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Glucagon-like peptide isolated from the eel intestine: effects on atrial beating
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Summary

A new glucagon-like peptide was isolated from the enhanced the intracellular C&* concentration of the
intestine of the eel Anguilla japonica The primary myocardium. The contractility of the eel atrium was
structure was determined by sequence analysis after greatly reduced after omitting C&* from the bathing
cleavage with lysyl endopeptidase, quantitative amino acid medium or after treatment with verapamil, a Ca&*
analysis and fast atom bombardment mass spectrometry channel blocker. After inhibiting Ca2* entry under these
as HSQGTFTNDYI0SKYLETRRAQ 2°DFVQWLMNSK 30-  conditions, the inotropic effect of eOXM was markedly
RSGGPT. Since its structure is similar to that of reduced, but the chronotropic effect was not altered
oxyntomodulins (OXMs) reported in various vertebrates, significantly. These results indicate that the inotropic
we named this peptide eel oxyntomodulin (eOXM). We effect of eOXM is via a stimulation of Ca* influx but
found that eOXM enhanced the contractile force and the that the chronotropic effect may be independent of
beating rate of the eel atrium in a dose-dependent manner. extracellular Ca2*.

These effects of eOXM were not inhibited by betaxolol, a
B1-adrenoceptor antagonist, indicating that the actions of Key words: eel, oxyntomodulin, intestine, atrial beating, intracellular
eOXM were independent of those of adrenaline. eOXM Cé&*, extracellular C&, Anguilla japonica.

Introduction

Many bioactive peptides have been found in mammaliaand chronotropic actions in the atrium. The inotropism is due
gut, and termed brain-gut peptides. Relatively few, howevetp an increase in intracellular freeaoncentration ([C&]i).
have been isolated from teleost gut (Uesaka et al., 1994a;
Uesaka et al., 1994b; Uesaka et al., 1995; Uesaka et al., 1996),
although the existence of various peptides has been o )
demonstrated immunohistochemically using antisera raised Purification and structural analysis
against mammalian peptides (Elbal and Agulleiro, 1986lsolation of a gut peptide
Rombout et al., 1986; Abad et al., 1987). To clarify the role of Japanese eelAfguilla japonicaTemminck & Schlegel)
gut peptides in teleosts, it is necessary to isolate the gtaken from a commercial source were decapitated and the gut
peptides and to examine their effects on fish organs. excised immediately and stored at —40°C. A boiled-water

We have determined that the eel atrium provides a suitab&xtract of eel gut (361 gwetmass) was prepared following a
bioassay system, because it is both easy to prepare andmsthod previously described (Uesaka et al., 1994a; Uesaka et
sensitive to peptides. The eel atrium can be easily isolated froah, 1994b). The extract was applied to Sep-Pac C18 cartridges
the heart and beats spontaneously for more than 10h (Millipore, Milford, MA, USA). The retained material was
artificial saline. In addition, it has been demonstrated that theluted with 50 % (v/v) acetonitrile containing 10% (v/v) 2-
isolated eel atrium is sensitive not only to adrenaline opropanol and 0.1% (v/v) trifluoroacetic acid (TFA), and the
acetylcholine (ACh) (Yasuda et al., 1996), but also to eetluate was evaporated. The concentrated material was applied
neuropeptide Y (eNPY) (Uesaka, 1996). As a candidateo a column of Toyopearl HW-40F (2.6 8d00cm; Tosoh,
intestinal hormone capable of enhancing atrial beatinglTokyo, Japan) and eluted with 1 mdilcetic acid and 10 %
we have isolated a glucagon-like peptide (HSQGTFTNDY (v/v) 2-propanol at rate of 1.5mlmih Each fraction was
SKYLETRRAQ?DFVQWLMNSK3/RSGGPT) from the eel assayed for its ability to enhance atrial contraction and beating
intestine. This peptide is shown to exhibit positive inotropicrate.

