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1) The effects oa the milk-ejection reflex of thalamic and hypo¬

thalamic lesions have been examined in lactating rats.

2) Destruction of the paraventricular nuclei (FVN) was associated

with a marked reduction in the amount of milk released in response to

suckling. Lesions in the ventral thalamus and in the anterior, ventro¬

medial and dorsomedlal hypothalamic nuclei were without effect.

3) The administration of oxytocin (OTS) to rats bearing PVN lesions

restored the milk yield to pre-operatlve levels. Since milk secretion

appeared normal, it is concluded that the lesions interfered with the

secretion of OTS. The results are discussed in relation to current

hypotheses regarding the role of the PVN in OTS synthesis.

4) Observations have also been made of the renal effects of OTS

and antidiuretic hormone (ADH) in conscious, hydrated dogs.

5) Intravenous injection of OTS (1.0 mU/kg) caused a brief anti-

diuresis, associated with decreased excretion of solute-free water.

Small increases in renal plasma flow (KPF) and glomerular filtration

rate (GFR) were also recorded. The excretion of sodium and potassium

was unchanged, but that of calcium and magnesium increased briefly.

6) After intravenously administered ACH (0.4 mU/kg), a marked reduc¬

tion in urine flow was recorded, together with reabsorption of solute-

free water and a pronounced rise in urine oamolarity. Renal plasma

flow and OR showed an initial fall, with subsequent Increase. The

excretion of all four cations followed a similar pattern.

7) It is suggested that the changes in electrolyte excretion seen

after both OTS and ADH may be explained largely by changes in filter¬

ed load, secondary to alterations in RFP. The results are consistent

with the hypothesis that the two hormones are concerned in the regula¬

tion of renal vascular tone.



8) Measurement:* of venal function have been made In dogs before

and after attempts to destroy the FVH«

9) The operation was successful in only one animal. No obvious

changes in kidney function ware observed in this animal or in others

with hypothalamic lesions which spared the PVN. The results are dis¬

cussed with reference to the possible role of OTS in the regulation

of renal function*



GENERAL INTRODUCTION
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General Introduction

The hormones of the posterior lobe of the pituitary vis. oxyto¬

cin (GTS) and vasopressin or antidiuretic hormone (AM) have received

much attention over the past few decades. Numerous investigations

have been directed towards establishing their chemical identities,

the conditions governing their release, their separate effects and

the means by which these effects are brought about. In particular,

a problem which has occupied many workers has been to determine the

pert played by the hypothalamus In the synthesis and secretion of

these hormones. This introduction traces the development of current

ideas regarding the integration of hypothaiamo-neurohypophyslal func¬

tion and describes the established actions of the neurohypophysial

hormones.

Anatomy of the principal hypothalaao-naurohypophyslal fibre connections

One of the earliest workers in this field was Ecker (1853) who

described, in the posterior pituitary, nerve fibres which originated

in the central nervous system and reached the infundibular process

through the neural stalk. This finding wss subsequently confirmed

and extended, particularly by the detailed studies of Cajal (1894).

Using silver impregnation techniques, Cajal described in the rat a

large tract of unmyelinated nerve fibres running from the hypothala¬

mus to the neurohypophysis. He considered the source of the fibres

to be a nucleus situated behind the optic chiasma.

The idea that the fibres in the posterior pituitary were of

neural origin was not generally accepted, however, until Fines (1925)

and Graving (1925, 1926 a, b) proved the existence, in man, of a

tract of unmyelinated nerve fibres originating in the supraoptic

nuclei (SON) and ending in the neural lobe. Grevlng called this
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fibre connection the 'supraoptico-hypophyslnl tract' (SOHT), He

further observed, also in man, nerve fibres arising in the paraventri¬

cular nuclei (PVN) and passing towards the SON but could not state

whether they ended in relation to these nuclei or whether they joined

the SOHT (Graving, 1926 a, b). This fibre bundle he named the "tractua

paraventricular!s cinereusH.

Later workers confirmed and extended these findings (Rousay and

Mosinger, 1933 a, b, 1934, 1935? Laruelie, 1934), Fisher, Ingram

and Hanson (1935) showed that In the cat, the major part of the nerve

fibres running ventrolateral^ from the PVN terminated in relation to

the SON, only a small portion joining the SCUT. They concluded there¬

fore that the majority of the unmyelinated nerve fibres in the ventral

wall of the pituitary stalk originated in the SON.

These early observations, made with the use of silver impregna¬

tion techniques, were in good agreement with the results of experi¬

ments using the chrone-alum-haeaatoxylin staining procedure of

Gomori (1939). Lacqueur (1954) described three fibre systems origi¬

nating in the PVN of the dog. The largest of these corresponded to

Grevlag's "tractus paraventricular^ cinereus". The other two fibre

systems originated in the posterior parts of the nuclei, one extend¬

ing into the lateral hypothalamic area before bending medially to

join the SOHT, the other passing directly to the neurohypophysis

after entering the infundibular stem caudal to the SOHT. Recent

work by Mepen (1962) bas confirmed that several fibre components

originate in the PVN and reach the median eminence by a variety of

circuitous routes.

In addition to the direct demonstration of the course of nerve

fibres, the contribution of the SOU and PVN to the innervation of the

neurohypophysis has been studied indirectly by observing the reactions
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of these nuclei to various operations on the hypothalamo-neurohypo-

physial system.

Kary (1924) and Levy (1924) originally described retrograde

degeneration in the SON of the dog and man following injury to the

posterior lobe of the pituitary. Numerous investigators confirmed

this finding for man, the cat and monkey and showed, in addition,

that hypophysectomy or section of the hypophysial stalk resulted in

the disappearance of 807.-907. of the cells in the SON (Broere, 1932:

Fisher, Ingram and Ranson, 1935, 1938; Magoun and Hanson, 1939;

Rasmussen, 1940; Rasmussen and Gardner, 1940; Hainbecker and White,

1941; Plekford and Ritchie, 1945; O'Connor, 1947; HacCubbin and

van Buren, 1963). From these studies, it was concluded that the

majority of nerve fibres from the SON pass through the hypophysial

stalk to the neurohypophysis.

Varying results, however, have been obtained from qualitative

microscopic examination of the PVN, following hypophysectomy or tran¬

section of the hypophysial stalk. Thus, In the rat, Rasmussen (1940)

found no regular changes in cell mashers after these operations, while

other investigators observed signs of moderate atrophy of the PVN

after interruption of the SORT in dogs, cats and monkeys (Broers, 1932;

Fisher et al., 1938; Magoun and Ranson, 1939; Heinbecker and White,

1941).

It was not, however, until quantitative analyses ware made of

the number of cells remaining in the PVN after such operations that

more reliable information became available. Thus Frykmaa (1942)

noted a cell loss in the PVN of approximately 351 after hypophysec¬

tomy in the rat. Other workers have reported a greater degree of

atrophy following similar operations. Pickford and Ritchie (1945),

for example, found in the dog an 84^ decrease in the number of cells



in the PVN in response to interruption of the SOHT or hypophysectoray.

O'Connor (1947) observed, also in dogs, a reduction of 70ft after hypo-

physectary, and of 80% after division of the SOHT in the median emi¬

nence. In agreement with these findings, Olivecrona (1957) demonstra¬

ted that after hypophysial stalk section in the rat, the number of

taagnocellular cells in the PVN was reduced by about 75ft.

One explanation for these quantitative differences was suggest¬

ed by Harris (1948c) vis. that the differences could be accounted for

by the indefinite demarcation of the PVN. However, more recently the

view has been put forward that the fibre tracts from the PVN are com¬

posed of neurons of different lengths, which terminate at different

levels in the hypothalamus and neurohypophysis (Hiepan and Sngelhardt,

1958). Thus a lesion in the distal part of the neural stalk would

damage only a relatively small number of long paraventricular fibres,

whereas with destruction of the median eminence, both long and short

fibres would be affected.

In addition to experiments involving pituitary stalk section,

Olivecrona (1957) destroyed the SON and PVN independently by electro¬

lytic lesions, and observed the effects of this procedure on the

remaining nuclei. Since destruction of the SON alone did not cause

any cell loss in the PVN, he concluded that the reduction seen in the

latter nuclei after stalk section did not result from transneuronal

degeneration. Thus in the rat at least, the major portion of the

nerve fibres from the magnocellular part of the PVN do not appear to

end in the SON but pass through the hypophysial stalk to the neurohy¬

pophysis. In support of this conclusion, the cross-sectional area of

the hypophysial stalk decreased by 20-25ft following complete destruc¬

tion of the PVN (Olivecrona, 1957). This work, in addition to that of

Lacqueur (1954) and Diepen (1962), provides evidence in favour of the
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existence of paraventriculo-neurohypophysial fibres, although there

is as yet no direct morphological evidence for the contribution of

paraventricular nerve fibres to the SORT (Christ, 1966). No termino¬

logical distinction is generally drawn between the two components.

The evidence presented above has established that fibre connec¬

tions exist between the hypothalamic SON and FVN and the neurohypo¬

physis. The functional significance of these pathways, however,

remained obscure fox many years after their description.

The hypothalamus and neurohypophysial function

a) Secretion of APB

One of the earliest references to the pharmacological activity

of posterior pituitary extracts is that of Oliver and Schafer (1895)

who showed that such extracts had a pressor action. Howell (1898)

confirmed this finding in the anaesthetised dog, and Schafer and

Vincent (1899) reported similar effects in the cat,

Magnus and Schafer (1901) and Schafer and Herring (1906) were

the first to discover that extracts of the posterior lobe of the pitui¬

tary were diuretic when administered to anaesthetized animals. Frank

(1910) presented clinical evidence that injury to the neurohypophysis

could cause diabetes Insipidus, an effect which he attributed to irri¬

tation of the neurohypophysis with consequent hypersecretion of the

diuretic principle.

Farm! (1913) and von den Velden (1913), however, showed indepen¬

dently that in patients with diabetes insipidus, posterior lobe extract

had an antidiuretic effect. Further, Camus and Rouasy (1913) demon¬

strated experimentally that a lesion in the hypothalamus, which did

not damage the neurohypophysis directly, was sufficient to produce
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diabetes Insipidus. In view of this and other work, It became

generally accepted that the diuresis obtained by Schafer et al. on

injection of posterior lobe extract was due both to the anaesthetized

state of the animals and to the very large doses used.

At this time the early observations on the innervation of the

neurohypophysis (e.g. Cajal, 1894) were not fully appreciated and the

site of the lesion, whether hypothalamic or hypophysial, necessary to

produce the polyuric condition was debated for many years. The func¬

tional significance of the hypothalamo-neurdhypophysial fibre connec¬

tions was recognized only after a series of classical experiments by

Fisher et al. (1938). By means of small, bilateral lesions in the

SOHT at the level of the median eminence, they were able to produce

diabetes insipidus consistently in cats and monkeys. Since urine

output could be brought down to normal levels by injection of posterior

pituitary extracts, they suggested that the supraoptic©-hypophysial

system regulates the secretion of A33H by the neural lobe of the hypo¬

physis. Thus interruption of the SORT leads to atrophy of the neuro¬

hypophysis and to a deficiency of AI)H in the animal, with the conse¬

quent appearance of diabetes insipidus.

The overall picture regarding the supraoptico-hypophysial sys¬

tem and the effects of lesions therein on the secretion or ADR has

changed little since the experiments of Fisher et al. It is of in¬

terest that the rabbit is the only animal in which permanent polyuria

has not been observed following placement of lesions In the SORT

(Cross and Harris, 1952). The authors suggested that this apparent

exception may perhaps be explained by a change in some other factor,

such as renal haestodynaraies.

One of the early investigators to study the problem of hypo¬

thalamic regulation of neurohypophysial function using techniques of



electrical stimulation, as opposed to destructive lesions, was

Haterlus (1940). If the hypothesis of Fisher et al., that the SCET

regulates AUK secretion,was correct, then electrical stimulation of

this tract should elicit signs of ADH secretion. Thus Haterius

showed that stimulation of the pituitary stalk in anaesthetised

rabbits produced a definite inhibition of water diuresis, an effect

which could not be obtained when the stalk had been sectioned prior

to stimulation. This work has been criticised for the use of anaesthe¬

tised animals, since anaesthesia itself inhibits diuresis, but the

results have been amply confirmed by a series of elegant experiments

by Harris (1947). Using a remote control technique of stimulation,

Harris showed that in conscious rabbits, electrical stimulation of

the SOHT in the hypothalamus, median eminence, infundibular stem or

process resulted in a temporary inhibition of water diuresis in the

hydrated animal. The duration of the effect was stimulus-dependent,

varying from 15 minutes to several hours, and the responses could be

matched by intravenous injection of whole posterior pituitary extract

or of the purified pressor fraction, ha support of the conclusion

that stimulation of the SOHT resulted in release of ADH from the

neurohypophysis, Harris (1948a) further showed that such stimulation

was followed by the appearance in urine of small quantities of an

antidiuretic substance.

Recent experiments by Scherrer (1960) and Fang, Liu and Hang

(1962), in the rat and dog respectively, Indicated that electrical

stimulation of a variety of hypothalamic areas resulted in antidluresis

The sites of stimulation ranged from anterior to posterior hypothala¬

mic regions, and Included the SOW and PVN. Since the effect on urine

flow was attributed to ADH release in both studies, it Is probable

that the stimuli caused both direct and indirect excitation of the SOHT



The above discussion has been concerned with, the regulation of

ABH secretion by the supraoptlco-hypophysial system. The factors

which Influence the activity of this system and hence ADH secretion

are many and varied.

Apart from the polyuria which generally results from lesions in

the SCUT, profuse diuresis is found in two other conditions. Starling

end Veraey (1925) and Verney (1926) showed that in a heart-lung-kidney

preparation, the kidney produced large volumes of dilute urine. Addi¬

tion of posterior pituitary extract to the perfusion fluid caused an

antidiuresls. These results suggested that in the intact animal, the

kidney was normally under the influence of a 'background' level of

ABH secretion.

A similar state of diuresis is seen following ingestion of water

by mouth. Klisiecki, Pickford, Rothschild and Verney (1939) suggested

that absorption of water resulted in decreased osmotic pressure of the

blood, inhibition of ABH secretion.with the consequent onset of diure¬

sis. The necessary corollary of this hypothesis vis. that dehydration

should result in MSB, release by virtue of increased blood osmotic

pressure, was demonstrated by, among others, Oilman and Goodman (1937).

Similarly, administration of hypertonic solutions was shown to cause

inhibition of water diuresis, particularly when the hypertonic solu¬

tions were injected into the carotid artery (Verney, 1946, 1947).

Since prior removal of the posterior pituitary drastically reduced

the effect, it was concluded that ADH was released by the Increase in

osmotic pressure of the blood.

From these and other experiments, Vemey and co-workers suggest¬

ed that certain receptors in the area supplied by the carotid arteries

were sensitive to changes in osmotic pressure. By a process of elimi¬

nation, the relevant area of the central nervous system was defined as



 



participated in the mechanism of labour by releasing OTS to stimulate

uterine contractions.

In support of this hypothesis, Haterius and Ferguson (1938) and

Ferguson (1941) showed that electrical stimulation of the infundibu¬

lar stalk in anaesthetized post-partum rabbits produced a marked in¬

crease in uterine motility. The response was not obtained if a lesion

had previously been placed in the infundibular stalk, but remained

when the head was connected to the trunk solely by the carotid

arteries, Jugular veins and a flap of skin. These experiments pro¬

vided a clear demonstration of the release of an oxytocic factor on

electrical stimulation of the pituitary stalk.

Confirmation of these results came when Harris (1947, 1948b)

demonstrated, by recording the uterine response, that stimulation of

the SGHT in the unanaesthetized rabbit caused a release of OTS from

the neurohypophysis. The response to electrical stimulation corres¬

ponded very closely to injection of the purified oxytocic fraction

of posterior pituitary extracts.

In addition to this effect on the uterus, Ott and Scott (1910)

showed that posterior lobe extracts could cause milk ejection in the

lactating goat. (The term 'milk ejection' (IE) is used to describe

the active extrusion of secreted milk from the alveoli and fine ducts

into the sinuses of the mammary glands. Such a process must occur

before milk can be withdrawn by suckling or milking (see Benson and

Fitzpatrick, 1966).) Five year later, Gaines (1915) described a

number of experiments which confirmed and amplified this finding,

and concluded that the ME response was attributable to a mechanism

of muscular contraction within the mammary glands. He apparently

failed to accept the implication that the posterior pituitary was
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normally Involved and considered that the ME reflex was purely neural.

