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INTRODUCTION

This thesis consists of two parts, both con¬

cerned with the study of substances which can re¬

duce the volume output of the kidney. The sub¬

stance investigated in part one is 5-hydroxytrypta-

mine. This substance, isolated only recently is

of widespread occurrence not only among the various

tissues of the individual, but amongst individual

species throughout the animal kingdom.

A great deal is known of its effects upon the

living organism, and they are many. Suggestions

as to its true physiological role have been diverse,

ranging from a possible haemostatic, a factor in

brain metabolism, and a specific regulating hormone

of the kidney. Part one is concerned with the lat¬

ter aspect. Since the anti-diuretic activity of

5-hydroxytryptamine has only recently been discov¬

ered, the experiments are concerned with roughly

outlining its properties and seeing whether its

action on the kidney can be regarded as specific.

Part two is concerned with the anti-diuretic

activity of morphine. In this part an attempt has

been made to localise further the anti-diuretic

action of morphine. This substance exerts its

effect through the hypothalaraico-hypophyseal system,

causing the release of the anti-diuretic hormone.

The experiments have been done to find out, if pos¬

sible, more about the workings of this system.

I am very grateful for Professor Whitteridge
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making my stay in his department possible, and it

is a pleasure to acknowledge my debt of gratitude

to Dr. Mary Pickford for all that she has done for

me in this period.

Technical assistance during most of these

experiments has been admirably given by Miss

Dorothy Craig, and Mr. W. T, Hunt has ensured that

the animals have received the best of attention.

The photomicrographs were done by the Photomicro¬

graphy Unit of the Pathology Department under the

guidance of Mr. T. C, Dodds. My grateful thanks

to Miss Pamela Dance, B.Sc., for doing so many

jobs so willingly and so well.

Some of the work described in this thesis has

been co?nmunicated to the Pharmacological Society

(Oxford, July, 1953) and to the Physiological

Society (Sheffield, April, 1955»
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PART I

5-Hydroxytryptamine Anti-dluresis

Introduction

The presence within the body of a substance

with anti-diuretic properties arouses curiosity as

to its possible function and importance. This is

particularly so when an existing theory can ade¬

quately explain the mechanism of anti-diuresis.

Hence our interest in 5-hydroxytryptamine. This

substance, isolated recently from blood (Rapport,

1949) was not first thought to be of any particular

importance in controlling renal function. The

workers responsible for the initiation of the re¬

searches which led up to its isolation (Rapport,
Green and Page, 1948 a & b) were more concerned

with the vasoconstrictor properties of the substan¬

ce, and its possible importance in hypertension.

T. G. Brodie (1900) first showed that, if

blood is allowed to clot, then the serum has a

number of effects upon the vasculature, including

constriction of the kidney. Such experiments as

he did gave results which were the sum of the ac¬

tion of a number of different substances, both

vasodilator, and vasoconstrictor. Stewart and

Harvey (1912) showed that serum caused vasoconstric¬

tion of the vessels of perfused kidneys, and iden¬

tified. the activity as being related to a thermo -

stable alcohol-soluble material.

The presence of a substance or substances,
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called "vasotonins" in blood which was allowed to

clot was noted several times in the 1920's and

1930's. Sicholtz and Verney (192W could not get

any blood to flow through a kidney perfused with

defibrinated blood by means of a pump, the vasocon¬

striction being so pronounced. This vasoconstric¬

tion they attributed to vasotonins appearing spon¬

taneously in the blood. They pointed out that

early workers had ridiculously low flow figures

through perfused kidneys. Jacoby (1890) could only

force 100-200 mis of blood through a perfused pig

kidney in one minute. Pfaff and Tyrode (1903)

perfusing dog kidneys had flow rates of only 3 to 7

mls/min.

More was learnt about the properties of vaso¬

tonins by the researches of Hemingway (1931) and

Bayliss and Ogden (1932). Hemingway showed that

by passing defibrinated blood through lungs for

five or ten minutes the vasoconstrictor activity is

lost. Bayliss and Ogden showed that vasotonins

are formed rapidly if blood is allowed to stand, the

process apparently being complete in ninety minutes.

Like Hemingway they showed that passage through the

lungs of blood which had stood and acquired vaso¬

constrictor activity caused a loss of such activity.

Once passed through the lungs and bereft of its

vasoconstrictor properties, the blood does not re¬

acquire such properties after standing for a further

period. They showed that it was not the process
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of oxygenation of the blood which caused it to lose

its vasoconstrictor properties.

The general subject of vasoactive substances

in blood benefited greatly from the publishing, in

1936 of a book by Gaddum "Gefflsserweiternde Stoffer

der Gewebe1', in which the activity of both vaso¬

dilators and constrictors was distinguished. He

attributed the vasoconstrictor action on kidneys

of blood which has been allowed to stand, or which

has suffered mechanical damage to vasotonins,

ruling out other possibilities.

The list of organs capable of destroying vaso¬

tonins was extended by the work of Bing (19U1) who

showed that both the liver and the spleen could

remove circulating vasotonins. In this decade

(19U0-1950), work on vasotonins was accelerated.

Reid and Bick were concerned with the problems of

the large scale storage of blood as a result of

the great wartime needs. In 19h2 they published

the results of investigations on reactions to the

administration of stored serum. They showed that

a substance was released during the clotting pro¬

cess, a substance which was alcohol soluble, and

which was highly vasoactive. They added the

important fact to our existing knowledge that this

substance was released from the platelets during

the clotting process. This findings was confirmed

by Zucker in 19Ub and again by Reid and Rand in

1951 (a & b).



- 6 -

In Cleveland, Rapport, Green and Page were

investigating a serum vasoconstrictor which they

thought might be of importance in hypertension

(Rapport, Green and Page, l9U8a). They were soon

able to isolate the material, using the perfused

rabbit ear as a test for its presence (Rapport,
Green and Page, 19h8 b & c)« In 19U9 Rapport

established the structure of the material as the

indole-alkylamine, 5-hydroxytryptamine. The syn¬

thesis was accomplished by Hamlin and Fisher in

1951, and it soon became clear that the substance

referred to as vasotonin in this country and sero¬

tonin in the United States was 5-hydroxytryptamine

(Reid and Rand, 1951; Page, 1952; Freyburger,

Graham, Rapport, Seay, Govier, Swoap and Vander

Brook, 1952).
In the gercxalappraisal of its properties, the

effects on the kidney were neglected until the

announcement by Erspamer and Asero in 1952, that

the substance which they had been investigating for

many years under the name of enteramine was in fact

5-hydroxytryptamine. Erspamer and his colleagues

had succeeded in isolating enteramine from a host

of tissues, but came across its anti-diuretic pro¬

perties accidentally.

In 19U8, Erspamer and Perosa were investigat¬

ing the hypotensive activity of extracts of octopus

salivary gland. They found that the administration

of some of their extract to a man with diabetes
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insipidus reduced his daily urine output of 9

litres. They showed their extract to be anti¬

diuretic when injected into rats, to be thermostable

and alcohol soluble, but not to be the anti-diuretic

hormone. Extracts of all other parts of the octo¬

pus failed to show any anti-diuretic action.

Erspamer and Ottolenghi (1950) showed the

active principle in the octopus salivary gland to

be enteramine like, and extended the range of ani¬

mals in which it could be shown to produce anti-

diuresis to include frogs, toads, guinea-pigs and

dogs. After sub-cutaneous injection, the onset of

anti-diuresis was rapid, occurring in a few minutes,

and the effect prolonged, lasting up to six hours.

Diuresis whether produced by xanthine, mercurials,

salts or urea was inhibited by the extract. In

1951, Srspamer and Ottolanghi extended their in¬

vestigations, and tried to localise the site of the

action of their extract, Clearance measurements

were made of the renal plasma flow, and glomerular

filtration rate in dogs, both conscious and anaes¬

thetised with sodium pentobarbital.

It is somewhat unfortunate that the only fig¬

ures in this paper show that no reliance can be

placed in their clearance determinations. The

dose of extract (given sub-cutaneously) was so

enormous as to either shut down the urine flow com¬

pletely, or to reduce it to such a low figure as to

render clearance estimations of doubtful value.
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Nevertheless, Erspamer and Ottolenghi assert that

the profound anti-diuresis observed was "due to a

reduction or inhibition of glomerular filtration"

and that "increased tubular re-absorption, supposing

it exists, could, at the best, be only of secondary

importance". In their anaesthetised dogs, admini¬

stration of the extracts caused a rise of 60-100

mmHg. in the systemic blood pressure.

Extending their clearance observations to rats,

Erspamer and Ottolenghi (1952a) showed that sub¬

cutaneous administration of their extracts reduced

both glomerular filtration rate and renal plasma

flow. This they suggest, shows that the extract

exerts a specific effect upon the vessels of the

afferent glomerular bed of the kidney. These ex¬

periments were repeated with similar results using

a sample of 5-hydroxytryptamine (Erspamer and Otto¬

lenghi, 1952b), The effective dosage was small,

as little as U* 1 ug/kg of 5-hydroxytryptamine base

producing an anti-diuresis after sub-cutaneous in¬

jection, The conclusion was reached that "Entera-

imine represents a physiological hormonal regulator

of the tonus of the intra-renal vascular system and,

as a consequence, of the blood flow through the

kidney".

This was the situation when the researches re¬

ported upon here were first contemplated, the

contention from a relatively isolated European

school that 5-hydroxytryptamine was involved in the
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control of kidney excretion, and the knowledge that

substances which were almost certainly 5-hydroxytayp-

tamine had long been shown to cause kidney vaso¬

constriction.

Statement of problem

The problem was to investigate further the

mode of action and the importance of the anti¬

diuretic activity of 5-hydroxytryptamine.
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Experimental

(The abbreviation 5HT will now be used for 5-

hydrcxytryptamine.)
The first part of the work was to confirm that

5HT was anti-diuretic. Having confirmed that this

was so, an attempt was made to investigate how the

anti-diuresis was brought about. Experiments were

done to see whether the anti-diuresis was accom¬

panied by any changes in renal haemodynamics, and

to see whether the changes actually observed were

mediated through the renal nerves. Experiments

were also done to find out if the anti-diuretic

dosages were sufficient to cause general vasocon¬

striction and contraction of smooth muscle. Each

section of the investigation required different

techniques which are described at the heading of

each section.

A large number of experiments were done on a

group of trained dogs. Their histories, together

with the description of operative procedures used

on them and salient post mortem findings are given

in the appendix.
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The Effect of Intravenously Administered 5HT on the

Course of Water Diuresis and Renal Clearances in

the Conscious Dog

Method

These experiments were performed on the group

of trained bitches whose histories are described in

the appendix. . The experiments were done in a

room which was soundproofed, but not perfectly so.

On the day of an experiment, food was withheld

from the animal, and at 11*30 a.m. it was given

250 mis of tepid water by stomach tube. Its drink¬

ing water was then removed. At 2 p.m. the animal

was given a further dose of tepid water by stomach

tube. The amount given was the same for any one

dog, and depended on its size: the range was 200-

hOO mis. The dogs were then lain on their sides

with the minimum of physical restraint, and the

bladder cs&heterised. After the bladder contents

had been allowed to drain, the urine was collected

into a graduated measuring cylinder by connecting

a short piece of glass on to the catheter.

The 5HT for injection was diluted in normal

saline just before the injection from a stock solu¬

tion containing 1 mg/ml of 5-hydroxytryptamine crea¬

tinine sulphate in acidified 0*saline. The

dilution was such as to give a final volume for in¬

jection of 1-2 mis. Injections were made into the

hind leg vein. In those experiments in which

clearance values were to be measured, 6-9 mis of a
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35/£ w/v solution of diodone (the diethanolamine

salt of 3:5 di-iodo-U-pyridone-N acetic acid) was

injected sub-cutaneously 30 minutes before the sec¬

ond dose of water. 5~k gms of creatinine were

added to this water. The creatinine clearance

gave the glomerular filtration rate (Smith, 1951)»
the diodone clearance the renal plasma flow (Smith,

Golding and Chasis, 19385 Corcoran, Page and Smith,

19U1)* The actual dosage of diodone and creatinine

was based upon the animal's size. Samples of

blood for analysis were removed from the hind or

fore limb vein at the mid point of the relevant

urine collection. In investigating the effects

of injected 5HT an allowance was made for the dead

space of the collecting system. Estimations of

diodone were carried out by the method of Alpert

(19U1), and of creatinine by the alkaline

method as described by Hawk,,, Oser and Summerson

(19U7)*

All doses of 5HT are referred to as the base,

although the injection was of the creatinine sul¬

phate complex.

Results

52 observations have been made upon the effects

on urine flow of administering 5HT intravenously

during the course of water diuresis, the range of

doses employed being from 0*72 ug/kg to 31*0 gg/kg.

These results are summarised in Table 1.

5HT, when injected in a sufficient dose causes
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anti-diuresis. The duration of the anti-diuresis,

and the degree of inhibition of flow rate is in¬

creased when the dose is increased (Fig. 1). The

effect is not, however, consistent (Fig. 2), Doses

below 1 ug/kg do not appear to be anti-diuretic,

doses from 1-h dg/kg are uncertain in their effects.

Doses of from k to 10 jig/kg, are more certain in

their effects, but are not invariably anti-diuretic.

In the 26 experiments where doses greater than 10

ug/kg have been injected an anti-diuresis did not

result in three experiments. In these three ex¬

periments there was an increase in the rate of ur¬

ine flow, (Fig. 3), twice followed by anti-diuresis

(Fig. 2). The anti-diuresis in response to these

larger doses was often quite marked, lasting on

occasions for longer than one hour (Figs. i}. and 5).

