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INTRODUCTION

Sudden unexplained cardiac arrest in the absence of car

diac pathology is one of the most serious complications that may 

occur during the course of surgical anesthesia. While the inci

dence is low, cardiac arrest carries a mortality of 50 per cent.

A review of this subject by Stephenson, 1958 (1), sug

gests the possibility that such factors as emotional stress, 

hypoxia, hypercapnia and vagal stimulation may be involved in
t

the cause of this condition. Recently Kramar, McCarthy, Grinnell 

and Dietz (2) demonstrated the presence of increased blood levels 

of vasopressin in patients suffering cardiac arrest. Experimental 

evidence has shown that strong emotional stress, hypercapnia and 

hypoxia are all capable of eliciting an increased blood level of 

vasopressin (3). With the realization that vasopressin is a 

powerful coronary vasoconstrictor, it seemed feasible that this 

action, combined with hypoxia and increased vagotonia, might be 

the principal factor involved in the phenomenon of cardiac arrest. 

Preliminary experiments on rats have shown emotional stress to 

be an effective method of causing vasopressin release. There

fore, it was suggested that one might use this laboratory approach 

to study the ability of certain drugs to inhibit pituitary release 

or antagonize the effects of vasopressin.
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HISTORY

For years scientists have shown interest in the physiol

ogy and pharmacology of the posterior pituitary. The posterior 

pituitary extract consists of vasopressin and oxytocin. Vaso

pressin is known to have a pressor and an antidiuretic effect, 

while oxytocin exhibits an oxytocic and a milk let-down effect 

(4,5).

The fact that denervation either chemically or mechanic

ally does not prevent the pressor effect of vasopressin on per

fused blood vessels (6) suggests that the action of this substance 
is directly on the smooth muscle fiber of the vessels ; however, 

the pressor effect on the intrahepatic vessels is said to be 

minimal (7). Thus the vasoconstrictor effect in the peripheral 

vascular tree is considered variable by some investigators (6).
The literature is replete with data showing a decreased 

coronary blood flow in both perfused and intact animal hearts 

following vasopressin administration (8,9,10,11,12,13,14,15,16, 

17,18,19,20). In the open-chest-dog-heart preparation visible 

paleness along the coronary vascular tree occurs immediately 

after intravenous injection of the drug (2,21), and the electro
cardiogram shows marked bradycardia, arrhythmia, increased P-R 

interval, and T and S-T segment changes (22,23,24,25). These 

changes resemble those seen in hypoxia and those following ad

ministration of large doses of digitalis (22,26,27). Furthermore,
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shock, acute myocardial infarction or sudden death due to extreme 

coronary vasoconstriction have also been observed following clin

ical use of this drug for testing coronary insufficiency and for 

facilitating cholecystography (28,29,30,31,32).

Grollman and others (22,23,33,34,35,36) have shown that 

the decrease in heart rate, cardiac output and oxygen consump

tion observed following vasopressin are primarily the result of 

coronary vasoconstriction and are due partly to the direct action 

of vasopressin on the myocardium.

As pointed out in the introduction, such factors as 

emotional stress, hypercapnia, hypoxia and vagal stimulation 

have been implicated in the mechanism of cardiac arrest (1).
These factors, as well as noise, pain, and rise of blood osmotic 

pressure, have been shown to be capable of stimulating vasopressin 

release (2,3,37,38). Furthermore, high vasopressin concentration 

has been observed in the blood of patients suffering cardiac 

arrest (2).
The supraopticohypophyseal system has been shown to re

lease vasopressin in response to dehydration, congestion of the 

extremities (39,40) or injection of acetylcholine (41,42). How

ever, the response to these stimuli has been demonstrated to be 

blocked by administration of ethyl alcohol (42,43).

In a study of the effects of the administration of exo

genous, and release (surgical trauma) of endogenous vasopressin
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in dogs, Shibusawa, et al. (44,45) observed increased blood and 

urine levels of 17-hydroxycorticoids as well as eosinopenia. 