Somewhat surprisingly, few observations on this subject appear¬

ed in the next twenty five years. Then, however, Ely and Petersen

(1941) described their experiments on cows, and postulated that the

oxytocic hormone of the posterior pituitary, released reflexly by

manipulation of the nipple, was an essential part of ME, These

authors also showed that the purified oxytocic fraction of neurohypo¬

physial extracts was more effective in bringing about ME than the

pressor fraction, and that fright, or Intravenous injection of adrena¬

line, resulted in the abolition of the ME reflex.

Since these observations, numerous investigators have confirmed

that the milk ejection response is a criterion of OTS secretion and

that the physiological stimulus for OTS release is suckling (Turner

and Cooper, 1941; Petersen, 1942, 1944; Linsell, 1950; J&iittle-

stone, 1950, 1952; Cross, 1951, 1953b; Andersson, 1951c; Cross and

van Dyke, 1953).

If the release of OTS is dependent on nervous excitation of

the neurohypophysis, then electrical stimulation of the nerve supply

to the neural lobe should elicit ME. Thus Cross and Harris (1952)

demonstrated in the rabbit, that stimulation of the SOHT in the

median eminence, or of the infundibular stem, caused ME, while place¬

ment of lesions in the SOHT abolished the response to subsequent

stimulation. Milk ejection could still be elicited, however, by

Intravenous injection of posterior pituitary extracts. These authors

confirmed the earlier observations of Ely and Petersen that the oxy¬

tocic fraction of such extracts was more effective in causing ME

than the purified pressor fraction.

In experiments which involved the electrical stimulation of

specific hypothalamic nuclei, Andersson (1951a, b) and Cross (1955a,
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1956 and 1958) showed that ME could be elicited In the lactatlng

sheep, goat or rabbit by stimulation in the region of the SON.

Varying results were obtained following electrical stimulation of the

PVN. Thus Harris (1947) found that stimulation in the vicinity of

these nuclei caused neither increased uterine motility nor anti-

diuresis in iactating rabbits, trtiile in lactating sheep and goats,

stimulation in or adjacent to the SON or PVN was followed by both ME

and antidiuresis (Andersson and McCann, 1955a, b). Cross (1955a)

obtained ejection of milk in lactating rabbits after stimulation in

the region of the PVN and SON. In a further series of experiments,

however, the regularity with which electrical stimulation in the

region of the PVN evoked both ME and augmented contractions of the

oestrogenized uterus led Cross to the conclusion that the PVN, in

addition to the SON, have an important functional role in the secre¬

tion of OTS (Cross, 1956, 1958).

Such a view was in accord with the finding of Olivecrona (1954,

1957) that in the rat, total bilateral destruction of the PVN by

electrolytic lesions was followed by a marked decrease in the amount

of OTS in the neurohypophysis. Duggan and Reed (1958) showed further

that the blood levels of OTS in rats decreased after placement of

lesions in the PVN. Additional support for this hypothesis came from

the experiments of Nibbelink (1961), who found that the production

of PVN lesions in pregnant cats resulted in dystocia in varying

degree. The OTS content of the neural lobes from these animals was

consistently below normal. There is therefore good evidence in

favour of the view that the PVN may be particularly concerned with

OTS secretion.

To summarise the above discussion: the hypothalamus has been
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firmly established as essential to the secretion of OTS, and is an

integral part of the normal ME reflex. The paraventriculo-nourohypo-

physial fibres may be of particular Importance in this reflex.

Finally, the experiments described emphasise the use of the ME

response as a criterion of OTS secretion.

The stimuli ■which have been shown to influence the release of

OTS are numerous. Da addition to the natural stimulus of suckling,

mechanical stimulation of the nipples (Petersen, 1944; Folley, 1947;

Cross and Harris, 1952) and of the uterus and vagina (Andersson,

1951a; Harris and Pickles, 1953) causes reflex release of OTS, as

measured by the uterine or mammary gland response. Other effective

stimuli include an Increase in the osmotic pressure of the blood

(Andersson, 1951a; Abrahams and Pickford, 1954; Holland, Cross and

Sawyer, 1959) and a variety of drugs and anaesthetic agents (sea

Heller and Ginsburg, 1966). It is generally accepted that these

stimuli act either directly, or indirectly via nerve reflexes, on

the neurones of the SON and PVN.

The site of origin of OTS and ASH

As It became apparent that the hypothalamus was intimately

concerned In the control of OTS and ADH secretion, the problem of

tdiere the neurohypophysial hormones were in fact produced aroused

considerable discussion.

Herring (1908) originally proposed that the active principles

in the neural lobe derived from the cells of the pars intermedia.

This hypothesis gained some support, but it was finally disproved

by the experiments of Fisher et al (1938). These workers showed that

in animals with atrophic neurohypophyses resulting from SOHT lesions,



16,

the pars intermedia was histologically normal and contained melanophore-

stimulating hormone. In contrast, the neural lobes were almost devoid

of antidiuretic, pressor or oxytocic activities.

Fisher and his co-workers assumed that the hormones in the pos¬

terior pituitary wore produced by the pituicytes, cells in the neural

lobe first described by Bucy (1930). They concluded from their results

that the pituicytes ceased to produce their hormones once the neuro¬

hypophysis had been cut off from its innervation.

There is, however, little histological evidence to support the

view that the pituicytes have a secretory function.

The currently accepted hypothesis of neurosecretion is based on

the cytological studies of Scharrer, who was the first to discuss the

possibility that certain neurones in the central nervous system might

have an essentially secretory role (Scharrer, 1928), In his investi¬

gation of the pre-optic nucleus in fish and of the SON in mammals, he

drew attention to the proximity of these nuclear areas to the pitui¬

tary, and suggested that they might be capable of modifying anterior

pituitary function by their secretions. Certain histological features

e.g. peripheral distribution of Nissl substance, irregular, eccentric

nuclei, cytoplasmic vacuolation and inclusions, all served to differ¬

entiate these neurones from other neurones (Scharrer and Scharrer,

1940).

This hypothesis did not meet with general approval until Bargmann

(1949) applied the chrome-alum-haematoxylin staining technique (Gomori,

1939) to the hypothalamo-neurohypophysial system. This proved to be

the first good method for staining secretory colloid within this system.

Subsequent work led to the concept that the hormones found in the pos¬

terior pituitary are formed in the magnocellular hypothalamic nuclei

vis. the SON and FVN, and are transported along the axons of the
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hypothalamo-neurohypophysial tract to be stored in, and released from,

the neurohypophysis (Bargmann, 1951} Bargmann and Scharrer, 1951;

Hild, 1951; Hild and Zetler, 1953a).

Bargmann and Scharrer (1951) point out that the results of

Fisher et al (1938) may be interpreted as strongly In favour of the

neurosecretory hypothesis. Thus lesions in the SOHT resulted in

atrophy of the cells of the SON and, to a lesser extent, of the PVN.

In the light of observations regarding the secretory activity of

these neurones, it could be argued that the amount of available ADH

in animals with experimentally-induced diabetes insipidus was dimin¬

ished by the extent to which the neurosecretory cells and their path¬

ways were destroyed.

If the concept of neurosecretion is correct, firstly Gomori-

stained neurosecretory material must be shown to be associated with

or identical to the neurohypophysial hormones. Secondly, the pre¬

sence of these hormones must be demonstrated in the hypothalamus.

The work of Schiebler (1951, 1952 a, b) and Hild and Zetler

(1953 b) led to the opinion that the material which reacts with the

Gomori stain within the hypothalamo-neurohypophysial system was a

glyco-lipoprotein. It was suggested that this material probably

acted as a carrier molecule for the posterior pituitary hormones.

Subsequently, however, additional histochemical studies indicated

that the colloid described by Bargmann (1949) was a protein or poly¬

peptide, rich in cystine, and possibly representing the hormones them¬

selves (Sloper, 1954; 1955; Adams and Sloper, 1956). Rodeck (1959

a, b) pointed out that the reactions given by such polypeptides were

also given by the posterior pituitary principles, iriiether they were

envisaged as isolated octapeptides or as octapeptides derived from a

biologically active (van Dyke, Chow, Greep and Rothen, 1942) or



biologically inactive (Acher and Fromageot, 1957) larger polypeptide

molecule. It is clear, therefore, that Gomori-stained material is

certainly associated with and may be identical to the neurohypophysial

hormones.

With regard to the second point, Abel (1924), working on the

sheep, was the first to describe antidiuretic and oxytocic substances

in the hypothalamus. Numerous Investigators have since confirmed the

presence of neurohypophysial hormones, both in extracts of the whole

hypothalamus and from the regions of the SON and PVN (van Dyke, 1926}

Sato, 1928: Trendslenberg, 1928; Melville and Hare, 1945; Hild and

Zetler, 1951 a, b, 1952 a, b; Kovacs and Bachrach, 1951; Vogt,

1953; Schlichtegroll, 1954; van Dyke, Adamsons and Bngel, 1955).

As in the experiments of Vogt (1953) and Schlichtegroll (1954),

Lederis (1961, 1962) used paper chromatographic techniques to purify

hypothalamic extracts. In addition, however, Lederis used a solvent

system which enabled him to separate OTS from ABH. In a variety of

species, he showed that relatively more OTS than AMI was present in

the PVN; the converse was true for the SON. Adamsons, Engel, van

Dyke, Schmidt-Nielsen and Schmidt-Nielsen (1956) found a similar

hormone distribution in the SON and PVN of the Algerian camel. The

results of such experiments suggested that the PVN may predominate in

the synthesis of OTS, and the SON In the synthesis of AMI. This hy¬

pothesis is in accord with the conclusions of Cross (1958), Olivecrona

(1957), Duggan and Reed (1958) and Nibbelink (1961).

The above discussion outlines the development of current ideas

regarding the origin of the neurohypophysial hormones. In general,

the original postulates have been accepted with relatively small modi¬

fications .
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For example, the concept of centrifugal transport of large

colloid granules, one micron or more in diameter (Bargraann, 1951),

in the supraoptic®- and paraventriculo-hypophysial tracts is probably

incorrect. The hypothesis has been modified as follows: neurohypo¬

physial hormones, or precursors, are considered to be segregated into

neurosecretory vesicles approximately 0.1 microns in diameter, to be

transported down the nerve fibres of the hypotha1amo-neurohypophyaial

tracts in this form, and to be stored in nerve endings in the neural

lobe, whence they are secreted into the blood (Sloper, 1966).

Similarly, experiments have been reported which suggest that,

in certain species at least, hormone synthesis may occur not only in

the cell bodies of neurones in the SON and PVN, but also along the

whole length of the neurone (Vogt, 1953? Christ, 1962; Diepen,

1962; de Robertis, 1962; see Green, 1966).

The possibility has also been raised that certain accessory

nuclei lying between the SON and PVN - the pars lateralis of the PVN

(Bodian and Maren, 1951) - may participate in the synthesis of neuro¬

hypophysial hormones (Bargmann, 1962).

Whatever the eventual solutions to these problems may be, there

is, at present, agreement on the fact that the hormones of the neuro¬

hypophysis derive principally from the neurones of the SON and PVN.

There is, furthermore, strong evidence to suggest that each of the

two cell groups is mainly responsible for the elaboration of one

hormone.

In the earlier sections dealing with the regulation of ADH and

OTS secretion, four distinct effects were ascribed to the neurohypo¬

physial hormones ; the production of antidiuresis, Increased blood



pressure, stimulation of uterine contractions and ME. It is now

accepted that the pressor and antidiuretic effects are attributable

to a single substance, via. ADH, and that OTS is responsible for the

effects on the mammary gland aud uterus (see van Dyke et al, 1955).

It is clear that the established actions of OTS are confined to

the female of the species. Since OTS is present in similar amounts

in both sexes (van Dyke et ai, 1955), many attempts have bean made to

find a more general action for the hormone. Thus several groups of

workers have sought an effect on male reproductive function (see

Fitxnatrick, 1966), while others have investigated the action of OTS

on the vascular system (see Pickford, 1966b).

Much attention has also been directed towards the kidney as a

possible target organ for OTS. Interest in this field began with

the early experiments of Fraser (1937, 1942), who showed that OTS was

a diuretic in rats. Further impetus was given to studies of this

nature when it became apparent that the chemical structure of OTS was

very similar to that of AM (du Vigneaud, Reasler, Swan, Roberts,

Katsoyannis and Gordon, 1953; du Vigneaud, Gish and Katsoyannls,

1954). A brief outline of the effects of OTS on renal function will

be presented, since this is pertinent to some of the observations to

be reported. A more detailed account will be given in the relevant

section.

OTS and kidney function

The effects of OTS on the kidney are, to some extent, species-

dependent .

Fraser <1937, 1942) was the first to show that the oxytocic

fraction of posterior pituitary extracts was diuretic in rats. His

observations have been repeatedly confirmed, both with similar



extracts and with synthetic OTS (Kuschinsky and Bundshuch, 1939;

Dicker and Heller, 1946; Schaummm, 1949} Croxatto, Rosas and

Barnafi, 1956; Brunner, Kuschinsky, MSnchow and Peters, 1957; Peters,

1959; Horster, 1960). Such observations showed that the diuretic

action of GTS was enhanced in dehydrated or salt-loaded animals; in

the latter animals, a clear dose-response relationship was demonstrat¬

ed (Berde, 1959).

In both the dog and man, however, numerous investigators showed

that intravenous injection of OTS resulted in an antidiuresis (van

Dyke et al, 1955; Brooks and Pickford, 1958; Thomson, 1960; Chan

and Sawyer, 1961). Few reports have appeared which are in conflict

with this finding. Of these, Fraser (1937, 1942) found that subcu¬

taneous injection of OTS caused a diuresis in dogs, while Horstar,

Kuschinsky and Peters (1959) reported a similar effect when large

intravenous doses were given to anaesthetised, dehydrated dogs.

Karvonen, LeppSnen and PitkSnen (1953), also working on dogs, were

unable to show any consistent effects of intravenous administration

of OPTS on urine flow. There is no evidence that OTS is ever diure¬

tic in man (Chalmers, Lewis and Pawan, 1951; Brunner et al, 1957;

Thomson, 1960; Cross, Dicker, Kitchin, Lloyd and Pickford, i960).

There is evidence that OTS can alter electrolyte excretion.

In the rat, it has been shown to enhance the urinary excretion of

sodium, potassium and chloride (Kuschinsky and Bundshuch, 1939;

Fraser, 1942; Dicker and Roller, 1946; Schaumann, 1949; Heller

and Stephenson 1950 ; Sawyer, 1952; Croxatto et at, 1956; Brunner

et al, 1956; Lees and Loekett, 1964). It has also been reported

that, in dogs, OTS administration was followed by a rise in sodium,

chloride, and occasionally, potassium excretion. The effect was

particularly marked at low rates of flow, but could be produced in



hydrated doge, using larger doses of OTS (Anslow and Wesson, 1955;

Brooks and Pickford, 1957, 1958; All, 1958; Chan and Sawyer, 1961).

Hertz (1960) found that OTS caused Increased electrolyte excretion

in man, but other investigators have not been able to demonstrate

this effect (Chalmers et al, 1951; Brunner et al, 1957; Thomson,

1960; Cross et al, i960).

In addition to the effects of OTS on urine flow and on electro¬

lyte excretion, several workers have reported changes in renal haeno-

dynamics after administration of OTS. Thus Brooks and Pickford (1958),

All (1958) and Ilorster et al (1959) found intravenous injection of

OTS to conscious dogs regularly increased renal plasma flow (EPF),

without necessarily increasing glomerular filtration rate (GFR).

Larger doses did increase GFR and it was suggested that this factor

might be responsible for the increased electrolyte excretion. Chan

and Sawyer (1961), however, could not demonstrate this effect.

In hypophyaectoraised dogs and those with diabetes Insipidus,

OTS appears to have a marked effect cm the renal blood vessels.

