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HISTORY

The first evidence suggesting any endocrine function for the 

pituitary gland was presented in a short paper by Oliver and Schafer 

(1895) which described the pressor effect of an aqueous extract of 

the gland (24) . Subsequent research has resulted in the morpho

logical division of the Pituitary Gland into the neurohypophysis 

and adenohypophysis, identification of the various hormonal products 

and elucidation of their physiological role (2,3).

At present six substances have been extracted from the anterior 

lobe (adenohypophysis) of the pituitary gland, which are generally 

acknowledged to be physiologically important hormones; the three 

gonadotrophins,, follicle-stimulating hormone, luteinizing hormone 

or interstitial cell-stimulating hormone, and in some species 

prolactin; two other trophic hormones— adrenocortrophic hormone 

and thyroid-stimulating hormone, and somatotrophin or growth hormone 

(STH or GH).

The intermediate lobe of the gland was found to elaborate the 

chromophore hormone in many species of lower animals.

It is generally believed that the pituitary posterior lobe is 

the storage site of the two octopeptides, oxytocin and vasopressin 

which are produced by the supraoptic and paraventricular nuclei of 

the hypothalamus. Oxytocin is a powerful stimulant of the pregnant 

uterus, especially toward the end of gestation and seems to have 

an important role in lactation. Oxytocin also shares many of the
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actions typical of vasopressin which is described in the following 

review of the literature.

It now appears that vasopressin may have effects on the 

kidneys, smooth muscle and in general on cellular membrane 

permeability. Vasopressin exerts at least three actions on the 

kidney: (a) it controls the permeability of the distal convoluted 

tubules and collecting ducts to water; (b) it may stimulate the 

pumping of sodium by the loops of Henle; (c) it may regulate the 

rate of blood flow through the peritubular capillary network (25).

Recent studies on frog skin and toad bladder indicate that 

vasopressin influences the movement of water and electrolytes by 

increasing the permeability of the cell membrane (18).

In pharmacological amounts, vasopressin causes contraction of 

smooth muscle tissues in various organs. The following section 

will give a short summary of the literature of this action upon 

the smooth muscle of the cardiovascular and gastrointestinal system, 

gall bladder, uterus, mammary gland, epididymis, vas deferens and 

ureter. The studies found in the literature on the urinary bladder 

will be treated in greater detail.

REVIEW OF THE LITERATURE 

Cardiovascular System

A number of investigators have shown that vasopressin in 

pharmacological doses can cause contraction of vascular smooth 

muscle by affecting the contractile elements directly (1). For
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example, Gelling (1934) found a marked decrease in blood flow in 

the femoral artery of sympathectomized and adrenalectomized dogs 

after administration of PitressinR* (11). Kunkel (1939) observed 

paleness of the skin and decreased blood flow through the limbs 

following PitressinR injection in humans (17). The observations 

on coronary and pulmonary circulation were consistent with those 

found in the entire circulation i.e. marked reduction in flow 

(5,9). The effect of synthetic vasopressin has not yet been 

examined.

Gastrointestinal System and Gall Bladder

Whether the pressor substance extracted from the posterior 

pituitary gland1is responsible for stimulating or inhibiting 

intestinal motility has been widely discussed. At present, it is 

thought the stimulating effect predominates in man and cats,

(16, 31) and the inhibitory effect is characteristic of the dog.

In man, PitressinR lowers tone moderately, but increases and 

coordinates propulsive waves. In dogs, 1 to 15 Units of PitressinR 

inhibits motility in the jejunum (28) but the effect is less marked 

in the proximal colon where an actual stimulation of wave activity 

may occur (12,38). In cats, 10 to 15 Units of PitressinR is 

sufficient to cause defecation in a large number of animals, whereas 

5 to 10 Units does not.

Twenty Units of Pitressin^ when given intravenously to dogs 

causes a slow, gradually increasing contraction of the gall bladder

* A partially purified natural vasopressin which may contain either 
arginine-vasopressin, lysine-vasopressin, and oxytocin produced by 
Parke Davis and Company.
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which appears after a latent period of from 10 to 18 minutes (32).

