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KASTIN, A. J., D. H. COY, A. V. SCHALLY AND C. A. MEYERS. Activity of VIP, somatostatin und otherpeptides in 
the mouse vas deferens ussay. PHARMAC. BIOCHEM. BEHAV. 9(5) 1673-676, 1978.-Non-opiate peptides such as 
vasoactive intestinal peptide (VIP) and somatostatin were tested for their effects on electrically induced contractions of the 
vus deferens. VIP (ED,,,=2.7x lo-” M) and to a lesser extent somatostatin (ED,,,=5.2x lo-” M) were found to be in the same 
general range of activity as enkephalin and the endorphins in this system. Human pancreatic polypeptide (HPP) exerted a 
biphasic effect, inhibiting the contractions at high concentrations but enhancing them at lower concentrations. A number of 
other naturally occurring brain peptides were ineffective at concentrations of 1 x 1Omn M. Several somatostatin analogues 
were tested and their activity on the vas deferens was found to more closely parallel their potency to inhibit the release of 
gastric acid than of growth hormone. In contrast to the brain opiates, however, the inhibitory effects of VIP, somatostatin 
and its analogues, and HPP were not reversed by the opiate antagonist naloxone. The results suggest that the ws deferens 
can be readily used for evaluation of analogues of VIP, somatostatin, and other peptides. 

Gastrointestinal hormones Somatostatin Smooth muscle Peptides Bioassay 
Vasoactive intestinal peptide Vas deferens Human pancreatic polypeptide 

THE BIOASSAY of opiate activity involving inhibition of 
electrically induced contractions of the mouse vas deferens 
has been very useful in the testing of enkephalins and 
endorphins. We thought that it also might provide a simple 
method for measuring the activity of non-opiate peptides 
such as somatostatin. The recent demonstration by im- 
munohistochemical techniques of the abundant presence of 
VIP nerves in the IUS deferens suggested the possibility that 
VIP also might exert biological effects there [l]. Therefore, 
we examined the feasibility of using the vas deferens for the 
rapid evaluation of analogues of VIP, somatostatin, and 
other peptides. 

METHOD 

Male albino mice (2>30 g), obtained from Charles River 
Laboratories, were killed and the vasa deferenfia removed 
and placed in a solution of Krebs Ringer’s bicarbonate- 
glucose (KRBG). After the semina were gently expressed 
from the lumen, an individual vas deferens was suspended 
vertically between platinum wire electrodes in a 5 ml bath of 
KRBG, maintained at 37”C, through which 5% COr95% O2 
was gently bubbled. The tissue was subjected to 0.5 g applied 
tension and allowed to equilibrate an hr before use. Electri- 
cal stimulation of the vets deferens was provided by a Grass 
S-4 stimulator delivering rectilinear pulses of 1 .O msec dura- 
tion at a frequency of 0.1 Hz and 80 V. Contractions were 
isometrically recorded by a force displacement transducer 
(Grass Model FT .03) on a polygraph (Grass Model 7). 

Peptides were added in a volume of 50 ~1; 10 min were 
allowed between successive additions. The effective molar 
dose which inhibited the amplitude of the contractions by 

50% was obtained from the resulting dose-response curves 
and termed the ED,,,. At least three different tissues were 
used to determine the mean for each active peptide. The 
responsiveness of every tissue was confirmed with D- 
Alaz-Met-enkephalin-NH,. Reversal of the inhibition caused 
by each effective peptide was tested by pretreatment of the 
vu.7 deferens with naloxone (Endo Laboratories) at a dose of 
40 ng/ml of bath fluid. 

Most of the peptides were synthesized by solid phase 
methods and then highly purified. A pentagastrin derivative 
(Peptavlon) was purchased from Ayerst Laboratories. The 
following abbreviations were used: VIP (vasoactive intesti- 
nal peptide), HPP (human pancreatic polypeptide), MSH 
(melanocyte-stimulating hormone), MIF-I (MSH-release in- 
hibiting hormone=Pro-Leu-Gly-NH,), DSIP (delta sleep- 
inducing peptide), TRH (thyrotropin releasing hormone), 
and LH-RH (luteinizing hormone-releasing hormone). 

RESULTS 

The mean concentration (+SEM) of VIP found to inhibit 
the electrically induced contractions of the vas deferens by 
50% (ED,,,) was 2.7 (kO.35) x lo-” M (Table 1). Greater con- 
centrations of VIP (1 x 10efiM, 1 x 10m7 M), although tested on 
fewer tissues, also inhibited the contractions. Weaker inhibi- 
tion was seen with 1 x lo-” M VIP. Addition of naloxone (40 
ng/ml) immediately before addition of VIP had no effect on 
the inhibitory action of VIP. In contrast, the same dose of 
naloxone completely reversed the effects of the D- 
Ala2-Met-enkephalin-NH, (ED,,,= 1.5 (kO.07) x lo-” M). 
These effects are illustrated in Fig. 1. 