Demunbrun, Keller, Levkoff and Purser (1954) showed that administra¬

tion of OTS to neurohypophysectomised dogs frequently restored, to

pre-operative levels, the depressed EPF and CPE seen in 3uch animals.

Since administration of ADH was ineffective in this respect, the

authors attributed the depression of EPF and GFR to a deficiency of

OTS. More recently, Heidenrelch, Kook, May and Eeus (1961) also

showed that OTS has a marked dilator effect on kidney blood vessels

in hypophysectomisad dogs.

In the rat, Dicker and Heller (1946) found that subcutaneous

injection of OTS enhanced the renal clearances of inulin and diodone,

while Brunner et al (1957) were unable to show any effect on the

endogenous creatinine clearance. The effect of OTS on GFE and EPF
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in wan is variable, since both parameters have been shown to increase

on some occasions, and decrease slightly on others (Cross et al, I960;

Herts, I960),

The above evidence clearly shows that OTS is capable of influ¬

encing some parameters of renal function. Whether this renal action

of OTS is of physiological significance, as suggested by Demunbrun

et al, is still debated. Oilvecrona (1957), for example, found that

in rats with complete destruction of the FVN, water balance was

essentially normal, although the neurohypophysial content of OTS in

these animals was markedly reduced. No conclusions were drawn regard¬

ing sodium and potassium metabolism, but animals with such lesions had

normal serum sodium levels, and a normal urinary excretion of sodium

and potassium, after loading with hypertonic saline solution (Olive-

crona, 1957).

Purpose of the present investigation

With regard to the current interest in the part played by the

PVH in OTS synthesis, and in the significance of the offsets of OTS

on kidney function, the present study was planned along the following

lines:

a) examination of the effect of destruction of the FVN on the HE

reflex;

b) re-investigation of the effects of mall doses of OTS, and of

ADB, on renal function;

c) determination of the effects of FVN destruction on renal function,

and on the response of the kidney to OTS,
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Introduction

Numerous investigators have studied the effects of hypothalamic

lesions on the ME response. Cross and Harris (1952), for example,

showed that lesions in the SORT in lactating rabbits prevented the

release of milk in response to electrical stimulation of the tract,

without Interfering with the response to injected OTS (30-200 aU).

The effect of these lesions on ME in lactating rats was confirmed by

McCann, Mack and Cale (1958), but these authors also concluded that

milk secretion had been Impaired, since the milk yield in response to

OTS administration (0.75 V one to three times daily) was markedly

reduced. The same authors subsequently showed that lesions in various

thalamic and hypothalamic sites, including the region of the PVN,

resulted in little or no impairment of lactation (McCann, Mack and

Gale, 1959). They inferred that the PVN were of no importance in the

production of OTS.

Again in rata, Yokoyama and Ota (1959a) found that diffuse

anterior hypothalamic leaions involving the periventricular region of

the medial pre-optic area or a part of the PVN, impaired the ME reflex.

Destruction of the periventricular part of the medial hypothalamus

and of the arcuate nuclei, with no direct involvement of the PVN, was

also effective in this respect (Yokoyama and Ota, 1959c). Since injec¬

tions of OTS (1.5 U twice dally) caused ME in animals in the latter

group, the authors concluded that the lesiona were responsible for

selective impairment of OTS secretion.

Inhibition of IE activity has also been reported to follow the

production of lesions in the supramaneoillary region in lactating rats

(Stutlnsky and Termin, 1964). The lesions In these experiments involved

most of the posterior hypothalamic nuclei and a large part of the peri¬

ventricular gray matter. Since the mammary glands of these rats were
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normal in appearance and milk could be released by injections of OTS

(0.75 0 two or three times daily), the authors suggested that the

lesions had blocked the release of OTS. A similar conclusion was

reached by Beyer and Mens (1965) after coagulation of tissue in the

periventricular area of the caudal hypothalamus in lactating cats.

It was suggested that the effect of the lesions was to Interrupt

afferent fibres involved in the reflex release of OTS Induced by

suckling*

It is clear that lesions in the hypothalamus may impair HE

activity by a number of mechanisms, either singly or in combination.

The lesions may block afferent impulses from the mammary gland which

would normally cause release of OTS; they may destroy the site of

OTS production; or they may interfere with the production and release

of prolactin, thereby causing deficient milk secretion.

It is currently accepted that the FVN play a major role in the

synthesis of OTS (see General Introduction). The specific destruc¬

tion of these nuclei has been a valuable method in obtaining informa¬

tion on this point. To recapitulate, Ollvecrona (1954, 1957) found

that coagulation of the PVN in rats was frequently followed by s

decrease in the OTS content of the neurohypophysis, with little change

in the content of ABH. It has been shown that the oxytocic activity

of blood extracts from rats bearing PVN lesions was reduced in com¬

parison with blood from control rats or animals with lesions in the

posterior hypothalamus (Duggan and Reed, 1958). Again, Nibbelink

(1961) observed that, after placement of similar lesions in pregnant

and non-pregnant eats, the OTS content of the neural lobes was marked¬

ly below normal (up to 9OR reduction in animals with complete destruc¬

tion of the PVN). Lesions lateral or caudal to the PVN had no effect

on the amount of OTS in the neurohypophysis. In terms of impaired
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function, the pregnant animals experienced considerable difficulty at

parturition; labour lasted up to four days and occasionally proved

fatal.

In view of this evidence and of the conflicting opinions on the

effects of hypothalamic lesions on HE activity, It seemed relevant to

attempt to destroy the PVN specifically in lactatlng rate and to

observe the effect of this procedure on the HE reflex. To further

define the role of the FVN in thie process, it was proposed to place

lesions of similar sice in areas close to, but not Involving, the

FVN. it was decided to use rats for these experiments for two reasons:

(1) adequate numbers of Instating animals could be easily obtained;

(2) the relatively constant relationship between skull landmarks and

brain structures (de Groot, 1959) would simplify the accurate place¬

ment of mall lesions in defined areas of the brain.
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Materials and Methods

Animals

Primiparouf albino rats (200-255 g body weight) of the Carshalton

strain were used. The animals were kept in individual plastic cages in

a quiet room (temperature 70° t 4° F) and were allowed free access to

food (MacGregor's stock cube diet) and water, except during experi¬

mental suckling periods.

Soon after parturition, the litters were reduced or made up to a

standard number of 8, equal numbers of each sex being kept where pos¬

sible. The date of parturition was called day 1 of lactation. Mothers

were allowed to nurse their young without interference for 10 days.

Only those animals showing normal maternal behaviour were included in

the experimental groups.

Experimental groups

Milk ejection activity was measured in 6 groups of rats:

Group I (n » 9) - control animals;

Group II (n * 8) - animals with destruction of the PVN;

Group III (n « 11) - animals with lesions in areas other than

the FVN:

Group IV (n * 6) - sham-operated animals;

Group V (n • 5) - control animals in rftich ME activity was

measured before and after injection of OTS;

Group VI (n « 5) - animals with destruction of the FVN, in which

ME activity waa measured before and after

injection of OTS.

Measurement of ME activity

The following basic procedure was used for all groups: On the

evening of the tenth day of lactation, the litters were removed from

their mothers and placed in cages with free access to water but not to
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food. No attempt was made to keep the litters separate. The period

of separation allowed milk to accumulate in the mammary glands of the

mothers.

Fifteen hours later, the pups were divided into groups of 4 and

their bladders drained by suprapubic pressure to minimise errors due

to voiding of urine idien suckling. A group of 4 pups of known weight

was then placed with each lactating rat and the pups allowed to suckle

undisturbed for 30 minutes. At the end of this period, the pups were

removed, their bladders emptied as before and the 'post-suckling*

weight recorded. Any increase In weight was considered to be due to

Ingested milk.

After the 30 minute suckling period, 8 pups were returned to

each mother and allowed to suckle for 8-9 hours, when the litters were

again removed for a further 15 hours. This procedure was repeated

daily from the tenth to the twenty-third day of lactation.

In the animals of groups V and VI, ME activity was measured as

above, but in addition, each rat was injected intraperltoneally with

1.0 unit of synthetic OTS (Syntocinon, Sandoz) at the end of the 30

minute suckling period. Five minutes later, a second group of 4 pups

was placed with the mother and allowed to suckle for a further 30

minutes. The weight gains during both periods were recorded.

Operative procedures and lesion technique

All operations were carried out on the evening of the fifteenth

day of lactation, following separation of the litters from their

mothers.

The stereotaxic head holder* employed was designed for use with

de Groot's coordinate system (de Groot, 1959). In this system, the

rostral reference point, located immediately behind the upper incisor

* Constructed by Mr. J. Copeland, Department of Physiology,
University of Edinburgh.



teeth, is 5 tarn, above the level of the interaural line.

The electrode assembly consisted of Diamel-insulated stainless

Steel wire (diameter approximately 100 p) supported by a stainless

steel cannula (external diameter approximately 250 p). The wire was

secured in the cannula by a drop of Araldite (Ciba (A.R.L.) Ltd.) so

that it projected I tm. beyond the tip of the cannula; the last 0.5

mm. of exposed wire was scraped free of insulation. The electrode

was mounted in a Perspex block and attached to a micromanipulator

(Prior).

Under ether anaesthesia, the rats ware clamped in the stereo¬

taxic instrument, a midline incision made in the scalp and the skull

scraped free of tissue. The area of skull to be drilled was deter¬

mined by initially positioning the electrode tip at bregma, the co¬

ordinates of which were taken as 5.9 ram. anterior to the auditory

meatus and 6.A ram. above the horizontal aero plane (de Groot, 1959).

After noting the relevant readings on the micromanipulator, the

electrode was then moved anteriorly to a point overlying the area to

be destroyed. A hole was drilled in the skull under the electrode

tip, using a bone burr attached to a dental drill, and extended

laterally to allow insertion of the electrode on both sides of the

sagittal sinus. After puncturing the dura with a needle, the elec¬

trode was inserted to the desired position and an anodal lesion made

by passing 0.5 taA direct current (B.C.) at 48 volts for 15-20 seconds.

The indifferent electrode was clamped to the tongue. This procedure

was repeated in the other side of the brain to produce bilateral

lesions.

For destruction of the PVN, the most suitable coordinates were

found to be 6.2-6.4 mm. anterior to the interaural line, 1.6-1.7 mm.

below the horizontal zero plane and 0.3-0.4 mm. lateral to the mid-
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line on each aide.

The following coordinates were used for lesions in structures

other than the PVH:

a) nuclei reunions thaiami (2 rats): anterior 6.2 ran., vertical

-0.5 ibb. and lateral 0.5 ran.;

b) anterior hypothalamic nuclei (3 rats): anterior 6.5 ®ra.,

vertical -2.3 ram. and lateral 0.8 ram.;

c) ventromedial hypothalamic nuclei (3 rata): anterior 6.0 ram.,

vertical -3.0 mm. and lateral 0.8 mm.;

d) dorsomedlal hypothalamic nuclei (3 rets): anterior 5.4 ran.,

vertical -2.6 ram. and lateral 0.6 mm.

In shaa operations, the electrode was inserted to the region of

the PVH on both sides of the third ventricle, but no current was

passed through the electrode.

At the end of the operation, any bleeding caused by Insertion of

the electrode was controlled with Sterispon absorbable gelatin sponge

(Alien and Hanburys Ltd.) and the wound closed with linen sutures.

Each animal was given an intramuscular injection of chloramphenicol

(Chloromycetin Intramuscular - Parke,Davis & Co.) post-oper&tively.

The rats were then returned to their individual cages.

The only deaths which occurred resulted from excessive use of

ether during the operation. For one or two days after the operation,

some rats showed increased irritability, but this effect did not

persist.

Histological procedures

At the end of the experiments, the rats were killed with excess

ether and the brains perfused in situ with 20 ml. of a solution con¬

taining 10ft formol saline and 3ft acetic acid (v/v). The brains were

then removed and placed in 10ft formal saline until sectioned. The
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mammary glands of each rat were Inspected iaacroscopically, but no

tissue taken for histological study.

To determine the exact location of the lesions, serial sections,

50 p thick, of the hypothalamic region, were cut using the frozen

section technique. The sections were mounted and stained with 0.05%

toluidine blue for microscopical examination.

Only those animals in which there was complete destruction of

the PVN, with minimal involvement of surrounding structures, were

included in Groups II and VI, Destruction of the PVN was determined

by the absence of magnocellular cells. No cell counts were made.

Conversely, only those animals in which the FVN appeared normal,

but with lesions in other areas of the thalamus or hypothalamus, were

included in Group III (operated controls).

Presentation of results

The weight gains of groups of 4 pups In a 30 minute suckling

period were recorded daily for each rat.

The mean weight gains for each animal for the periods 11-15 and

16-23 days of lactation respectively were calculated according to

the formula:

l.I-45mean valt

where x denotes single observations and n the number of observations.

The division of the results from control Groups I and V into 11-15 and

16-23 day periods was arbitrary, but facilitated the comparison with

data from the groups of operated animals.

The overall mean values for the 2 periods were calculated for

each group, together with the standard deviations (S.D.) about the

means. The S.D. was calculated using the formula:

S.D.
S- *2 - (I*)2

—■««»■ i •» >•;—

n

n-1



where x represents individual observations and n the total number of

such observations.

The differences between individual mean values for the 2 periods

were also calculated, as were the group mean differences and S.D.s.

The standard errors (S.E.) of the group mean differences were

calculated from the formula:

S £ * S «D«
fT

Student's 't' teat was used to determine whether the differences

between group means were significant.

The t-value was calculated ast

« E»e«n difference
S.E. of difference

Since the derived value of 't' was occasionally a negative

number, this wag expressed as jt|, which, by convention, denotes the

numerical value, irrespective of sign.

The relevant probability values (?) were obtained from tables of

the *t* distribution (Documents Geigy, 1962). Mean differences were

regarded as statistically significant when P was less than 0.05.



PLATE1.

Transversesectionthroughthehypothalamusofacontrol ratatthelevelofthePVR.Toluldineblue.X28.



PLATE2.

Transversesectionthroughthehypothalamusof
aratvlthlesionscausingcompletedestructionofthePVN.

(Thebrainfromthisanimalwascutataslightlydifferentangle fromthatrepresentedbyPlate1.)TolaidineBlue.X28.



FIGURE 1.

Composite diagram showing the area of tissue destroyed by PVN
lesions in rats from Groups II and VI. Sagittal section 0.2
mm. lateral to the mid-line (numbered divisions ■ millimetres).
Key : RE, nucleus reunions thalaml; AHA, anterior hypothalamic
area; VMH, ventromedial hypothalamic nucleus; DMH, dorsomedial
hypothalamic nucleus (after de Groot, 1959).
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Results

Tissues destroyed by lesions

Plate 1 shows a transverse section through the hypothalamus of

a control rat, at the level of the PVN.

The lesions effective in causing complete bilateral destruction

of the PVN extended continuously from approximately 7 ram. anterior to

the auditory meatus to the region above the dorsal surfaces of the

ventromedial and dorsomedial hypothalamic nuclei, 5.7-6.0 mm. anterior

to the meatus. Plate 2 shows a transverse section through the hypo¬

thalamus from an animal bearing such a lesion.

In addition to the PVN, the lesions sometimes destroyed the

medial parts of the anterior hypothalamic nuclei, and involved the

nuclei reunions thaiami dorsally and part of the dorsomedial nuclei

posteriorly. In no case did the lesions damage the SON or the median

eminence. Figure 1 is a diagram of the areas of tissue destroyed in

rats from Groups II and VI; it shows that the PVN were the only

nuclei which were completely destroyed.

The reproducibility with which the lesions could be placed in

the desired area was approximately 657., which is similar to that

achieved by Ollvecrona (1957) vis. 60ft reproducibility. The principle

source of variation resulting in inaccurate placement of lesions

appeared to lie in the position of bregma, the point of intersection

of the coronal and sagittal sutures, which was used as the reference

point for initial positioning of the electrode tip. If part of the

PVN remained intact, the animal was excluded from the experimental

series.

The 'operated control' animals (Group III) were used to examine

the effect on ME of destruction of areas other than the PVN. As Indi¬

cated in the previous section, it was intended to destroy in different



FIGURE 2.