In these experiments, attempts were made to

see if the injection of 5HT produced renal vascu¬

lar changes by measuring renal clearances before

and after the injection. Two of these experiments

were unsuccessful because of mistakes in the chemi¬

cal analysis. If there is an anti-diuresis fol¬

lowing injection of 5HT it is invariably accompanied

by a decrease in both diodone and creatinine clear¬

ances. The mean value for this fall was 51*5/5

for creatinine clearance, and 53*5fa for diodone

clearance. Figs. 5, 6, 7, 8 and 9 show that there

is an abrupt fall in the clearance values immedia¬

tely following the injection. The clearance values
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then rise, sometimes independently of the urine

flow, and may come back to the pre-injection figure

during the anti-diuresis (Figs. 5 and 9). Some¬

times there is partial recovery during the anti-

diuresis (Figs. 6 and 7) and on occasions, the

clearance figures closely follow the urine flow

(Fig. 8). There is some correlation between the

dosage of 5HT and the clearance changes (Fig. 9).

On a few occasions clearance values following upon

the anti-diuresis rise to above the pre-injection

level (Figs. 8 and 9)*

Clearances were measured in one of the three

experiments where a rise in urine flow followed the

infection of 5HT, causing a rise in diodone and

creatinine clearance*



Table 1

EFFECT OF INTRAVENOUSLY ADMINISTERED 5HT ON UR1MB FLOW

Dog No. Date Dose HT ug/kg Effect

96 2k: 11 52 0*72 None

96 26:11 52 1 *19 Just perceptible
96 27:11 52 1 *38 Just perceptible

110 2k: k 53 1 '1+5 None

110 2k: k 53 1 *k5 None

102 28:11 52 1*7k Just perceptible
96 27: 1 53 3*90 Just perceptible
96 27: 1 53 3*90 Just perceptible
102 28: 1 53 k*35 Anti-diuresis

96 28: 1 53 k'75 Just perceptible
96 27: 1 53 5*95 None

109 k: 12 52 6*2 Anti-diuresis

112 9: 6 53 6*k5 Anti-diuresis

111 23: 2 53 7*25 Anti-diuresis

96 26: 1 53 7*9 Anti-diuresis

96 28: 1 53 7*9 Anti-diuresis

117 23:10 5k 8*1 Anti-diuresis

102 21: 1 53 8*7 Anti-diuresis

108 8: 1 53 8*7 Anti-diuresis

108 5: 1 53 8*7 Anti-diuresis

108 5: 1 53 8*7 Anti-diuresis

108 7: 1 53 8*7 Anti-diuresis c

109 29: 1 53 9*3 None

119 6:12 5k 9*5 Anti-diuresis

119 8:12 5k 9*5 Anti-diuresis c

119 19:11 5k 10 Anti-diuresis c

119 26:11 5k 10 Anti-diuresis c

96 22:10 5k 10 Anti-diuresis c

117 25:10 5k 10 Diuresis c

96 17:12 5k 10*7 Anti-diuresis c

119 3:12 5k 11 Anti-diuresis c

117 22:11 5k 11 Anti-diuresis c

117 3:11 5k 12 Anti-diuresis c

117 17:11: Ok 12 Anti-diuresis c

ino 4 O • ! i
'«y- ® 'Pi

8:11 8k 1 vo Anti-diuresis c

108 12: 1 53 13*0 Anti-diuresis

108 9: 1 53 13*0 Anti-diuresis

117 10:12 5k 1 u* u Anti-diuresis c

111 23: 2 53 1k*5 Anti-diuresis

96 29:10 5k 15*2 Anti-diuresis c

109 1k: 1 53 15*5 Anti-diuresis

109 k: 12 53 15*5 None

102 31:12 52 17'k Anti-diuresis c

108 12: 1 53 17*k Anti-diuresis

108 22: 1 53 21 *7 Anti-diuresis

108 23: 1 53 21 *7 Anti-diuresis

102 17:12 52 21 *8 Anti-diuresis

102 20:15 52 CO9 Anti-diuresis

109 13: 1 53 23*6 Anti-diuresis

109 30:12 52 31 *0 Anti-diuresis c

c denotes clearance measurements made.



Fig. 1# Frisk (96). Effect of i.v. injection

of 5HT on urine flow.

Atocissa:- Time in minutes after administration

of water.

Ordinate!- Urine flow in mls/min.

Time of injection indicated toy arrow.

A 0*72 ug/kg.

B 1*19 Ug/kg.

C 1•38 ug/kg.

D 3*90 ug/kg.

E 7*90 ug/kg.
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Pig. 2. Angela (109). Effect of same dose of

5HT on urine flow on two different occasions.

• t 1^:1:53

0 -0 4:12:52

15*5 ug/kg i.v. at time a 0.



Pig. 3, Bouncer (117) ♦ Effect of i.v. 5HT on

urine flow and clearances.

Abcissa:-

Left ordinate:-

Right ordinate:-

0 o

• •

x -x

At arrow 10 ug/kg 5HT.

Time in minutes after admini¬

stration of water.

Urine flow in mls/min.

Clearances in mls/min.

Urine flow.

Diodone clearance.

Creatinine clearance.



Fig. h. Angela (109). The effect of 5HT on

urine flow.

Abcissa:- Time in minutes from admini¬

stration of water.

Ordinate:- Urine flow in mls/min.

At arrow 23*6 ug/kg i.v.



Fig. 5. Angela (109)• The effect of 5HT on

urine flow and renal clearances.

Abcissas-

Left ordinate:-

Right ordinate

0 0

• •

x- x

At arrow 31 ug/kg i.v.

Time in minutes after admini¬

stration of water.

Urine flow in mls/min.

Clearances in mls/min.

Urine flow,

Diodone clearance.

Creatinine clearance#
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Pig. 6. Kit (119)« The effect of 5HT on urine

flow and renal clearances.

Aheissa;-

Left ordinates-

Right ordinate

0 o

•- •

x——-x

At arrow 11 ug/kg i.v.

Time in minutes from admini¬

stration of water.

Urine flow in mls/min.
Clearances in mls/min.

Urine flow.

Diodone clearance.

Creatinine clearance.



Pig. 7. Kit (119). The effect of 5HT on urine

flow and renal clearances.

Afccissa:-

Left ordinate:-

Right ordinates-

p 0

• •

x x

At arrow 10 ug/kg i.v.

Time in minutes from the admini

stration of water.

Urine flow in mis/rain.

Clearances in mls/min.

Urine flow.

Diodone clearance.

Creatinine clearance.



Pig. 8r Bouncer (117). The effect of 5HT on

urine flow and renal clearances.

Ahcissa:-

Left ordinate

Right ordinate:-

0 0

x——-x

Time in minutes after admini¬

stration of water.

Urine flow in mls/min.

Clearances in mls/min.

Urine flow,

Diodone clearance.

Creatinine clearance.

At arrow 11 jig/kg i.v.



Pig, 9. Frisk (96). The effect of 5HT on urine

flow and renal clearances.

Abeissa:-

Left ordinate:-

Right ordinate:-

0 o

mi» immm

Above 10 ug/kg i.v. at arrow.

Below 15*2 ug/kg i.v. at arrow.

Time in minutes after admini¬

stration of water.

Urine flow in mls/min.

Clearances in mls/min.

Urine flow.

Diodone clearance.

Creatinine clearance.



The Effect of Intra-Carotid Injections of 5BT on

Water Diuresis in the Conscious Pop;

It has been shown (Verney, 1947; Pickford and

Watt, 1951) that substances which cause an anti-

diuresis by releasing the anti-diuretic hormone are

effective in smaller doses when injected into the

carotid artery, than when injected into a vein.

jExperiments were thus made to see whether doses of
5HT were any more effective when injected into the

carotid artery, than into a vein.

Method
"

The experiments were carried out on conscious

dogs with carotid loops. The routine followed was

exactly the same as that used to observe the effects

of intravenously administered 5HT, except that the

injections were given into the carotid artery.

The only precaution taken was to use a new hypoder¬

mic needle for every injection.

Results

Pour experiments were carried out, the doses

of 5HT ranging from 8*1 ug/kg to 15*5 M-g/fcg (see

Table 2). In no case did 5HT injected into the

carotid artery produce a greater effect than the

same amount injected intravenously (Pigs. 10 and 11).

It produced a considerably smaller effect in one

experiment (Pig. 11), but this may have been due to

its variability.
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Fig. 10. Smoky (102). A comparison of the

effect of intra-carotid and intravenous 5HT.

Abcissai- Time in minutes.

Ordinates- Urine flow in mls/min.

0 0 9* 12t53, 8*7 ug/kg i.e.

• • 21:1 i53, 8*7 ug/kg i.v.

Both infections at time « 0.
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30 40 50 60 40 50 60 70 80

Pig. 11. Judy (108), A comparison between the

effect of intra-carotid and intravenous infections

of 5HT on urine flow.

Abclssaes- Time in minutes after the ad¬

ministration of water.

Ordinatesi- Urine flow in mla/min.

A 8*7 u.g/kg SHT i.e. at arrow.

B 8*7 ug/kg 5HT i.v. at arrow.
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The Effect of the Sub-cutaneous Injection of 5HT on

Urine Flow in the Conscious Dog

In their experiments upon rats, Erspamer and

Ottolenghi (1952b) showed the sub-cutaneous admini¬

stration of doses of 5HT as low as U*1 ug/kg to be

anti-diuretic. It was decided to see if this sen¬

sitivity to sub-cutaneous 5HT was characteristic of

the dog also.

Method

The routine for inducing water diuresis was the

same as used previously. The sub-cutaneous dose

was given either just after the administration of

water, or just before the peak of diuresis.

Results

Three experiments, using dosages ranging from

18*6 ug/kg to 7k fig/kg, were performed. The sub¬

cutaneous injection of 5HT in these doses has no

effect upon water diuresis (Fig. 12). Since the

supply of 5HT was limited, larger doses could not

be spared for further experiments. Results are

summarised in Table 3>



Table 2

EFFECT OF INTRA-CaROTID INJECTION OF 5HT ON

URINE FLOW

Dog No. Date H.T. Dose (tig/kg) affect

109 11:12s52 8*1 Anti-diuresis

102 9:12:52 8*1 Anti-diuresis

108 9:1 :53 8-7 Anti-diuresis

109 11 -.12:52 15*5 Anti-diuresis

Table 3

EFFECT OF SUBCUTANEOUSLY ADMINIOTSRBD

5HT OH URINE FLOW

Dog No. Date H.T. Dose (ug/kg) Effect

109 5:12:52 18*6 Ho effect

112 9: 6:53 32*0 No effect

112 11: 6:53 7U-0 No effect



Fig, 12. Darkle (112), The effect of the sub¬

cutaneous infection of 5HT on urine flow.

Abcissas- Time in minutes after the ad-

ministration of water.

Ordinate:- Urine flow in mls/min.

At arrow 74 ug/kg 5HT subcutaneously.



- 17 -

The -Effect of Experimental Diabetes Insipidus upon

5HT Anti-Diuresis

It has been established (Verney, 19265 Fisher,

Ingram and Ranson, 1938; Verney, 19h6 and 19h7)
that the water volume output by the kidneys is de¬

pendent upon the amount of circulating anti-diuretic

hormone and that the release of this hormone is

governed toy the hypothalamic-neurohypophyseal sys¬

tem. Drugs can bring about an anti-diuresis by

causing the release of ADH (De Bodo, I9hh). Such

anti-diureses are characterised by little or no

change in clearance values, and so this mechanism

seemed unlikely to be involved in the production of

anti-diuresis by 5HT. However, the opportunity

occurred of investigating the effect of 5HT on water

diuresis of a dog in which the hypothalamic-neuro¬

hypophyseal system has been destroyed by a suitable

lesion. The animal had a daily water intake of

30-50^ of its body weight, and had reached a state

of permanent polyuria.

Method

The method was exactly as employed for inves¬

tigating the effect of intravenous 5HT on normal

dogs.

Results

As yet, only two observations have been made,

and it is realised that no strong conclusion may be

drawn from so few experiments. Further observations

are at present being made. The injection of 1b*5
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u,g/kg caused a very brief anti-diuresis (Fig* 13)

which was somewhat, surprising in view of the size

of the dose. The second injection of 29*0 ug/kg
was given at the end of diuresis, and produced an

anti-diuresis with no recovery to pre-injection

level over a prolonged period. It is characteris¬

tic that the injection of an anti-diuretic during

the falling phase of diuresis is liable to produce

an anti-diuresis with no period of recovery. Hence

doubts exist as to the validity of the results of

the second injection.

It is hoped to clear this point up when further

work is done.



Pig. 13. Lady (110). Effect of the i.v. injec

tion of 5HT 011 the rate of urine flow of a dog

with experimental diabetes insipidus.

Abcissa:- Time in minutes after the ad¬

ministration of water.

Ordinate:- Urine flow in mls/min.

At arrow 1U*5 M-g/kg 5HT i.v»
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The Effect of 5HT on the Excretion of Urine by the

Denervated Kidney

Although the kidney receives a rich nerve sup¬

ply, very little is known about its function, and

it seems to be of little or no importance in con¬

trolling the minute to minute urine output (Bykow

and Alexe^ew—BCTkmann, 1931J Klisiecki, Pickford

Rothschild and Verney, 1933; Surtshin, Meuller and

White, 1952). However, that the nerves have some

effect is shown under anaesthesia, when a denervated

kidney excretes at a more rapid rate than a normally

innervated one. The denervation diuresis is gen¬

erally attributed to a purely vascular effect caus¬

ing an increase in the glomerular filtration rate

of the denervated kidney, and. not to any effect

upon the tubules (Surtshin, Meuller and White, 1952).