Materials and methods
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Bioactive fractions were pooled and subjected to highebservation). In CH-free Ringer's solution, 3.0 mmoH
performance liquid chromatography (HPLC) separation (LCCaCb was replaced with 4.5 mmol NaCl. After preloading
6AD, Shimadzu, Kyoto, Japan). Retained material was eluteldy 5.9 mN, spontaneous isometric contractions were converted
with a 50min linear gradient of 0%-90% acetonitrileinto electrical signals by a transducer connected to a strain
containing 10 % 2-propanol and 0.1% TFA, and each fractioamplifier (6M82, Sanei) and these were recorded using an
was bioassayed. The active fractions were applied to a CHectric polyrecorder (EPR-10B, Toa, Tokyo, Japan). The
reverse-phase column (TSK ODS-8QTTosoh) and eluted rate of contraction was measured simultaneously using a
with a 100min linear gradient of 15%-35% acetonitriletachometer (type 1321, Sanei). When examining atrial
containing 5% 2-propanol and 0.1 % TFA. The active fractiongontractions in the absence of ZGathe preparation was
were further applied to a cation-exchange column (TSK CM#lushed twice with a Ga-free Ringer’s solution.
5PW, Tosoh) and eluted with a 35min linear gradient of The effects of adrenaline (Sigma Chemical, St Louis, MO,
0-0.35molt! NaCl in 10% 2-propanol and 20mmoll USA), betaxolol (Mitsubishi Kasei, Tokyo, Japan) and
phosphate buffer (pH 6.8). The bioactive peak wawerapamil HCI (Wako Pure Chemical, Osaka, Japan) were also
rechromatographed on the C18 reverse-phase column (TS#amined.

ODS-80Tv) with a 50min linear gradient of 24%—34%

acetonitrile containing 5% 2-propanol and 0.1% TFA. Final Measurement of intracellular free €aconcentration
purification was performed using the same column under [C&*]; in the myocardium was measured as described
isocratic conditions, as shown in Fig. 1A, to give a single pealgreviously (Uesaka, 1996). Briefly, the isolated atrium was cut

El-14. into pieces in Ringer’'s solution and treated with collagenase
_ (Lmgmil; Wako Pure Chemical) in the same solution for 1 h
Structural analysis at room temperature. After rinsing with Ringer’s solution, the

The amino acid composition of the isolated peptidepartially dispersed tissue was incubated with Calcium Green-
was determined by precolumn derivation  with 1 acetoxymethyl ester (Bnoll~1; Molecular Probes, Eugene,
phenylisothiocyanate using a PICO-TAG amino acid analysi®R, USA) and with Pluronic F-127 (0.05%, Molecular
system (Millipore). The sequence of the N-terminal 32 residueBrobes) as a surfactant for 40 min. The atrial cells were stuck
was determined directly by automated Edman degradatioonto a glass slide using coverslips, and mounted in a small
using a gas-phase sequencer (PPSQ-10, Shimadzu). Tétamber on the stage of an inverted microscope (Axiovert 135
sequence of residues 32—36 was determined after cleavage WMV, Zeiss, Tokyo, Japan) and superfused with normal
lysyl endopeptidase; a small sample (approximately 30 pmoRinger’s solution. The fluorescent signal from Calcium Green-
was treated with 0.1 moi} Tris-HCI (pH 9) and 2molft urea 1 was recorded with a laser scanning confocal imaging system
for 6h at 37 °C. The molecular mass of the entire molecule wa$/RC-600, Bio-Rad, Tokyo, Japan; dichroic reflecter 510LP;
obtained by fast atom bombardment mass spectrometry (JMXmission filter 515LP) equipped with a Kr—Ar laser (5470K,
HX110A, Jeol, Tokyo, Japan). A search for homologoudon Laser Technology, Salt Lake City, UT, USA; 488 nm for
sequences was performed with the Protein Informatioexcitation). The intensity of the fluorescence was expressed in
Resource database (National Biomedical Research Foundati@mbitrary units ranging from 0 to 255.

Washington, DC, USA).
Statistical analyses
Measurement of biological activity in the eel atrium Data are reported as means&m. N represents the number

Japanese eels, weighing approximately 2209, were kept of preparations. The statistical significance of difference
sea water (20 °C) for more than 1 week. After decapitation, thieetween means was examined using a Mann—Whith&st.
heart was rapidly excised and the atrium was isolated on ic&he null hypothesis was rejected f+0.05.