Composite diagram showing the areas of tissue destroyed
by lesions in rats from Group III. Sagittal section 0.2
mm. lateral to the mid-line (numbered divisions * milli¬
metres). Key : PVN, paraventricular nucleus; PH, posterior
hypothalamic nucleus, (after de Groot, 1959.)



animals a large part of the nuclei reuniens thalarai, the anterior,

ventromedial and dorsomedial hypothalamic nuclei. To a large extent,

these objectives were achieved, although some degree of overlap was

apparent in lesions in the last 3 nuclei. Thus lesions intended for

the dorsomedial nuclei Involved part of the ventromedial nuclei;

lesions in the latter nuclei showed some involvement of the anterior

and dorsomedial nuclei. However, any animal in which the lesion in¬

volved part of the PVN was excluded from the group. Figure II is a

composite diagram of the tissues destroyed by lesions In Group III

animals.

In 'sham-operated' animals (Group 17), the electrode tracts

could occasionally be seen in the sections, but this was not always

possible.

Post-operative behaviour

A number of rats appeared more irritable and reacted more vi¬

olently to moderate stimuli during the immediate post-operative period.

This irritability could not be related to lesions in any particular

area of the brain and indeed was seen in 2 sham-operated animals. It

would appear therefore to represent an effect of the operative proce¬

dures per se. The effect did not persist beyond the first 2 or 3 days

post-operatively.

Two of the 3 rets with lesions in the ventromedial hypothalamus

ate vigorously before they had recovered completely from the anaesthet¬

ic, but again this effect appeared to be only temporary.

Care was taken at all times not to startle the rats, by using

gentle handling and avoiding sudden movements and noises. Such pre¬

cautions, particularly during the experimental suckling periods,

ensured that even those animals showing increased irritability quick¬

ly settled down to allow the pups to stickle. The mothers nursed
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The mean weight gains of groups of 4 pups during
a 30 minute suckling period - Group I (controls)

30 minute weight gain (g)

Bat No. Days 11-15 <B)* Days 16-23 (A)^ B—A

1 1.5 4.1 -2.6

2 2.4 3.3 -0.9

3 1.6 2.3 -0.7

4 2.4 3.1 -0.7

5 1.7 1.9 -0.2

6 4.3 3.0 1.3

7 2.7 3.8 -1.1

8 2.9 2.1 0.8

9 0.9 2.0 -1.1

mean f 1 S.D. 2.27 t 1.00 2.84 ± 0.81 -0.57 + 1.14

S ,E. mm mm 0.38

1*1 mm m 1.53

P - m >*0.05

* means of 5 observations

' means of 8 observations



TABLE 2.

The mean veight gains of groups of 4 pups during
a 30 minute suckling period - Croup II. (Lesion rats.)

30 minute veight gain (g)

Rat Ho. Days 11-15 (B)« Days 16-23 <A)^ B-A

1 5.6 3.7 1.9

2 5.9 1.4 4.5

3 5.0 0.4 4.6

4 3.6 1.1 2.5

5 5.0 0.2 4.8

6 4.9 1.1 3.8

7 4.1 1.1 3.0

8 5.4 0.2 5.2

mean + 1 S.B. 4.94 ± 0.76 1.15 t 1.13 3.79 + 1.18

S.E. - em 0.42

1*1 m - 9.02

P - - <0.001

* mans of 5 observations

t means of 8 observations
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throughout the 30 minute period and the pupa were usually attached to

the nipples at the termination of nursing.

Effect of lesions on ME activity

a) Control animals

Table 1 shows the results obtained for the control rats in Group

I. The mean 11-15 day and 16-23 day values are designated B and A

respectively. The difference B-A indicates any change in the amount

of milk released during the 2 periods. Thus a negative value of B-A

represents an Increase in the mean weight gains during the 16-23 day

period, while s positive value of B-A represents a decrease in mean

weight gain during the same period.

It can be seen from Table 1 that in ail but 2 mothers, there

was an increase in the amount of milk released during days 16-23.

Comparison of the group mean values for the 2 periods, however, indi¬

cated that the difference was not significant (P >0.05).

b) Animals with PVN lesions

The results from rats with complete destruction of the PVN

(Group II) are shown in Table 2. There wis a marked reduction in ME

activity following placement of the lesions on the evening of day 15,

as shown by the large positive values for B-A. The difference between

group mean values for days 11-15 and days 16-23 was highly significant

(P <0.001). It should be mentioned that some groups of pups occa¬

sionally showed no change in weight after the 30 minute suckling

period during the days following destruction of the PVN. This was a

frequent occurrence in rats 3, 5 and 8. The zero values were recorded

and the total number of observations used in the calculation of the

mean value, A. The occasions on which no wight gain was recorded

did not correlate with the period of increased irritability shown by

some animals post-operatively.



TABLE 3.

The mean weight gain* of groups of 4 pups during
a 30 minute suckling period - Group III. (Operated controls)

30 minute weight gain (g)

Rat Ho. Days 11-15 (B)* Days 16-23 (A)^ B—A

1 5.8 4.1 1.7

2 3.3 4.6 -1.3

3 4.5 0.7 3.8

4 2.5 4.5 -2.0

5 5.0 6.0 -1.0

6 3.1 6.7 -3.6

7 4.2 1.8 2.4

8 2.5 1.8 0.7

9 3.7 3.1 0.6

10 1.9 4.2 -2.3

11 3.2 2.9 0.3

mean t 1 S.D. 3.61 ± 1.17 3.67 * 1.83 -0.06 + 2.22

S.E. •a* - 0.67

1*1 - - 0.09

P - m >0.05

* means of 5 observations

1 means of 8 observations



TABLE 4.

The mean weight gains of groups of 4 pups during
a 30 minute suckling period * Group IV. (Sham-operated rats)

30 minute weight gain (g)

Rat Ho. Days il-15 <B)* Days 16-23 <A)T B-A

1 1.6 2.2 -0.6

2 3.3 1.6 1.7

3 2.5 2.7 -0.2

4 2.5 2.8 -0.3

5 2.3 2.4 -0.1

6 2.1 1.9 0.2

mean ±1 S.D. 2.38 ± 0.56 2.27 + 0.46 0.11 ± 0.81

S.E. - - 0.33

1*1 - «a> 0.33

P - - >0.05

* means of 5 observations

I means of 8 observations



When the animals in this group were killed on day 23 of lacta¬

tion, their nummary glands were full of milk which exuded from the

gland when the surface was cut with a scalpel.

c) 'Operated control' animals

The placement of thalamic and hypothalamic lesions which spared

the PVN had surprisingly little effect on ME activity. The results

are shown in Table 3.

Of the eleven rats in this group, (Group III), numbers 1 and 2

had lesions i&ich destroyed a large part of the nuclei reuniens

thaiami, while the principle areas involved in numbers 3-5, 6-8, and

9-11 were the anterior, ventromedial and dorsomedial hypothalamic

nuclei respectively. Only rat 3 showed a marked reduction in ME

following production of a lesion in the anterior hypothalamus which

appeared to leave the PVN Intact. Calculation of the group mean dif¬

ferences for the pre- and post-lesion periods showed essentially no

change.

The mammary glands of 10 of the animals in this group appeared

normal post-mortem, yielding free milk exudate when cut. The one

exception was rat 3, whose mammary glands were smaller than those of

the other rats and contained little free milk.

d) Sham-operated animals

The operative procedures and associated trauma did not in them¬

selves affect ME activity adversely. Table 4 shows the results ob¬

tained for the rats in Group IV. In 5 of the 6 animals, the mean

weight gains during days 16-23 were slightly higher than In the cor¬

responding pre-operative period. One rat (number 2) showed a fall In

the amount of milk released post-operativeiy. The difference between

the group mean values for the 2 periods, however, was not significant

(P >0.05).



TABLE6.

Themeanweightgainsofgroupsof4pups(hiring
a30minutesucklingperiod-GroupVI.(Lesionanimals&OTS) 30minuteweightgain(g)

RatNo.

Days11-15(B)*
Days16-23(A)f"
Days16-23afterOTS(A')T
B-A

B-A'

A-A'

1

3.5

1.1

3.5

2.4

0

-2.4

2

5.0

0.3

2.0

4.7

3.0

-1.7

3

4.3

1.1

4.4

3.2

-0.1

-3.3

4

5.4

0.2

2.9

5.2

2.5

-2.7

5

4.9

0.8

3.6

4.1

1.3

—2.8

meanZ1S.D.
4.62+0.76

0.70+0.43

3.28+0.89

3.92t1.14
1.34±1.41

-2.58t0.58

S.E.

•

-

0.51

0.63

0.26

1*1

•M

-

7.69

2.13

9.92

P

am

<0.001

0̂.05

<0.001

*meansof5observations'meansof8observations



e) Control rats after OTS administration

In a second group of control rats (Group V), ME activity was

measured before and after Intraperitoneal injection of 1.0 U OTS. It

can be seen from Table 5 that t&en compared with the values for days

11-15 (column B) there was a decrease in the amount of milk released

during days 16-23 (column A) in all animals except one (rat 4). This

contrasts with the small increase recorded during the corresponding

period in Group I rats. However, the group mean differences were not

significant (P<0.05).

After OTS administration, there was a marked increase in the

weight gains of the pups (column A'). The mean post-OTS weight gain

for the group as a whole was significantly greater than both the group

means in columns B and A (P CO.001). It should be mentioned that the

mothers showed normal nursing behaviour during the second 30 minute

suckling period, although the pups had usually finished suckling by

the end of the period.

f) Animals with PVN lesions after OTS administration

Group VI rats had PVN lesions of similar size and position to

those in Group II animals. From Table 6, it can be seen that the pre¬

operative weight gains (column B) were much higher than those recorded

following placement of the lesions (column A). The group mean dif¬

ferences were highly significant (P <0.001). These results confirmed

the observations made in Group II rats. Frequent failures of the pups

to gain weight during the suckling period were again recorded, parti¬

cularly in rats 2, 4 and 5.

The effect of OTS injection prior to the second period of

nursing was to restore ME activity to levels similar to those recorded

in the pre-operative periods. Although the increased weight gains

after OTS (column A') were less pronounced in those rats showing a



FIGURE3.

Themeanweightgainsofgroupsof4pupsina30minute sucklingperiod-GroupsI-VI.Openbars:meanvalues fordays11-15.Cross-hatchedbarsJmeanvaluesfor days16-23withoutOTS.Stippledbars:meanvaluesfor days16-23afterinjectionofOTS(1.0U/rat).Vertical linesrepresent+oneS.D.



TABLE7.

SunraaryofresultsfromTables1-4.
B-ArepresentsthegroupmeanvalueofB-A.

nrepresentsthenumberofanimalsineachgroup.
Group

I(control)

II(lesion)
III(operatedcontrol)
IV(sham-operatedcontrol)

n

9

8

11

6

o£A)

-0.57

3.79

-0.06

0.11

S.E.

0.38

0.42

0.67

0.33

lei

1.53

9.02

0.09

0.33

p

>0.05

<0.001

>0.05

>0.05



marked post-operative effect, the group mean values for columns B and

A' were not significantly different (P =£= 0.05). The group mean weight

gain for column A* was, however, significantly greater than that for

column A (P <C0.001!.

The mammary glands from these animals did not appear to differ

markedly in sise from those of Group II animals and contained free

milk which could he released from the teats by squeezing.

Figure 3 shows dlagraraatlcally the group mean values and stand¬

ard deviations of all pre- and post-operative weight gains for the 6

experimental groups. Similarly Tables 7 and 8 summarize the group

mean differences, and the associated levels of significance, recorded

after the various operative procedures.
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Discussion

A number of points arising from these experiments merit discus¬

sion. Firstly, markedly different mean weight gains were recorded

for the various experimental groups during the control 11-15 day

period (see Figure 3). The reasons for this variability are obscure,

since the observations were made under what were considered to be the

same environmental conditions, on rats of the same age and weight,

nursing litters of the same size.

It is known that emotional stimuli, such as fright, pain or

embarrassment, can inhibit the ME reflex in several species (Ely and

Petersen, 1941* Newton and Newton, 1948; Cross, 1953 a, 1955 a, b).

This inhibition may be accounted for, at least in part, by the release

of adrenaline, which has been shown to have both a marked constrictor

effect on the mammary blood vessels, thereby limiting the access of

OTS to the gland (Cross, 1955 a, b), and also, a direct inhibitory

action via $ receptors on the myoepithelial cells (Bisset, Clark and

Lewis, 1967).

In addition to this peripheral block, there is evidence that

emotional stimuli may inhibit OTS release by some unknown central

mechanism (Cross, 1955 b; Talelsnlk and Deis, 1964; Grosvenor, 1965;

Grosvenor and Mena, 1967). Grosvenor and Hena (1967) have further

shown that this central inhibition can be induced by olfactory, optic

and auditory stimuli, including intermittent low intensity sounds.

In these experiments, milk yields could be restored to normal levels

when OTS was injected subcutaneously, indicating that the inhibition

of ME was not due to release of adrenaline. Dels (1968) has also

reported that the auditory stimulus emanating from a lactating rat

and litter while suckling can evoke release of OTS from the neuro¬

hypophysis.
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It is conceivable that some of these factors, either singly or

in combination, could have contributed to the variability in control

milk yields observed in the present experiments. Individual rats may

also differ in their sensitivity to a given exteroreceptive stimulus*

The observation that the control rats (Group V) yielded significantly

greater amounts of milk after injection of OYS, could be taken as

evidence that same inhibition of endogenous GTS release mas present

in these animals. It is appreciated that this finding could also be

explained if the suckling stimulus provided by A pups mas Inadequate

to produce complete emptying of the mammary glands.

The possibility remains, however, that in spite of the efforts

made to conduct these experiments under the same environmental condi¬

tions, unrecognised exteroreceptive stimuli may have produced varying

inhibition of OTS release in response to suckling, and thereby con¬

tributed to the differences in mean weight gains during the control

suckling periods.

Turning to the effects of the various lesions, it is clear from

the results presented that only the destruction of the PVR was consist¬

ently associated with a marked decrease in the amount of milk released

by suckling. It is unfortunate that in both groups of rats with PVN

lesions (Groups II and VI), the mean weight gains in the 11-15 day

control period were considerably higher than those in the remaining

groups. Nevertheless, the reductions in milk yield seen after abla¬

tion of these nuclei were very much greater than any of the changes

recorded over the corresponding period in control, sham-operated or

operated control groups. The effect would therefore appear to be

attributable to the specific destruction of the PVN.

These results are in conflict with the findings of McCann et al.

(1959) and Yokoyaraa and Ota (1959 «, c), who were unable to demonstrate
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any change in ME activity after destroying the PVN electrolytically

in rata. The reasons for this discrepancy are not immediately clear.

The experimental techniques used by these authors differed aoiaewhat

from the present procedures. For example, McCaim et al. placed their

lesions on the second day and Yokoyama and Ota cm the seventh day of

lactation, whereas in the experiments reported, the operations were

performed on the fifteenth day post partua. Again, the above workers

assessed the integrity of the ME reflex by measuring daily increments

in litter weight. The index of ME activity chosen for the present

study, vis. the weight gain of a group of 4 pups in 30 minutes of

suckling after 15 hours separation from the mother, was similar to

that described by Grosvenor and Turner (1957) and used more recently

by Grosvenor and Mens (1967), Mena and Grosvenor (1968) and Deis

(1968). This procedure would appear to be a more specific test of

MB activity than that used by McCann et al. (1959) or Yokoyama and

Ota (1959 a, c).

Such procedural differences prevent a strict comparison with

the present experiments, but they would not perhaps he expected to

result in directly conflicting findings. Averill and Purves (1963)

have also reported that destruction of the PVN did not interfere with

lactation. However, these workers placed thermal lesions, using

radio-frequency current, in the PVN of prepubertal rats. When the

animals were sexually mature, their ability to lactate was assessed,

on the basis of litter growth, after successful pregnancy and parturi¬

tion. No case of lactational failure was found in animals in which

the PVN had been destroyed.