5HT might mediate its effect through these nerves,

and in order to investigate this, experiments were

done on anaesthetised dogs to see whether kidney

denervation affected 5HT anti-diuresis.

Method

In outline, the method was to reeord urine flow

from each ureter of an anaesthetised dog, one kidney

being denervated. The effect of 5HT on the dener¬

vated kidney could then be matched against the nor¬

mal kidney.

Dogs were anaesthetised with chloralose, and

the abdomen opened along the mid-line. The left

kidney was freed of its connections and the nerves
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surrounding the renal vessels stripped off. both

ureters were then cannulated and the urine from each

collected separately. Since the urine flow was

very low, even when the animals were hydra ted "before

being anaesthetised, diuresis was produced by the

constant intravenous infusion of 0*9% saline.

Diodone and creatinine clearances were measured.

Diodone was injected sub-cutaneously and creatinine

given by mouth before inducing anaesthesia. If

necessary these substances were added to the saline

infusion to maintain the blood concentration.

Of the five experiments done, three were car¬

ried out as planned. In one experiment the dog

(Smoky, 112) turned out to have only one kidney,

and observations were made on this after it had been

denervated. The fifth experiment was abandoned

when it was found impossible to induce a diuresis.

In all experiments blood pressure was recorded

from a cannula in a femoral artery.

Results

5HT caused anti-diuresis in the denervated

kidney. The effect is transitory (Pig. 1U)» and

the doses required are very high (Fig. 15)« This

may be related to the initial low rates of flow,

5HT has little effect upon the innervated kidney of

the anaesthetised dog, presumably due to the in¬

tense vasoconstriction already existing. The
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large doses of 5HT necessary to produce anti-

diuresis in the denervated kidney occasionally

produce a transient diuresis in the innervated

kidney (Fig. 15). This is prohahly due to the

vasopressor effect of 5HT causing a slight in¬

crease in "blood flow, since diodone clearance

values increased slightly.

The clearance measurements lacked accuracy

because of the low rates of urine flow, but the

anti-diureses seen were accompanied by falls in

diodone and creatinine clearances.

The Effect of Anti-diuretic Doses of 5HT upon Sys¬

temic Blood Pressure

In describing 5HT as a specific kidney

regulator, Erspamer (1954 a & b) states that

the doses he used were below those which in¬

fluence systemic blood pressure. Experiments

were then done to see whether this applied to

the doses which are known to be anti-diuretic

when administered intravenously to dogs.

Method

The initial attempts at measuring changes in



Fig. 1U. Smoky (102), The effect of the intra¬

venous administration of 5HT on the urine flow of

the denervated kidney of the anaesthetised dog.

This observation was made in the course of the

acute experiment. The diuresis resulted from the

intravenous infusion of 0*9t saline,

Aboiasat~ Time in minutes from beginning of

urine collection from the ureter.

Ordinate:- Urine flow in rals/min.

At arrow 17'h ug/kg 5HT i.v.



Pig. 15. Dog HT3. The effect of the intravenous

injection of 5HT on the urine output of the dener-

vated and innervated kidney of a chloralose anaes¬

thetised dog.

I

Ahcissas- Time in minutes after commencement

of urine flow collection.

Ordinate:- Urine flow in mls/min.

0 0 Innervated kidney.

§ -# Denerwated kidney.

A at arrow 17*U ug/kg.

B at arrow 31»0 ug/kg.

C at arrow 3k'3 ug/kg.

D at arrow 65*5 ug/kg.



Table 4

THE SPFSCT OF INTRAVENOUS 5HT UPON THE MBAN BLOOD

PRESSURE OP THE PENTOBARBITONE ANAESTHETISED DOG

Part I. PRESSURE RISE PRECEDED BY A BRIEF FALL

Dose 5HT as
fig base/kg.

Extent of Fall
MM Hg

Extent of Rise
MM Hg

Duration
of Effect
in sees.

2*20 10 10 70

2*55 10 10 30

2*55 40 40 30
3*60 34 80 35
4*40 14 20 80

5*10 10 70 23

7*25 40 80 110

7*25 40 60 340

Part 2. PRESSURE RISE ONLY

2*55 50 20

2*55 130 15

2*55 66 18

3*60 100 40

3*52 170 44! »

4*80 50 20

5*10 110 20

5*10 120 68

5*10 140 50
5*10 190 50
5*10 180 60

6*60 30 70
7*20 40 37

7*22 70 330

7*25 80 120

9*60 70 260

10*20 120 82

io*ao MS y

54 140
10*80 40 118

10*80 60 153

10*85 140 235
• oo 40 75

11 *00 44 105
11 *00 44TT 85
11*00 40 80

14*50 40 42

15*40 46 95
16*30 60 115

18*20 126 300
21*60 50 250

2k'30 50 84

25*40 70 180

48*25 64 310
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blood pressure were made on conscious dogs equipped

with carotid loops, using a conventional sphymomano-

meter and a specially made narrow cuff. The nar¬

row cuff was placed on the caudal end of the loop

and the artery palpated at the cephalic end. The
I

method proved too inaccurate. The effect upon

blood pressure was then investigated in a series of

experiments on 15 anaesthetised dogs. The series

included Darkle (112).
The anaesthetics employed were either chlora-

lose or sodium pentobarbitone (Nembutal, Abbott).
Blood pressure was recorded from either a femoral

or carotid artery using a mercury manometer.

Results

Doses of 5HT as low as 2 ug/kg have an effect

on blood pressure of the anaesthetised dog when

given intravenously, causing a rise of 80-120 mmHg.

The first rise is followed by a period during which

the blood pressure is maintained at 10-15 mraHg above

the pre infection level (Table !+)♦ Fig. 18 shows the

effect on blood pressure of graded doses of 5HT.

The Effect of 5HT on Flow through the Ureter

Since all the records of urine flow in con¬

scious dogs have been made in dogs with the bladder

catheterised, then if the ureter contracts in res¬

ponse to the dose of 5HT false results may be ob¬

tained. In a high proportion of experiments, the

response to the injection of 5HT was an abrupt fall
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in the rate of urine flow followed by a slight re¬

covery, and then a sustained anti-diuresis (Fig, 15a).
This could be explained by the ureter contracting and

damming back some of the urine in the renal pelvis,

and then relaxing and causing an apparent increase

in the rate of flow. Experiments were done to in-
I
vestigate this possibility.

Me thods

Dogs of both sexes were used. Anaesthesia

was induced either by intravenous sodium pentobar¬

bitone (Nembutal, Abbott) or by intravenous chlora-

lose. The abdomen was opened along a mid-line in-

cision and one ureter mobilised. A cannula was

then tied into the upper end of the ureter. By

passing the thread used to tie in the cannula between

the body of the ureter and the artery which

runs along its length, interference with the blood

supply was kept at a minimum, A cannula was in-

serted in the lower end of the ureter in a like man¬

ner, in all except two experiments. In these two

experiments, the lower cannula was put in through

the opening of the ureter into the bladder. This

procedure allowed of the perfusion of about two

inches of ureteral lumen. Normal saline was intro¬

duced through the top cannula at constant pressure

using a Marriott bottle. The outflow was recorded

using an electronic drop recorder arranged to actu¬

ate a signal marker writing on a kymograph. Blood

pressure was recorded from the carotid artery using a
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mercury manometer. A femoral vein was cannulated

for the injection of drugs.

Results

Ten experiments were performed. Perfusion

by this method produces a rhythmical flow through

the ureter. Below pressures of about 20 cms of

water there is no flow. Pressure above this pro¬

duces an intermittent flow. The higher the perfu¬

sion pressure, the larger each period of flow, and

the faster the flow during each period (Pig. 16),

The intravenous injection of 5HT in doses which

bring about anti-diuresis in the unanaesthetised

animal cause an interruption of flow through the

ureter. There is a latency of a few seconds after

the injection of 5HT, and as the blood pressure of

the animal begins to rise, so flow through the

ureter stops (Fig. 17). The duration of the stop¬

page is proportioned to the dose (Pig. 18). After

a dose of 10 ug/kg, the stoppage lasted 30-60 sec¬

onds (Pig. 19). It could be overcome by raising

the perfusion pressure above 55 cnis of water. The

only times when 5HT did not have an effect on flow

through the ureter, the blood supply had been im¬

paired during the preparation of the perfusion.

Summary of Results

5HT is anti-diuretic when administered intra¬

venously in relatively small doses. The initial

effect, at least, appears to be due to an effect

upon the renal vasculature which decreases renal
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plasma flow and glomerular filtration rate. The

effect cannot he regarded as specific, since the

doses which are required to bring about an anti-

diuresis are capable of causing a considerable rise

in systemic blood pressure and causing contraction

of the smooth muscle of the ureter.



40 50 60 70 SO

Fig. 15a. Smoky (102). The effect of 5HT on

urine flow.

Abcissa:- Time in minutes after the admini¬

stration of water.

Ordinate:- Urine flow in mls/min.

At arrow h'35 ug/kg i.v.



PATTERN OF FLOW IN THE PERFUSED
URETER

4/3/55 Dog 6 kg

40cms HaO

3 5cms
if m It in Hi ■ nil iib—rfl—ht-

30cms
-i 1

2 5cms

20cms

TOP . DROP RECORD
TIME

. IO SECS.

Fig. 16. The flow through the perfused ureter of

an anesthetised dog showing the effect of varying

the perfusion pressure.



5-HT ON URETERIC FLOW

lOug/kg i.v.
180—

160

14 0

^9 120"

100—•

1—1—r—1—1—1—1 1 11111—1—■—1—1—1—1—1—1—ffLCW

Perfusion Pressure 30cms water

Pig. 17. The effect of an intravenous injection

of 5HT on the blood pressure and the flow through

a perfused ureter of an anaesthetised dog.

Top Recordi- Blood pressure recorded from

the left carotid artery.

Injection of 5HT at signal.



5-ht on ureteric flow
OOSE • RESPONSE RELATIONSHIP

7/3/55 dog 6 kg

"jj\lOO^
Flow

■ ' 1 1 ' lOsccsssignal
3• 6pg /kg l.».

ISO-. |

d-J
IO-8j>g/kg i.v.

I80-

I40-

IOO-

f\
*****

I8pg / kg i.v.

Fig. 18. The effect of various doses of 5HT on

the blood pressure and the flow through a perfused

ureter in the chloralose anaesthetised dog.



5 HT ON URETERIC FLOW

\

Time in seconds

Arrow. . . II -5pg /kg i.v.

Fig* 19. Graph of the effect of 5HT on the flow

through the perfused ureter of an anaesthetised dog.

UO drops * 1 ml.
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Discussion

Techniques

The techniques employed are not, for the most

part original, but not all their limitations may

be generally appreciated. The use of the conscious

dog is essential for Investigating anti-diuretics,

as anaesthetics themselves influence the secretion

of urine by the kidney, furthermore, the repeated

use of the same animal enables the response to be

compared from day to day. There are, however, dis-*

advantages in the use of a conscious animal, since

they are sensitive to changes in their environment

which the experimenter may not perceive. This is

particularly important when studying diuresis, be¬

cause of the wide range of stimuli which can cause

the release of the anti-diuretic hormone.

O'Connor and Verney (I9h5) showed that one

could not invariably produce an anti-diuresis by

applying an unpleasant stimulus. This was due to

the effect of adrenaline which can, it seems, block

the release of anti-diuretic hormone. If the kid¬

neys are denervated, the splanchnics cut, and the

anterior part of the sympathetic chain removed, then

the application of the unpleasant stimulus invaria¬

bly produces an anti-diuresis through the neurohy¬

pophyseal mechanism. The effects of adrenaline

can seriously modify emotional responses. It can

cause polyuria or anti-diuresis (Pickford, 1952).
Erhnk'6 and Karvonen (1952) believe that adrenaline
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can provoke the release of the anti-diuretic hor¬

mone. External stimuli can thus he responsible

for considerable interference in the rate of urine

flow.

This can only be overcome by providing a con-

stant undisturbed environment, both physical and

enotional. The former is relatively easy to pro¬

vide, but not the latter. In order to reduce the

possibility of external stimuli affecting the course

of water diuresis, experiments were done in a small

windowless room, which was partially sound-proofed.

The experimenter had to move to prepare for the in¬

jection, This preparation itself may cause emo¬

tional stimulus (Abrahams and Pickford, 195U).
The routine was standardised as far as possible to

reduce the likelihood of unknown factors influencing

the diuresis, but on occasions there were delayed

diureses and unexpected anti-diureses.

One factor which has not been stressed in this

type of work is that the material injected may be

subjectively unpleasant and thus produce an emo¬

tional anti-diuresis, Whether or not this might

have been a property of 5HT will be discussed later,

but it is a factor which must be considered.

Renal clearances as a measure of kidney blood flow

and glomerular filtration rate

The accurate measurement of blood flow through

an organ of a conscious animal is a difficult pro¬

cedure, For the kidney, two methods are commonly
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used, one, the thermostromuhr, necessitates the

implantation of a heating coil and thermocouple at

operation. It has a number of disadvantages.