Histochemical analysis of the hypothalamic area led him to be

lieve that the increased anterior pituitary function was second

ary to an increasing activity of the supraopticohypophyseal sys

tem. In a subsequent investigation, he was able to demonstrate 

that pre-treatment with chlorpromazine would inhibit the pitui

tary response to surgical trauma. However, the effect of exo

genous vasopressin was unaltered (46).

O'Connor (47,48) showed that vasopressin release follow

ing emotional stress was markedly decreased after removal of 

the posterior lobe of hypophysis or section of the supraoptico

hypophyseal tract.



5.

METHODS

Normal adult male albino rats weighing 250 to 350 g. were 

used as test animals throughout these experiments. Before the 

observation of drug effects on vasopressin release, basic effec

tive stimuli causing its discharge had been established. Two 

specific types of standardized stress were utilized throughout 

the experiments, 1 . emotional and 2. hypoxic.
1. Emotional stress was elicited by tying the rat to an 

animal board in a supine position and applying a measured pain

ful stimulus which consisted of pinching the nose and the tail 

every 15 seconds for 10 minutes with a pair of Kocher's forceps, 

closed to the first notched position.

2. Hypoxic stress was elicited by reducing the atmos

pheric pressure to -60cm Hg in 195 to 210 seconds, and maintain

ing it at this level for 30 seconds before returning to atmos

pheric pressure (Fig. 1). The time required to return to atmos

pheric pressure was held constant at 30 seconds.

Experience has shown these two methods of stress to be 

effective in causing vasopressin release in all the animals test

ed. It was found that any reduction in total stimulation would 

result in failure of some of the animals to release vasopressin.

In order to avoid the possibility of vasopressin release 

during the procedure of collecting blood samples, all animals, 

experimental as well as control, were killed by swift decapitation.
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To M ERCURY
M A N O M E T E R

VACUUM

PUMP

Figure 1. Illustration of the system for application of

hypoxic stress.
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The blood was heparinized, centrifuged and the plasma refriger

ated until 5 minutes before injection into the assay animal.

The entire procedure was carried out within 30 minutes, during 

which lapse of time no loss of vasopressin potency could be 

detected.

The effects of drugs on vasopressin release were studied 

by comparison of the vasopressin activity in the plasma of the 

control rats and that of the drug treated (premedicated) rats 

exposed to the standardized emotional or hypoxic stress.

Test animals were divided into five groups, and pre

treated with one of the following drugs in the described manner:

li. Ethyl alcohol (15%), 5 ml./100 g. of body weight, given 

orally and followed by an additional 1 ml. or less, as needed, at 
30 minute intervals, to obtain adequate anesthesia.

2. Nembutal (Pentobarbital sodium), 5 mg/100 g. of body 

weight, given intraperitoneally 20 minutes before the experiment.
3. Thorazine (Phenothiazine), 9 mg/100 g. of body weight, 

given intraperitoneally 30 minutes before the experiment.

4. Miltown (Meprobamate), 100 mg/100 g. of body weight, 

given orally 45 minutes before the experiment.

5. Reserpine (Rauwolfia derivative), two schedules used 

as follows:

Group A: Daily 0.5 mg/100 g. of body weight, given intra

peritoneally for three days with the last dose 4 hours before the
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acute experiment.

Group B: Single dose of 0.5 mg/100 g. of body weight, 

given intraperitoneally in the afternoon, followed by 0.75 mg/100 g. 

the next morning 4 hours before the acute experiment.

Since the renal tubular response to vasopressin has been 

shown to be about 1000 times greater than that of the vascular 
system (49), it was decided that the method of Jeffers, et al.(50), 

with slight modifications, could be successfully used in testing 

the presence of blood vasopressin under various experimental con

ditions .

Assay of the antidiuretic action of the specimens was 

carried out in normal adult male albino rats weighing 250 to 

300 g., and maintained in a constant environment of 25.5°C. Food 

was not withheld from the animals, since it has been shown that 

fasting rats are less sensitive to vasopressin (51) . The assay 

rats were rendered diuretic by an initial gavage of 5 ml. of 

15% ethyl alcohol solution per 100 g. body weight, followed by 
3 ml. of warm tap water per 100 g. body weight 30 minutes later. 

Supplemental water, 3 ml. per 100 g., was administered every hour 

and a dose of 1 ml. or less per animal of the alcohol solution 
was given as needed to maintain anesthesia.