It is difficult to relate these experiments to the present study

for two reasons: firstly, markedly different effects are frequently

seen after placement of lesions in immature animals as compared with



nature ones (Rowland, 1966); and secondly, the effects of electrolytic

lesions nay well differ from those resulting from thermal lesions,

which do not cause erosion of netal from the electrode (see Donovan,

1966). the lack of effect of PVN destruction on lactation, and partic¬

ularly ME, need not necessarily be considered as contrary to the hy¬

pothesis that the PVH form the major site of origin of OTS. It Is

possible that following the ablation of the principal secretory region

in immature animals, a subsidiary source of OTS may eventually produce

greater than normal amounts of the hormone. The SON might reasonably

be considered as a secondary source, since assays of extracts of these

nuclei have invariably been shown to contain small amounts of OTS,

Indicating that at least some cells can synthesize this material (sec

references in General Introduction). This suggestion may also have

some relevance when FVN lesions are made early in lactation.

In the absence of s definite explanation for the difference in

results between the present study and the investigations of the above

workers, however. It must simply be stated that in the experiments

reported, destruction of the PVN was associated with a marked decrease

in MB activity.

The failure to observe normal ME after these lesions could be

due to blockage of OTS release, to inadequate secretion of OTS or to

deficient milk secretion. The suggestion that the lesions interfered

with the release of OTS would Imply that the main site of OTS synthe¬

sis was distinct from the PVN. There is at present little evidence

for this hypothesis, at least in the rat. Further, the fact that the

mammary glands were foil of milk in animals bearing FFN lesions

suggests that the secretion of milk was unaffected, and points to s

deficiency in OTS secretion as the cause of the reduced ME activity.

However, the observation that small amounts of milk were obtained by



the litters suckling these animals indicates that some OTS was avail¬

able for release, perhaps from the SON.

If this interpretation of the results, viz. that the PVR lesions

destroyed the principal site of OTS synthesis, is correct, then admini¬

stration of exogenous OTS should restore milk yields to pre-operative

levels. In support of this postulate, the intraperitoneal injection

of OTS to Group VI rats increased the mean milk yield to a level not

significantly different from the corresponding 11-15 day value. How¬

ever, in control rats (Group V), the mean weight gain of the pups

after OTS administration was significantly greater than that recorded

in the 11-15 day period. This observation suggests that milk secre¬

tion may have been impaired by the PVR lesions.

It should be stressed, however, that the mean value obtained

after OTS in Group V rats was very similar to that recorded pre¬

operative^ in Group VI animals. There is the possibility that in

the latter group, the suckling-induced release of OTS before lesion

production was sufficient to cause complete emptying of the mammary

gland. In these circumstances, injection of exogenous OTS would not

be expected to cause a further increase in milk yield. Thus the

results of these experiments may still he interpreted in terms of

deficient OTS secretion as opposed to alterations in the secretion

of milk.

The stimulus of suckling has been shown to cause release of

prolactin, in addition to OTS (Selye and MctCeown, 1934} Reece and

Turner, 1937$ Hooker and Williams, 1941$ Petersen, 1944). Benson

and Folley (1956, 1957) found that injections of OTS could, like

prolactin, retard mammary involution in lactatlng rats when the

litters were removed. They suggested that OTS acted on the anterior

pituitary to stimulate prolactin release, and found support in the
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work of McCann et al. (1959), Heltes and Nicoll (1959 and Yokoyama

and Ota (1959 b). This hypothesis has aroused ranch interest and con¬

troversy, and much of the recent experimental evidence is directly

conflicting (see Benson and Fitzpatrick, 1966; Meites, 1966). Inhere

evidence does not conflict, the various workers have widely differing

Interpretations. In his review, Meites (1966) concludes that OTS

retards mammary involution by a direct action on the gland. Benson

and Fitzpatrick (1966), however, maintain that the evidence to date

does not invalidate the possibility that OTS, under certain circum¬

stances, can elicit the release of prolactin.

In the present experiments, it might be argued that the large

doses of OTS administered to PVN-lesioned rats stimulated prolactin

release and thereby enhanced milk secretion. The fact that the mam¬

mary glands of animals bearing these lesions were similar in appearance,

whether or not OTS was injected, suggests that milk secretion was normal

in both groups. These experiments may therefore be offered as evidence

that OTS has no direct effect on the mechanisms controlling prolactin

release.

The results presented for Group III animals demonstrate that

lesions in the ventral thalamus and in the anterior, ventromedial and

dorsomedial hypothalamic nuclei had little overall effect on ME activ¬

ity. Yokoyama and Ota (1959 a), however, reported that partial or

complete destruction of the ventromedial and dorsomedial nuclei

impaired the ME reflex and concluded that these nuclei participated

in OTS secretion. This conflicting finding may be related to the

more extensive nature of the lesions in the experiments of Yokoyama

and Ota, with perhaps greater involvement of excitatory fibres to the

PVN. Such fibres appear to converge on these nuclei (and on the SOM)

from several directions (see Rothballer, 1966). They Include an
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ascending system from the subthalamus through the lateral hypothalamus,

another via the periaqueductal gray and periventricular system, and

possibly others via amygdalo-hypothalamic fibres, median forebrain

bundle, and fornix. Thus assuming that the PVN constitute the main

source of OTS and remain intact, the extent to which these fibre

systems are damaged by lesions could determine the degree of Impair¬

ment of the ME reflex. This Is, however, only a tentative explanation

for the findings of Yokoyama and Ota (1959 ft).

Only 1 rat in Group III showed a particularly masked reduction

In milk yield post-operatively. The lesion in this animal destroyed

a large part of the anterior hypothalamic nuclei. Prom the atrophic

appearance of the mammary glands, it is possible that the lesion

interfered in some way with release of prolactin.

An incidental observation arising from these experiments was

that lesions involving the ventromedial nuclei were not associated

with hyperphagia and obesity. Lesions in or along the lateral borders

of these nuclei have been reported to cause a marked increase in food

intake. Evidence of this nature has led to the concept of a *satiety

centre', represented by the ventromedial nuclei (see Brobeck, 1946}

Anand and Brobeck, 1952; see Brobeck, 1960 and Kennedy, 1966). The

significance of the post-operative effects, which have generally been

described after electrolytic lesions, has been questioned by Reynolds

(1963), who found that negligible changes in weight occurred when the

lesions were made with radio-frequency current. He suggested that

the results obtained with DC lesions were due to an irritative effect

of the lesions, distinct from the destruction of tissue. The finding

that electrical stimulation of the ventrolateral hypothalamus caused

markedly increased food intake (Delgado and Anand, 1953) was mentioned

in support of this hypothesis.



In the present experiments, 2 of the 3 rats with lesions in the

ventromedial nuclei appeared to eat more vigorously for a few days

after the operation. It is possible that this represented a stimula¬

tory action of the lesions on the areas studied by Delgado and Anand

(1953). Since, however, the effect was temporary, and indeed was not

seen at all in 1 rat with a similarly placed lesion, the lesions may

not have been sufficiently extensive to produce the persistent hyper-

phagia previously described after DC lesions (see Brobeck, 1960 and

above references).



SECTION!I

The effect* of OTS and APR on kidney

function in eoneelooe, hydratad dogs
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Introduction

In the General Introduction, evidence was presented that ABH

causes a diminution of urine flow, both in the isolated kidney (Starling

and Vemey, 1925) and in the whole animal with Intact or denervated

kidneys (Klisiecki et ai, 1933).

It is generally accepted that the hormone has a specific action

in the distal parts of the renal tubules, allowing increased reabsorp-

tion of water from the tubular filtrate (see Pickford, 1945; Smith,

1951; Gottschalk, 1964). The site of action of ABH has been deter¬

mined by a variety of techniques, but conclusive evidence has been

derived principally from micro-puncture and cryoscopy studies. Such

experiments have shown that both the distal convoluted tubules and

the collecting ducts are involved in the response (Richards, 1929;

talker, Bott, Oliver and MacDowell, 1941; Wirz, 1957; Gottschalk

and frfylle, 1959; Malvin and Wilde, 1959; Brey, 1960; Gottschalk,

I960, 1964). Daraady, Durant, Matthews and Stranach (1960) also

showed, by autoradiographic techniques, that isotope-labelled ADH is

fixed in the distal tubules and collecting ducts.

The mechanism by which water is reabsorbed in the distal nephron

is no longer thought to depend on the active transport of water (see

Smith, 1951), but on the passive movement of water down an osmotic

gradient. This gradient, increasing in magnitude from cortex to

papilla, is established by the active extrusion of sodium from the

ascending limb of the loop of Henle (Wirs, Hargitay and Kuhn, 1951;

Gottschalk and Mylle, 1959; Lamdin, 1959; see Gottschalk, 1964).

In the absence of ADH, it would seem that the distal nephron is

relatively impermeable to the passage of water from the tubular lumen

to the medullary interstitium.

The means by which ADH alters tubular permeability to water is



not known. It has been variously suggested that it liberates hyal-

uronidase, which then renders the intercellular "cement" more per¬

meable to water (Ginetzinsky, 1958), that it participates in a series

of disulphide-sulphydryl linkages which re-orientate membrane struc¬

tures and open pores In the membrane (Pong, Silver, Christman and

Schwartz, 1960; Schwartz, Rasmussen, Schoessler, Silver and Pong,

1960); that it influences the production of adenosine-3',5'-phosphate,

which has been put forward as the agent responsible for the perme¬

ability changes (Orloff and Handler, 1962).

Whatever the intimate mode of action, it has been shown that

the immediate effects of ADR injection are a decrease in urine volume

and an increase in osmolarity; as the blood level of ADH decreases,

the kidney excretes a greater volume of urine of lower osmolality

(Thorn, 1957). The efficacy of Injected ADH appears to depend on the

state of hydration of the animal. Pickford (1936) suggested that the

response might depend on the amount of endogenous ADH in blood. It

might also be suggested that the effect of AM is dependent on the

degree by which the medullary osmotic gradient is reduced after vary¬

ing water loads.

Less is known regarding the effect of ADH on renal electrolyte

excretion. Variable results have been obtained and there is some

evidence that the effect is species-dependent.

Thus in rats, numerous investigators have reported that ADH

increases the rate of excretion of sodium, potassium and chloride

under certain conditions (Dicker and Heller, 1946; Sawyer, 1952;

see Solkurt, 1954; Jacobson and Kellogg, 1956; Alexander, 1959;

Herken, Senft and Natzschka, 1961). Schauraann (1949), however,

found that AM reduced electrolyte excretion in rats, while Thorn

(1959) was unable to demonstrate any consistent effect on the excre-
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ticm of sodium or potassium, although calcium excretion increased

regularly. This effect of ABH cm electrolyte excretion in rats would

appear to be dose-dependent, since there is greater consistency in the

response as the dose of ABU is increased (Sawyer, 1952; Ogle and

Lockett, 1966).

In dogs, there is also evidence that ABH can increase the excre¬

tion rates of sodium, potassium, calcium and chloride (Shannon, 1942

a, b; Sartorius and Roberts, 1949; Karvonen, Leppanen and Pitkanen,

1953; Anslow and Wesson, 1955; Brooks and Pickford, 1958; Chan and

Sawyer, 1961; Thorn, 1960, 1961). The response can be seen after

small doses of the hormones and has been most frequently demonstrated

in hydrated animals.

In man, the effects of ADH on electrolyte excretion are variable

and inconsistent. Chalmers et al (1951) found that the hormone never

increased the excretion of sodium or chloride, although reduced excre¬

tion of these ions was occasionally seen. This effect was attributed

to the concomitant decrease in urine flow. Thomson (1960) reported

no regular changes in sodium, potassium or chloride excretion after

infusion of ADH, in low dosage, to hydrated or non-diuretic subjects.

Dicker and Eggleton (1961), however, demonstrated that ADH, in doses

which did not alter sodium or potassium excretion, consistently in¬

creased the excretion of calcium, an observation confirmed by Nielsen

(1964). Nielsen showed further that an increased rate of magnesium

excretion generally accompanied the rise in calcium excretion.

Observations on the effect of AMI on SPP and GFR have often

been conflicting. Dicker and Heller (1946) found significant increases

in both parameters after subcutaneous injection of small doses of ADH

to rats. Larger doses Increased the variability In both RFF and GFR,

but did not cause significant Increases. In the dog, Shannon (1936)
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stated that low doses were without effect on the creatinine clearance,

a finding confirmed by Brooks and Pickford (1958). In two experiment®,

the latter authors found no marked effect on either creatinine or

diodone clearances after intravenous infusion of AM, although their

results suggest some decrease, particularly in EPF, in the periods

immediately following ADH administration. Sellwood and Verney (1955)

also reported that ADH, in doses sufficient to cause antldiuresis,

had no consistent effect on the trend of either EPF or GFR. Converse¬

ly, Sartorius and Roberts (1949) showed prolonged Increases in GFR in

hydrated dogs after injection of ADH? the increases appeared after a

delay of some fifteen minutes.

In man, both Goldring, Chasis, Ranges and Smith (1940) and

Maxwell and Breed (1951) found that low doses of ADH had no marked

effects on either RPF or GFR. The latter authors, however, demon¬

strated that larger doses depressed both parameters, but particularly

RPF. Since the PAH extraction ratio remained unchanged in these

experiments, they concluded that the effect was due to constriction

of both the afferent and efferent arterioles in the kidney.

The effects of GTS on renal function were outlined in the

general introduction. The evidence presented indicated that under

certain conditions, OTS, like AM, could alter urine flow, electrolyte

excretion and renal haemodynamies. With the exception of the anti¬

diuretic effect of ADH, the significance of these changes is diffi¬

cult to establish, since the experimental conditions under which the

effects have been observed, were frequently very different. The

commercial pressor-antidiuretic fraction (Pitressin) and oxytocic

fraction (Pitocin) of posterior pituitary extracts have been used,

as well as highly purified fractions or synthetic hormones. They



have been administered by a variety of routes, as single Injections

or continuous infusions. Finally, both conscious or anaesthetized

animals have been used, after dehydration or partial hydration, and

in water or osmotic diureses.

It seemed of value, therefore to re-examine the effects on

renal function of small doses of both OTS and AMI, given as single

intravenous Injections, in conscious, hydrated animals. It was hoped

that the use of a simple experimental design would facilitate compari¬

son between experiments, and enable small, but consistent effects to

be demonstrated. The dog was chosen as the experimental animal, since

repeated observations of kidney function could be made on the same

animal without the use of anaesthetic agents. The size of the dog

was a further advantage since sufficiently large samples of blood and

urine could be removed to allow the measurement of all parameters pre¬

viously reported to be altered by either OTS or ADH.



Material* and Methods

Animal*

The animals used In these experiments were beagles. Eight

bitches* (1-2 yrs old; 10-12 kg. body weight) from a closed colony

maintained by C. Pfizer Ltd. at Sandwich were used in the initial

experiments and subsequently for examining the effects of hypothala¬

mic lesions on renal function. In the latter part of the period

(hiring which this work was carried out, it proved possible to study

a further 5 bitches and 4 males' (1-2 yrs old; 11-14 kg. body weight)

from a closed colony maintained by I.C.I. ltd. at Alderley Park. All

bitches were in anoestrus when studied.

The dogs were fed once dally at 4 p.m. The Pfiser beagles were

maintained on a diet of milk, brown bread, gravy and dried meat, the

Alderley Park beagles on a standard mixture of meat (Kennomeat) and

dry pelleted diet (Kennel Kernels). Water waa available ad libitum

with the exception of a 2 hour period before each experiment.

Experimental procedure

Observations were made on trained unanaesthetized animals and

always at the same time of day (2.00 - 4.00 p.m.) to eliminate diurnal

variation. The following protocol was followed in all experiments:

After overnight fasting, the dog was hydrated by giving approxi¬

mately 2% body weight of water by stomach tube 2-2% hours before the

experiment. At the beginning of the experiment, diuresis was induced

by a second oral dose of water (approximately 2.5% body weight). The

dog was then placed in lateral recumbency on a padded table and light¬

ly restrained. Five to ten minute urine samples were collected

throughout the experiment following catheterization of the bladder.

The bitches had been prepared for easy urethral catheterization in a

* Kindly supplied by Dr. H. Relnert, Pharmacology Research Unit,
Pfiser Ltd.