Sotting (1965) in an attempt to find an isolated preparation 

which would be selectively sensitive to vasopressin (Pitressin^) 

tested portions of the male guinea pig gut, and found that the most 

proximal portions of the colon fulfilled this requirement. The 

sensitivity of the tissue to vasopressin varied from 5 uUnits to 

5 mUnits as shown by increased height of contraction. He also noted 

that after administration of PitressinR , there was first a latent 

period of approximately one minute before the muscle strip began 

to contract (6).

Bisset and Lewis (1962) reported the effects of synthetic 

arginine-vasopressin on isolated smooth muscle preparations. They 

were the guinea-pig ileum, rat colon and hen rectal caecum. The 

amount of vasopressin which produced contraction was 36 mUnits with 

the guinea-pig ileum and 2.7 mUnits with the rat colon. The response 

of the hen rectal caecum was relaxation of the muscle when 280 m Units 

of vasopressin was added to the muscle bath (4).

Uterine Musculature

Vasopressin has an oxytocic effect which varies with the 

species (3,26), the stage of the menstrual cycle or stage of 

gestation (23) and whether the experiment was conducted on isolated 

strips of uterine muscle or the uterine muscle in situ. Russel 

(1934) used isolated muscle strips from the human full-term pregnant 

uterus, and monitored the response by measuring the changes in
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contractile height. He found vasopressin (PitressinR) to be 

approximately 25 times more powerful a stimulant than oxytocin 

(27). Embrey (1959) monitored uterine contractility by internal 

and external recording devices during synthetic vasopressin 

administration in early, mid and late pregnancy, in labor and the 

puerperium. He reported the following: (a) vasopressin has a 

powerful direct oxytocic activity; (b) this response progressively 

decreases during pregnancy to the point where it is almost without 

effect on the uterus (8).

Bisset and Lewis examined the action of synthetic arginine- 

vasopressin on the isolated uterine horn of virgin rats which were 

injected subcutaneously with stilbestrol (100 uGm/lOOGm) 16 to 18 

hours before use. They found 2.1 mUnits of vasopressin produced 

contraction of the muscle (4).

Effect of Posterior Pituitary Extracts on the Smooth Muscle of the 
Mammary Glands,

Cross (1952) studied the effect of Pitressin in anesthetized 

postpartum rabbits in which the response of the smooth muscle of the 

mammary glands was measured in terms of amount of milk ejected. He
T>found 50 mUnits of Pitressin caused the expression of 0.5 to 1.0 ml. 

of milk per gland. Within the dose range of 5-50 mUnits the response 

was variable, and the maximal response was produced by 200 mUnits of 

PitressinR (7) .

Sala (1964) measuring the intramammary pressure of clinical 

patients by means of cannulation made the following observations:
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(a) doses of vasopressin 40 to 50 times higher than those of oxytocin 

were required to induce equal pressures at the same stage of pregnancy

(b) the slope of the dose-response curve to oxytocin and vasopressin 

increased progressively throughout pregnancy, and reached its highest 

value at the end of gestation (29). These results are difficult to 

interpret because the patients were pretreated with Meperidine, 

Promazine and Promethazine. In addition the source of the vasopressin 

was not given and the effects of synthetic vasopressin was not 

examined.

Vas Deferens and Epididymis

Martins (1944) recorded the contraction of human vas deferens 

and epididymis using isolated muscle strips. He reported the 

initiation of a rhythmic type of contraction in the vas deferens, 

and doubtful or negative results in the epididymis upon addition 

of 0.5 to 3 mtlnits of PitressinR to 50 to 80 ml. of Lock's solution 

in the muscle bath. However, there was no report of an increase in 

tone of the muscle strips (21). This study should be considered 

with some reservation since the tissues were obtained post mortem 

and the time interval between their removal and the experimentation 

varied from four to ninety-eight hours. The effect of synthetic 

vasopressin was not examined.

Ureteral Musculature

It was originally postulated that the antidiuretic action 

of posterior pituitary extracts was due to ureteral spasm (2 0,22). 
However, Abrahams and Pickford (1956) found that when given in
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adequate antidiuretic doses, the vasopressor fraction of these 

extracts was without effect on the ureters of anesthesized dogs.