The external jugular vein was catheterized using poly

ethylene tubing to facilitate intravenous injections of test 

materials. Cannulation of the urinary bladder was performed in
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the manner as described by Jeffers,et al. The maxillary incisors 

were fixed to a small metal cross-bar attached to the animal 

board and the rat was gently suspended in a semirecumbent posi

tion without restraining the extremities (Figs. 2,3). The urine 

was collected in a cylinder graduated to 0.1 ml., and regularly 
recorded at 5-minute intervals throughout the control and test 

periods. The control period consisted of four 15-minute segments. 

In each segment, the average minute volume was required to be 

between 0.10 and 0.20 ml., calculated from three successive 
5-minute readings and was required to vary not more than 10 per 
cent from the 15-minute mean. The final 15-minute urine sample 

was taken for chloride concentration and specific gravity deter

mination. At the end of the control period the test material 

was injected into the external jugular vein in a routine amount 

of 0.5 ml. and followed by 0.1 ml. of physiologic saline solu

tion. The post-injection urine sample was collected continuously 

until maximum antidiuretic effect occurred at which time the 

chloride concentration and specific gravity were determined on 

the entire sample. Each rat was used for two assays. The 

second assay was carried out in the same manner as the first 

after the urine flow had returned to control level.

The change in urinary volume following injection of test 

material was expressed as a per cent of the control period volume, 

according to the following formula:



Figure 2. Arrangement of anesthetized (alcohol) rats in antidiuretic bio-assays for vaso

pressin activity. The external jugular vein is catheterized, and the urinary g

bladder cannulated. The urine is passed into cylinders graduated to 0.1 ml.



11.

Figure 3. Closer view of Figure 2 for one rat.



C = £-- 5̂ =2—  x 100 , where
Me

C = Change in mean minute urinary volume following 

injection of test material

Me = Mean urinary volume per minute in the final 15 

minutes of the control period

Mt ” Mean urinary volume per minute during the test

period from injection until the recovery of flow.

The chloride concentration of the urine sample was deter

mined by titration (52), and its change following the injection 

of test material was expressed as a per cent of the control 

period value, according to the following formula:

C = — iSi-- 5̂-2—  x 100, where
Gc

C = Change of chloride concentration following injection 

of test material

Cc = Chloride concentration of control period urine

Ct = Chloride concentration of test period urine

Specific gravity was determined by the falling drop method 

slightly modified (53) from that described by Lowry and Hunter (54). 

The modifications were as follows: 1) The range of the specific 

gravities of the gradient tubes was 0.987 to 1.040; 2) Sodium 

chloride solutions were used as standard solutions. After first

12.
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converting all specific gravity readings to A  G values* (AG = 

observed specific gravity of urine - observed specific gravity 

of water), the change in specific gravity following injection of 

the test material was expressed as a per cent of the control 

period value according to the following formula:

C = AGt - A  Gc.. x 100$ where
A  Gc

C = Change in specific gravity following injection of 

test material

A Gc = Specific gravity of control period urine sample 

A G(- = Specific gravity of test period urine sample

For the convenience of comparison, changes beyond the 

limits of normal fluctuation and those following injection of 

physiologic saline solution (see Results) were graded arbitrarily 

(Table I). Vasopressin effect was expressed in terms of a re

sponse score which is the sum of individual scores obtained from 

the percentage changes in mean urinary minute volume, chloride 

concentration and specific gravity.

Standard response scores were obtained by injecting assay 

rats, as described, with a series of known doses of vasopressin**

* The use of A G  values, in which specific gravity is expressed 
as a value by which the solutes of the urine increase the 
specific gravity of water, gives a more accurate picture of 
the percentage changes than if total specific gravity values 
were used.

** Pitressin (Park Davis Co., Stock #3-161-10 Y-108-HA) and 
arginine vasopressin were used.
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SCORE SYSTEM FOR THE EVALUATION OF VASOPRESSIN EFFECT

TABLE I.