The method relies on calibration after death, and

such calibrations are unreliable. The presence of

the apparatus round the renal artery can lead to

partial occlusion. The measurement of flow through

a vessel under such conditions is liable not to give

a true picture, particularly when the substance

which is under investigation has a direct action

on the renal artery itself.

The second method, the measurement of renal

clearances does not involve any surgical interfer¬

ence at all. As a development of the Pick prin¬

ciple, it should be capable of a high degree of

accuracy. In practice this is not so, but since

the method has such widespread uses, the errors

involved are well known. Furthemore, since the

method has been used in this laboratory, there was

a fund of knowledge and experience to draw upon.

In theory, the technique of clearances is an

ideal method for obtaining data on the dynamics of

the kidneys of intact animals. Providing the

urine flow and kidney blood flow are relatively

constant, and the blood level of clearance substan¬

ces maintained, then renal clearances will, in prac¬

tice, give useful Information. As a technique for

measuring rapid kidney blood flow fluctuations,

particularly when they are accompanied by an
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alteration in urine flow, the technique has severe

limitations. If the substance used for measuring

renal plasma flow (RPF) is diodone, then it is al¬

most entirely extracted from the plasma in one pas¬

sage through the kidney. Should the anti-diuretic

employed reduce blood flow by one half, and urine

flow by 80f3 (a common occurrence), then, if the

plasma is still cleared in one passage the concen¬

tration of urinary diodone must rise 2-g times. If

the blood flow is maintained during the anti-diure¬

sis, as it might be, then the urinary concentration

may be raised ten times.

The sudden rise in urinary diodone can lead to

high concentrations of diodone in the tubule and

may interfere with tubular transport. Any small

error in the urinary volume estimations will lead

to a very high error in estimated RPF. If the

urine flow resumes its pre-in^ection value, then it

has to wash out a very strong solution from the

ureters, renal pelvis, and even from the bladder.

This can lead to an apparent overshoot in the RPF

value.

Homer Smith (1951) has described a further

shortcoming of using clearances for measuring RPF

*nd G-FR changes concommittant with urine flow

changes. Abrupt falls in the rate of urine flow

lead to abrupt false drops in clearance values,

and an abrupt rise leads to a false rise.

The theoretical values got for diodone and
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creatinine clearances do not represent the RPF and

GFR. Certain errors inherent in the method, such

as the absorption by the erythrocytes of a propor¬

tion of the diodone, mean that the figures got by

simple analysis require further correction. In

most experiments, the correction factors used are

arbitrary, and may themselves be inaccurate. Here,

in preference, the diodone and creatinine clearance

values have been given, and they are regarded as a

guide to RPF and GFR, and not as absolute figures.

Since the changes which were expected were large,

no attempt was made to include all the precautions

necessary when changes of a few per cent are looked

for (Sellwood and Verney, 1955)«
As has been mentioned earlier, clearances are

most reliable when the blood concentration of the

substance whose clearance is being studied is main¬

tained at a steady level. Normally this is done

by constant intravenous infusion of the material at

a rate approximating to the excretion rate. There

are disadvantages in this method when clearances

are used for estimating rapidly changing renal

blood flows together with the course of diuresis.

It will be very difficult to ensure that the rate

of infusion matches the excretion rate, and the in¬

fusion itself may influence the course of diuresis.

The method chosen to overcome this difficulty

was to inject the diodone subcutaneously some thirty

minutes before the water was given, and togive the

creatinine with the water.
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This method ensures the minimal interference

with the course of diuresis, hut unfortunately

adequate and relatively constant concentrations

are then only maintained at the peak of diuresis.

Since it was at this period when clearance measure¬

ments were made, this method proved highly satis¬

factory. On occasions after a prolonged anti-

diuresis the hlood levels of creatinine and diodone

were still high enough to ensure accurate measure¬

ments.

One unforeseen error is that the dog may

resent repeated venipuncture and its urine flow may

be inhibited as a result, thus introducing

unsuspected error.

The use of anaesthesia

In two types of experiments, those in which

the effect of renal denervation was assessed, and

those upon the effect of the renal nerves, general

anaesthesia was unavoidable. This is not neces¬

sary for the measurement of blood pressure, but

as has been stated, conventional methods were

unsatisfactory. However, a method for continuous

recording of blood pressure changes has been

evolved, and the failure to do this has only

been due to the misfortunes which so far have

accompanied the fashioning of femoral loops.

Although the injection of 5HT into anaesthetised

animals is followed by marked blood pressure
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rises, it is not certain that these are so marked

in the unanaesthetised animal, or that they occur

at all. If anything, anaesthesia seems to in¬

crease the animals' susceptibility to 5HT. Intra¬

venous 5HT is lethal to conscious rats when given

in doses greater than 50 mg/kg (Freyburger, Graham,

Rapport, Seay, Oovier, Swoap and Vander Brook,

1952), but if the animals are anaesthetised, then

the lethal dose is as low as 0*1 mg of the creati¬

nine sulphate complex (Correll, Lyth, Long and

Vanderpoel, 1952).

Any extrapolations -which are made must be

somewhat guarded.

The mode of action of 5HT anti-diuresis

The rapid fall in the rate of urine flow which

occurs after the intravenous infection of 5HT has

been shown to be accompanied by a large decrease in

diodone and creatinine clearances. The maintained

anti-diuresis is more variable, and may be accom¬

panied with recovery in flow rates. It seems,

therefore,likely that, initially, the anti-diuresis

is purely due to the vascular changes. These

changes must involve the afferent renal vessels

since the fall in creatinine clearance matches the
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fall in diodone clearances, but it does not mean

that the efferent vascular bed does not constrict

as well.

It is possible that 5HT decreases the number

of glomeruli through which there is an active cir¬

culation, presumably by a vascular constriction.

All that this would mean is that some glomerular

vessels are more sensitive to 5HT than others.

Any more precise localisation of the effect is not

possible, since so little is known about the fac¬

tors controlling renal blood flow.

The kidney receives a rich sympathetic innerva¬

tion from the spinal segments T^ to by way of
the splanchnics and the coeliac ganglia. These

nerves have been thought to have a vasomotor role

since Claude Bernard (1859) showed that cutting them

increased the rate of urine production. Although

we now know that increased urine production does

not necessarily imply increased renal blood flow,

Bernard was correct in his findings. However, as

has been mentioned, no difference can be found in

the behaviour of a kidney with the nerves severed,

providing that the animal is not anaesthetised

(Bykow and Alexejew-Berkmann, 1930; Klisiecki,

Pickford, Rothschild and Verney, 1933)»

Yet, experimenters have always been impressed

by the ability of the kidney to keep its blood flow

at a steady rate in the face of systemic blood pres¬

sure changes (Unna, 1935; Hartmann, 0rsov and Rein,
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1936; Qpitz and Smyth, 1937J Sringorum and Cen-

tenara, 1937} Sringorum, 1938) and surprisingly,

this ability is maintained even after severing or

anaesthetising the nerves to the kidney (Qpitz and

Smyth, 1937} Smith, Rovenstine, Goldring, Chasis

and Ranges, 1939)• Extreme vasomotor changes, and

moderately large doses of adrenaline and nor-adrena-

line can nevertheless influence kidney blood flow

(Richards and Plant, 1922; Spring©rum, 1938}

Pickford and Watt, 1951) and Unna's remark "Es kann

die Nierendurchblutung unabhdngig von arteriellen

Druck regullert werden" should not be taken liter¬

ally. If the vasomotor change is large the kidney

blood flow will be altered.

The only conclusion as to the mode of 5HT ac¬

tion is that it must act directly upon the smooth

muscle of the renal vessels. There is no evidence

that it acts through the nerves. If 5HT anti-

diuresis is a specific effect of 5HT upcast the renal

vasculature, then we should not expect the doses of

5HT which are needed to produce an anti-diuresis to

exert an effect upon any other part of the vascular

system. This is not so* The infection of 5HT is

invariably accompanied by a few deep laboured breafs.

This might well be due to bronchoconstriction which

is associated with pulmonary vasoconstriction

(Gaddurn, Hebb, Swan and Silver, 1953). The doses

of 5HT which they used (on isolated perfused cat

lungs) were 10-20 ug. Our experience with anaes-
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thetised animals indicates that anti-diuretic doses

exert a considerable effect on blood pressure, and

certainly the work on the ureter indicates the

doses used to be effective on smooth muscle,

The initial action of 5HT upon the blood ves¬

sels of the kidney which produces the sharp fall in

the rate of urine flow cannot be regarded as a speci¬

fic action of 5HT, but part of a more general smooth

muscle stimulating effect. It is more difficult

to explain the prolonged anti-diuresis caused by a

single large intravenous injection of 5'HT, Amine

oxidase has been shown to destroy 5HT very rapidly

(Blaschko, 1952), and at circulation rates of 200

mls/min through a cat's lung, half of the 5HT is

destroyed in 4 minutes (Gaddum et al, 1953)* It

would seem unlikely that a circulating level of 5HT

sufficient to maintain intense vasoconstriction

could be maintained for more than a few minutes.

In acute experiments, doses of 5HT of the order of

5-10 ug/kg have, after the preliminary large in¬

crease in mean blood pressure, maintained the pres¬

sure at about 10 mmHg above the pre-injection level

for 8 minutes. This effect, which will be dis¬

cussed later, does suggest though that 5HT can have

a more prolonged effect than is commonly thought

(Erspamer, 1954 a A b, Page, 1954).

However, the prolonged anti-diuresis is not

always accompanied by a decrease in kidney blood

flow. It may be so, but it is also often accompanied
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by a return of the clearance values to pre-injec-

tion, or slightly above pre-injection levels. It

is possible that the prolonged anti-diuresis may be

an indirect effect of the injection of 5HT. Verney

and Vogt (19U3) showed that occlusion of the renal

artery for a period of 2 minutes could lead to the

suppression of urine formation for as long as one

hour. If the initial vasoconstriction produced by

5HT is extreme, it might bring about this ischaemic

anti-diuresis. The effect of this manoeuvre on

renal blood flow is unknown. The prolonged anti-

diuresis with renal flow and filtration rates re¬

turning to normal levels suggests the possibility of

the release of anti-diuretic hormone. Emotional

anti-diuresis in response to unpleasant stimuli

have been mentioned earlier. It behoves us to pay

attention to the account by Page (195U) of the sen¬

sations got by intravenous injection of 5HT into

human subjects "The symptoms provoked are variable

in the extreme, ranging from none at all to feelings

of dissolution, fullness in the chest, tingling and

pricking all over, itchy nostrils, difficulty in

breathing, desire to empty bladder and bowels, pain

in stomach and bladder, weakness, nausea, desire to

sneeze, generalised numbness and/or ache, burning

in throat, mouth and hands".

Prom this account, it is impossible to exclude

the possibility of the neurohypophyseal release of

anti-diuretic hormone. The experiments on the
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effect of intra-carotid injections rule out the

possibility of 5HT acting specifically to release

anti-diuretic hormone. It should be regarded as

a side effect. Erspamer and Coreale (1955) pre¬

clude this from having any effect upon the anti-

diuresis seen in the rat after sub-cutaneous 5HT

since, they say, 5HT anti-diuresis is characterised

by a decrease in chloride excretion, and the injec¬

tion of anti-diuretic hormone produces an increase

in chloride excretion. This does not necessarily

apply to the effect got after intravenous injection

in the dog.

It seems of considerable importance that in

anaesthetised animals, the effects of 5HT are tran¬

sient, the long component never having been seen.

Barac (1953) has hypophysectomised a dog under

chloralose anaesthesia and shown 5HT still to pro¬

duce an anti-diuresis. Technically this is a poor

experiment, as the operation does not necessarily

destroy the hypothalamico-neurohypophyseal system

and sources of ABH may still be available, but it

emphasises the vascular nature of the effect. The

limited experiments upon an animal with diabetes

insipidus do show that 5HT can produce an anti-diu¬

resis in such an animal, but a considerable volume

of work should be undertaken on animals with dia¬

betes insipidus to elucidate further the possibility

that 5HT can, on intravenous injection into the

conscious dog, liberate anti-diuretic hormone. As



yet, there is no evidence that the prolonged anti-

diuresis produced by 5HT is a specific action of

this substance. It may be significant that when

other vasoactive substances have had prolonged kid¬

ney effects, these have been shown to be due to the

release of anti-diuretic hormone (Dearborn and

Lasagna, 1952).
Other workers investigating the anti-diuretic

effect of 5HT on dogs, have had different results

from those reported here. Sala and Castegnaro

(1953) have published the results of clearance ex¬

periments on dogs given large amounts of 5HT sub-

cutaneously and by intravenous infusion. In the

three experiments for which they give any data 5HT

was given sub-cutaneously in doses ranging from 0*1

to 3 mg/kg. This produced a mild anti-diuresis,

but the effect upon clearance values is highly vari¬

able, the most constant effect being an increase in

the RPF, sometimes to double its resting level.

Unable to explain the anti-diuresis on the basis of

alterations in clearance values they suggest that

it is due to a specific effect of 5HT producing

tubular reabsorption. Since the anti-diuretic

hormone acts by causing tubular reabsorption of

water and since the possibility of its release was

not excluded in their experiments, their contention

cannot be accepted without further experimental

proof.

Corcoran, Masson, Greco and Page (lb5h) have
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investigated 5HT anti-diuresis on rats and dogs.