It was then tied with two cotton threads and connected to a
force transducer (type 451996, Sanei, Tokyo, Japan). The

details of this procedure have been described previously o Results 3 _
(Uesaka, 1996; Yasuda et al., 1996). The isolated eel atrium Characterization of the purified peptide
was bathed in artificial saline consisting of (in mm¥t1118.5 Fig. 1A shows the final purification profile of the peptide,

NaCl, 4.7 KCI, 3.0 CaG] 1.2 MgCh, 1.2 KHPQy, 24.9 temporarily given the name EI-14, and Fig. 1B shows the
NaHCQ; and 10 sodium lactate, bubbled with a 95%5@6  biological activity of this peptide. It is clear that EI-14 gave a
COz gas mixture (pH 7.4) at room temperature (24-28°C)single peak (Fig. 1A), indicating the homogeneity of the
Although the pH of fish blood is approximately pH 7.9,peptide. When EI-14 was applied to eel atrium, both the
equilibrated with 0.5% Cg&(Farrell, 1984), experiments in the contractile force and the beating rate increased gradually after
present study were usually performed in the presence of 5&blatent period (Fig. 1B). The sequence of El-14 was analysed
COz for convenience, since we have established that the effedisice. The first trial gave the N-terminal 32 residues, although
of adrenaline, ACh, eNPY and eel oxyntomodulin (eOXM)the detection of A and Tr@® was scanty (Table 1). The
were similar in the presence of 5% £@H 7.4) and 0.5% second trial confirmed the existence of ¥ragnd Tr®, while

COz (pH 7.9) (T. Uesaka and M. Ando, unpublishedArg3! and Set were obscure. Combining these results, the
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A El-14 to be the C-terminal fragment of EI-14. We concluded,
13 therefore, that the entire sequence of El-14 is HSQGTF-
TNDY10SKYLETRRAQ?DFVQWLMNSK30RSGGPT. This
conclusion was supported by quantitative amino acid analysis
and molecular mass spectrometry.

Table 2 shows the amino acid composition of El-14, which
was almost identical to that expected from the sequence
analysis described above. The relative molecular magsot
El-14 (4207+1) was almost identical to that predicted from the
sequence M=4207). To identify the structure, a peptide
consisting of the 36 amino acid residues was synthesized using
. the sequence result. Fig. 2 compares the synthesized peptide
i X L L — (S) with native EI-14 (N) on the same HPLC. The retention
0 10 20 30 40 time of the synthesized peptide was identical to that of the
native El-14 in both reverse-phase and cation-exchange HPLC.
When a mixture of native and synthesized peptide was applied,
only a single peak was observed with both types of HPLC.

Absorbance at 215 nm

Time (min)

86 beatsmin
—

Effects of EI-14 on atrial beating

The isolated eel atrium continues to beat spontaneously at a
constant rate for more than 10h in artificial saline. The basal
atrial contractile force was 1.9+0.2mN and the beating rate
was 60.5+1.9 beatsmih (N=36). When synthesized El-14
(L107mollY) was added to the bathing fluid, both the
contractile force and the beating rate increased gradually as in

1 min the case of the native El-14 (Fig. 1B). This increase in both the
El-14 force and the contraction rate were concentration-dependent,
Fig. 1. Final HPLC purification of El-14 obtained from eel gut. With & threshold of 1@moll™* and a maximal effect at
(A) The active fraction obtained by chromatographic steps wa8*10“mollt (Fig. 3). Similar enhancements in both the force
subjected to reverse-phase HPLC (TSK ODS8@®dlumn) and and the rate were observed after blockpgadrenoceptors
eluted isocratically with 26.5% acetonitrile in 5% 2-propanol andwith betaxolol. In the presence of betaxolol €lifol I71), the
0.1% trifluoroacetic acid (pH 2.2). The flow rate was 0.5mf#in  effects of adrenaline were completely abolished, confirming
(B) Effects of purified EI-14 on atrial beating and contractile force. previous results (Uesaka, 1996). Under the same conditions,
however, the synthetic El-14 (Tnoll™1) increased the
contractile force by 2.9+0.4mN and the beating rate by
N-terminal 32 residues of El-14 was determined as HSQGT24.0+3.3 beats mih (N=6, P<0.01).
FTNDY10SKYLETRRAQ*®DFVQWLMNSK30RS (Table 1).

