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The vasoactive peptide urotensin II stimulates spontaneous release
from frog motor nerve terminals

'E. Brailoiu, 'G.C. Brailoiu, '"M.D. Miyamoto & *'N.J. Dun

"Department of Pharmacology, James H. Quillen College of Medicine, East Tennessee State University, PO Box 70577, Johnson
City, TN 37614-1708, U.S.A.

1 The effect of urotensin II (U-1I) on spontaneous transmitter release was examined in the frog to see
if the biological activity of this vasoactive peptide extended to neural tissues.

2 In normal Ringer solution, frog and human U-II (fU-II and hU-II, respectively) caused
concentration-dependent, reversible increases in miniature endplate potential (MEPP) frequency, with
hU-II about 22 times more potent than fU-II. hU-II caused a dose-dependent increase in MEPP
amplitude, whereas fU-II caused an increase, followed by a decrease with higher concentrations.

3 Increasing extracellular Ca>" three-fold had no effect on the MEPP frequency increase to 25 uM
hU-II. Pretreatment with thapsigargin to deplete endoplasmic reticulum Ca?* caused a 61% reduction
in the MEPP frequency increase to 25 uM hU-II.

4 Pretreatment with the phospholipase C inhibitor U-73122 caused a 93% reduction in the MEPP
frequency increase to 25uM hU-II and a 15% reduction in the increase in MEPP amplitude.
Pretreating with antibodies against the inositol 1,4,5-trisphosphate (IP;) type 1 receptor using
liposomal techniques reduced the MEPP frequency increase by 83% but had no effect on MEPP
amplitude.

5 Pretreating with protein kinase C inhibitors (bisindolylmaleimide I and III) had no effect on the
response to 25 uM hU-II, but pretreating with protein kinase A inhibitors (H-89 and KT5720) reduced
the MEPP frequency increase by 88% and completely abolished the increase in MEPP amplitude.

6 Our results show that hU-II is a potent stimulator of spontaneous transmitter release in the frog
and that the effect is mediated by IP; and cyclic AMP/protein kinase A.
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Introduction

Urotensin II (U-II) is a cyclic peptide first isolated from the
caudal neurosecretory system of teleost fish and subsequently
from frog, rodent and human (see Conlon, 2000). The recent
discovery that U-II may be the endogenous ligand for the
orphan G-protein-coupled receptor GPR14, which has struc-
tural similarity with members of the somatostatin/opioid
receptor family (Ames et al, 1999; Liu et al., 1999; Mori
et al., 1999; Nothacker et al., 1999), has generated a
considerable interest with respect to its biological action(s).
Much attention has been directed toward the vascular effects
of U-II (Nothacker et al., 1999; Douglas et al., 2000). U-II has
been reported to be eight- to 109-fold more potent than
endothelin 1 in certain vessels (Douglas et al., 2000).

In addition to its localization in cardiac myocytes and
certain vascular tissues, prepro U-II mRNA and/or U-II-
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immunoreactivity has been detected in ventral horn motoneur-
ons of the spinal cord and cholinergic cranial motoneurons of
the brainstem of several species, including frog, human and rat
(Chartrel et al., 1996; Coulouarn et al., 1998; Dun et al., 2001).
This suggests that the biological activity of U-II may not be
limited to the heart and vessels and may conceivably extend to
neural tissues. We have examined this possibility by studying
the effect of the peptide on spontaneous transmitter release at
the frog neuromuscular junction.