Mean urinary 
minute volume

Chloride
concentration Specific gravity

Change (%) Score Change (%) Score Change(%) Score

<-13 0 < -1-36 0 <  +19 0
-13 to -30 1 + 36 to + 50 0.5 + 19 to + 50 0.5

-31 to -45 2 + 51 to +100 1 + 51 to +100 1
-46 to -60 3 +101 to +200 2 +101 to +200 2
-61 to -75 4 +201 to +400 3 +201 to +400 3

>-75 1 5 +401 to +600 4 +401 to +600 4

+601 to +800 5 +601 to +800 5

>  +800 6 y  +800 6
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in physiologic saline solution ranging from 0 to 5,000 micro

units (Table II). These response scores show a linear relation

ship to the log-dose of vasopressin (Fig. 4).

Two typical experiments will be given in order to illus

trate the method used for recording the experimental data, and

for the calculation and evaluation of the results.
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STANDARD RESPONSE TO VASOPRESSIN INJECTIONS

TABLE II.

— —.................
Vasopressin

OiU)
No. of 
Rats

Response Scores 
Mean & S.D.■"■■■ - y f —.. ... — "" —

0 5 0 (+0)
5* 3 0.5 (+0.70)

10* 4 0.6 (+0.41)
20** 12 1.1 (+0.81)
35** 6 3.1 (+1.23)

50* 10 4.6 (+1.38)

100* 10 7.1 (+1.15)

250* 10 8.6 (+1.95)
500* 9 10.4 (+2.67)

1 ,000* 10 12.4 (+2.28)

5,000* 4 13.3 (+1.92)

* Pitressin (Park Davis Co.)

** Arginine vasopressin



Figure 4. Response (urinary changes) to vasopressin in rats
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Example 1.

Urine Volume Calculated
Reading (ml) Urine Volume

(5 min, interval) (ml/min.)

Control
Period

Injection 
of sample

1.85 
~2.4
3.0
3.6
4.25
4.85 
_0.55
1.15 
1.65 
„2.25 
0 . 6  
1.2 

Ll .85 
*  0.7

1.4 
0.7
1.4
2.2
2.9
3.6
4.25
4.9
5.6

0.11
0.12
0.12
0.13
0.12
0.11
0.12
0.10
0.12
0.12
0.12
0.13
0.14
0.14
0.14
0.14
0.16
0.14
0.14
0.13
0.13
0.14

Urine A

Urine B

Urine Sample Change
A B (7o) Scores

Mean urine 
volume (ml/min.) 0.13 0.14 + 7.7 0
Chloride
concentration
(mEq/1.) 12.95 13.14 +14.6 0

Specific 
gravity (AG) 0.00215 0.00215 + 0 0

Response Score 0
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Urine Volume Calculated
Reading (ml) Urine Volume

(5 min, interval) (ml/min.)

Example 2.

Control
Period

Injection 
of sample

0.4
r i .2 .16

2.0 .14
2.7 .14

-3.5 .16
4.25 .15
5.0 .15

-5.7 .14
6.3 .12
6.9 .12

-7.6 .16
0.7 .14
1.6 .16

1 2.1 .16
*0.4 .08]
0.5 .02
0.55 .01
0.85 .06
0.4 .08
0.9 .10
1.45 .11
2.0 .11
2.6 .12
0.5 .10
1.0 .10
1.8 .16
2.6 .16

Urine A

Urine B

Urine Sample Change

—

A B a) Scores

Mean urine 
volume (ml/min.) 0.14 0.08 -42.8 2
Chloride
concentration
(mEq/1.) 15.9 47.3 +197.4 2

Specific 
gravity (Z*G) 0.00180 0.00795 +340.5 3

Response Score 7
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RESULTS

Control Group: Normal fluctuation, effect of physiologic 

saline injection.

Spontaneous fluctuation of the mean urinary minute volume 

chloride concentration and specific gravity of each 15-minute 

segment in control rats, and the changes following the injection 

of physiologic saline solution are summarized in Table III.

Since these control studies show changes up to -12.5% in mean 

urinary volume per minute, +36.0% in chloride concentration, and 

+18.57. in specific gravity, only changes greater than these 

values could be considered as an indication of vasopressin effect

Plasma of Normal Unstressed Rats.