The oxytocin fraction caused contraction of the muscle which may 

in part explain the earlier findings (2). Again the effects of 

synthetic vasopressin was not examined.

Bladder Musculature

In 1910 L. Frankl-Hochwart and A. Frohlich (10) studied the 

effect of intravenous Pituitrin^* upon the rabbit bladder in situ.

They found that Pituitrin produced an increase in tonus.

In 1926 Macht (19) reported the effects of a pituitary extract 

(Parke Davis & Co.) upon strips of rabbit bladder removed from the 

fundus and trigon. The extract produced a definite increase in tonus. 

Details as to the composition of the pituitary extract employed are 

not recorded, yet Macht was dealing obviously with a very crude 

preparation ("Armor's Pituitary Fluid" or "Body A of Professor Abel").

In 1933 Graf nt al (13) removed the urinary bladder from dogs 

and mounted it in a tyrode solution. Tonephin a posterior pituitary 

gland extract, was infused through one ureter, and the other ureter 

was ligated. The changes in pressure were recorded through a cannula 

inserted into the urethra. They found that Tonephin produced an 

increase of "bladder automatism" rather than tonus.

In 1935 Tachibana (32) studied the effects of Pitressin^ on 

strips of rabbit bladder. A Pitressin concentration of 0.0005-0.0001% 

produced a slight contraction of the muscle strips as shown by an 

increase in tonus.

* An extract of whole posterior pituitaries which may contain either 
arginine vasopressin or lysine vasopressin, as well as oxytocin 
produced by Parke Davis and Company.
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In 1937 Shimada ejt al̂  (30) utilized intact rabbit bladders 

and applied Pitressin®' either to the mucosa by infusion through 

the urethra, or to the serosa by addition of PitressinR to the 

water bath, or by intravenous infusion. PitressinR when applied 

to the serosa in a concentration of 0.0003-0.008% produced a 

decrease in tonus and amplitude of contraction. In a concentration 

of 0.0002% and above, an increase of tonus was found. Infusion of 

PitressinR via the urethra in the same concentrations produced an 

increase in tonus and contraction of the muscle. Upon intravenous 

infusion of a 0.002% solution of Pitressin the tonus of the muscle 

increased. No description of the method of intravenous infusion

was given.
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INTRODUCTION

The review of the literature shows that most of the studies 

regarding the effect of "vasopressin" on the smooth muscle had been 

made before the availability of highly purified or synthetic 

vasopressin. The results obtained with these more or less crude 

extracts of the Pituitary Gland should be regarded with reservations. 

Depending on the source of the preparation they may contain varing 

amounts of arginine and or lysine-vasopressin and oxytocin as well 

as undefined impurities. It is obvious that the potential partici

pation of these impurities in the responses described in the earlier 

studies have to be questioned. Since arginine-8-vasopressin is 

specific for most laboratory animals, this synthetic polypeptide 

should be employed.

The need for such a re-examination is illustrated by the fact 

that the first steps in this direction have already been undertaken. 

In 1962, the effect of synthetic arginine-vasopressin had been 

retested on isolated rat uterine horn, guinea pig ileum, rat colon 

and hen rectal caecum by Bisset and Lewis (4). To date the 

isolated vascular muscle, urinary tract smooth muscle and gall 

bladder have not been re-examined.

Thus the purpose of this work is to re-examine the effects of 

synthetic arginine-9-vasopressin on strips of urinary bladder.

METHODS

Healthy, adult male and female mice, rats, guinea pigs and 

rabbits were studied. Mice and rats were killed by quick 

decapitation, guinea pigs and rabbits by a sharp blow on the back
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of the head. The urinary bladder was removed by cutting above the 

trigonal area, and placed in cold oxygenated Sollmann-Rademaker 

Solution (NaCl, 0.09%; KC1, 0.042%; CaCl2, 0.01%; NaHC03, 0.06%; 

Glucose, 0.1%). The following procedure was used to obtain the 

muscle strips.