They infused low doses of 5HT intravenously into

conscious dogs and could find no effect on urine flow

or clearance values at rates of 2-3 M-g/kg/min. In¬

fusion at 6 ug/kg/min caused vasodilatation in their

dogs but no oliguria. Larger doses (11 and 1h ug/

kg/min) caused a fall in both creatinine and PAH

clearances in a dog anaesthetised with pentobarbi¬

tone sodium. They did not proceed with higher

doses "because of the obvious discomfort they el¬

icited". Since our single injection technique

meant that the whole dose was given rapidly (2 or

3 seconds) a very high local concentration was built

up. To obtain such a high local concentration with

constant infusion techniques, the dose per minute

would have to be built up to very high levels.

This is probably the reason for the inability of

Corcoran et al to get an anti-diuresis in their ex¬

periments, their dosage has been too low. In their

experiments on rats, Corcoran et al find that the

effective anti-diuretic dosage of 5HT is high, U'2

fflg/kg, and at this dosage there are vasomotor

changes, the rats flushing at the extremities. It

is noteworthy that although Erspamer and Ottolenghi

(1952b) claim the effective anti-diuretic dose of

5HT on rats to be as low as k ug/kg, yet in experi¬

ments where the anti-diuresis has been studied

(Erspamer, 1953), the dose range used is much higher

(' 200-1G00 ug/'kg )
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Erspamer has described the effect of 5HT upon

blood pressure in the dog as moderate (195Ua)*

This is not confirmed by the papers which he cites.

Douglas and Toh (1953) say that "larger doses as a

rule give pressor effects which were often consider¬

able". As a large dose they gave 200 ug to a 12*7

kg dog. Heymans and Ileuvel-Heymans (1953) got a

pressure rise of 120 mmHg after the infection of

100 ug 5HT into a whole animal. Schneider and

Yonfcman (1954) found that doses of 50-100 ug/kg

produced rises of up to 50 mmHg. In our experience

doses of 5HT as low as 2*25 M-g/kg given intraven¬

ously have produced blood pressure rises as high as

130 mmHg, After the initial blood pressure rise

(which in lower doses usually follows a fall of

very brief duration) there is often a small sus¬

tained rise of blood pressure of a minute or two's

duration. To illustrate this, Table 4 shows the

duration and highest blood pressure resulting from

42 intravenous infections of 5HT into pentobarbitone

anaesthetised dogs. Brspamer (1954a) has said that

the release of the entire platelet contentof 5HT (7*3

ug/kg) into a dog "would cause nothing but an in¬

significant and brief pressure change". The

effect would be brief, but not insignificant.

One of Erspamer's arguments in favour of 5HT

having a specific effect upon the kidney, is that

the early difficulties in perfusing isolated kid¬

neys with defibrinated blood were due to such small
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amounts of 5HT, that they would not be active on

the systemic circulation (195*4- a & b). The amount

of 5HT which, he says, can be obtained from blood

varies from 0*0h-0*28 ug/ml. On anaesthetised

dogs we find that amounts of 5HT which give final

blood concentrations of about 0*025 M-g/ml are suf¬

ficiently vasoconstrictor to raise the blood pres¬

sure by more than 100 raraHg. Doses of 5HT into

conscious human beings, which are unlikely to give

final blood 5RT concentrations above 0*03 ug/kg

have been shown to be vasopressor (Spiers and Stone

1952)»

These experiments lead, then to the conclu¬

sions that 5HT in sufficiently high dosage is anti¬

diuretic* The initial steep fall in urine flow

appears to be due to two components, the contrac¬

tion of the ureter and a non-specific vascular

effect causing vasoconstriction. The mechanism

of the prolonged anti-diuresis seen with the larg¬

est doses of 5HT is not known, but may be due to

the release of c endogenous anti-diuretic hormone,

or result from the renal ischaemia produced by in¬

tense vasoconstriction. In the dog the evidence

does not point to the role of 5HT as a specific

hormone regulating kidney function.

ADDENDUM

Since this account was written an experiment

has been done which adds further to the belief that

5HT anti-diuresis is a non-specific effect. A
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dose of 15 ug/kg of 5HT has been introduced into

the aorta of a conscious dog above the renal art¬

eries, using a cardiac catheter. This dose

caused only a fleeting anti-diuresis, associated

with a fall of 6 mraHg in mean arterial pressure.
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APPENDIX

Dogs used in Experiments on Conscious Animals

Dog No* 96 (Frisk)

Brown and white short haired terrier bitch.

8*2 kg.

8:10:h9 Perineotomy.

23*8:51 20 tig DPP injected into each supra-optic

nucleus.

2h*12:5h Killed by i.v. Numbutal, Cyst in

neurohypophysis, but plenty of function¬

ing tissue left.

Dog No. 102 (Smoky)

Grey-black long haired terrier-type mongrel

bitch. 7*9 kg.

25:1:51 Perineotomy.

8:2:51 Left-sided carotid loop with sinus de¬

nervation.

19:6:51 At operation one uterine horn opened, and

balloon inserted with polythene tube

leading out per vaginum.

21:6:51 Polythene removed by animal. Balloon

removed from uterus via abdominal inci¬

sion.

6:11:51 Balloon placed in uterus at operation.

9:11*51 Balloon removed at operation.

30:1:53 Used for acute experiment. P.M. showed

the presence of only one slightly fibrosed

kidney.
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Dog. No. 108 (Judy)

Black and white fox terrier hitch. 10*1 kg.

15:8:52 Carotid loop with sinus denervation.

Perineotomy.

6:12:52 At operation, balloon inserted in left

uterine horn with polythene tube leading

out per vaginum.

12:12:52 At operation, balloon transferred to other

uterine horn.

19:12:52 Operation to remove balloon.

5:2:53 Animal unwell, Uterine infection.

Killed by i.v, nembutal. Post mortem

showed pyelosalplnx. Other tissues

normal.

Dog No. 109 (Angela)

Black and tan terrier-type mongrel bitch,

11»8 kg.)

22:10:52 Carotid loop with sinus denervation.

Perineotomy.

2h:2:53 Bilateral ovariectomy. Balloon in one

uterine horn with polythene tube leading

to exterior per vaginum.

27:2:53 Right uterine horn exteriorised.

15:^:53 Uterine infection successfully treated

with penicillin.

15:6:53 Left uterine horn exteriorised.

10:7:5k Died of peritonitis resulting from intus¬

susception while we were absent.
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Dor Ho, 110 (Lady)

Brown collie bitch. 1*+ kg.

12;1:53 Carotid loop with denervated sinus.

Perineotomy.

15:*+: 53 Bilateral ovariectomy. Left uterine

horn exteriorised.

19:*+:53 Mild infection controlled with penicillin.

28:5:53 Diabetes insipidus brought about by sec¬

tion of supraoptico-hypophyseal tracts,

10:7:5*+ Killed. All normal except hypothalamo-

neurohypophyseal system. Few supra-cells

all loaded with G-omori positive materal.

Atrophic neurohypophysis.

Dog Ho. 111 (Topsy)

Small fox terrier bitch. 7 kg.

13:1:52 Carotid loop with sinus denervation.

Perineotomy.

19:1:5*+ Bilateral ovariectomy. Left uterine

horn exteriorised.

1:2:5*+ Attempt at section of supra-optico-

hypophyseal tracts.

3:3:5*+ Attempt at section of supra-optico-

hypophyseal tracts.

13:*4.:5*4. Dog becoming obese.

30:*+:5*4. Killed by i.v. nembutal. Wt. 8*3 kg.

All normal except hypothalamic-neurohypo¬

physeal system. Reduction in number of

supra-optic cells. 3rd ventricle

swollen, particularly at its posterior
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end. Neurohypophysis shrunken and

cellular.

Dog No. 112 (Darkie)

Black terrier type mongrel bitch. 13*5 kg.

11:2:53 Carotid loop with sinus denervation.

19:2:53 No pulsation in carotid loop.

22:6:53 Left uterine horn exteriorised.

5:2:5U Bilateral ovariectomy.

17:2:5U Attempt to cut supra-optico hypophyseal

tracts.

12:3:5U Killed by i.v. nembutal. All normal

except hypothalamic-neurohypophyseal sys¬

tem. Lesion has damaged optic chiasms.

3rd ventricle greatly enlarged. Supra¬

optic cells reduced on right side. Para¬

ventricular cells reduced. Neurohypophy¬

sis shrunken and cellular with large

numbers of colloid inclusions.

Dog No. 117 (Bouncer)

White bull terrier bitch. 17 kg.

1:6: 5U Removed left ovary and exteriorised left

uterine horn. Perineotomy.

19:1:55 Attempt at cutting supra-optico hypophy¬

seal tracts.

20:1:55 Dog appears to be permanently drowsy.

2U:1:55 Used for acute experiment. All normal

at P.M. except hypothalamic-hypophyseal

system. One extensive lesion extending

into anterior hypothalamus on right side,
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and one at level of supra-optic nucleus

on the left side. Large amount of col¬

loid (degenerating cells?) in supra-optic

and paraventricular areas. Both pairs

of nuclei reduced in size.

Dog No. 119 (Kit)

Young Alsatian bitch. 15

12:11:5*4- Perineotomy.

2*4-51s 55 Perineotomy incision extended.

2:2:55 Left carotid loop with sinus denervation.

Right femoral loop.

5:2:55 • Dog died of haemorrhage after biting

femoral artery.
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Operative Procedures

Perineotomy

The urethra in the hitch empties into the

vagina. If an animal is to he subjected to re¬

peated catheterisation, then it is convenient to

slit the perineum from the vaginal orifice for a

sufficient length so as to render the urethra ac¬

cessible, Animals were anaesthetised usually with

pentobarbitone sodium {Nembutal, Abbott), 0*05 gm/kg

intravenously. Latterly, anaesthesia has been in¬

duced with thiopentone sodium (pentothal, Abbott)
and maintained by ether. The perineum was shaved,

and the animals placed on their backs with the hind

legs drawn up towards the head. The vaginal ori¬

fice was held open and the perineum cut along the

mid-line. The incision should be just long enough

to enable the urethral meatus to be seen. If the

incision is too long, the uterus is liable to pro¬

lapse. The cut edge of the vaginal wall was then

stitched to the cut edge of the perineal skin. The

wound was then dressed with hot vaseline.

Formation of carotid loop

To allow of injections directly into the caro¬

tid artery a length of the vessel was exteriorised

and enclosed in a loop of skin. The method fol¬

lowed was similar to that of van Leersum (1911)

except that the nerve from the carotid sinus was

cut before fashioning the loop.
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Section of the suora-optico-hypopseal tracts

This was done by the diasphenoid route "by the

method of Pickford (1939)* The only modification

was that the tracheal cannula was dispensed with.

In outline, the method is to remove the bone at the

base of the brain and expose the optic chiasms and

the anterior margin of the pituitary. A stab-

wound is placed so as to interrupt the supra-optico-

hypophyseal tracts.

Uterine operations

The dogs used in the 5HT investigation were

also being used for experiments upon uterine ac¬

tivity. As a result a number of dogs were sub¬

jected to operations to create uterine fistulae,

and to ovariectomy. As far as is known, none of

these procedures are likely to interfere with kid¬

ney function.
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PART II

Morphine Anti-diuresis ana the Hypothalamus

Prey was the first to report the anti-diuretic

action of morphine. In 190? he published the

results of experiments on the effects of narcosis

on diuresis. Amongst the narcotics investigated

was morphine. He showed that it was anti¬

diuretic, the effect not being due to any absorp¬

tive delay. Surprisingly morphine would not

inhibit a saline diuresis. This led Prey cor¬

rectly to surmise a difference in the meehanism

of saline and water diuresis. The anti-diuretic

effect of morphine was confirmed by Schwartz and

Wieehowski (191U). They had invented a metal

cannula for the collection of urine from conscious

dogs. In the short note describing their appa¬

ratus they mention that 5-10 mg/kg of morphine

injected sub-cutaneously would diminish the rate

of urine secretion of their dogs. Stehle and

Bourne (1928) also observed this anti-diuresis

in conscious dogs, confirming Prey*s observation

that it was not due to any absorptive delay.

Measurements of urea clearances suggested the

anti-diuresis to be due to increased tubular re-

absorption. Pee (1928) conducted an experiment

on himself showing that sub-cutaneous morphine

inhibited water diuresis. Since the morphine

caused gastro-intestinal disturbances, the effect
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may have been partially due to delayed absorption#

In 1929 Pee published work showing that the in¬

ability of decerebrate animals to show a water

diuresis was in fact due to the morphine which

was given as preoperative medication. If morphine

was omitted, the decerebrate animals secreted

urine normally.

Bonsmann (1930) again confirmed morphine's

anti-diuretic effect on conscious dogs using doses

of 0*5-2 mg sub-cutaneously. Dsikowski (1936)

showed that the effect could not be attributed to

water being retained in the stomach.

Bodo and Sweet (1938) attempted an analysis

of morphine's anti-diuretie action. Having shown

morphine to cause the release of adrenaline from

the adrenal medulla (Bodo, Cotui and Benaglia,

1937), they proceeded to eliminate the possibility

of this adrenaline causing an anti-diuresis. They

reported that total hypophysectomy, destroying as

they thought, the hypothalamic-neurohypophyseal

mechanism controlling water diuresis, did not

affect the morphine anti-diuresis. The obvious

implication was that morphine did not exert its

effect through any hypothalamic-neurohypophyseal

mechanism.

However, they were obliged to modify their

conclusions (Be Bodo and Sweet, 19U0) as a result

of observations by Gersh (1939) that structurally,

the infundibulum was related to the neurohypophysis
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and could probably maintain function in the ab¬

sence of the neurohypophysis in total hypophysee-

toray. Hence their 1938 experiments could not be

considered as excluding the possibility of morphine

acting through the neurohypophyseal mechanism.