After digestion of El-14 with lysyl endopeptidase, three Effects of EI-14 on the intracellular free €aconcentration
peptides were obtained. Of these three peptides, two containedCa?*]i showed spontaneous oscillations in the eel atrium
fragments of the above 32 residues; HSQGTFTNDYSKYLET(Fig. 4), with an oscillatory frequency of 20-30 cyclesThin
and AQDFVQWLMNS. However, another peptide had theAfter application of synthetic El-14, the peak level of
sequence (R)(S)GGPT (Table 1). Comparing this sequen¢€a2']; doubled, but the frequency tended to decrease (to
with the result of the second trial, this peptide was consideretB—25 cycles mint).

=

64 beats min--——

0.2mN

Table 1.Amino acid sequence of EI-14

Amino acid residue
5 10 15 20 25 30 35

N-term-1 HSQGTFTNDYSKYLETR(R)AQDFVQW)LMNSK R S
N-term-2 HSQGTFTNDYSKYLETR R AQDFVQ W LMNSK(R)(S)GGP
Lys-endo R)Y(SYGGPT

Residues are represented by the single-letter code.

Residues in parentheses denote insufficient levels for detection.

N-term-1 and -2, N-terminal analysis trials 1 and 2, respectively.

Lys-endo shows the sequence of one peptide generated after lysyl endopeptidase digestion.
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Table 2.Amino acid composition of El-14
Asx GIx Ser Gly His Arg Thr Ala Pro Tyr Val Met Ille Leu Phe Trp Lys Cys

Observed 3.0 34 39 33 09 34 39 14 12 19 15 0.8 21 19 ND 20 ND
Expected 4 4 4 3 1 3 4 1 1 2 1 1 0 2 2 1 2 0

Observed values are normalized to Lys=2.0.
Expected values are obtained from the sequence in Table 1.
A dash denotes not detected; ND, not determined.

To determine whether the increase in{Qais due to an oxyntomodulins (OXMs) isolated from a variety of vertebrates
influx of C&* from the extracellular medium or to a release of(Table 3) and since glucagon is processed from the OXM in
Cé&* from intracellular stores, Gain the bathing medium was the mammalian intestine (Plisetskaya and Mommsen, 1996), it
omitted. In the absence of externalkGaoth the contractile is plausible to designate this peptide (El-14) eel OXM
force and the beating rate gradually decreased and the inotrog@XM). Although Conlon et al. (1988) isolated another
effect of EI-14 was markedly reduced (Fig. 5B). A similar OXM-like peptide from European eel pancreas (Conlon et al.,
reduction in the inotropic effect of EI-14 was also observed 988), its sequence is slightly different from that reported in
in the presence of verapamil (Pdnoll™1), a C&* channel our study (see Table 3). It is probable that processing of the
blocker (Fig. 5C). However, the positive chronotropic effectpreproglucagon protein differs between the intestine and the
of ElI-14 was retained after the inhibition of €aentry pancreas, as described by Plisetskaya and Mommsen
(Fig. 5B,C). (Plisetskaya and Mommsen, 1996). Eel oxyntomodulin is

similar to that of alligator gari_gpisosteus spatulgPollock
et al., 1988b) or bullfrogRana catesbeianaPollock et al.,
Discussion 1988a), but differs from that of elasmobranchs, with 73%

The present study determined the primary structure of a neidentity with dogfish $cyliorhinus caniculp (Conlon et al.,
glucagon-like peptide (HSQGTFTNDYSKYLETRRAQX-  1994) and only 58 % identity with ratfishlydrolagus collie)
DFVQWLMNSK30RSGGPT) isolated from the Japanese ee{Conlon et al., 1987). Although the structures are not presented
intestine. The N-terminal 29 residues were identical to the e@h Table 3, Raufman et al. (Raufman et al., 1992) also isolated
glucagon isolated from the European eel pancreas (Conlonteto truncated glucagon-like peptides from paddlefish
al., 1988). Since the structure of the new peptide is similar t@Polyodon spathulaconsisting of 31 amino acid residues, one