Mice and Rats— The bladder was cut up both sides to the fundus 

and a longitudinal strip of muscle was thus obtained. The middle 

part of this strip corresponded to the fundus of the bladder and the 

two ends to the anterior and posterior walls.

Guinea pigs— The procedure was the same except that two strips 

of muscle could be obtained from each bladder.

Rabbits— Several samples of muscle 8-12 mm long and 3 mm wide 

could be cut from each bladder.

By using this procedure we would obtain muscle strips of 

constant dimensions for each species. The strips were processed 

in the following manner.

One end of the strip was tied to a mounting rod and a thread 

was tied to the opposite end, taking care that the muscle was not 

twisted or rotated. This assembly was mounted in a muscle chamber 

filled with 2.5 ml. of Rademaker Solution, and aerated with oxygen. 

The muscle chamber was immersed in a constant temperature water bath 

maintained at 37° C. ± 1° C. The thread fixed to the upper end of 

the muscle strip was attached to an isotonic myograph (E & M Instru

ment Company). To facilitate precise vertical positioning the
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myograph was mounted in a micromanipulator which rested on a three- 

point leveling platform. The fulcrum of the muscle lever was 

adjusted to make the lever horizontal. The tension on the muscle 

was adjusted and standardized for each species by moving a sliding 

weight a known distance. The resulting tension varied with the 

species, and increased in the following order: mice, rats, guinea 

pigs, and rabbits. All recording was done with a rectilinear 

recorder (Physiograph IV, E & M Instrument Company).

The bladder muscle was prepared and mounted in the muscle 

chamber as quickly as possible, as a rule, within five to ten 

minutes after removal from the animal. If the muscle did not 

contract spontaneously in the muscle chamber within fifteen to 

twenty minutes, it was discarded, and a fresh preparation used. In 

general it was found that strips of rabbit bladder after storage in 

refrigerated Rademaker Solution for one hour remained suitable for 

experimentation. The muscle was allowed to equilibrate for thirty 

to forty-five minutes in the muscle chamber and a stable baseline 

was established during a period of four to six minutes before the 

vasopressin dilution was added.

Synthetic Arginine-8-Vasopressin (Lot Number 106-11, Sandoz) 
was diluted with Rademaker Solution so that 0.1 ml. gave the desired 

dosage. Fresh vasopressin dilutions were made each day and were 

kept refrigerated at all times. They were warmed before addition 

to the chamber. When any individual observation had been terminated, 

the tissue was washed with 10 to 15 ml. of warm Rademaker Solution.
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Vasopressin was added in amounts ranging from 0.5 uUnits to 500 mUnits 

in 0.1 milliliter. Doses of vasopressin throughout this paper are 

expressed as units added to the muscle bath which contained 2.5 ml. of 

Rademaker Solution. The minimum time of exposure was five minutes 

and the maximum time of exposure was fifteen minutes. The usual 

sequence of the addition of the vasopressin was such that the lowest 

doses was given first, then the doses were increased.
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RESULTS

Altogether 464 observations* were made on 124 samples of 

bladder muscle obtained from rats, mice, rabbits and guinea pigs 

(table 1). In rats, mice and rabbits the effect of repeated 

doses of vasopressin was studied.

* The term is used to indicate individual observations on the 
muscle samples made after each addition of specific amounts 
of vasopressin to the muscle bath.



Table 1

Synopsis of All Experiments

Species
Number of 
Animals

Number of 
Muscle Samples

Total Number of 
Observations

Rats 38 42 165

Mice 26 26 116

Rabbits 12 29 84

Guinea
Pigs 16 27 99

TOTALS 92 124 464
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Results of the Rat Experiments

165 observations were made on 42 bladder stips taken from 38 

rats. The vasopressin added to the muscle baths ranged from 0.5 

uUnits to 10.0 mUnits. Of these 165 observations, 11 were regarded 

as questionable because the shortening of the muscle was less than 

1.0 mm. (expressed in terms of pen deflection). These 11 were 

not considered in the final analysis of the data. In 116 of the 

remaining 154 observations the tonus of the muscle increased. In 

128 observations no change was noted, and in 12 observations the 
muscle tonus decreased (graph #1 ).