In their 19*4-0 paper De Bodo and Sweet reported

the effects of morphine on dogs where the hypo¬

physeal stalk and the supra-optic tracts were

severed. These animals had a permanent diabetes

insipidus as a result of the operation, and could

produce little or no anti-diuretic hormone. Ad¬

ministering the same dose of morphine as in their

totally hypophysectomised animals, De Bodo and

Sweet could not demonstrate any anti-diuresis.

Surprisingly, after this excellent demonstration

of the necessity of the hypothalamic-neurohypo¬

physeal system for producing morphine anti-diuresis

De Bodo and Sweet state that "the neurohypophysis

is not essential for the anti-diuretic action of

morphine".

De Bodo published in 19kb a long paper on the

anti-diuretic action of morphine. The previous

observations that total hypophysectomy did not

diminish morphine*s action were confirmed as were

the observations that morphine would not produce

anti-diuresis in dogs with diabetes insipidus.

The adrenaline-producing action of morphine was

again shown not to be responsible for the anti-

diuresis. Fresh work included a study of the



intestinal absorption time for water which con¬

firmed the observations of Klisieckl, Piekford,

Rothschild and Verney (1933) that water was ab¬

sorbed within forty minutes of administration.

Using this information De Bodo was able to give

the morphine at such a time as to exclude it having

any effect upon water absorption. Other fresh

work included showing that morphine did not poten¬

tiate the action of the anti-diuretic hormone. Its

lack of activity in the animals with diabetes

insipidus precluded it having any effect upon the

urinary tract. De Bodo was able to confirm Frey's

(1907) observation that morphine does not inhibit

a saline diuresis, this being a characteristic of

the anti-diuretic hormone.

These experiments led De Bodo to the conclusion

that "the anti-diuretic hormone of the neurohypo¬

physis is necessary for the anti-diuretic effect

of morphine". He suggested that since Pickford

(1939) had shown a cholinergic mechanism to be in¬

volved in the release of anti-diuretic hormone,

morphine's anti-cholinesterase properties might be

responsible for its anti-diuretic activity. Hand-

ley and Kellar (1950) measured PAH and creatinine

clearances on both normal and diabetes insipidus

dogs, and showed in both cases that the intravenous

injection of 2 mg/kg of morphine caused anti-diure¬

sis, there being a decrease in both PAH and creati¬

nine clearance at the same time. Since a smaller dcee
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produced anti-diuresis without a fall in clearance

values they concluded that the release of anti¬

diuretic hornone by morphine might be supplemented

by a second action, a decrease in the number of

active glomeruli.

Duke, Pickford and Watt (1951) investigated

De Bodo's (19¥+) suggestion that morphine anti-

diuresis might be due to its anti-cholinesterase

action. They used dogs which had diabetes in¬

sipidus produced by the injection of the anti¬

cholinesterase, DPP into the supra-optic nuclei.

These animals do not shov? anti-diuresis as a result

of acetyl choline injections as do normal dogs

(Duke, Pickford and Watt, 1950), presumably through

the inhibition of the cholinergic pathway.

Nevertheless minute Intravenous doses of

morphine produce an anti-diuresis in these animals.

Morphine seems not to be anti-diuretic by virtue

of its anti-cholinesterase properties. These

workers also showed that morphine is anti-diuretic

in far smaLter doses than hitherto suspected

(0»08 mg/kg). Anti-diuresis produced by these

small doses does not produce the great fall in

clearances noted by Handley and Keller (1950).

Minute doses of morphine injected directly into

the supra-optic nuclei of chloralosed dogs was

profoundly anti-diuretic. Duke, Pickford and

Watt conclude, like De Bodo, that morphine exerts

its anti-diuretic action via the neurohypophysis.
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Morphine would thus seem to be a substance,

which in small doses causes the release of the

anti-diuretic hormone. This raises a number of

interesting possibilities, as morphine might be a

useful tool in investigating the exact mode of

release of the anti-diuretic hormone. The system

which performs this function, the hypothalamic-

neurohypophyseal system, is most unusual, being

functionally part of the brain. The recognition

that the neurohypophysis produced a hormone was

due to its close association with the obviously

glandular anterior pituitary, Oliver and Sch&fer

(189*0, encouraged by finding a substance of great

pressor activity in the supra-renals proceeded to

test watery extracts of a number of other organs

including the thyroid, spleen and pituitary. They

communicated their results to the Physiological

Society in 1895, noting that pituitary extracts

had pressor activity. This pressor activity was

shown by Howell (1898) to be due to extracts of

the neurohypophysis, and not of the pituitary as

a whole.

This pressor activity which led to the disco¬

very of the endocrine function of the neurohypophy¬

sis has not been shown to have any physiological

role. Of the many other activities which extracts

of the neurohypophysis have, three appear of some

importance. These are the property, in very small

quantities, of causing contraction of the uterus
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(first described by Dale in 1906), the property of

the same fraction in causing "let-down" during

suckling (Sch&fer, 1915), and the property of re¬

ducing the output of urine by the kidney (van der

Velden, 1913)* It has proved possible to isolate

two polypeptides (one oxytocic/let down and one

anti-diuretic) and even to synthesise them (Pierce

and du Vigneaud, 1950; Turner, Pierce and du

Vigneaud; du Vigneaud, Ressler and Trippett, 1953;

du Vigneaud, Ressler, Swan, Roberts and Katsoyannis,

1951+).

The physiological role of the anti-diuretic

hormone has been most fully worked out, largely as

a result of the work of Verney and his co-workers

over the last thirty years. With Starling (1925)
he showed that a kidney isolated from the body,

and perfused by means of a heart-lung preparation,

secreted a urine which was very dilute. The

addition of neurohypophyseal extract to the per¬

fusion checked the rate of secretion. Verney

showed in 1926 that another way of checking the

profuse secretion of the isolated kidney was to

include the head of an animal into the circuit.

With Klisiecki, Pickford and Rothschild (1933) he

was able to relate the pattern of diuresis to the

absorption of water from the gut. At the same time

they showed the renal nerves not to be involved in

mediating anti-diuresis. The anti-diuretic hor¬

mones of the neurohypophysis is regarded as the

mechanism for controlling the output of water.
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However, there is still considerable doubt

as to where these hormones are formed. The neuro¬

hypophysis itself consists of tissue most unlike

that of any other gland. Early workers (Mliller,
1871 i Schwalbe, 1881; Toldt, 1881+) considered

the adult organ to consist of connective tissue.

Later workers (Berkley, 1891+J Retzius, 1891+J

Herring, 1908) came to the conclusion that the

organ consisted largely of ependyraal and glial

cells interspersed with nerve fibres and the oc¬

casional nerve cell (Shanklin, 19h3)« All these

investigators commented on the unusual appearance

of the glial cells. Buoy (1930) studying them

in the bovine neurohypophysis was sufficiently

impressed by their individuality to give them

the name of "pituieytes". These cells were later

called "parenchymatous cells" by Qersh (1939)*

This lack of secretory-type cells caused some

people to regard the pars intermedia as the site

of formation of the hormones (Herring, 1908;

Cushing, 1933)* Cushing stated* that "It is

scarcely conceivable that the neural lobe is cap¬

able independently of elaborating a hormone". He

thought that the hormones migrated across the

neurohypophysis ultimately to be released into the

ventricle. This theory suffered from two deficien¬

cies, an inability to find hormones other than

intermedin within the pars intermedia, and the fact

that so-called oxytocin within the cerebro -spinal
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fluid turned out to be calcium (Van Dyke, Bailey

and Busy, 1929)#
Cajal (1902) showed that nerve fibres entered

the neurohypophysis from an area posterior to the

optic chiasma. These observations were extended

by later workers, and it is now considered that

fibres enter the neurohypophysis from the supra¬

optic and paraventricular nuclei, as well as from

the tuberal region (Fisher, Ingram, Hare and Han¬

son, 1935J Fisher, Ingram and Ranson, 1938; Har¬

ris, 19h8a)» Fisher, Ingram and Ranson (1938)
showed that these hypothalamic nuclei, together

with the neurohypophysis, acted as a unit in con¬

trolling water balance. Destruction of the supra¬

optic nuclei led to atrophy of the neurohypophysis

as did section of the supra-optico-hypophyseal

tracts. Both of these procedures led to diabetes

Insipidus as would removal of the neurohypophysis

together with the medium eminence. It was this

work, together with the work of Verney and his

collaborators which fhlly proved the role of this

system in controlling water balance. The general

theory which emerged was of the cells of the an¬

terior hypothalamic nuclei modulating the secretory

activity of pituicytes.

The removal of the neurohypophysis does not

always lead to diabetes insipidus. Gersh (1939)

noted cells within the medium eminence of a type

similar to thcwse in the neurohypophysis. These
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are spared in the operation for removal of the

neurohypophysis and Gersh suggested that they

could hypertrophy and adequately maintain function#

His findings were not substantiated by Hickey,

Hare r and Hare (19U1). The fact that there were

not secretory-type cells within the neurohypophysis

still worried observers, as did the inability of

this theory to account for the presence of neuro¬

hypophyseal hormones within the hypothalamus (Abel,

1925J Sato, 1928; Traxielenburg, 1928; Melville and

Hare, 19h5; Bargmann, 19h9 a&t; zetler, 1952; Vogt,

1953)♦

The only theory which fits in with Fisher,

Ingram and Ranson's (1938) findings and which

satisfies the other requirements is that of neuro¬

secretion. This theory suggests that the cells

of the supra-optic and paraventricular nuclei make

the neurohypophyseal hormones which are than trans¬

ported down their axons to the neurohypophysis for

ultimate release. The theory originated princi¬

pally as a result of the histological work of B.

and S. Scharrer (19U0). They noticed in brain

nuclei of fish, homologous to the supra-optic and

paraventricular nuclei of the mammals, cells which

although neural in their gross appearance, have

Inclusion bodies typical of secretory cells.

Demonstrated with ease in fish, they were difficult

to find in mammals.
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As so often happens in physiology, the situa¬

tion can be rapidly altered by an advance in tech¬

nique. In this case, it was the finding of

Bargraann (1949a) that a haeraatoxylin stain, deve¬

loped by Gomori (1941) for the staining of the 3

cells of the pancreatic islets, selectively stained

the cells of the supra-optic and paraventricular

nuclei, together with their axons and the neuro¬

hypophysis. These findings were soon confirmed

and extended to show that the mammillo-infundibular

nucleus also took up the stain (Smith, 1951)*
It was quickly shown that the depth of stain¬

ing could be related to the amount of extractable

hormone (Zetler, 1953* Hild and Zetler, 1953)*
Animals were thirsted for long periods, a

procedure calculated to bring about the release

of large quantities of anti-diuretic hormone. As

the period of thirst proceeded, so the amount of

stainable material declined# When the animals

are allowed access to water again, the material

reappears.

The material can be traced along the

axons, into the neurohypophysis. Since it is

suggested that material is normally transported

along nerve axons (Weiss, 1944; Thomsen, 1954),

it is not unreasonable to suppose that the material

in the axon derives from the cell body. Further

evidence for this has been provided by Hild (1951),

and Scharrer and Wittenstein (1952) who have shown
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that after section of the supraoptico-hypophyseal

tracts material accumulates proximal to the site

of section. The exact nature of the material is

open to some doubt, Pre-treatment of the fresh

tissue with organic solvents removes the stainable

material, but the organic solvent does not contain

the hormones (Scharrer and Scharrer, 195M-). Never¬

theless the stainable material is rich in cystine,

one of the amino-acids which is present in the

anti-diuretic and oxytocic polypeptides, (Barrnet,

Sloper, 195ki Adams and Sloper, 1955)»
The detailed morphological arrangement of the

neurosecretory system may be that proposed by

Bodian (1951)* The neurohypophysis in many young

animals is lobulated, (Pig. 1). In the opossum

this lobulation is very marked, and persists into

adult life. Detailed examination shows that

fibres from the hypothalamus enter each lobule,

and terminate at the periphery in close association

with a vascular septum. It is suggested that the

material is liberated into the vessels of this

septum. This implies the function of the neuro¬

hypophysis to be largely physical, consisting of

a device to bring the nerve termination in close

association with blood vessels.

The neurosecretory theory is not so unrealis¬

tic when one considers that many nerve cells are

continually engaged in synthesising and releasing

acetyl choline, adrenaline and nor-adrenaline.



Fig. 1. Lobulation in neurohypophysis of 6 week
old pig.

Gomori Chrome-alum haematoxylin phloxin stain:

8u. x 300,
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It is logical to expect them to he capable of

synthesising other materials.

Statement of the Problem

It seemed that, since secretory activity on

the part of the hypothalamic-hypophyseal system

was accompanied by well defined cytological changes

then there was a possibility of confirming and

further localising the site of morphine's action.

The work of Bodo and Sweet (1938) and De Bodo

(19144) suggested that the neurohypophysis proper

was not necessary for the release of the anti¬

diuretic hormone, it could be liberated from the

hypothalamic nuclei. Hence, after the administra¬

tion of large doses of morphine we might expect to

see those cytological changes within the cells

associated with hyper-activity, e.g. degranulation.

It was decided to see if this was so.
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METHOD

Most of the work on morphine anti-diureis

having "been done on dogs, it would have been pre¬

ferable to have used this species in the current

investigation. This would have involved the

slaughter of a considerable number of animals, and

because of the size of the hypothalamus would have

involved the examination of at least 150 sections

per animal. It seemed as though the use of a

smaller animal would be more economical.