Methods
Preparation and solutions

Frogs (Rana pipiens), obtained from J.M. Hazen & Co.,
Alburg, VT, U.S.A., were decapitated and rapidly
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double-pithed, and sciatic—sartorius nerve—muscle prepara-
tions isolated. Every effort was made to use the minimum
number of animals required for valid statistical analyses and to
minimize their suffering. All procedures were reviewed and
approved by the University Committee for Animal Care.
Muscles were mounted in a 5-ml Sylgard-lined Petri dish bath,
which was continuously perfused with Ringer solution using a
dual-chambered roller pump. The normal Ringer solution
contained (mM): 110 NaCl, 2.5 KCl, 1.8 CaCl,, 2.0 tris(hy-
droxymethyl)-aminomethane (Tris, to pH 7.2) and 5.6 glucose,
while the 3 x Ca®" Ringer solution contained: 104.6 NaCl, 2.5
KCl, 5.4 CaCl,, 2.0 Tris and 5.6 glucose. Peptides were
dissolved in either normal or 3 x Ca’" Ringer solution to
produce 1 mM stock solutions. Aliquots of 5, 50 or 125 ul were
then rapidly dispensed into plastic microcentrifuge containers
and frozen. Aliquots were thawed within 2 min before use and
(after halting the bath perfusion) delivered locally with a
Hamilton syringe. Thus, the concentration of peptide
delivered was always 1 mM, and differing final concentrations
were achieved by delivering different volumes (5, 50 or 125 ul)
to the bath. U-II (human, lot # 414913 and 420065,
MW =1390.56, and frog, lot # 414960, MW =1519.77) was
obtained from Phoenix Pharmaceuticals, Inc. (Belmont, CA,
U.S.A).

Bisindolylmaleimide I, bisindolylmaleimide III hydrochlor-
ide, thapsigargin (TG), (N-[2-((p-bromocinnamyl) ami-
no)ethyl]-5-isoquinolinesulfonamide, HCI) (H-89) and
KT5720 were from Calbiochem (La Jolla, CA, U.S.A) and
monoclonal antibodies against inositol 1,4,5-trisphosphate
type 1 receptors (anti-IP;R,) were obtained from Research
Biochemicals International (Natick, MA, U.S.A.). All other
agents, including U-73122 and ethylene glyco-bis (f-amino
ethyl ether) tetraacetic acid (EGTA), were from Sigma
Chemical Co. (St Louis, MO, U.S.A)).

Liposomal techniques

Multilamellar liposomes were prepared with 60mgml~' egg
phosphatidylcholine (Sigma, type X-E), as previously de-
scribed (Brailoiu et al., 2001). Agents to be incorporated into
liposomes, that is, anti-IP;R, or heat-inactivated anti-IP;R,
(both 100 ulml1™"), were dissolved in 140 mm KCI solution at
pH 6.9. Liposome batches were dialyzed (Sigma dialysis sacs)
against control Ringer solution (1/600vv~', 150min) to
remove nonincorporated agent, and the Ringer solution
changed every 30min. Liposome suspensions were adminis-
tered by continuous perfusion after 1/20vv~' dilution in
control Ringer solution. Repeated (10 times) heating (75°C for
305s) and cooling (4°C for 1 min) were used to inactivate anti-
IP;R, antibodies (Kim & Lisman, 2001).

Electrophysiologic procedures

Miniature endplate potentials (MEPPs) were recorded using
conventional microelectrode (3M KCI, 5—15MQ resistance)
techniques similar to those previously described (Brailoiu &
Miyamoto, 2000). Selection of recordings was made from
impalements that showed large MEPP size (>0.3mV), good
signal-to-noise ratio (baseline peak-to-peak noise <0.1mV)
and high and stable muscle resting membrane potential
(>-80mV, with <3mV decline during the control period).
Resting potentials ranged between —80 and —90mV in

different fibers. Experiments were conducted at the ambient
room temperature (21 —22°C), and only one continuous single
junction recording was carried out on each muscle. Prepara-
tions were equilibrated for at least 30 min before use. Signals
were fed into a high impedance preamplifier (A-M Systems,
Carlsborg, WA,U.S.A.) and viewed on a R5103N oscilloscope
(Tektronix, Beaverton, OR, U.S.A.). Signal-to-noise ratio was
increased with a band-pass filter (0 — 1 kHz) and boosted for
interfacing with a data acquisition unit with 1 MHz digitiza-
tion frequency (RC Electronics, Goleta, CA, U.S.A.). MEPPs
were recorded with a modified videocassette recorder (AM
Vetter, Rebersburg, PA, U.S.A.) for off-line analysis.