When the same dose of vasopressin was employed repeatedly, 

the response yas variable. There was no evidence of tachyphylaxis 

(table #2).

Figures 1 to 6 show that only the tonus of the muscle changes 
whereas the amplitude and frequency of contraction remained constant.
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Rat Bladder Response to 0.5 uU. and 1.0 uUnit
of Vasopressin

0.5jaUnits . .. ._i_________ i___ _____ ___ _ Wash

Figure 1 —  Female Rat, 0.5juUnits



Rat Bladder Response to 5.0 uTJ. and 10.0 uUnita
of Vasopressin

i. — i— L— \ 5.0/¿Units-- 1—  ____i--- -a Wash-
r '- " j ;  : i •'•••■ i  • ' T ----------1---------- r - — i— — r r ------- r —
Figure 3 —  Female Rat, 5.0/iUnits



Rat Bladder Response to 100.0 uUnits
of Vasooressin.

î
100.0juïïnita

Figure 5 —  Female Rat, 100.0 uUnits

Î . ..
Wash



Rat Bladder Response to 1.0 mUnit
of Vasopressin.

t
1.0 mUnit

| j j : : |
Figure 6 —  Female Rat, 1.0 mUnit

i — r ^ n r v  • l V    t
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Results of the Rabbit Experiments

84 observations were made on 29 bladder strips taken from 12 

rabbits. The dose of vasopressin ranged from 0.5 uUnits to 500 

uUnits. Of these 84 observations 2 were regarded as doubtful, and 

were not considered. Of the remaining 82 observations, 55 revealed 

an increase of muscle tonus. In nine observations no change was 

noted, and in eighteen observations a decrease of tonus was 

observed (graph#2). In experiments with repeated identical doses 

of vasopressin no evidence of tachyphylaxis was observed (table #3).

Figures 7 to 11 show the results in this series of experiments. 

Figure 9 illustrates the increase in tonus of the muscle and a 

slight increase in amplitude and frequency of contraction. The 

other illustrations show only an increase in tonus but no change 

in amplitude and frequency of contraction.
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Table 3

Response of Rabbit Bladder Strips to Repeated Identical
Doses of Vasopressin

Dose Response (cm.

Rabbit #1

Rabbit #2

a.

b.

c .

d.

a.

b.

0.5 uU 0.8
5.0 uU -0.8
50.0 uU N.R.

100.0 uU 0.5

0.5 uU 0.4
5.0 uU N.R.
50.0 uU N.R.
100.0 uU 0.5

0.5 uU 0.4
5.0 uU -0.5
50.0 uU -0.2

0.5 uU 0.3
0.5 uU N.R.

50.0 uU -0.7
100.0 uU 0.5

50.0 uU 0.4
100.0 uU 1.5
500.0 uU 1.6
500.0 uU 0.8
500.0 uU 0.8
500.0 uU 0.5

100.0 uU 1.3
500.0 uU 0.5
500.0 uU 1.0
500.0 uU 1.0
500.0 uU 0.4

The responses are for six bladder strips removed from two 
rabbits. The variable effect of any given dose of vaso
pressin on a single strip is evident.



Rabbit Bladder Response to 1.0, 5.0 and 10.0 uUnits
of Vasopressin.

25

------ l.OyjUnit---
s---n----1---- d--- -r---r— •— i---- 1—
Figure 7 —  Male Rabbit, 1.0juUnit

; Wash 
i----------rr

T

Figure 8 —  Male Rabbit, 5«0 uUnits

t
I 10.0 juUnits

~i------ r :— i-------r~— m— rr— r r .» ■■■
Figure 9 —  Male Rabbit, 10.0 uUnits
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Figure 11 -- Male Babbit, 100.0 uUnits. a
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Results of Mouse Experiments

116 observations were made on 26 bladder strips obtained from 

26 mice. The amount of vasopressin added to the muscle baths 

ranged from 0.5 uUnits to 10 mUnits. Of these 116 observations, 

eight were regarded as doubtful for the reasons stated before, and 

were not considered. Of the remaining 108 observations, 69 revealed 

an increase in muscle tonus. No change was noted in 25 observations, 

and in 14 the muscle increased in length (graph #3).