The results in this group showed that in four out of 

seven unstressed rats no vasopressin could be detected, while in 

the other three rats small amounts could be demonstrated. The 

over-all result in this group enables one to state that under 

normal conditions vasopressin in the rat plasma is less than 

5 juU/0.5 ml. (Tables II,IV) .

Response to Standardized Emotional and Hypoxic Stress 

(Table IV) .

When tied on a board with uniform painful stimulus, the 

rats invariably became enraged, snapped at any approaching object
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TABLE III.

RANGES OF URINARY CHANGES UNDER NORMAL CONDITIONS AND
FOLLOWING THE INJECTION OF PHYSIOLOGIC SALINE SOLUTION______

Change in
No. Change in chloride Change in
of urinary volume concentration specific 

__________ Rats per minute(%)________ __________ gravity(%)

Normal
fluctuation 4 -10.0 to +14.3 -10.4 to +12.8 -6.2 to +18.5

Injection of 
physiologic
saline 5 -12.5 to +11.7 +4.1 to +36.0 -16.1 to +0
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SUMMARY OF RESPONSES OF VARIOUS RAT PLASMAS

TABLE IV.

Emotional Hypoxic
No Stress Stress Stress

No. Response No. Response No. Response
of Scores of Scores of Scores

Treatment Rats Mean & S.D. Rats Mean & S.D. Rats Mean & S.D.

None 7 0.3(±0.41)

None 9 8.7(±3.33) 11 9 ,2(±2.96)

Ethyl
alcohol
(oral) 2 0.5(±0.50) 10 0,3(±0 .50) 10 7.9(±4.40)

Nembutal
(i.p.) 4 0.6(±0.41) 5 3.4(±2.59) 5 10.3(±4.79)

Thorazine
(i.p.) 1 5 2.1(±2.20) 10 4.3(±2.61) 10 3.6(±2.50)

Miltown
(oral) 2 0 (±0) 7 0.1(±0.17) 7 6.3 (±3.19)

Reserpine
(i.p.)
Group A 1 1.0(±0) 3 5.7 (±2.86) 2 6,0(±1 .00)
Group B

L _

4 3,8(±2.27) 5 4.5(±0.63) 5 5.6(±2.05)
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and urinated and defecated frequently. The reaction of the rats 

subjected to the hypoxic stress were quite uniform. Tachypnea, 

urination, restlessness and excitation occurred between pressures 

of -30 and -50cm Eg, hyperpnea and ataxia occurred between pres

sures of -50 and -58cm Eg, and labored respiration, twitching 

and unconsciousness started to occur at a pressure of -58 cm Eg.

The mean response score for emotional stress was 8.7 

(+3.33). That for hypoxic stress was 9.2 (+2.96).

Effects of Premedication (Table IV).

1. Ethyl alcohol.

The alcoholized rats were unconscious, relaxed, and showed 

a thoracoabdominal type of respiration. They reacted to the 

standardized hypoxic stress in the same manner as the non-treated 

rats. Alcohol alone gave a mean response score of 0.5 (+0.50), 

equivalent to five microunits of vasopressin. Alcoholized rats 

following the emotional stress gave a score of 0.3 (+0.50).

Those following the hypoxic stress gave a score of 7.9 (+4.40). 

There was good suppression of emotional effect, but no apparent 

effect was noted upon hypoxia.

2. Nembutal (Pentobarbital sodium).

The pre-treated rats were moderately drowsy with ataxia. 

Occasional struggle was observed when they were tied on a board. 

Struggle and yelp were noted on every pinching of their noses 

and tails. They were less resistant to hypoxic stress, and the
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respiration stopped when the pressure reached -50cm Eg. Recov

ery occurred only after air was given.

The rats treated with Nembutal alone gave a mean response 

score of 0.6 (+0.41). Rats pre-treated with Nembutal gave a 

score of 3.4 (+2.59) following the emotional stress. Follow

ing the hypoxic stress they gave a score of 10.3 (+4.79). Nem

butal, therefore, suppressed emotional effect, but did not in

fluence at all the effect of hypoxia. It must be remembered 

that the animals of this group were exposed to a substandard 

degree of the stress, which, however, was actually more stress

ful for them than the standardized stress for the control animal. 