The actions of somatostatin were similar to those of VIP. 
The ED,,, was 5.2 (*0.43)x lo-” M (Table 1). Greater con- 
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TABLE 1 
MEAN (+SEM) MOLAR CONCENTRATION OF PEPTIDES INHIBIT- 

ING ELECTRICALLY INDUCED CONTRACTIONS OF THE 
VAS DEFERENS BY 50% (ED& 

Peptide ED,, (M) 

VIP 
somatostatin 
HPP 

D-T@, D-Cys’4-somatostatin 
Ala2, D-Tips, D-Cys14-” 
L_5_F_Tq$” 
D_Tq,s_” 
D_Cysk" 

Ala* D-CyP-” 
D-A;a2, D-T@-” 

2.7 (20.35’) x 10-w 
5.2 (20.43) x 10-s 
5.6 (a0.87) x lo-’ 
1.2 (20.13) x 10-R 
1.4 (kO.53) x 10-R 
2.0 (kO.33) x 10-R 
2.2 (kO.90) x 10-S 
2.4 (20.95) x 10-R 
3.9 (51.2 ) x 10-n 
4.2 (-cl.2 ) x lo-" 

a-MSH 
MIF-I 
DSIP 
TRH 
LH-RH 
pentagastrin (Peptavlon) 
bombesin 
neurotensin 
substance P 
HPP,,m:,, 

>l x 10-e 
I, 
I, 
,I 
I, 
I, 
,I 

(stimulatory) 
I, 
I, 

centrations (1 x lo-” M, 1 x lo-’ M) inhibited the contrac- 
tions, a weaker concentration (1 x 10e9 M) had the same in- 
hibitory tendency, and naloxone (40 r&ml) did not prevent 
the inhibition. Addition of somatostatin (1 x 10Mx M and 
1 x 10m9 M) failed to alter the response of the stimulated vas 
deferens to the ED,,, dose of VIP. 

HPP had some of the same effects as VIP and somatosta- 
tin in that there was an ED,,, (5.6 (*0.87)x 10m7 M) for inhibi- 
tion of the contractions of the vas deferens not reversed by 
naloxone and inhibition was still evident at a higher concen- 
tration (1 x 10m6 M). However, at 1 x lo-’ M and 1 x lo-” M 
concentrations, addition of HPP resulted in stimulation of 
the electrically induced contractions. The 22-36 fragment of 
HPP increased the electrically stimulated contractions at all 
three doses tested (1 x 10efi M, 1 x 1O-7 M, and 1 x lo+ M), 
with the strength of the stimulation decreasing as the con- 

centration of the peptide decreased. Stimulation rather than 
inhibition of the electrically induced contractions were also 
seen with substance P and neurotensin at the dose (1 x lo-” 
M) used for initial testing. Unlike the peptides mentioned 
above, addition of substance P and neurotensin resulted in 
contractions of the unstimulated vus deferens. 

At the dose at which all peptides were initially tested, 
1 x 10efi M, no effects on the electrically induced stimulation 
of the vas deferens were observed after addition of MIF-I, 
DSIP, LH-RH, TRH, pentagastrin (Peptavlon), or bombe- 
sin. a-MSH caused a slight inhibition of the contractions at 
this dose. 

Several analogues of somatostatin were tested in the same 
system. Since the effective dose of somatostatin was about 
5 x lo-” M, these analogues were initially tested at 1 x lo-” M. 
Their mean ED,,, + SEM appear in Table 1 and their relative 
potencies in Table 2. Naloxone (40 @ml) did not reverse the 
inhibition induced by any of these somatostatin analogues. 

DISCUSSION 

The usefulness of the vus deferens assay for opiate activ- 
ity has recently been emphasized. The vus deferens is more 
sensitive to the enkephalins than the guinea pig ileum [13] 
and is more predictable for following the relative potencies 
of enkephalin analogues [IS]; its correlations with opiate re- 
ceptor affinities are high [15]. However, the correlations be- 
tween these in vitro tests and in viva measures of analgesia 
are not so reliable [6], and even greater discrepancies can be 
seen between any of these opiate tests and behavior [9, 11, 
121. The present results suggest new uses of this assay for 
other peptides. 

VIP was found to be very active in inhibiting electrically 
induced contractions of the mouse vus deferens. The ED,,, of 
2.7~ lo-” M for VIP and 5.2 x lo-” M for somatostatin were in 
the same broad range as those of Met-enkephalin [5] as well 
as (Y-, p-, and y-endorphins [2]. HPP was less active in this 
test (ED,,,=5.6~10-7 M). In contrast, many other peptides 
found in the brain or exerting effects there [lo] were inactive 
in preliminary tests at the single dose of 1 x lo-” M. These 
included MIF-I, DSIP, LH-RH, TRH, pentagastrin (Peptav- 
Ion), bombesin, substance P, neurotensin, and to some ex- 
tent (Y-MSH. Substance P, HPP at concentrations G 1 x lo-’ 
M, HPP fragment 22-36, and neurotensin exerted the oppo- 
site type of effect, stimulating the contractions of the VNS 