^ Kindly supplied by Dr. A.A.B. Swan, Imperial Chemical Industries
Ltd., Industrial Hygiene Research Laboratories.



preliminary operation in which the dorsal perineum was slit open and

the cut edges of the skin and mucous membrane stitched together. Soft

rubber self-retaining catheters (Dowses; F.G. 12) were used for

hitches; sterile polythene catheters (Portex Plastics Ltd.; F.G. 8)

for male dogs. Insertion of the rubber catheters necessitated the

use of a metal introducer. In the male, the course of the urethra is

such that the insertion of a semi-rigid introducer is not practicable,

but the polythene catheters have sufficient inherent stiffness to

make bladder cathetertsation a simple matter.

The dead space of the urine collection system was reduced to a

minimum by blowing air through the external part of the catheter from

a T-piece inserted at the site of emergence of the catheter from the

vagina (or penis). This procedure was repeated at the end of each

collection period. Urine samples were collected in dry measuring

cylinders which had previously been rinsed several times in delonised

water.

The renal clearances of Inulin and diodone were measured by the

constant infusion method. On a number of occasions, the sodium salt

of p-aminohippuric acid (PAH) was used Instead of diodone. Following

an intravenous priming dose (200 mg Inulin; 450 rag diodone or 400 rag

PAH), the materials were infused into a foreleg vein at 0.25 ml/rain.

(Palmer Injection Apparatus) for the duration of the experiment. The

strength of the infusion solutions was adjusted according to the size

of dog to maintain constant serum concentrations in the range: 10-15

mg inuiin/100 ml; 1-5 mg diodone or PAH/100 ml. Thirty to forty

minutes were allowed for equilibration to take place. Blood samples

were taken from a hindleg vein approximately 40 tain., 55 rain, and 80

rain, after the beginning of the experiment. In the calculation of

clearance values, the concentration of the various materials in serum
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was taken as that occurring 2 minutes before the mid-point of the

urine collection period (Chinard, 1955).

Chemical estimations

Urine and serum samples were analysed routinely for lnulin,

diodone (or PAR), sodium (Ha) and potassium (K).

a) Inn1in:

Inulin was measured by the method of fUgashi and Peters (1950).

The procedure is based mi the production of an orange-red colour by

the reaction of hydrolysed inulin with reeoreinol In the pretence of

strong acid. The reaction wee performed on protein-free filtrates

(after trichloroacetic acid (TCA) precipitation) of urine and serum.

Optical density measurements were made at 480p using a Unlearn SP 500

spectrophotometer. Four standard solutions of known Inulin concen¬

tration and serum 'blank* samples were measured with each batch of

unknowns.

b) Piodona:

The concentrations of diodone in serum and urine samples were

measured by the method of Alport (1941). The method uses the feet that

the iodide in diodone la oxidised quantitatively to lodate by boiling

with bromine. The oxidation was performed on filtrates of serum and

urine following precipitation of protein by ZnSty. The lodate so

formsd was converted to iodine by addition of potassium iodide and

the concentration of iodine measured by titration with sodium thlo-

sulphate solution, using starch indicator. The end-point of the

titration la the disappearance of the blue starch-iodine colour* The

number of ml. of thlosulphate solution used in the titration of serum

or urine filtrates was used in the calculation of diodone clearance.

c) PAH?

PAH was determined by the method of Bratton and Marshall (1939)
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as modified by Goldring and Chasis (1944). The reaction involves the

diazotisation of PAH by sodium nitrite in the presence of dilute HC1.

Following addition of manonium sulphaaate to absorb excess nitrite,

the dlazotised complex is coupled with N-(l-naphthyl)-ethylenediaraine

dihydrochloride to give a purple-red colour. The method was used on

filtrates of urine and serum after TCA precipitation of protein.

Optical density measurements were made at 590p using a Unlearn SP 500

spectrophotometer. Four standard solutions containing known concen¬

trations of PAH were analysed with each batch of urine and serum

samples.

d) Sodium and potassium:

Ha and K in serum and urine were measured by flame emission

photometry using initially a Unlearn SP 900 spectrophotometer and

latterly a Unlearn SP 90 Atomic Absorption Spectrophotometer. An

air-acetylene flame was used in both instruments. Serum samples were

routinely diluted with deionised water before analysis, using 1:1000

and 1:100 dilutions for Na and K respectively. Urine dilutions varied

according to the rates of urine flow and of electrolyte excretion.

In the latter part of the period in which these experiments

were made, it was possible to measure, in addition to the above para¬

meters, calcium (Ca) and magnesium (Mg) concentrations and the osrao-

larities of urine and serum samples.

Until atomic absorption spectra were used for chemical analysis

of biological fluids (Wslsh, 1955), the existing methods for deter¬

mination of Ca and Mg were all to some extent unsatisfactory (Willis,

i960 a, b). The majority of analytical methods were chemical and not

suitable for routine application. A constant source of difficulty

lay in interference from other constituents of biological materials
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(Dawson and Heaton, 1961). This objection was particularly valid

with respect to the use of flame photometry where the emission of Ca

and Mg Ions is weak compared with flame background.

These difficulties have been to a great extent overcome with

the development of spectrophotometers utilising interchangeable

hollow-cathode lamps in which the cathode consists of the element to

be measured (Willis, 1960 a, b; Dawson et al, 1961). Thus the esti¬

mation of Ca by atomic absorption spectroscopy Involves passing light

containing a high proportion of Ca resonance radiation through a flame.

The light source is a lamp with a Ca cathode. Into the flame are

aspirated solutions whose Ca content is to be determined and the light

absorbed at 4227 £ is compared with the absorption of standard Ca

solutions. The method for Mg is identical except for the use of a Mg

cathode lamp. The Mg resonance line is 2852 a.

e) Calcium and magnesium;

Ca and Mg were measured by atomic absorption spectroscopy using

a Unlearn SP 90 Atomic Absorption Spectrophotometer with a 10-cm. air-

acetylene flame. Standard dilutions of It25 were used for serum

samples, disodium ethylenediamlne tetraacetic acid (EDTA) solution

being added to overcome suppression of Ca ion absorption by phosphate

ions and protein (Willis, 1960, a) and of Mg ion absorption by protein

(Willis, 1960 b). EDTA solution was also added to standard solutions.

Urine dilutions again varied according to urine flow and the

rate of Ca and Mg excretion. The analytical methoda differed somewhat

from serum analysis for the following reasons: the Ca and Mg concen¬

trations of urine are much more variable than in serum; the phosphorus

(P) content is varisble and may be very high; and in analysis of urine

which contains little or no protein, the chemical interference due to

P is much more pronounced than in serum analysis, where the high
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protein concentration largely compensates for this interference

(Willis, 1961).

Thus a solution of lanthanun chloride vas added to urine samples

to overcome suppression of Ca absorption by P. Since high lanthanum

concentrations may themselves have a slight suppressive effect on Ca

absorption, lanthanum chloride solution vas also added to standard

solutions in identical amounts.

The Mg content of urine samples was determined following direct

dilution with water since the absorption of Mg is unaffected by the

presence of Na or P at the concentrations at which these ions occur

In urine (Willis, 1961).

f) Osmolarlty:

Urine and serum osmolaritles were measured using e Knauer Semi-

micro Osmometer. This instrument works on the principle that a given

amount of osmotically active solute in solution will depress the

freezing point of the solution, relative to that of water, by a con¬

stant amount. In use, a 0.15 ml sample is allowed to supercool to a

constant degree, the temperature of the sample being measured by a

thermistor probe in the vessel containing the sample. When the

desired degree of supercooling is reached, freezing is Induced by

activating a vibratory stirrer. By selection of the relevant range,

the osmolarity of the sample is read off directly in milllosmols

(tnosm)/L of water. The instrument was calibrated with deionised water

and a standard 400 mo em solution containing 12.687 g NaCl per litre

of water. Calibration of the zero and 400 raosm positions was per¬

formed each time the instrument was used.

Calculationst

All clearances (ml/min) were calculated using the standard
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formula:

Ux X V
—KT

where Ux and Px are the respective urine and plasma (serum) concen¬

trations of inulin, diodonc, etc. in rag/ml and V the rate of urine

flow in ml/min. The inulln clearance was taken as a measure of GFR

and the diodone or PAH clearances as a measure of RPP (Smith, 1951).

The osmolar clearance, Cosmt yma calculated from the relevant urine

and serum osmolarities, Uota and P0sm« ***6 Che solute-free water

reabsorptlon, CgjO* derived from the expression:

Ch^ (nl/win) • V (ml/min) - C0sm (ml/min)
(Wesson and Analow, 1952)

Total solute excretion was calculated as the product of Uosa

and V and is expressed as microsmols (posm)/mla. The excretion of Ha,

K, Ca and Mg was calculated in microequivalents (|iEq)/min. The amount

of each ion filtered at the glomerulus per minute i.e. the filtered

load, was calculated as the product of serum concentration times GFR

and is expressed as milllequivalenta (aEq)/min or pEq/min.

Injections:

In control experiments, 1.0 ml of 0.91 NaCl solution was in¬

jected Intravenously 46-48 minutes from the beginning of the experi¬

ment.

In the remainder of the experiments, either OTS or ADH were

given as single Intravenous injections, also 46-48 minutes from the

start of the experiment. The ADH preparation used was Pltressin

(Parke, Davis and Co.). (This is a solution of the pressor/anti¬

diuretic principle (mainly arginine-vasopressln) extracted from ox

posterior pituitary glands. The extract is substantially free from
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oxytocic activity and ia standardised to contain 20 units (U) of

pressor activity per ml.J The stock solution was diluted 1:1000 with

0.9% saline solution immediately before use, and a standard dose of

0.4 mllllunlt8 (mfl)/kg body weight given in a constant injection

volume of 1.0 ml. This dose level was chosen as being sufficient to

produce a pronounced antidiuretic effect without causing marked

oliguria.

The OTS preparation used was the synthetic octapeptide Synto-

cinon (Sandoas). [The stock solution contains 10 U oxytocic activity

per ml. and is uncontaminated by ADH.J Following a 1:200 dilution

of the stock solution with 0.9% saline Immediately before use, s

standard dose of 1.0 mO/kg body weight was Injeeted in a constant

injection volume of 1.0 ml. The dose level was chosen after a pre¬

liminary experiment in which 1.0 raU/kg was injected, Instead of 10

raU/kg as planned. The error resulted from incorrect dilution of the

stock solution. Since the lower dose produced observable effects,

it was decided to use this dose level throughout.

Presentation of results:

Considerable thought was given as to the best method of present¬

ing the results of these experiments. The effects of OTS and ADH on

the measured parameters could be illustrated with reference to individ¬

ual successful experiments. Since some dogs showed variable sensiti¬

vity to OTS in different experiments, selection of those experiments

in which the largest changes were found would give an artificial im¬

pression of the magnitude of observed effects.

In an attempt to show consistent effects of the 2 hormones in

the group of dogs as a whole, the mean values of each parameter at

standard intervals of time after the beginning of the experiment were

calculated from the Individual values from each experiment. Since
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there were no obvious differences between the results from male and

female dogs, the mean values include the results from experiments on

both sexes.

The time intervals (in minutes after the beginning of the experi¬

ments) were as follows:- 10-20, 20-30, 30-40, 40-45, 45-55, 55-60,

60-70, 70-80 and 80-85. Thus the first clearance period was 40-45

minutes. The average time of injection of saline, OTS or ADH was

close to 47 minutes.

Since there was considerable variation in each parameter between

experiments, both in the same and in different animals, the spread of

values about the means was such that only large differences in mean

values could be considered statistically significant. The absolute

values for each parameter were used throughout since it has been

shown that calculation of the results of renal function experiments

on beagles, in terms of body weight or surface area,does not lead to

a marked reduction in variability between experiments on the same or

on different dogs (Evald, 1967).

The mean values and their standard deviations ore tabulated to

indicate the variability encountered. Differences between means were

not calculated. The results are also presented in graph form to show

wore clearly changes in the measured parameters with time, in control

experiments and in experiments with GTS and ADH. Thus consistent

changes in the pattern of, for example, urine excretion with time,

after injection of GTS or ADH, could be distinguished from the control

pattern, although the mean values did not necessarily differ signifi¬

cantly from control values.

It is possible that a mathematical model could be constructed to

fit the experimental data, a model which would permit the significance

of small consistent changes to be determined in spite of the inherent



variability. The derivation of such a modal was, however, considered

to he beyond the scope of the present study.



TABUS 9.

The effect of 0T8 (1.0 raU/kg) and ADH (0.4 mU/kg)
on urine flow in conscious, hydrated dogs

Urine flow (ml/min.)

Control * 0TS ♦* ADH ***

Time (mins.) Mean S.D. Mean S.D. Mean S.D.

10-20 1.64 0.46 1.33 0.34 1.74 0.45

20-30 2.61 0.43 2.15 0.61 2.44 0.31

30-40 3.13 0.49 2.90 0.75 3.10 0.66

40-45 3.36 0.43 3.33 0.87 3.27 0.76

f45-55 3.34 0.44 2.90 0.73 1.34 0.41

55-60 3.37 0.56 3.08 0.82 0.67 0.35

60-70 3.05 0.61 3.25 0.95 1.06 0.57

70-80 3.00 0.65 3.20 0.93 1.56 0.80

80-85 2.85 0.91 2.80 0.79 2.12 0.99

* mean values from 45 experiments •

** mean values from 39 experiments

*** mean values from 12 experiments

^ injections given at approximately 47 minutes



FIGUREA.

TheeffectsofGTS(1.0mU/kg)andABH(0.4raO/kg)on urineflow(UF:ml/min.)inconscious,hydrateddogs. (SeeTable9.)Injectionsgivenatarrow. Minutes



TABLE 10.

The effect of OTS (1.0 mU/kg) and ADH (0.4 mU/kg)
on glomerular filtration rate in conscious, hydrated dogs

GFR (ml/min.)

Control * OTS ** ADH ***

Time (rains.) Mean S.D. Mean S .D, Mean S.D.

40-45 53.0 8.0 45.4 7.3 55.2 7.6

145-55 57.0 7.3 47.9 8.9 37.1 12.9

55-60 52.0 6.6 47.7 9.7 60.5 11.9

60-70 49.9 6.9 47.1 6.3 58.4 11.0

70-80 51.0 7.4 48.1 6.6 54.4 10.5

80-85 50.4 7-6 46.5 5.8 55.4 9.4

* mean values from 45 experiments

** mean values from 39 experiments

*** mean values from 12 experiments
4-

injections given at approximately 47 minutes



*

FIGURE 5.

The effects of OTS (1.0 mU/kg) and ADH (0.4 mU/kg) on
glomerular filtration rate (GFR:ml/min.) in conscious,
hydratad dogs. (See Table 10). Injections given at

arrows.



Results

The various measured or calculated parameters are presented

separately to show the effects on each function of Injections of

saline solution in control experiments, or of OTS and ADH in standard

doses of 1.0 mU/kg and 0.4 raU/kg respectively. It is emphasised that

the mean values derive from experiments on both male and female dogs,

since no functional differences were observed between sexes. In all

tables and graphs, zero time represents the time at which the second

oral dose of water was given. In each experiment, the injections

were given during the second clearance period (45-55 minutes); thus

the first clearance period served as a control period.

Urine flow

The results are shown in Table 9 and Figure 4. In control

experiments, urine flow increased to a peak at approximately 45

minutes, remained at this level for some 15 minutes and gradually

declined towards the end of the experiment.

Injection of OTS produced a small but definite nntidiuresis,

the mean values returning to the pre-injection level within 25

minutes. In individual experiments, the response was variable with

regard to magnitude and duration, but in ail cases, decreased urine

flow followed OTS administration.

A marked reduction in urine flow was seen after injection of

ADH. Even with the small dose used, urine flow was still below the

pre-injection level 40 minutes after dosing.

Glomerular filtration rate

Measurement of GFR in control experiments showed some fluctua¬

tion with time. When mean values were calculated, there appeared to

be a peak value of GFR at approximately 55 minutes, followed by a

gradual decline in later periods (Table 10; Figure 5). It is



FIGURE 6.

The effect* of OTS (1.0 mU/kg) and ADH (0.4 raU/kg) on
renal plasma flow (RFF:ml/min.) in conscious, hydrated
dog*. (See Table 11.) Injections given at arrows.



FIGURE7.