This was obviously due to the depressant action of the drug on 

the respiratory center.

3. Thorazine (Chlorpromazine).

The pre-treated rats were drowsy, but easily aroused, 

and without ataxia. They struggled when they were tied on the 

board and also yelped on each pinching on their noses or tails. 

These rats tolerated the pressure of -60cm Eg only for a very 

brief time and could not all be maintained at this level for 

30 seconds.

Thorazine alone gave a mean response score of 2.1 (+2.20). 

The score of the pre-treated rats following the emotional stress 

was 4.3 (+2.61), and following the hypoxic stress was 3.6 (+2.50). 

Thus, a moderate suppression of emotional effect and a marked 

suppression of hypoxic effect were noted.
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4. Miltown (Meprobamate) .

The pre-treated rats in this group behaved in the same 

manner as the non-treated ones except for a very mild drowsiness 

before any stress was applied. Standard negative pressure was 

tolerated for 30 seconds. Miltown alone did not give rise to 

any detectable vasopressin release, i.e., its mean response score 

was zero. The score for emotional stress of pre-treated rats 

was 0.1 (+0.17), and that for hypoxic stress was 6.3 (+3.19). 

Miltown, therefore, was found to have an excellent suppressing 

effect on emotional release of vasopressin, but only a moderate 

effect on the release due to hypoxia.

5. Reserpine (Rauwolfia derivative).

In group A, the pre-treated rats had a marked loss of 

body weight, due apparently to poor appetite and diarrhea. They 

were extremely drowsy, yet easily aroused and responded readily 

to the painful pinching. Their respiration stopped as the pres

sure reached -60cm Hg and recovered only after air was given.

In group B, they had the same symptoms, however to a 

less degree. They could tolerate the pressure of -60cm Hg, but 

none of them could endure as long as 30 seconds at this level.

The rats treated with Reserpine alone had mean response 

scores of 1.00 (+0) and 3.8 (+2.27) in groups A and B respective

ly. Pre-treated rats following the emotional stress had a score 

of 5.7 (+2.86) in group A and one of 4.5 (+0.63) in group B.
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Those following the hypoxic stress had a score of 6.0 (+1.00) 

in group A and one of 5.6 (+2.05) in group B. The effect of 

this drug, therefore, appears to be a rather moderate suppression 

of the responses to both stresses.
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DISCUSSION

Before discussing the results obtained in this investiga

tion, it seems desirable to give consideration to certain general 

aspects of the problem and our method of approaching it. Possible 

mechanisms that may be involved in antidiuresis include both 

glomerular filtration and tubular reabsorption. Current concepts, 

however, hold that vasopressin produces antidiuresis by its ac

tion on the loop of Henle, the distal tubule, or the collecting 

tubule (55,56,57,58,59,60,61). Another polipeptide, pepsanurin 

(62), as well as the active substance in the blood of stressed 

animals, such as we are dealing with, has been shown to have a 

similar action.

Identification of the Substance Discharged Following 

Stress with Vasopressin.

In order to establish the relationship between this ac

tive substance and vasopressin, several facts may be brought 

out:

1. The substance appears in the blood with amazing prompt

ness (within one minute) following stress.

2. Stress gives rise to practically no active substance 

following hypophysectomy or section of the supraopticohypophy- 

seal tract (47,48,63,64).
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3. This active substance causes antidiuresis in hydrated 

rats and increases chloride concentration and specific gravity 

of urine.

4. It possesses a coronary vasoconstrictor activity (2).

5. The active substance can be inactivated by reduction, 

e.g., with sodium thioglycollate (65,66).

6. It requires many hours to complete the process of 

producing pepsanurin invitro. Whether or not this process 

occurs in vivo has not been demonstrated.

In summing up, we may say that this substance is most 

likely different from pepsanurin and is rapidly discharged into 

the blood from the supraopticohypophysea1 system following 

stresses. It affect renal tubular functions and has coronary 

vasoconstrictor action like vasopressin. Its activity is closely 

linked with a reducible group. Although establishment of the 

structural nature of this substance will be the final proof, 

these indirect evidences are convincing enough to support the 

presumption that the active substance is biologically indentical 

to vasopressin.