A

B
0.09 - 0.09 -
N JL_/
N
[ __AM____L oL /_,j\—/

0.09

o

o
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Fig. 2. A comparison of the chemical
characteristics of native (N) and
synthetic (S) EI-14. (A) Reverse-
phase chromatograms of N, S and
N+S wusing the TSK ODS-120T
column. N, S and N+S were eluted 0.12
with a 50min linear gradient of
20%-30% acetonitrile in 10% 2-
propanol and 0.1% trifluoroacetic

acid. The flow rate was 0.5 mlmih

(B) Cation-exchange chromatograms.

Each peptide was eluted with a 25 min 0 — 0

linear gradierr:t ofI 0-0.3 mot} NaC,;lII 1 L L ; i 1 I I
in 10% ethanol and 20mmad

phosphate buffer (pH 6.7). The flow 0 10 20 0 10 20 %0 40
rate was 0.5 ml mirt. Time(min) Time (min)

Absorbance a215 nm

0.09 N+S
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with 71 % identity and the other 68 % identity to eOXM. With
ar A the exception of the elasmobranch data, the information given
in Table 3 suggests that the N-terminal sequence is relatively
conserved and the C-terminal sequence variable among
©  vertebrates. The N-terminal sequence (glucagon sequence)
may, therefore, be an essential structure for the action of
OXMs in vertebrates.
There is general agreement that glucagon increases cardiac
contractile force and heart rate. Farah and Tuttle (Farah and
Tuttle, 1960) first established the positive inotropic effect of

Increasen atrid contractie force (mN)

o . ' 4 glucagon in a dog heart-lung preparation. Thereafter, the effect
10° 10° 107 10° of glucagon on cardiac contractility was confirmed and

reproduced in anaesthetised animals, isolated heart

0 B preparations and cultured heart cells (Parmley et al., 1968;
Smitherman et al., 1978; Chernow et al., 1986; Iwanij and Hur,

30 F 1987; Mery et al., 1990). There have, however, been reports of

species differences in the response of the heart to glucagon.
Dogs, rats and cats are responsive to glucagon, whereas in

2 guinea pig, rabbit and pig the effect of the peptide has been
questioned (Prasad, 1975; MacLeod et al., 1981; Farah, 1983).

nr The difference in response to glucagon is explained by the
species difference in the endopeptidase that degrades glucagon

0™ L . ) into a miniglucagon [glucagon-(19-29), an active form of

Increasen atrid beatingrate (beatsmin-1)

10° 108 107 106 glucagon] (Pavoine et al., 1991). It has, however, been reported
that the effects of glucagon on arterial blood pressure and heart
rate in rats are smaller than those of glucagon-like peptide-1-
Fig. 3. Concentration-response curve for the effects of syntheti7-36) amide (Barragan et al., 1994). These results suggest that
El-14 on atrial beating. (A) The change in contractile force aftethe C-terminal structure of glucagon-like peptides is also

addition of EI-14 plotted against its corresponding concentratiofmportant for positive inotropic and chronotropic effects on the
(logarithmic scale). The control value before addition of EI-14 Wahaqrt.

14.34+1.95mN N=13). Values are means Ste.m. The_number of The eel glucagon-like peptide (eOXM) has positive
experiments at each concentration is indicated in parentheses.

(B) The effect of EI-14 on atrial beating rate. The control value waén.OtrOpIC and chronotropic effects on the eel a?“‘?m (Fig. 1B,
69.5+6.6 beats mirt (N=13). The sample size is the same as in A. Fig. 5A). Although these effects of eOXM are similar to .those
of adrenaline (Yasuda et al., 1996), eOXM appears to stimulate
atrial beating independently of tifa-adrenoceptors.
In the presence of betaxolol, Bi-adrenoceptor
antagonist, the effects of eOXM remain (present
120 b study), while the effects of adrenaline are completely
blocked, as previously described (Uesaka, 1996).