TheeffectsofcontrolInjectionsof0.9%NaClsolution (1.0ml)onurineflow(OF),glomerularfiltrationrate (GFR)andrenalplasmaflow(RPF)inconscious,faydrated dogs.Injectionsgivenatarrow.
H)20304530607^809b Minutes
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unlikely that this peak value can be attributed to injection of

saline.

Ho marked changes in mean GFR followed administration of OTS.

There was a tendency for the mean values to Increase after OTS was

injected but the effect was small. In several individual experiments,

definite increases in GFR of short duration were recorded.

The response to single injections of ADB was biphasiei an

initial brief reduction in GFR, followed by a more prolonged increase

to a level above the pre-injection value. The large standard devia¬

tions seen after ADH (Table 10) indicate individual variability in

the response.

Renal plasma flow

The results shown in Table 11 and Figure 6 indicate that in

control experiments, RPF gradually decreased with time.

After administration of OTS, there was a small, but consistent

increase in RPF lasting approximately 15 minutes. The mean values in

the latter part of the experiments were more variable than the cor¬

responding values in control experiments.

Masked changes in blood flow were seen after Injection of ADH.

Subsequent to an initial pronounced decrease, RPF increased to a

level in excess of the control value, then gradually declined (hiring

the latter part of the experiment. Large standard deviations were

recorded in the periods after ASH administration.

To illustrate the relation of each of the above parameters to

the others. Figures 7, 8 and 9 show, respectively, the mean values

from control experiments and from experiments with GTS or ADH.

It is apparent from Figure 7 that small fluctuations in GFR

were not necessarily reflected in similar changes in urine flow.



FIGURE8.

TheeffectsofOTS(1.0raU/kg)onurineflow(UF), glomerularfiltrationrate(GFR)andrenalplasma flow(RPF)Inconscious,hydrateddogs.Injections givenatarrow.



FIGURE9.

TheeffectsofADH(O.AmU/kg)onurineflow(UF), glomerularfiltrationrate(GFR)andrenalplasma flow(RPF)inconscious,hydrateddogs.Injections givenatarrow.

°102030405060708090 Minutes



TABLE 12.

The effect of OTS (1.0 mD/kg) end ADU (0.4 mU/kg)
on sodium excretion in conscious hydrated, dogs.

Ha excretion (0na * V) - pEq/min.

Control * OTS ** AM ***

Time (sins.) Mean S.D. Mean S.D. Mean S.D.

40-45 10.3 5.7 8.9 5.4 9.7 4.9

T45-55 9.3 5.2 7.5 5.7 12.8 7.0

55-60 9.4 4.9 6.9 5.7 33.0 26.3

60-70 8.0 3.4 6.7 5.6 34.6 26.7

70-80 7.1 3.3 5.7 3.0 26.0 18.8

80-85 7.0 4.1 5.6 3.6 18.3 18.4

* mean values from 45 experiments

** mean values from 39 experiments

*** mean values from 12 experiments
t

injections given at approximately 47 minutes



FIGURE 10.

The effects of OTS (1.0 mU/kg) and ADH (0.4 mU/kg) on
sodium excretion (vEq/min.) in conscious, hydrated dogs.

(See Table 12.) Injections given at arrow.

Sodium

Minutes
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With the exception of the increased OPS during the 45-50 minute

period, ail 3 parameters followed essentially the same pattern in the

latter half of the experiment.

From Figure 8, it is clear that the antldiuresis which followed

OTS administration occurred in the absence of any decrease in GFR or

RPF. Indeed there was a tendency for the latter parameters to in¬

crease (hiring the period of antldiuresis.

Figure 9 demonstrates that the antidiuretic response to ADS was

not due to reduced GFR, since the effect was maximal when GFR was

actually greater than the pre-injection value. The results also in¬

dicate that the changes in GFR seen after Injection of AJ3H were

secondary to changes in EPF.

In addition to the above parameters, the rates of excretion of

Na, K, Ca and Mg were measured in control experiments and after in¬

jection of either OTS or AM. To facilitate comparison with the

filtered loads of these electrolytes (see later), the results pre¬

sented are those corresponding to the 6 clearance periods.

Sodium excretion

In control experiments, there was a gradual decline in Ma

excretion with time (Table 12 and Figure 10). Injections of OTS had

no obvious effect on the rate of excretion.

After administration of ASH. however, there was a marked and

immediate increase in Ma excretion, which persisted for more than 40

minutes. The mean value for the last collection period (80-85

minutes) was 2-3 times greater than the corresponding values from

control experiments or experiments with OTS.

Potassium excretion

OTS was without effect on K excretion (Table 13 and Figure 11).



TABUS 13.

The effect of OTS (1.0 all/kg) and ADH (0.4 mU/kg)
cm potassium excretion in conscious, hydrated dogs

K excretion (Uk * V) - pEq/min.

Control * OTS ** ADH***

Time (mine.) Mean S.D. Mean S.D. Mean S.D.

40-45 23.6 8.6 15.3 7.9 26.6 7.5

45-55 22.6 8.8 14.8 8.4 25.4 12.7

55-60 23.3 7.1 14.7 8.4 51.5 15.9

60-70 20.7 8.0 12.2 7.4 57.7 25.4

70-80 20.3 7.8 12.9 8.9 36.4 12.4

80-85 20.6 7.5 11.9 8.3 27.8 9.8

* mean values from 45 experiments

** mean values frora 39 experiments

*** mean values from 12 experiaents

^ injections given at approximately 47 minutes



FIGURE 11.

The effects of OTS <1.0 mU/kg) and ADH <0.4 mU/kg) on
potassium excretion (jaEq/min.) in conscious, hydrated
dogs. <See Table 13.) Injections given at arrow.
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TABUS 14.

The effect of OTS <1,0 raU/kg) and ADH <0.4 raU/kg)
on calcium excretion In conscious, hydrated dogs

Ca excretion (UCa x V) • pEq/rain.

Control * OTS ** ADH***

Time (tains.) Mean S.D. Mean S.D. Mean S.D.

40-45 0.80 0.59 0.72 0.45 0.79 0.53

^45-55 0.76 0.47 0.68 0.58 0.65 0.44

55-60 0.77 0.47 0.73 0.59 1.19 0.87

60-70 0.68 0.46 0.63 0.53 1.22 0.83

70-80 0.66 0.44 0.62 0.49 0.97 0.54

80-85 0.63 0.43 0.61 0.45 0.87 0.55

* mean values from 13 experiments

** mean values from 14 experiments

*** mean values from 8 experiments

t Injections given at approximately 47 minutes



FIGURE 12.

The effects of OTS (1.0 mU/kg) and ADH (0.4 mU/kg) on
calcium excretion (pEq/min.) in conscious, hydrated
dogs. (See Table 14.) Injections given at arrow.
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In both control experiments and experiments after GTS, the mean rates

of excretion decreased gradually with time.

Following injection of ASH, however, K excretion increased

markedly to a peak value approximately twiee as great as the pro-

injection level. The effect was less prolonged than that seen on Ha

excretion, and at the end of the experiments, the mean rate of K

excretion was closely similar to the 40-45 minute value.

Calcium excretion

The results are shown in Table 14 and Figure 12. Ca excretion

decreased steadily with time in all control experiments.

Single injections of OTS caused a brief, but consistent in¬

crease l*i mean Ca excretion, after which the pattern of excretion

was similar to that seen in control experiments. In individual

experiments, the increase seen after OTS could amount to 1Z%-15% of

the pre-injection value. The change in Ca excretion was not imme¬

diate, but appeared after a delay of some 5-10 minutes.

The most pronounced change in this parameter was seen following

administration of ASH, when a brief reduction in Ca excretion pre¬

ceded a prolonged increase. The peak value of Ca excretion was

approximately twice as great as that recorded before injection of

ASH. The response persisted for some 40-45 minutes.

Magnesium excretion

The changes in Mg excretion (Table 15 and Figure 13) were

similar to those described for Ca. The pattern of excretion after

OTS differed from the steady decrease seen in control experiments,

in that a small increase of short duration was consistently recorded

within 5-10 minutes of injection.

The response to injected ABH was again biphaslc: a brief, but

marked reduction in Mg excretion followed by a more prolonged increase.



TABLE 13.

The effect of OTS <1.0 mU/kg) and ADH (0.4 mU/kg)
on magnesium excretion In conscious, hydrated dogs

Mg excretion (Ugjg *?) « pEq/oin.

Control * errs ** ADR ***

Time (mins.) Mean S.D. Mean S.D. Mean S.D.

40-45 2.12 0.93 2.24 0.91 1.66 0.85

^45-55 2.02 0.97 2.16 1.04 0.93 0.75

55-60 1.87 0.97 2.23 1.18 1.62 1.05

60-70 1.57 0.92 1.70 0.81 2.52 1.65

70-80 1.49 0.87 1.68 0.70 2.39 1.60

80-85 1.33 0.80 1.60 0.75 2.11 1.54

* mean values from 13 experiments

** mean values from 14 experiments

*** mean values from 8 experiments

injections given at approximately 47 minutes



FIGURE 13.

The effect* of OTS (1.0 mU/kg) and ADH (0.4 oU/kg) on
magnesium excretion (jiEq/rain.) in conscious, hydrated
dogs. (See Table 15.) Injections given at arrow.

1.4-

Maqnesium

OTS

Control

°'6^ 40 50 5) 75 85 9b
Minutes



TABLE 16.

The effect of OTS <1.0 oU/kg) and ADII <0.4 raU/kg)
on the filtered lend of sodium in conscious. hydrated dogs

Ha filtered load <fna X GFR) - mEq/min.

Control * GTS** ADII ***

Time (rains.) Mean S .0. Mean S.D. Mean S.D.

40-45 9.4 1.6 7.5 1.4 9.4 1.5

^45-55 9.3 1.7 8.2 1.7 6.2 2.4

55-60 9.4 1.4 8.8 2.1 10.5 2.3

60-70 9.0 1.0 8.1 1.3 10.0 1.8

70-80 9.0 1.2 8.3 1.3 9.8 1.8

80-85 9.0 1.3 7.9 1.0 9.6 2.0

* mean values fro® 45 experiments

** mean values fro® 39 experiments

*** man values from 12 experiments

*injections given at approximately 47 minutes



FIGURE 14.

The effects of OTS (1.0 raU/kg) find ADH (0.4 mU/kg) on
the filtered load of sodium (GFR. P*ja - mKq/rain.) find
on sodium excretion (Ufla - pEq/rain.) in conscious,
hydrated dogs. (See Table 16.) Injections given at

arrows.
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The ween value in the final collection period was approximately 4(7%

greater than the control value.

The above results suggested that OTS in low doses was without

effect on the excretion of Na and K, but could cause Increased excre¬

tion, in moderate degree, of Ca and Mg. By contrast, ADS markedly

Increased the excretion of all 4 electrolytes, although this increase

was preceded by reduced rates of excretion when tins mean values of Ca

and Mg were considered. Since it was important to determine what

influence changes in GFR might have on these results, the filtered

loads of each ion were calculated.

Filtered load of sodium

The results are shown in Table 14. In Figure 14, the corres¬

ponding values of Ma excretion are included for comparison.

In control experiments, the filtered load of Ma showed little

change, tending to decline very gradually with time.

After OTS, however, there was an increase in mean filtered load

of some 177*~18%, during which time Ma excretion decreased steadily.

Within 15 mimites of injection of MS!, the filtered load of Na

first decrease abruptly, then rose to a level exceeding the pre-

injection value. The excretion of Na after ADR appeared to correlate

fairly well with changes in filtered load, with the exception of the

period during which the filtered load was much reduced.

Filtered load of potassium

In control experiments, there was a gradual decline in the

filtered load of K with time (Table 17). Parallel changes in K

excretion were observed (Figure 15).

After OTS, there was a small increase of approximately 10% in



TABLE 17.

The effect of OTS (1.0 mU/kg) and ADH (0.4 wU/kg)
on the filtered load of potassium in conscious, hydrated dogs

K filtered load (% x GPR) - mEq/min.

Control * OTS ** ADH ***

Time (mins.) Mean S.D. Mean S.D. Mean S.D.

40-45 0.37 0.08 0.27 0.05 0.36 0.07

45-55 0.35 0.05 0.28 0.04 0.23 0.09

55-60 0.35 0.06 0.30 0.05 0.39 0.09

60-70 0.33 0.06 0.28 0.04 0.36 0.0£

70-80 0.33 0.06 0.27 0.02 0.34 0.08

80-85 0.32 0.06 0.26 0.03 0.33 0.08

* mean values from 45 experiments

** mean values from 39 experiments

*** mean values from 12 experiments

f injections given at approximately 47 minutes



FIGURE 15.

The effects of OTS (1.0 raU/kg) and ADH (0.4 raU/kg) on
the filtered load of potassium (GFR. ?K - mEq/min.) and
on potassium excretion (1% - pEq/min.) in conscious,
hydrated doge. (See Table 17.) Injections given at

arrows.

Potassium



TABLE 18.

The effect of OTS (1.0 mU/kg) and ADH (0.4 mU/kg)
on the filtered load of calcium In conscious» bydrated dogs

Ca filtered load (P(;a x GFR) - mEq/min.

Control * OTS ** ADH ***

Time (mina.) Mean S.D. Mean S.D. Mean S.D.

40-45 0.27 0.06 0.23 0.04 0.28 0.05

f
45-55 0.27 0.04 0.24 0.04 0.18 0.07

55-60 0.26 0.04 0.25 0.04 0.30 0.07

60-70 0.26 0.05 0.23 0.03 0.29 0.06

70-80 0.26 0.05 0.24 0.03 0.28 0.06

80-85 0.25 0.04 0.23 0.02 0.28 0.06

* mean values from 13 experiments

** swan values from 14 experiments

*** mean values from 8 experiments

f injections given at approximately 47 minutes



FIGURE 16.

The effects of OTS (1.0 mU/kg) and ADH (0.4 mU/kg) on
the filtered load of calcium (GFR. Pga - mEq/min.) and
on calcium excretion (Uga - uEq/min.) in conscious,
hydrated dogs. (See Table 18.) Injections given at

arrows.
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mean filtered load. No corresponding increase was seen in the rate

of K excretion.

The change in filtered load seen after administration of ADH

was similar to that described for Ha viz. an initial reduction with

a subsequent increase to a level above the control value. The filter¬

ed load returned to the starting value within 20-25 minutes. The

pattern of K excretion was closely similar to that of the filtered

load.

Filtered load of calcium

The results presented in Table 18 and Figure 16 indicate that

there was a tendency for the filtered load of Ca to decrease through¬

out control experiments.

After OTS injection, however, there was a small, but consistent

increase in mean filtered load, which corresponded with a brief rise

in Ca excretion.

ASH administration caused an initial reduction in Ca filtered

load, followed by an increase to a level some 77,-8% greater than the

control value. The pattern of Ca excretion after ADH showed a close

correlation with changes in filtered load.

Filtered load of magnesium

The mean values of Mg filtered load in control experiments dif¬

fered from the corresponding values of Ha, K and Ca in that they in¬

creased slightly in the latter part of the experiment, after an ini¬

tial decline (Table 19, Figure 17). The excretion of Mg showed a

steady decline throughout.

The effect of OTS was to cause a temporary increase in filtered

load, a response which was associated with a transient rise in Mg

excretion.

Injection of ADH caused an initial marked reduction in the



TABLE 19.

The effect of OTS <1.0 mU/kg) and ADH (0.4 raU/kg)
on the filtered load of magnesium in conscious, hydrated dogs

Mg filtered load (Uftg * GFR) - pEq/min.

Control * OTS ** ADH ***

Time (rains.) Mean S.D. Mean S.D. Mean S.D.

40-45 89.6 18,6 70.7 14.1 87.9 17.7

+ 45-55 86.0 14.0 73.5 14.4 56.9 23.6

55-60 83.7 13.9 75.8 14.0 92.0 23.0

60-70 83.5 14.6 71.8 10.6 86.4 18.5

70-80 85.2 15.4 74.0 11.4 82.6 21.6

80-85 86.9 21.2 72.3 18.6 78.1 24.7

* mean values from 13 experiments

** mean values from 14 experiments

*** mean values from 8 experiments

injections given at approximately 47 minutes



FIGURE 17.