Analysis of data

MEPP amplitudes (100 samples for each time point) were
measured using stored digitized data and a grid template on a
flat screen monitor. A fast sweep speed (2mscm™') was used to
facilitate visual discrimination of MEPP peaks at the higher
frequencies. In the case of overlapping MEPPs, the amplitude
was measured as the point of overlap to the peak signal. This
became problematic at frequencies >50s !, which necessi-
tated approximation in these instances. To minimize the effects
of junction-to-junction variation, data for each experiment
were expressed as percents of values at time zero, and results
from six single experiments averaged (plots show means
+s.e.m.). Analysis of statistical differences was made by
comparing each point with points obtained in control Ringer
(paired Student’s ¢-test and one-way ANOVA) or by compar-
ing points between two curves (paired Student’s z-test), with
P <0.05 indicating significant differences.

Results

Effect of frog urotensin II ( fU-II) in normal Ringer
solution

Superfusion of fU-II (1, 10 and 25uM) to nerve —muscle
preparations produced dose-dependent increases in MEPP
frequency (0, 202 and 283%, respectively) (Figure la). The
effect of fU-II on MEPP amplitude was more complex: there
was an increase with 1M but a smaller increase with 10 uM
and a significant decrease with 25 uM (Figure 1b). There was
no change in muscle resting potential during administration of
the peptide.

Effect of human urotensin Il (hU-II) in normal Ringer
solution

Exposure of muscles to hU-II (I, 10 and 25uM) caused
marked, concentration-dependent increases in MEPP fre-
quency and amplitude. For example, 1 and 25umM hU-II
produced MEPP frequency increases of 300 and 5900%,
respectively, over control (Figure 2a, with logarithmic
ordinate). The increase in MEPP amplitude was, by compar-
ison, much less dramatic but nonetheless significant (Figure 2b,
with linear ordinate). In both cases, there was an increase and
peak within a few minutes, followed by a gradual decline
despite the continued presence of hU-II. However, the time
course of rise and fall for MEPP frequency was more rapid
than that for MEPP amplitude, for example, the peak effect
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Figure 1 Effect of fU-II on MEPP frequency and amplitude in

normal Ringer solution. Data are expressed as per cents of the
values at time zero, and the results from six continuous single-
junction experiments averaged. (a) Plots of effects of 1, 10 and 25 um
fU-1I on MEPP frequency are superimposed for comparison. The
peak effect occurs at 3min for 10 and 25uMm fU-II. MEPP
frequencies: 100% =0.936s~" (1 um fU-II), 0.886s~' (10 uM) and
0.925s7" (25um). (b) Effects of 1, 10 and 25um fU-II on MEPP
amplitude. The peak effect on MEPP amplitude (at time = 5 — 7 min)
is delayed compared to the peak effect for MEPP frequency, and the
time course of decay is slower. Each point represents the mean +
s.e.m. Asterisks denote statistically significant differences (P < 0.05)
from control.

for MEPP frequency occurred at 3min (Figure 2a), whereas
that for MEPP amplitude occurred at 5 min (Figure 2b). Both
frequency and amplitude returned to control levels after 45 min
of wash. There was no change in muscle resting potential
during administration of the peptide. Analysis of MEPP
amplitudes using cumulative frequency plots showed distinct
shifts to the right for each of the six experiments with 25 uM
hU-II (Figure 3). This indicated that the increases in MEPP
amplitude were not artifacts due to erroneous measurement of
a number of summed events or due to increased frequency of
giant MEPPs.

Comparison of the results in Figures la and 2a showed that
hU-II was about 22 times more potent than fU-II in increasing
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Figure 2 Effect of hU-II on MEPP frequency and amplitude in
normal Ringer solution. (a) Plots of effects of 1, 10 and 25 uMm hU-II
on MEPP frequency are superimposed for comparison (note the
logarithmic ordinate). The peak effect occurs at 3min for all
concentrations of hU-II. MEPP frequencies: 100% =0.916s~" (1 um
hU-II), 0.961s™" (10 umM hU-II) and 1.058s~' (25um hU-II). (b)
Effects of 1, 10 and 25 umM hU-II on MEPP amplitude. Again, the
peak effect on MEPP amplitude is delayed (at time=5-—7min)
compared to the effect on MEPP frequency, and the time course of
decay is slower. Each point represents the mean+s.e.m. from six
experiments. Asterisks denote statistically significant differences
(P<0.05) from control.

MEPP frequency. In view of this marked difference, we
decided to use the more potent hU-II in ensuing studies.