Sensitivity of the Bio-assay Method Used in this Work.

With the described modified method from Jeffers, et al .,(50) 

the effect of 5uU, or 2.7uU/100g. of body weight can be demonstra

ted occasionally, and of 20uU, or 7.4uU/100g. of body weight can
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be demonstrated frequently. The smallest dose of vasopressin 

giving consistent response is 35pU, or 13.6jiU/100g. of body 

weight, which is very close to that reported by Jeffers, et al., 

of 20̂ iU, or 10pU/ lOOg. of body weight.

The fact that such similar results were obtained in dif

ferent laboratories, even under experimental conditions not 

exactly similar, is indicative of the reliability of this 

bio-assay method for vasopressin.

Evaluation of Assay Procedures.

Three indices, 1) urinary flow, 2) chloride concentra

tion and 3) specific gravity, were used as indicators of vaso

pressin effects. For the purpose of estimating the vasopressin 

activity in an unknown sample, the latter two indices are more 

valuable than the first, because an increase in the amount of 

vasopressin beyond 500jjU will not be demonstrated by any further 

proportional decrease in the urinary flow. Chloride concentra

tion and specific gravity, however, will continue to increase 

as vasopressin values exceed this amount. Since an individual 

assay animal may occasionally show a more marked response or a 

less marked response in one part of this response complex than 

in the other two, the use of only one indicator could be mislead

ing. A simultaneous consideration of all of the three indices 

will therefore render the results more uniform and reliable.



29.
Vasopressin Release by Emotional Stress and Hypoxia.

From the experimental data the striking effects of emo

tional stress and hypoxia on vasopressin release are evident. A 

series of pilot experiments had been carried out before the stand

ard procedures for producing the specific stresses were established. 

In these experiments the time factor and the degree of stress were 

systematically varied and studied. Thus, excellent opportunity 

was had to observe the time relationship between stimuli and 

responses. The fact that vasopressin release may occur within 

one minute following emotional stress suggests the probability 

that a similar prompt response to sudden emotional upset, rage, 

and psychic shock may occur in human beings, and seems to have 

a very important implication.

It was found that Ion» oxygen tension in the inhaled air 

per se does not elicit a release of vasopressin until a point is 

reached where compensation fails and actual hypoxia sets in. At 

this point, vasopressin appears in the blood immediately. This 

suggests that the mechanism by which low oxygen tension in the 

inhaled air causes vasopressin release is not a simple one, 

either reflex or direct, in which the stimulus for vasopressin 

release is proportional to the lowered oxygen tension of the 

blood, but rather that a trigger mechanism exists which is 

triggered only when the oxygen tension falls to a given critical 

level. Further study is needed to determine the nature of this
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trigger mechanism and its possible relation to other factors 

which cause release of vasopressin, such as emotional stress.

Effects of Alcohol. Sedatives and Tranquillizers on 

Vasopressin Release by Emotional and Hypoxic Stress.

The scattered data found in the literature with refer

ence to this problem were of no great value for the present 

studies. With respect to alcohol, one finds only sweeping state 

ments about its effectiveness without specific reference to ex

perimental conditions, and a close scrutiny of the experimental 

results does not bear out the fact that is considered to be of 

importance in the present study, namely, that there is a marked 

difference in the effectiveness of alcohol depending on the 

type of stress. It is of considerable practical significance 

to know that alcohol has a marked effect in suppressing the re

lease of vasopressin in cases of emotional stress, but little 

effect in cases of stress due to hypoxia. This fact suggests 

that the site of action of alcohol is not in the supraoptico- 

hypophyseal system. This assumption is supported by the experi

mental results of Strauss, Rosenbaum and Nelson (67), who showed 

that antidiuresis could be brought on by administration of 

sodium chloride after drinking alcohol.