Eel oxyntomodulin increases [E% in the eel
myocardium (Fig. 4). Similar increases in [Caare
observed after treatment of the eel atrium with
adrenaline or neuropeptide Y (Uesaka, 1996). It is
thus plausible that eOXM enhances contractiity
an increase in [G4];. In the eel atrium, contraction
appears to be induced by entry of2Cdrom the

t extracellular fluid, since atrial contractility is
El-14 (107 mol 1) markedly reduced in C&free Ringer's solution
L ! o oL | or after treatment with verapamil, a €achannel
12 0 300 312 600 612 900 912 plocker (Fig.5). In general, heart contractions in
Time (s) poikilotherms can be induced by an influx of2Ca

Fig. 4. Oscillation of intracellular G& concentration ([CA];) in a region of ~ TOM the extracellular fluid. Electron microscopy of a

the atrial myocardium. The [€4; was determined by measuring the Number of poikilotherm hearts demonstrates both a
brightness of all pixelsN=1200) in the region, and the mean brightness +Sparsity of sarcoplasmic reticulum and an absence of
S.E.M. was obtained. Error bars were all smaller than the size of the symbdfansverse tubules (Santer, 1985). Furthermore,
El-14 (107 mol 1) was applied at time zero. contraction of the amphibian (Bers, 1985) and teleost

[E1-14] (mol I'Y)

130

5 &
o

o o
T T

8

[Ca?*]; (arhitrary urits)
3
T

~
o
T

3
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75 beats mirt

A
59 beats mirt

El-14 (107 mol I'1)

5 5 min - | 0.2mN

55 beats mirt Sl

c 1 min C&free 5er-1|in El-14 (107 mol I}
78 beats mint

5min .
R ARSI AL

—_
Verapami (10° mol I'Y) 10 min El-14 (107 mol I-Y)

Fig. 5. Effects of extracellular €aon atrial beating. (A) Representative control response after treatment with synthetic EI-14 in normal
Ringer’s solution. El-14 (I@ moll~1) was applied during the period indicated by the horizontal bar. (B) Effects of El-14 in the absert®e of Ca
in the bathing medium. Gawas omitted during the period indicated by the horizontal ba*{ftee). (C) Effects of El-14 after pretreatment
with verapamil. Verapamil (f8 mol 1) was applied during the period indicated by the horizontal bar.

Table 3.Primary structure of oxyntomodulin-like peptides in vertebrates

Amino acid residue

Identity
5 10 15 20 25 30 35 (%)
Teleosts
Eel (intestine) HSQGTFTNDYSKYLETRRAQDFVQWLMNSKRSGGPT
Eel (pancrea8)  ------------- Q-MKQ---L--------- N-NSS 75
Alligatorgar - ------------- D------------ ST----- | - 89
(pancreas)
Elasmobranchs
Dogfish (pancrea8) --E----S----- MDN---K------- ST--N- 73
Ratfish (pancrea) -TD-1-SS------ DN--TK------ LST--N-AN- 58
Amphibians
Bullfrog (pancread) ------- S------ DS---mmmmimee e IS 86
Mammals
Pig (intestine ~ ------- S------ DS------------ T--NKNNIA 73
Human (intestind) ------- S------ DS------mmmn--- T--NRNNIA 73

The organs from which the peptides are derived are given in parentheses.
Residues are represented by the single-letter code.

Dashes indicate residues identical to eel oxyntomodulin.

Levels of sequence identity are indicated on the right.

aPresent study’Conlon et al., 1988Pollock et al., 1988 Conlon et al., 1994£Conlon et al., 1987Pollock et al., 1988&#Bataille et al.,
1982;hBataille et al., 1981.
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(Driedzic and Gesser, 1988) ventricle appears to be relativelyMeyerhoff, J., Beardsley, D., Lake, C. R. and Holaday, J. W(1986).

insensitive to ryanodine, a blocker of the sarcoplasmic GIu_cago_n: endogrine gffects and calcium involvement in cardiovascular
. 2+ rel M directly. M tal (M tal actions in dogsCirculation ShockL9, 393-407.
reticulum Ca" release. More direc y, Mery et al. ( eryetal., Conlon, J. M., Dafgard, E., Falkmer, E. and Thim, L.(1987). A glucagon-