Effect of hU-1I in elevated Ca®*
(3 x normal Ca®")

Ringer solution

Increases in transmitter release, such as that produced by hU-
II, may be mediated by an influx of extracellular Ca>* ([Ca>"],)
and/or release of Ca’>* from internal stores (Silinsky, 1985;
Berridge, 1993). To examine if the increase in MEPP frequency
was altered by increases in [Ca®>"],, we repeated the 25 uM hU-
II experiments in 3 x Ca®>" Ringer solution. Despite the three-
fold increase in [Ca®"],, the increase in MEPP frequency was

British Journal of Pharmacology vol 138 (8)
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Figure 3 Cumulative MEPP amplitude-relative frequency plots in the absence (filled circles) and presence (clear circles) of 25 uM
hU-II. Panels 1 — 6 show results of the six single-junction experiments with hU-II. Abscissas represent MEPP amplitudes as per cents
of the median MEPP amplitude obtained at time =0 min in control solution. Ordinates represent the cumulative relative frequency
of 100 measurements for each curve (each symbol represents one MEPP). Results in the presence of hU-II were obtained during the
maximal effect at time = 5min. In all cases, there is a clear shift to the right from the control curves, which indicates an increase in

MEPP amplitude with hU-II.

indistinguishable from that observed in normal Ringer
solution (Figure 4, results from Figure 2a superimposed for
purposes of comparison). This was confirmed by quantitative
analysis, which showed no significant differences (P> 0.05)
between the magnitude and time course of the response
obtained in normal Ringer and that obtained in 3 x Ca®*
Ringer.

These findings notwithstanding, it could be argued that
the effect of 25uM hU-II in normal Ca’" Ringer was
near maximal, so that further stimulation would bring about
little or no increment in the response. This was unlikely since

50umM  hU-II produced an MEPP frequency increase
that exceeded that produced by 25um hU-II but was
too high (overlapping MEPPs) to adequately quantify (two
experiments). Another way of examining the dependence of
hU-II action on [Ca’"], was to conduct the experiments
in zero [Ca®"],., However, since incubation in zero
[Ca®"], would yield highly equivocal results because of
depletion of internal Ca?" stores (Zerbes et al., 1998), we
opted to see if the response to hU-II was altered by selective
depletion of smooth endoplasmic reticulum (SER) stores of
Ca*™".

British Journal of Pharmacology vol 138 (8)
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Figure 4 Effect of 3 x normal extracellular Ca>* on the MEPP
frequency increase to 25uM hU-II. Experimental protocol is
identical to that in Figure 2 except for use of 3 x Ca?" Ringer in
place of normal Ringer solution. Results in normal Ringer (filled
circles) and those in 3 x Ca?" Ringer (clear circles) are super-
imposed for purposes of comparison. Note the logarithmic ordinate.
Each point represents mean +s.e.m. from six experiments. There is
no significant difference in the MEPP frequency response (peak,
time course) to 25 uM hU-II obtained in 3 x Ca®* Ringer vs normal
Ringer solution (P> 0.05, paired #-test).

Response to hU-II in preparations pretreated with TG

Functional deletion of SER in nerve terminals was produced
with TG, which inhibits Ca®>"-ATPase in SER (Takemura
et al., 1989) and abolishes Ca’* release to inositol 1,4,5-
trisphosphate (IP;) (Berridge, 1993) and cyclic adenosine
diphosphate-ribose (cADPR) (Lee, 2001). Muscles were
incubated in Ca?"-free Ringer plus 2.5 mM EGTA and 1 uM
TG for 30 min, followed by restoration of muscles to normal
Ca’*-containing Ringer for another 30min. Subsequent
application of hU-II (25uM) produced a peak MEPP
frequency increase of only 2324% (open triangles in
Figure 5). To test the possibility that the incubation procedure
itself may have reduced the response to hU-II, control
experiments were performed on muscles incubated in Ca®*-
free Ringer plus 2.5mM EGTA but without TG. Application
of 25 uM hU-II in this case produced a time course of effect
(clear circles in Figure 5) that was statistically indistinguishable
from that seen in untreated preparations (filled circles in
Figure 5). There was also no alteration in the hU-II-induced
increase in MEPP amplitude following pretreatment with TG
(results not shown). Accordingly, it could be concluded that
the incubation procedure was not a confounding factor and
that pretreatment with TG attenuated the hU-II-induced
increase in MEPP frequency by 61%.