Morphine was known to produce anti-diuresis

in rats, but the mechanism appeared to be through

the renal nerves, (Lipschitz and Stokey, *

The evidence -which led to this conclusion was based

upon assays of what was thought to be anti-diuretic

hormone appearing in the urine after the injection

of morphine. Since the assay values which were

regarded as normal were extremely high, the work

was suspect, and as a preliminary to the main in¬

vestigation it was decided to re-investigate mor¬

phine anti-diuresis in the rat.

Using the method of Burn (1931) morphine was

shown to be anti-diuretic in doses rather less than

those used by Lipschitz and Stokey (19U7)• Doses

of morphine sulphate of U-00 ug/kg were strongly

anti-diuretic. That this was not due to a spasm

of the urethra or associated sphincters was shown

by repeating the observations on narcotised rats

by the method of Ames and Van Dyke (1952), Finally;



the dosage of morphine needed to cause anti-diuresis

was found in a number of rats which were then sub¬

jected to an operation for the production of dia¬

betes insipidus by the method of Richter (1930)*

Those animals which had a high rate of -water turn¬

over after the operation were almost insusceptible

to a dose of morphine which had previously produced

anti-diuresis. It appeared that although in the

large doses employed by Lipsehitz and Stokey (19^7),
the renal nerves may influence the course of diure¬

sis, with smaller doses of morphine, the neurohypo¬

physeal mechanism is involved.

For the actual investigations, animals were

chosen which had been used for assays by the method

of Burn (1931)$ and which should be used to hand¬

ling and injections, since they normally excreted

rapidly even after the gagging and forced feeding

associated with the assay procedure.

The conduct of the individual experiments was

as follows - two animals were selected, being of

the same sex and weight* They were allowed free

access to water and food up to and during the time

of the experiment. The morphine was given as the

sulphate, the injection being given sub-cutaneously.

Immediately the experimental animal had been injec-1

ted, the other animal (the control) received an

injection of normal saline, the volume being the

same as that of the morphine injection. Thirty

to sixty minutes after the last injection both
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animals were decapitated. The "brains were dissec¬

ted immediately and fixed in Bouin's fluid for 21+-

h8 hours. The tissues were dehydrated in either

Dioxan or iso-propyl alcohol and embedded in paraf¬

fin wax. Serial sections were cut at 8m., every

10th section being retained and stained by chrome-

alum-haematoxylin and phloxin, according to the

method of Gomori (I9hl). To avoid the grosser

errors due to temperature fluctuations and ageing

of solutiors, all sections from the same experiment

were processed together.

In three experiments, an additional control

was employed to see whether the handling and saline

injections influenced the appearance of the hypo-

thalamico-hypophyseal system. This control animal

was removed from its cage and immediately decapitated.

The doses of morphine injected ranged from 260

Mg to 80 mg. The animals used averaged 250 gms.

In some of the experiments, the neurohypophysis

separated from the pituitary during the preparation

of the tissues and was lost. Unfortunately, this

was not seen till the section had been cut.

Cell counts, when done, were done on every

section, that is, at 80u intervals, A cell des¬

cribed as "loaded" has an unusually large amount

of basophilic material in its cytoplasm (See Figs.

2, 3 and k).
The areas on the sections which were examined

were the paraventricular and supra-optic nuclei,
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the median eminence and the neurohypophysis.

Photographs were taken using a pale yellow

filter and Ilford Panchromatic Plates.

In the description of the hypothalamico-

hypophyseal system, the nomenclature of Rioch, Wis-

locki and O'Leary (19^0) has "been used with one

exception. They include the median eminence in

the neurohypophysis. In examining the tissue,

this has not been found to be a logical inclusion

and for the purpose of this investigation, the

neurohypophysis is taken to mean the neural lobe

plus the infundibulum, the median eminence being

described separately.
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RESULTS

Experiment 1 260 ng morphine sulphate s/c.

In this experiment one animal (R,15) was given

a single injection of morphine sulphate which was

five times the anti-diuretic dosage. When stained,

the cells of the control animal (R.12) showed a

remarkable variation. Fig, 2 shows an area of

supra-optic nucleus in.which seme cells exhibit an in¬

tensely basophilic cytoplasm, whereas other cells

show hardly any basophilia. By contrast, the

supra-optic cells of R.15 were more uniform (Fig.

3), there being very few of the intensely stained

cells, There were no obvious differences in the

paraventricular nuclei or median eminence. Un¬

fortunately, at some stage the neurohypophysis

separated out from the pituitary, and was lost.

Experiment 2 2 rng morphine sulphate s/c.

Again, a feature of the control animal (R.10)
was the variability of the appearance of the indi¬

vidual cells of the supra-optic and paraventricular

nuclei (Fig, k)• The cytoplasm of some cells was

only just visible, and in others it was densely

stained. This was also evident in the supra-optic

cells of R,16, the injected animal (Fig. 5)• No

difference could be observed in the paraventricular

nuclei of the two animals. Ho\vever, the median

eminence of R.16 had an accummulation of stained

material, none being present in the median eminence

of the control animal (Figs. 6 and 7), No
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difference could be observed in the neurohypophyses

of the two animals.

Experiment 3 3 mg morphine sulphate s/c.

The control animal (R.hh) showed depletion of

basophilic material, densely stained supra-optic

cells being rare (Fig. 8). The cells of the supra¬

optic nucleus of the experimental animal (R.I4.5)

showed no obvious difference from those of the con¬

trol, but a number of deeply stained axons were

visible (Fig. 9). Ho difference was visible in

the paraventricular nuclei. In the median eminence

of R.h5, basophilic material was present (Fig. 10),

The neurohypophysis of the morphine injected animal

had more basophilic material present than that of

the control animal (Figs. 11 and 12).

Experiment h 5 mg morphine sulphate s/c.

Cell counts showed that whereas 98% of the

paraventricular cells and 53% of the supra-optic

cells of the control animal (R.h8) had considerable

amounts of basophilic material in the cytoplasm,

the percentage fell to 33 and 2 in the experimental

animal (R.U9). Both animals showed an accummula-

tion of basophilic material ventral and medial to

the supra-optic nuclei (Fig. 13), and there were a

number of heavily loaded axons amongst the depleted

cells of the supra-optic nucleus of R.U9 (Fig. 1h).

The neurohypophysis of R.l+9 was pale in the ventral

area, and dense in the dorsal area (Fig. 15).



Experiment 5 7 mg morphine sulphate s/c.

In this experiment a further control was em¬

ployed, An animal (R.55) was decapitated after re¬

moval from it3 cage with the minimum of handling.

Its hypothalamus and pituitary were dissected out

and fixed, dehydrated, embedded and stained together

with the hypothalamus and pituitary of the experi¬

mental animal (R.38) and the saline injected control

(R.fjh). There was no difference apparent between

the cells of the paraventricular nuclei of any of

the animals. Cell counts showed R.55 to have 33*^

of its supra-optic cells loaded with basophilic

material. The injected control (R.5U) showed con¬

siderable depletion (Fig. 16), only 7*5* of its

supra-optic cells being loaded. R.38 showed a de¬

pletion of the same order, 3*5$ of its cells being

loaded with basophilic material. There was no

apparent difference between the neurohypophysis of

R.38 and R.5U, but in comparison, the neurohypophy¬

sis of R.55 was densely stained (Figs. 17 and 18).

Basophilic material was present in the median

eminence of R.51)..

Experiment 6 30 mg morphine sulphate s/c.

In this experiment three animals were again

used, following the procedure of experiment 5.

hoth animals which received injections (R.58, mor¬

phine and R.59, saline) showed depletion of basophi¬

lic material in supra-optic cells, the figures being

similar for both animals. 27% of cells were
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loaded with basophilic material in R*58, and 33'^ in

R.59. In contrast, R.60 which received no injec¬

tion had basophilic material in most of its cells.

R.59 had more basophilic material in its hypothala¬

mus than R.58. The paraventricular cells looked

similar in all animals. R.59 had more basophilic

material in its neurohypophysis than R.58, but the

difference was only slight. Basophilic material

was present in small quantities in the median em¬

inence of both R.58 and R.59.

Experiment 7 60 mg morphine sulphate s/c.

This experiment followed the same plan as

experiments 5 and 6. No difference was discernible

between cells of the paraventricular nuclei. The

animal which was not injected (R.63) had appreciable

amounts of basophilic material in 79?£ of its supra¬

optic cells, and the animal which was injected with

saline (R.62) had basophilic material in 67% of its

cells. In contrast, R.61, which had received 60

mg of morphine had basophilic material in only i5%

of its cells. The only other point of difference

is in the amount of basophilic material in the

neuro-hypophyses R.62 shows almost total depletion

of basophilic material, unlike R,63 and R.61 (Pigs.
19 and 20).

experiment 8 60 mg morphine sulphate s/c.

In this experiment only two animals were used,

a saline injected control (R.77) and the experimen¬

tal animal (R.78). Unfortunately both neurohypo—
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physes were lost, and the only difference observed

was in the supra-optic nucleus* The cells of R.77

were unusually densely stained, 91$ showing accum-

mulation of basophilic material. In R.78 this

figure fell to MK.

Experiment 9 80 rag morphine sulphate s/c.

The morphine injected animal, R,81, had few

loaded cells in its supra-optic nucleus (5$)* The

figure was low in the saline injected animal (20$).
Both showed unusually little material in their

paraventricular cells (h0<$ and 50$ loaded cells re¬

spectively), No basophilic material was present

in either median eminence. The neurohypophysis

had come away from the pituitary in both animals

and was lost.

Experiment 10 80 mg morphine sulphate s/c.

No diffei^ence could be observed in any of the

structures examined in either the morphine injected

animal (R.93) or the saline injected animal (R.9U).
Both paraventricular and supra-optic nuclei con¬

tained a high proportion of loaded cells (63$ and

6k% respectively), Both neurohypophyses contain

moderate amounts of basophilic material, and there

was little basophilic material in either hypothala¬

mus of median eminence.



Table 1

SUMMARY OF MORPHINE EXPERIMENTS

DOSAGE AM? ANIMALS USED

Exp.
No.

Animal
No.

Total Dose
Morphine
Sulphate

Methods of
Administration

Control
Animal

A

Control
Animal

B

1 R.15 260ij,g single dose s/c R.12 -

2 R. 1 6 2mg 1mg/hour s/c R.10 -

3 R.h5 3mg 1rag/hour s/c R.hh -

k R.h9 5mg 1mg first hour
thereafter

2mg/hour s/c

R.U8 am

5 R.38 7mg 1mg/hour s/c R.5U R.55

6 R. 58 30mg : 10mg/hour s/c R. 59 R. 60

7 R. 61 60mg 30mg/hour s/c R. 62 R.63

8 R.78 60mg 20mg/hour s/c R.77 -

9 R. 81 80mg 20mg/hour s/c R, 82 am

10 R. 93 80mg 20mg/2 hour s/c R.9k -

Control Animal A - received saline when experimental animal
received morphine.

Control Animal B - decapitated with minimum handling.



Table 2

SUMMARY OF RESULTS

Exp.
No.

Paraventricular
Nuclei

Supra-optic nuclei Median Eminence Neurohypophysis

1 No difference. Fewer loaded cells
in morpine in¬
jected animal.

No difference Lost

2 No difference. No difference. Colloid present
in morphine in¬
jected animal.

No difference.

3 No difference. Axons visible in
morphine injected
animal.

Colloid present
in morphine in¬
jected animal.

Depletion in mor¬
phine injected
animal.

h Pew loaded
cells in mor¬

phine injected
animal.

Fewer loaded cells
in morphine injec¬
ted animal. Col¬
loid present in
both animals. Stai¬
ned axons in morp¬
hine injected ani¬
mals.

No difference. Ventral area de¬
pleted in morphine
injected animal.

5 No difference. Saline and mor¬

phine injected
animals show
depletion.

Colloid in sal¬
ine injected
animal.

Depletion in both
injected animals.

6 No difference. "Depletion in both
injected animals.

Colloid in both
injected ani¬
mals.

Depletion in both
injected animals.

7

o

No difference Depletion in mor¬
phine injected
animals.

No difference. Great depletion in
saline injected
animal.

8 No difference. Depletion in mor¬
phine injected
animals.

No difference Lost

9 No difference Depletion in mor¬
phine injected
animals.

No difference. Lost

10 No difference No difference No difference No difference



Pig. 2. R.12. Supra-optic cells. To show

range of basophilia in a normal nucleus.

Chrome-alum haematoxylin pHLoxin. Six. x 300.



Fig. 3. R.15. Supra-optic cells. Morphine

injected animal (260ug s/c). Note the uniformity

of staining and the absence of extremely densely

stained cells.

Chrome-alum haeraatoxylin phloxin, 8m,. x 300.



Pig. h. R.10. Supra-optic cells of control

animal. Hote the extreme variation in the de¬

gree of basophilia. The cytoplasm is hardly

visible in the bottom right hand cell.

Chrome-alum haematoxylin phloxin. 811.x 1150.



Pig, 5, R,16. Supra-optic cells of Injected

animal (2mg s/c). Variation in basophilia.

Chrome-alum haematoxylin phloxin. 8uux 1100,



Fig. 6. R.10. Median eminence of control

animal. No droplets of stainable material.

Chrome-alum haematoxylin phloxin. 8u. x 300*



Fig. 7. R.16. Median eminence of injected

animal. Rote the presence of several collec¬

tions of colloid.