1990) demonstrated, using a patch-clamp technique, that theike peptide, structurally related to mammalian oxyntomodulin, from the

Ca2* current is increased by glucagon in frog and rat Ppancreas of a holocephalan fisdydrolagus colliei Biochem. J.245
. L 851-855.
ventricular myocytes. It is likely therefore, that eOXM Conlon, J. M., Deacon, C. F.. Hazon, N., Henderson, I. W. and Thim, L.

enhances C4 influx, enhancing [C#];, which enhances the  (1988). Somatostatin-related and glucagon-related peptides with unusual
contractile force of the eel atrium. However, the chronotropic Structural features from the European deiduilla anguillg. Gen. Comp.

. . Endocrinol.72, 181-189.
effect of eOXM is still present after éaentry has been Conlon, J. M., Hazon, N. and Thim, L(1994). Primary structures of peptides

inhibited with C&*-free solutions or verapamil. This indicates  derived from proglucagon isolated from the elasmobranchSigfiiorhinus
that the chronotropic effect of eOXM is independent of canicula Peptidesls, 163-167.

. . . Driedzic, W. R. and Gesser H.(1988). Differences in force—frequency
+
extracellular C#&. Eel oxyntomodulm m|ght stimulate relationships and calcium dependency between elasmobranch and teleost

beating rate by increasing levels of other intracellular heartsJ. Exp. Biol.140, 227-241.
mediators, such as cyclic AMP. The fact that the oscillation&!Pal. M. T. and Agulleiro, B. (1986). An immunocytochemical and ultra-

. 4. . . structural study of endocrine cells in the gut of a teleostSigarus auratus
in [C&']i are much slower than the beating rate in our L. Gen. Comp. Endocrinobd, 339-354.

preparations may be because of damage to the pacemaker cedianh, A. E. (1983). Glucagon and heart. Handbook of Experimental

by Collagenase and/or Pluronic F-127. Pharmacologyvol. Il (ed. P. Lefevre), pp. 553-609. Berlin: Springer-Verlag.

. . Farah, A. E. and Tuttle, R.(1960). Studies of the pharmacology of glucagon.
Eel oxyntomodulin may act as a hormone, being produced’; 5, imacol. Exp. Thi29, 49-55.

in the intestine and targeted to the heart. It is not known wharrell, A. P. (1984). A review of cardiac performance in the teleost heart:

triggers release of eOXM from the intestine, but a recené if:trinfic Ffmd I:jurgora}l re'\g/llulgtio(nltggs;. éloolez, 523_536£‘d tor of
. . . . . orte, L. R. an urrie, M. G. . Glucagon: a peptiae regulator o
finding in the rat small intestine is of value for reference. epithelial transportEASEB J9, 643-650.

When the lumen of the small intestine is perfused withwanij, V. and Hur, K. C. (1987). Development of physiological
200mmolf!l NaCl Ringer's solution (hyperosmotic), responsiveness to glucagon during embryogenesis of avianbeargiol

. . . . . . 122 146-152.
guanylln (an intestinal peptlde Composed of 15 amino aCIf;ii'[a, T., Kitamura, K., Sakata, J. and Eto, T.(1999). Marked increase of

residues) secretion into the lumen increased threefold, guanylin secretion in response to salt loading in the rat small inteAtine.
accompanied by a slight increase in uroguanylin secretion J- Physiol.277, G960-G966.

. . . . . acleod, K. M., Rodgers, R. L. and McNeill, J. H(1981). Characterization
(K'ta etal, 1999)' Umguanylm is another intestinal pepndé\/' of glucagon-induced changes in rate, contractility and cyclic AMP levels in

of 15 amino acid residues and is considered to be a hormone@solated cardiac preparations of the rat and guinealp@harmacol. Exp.
targeting the kidney and pancreas (Nakazato et al., 1998),Ther. 217, 798-804.

: [ : . . Mery, P. F., Brechler, V., Pavoine, C., Pecker, F. and Fischmeister, R.
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