Effect of hU-II in preparations pretreated with U-73122

The results with TG suggested that the effect of hU-II on
MEPP frequency was partially dependent on Ca’* release
from SER. This could occur if hU-II stimulated the formation
of IP; (cf. Saetrum Opgaard et al., 2000), which in turn
activated Ca®" release from SER (Berridge, 1993). To test this,
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Figure 5 Effect of TG pretreatment on the MEPP frequency
increase to 25uM hU-II. Protocol is identical to that in Figure 2,
except for 30 min pretreatment in Ringer containing zero Ca®*
2.5mM EGTA and 1 uM TG, followed by 30 min wash in normal
Ringer solution. Control experiments in preparations pretreated
with zero Ca®*, 2.5mM EGTA but no TG (clear circles) show no
difference in magnitude or time course of effect from results
obtained in untreated preparations (filled circles). In TG-treated
muscles, the peak increase in MEPP frequency (clear triangles) is
reduced 61% from the peak effect in untreated muscles. Note the
logarithmic ordinate. Each point represents the mean +s.e.m. from
six experiments. Asterisks denote statistically significant differences
(P<0.05, paired t-test) from corresponding points in untreated
muscles.

we pretreated muscles for 30min with U-73122 (1 uM), a
phospholipase C inhibitor (Smith er al., 1990), to block the
formation of IP;. Subsequent addition of hU-II (25um)
produced an MEPP frequency increase of only 400% (clear
circles in Figure 6a). When compared to the expected 5900%
increase in untreated preparations (filled circles in Figure 6a),
this meant that pretreatment with U-73122 reduced the effect
of hU-II by 93%. Pretreatment with U-73122 also caused a
15% reduction in the effect of 25uM hU-II on MEPP
amplitude (Figure 6b). However, the time course of effect
(increase, peak, decline) was not altered.

Effect of hU-II in preparations pretreated with antibodies
against type 1 IPs receptors (anti-IPs;R;)

To further examine if IP; might be involved in the response to
hU-II, we tested the effect of 25uM hU-II in preparations
pretreated with monoclonal antibodies against the IP; type 1
receptor. Antibodies were delivered into the nerve terminal by
encapsulating them in liposomes and pretreating preparations
for 1h with the liposomal suspension, followed by washing
with normal Ringer for 30min. Control experiments were
performed on preparations pretreated with liposomes that
contained heat-inactivated anti-IP;R; (see Methods). Applica-
tion of 25 uM hU-II to preparations treated with anti-IP;R,
resulted in a peak MEPP frequency increase of only 1000%
(clear triangles in Figure 7), significantly less than that seen in
untreated (filled circles in Figure 7) or heat-inactivated anti-
IP;R-treated muscles (clear circles in Figure 7), that is, the
peak response to hU-II was reduced 83% with anti-IP;R;
treatment. Interestingly, the time course of effect was almost

British Journal of Pharmacology vol 138 (8)
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Figure 6 Effect of pretreatment with the phospholipase C inhibitor
U-73122 on the MEPP frequency increase to 25 uM hU-II. Protocol
is identical to that for Figure 2 except for 30 min pretreatment with
lum U-73122. (a) Administration of hU-II to treated muscles
produces an MEPP frequency increase (clear circles) that is only 7%
of the response obtained in untreated preparations (filled circles),
that is, the effect of hU-II is reduced by 93%. Note the logarithmic
ordinate. (b) Pretreatment with U-73122 causes a small (15%) but
significant reduction in the MEPP amplitude increase to hU-II. For
(a) and (b), each point represents the mean+s.e.m. from six
experiments. Asterisks denote statistically significant differences
(P<0.05, paired t-test) from corresponding points for muscles not
pretreated with U-73122.

identical for all three curves at times >7.5min. This could
mean that the residual effect, after subtracting out the
contribution of the type 1 IP; receptor, might be because of
a mediator other than IP;. Pretreatment with anti-IP;R; or
heat-inactivated anti-IP;R; had no effect on the hU-II-induced
increase in MEPP amplitude (results not shown).