Repeated similar doses of vasopressin resulted in variable 

responses without any evidence of tachyphylaxis (table #4).
Figures 12 to 15 illustrate the results in this series of 

experiments. As shown by these figures only the tonus of the 

muscle changed whereas the amplitude and frequency of contraction

remained constant.
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Table 4

Response of Mouse Bladder Strips to Repeated Identical 
Doses of Vasopressin

Dose Response (cm.)

Mouse #1 1.0 mU 0.9
1.0 mU 0.4
1.0 mU 0.3
1.0 mU o 1
1.0 mU o.2
1.0 mU o _ 5
1.0 mU 0.2

Mouse #2 1.0 mU 0.9
1.0 mU 1.0
1.0 mU 0.6
1.0 mU N.R.
1.0 mU
1 . 0  mU 0 2
1.0 mU n a

The responses are for two bladder strips removed from two 
mice. The variable effect of 1.0 mUnit vasopressin on the 
same strip is evident.



Mouse Bladder Response to 100.0 uUnits and 500.0 uUnits
of Vasopressin

Figure 12 —  Female Mouse, 100.0 uUnits

t  ...... : _.... :. . 7 ..  7 7 Z 7 7 . f
500.0 juUnits -......— ~~i—  ---------- - , :_______i _ Wash .

'  ’ i  — n ------------------ 1 -------------------n ------------- w — — r - -  t i------------------- ~ t------------------r~ .— i------------------- 1— 11  n ; ; \

Figure 13 —  Female Mouse, 500.0 uUnits



Mouse Bladder Response to 1.0 mUnlt and 10 mUnits
of Vasopressin

t  _..................... :.... t ......
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figure 14 —  Female Mouse, 1.0 mUnit
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Results of the Guinea Pig Experiments

99 observations were made on 27 strips of bladder muscle 

obtained from 16 guinea pigs. The amount of vasopressin added to 

the muscle baths ranged from 5.0 uUnits to 500 mUnits. Thirty-four 

observations revealed an increase of muscle tonus, 13 observations 

revealed a decrease in tonus and no change was noted in 55 observations 
(graph #4). However, the response of the guinea pig bladder muscle 

was found to be much more complex than that of the rat, rabbit or 

mouse, because in addition to changes of tonus, there were pronouced 

changes in the amplitude and frequency of the individual contractions. 

Considering these three parameters a number of combinations could 

be distinguished. No response was seen in any of the parameters 

(tonus amplitude or frequency) in 20 observations. At least one 

parameter change was noted 79 times. The most frequently observed 

combinations were in this sequence: increased tonus with unchanged 

amplitude and frequency; decreased amplitude with unchanged frequency 

and tonus; increased amplitude with unchanged tonus and frequency 

(table #5). Figures 16, 17 and 18 illustrate the response of the 

muscle. Figure 16 illustrates a minimal increase in tonus with a 

decrease in amplitude and no change in frequency of contraction.

Figure 17 illustrates a decrease in amplitude of contraction with 

no change in frequency or tonus. Figure 18 illustrates an increase 

in tonus and frequency with a decrease in amplitude of contraction.
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Distribution of the Various Responses of Guinea Pig 
Bladder Strips to Vasopressin

5-500 uU 1-500 mU 5-500 uU 1-500 mU

Tonus Tonus t
Ampl t 2 Ampl 4 4
Freq - Freq -fr

Tonus Tonus 4
Ampl - 10 10 Ampl 4- 4
Freq Freq 4

Tonus T Tonus t
Ampl t 1 Ampl 1" 1 4
Freq Freq ^

Tonus Î Tonus f
Ampl 3 2 Ampl 4 6
Freq - Freq -

Tonus Tonus 't
Ampl 4 3 5 Ampl 4' 6
Freq - - Freq 4
Tonus 4 Tonus 4
Ampl 4 2 Ampl 4r 1
Freq - Freq ^
Tonus — Tonus ^
Ampl î 6 1 Ampl - 2 1
Freq - Freq f
Tonus t Tonus -
Ampl - 4 7 Ampl - 1
Freq - Freq 4