As shown in Table IV, most of the drugs used in this 

study demonstrate a capacity for reducing vasopressin release
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induced by stresses. Their effectiveness in this respect, how

ever, is quite variable and, for any one drug, depends on the 

type of stress. According to the reported findings, alcohol 

and Miltown are the most effective in emotional stress, while 

Thorazine seems to be the most potent in hypoxia. The effective

ness of Miltown is presumably the result of a thalamic depressant 

action which blocks the afferent stimuli causing rage and, thus, 

inhibits vasopressin release. Thorazine is believed to act by 

depressing hypothalamic activity, because it inhibits both 

emotional and hypoxic effects. Reserpine acts similarly, only 

with less effectiveness. Especially impressive is the finding 

that Miltown produces a complete suppression of the emotional 

discharge of vasopressin in the face of almost total absence of 

side effects on other centers.

Practical Considerations.

That emotional upset, excessive anxiety, or psychic 

shock during the preoperative stage may have a very unfavorable 

influence on the course of anesthesia and surgery has long been 

recognized. The realization that psychic factors may interfere 

with the patient's somatic reactions has led to the present re

finements of preoperative care and to the development of proper 

premedication techniques and induction anesthesia. Hypoxia 

during anesthesia and surgery has also been considered as a



possible cause of cardiac accident. Recent developments in 

anesthesiology have made it possible to maintain respiration 

undisturbed at the proper level throughout the operation. 

Nevertheless, despite all efforts and vigilance, unexpected 

cardiac arrest still not infrequently occurs.

Since more has been learned about the mechanism by which 

these factors operate, an additional safeguard seems to have be

come available -- the purposeful suppression of vasopressin 

release during anesthesia and surgery. The experiments presented 

in this work represent but the first step in this direction. A 

further development would be to find ways and means of helping 

the organism to rapidly destroy vasopressin which has already 

been discharged. Pilot experiments on reducing agents suggest 

that such an attempt may be feasible. An entirely different 

approach may be utilization of the phenomenon of tachyphylaxis. 

This term indicates a state of decreased sensitivity to a second 

dose of vasopressin occuring at a time when the effect of the 

first dose has worn out. The question whether such a desen

sitization can be developed, by means of a small preoperative 

dose of vasopressin, should be the subject of further investiga

tion.

It is now realized, in retrospect, that some of the re

sults in this study may be influenced by certain technical fac

tors that were not obvious at the time the experiments were

32.
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carried out. As seen in Table IV, Thorazine and Reserpine were 

administered intraperitoneally for the purpose of avoiding any 

possible effect due to the unpredictable absorption of these 

compounds. It was found, however, that some of the drugs, when 

administered alone, gave rise occasionally to vasopressin re

lease, presumably attributable to local irritation. Even though 

these same drugs were capable of suppressing the release of vaso 

pressin due to stress, it seems quite probable that the suppres 

sion would have been more effective (and the response scores 

lowerX if the drugs had been administered by the oral route 

instead of intraperitoneally. Final evaluation of the relative 

effectiveness of such compounds must await the completion of 

additional experimental studies in animals and some type of

clinical evaluation in man.
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SUMMARY

1. In view of the apparent role of vasopressin in cardiac 

arrest occurring during anesthesia and surgery, it was decided

to investigate the possibility of producing an artificial sup

pression of the release of vasopressin in stressful situations.

The albino rat was chosen as an experimental animal.

2. Two types of stress, emotional and hypoxic, both play

ing a role in cardiac arrest, were used in carefully standardized 

forms. Upon their application, vasopressin appeared in the 

blood of all the animals in high concentration, and was demonstra

ted by bio-assay, sensitive enough to indicate the presence of

as little as 13.6uU/100g. of the test animal.

3. No vasopressin was found after standardized emotional 

stress when the rats were pre-treated with ethyl alcohol, or 

meprobamate (Miltown). Vasopressin appeared, but in reduced 

quantity, in the rats that were pre-treated with barbiturate 

(Nembutal), phenothiazine (Thorazine), or Rauwolfia derivative 

(Reserpine).

4. The effect of standardized hypoxic stress on vaso

pressin release was markedly reduced by pre-treatment with 

phenothiazine (Thorazine), and moderately reduced with mepro

bamate (Miltown) or Rauwolfia derivative (Reserpine). It was 

not influenced at all by barbiturate (Nembutal) and not per-

ceivably by alcohol.
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5. It is believed that further investigation in this 

direction may bring about practical results capable of reducing 

the danger of cardiac arrest during anesthesia and surgery.
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