-Al& Met-enkephalin-NH, 

Naloxone 40 ng I ml 

FIG. 1. Inhibition of electrically-induced contractions of mouse vu.s deferens by VIP. Naloxone blocked the effect of D_ 
Ala’-Met-enkephalin-NH, but not that of VIP. 
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TABLE 2 
RELATIVE POTENCIES OF SOMATOSTATIN AND ITS ANALOGUES ON INHIBITION 
OF ELECTRICALLY STIMULATED CONTRACTIONS OF THE VAS DEFEREh’S, GAS- 

TRIC ACID SECRETION, AND GROWTH HORMONE RELEASE 

Peptide Vas Deferens Gastric Acid Growth Hormone 
Secretion* Release*? 

somatostatin 
D-Ala2, D-Trp”-” 
Ala2, D-C~S’~-” 
D_Cysl”_” 
D-T@-” 
L_5_P_Tq,“_” 
Ala’, D-Trp”, D-Cys14-” 
D-T@, D-Cys“‘-” 

1 1 1 
1.2 3.3 10-20 
1.3 1.9 2.3 
2.2 1.6 l-3 
2.4 1.6 68 
2.6 1.4 4.8 
3.7 4.3 5 
4.3 2.9 10 

*See reference 3 
tSee reference 14 

deferens both in the basal state and after electrical stimula- 
tion. At their EDso, as well as at 1 x lo-” M, VIP, somatosta- 
tin, and HPP did not exert any effect on the resting state of 
the unstimulated tissue. The results illustrate another exper- 
imental condition in which only some peptides are active 
[lo]. Further investigations of why some peptides inhibit, 
some stimulate, some do both, and some do neither may 
provide productive clues to the study of their differing func- 
tions. 

The effects of the enkephalins and endorphins in the vus 
deferens bioassay can be prevented or reversed by 
naloxone. Addition of naloxone to the fluid bathing the vas 
deferens had no observable effect upon the ability of VIP, 
HPP, somatostatin, or any of the active analogues to sup- 

press the electrically stimulated contractions. This indicates 
that the actions of these peptides on the vus deferens do not 
involve opiate receptors. 

In addition to the inhibition of contractions found after 
addition of HPP at relatively greater concentrations, stimu- 
lation of the electrically induced contractions was found at 
lower concentrations (G 1 x 1O-7 M). This biphasic type of 
response was not observed with VIP and somatostatin; the 
22-36 fragment of HPP stimulated but did not inhibit the 
contractions at concentrations < 1 x lo-” M. Haloperidol (5 
&ml) slightly increased the electrically induced contrac- 
tions of the vus deferens, but did not seem to block the 
inhibitory effects of VIP or somatostatin even though it has 
been reported to totally abolish the inhibitory actions of 
norepinephrine and dopamine, the presumed motor transmit- 
ters of this tissue [19]. This suggests the possibility of a 
different mechanism of action for the peptides on smooth 
muscle. 

Somatostatin has been detected in cells throughout the 
body [7], and its actions are numerous. No cellular elements 
containing somatostatin have been identified in the testis or 
epididymis [7], but there is a brief mention in the literature 
that somatostatin produced an inhibition of the guinea pig 
ileum which was not blocked by naloxone [4]. Despite the 
apparent absence of somatostatin in the vas deferens, its 
release in the pancreas after VIP [8] makes it conceivable 
that inhibition in the vus deferens by VIP may simply be due 
to the release of endogenous somatostatin. Even though VIP 
was twice as active as somatostatin, the greater activity of 
VIP than somatostatin on the vus deferens is only evident 

when the concentrations are compared on a molar basis, as is 
customary in this assay. Since the molecular weight of VIP 
(3326) is about twice as great as that of somatostatin (1639), 
the absolute amounts of these two peptides required for an 
ED,,, based on weight of peptide would be almost the same. 

The potency of the somatostatin analogues in inhibiting 
the electrically induced stimulation of the vas deferens 
tended to parallel their effects in inhibiting the release of 
gastric acid better than in inhibiting the release of growth 
hormone. This method provides a new and rapid assay for 
assessment of analogues of somatostatin. 

The excitatory actions of substance P and neurotensin on 
the vas deferens were opposite to the inhibitory actions of 
VIP and somatostatin. Moreover, after addition of substance 
P and neurotensin the contractions occurred regardless of 
whether or not the tissue was electrically stimulated. The 
effects of substance P were expected, since its stimulant 
actions on various smooth muscles including the vas defe- 
rem of the guinea pig are well known [ 16,20]. The stimulant 
effects of neurotensin on the mouse vus deferens would not 
be expected from the reported lack of effect of this peptide 
on the guinea pig vas deferens, although it can contract 
guinea pig ileum [17]. It is not known whether the use of 
tissue from different species of animals is sufficient to ex- 
plain the different findings. Substance P resembles the 
enkephalins and endorphins in exerting similar effects on 
analgesia [18], but the effects on the vas deferens are com- 
pletely different. 

It remains to be established whether peptides are in- 
volved in the normal functioning of smooth muscle. With the 
demonstration of the presence of gastrointestinal hormones 
in the brain and their anticipated effects there, as well as the 
effects of somatostatin on the gastrointestinal system, the 
vas deferens assay may help in the evaluation of these pep- 
tides. 
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