Tonus t Tonus 4
Ampl - 1 Ampl ^ 1
Freq 4 Freq

Tonus Tonus -
Ampl 2 4 Ampl - 1
Freq Freq

^  increase decrease no change



Guinea Pig- Bladder Response to 100 mUnit and 500 mUnits
of Vasopressin

t ; x u ... r '  t i :
0.5 Units - ." -----------------  ■ WashT  l: — r— ---1---- 1---- 1-- — i---- 1---n ---- 1---- r---r i---- r

Figure 17 —  Male Guinea Mig, 500.0 mUnits



Guinea Pig Bladder Response to 500 mUnits 
of Vasopressin.
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Figure 18 —  Male Guinea Pig, 500.0 mUnits
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After having considered our results according to the species 

of animals utilized, it is felt that a generalized description is 

indicated. First, it must be concluded that the bladder muscles 

of all species were in general responsive to vasopressin. Individual 

specimens of the bladder preparation of either of the four species 

however exhibited wide variations, contraction or relaxation was 

observed and some samples of bladder muscle failed to respond.

Whether contraction, relaxation or no response occurs, appears 

to depend on the vasopresin concentration in the bathing fluid.

We found in all four species that when the concentration of vasopressin 

was increased the incidence of "No Response" or Relaxation became 

less frequenjt and finally "Contraction" predominated.

It is worth noting that in rats and mice, vasopressin did not 

influence amplitude or rhythm in any appreciable degree. It caused 

slight changes in these parameters in the rabbit bladders and marked 

changes in the guinea pig bladder in addition to changes in tonus 

(contraction or relaxation).

The data indicates that the sensitivity of the bladder pre

paration to vasopressin varies with the species. To bring the 

results to a common denominator for the sake of comparison the changes 

in amplitude and frequency were disregarded and only the changes in 

tonus (contraction or relaxation) were classified as a positive 

response. Table 6 was constructed in this manner. It seems, as 

shown in this table, that the rabbit bladder strip is the most 

sensitive, showing the greatest incidence response (contraction or



RAT
Increased

and
Decreased

Tonus

0.5-10 uUnits 100-500 uUnits 1.0-10 mUnits 

74.7% 81.2% 95.6%

RABBIT
Increased

and
Decreased

Tonus

0.5-10 uUnits 50-500 uUnits 

88.2% 90.3%

MICE
Increased

and
Decreased

Tonus

1.0-10 uUnits 100-500 uUnits 1.0-10 mUnits 

60.6% 52.4% 96.3%

GUINEA PIG
Increased

and
Decreased

Tonus

5-10 uUnits 50-500 uUnits 1-10 mUnits 50-500 mUnits 

37.7% 50.0% 60.9% 76.0%

— .. ... .
u>00

Distribution of the Total Responses of the 
Four Species Studied



relaxation) to the lowest concentration of vasopressin, and the 

guinea pig is the least sensitive as shown by the fact that only 

50 to 500 milliunits elicited changes in 76% of the observations 

on guinea pig bladder. In the case of rabbit bladder 50 to 500 

microunits was sufficient to cause such changes in 90% of the 

observations. This is a thousand-fold difference in the sensitivity 

between the two species of animals.

The experiments in which the same doses of vasopressin were 

repeated in rather close succession did not demonstrate any signs 

of tachyphylaxis.

39
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DISCUSSION

In the past literature dealing with the effect of pituitary 

extracts on the bladder, we have found only five pertinent studies. 

Three of these utilized intact whole bladder in situ or in vitro 

and the pituitary extracts were administered by intravenous infusion, 

or to the serosal or mucosal surfaces (Frankl-Hochwart 1910, Graf 

1933, and Shimada 1937). The results of these three studies 

cannot be compared with our work. In the two other studies 

pituitary extracts were investigated with a methodology which 

permits comparison.