Chrome-alum haematoxylin phloxln. 8\i, x 300,



Pig. 8. H.hh. Supra-optic nucleus of control

animal. Fewer densely stained cells than in

previous control animals.

Chrome-alum haematoxylin phloxin. 8p.. x 300,



Pig. 9. R.U5* Cells of the supra-optic

nucleus. Note the deeply stained fibre tracking

from right to left.

Chrome-alum haematoxylin phloxin. 8u. x 1150.



Fig. 10* R.li5» Median eminence. Groups of

small accumulations of stained material.

Chrome-alum haematoxylin. 8u, x 375*



Fig. 11. R.bh. Neurohypophysis. Moderate

amount of stainable material.

Chrome-alum haematoxylin. 8u. x 65.

Fig, 12. R.h5* Neurohypophysis. Accumulation

of material in ventral part.

Chrome-alum haematoxyliij. 8u. x 65.



Pig. 13. R.U8, Supra-optic nucleus. Kote

the colloid on the left hand side of the photo¬

graph.

Chrome-alum haematoxylin phloxin. 8u. x 225.



Fig. R.U9. Supra-optic nucleus. Axon

going from right to left between depleted cells

of injected animal.

Chrome-alum haematoxylin phloxin. 8u, x 1100.



Pig. 15. R.U9. Neurohypophysis. Unusual

distribution of stainable material, all being in

dorsal area.

Chrome-alum haeraatoxylin phloxin. 8u. x 80.



Pig, 16, R. 5U. Supra-optic nucleus. Con¬

siderable depletion in injected control.

Chrome-alum haematoxylin phloxin, 8u. x 300.



Fig. 17* R*55* Neurohypophysis. Non-injected

control. Dense accumulation of material at

periphery.

Chrome-alum haematoxylin phloxin. Sja. x80.

Fig. 18, R,5k* Neurohypophysis. Injected

control. Relatively small accumulation of

material.

Chrome-alum haematoxylin phloxin. 8u* x 65*



Fig. 19. R.63. Neurohypophysis. Non-injected

control.

Chrome-alum haematoxylin phloxin. 8u.» x 65.



Fig, 20, R.62, Neurohypophysis.

injected control.

Chrome-alum haematoxylin phloxin.

Saline

8u x 65.
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Summary of Results

The cells of the supra-optic nucleus in control

animals revealed a wide variation in basophils.

In contrast, the paraventricular nucleus was re¬

markably uniform. In ten experiments, 23 pairs of

paraventricular nuclei were examined, and only in 3

animals was there any departure from the custornery

high degree of basophilia. The median eminence

varied greatly in the amount of an apparently

structureless material, conveniently called colloid.

The appearance of the neural lobe was highly vari¬

able, at times it was intensely stained, but at

other times there appeared to be little or no

basophilic material present.

Correlation of the histological picture with

the morphine injections was difficult particularly

in view of the appearance of the controls. It

seemed that handling the animals and giving them in¬

jections was sufficient to cause the loss of baso¬

philic material both from the supra-optic nuclei and

also from the neurohypophysis, but the action of

morphine can only be interpreted against the back¬

ground of behaviour of the controls.

With the low dose (Exp. 1) the intensely

stained cells were not present after the injection

of morphine, but there were no extremes of depletion.

When the dose was raised (Exp. 2), colloid appeared

in the median eminence. This was seen too in the

morphine injected animal in experiment 3. In this
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experiment, where injections were given over a

prolonged period the control animal had few of the

intensely stained cells.

In experiment U there was a considerable dif¬

ference between the control and the experimental

animal, the supra-optic nucleus of the injected

animal being almost devoid of basophilic material

in the cytoplasm although there were numbers of

densely stained axons tracking through the nucleus.

Its neurohypophysis also showed depletion of baso¬

philic material.

The employment of the extra control animal in

experiment 5 brought out the fact that handling

could influence the degree of basophilia, there be¬

ing no significant difference in appearance between

the saline and morphine injected animals, although

a considerable difference existed between them and

the non-injected animal. This was emphasised again

in experiment 6 where there was little difference 3n

the appearance of the two injected animals, yet both

showed a depletion of basophilic material compared

with the animal which had received no injections.

Experiment 7 produced a different result. The
i

cells of the supra-optic nucleus of the morphine

injected animal were considerably depleted, but the

saline injected animal had only a few less deeply

stained cells than the morphine-injected animal.

In this experiment the neurohypophysis of the saline

injected animal had almost no basophilic material
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present. In experiments 8 and 9, the only differ¬

ence was in the number of densely stained cells in

the supra-optic nuclei. The numbers were reduced

in both morphine injected animals. The last experi¬

ment gave an unusual result, not because of the lack

of difference between the saline and morphine in¬

jected animal, but because of the relatively high

proportion of loaded cells in both animals.

From these experiments it was clear that the

appearance of the cells of the supra-optic nucleus

of the normal animal was highly variable. The baso¬

philic material in the supra-optico-hypophyseal

system appeared to be labile. Handling the ani¬

mals appeared to be sufficient to cause a loss of

the basophilic material in some animals, but the in¬

jection of morphine seemed a more certain way of

causing the loss of basophilic material. In the

experiments with relatively low doses of morphine it

was almost as though one could see the material be¬

ing mobilised, with the appearance of axons and baso-
r
philic material in the median eminence. It was, in

fact, only in these animals that stained axons can

be seen.

The neurohypophyseal staining also showed this

remarkable lability, the variations in basophilia

being very striking. It was unfortunate that some

neurohypophyses were lost, but from those remaining

it was only possible to say that, whereas the in-

lection of was sufficient to cause total loss
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of material, the effect was more unpredictabtethan

the effect of morphine, although both could be

equally potent.
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DISCUSSION

Normally the cells of the paraventricular

nuclei were most constant in their appearance,

whereas those of the supra-optic nuclei showed

great variability (Figs. 2 and 4). This variabi¬

lity was largely in the amount of cytoplasmic baso¬

philic material. The best known cytoplasmic baso¬

philic material in nerve cells in the Nissls sub¬

stance, and early workers showed that the amounts

of this material present in the nerve cell varied

very widely (see Barker, 1899). Attempts were

made early on to try and relate the appearance of

this substance to the activity of nerve cells (Mann,

1894). It is now known that in most cells, the

cytoplasmic basophilic material is ribonucleic acid,

and that this substance is involved in protein

metabolism (Wilson, 1954). Using very refined

methods, including micro-incineration and ultra¬

violet absorption, basophilia in cells generally

and in nerve cells in particular has been studied

from the viewpoint of cellular activity (Hyden,

1943; Caspersson, 1950). This work indicates

that in many nerve cells the Nissl substance

(nucleic acids) is lost as a result of periods of

prolonged activity. iinarson (1933, 1935) and

Einarson and Krogh (1955) have confirmed this using

a staining technique which is relatively specific

for nucleic acids.

This raises the question of whether what has
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been seen within the supra-optic nucleus using the

chrome-alum haematoxylin stain is an exaggerated

picture of what is seen elsey/here, or whether some¬

thing other than nucleic acids is stained. There

are reasons for thinking that the chrome-alum

haematoxylin may stain some other material, not

the least of which is the fact that alternate

serial sections sbained with a "classical" stain

such as toluidine blue show a different distribu¬

tion of cytoplasmic basophilic material.

In thechrorae-alum haematoxylin staining pro¬

cedures, the first step is to oxidise the tissue

for one minute in acidified potassium permanganate.

This oxidation is known to increase tissue baso¬

philia in sulphur containing tissues (Dempsey,

Singer and Wisloeki (1950). It is thought that

the oxidation converts sulphide and sulphydryl

groups to sulphonic acid, and it is the presence of

this substance which gives the enhanced basophilia.

Since the anti-diuretic and oxytocic hormones con¬

tain a sulphur-rich amino-acid (cystine) and are

present within the hypothalamus it is not without

the bounds of possibility that the intense staining

of the supra-optic and paraventricular cells is due

to the presence of these hormones. Since the

staining bath is at a pH of 2*3-3*0 nucleic acids

may also be stained.

This is in conflict with the evidence cited

earlier that solvents which do not remove the
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neurohypophyseal hormones from the hypothalamus can

remove the material which the chrome-alum haeraa-

toxylin stains. Because a tissue after pre-treat-

ment with a substance does not take up a given

stain, it does not necessarily mean that the mater¬

ial has Been removed, it may have been altered

physically or chemically. It is relevant that

after Bouin or Zenker fixation It is impossible to

extract the basophilic material by organic solvents

(scharrer and Scharrer, 195h).
Srhnkb (1951a) has reported the same variations

in basophilia within the supra-optic and paraven¬

tricular nuclei of rats as are reported here, and

he suggests that this represents cells in all phased

of activity cycles. His studies on the distribu¬

tion of acid and alkaline phosphatases within these

nuclei (Brhnkb, 1951b) show that these cells are

likely to be very active raetabolically, and this

might account for their varying levels of baso¬

philia being more obvious than in other nerve

nuclei.

Irrespective of whether the basophilic mater¬

ial which has been stained is nucleic acid or the

neurohypophyseal hormones themselves, the loss of

material indicates that the cells have passed

through a period of intense activity. On this

basis it is proper to conclude that morphine can

cause considerable activity of the cells of the

supra-optic nucleus, presumably with the associated
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release of the anti-diuretic hormone. Morphine is

a more effective and more certain stimulus to re¬

lease of basophilic material than handling.

The finding that merely handling the animal

can (although not always) cause a depletion of

basophilic material is confirmatory evidence for

the theory that the activity of the adenohypophysis

may be influenced by the hypothalamus. The media¬

tor of this influence may be the antidiuretic and/

or the oxytocic hormone. Harris (1948 a & b) has

produced a considerable amount of evidence which

argues for such a humoral linkage. The evidence

that such a link is mediated by neurohypophyseal

hormones comes from a variety of sources. Many

workers have shown that the release of hormones

from the adenohypophysis can be brought about by

the injection of neurohypophyseal hormones (Libret¬

ti and Martini, 1953; Fraja and Martini, 1953J

Martini and Morpurgo, 1955)* Animals subjected

to procedures which will cause the relaee of ad-

renocorticotrophic hormone lose anti-diuretic hor¬

mone from their hypothalamus (Kovacs and Bachrach,

1951), and such aniamsl have an increased serum

anti-diuretic activity (Mirsky, Stein and Paulisch,

1954). Brobeck and McCann (1954) have shown that

the paraventricular nucleus is unlikely to be in¬

volved in this response, out that hypothalamic

lesions which block the releas of adrenocortico-

trophic hormones also cause diabetes insipidus with
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associated atrophy of the supra-optico-hypophyseal

systern.

All this evidence suggests strongly that the

depletion which has heen seen in the supra-optic

nucleus of those animals which have received saline

injections is correlated with this "stress" reaction.

The suggestion that the paraventricular nucleus is

not associated with this reaction would explain the

relative constancy of its appearance#

According to the theory of neurosection, it

would he expected that the material formed in the

hypothalamus would have to travel to the neurohy¬

pophysis to be released into the blood stream.

When low doses of morphine were used, or when the

animal received only one injection the appearance

of axons which are readily stained and colloid

within the median eminence suggests that this may

be happening. In higher doses, there is no obvious

morphological evidence of a pathway between the hypo¬

thalamus and neurohypophysis such as has been des¬

cribed in the dog and cat. This may be due to the

animal being killed after such prolonged stimulus.

Had the animal been killed earlier such a pathway

might have been seen. The neurohypophysis was de¬

pleted when the cells of the supra-optic nucleus

were, and it may be that its depletion preceded the

depltion of the cells, but the possibility of hor¬

mones going directly from the cells to the circula¬

tion cannot be excluded. This is particularly so
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since in experiment 7 depletion of the cells was

seen in a morphine injected animal which neverthe¬

less had a remarkable amount of basophilic mater¬

ial within its neurohypophysis.

The lability of basophilic material within

the neurohypophysis has been stressed in these ex¬

periments, Several injections of saline over a

period of several hours can deplete the neurohy¬

pophysis entirely. This lability has been com¬

mented upon by Rothballer (1953), who has shown a

similar depletion after pricking rats' tails.

These very quick responses to handling suggest

that the hypothalamico-hypophyseal system may be

involved in generalised "stress" responses.

The emotional anti-diuresis may thus be re¬

garded not as a primary event, but as a side ef¬

fect due to the anti-diuretic hormone being in¬

volved in this system.

These experiments indicate that morphine can

exert an effect upon the hypothalamico-hypophyseal

system, but they do not show whether morphine does

exert its effect directly upon the cells of the

supra-optic and paraventricular nuclei, or on the

neurohypophysis. It does however cause the re¬

lease of basophilic material from the supra-optic

nucleus and the neurohypophysis. Morphine does

not appear to cause the release of the basophilic

material from the paraventricular nucleus. The

release of basophilic material from the hypothala$ico*"
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hypophyseal system can be Induced by other non¬

specific disturbances, and this may be due to the

system having a dual function. As has been

suggested, as well as controlling the volume of

urine excreted, it may also be involved in a

humoral mechanism controlling the adenohypophysis.
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Epilogue

The study of anti-diuretics has shown how-

artificial are the boundaries of the systems of

the body. The reduction in the volume output of

the kidney may be brought about by the activity

of one of a number of systems, and the study of

anti-diuresis can lead one into as diverse topics

as those described here. It increases the re¬

alisation of how closely integrated are the

workings of the body, and the wonderment that the

razor edge which we call its internal environment

is so perfectly maintained.
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