Effect of hU-II in preparations pretreated with blockers of
protein kinase C

The above results suggested that IP; was, at least in part,
involved in the effect of hU-II. If so, then generation of IP;
should be accompanied by the formation of diacylglycerol
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Figure 7 Effect of IP; type 1 receptor block on the MEPP
frequency increase to 25uM hU-II. Preparations were pretreated
with antibodies against the IP; type 1 receptor (anti-IP;R;) by
encapsulating either anti-IP;R; or heat-inactivated anti-IP;R; in
liposomes (100 ulml~" ) and perfusing muscles with the liposomal
suspension for 1h followed by 30 min of wash. The magnitude and
time course of effect with heat-inactivated anti-IP;R1 (clear circles)
is indistinguishable from that in untreated preparations (filled
circles). The peak increase to hU-II is reduced 83% (logarithmic
ordinate) in preparations treated with anti-IP;R; antibodies (clear
triangles). Note that the points for all the three curves are almost
identical for times >7.5min. Each point represents the mean+
s.e.m. from six experiments. Asterisks denote statistically significant
differences (P<0.05, paired t-test) from corresponding points in
untreated muscles.

(DAG), which could in turn activate protein kinase C (PKC).
To see if PKC was involved in the MEPP frequency increase
with hU-II, we pretreated preparations for 30 min with two
relatively specific blockers of PKC, namely, bisindolylmalei-
mide I and IIT (0.1 uM). However, subsequent application of
25uM hU-II, in the continued presence of the inhibitors,
produced MEPP frequency increases that were not signifi-
cantly different from the responses seen in untreated muscles.
There was also no change in the MEPP amplitude increase
induced by hU-II (results not shown). This indicated that PKC
was probably not involved.

Effect of hU-II in preparations pretreated with blockers of
protein kinase A

Recent findings have suggested that the effect of hU-II may
involve protein kinase A (PKA) (Filipeanu et al., 2002). To test
this possibility, we pretreated preparations for 30 min with
either of two specific blockers of PKA, namely, H-89 (50 nMm)
and KT5720 (1 uM). Subsequent application of 25 uM hU-II, in
the continued presence of the inhibitors, produced MEPP
frequency increases of only 700% above control (Figure 8a),
that is, the response to hU-II was reduced 88%. In
addition, pretreatment with the PKA inhibitors caused a
complete abolition of the MEPP amplitude increase to hU-II
(Figure 8b). This indicated that PKA was involved in the hU-
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Figure 8 (a) Effect of pretreatment with the PKA inhibitors, H-89
and KT5720, on the MEPP frequency increase to 25uM hU-II.
Protocol is identical to that for Figure 2 except for 30min
pretreatment with either 50nM H-89 (clear circles) or 1uMm
KT5720 (filled triangles). For both PKA inhibitors, administration
of hU-II to treated muscles produces an MEPP frequency increase
that is only 12% of the response obtained in untreated preparations,
that is the effect of hU-II is reduced by 88%. Note the logarithmic
ordinate. (b) Effect of PKA inhibitors on the MEPP amplitude
increase to 25 uM hU-II. Pretreatment with PKA inhibitors causes a
complete reversal (clear circles, filled triangles) of the expected
increase in MEPP amplitude to 25 uM hU-II (filled circles). Note the
linear ordinate. For (a) and (b), each point represents the
mean +s.e.m. from six experiments, and asterisks denote statistically
significant differences (P<0.05, paired r-test) from corresponding
points in untreated muscles.

II-induced increase in both MEPP frequency and MEPP
amplitude.

Effect of sequential exposure to hU-II

As noted above, the marked increase in MEPP frequency with
hU-II was not sustained despite continuous exposure to the
peptide (Figure 2a). We used two ways to test if this might be
because of tachyphylaxis. In the first approach, we adminis-
tered 1 uM hU-II followed 15min later (at a time when the
MEPP frequency increase had returned to control) by 25 um
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Figure 9 Effect of sequential administration of hU-II on the MEPP
frequency response. Experimental protocol is identical to that
described in Figure 2 except that continuous intracellular recordings
were maintained for two exposures to 25 uM hU-II separated by
10 min of wash. Results of the first and second administrations are
superimposed to examine for differences in magnitude and time
course of MEPP frequency increase. Results show only a modest,
nonsignificant (P>0.05, paired ¢-test) reduction in the response
from the second exposure to hU-II. Each point represents the
mean+s.e.m. from six experiments.

