 10 9 9 0 0 
2.5 10 8 5 0 0 

Arg-vasopressin 10 9 0 0 0 0 
GGNG-2 5 5 0 0 0 0 
ETP 5 5 0 0 0 0 
S-Iamide 5 5 5 0 0 0 
EIPP-2 5 5 0 0 0 0 
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TABLE 4. Effects of unnetocin injection on behaviors of the leech W. uipra 

Number of leeches 
Nutritious 

Leeches Annetocin (nmol) Total Constriction Accordion movements Cocoon membrane substance 

Secually active 1 13 12 11 11 11 
Adult 0.5 10 9 5 2 2 

0.1 10 1 0 0 0 
Saline 10 0 0 0 0 

Sexually inactive 1 10 10 10 2 0 
Adult Saline 5 0 0 0 0 
Immature 0.5 9 8 5 0 0 

Saline 5 0 0 0 0 
Latent period (min, mean 2 S.D.) 15.5 2 7.9 20.9 * 9.2 36.1 & 10.1 51.1 +. 8.4 

(n = 40) (n = 31) (n = 15) (n = 13) 

to be encoded by single gene or homologous mul- 
tiple genes (Scheller et al., '83; Vreugdenhil et 
al., '88). 

In the present study, oviposition was induced 
in only a part of the earthworm population by in- 
jection of annetocin. In annelids, expression of 
complete egg-laying behavior may also require a 
combination of some peptides as molluscan egg- 
laying behavior. Besides, some prerequisite in ad- 
dition t o  the swelling clitella may be essential for 
annetocin-induced oviposition. In mammals, for 
example, oxytocin-induced parturition requires the 
rapid increase in the number of oxytocin recep- 
tors in the uterus just before the parturition 
(Soloff et al., '79). 

Oxytocin also induced egg-laying-like behaviors, 
but Arg-vasopressin did not. We have observed 
similar relations in activities on the earthworm 

Fig. 3. Effect of annetocin injection (1 nmol) on behav- 
iors of the leech W. pigru. A to C show the same animal. A 
Control leech. B: Forty minutes after the injection. C: Sixty 
minutes after the injection. Cocoon membrane and white nu- 
tritious substance can be seen (C). Bar = 10 mm. 

gut-annetocin, oxytocin, and vasotocin stimu- 
lated spontaneous contraction of the gut of E.  
foetida, while Arg-vasopressin did not (Ukena et 
al., '95abwhich we speculated would be impor- 
tant for exertion of the actions whether the resi- 
due at the third position is aliphatic or aromatic. 
The same viewpoint appears to be applicable to 
the activity on egg-laying behaviors in the present 
study. In mammals, the only difference in the 
amino acid residue at the third position between 
Arg-vasopressin (Phe) and vasotocin (Ile) speci- 
fies the action of the peptide, that is, hydromineral 
regulation or reproduction (Acher, '78, '80). Thus, 
regulation of gut movement and reproductive 
events like egg laying in the earthworms may 
require the aliphatic residue at the third posi- 
tion of the peptides as in annetocin, oxytocin, 
and vasotocin. 

In the leech W. pigra, annetocin also induced a 
part of egg-laying-like behaviors. Although oxyto- 
cin-like peptides have not been isolated from 
leeches, oxytocin-like immunoreactivity has been 
detected in the sex segmental ganglia of the three 
species of leeches, Theromyzon tessulatum, Hirudo 
medicinalis, and Erpobdella octoculata (Salzet et 
al., '93). It is likely that some oxytocin-related pep- 
tide is also present in leeches and involved in in- 
duction of egg-laying behaviors. 

In the present study, it was found that annetocin 
triggered a series of egg-laying-related behaviors 
in the earthworms and leeches. Further study is 
needed to understand physiological and biochemi- 
cal aspects of the mechanisms underlying annetocin- 
induced egg-laying behavior in annelids. Especially 
it remains to  be solved how such homologous be- 
haviors (egg-laying and parturition) and structur- 
ally related peptides (annetocin and oxytocin) have 
been conserved between annelids and mammals 
in spite of their long evolutional distance. 
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