The first author, Macht 1926 found that a highly potent, 

though still impure, pituitary extract caused contraction of the 

trigonal mufecle strip. Unfortunately the results are difficult 

to evaluate because no data were given regarding the number of 

experiments performed, or the exact dosage of the extract. The 

three illustrations shown in the paper clearly demonstrate 

contraction of the muscle strip but there is no indication in the 

paper if, in some cases, relaxation was observed. It is not 

possible to ascertain whether the number of experiments performed 

were sufficient to reveal changes in amplitude or frequency of 

contraction. If only "a few experiments" or "some studies" were 

performed, as stated in this paper, such changes may have been 

overlooked.

The second paper was written by K. Tachibana 1935. He stated 

that when Pitressi^ was added to the bathing fluid to give a
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concentration of 0.0005 to 0.001%, the rabbit bladder strip 

contracted feebly. By increasing the Pitressii? concentration, 

the contraction became stronger. No data were given in the paper 

concerning the number and duration of experiments, or the size of 

the bladder strips. Since it was not specified whether the 

concentration of PitressitF' in the bathing fluid was expressed as 

units or weight of the extract it is not possible to estimate the 

actual effective dose in these experiments.

Our observations indicate that the response of the bladder 

strip to synthetic vasopressin is more complicated than one would 

expect on the basis of the available literature. Our data showed 

that in low concentrations of vasopressin some bladder strips may 

contract, others relax, and still others may not respond. With 

increasing hormone concentration the incidence of relaxation or no 

response diminished. No similar observations on the bladder have 

been described in the literature.

Species difference in sensitivity was also seen. Considering 

the type of response which is distinctly present in all four species, 

that is, change in the tonus (contraction or relaxation), it appears 

that the rabbit bladder is the most, and the guinea pig bladder 

the least sensitive among the four species studied. The sensitivity 

of the rat and mouse bladder appears to be equal and to lie between 

these two extremes. A similar species sensitivity difference was 

described, though not on the bladder muscle, by Bisset and Lewis.
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The aggregate response of the guinea pig bladder to vasopressin 

was not duplicated in the three other species of animals studied.

No significant change in the frequency or amplitude of contraction as 

part of the responses of the rabbit, mouse and rat bladder strips was 

observed. The guinea pig bladder responses are illustrated in 

Figures 16, 17 and 18. The most frequent combinations were in this 

sequence: increased tonus with unchanged amplitude and frequency;

decreased amplitude with unchanged frequency and tonus; increased 

amplitude with unchanged tonus and frequency.

Vasopressin is known to be one of the biologically active 

agents connected with the phenomenon of tachyphylaxis. This is 

characterized by a decreasing response to the drug when similar 

doses are repeated over a short period of time. This has been 

amply demonstrated when blood pressure is used as the indicator 

of vasopressin activity. Tachyphylaxis resulting from the action 

of vasopressin on bladder muscle does not appear to have been 

investigated prior to this work. When doses of vasopressin 

sufficient to elicit an increase of muscle tonus were repeatedly 

administered no indication of tacyphylaxis was observed.
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SUMMARY

1. The effect of synthetic arginine—8-vasopressin upon isolated 

bladder muscle strips of rats, mice, rabbits and guinea pigs 

was studied.

2. 464 observations were made on 124 samples of bladder muscle 

obtained from 38 rats, 26 mice, 12 rabbits and 16 guinea pigs.

3. The bladder muscle of rats and rabbits was found to be very 

sensitive to vasopressin. We found that in over 70% of our 

observations in these two species the muscle strips responded 

by either an increase or decrease of tonus when 0.5 to 10 milli 

Units of vasopressin was added to the muscle bath. The least 

effective dose demonstratable was 0.5 microunits which is 

approximately equal to 2 . 6 micro-micrograms of synthetic 
vasopressin.

4. The bladder muscle of mice and guinea pigs appears to be less 

sensitive in that the least affective dose was approximately 

100 microunits corresponding to 0.260 milli-micrograms.
5. In the rat, rabbit and mouse response to vasopressin consisted 

predominately of contraction or relaxation of the muscle.

In general, the high concentrations favored contraction, whereas 

at lower concentrations the response was variable.

6 . The response of the guinea pig bladder muscle was unique, in 

that not only the tonus changed but very often the amplitude and 

the rhythmicity of the individual contractions changed also.

No evidence of tachyphylaxis was found in these experiments.7.
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