hU-II. In five of six experiments, pre-exposure to 1 uM hU-II
caused no reduction in the MEPP frequency increase to 25 uM
hU-II. In the second approach, preparations were challenged
with 25 uM hU-II for 25 min. This was followed by 10 min of
wash with normal Ringer, then a second exposure to hU-II
(25 uM) for 25 min. In this case, the second exposure to hU-II
produced a time course of effect (clear circles in Figure 9) that
mimicked that produced by the first exposure (filled circles in
Figure 9), with only a slight, nonsignificant reduction in the
overall response. The findings from both approaches suggested
that the gradual decrease in MEPP frequency with exposure to
hU-II was probably not because of loss of responsiveness of
the frog motor nerve. These results, however, are in marked
contrast to the tachyphylaxis seen in the contractile response
of rat aorta on multiple exposures to hU-II (Camarda et al.,
2002).

Discussion

The principal observation made in this study is that both fU-II
and hU-II accelerate spontaneous transmitter release at the
frog motor nerve terminal. This means that the biological
activity of U-II is not limited to cardiovascular tissues. The
amino-acid sequence of U-II is well conserved across different
species, and the cyclic ring in particular, where the biological
activity resides, is identical from teleost to human (Coulouarn
et al., 1999). The observation that both the fU-IT and the hU-II
increase neurosecretion is consistent with the idea that the
cyclic ring is the biologically active region. The finding that
hU-II is more potent than fU-II at the frog motor nerve
terminal is unexpected. However, it is not without precedent, if
one considers, for example, the greater potency of salmon
calcitonin over human calcitonin in humans (Marcus, 2001).
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Nonetheless, the concentrations of hU-II employed in these
studies are relatively high for a peptide, which indicates that
the effect in the frog may be pharmacologic rather than
physiologic. It is possible that a physiologic effect may be seen
in mammals, since the threshold effect in rat spinal cord
neurons occurs at nanomolar concentrations (Filipeanu et al.,
2002).

Our results show that the increase in MEPP frequency with
25uM hU-II is not significantly changed by a three-fold
increase in [Ca®"],. This suggests that the response is not
markedly dependent on influx of [Ca®*], and may instead be
mediated by Ca>" release from internal stores. In this regard,
the action of hU-II may be similar to that of neurotrophin-3,
which is independent of extracellular Ca®>" (He et al., 2000).
One possibility is that hU-II may stimulate the formation of
inositol phosphates, as already demonstrated in rabbit aorta
(Saetrum Opgaard et al., 2000), which may in turn increase
MEPP frequency (Brailoiu & Miyamoto, 2000) by releasing
Ca’* from SER (Berridge, 1993). An involvement of SER is
suggested by the results with TG, that is, depletion of SER
with TG produces a 61% reduction in the MEPP frequency
increase to hU-II (Figure 5). An involvement of IP; is
supported by the results that show a 93% decrease in effect
after treatment with the phospholipase C inhibitor U-73122
(Figure 6) and an 83% reduction in effect after blockade of
intracellular IP; type 1 receptors (Figure 7).

However, the less-than-complete block with TG, U-73122
and anti-IP;R; may indicate, in addition to IPs, the participa-
tion of another intermediary. DAG and cyclic AMP (cAMP)
are two agents that mediate protein phosphorylation and may
be involved in transmitter release. Activation of PKC by DAG
is probably not involved in the effect of hU-II, since the
response to hU-II is not altered by the PKC inhibitors,
bisindolylmaleimide I and III. A more likely possibility is
activation of PKA by cAMP, since the response to hU-II is
reduced 88% by blockers of PKA (Figure 8a). This is
consistent with the finding that blockers of PKA, but not
blockers of PKC, significantly attenuate the [Ca’"]; increase
produced by hU-II in rat spinal cord neurons (Filipeanu ef al.,
2002).

The effect of U-II on MEPP amplitude is less straightfor-
ward. hU-II causes a dose-dependent increase in MEPP
amplitude (Figure 2b), whereas fU-II causes an increase at
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