The effects of OTS (1.0 mU/kg) and ADH (0.4 mU/kg) on
the filtered load of magnesium fGFR. P^g - pEq/min.
(left-hand scale)] and on magnesium excretion (UMg -
jiEq/min.) in conscious, hydrated doga. (See Table 19.)

Injections given at arrows.
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TABLE 20.

The effect of OTS (1.0 raU/kg) and ADH (0.4 mU/kg)
on urine osraolarity in conscious, hydrated dogs

Urine osaolarity (U0sra) <* mosrn/L

Control * OTS ** ADH ***

Time (rains.) Mean S.D. Mean S iBI Mean S.D.

10-20 166 hh. 215 39 156 43

20-30 106 21 109 20 91 21

30-40 85 18 79 22 81 17

40-45 79 16 73 19 73 20

T45-55 77 10 78 21 87 22

55-60 75 12 80 22 667 89

60-70 79 16 70 21 654 76

70-80 80 16 71 21 462 73

60-85 85 17 76 24 225 35

* mean values fro® 13 experiments

** mem values from 14 experiments

*** mean values from 8 experiments

f Injections given at approximately 47 minutes



FIGURE18.

TheeffectsofOTS(1.0mU/kg)andADH(0.4oU/kg)on urineosmolarlty(mosm/L)Inconscious,hydrateddogs. (SeeTable20.)NoteseparatescaleforADHresponse. Injectionsgivenatarrow.



6%.

filtered load of Mg, which was followed by an abrupt increase; there¬

after the mean values declined gradually. The excretion of Mg after

ADH followed a similar pattern to changes in filtered load.

In addition to measuring the concentrations of individual elec¬

trolytes in urine and plasma, the osmotic activity of such samples

and changes in total solute excretion were measured in a number of

experiments. From these values were calculated osmolar and free-

water clearances.

Urine oamolarity

The results are shown in Table 20 and Figure 18. In control

experiments urine osrmolarity decreased rapidly during the first 50-60

minutes and showed a gradual Increase towards the end of the experi¬

ments.

The results obtained after injection of GTS followed a similar

pattern, although there was a small, transient increase in urine

osmolarity (hiring the 2 collection periods immediately following OTS

administration.

After injection of ADH, there was a very large increase in

urine osmolarity. (Rote the separate scale in Figure 18 for the ADH

response.) The peak osmolar concentration was recorded shortly after

injection, but the urine remained hypertonic to plasma over a period

of 20-25 minutes. The mean value of Uosm measured during the final

collection period was markedly above the corresponding control value.

Total solute excretion

Calculation of the mean values of total solute excretion indi¬

cated that OTS had no consistent effect on this parameter, when the

results were compared with those from control experiments (Table 21

and Figure 19).



TABLE 21 .

The effect of OTS (1.0 raU/kg) and ADH (0.4 raU/kg)
on total solute excretion in conscious, hydrafced dogs

Solute excretion (U0»ra * V) - posra/min.

Control * OTS ** ADH ***

Time (rains.) Mean S.D. Mean S.D. Mean S.D.

10-20 250 24 246 21 264 20

20-30 246 19 241 27 233 18

30-40 258 18 234 20 236 21

40-45 255 20 233 23 219 24

^ 45-55 243 19 224 29 70 10

55-60 223 17 225 30 197 43

60-70 213 15 218 31 303 52

70-80 206 16 220 27 338 51

80-85 201 21 210 23 256 35

* raean values frora 13 experiments

** mean values from 14 experiments

*** mean values from 8 experiments

' injections given at approximately 47 minutes



FIGURE19.

TheeffectsofOTS(1.0mU/kg)andADH(0.4mU/kg)on totalsoluteexcretion(posm/min.)inconscious,hydrated dogs.(SeeTable21.)Injectionsgivenatarrow. Minutes



TABLE 22.

The effect of OTS (1.0 mU/kg) and ADH (0.4 raU/kg) on
the osmolar clearance In conscious, hydrated doge

Osmolar clearance (C0am) - ml/ntin »

Control * OTS ** ADH ***

Time (mint.) Mean S.D. Mean S.D. Mean S.D.

10-20 0.82 0.08 0.83 0.06 0.96 0.07

20-30 0.84 0.10 0.79 0.09 0.86 0.08

30-40 0.89 0.09 0.83 0.10 0.86 0.05

40-45 0.87 0.06 0.83 0.10 0.81 0.09

T 45-55 0.82 0.07 0.81 0.17 0.26 0.02

55-60 0.77 0.05 0.85 0.19 0.71 0.23

60-70 0.73 0.04 0.76 0.14 1.09 0.21

70-80 0.70 0.05 0.76 0.10 1.21 0.24

80-85 0.68 0,06 0.71 0.08 0.92 0.15

* mean values from 13 experiments

*•* mean values from 14 experiments

*** mean values from 8 experiments

t Injections given at approximately 47 minutes



FIGURE20.

TheeffectsofOTS(1.0mU/kg)andADH(0.4raU/kg)on osmolarclearance(ml/rain.)inconscious,hydrateddogs. (SeeTable22.)Injectionsgivenatarrow.
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There was, however, a marked reduction in solute excretion

immediately following injections of ASH, with a subsequent increase

to a mean value 50% in excess of the pre-injection level. By the end

of the experiments, the rate of solute excretion was similar to that

measured in the 10-20 minute period.

Osmolnr clearance

The mean osraolar clearances were calculated for control experi¬

ments and after OTS or AI5H, and are shown in Table 22 and Figure 20.

There was some variation in pattern of results recorded in the 3 types

of experiments during the first 40 minutes, but comparison of the

results was facilitated by the steady decline in Com seen in control

experiments after this period.

After injection of OTS, there was a small, transient rise in

osmolar clearance, but again, the most obvious change resulted from

administration of AEH. In these experiments, there was an initial

marked reduction in mean COSJa, followed by an increase to a level 50%

greater than the 40-45 minute value. The final value of osraolar

clearance was close to that recorded for the 10-20 minute collection

period.

Free-water clearance

By subtracting the osmolar clearances from the corresponding

values of urine flow, the clearances of solute-free water were ob¬

tained. The results are presented in Table 23 and Figure 21.

In control experiments, the pattern of free-water clearance

was closely similar to that for urine flow (see Figure 4). In these

experiments, the calculated values were always positive, indicating

excretion of free water.

Following administration of OTS, there was a small, but con¬

sistent reduction in Ch2o (approximately 17% of the pre-injection



TABLE 23.

The effect of OTS (1.0 mU/kg) and A33H (0.4 mU/kg)
on the free-water clearance in conscious, hydrated dog

Free-water clearance (CggO) ~ ml/rain.

Control * OTS ** ADH ***

Time (mins.) Mean S.D. Mean S.D. Mean S.D.

10-20 0.71 0.25 0.45 0.18 0.74 0.14

20-30 1.53 0.42 1.27 0.31 1.72 0.27

30-40 2.24 0.71 2.06 0.48 2.07 0.69

40-45 2.39 0.42 2.46 0.64 2.20 0.53

f 45-55 2.36 0.40 2.17 0.64 0.55 0.41

55-60 2.28 0.41 2.05 0.48 -0.43 0.32

60-70 2.06 0.61 2.25 0.49 -0.59 0.28

70-80 1.99 0.61 2.17 0.63 -0.49 0.46

80-85 1.77 0.59 1.87 0.56 0.23 0.31

* mean values from 13 experiments

** mean values from 14 experiments

*** mean values from 8 experiments

^ injections given at approximately 47 minutes



FIGURE 21.

The effects of OTS (1.0 mU/kg) and ADH (0.4 mU^kg) on
free-water clearance (ml/min.) in conscious, hydrated
dogs. (See Table 23.) Injections given at arrow.



level), after which the mean value increased briefly before declining

in the last 2 collection periods.

After injection of AM, the mean free-water clearance decreased

immediately, and negative values were recorded over a period of

approximately 20 minutes. In the final collection period, there was

a return to a positive clearance, but this value was markedly below

the corresponding values in control and OTS experiments.



11.

Discussion

Control experiments

The control observations of renal function in the present study

are in accord with earlier findings* Thus similar patterns of urine

flow, RPF, GFR, Na and K excretion have been described,in dogs under¬

going water diuresis, by Sellwood and Veraey (1955) and All, Cross and

Pickford (1958).

Relatively few reports are available on the excretion of Ca and

Mg under the conditions of the present experiments, but there is evi¬

dence that a close association exists between the renal transport of

Na, Ca and Mg (Wesson and Lauler, 1959; Samiy, Brown, Globus, Kessler

and Thompson, 1960; Walser, 1961; Massry, Coburn, Chapman and

Kleeman, 1967). In the control experiments, the excretion of Ca and

Mg was qualitatively similar to that of Na, as was the excretion of K.

Comparable changes in urine osmolarity, oamolar clearance and

free-water clearance in the course of water diuresis have been reported

by Orloff, Wagner and Davidson (1958).

It would seem therefore that the control measurements offer a

satisfactory standard with which to compare the experiments with OTS

and ADR.

Experiments with OTS

Brooks and Pickford (1958) found that the intravenous Injection

of highly purified or synthetic OTS (4-6 raO/kg) caused antidluresis

in hydrated dogs, an effect previously reported by van Dyke et al

(1955); Chan and Sawyer (1961), demonstrated a similar response, using

approximately 10 raD/kg of the synthetic hormone. The present experi¬

ments confirm that OTS has an antidiuretic action, but In a dose

previously found to be ineffective (Brooks and Pickford, 1958). Thus
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the beegle would appear to be more sensitive In this respect than

other strains of dogs. Measurements of free-water clearance Indicate

that the reduction la urine flow is associated with decreased excre¬

tion of solute-free water. There Is further, a small Increase in

urine osmolarity, but little change In total solute excretion. This

antidiuretic action of OTS may well be a result of Its chemical

similarity to ADR (Pickford, 1966a).

The present study has also demonstrated that OTS, at a dose

level of 1.0 mil/kg, can increase both RPF and GFR. Calculation of

the mean values indicates that the consistent effect of the hormone

is to prevent or delay the fall In both parameters seen In control

experiments. However, definite Increases, particularly in RPF, were

recorded in a number of individual experiments. Similar observations

have been reported by Brocks and Plckford (1958), using single in¬

travenous injections of up to 5 mU/kg or infusions of 0.2 raU/kg/min.

These authors found that the Increase in RPF was not necessarily

associated with a corresponding rise in GFR, although increases in

this parameter were seen more consistently after larger doses of OTS.

Conversely, All (1958) reported proportionately greater increases in

GFR than in RPF after 7-10 mU OTS/hg. Both groups agreed, however,

that the effects of OTS on the renal vasculature could be abolished

by the simultaneous Injection of much smaller doses of ADH. They

concluded that both hormones acted directly on the renal blood vessels,

since no changes in arterial blood pressure were recorded with dose

levels of OTS and ADR similar to those used in the reported experiments.

With regard to urinary electrolytes, no consietant changes in

Ha or K excretion were seen after GTS in the present investigation.

This it in accord with the findings of Brocks and Pickford (1958) and

Chan and Sawyer (1961). These authors were unable to demonstrate any
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change in electrolyte excretion In diuretic dogs below 7.5 mil OTS/kg.

Within the range 7.5-20.0 mU/kg, OTS produced regular Increases in Ma

and CI excretion, but only inconsistent changes in K excretion. In

non-diuretic dogs, however, both groups found that smaller doses of

GTS were effective in increasing the loss of Na, K and CI. It was

further shown that OTS Induced both an immediate and a delayed rise

in Ha and CI excretion, whether injected intravenously or into the

carotid artery in one tenth to one twentieth of the effective intra¬

venous dose. The conclusion was drawn that OTS might influence elec¬

trolyte excretion in two ways: firstly by s peripheral effect which

increased the filtered load of ions, and secondly, by a central action.

Very recently, Chan and Sawyer (1968) have confirmed that lntracarotid

injections of 0.6 to 1.2 mU OTS/kg caused marked and prolonged

natrluresis in dogs; similar effects were seen following injection

of OTS (0.6 mU/kg) into the third cerebral ventricle. The signifi¬

cance of this central natriuretic action is unknown.

Although no changes in Na or K excretion were observed in the

present experiments, OTS administration was followed by a small in¬

crease in the excretion of both Ca and Mg, The effect does not appear

impressive when the relevant mean values are considered, hut in a

number of individual experiments, definite increases were seen in

both parameters after OTS. Ho comparable changes were recorded in

control experiments. Of the few references to Cs excretion after OTS,

Thorn has reported that in hydrated dogs large doses (100 raU/kg) of

synthetic OTS caused increased urinary excretion of this ion; smaller

doses (2 mU/kg) were ineffective. In man, Bicker and Eggleton (1961)

using doses of 19 raU OTS, found no effect on Ca excretion. From the

lack of publications, it would appear that no previous observations

have been made on the effect of OTS on Mg excretion.
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As a consequence of the OTS-induced increase in RPF and GFR,

the filtered loads of all 4 ions increased in the reported experiments.

Against this must be set the fact that only the excretion rates of Ca

and Mg showed any change. One possible explanation for these findings

may lie in the varying capacity of the renal tubules to cope with in¬

creased delivery of individual ions. For example, it has been suggest¬

ed that under basal conditions, most of the filtered Mg Is reabsorbed

from the flltrste by a mechanism operating near saturation (Chesly

and Tepper, 1958; Barker, Elkington and Clark, 1959). Thus a small

Increase in the filtered load of Mg may lead to a rise in Mg loss.

Further, since parallel changes in the absolute reabsorption of both

Ca and Mg have been demonstrated under certain conditions (Massry et

al, 1967), a similar mechanism might account for the increased urinary

excretion of Ca. Tilth regard to Ha, the assumption must be made that

the increased delivery of solute does not exceed the capacity of the

Ha reabsorptive mechanism. There is evidence that in the proximal

tubule at least, Ha reabsorption Increases in response to a rise in

filtered load so that the fraction of Ha reabsorbed remains essential¬

ly constant (see Pitts, 1963; Gleblsch and Windhager, 1964).

An alternative explanation, again using the latter assuooptlon,

could make use of the suggestion that Ha, Ca and Mg compete for a

common reabsorptive pathway In the renal tubules (Chesly and Tepper,

1958; Barker et al, 1959; Samiy et al, I960; Walaer, 1961; see

Ullrich and Marsh, 1963; Massry et al, 1967). If such a transport

system exists, increased reabsorption of one ion should he accom¬

panied by an increase in the excretion of the other two. Thus a

preferential reabsorption of the increased amounts of Ha in the distal

tubule could result in a rise in the excretion of both Ca and Mg.

Heither of the above suggestions satisfactorily accounts for
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the behaviour of K after OTS administration. It has been reported

that K excretion, Which la thought to depend principally on distal

secretion, is not directly related to filtered load (see Berliner,

1960). However, the secretory mechanism has been shown to depend on

the amount of available Ha, since each K ion secreted involves the

reabsorption of Na ions (see Berliner, 1960; Pitts, 1963; Giebisch

and Vttndhager, 1964), Thus a system implying increased Ha reabsorp¬

tion might be expected to yield Increased secretion, and excretion,

of K.

It must be stressed that the above explanations are highly specu¬

lative. Any attempt to define a mechanism of action from indirect

evidence must be made with caution. Particularly, attempts to relate

changes in filtered load to small changes in excretion are made dif¬

ficult by the fact that only a minute fraction of the filtered load

of most ions eventually appears in the urine. All that can be said

for certain is that after OTS, the filtered loads of all 4 ions in¬

creased after changes in RPF and GFR, but only Ca and Mg showed in¬

creased rates of excretion.

Experiments with ASK

The present study confirms earlier observations that the anti¬

diuretic effect of ADH is associated with increased reabsorption of

solute-free water and a marked increase in urinary osmolality (Wesson

and Anslow, 1952; Thorn, 1957). The change in osmolarity is partly

accounted for by an increased rate of total solute excretion, most,

if not all, of which derives from the substantial increases in the

excretion of Ha, K, Mg and Ca. In a recent report, Rlnaan and Walker

(1966) stated that the elevated urinary solute concentration seen

after Infusion of ADH (1-3 mU/kg/hr) to hydrated dogs was due to
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Increased electrolyte excretion, since the total non-electrolyte

solute concentration decreased by as much as 25% of the pre-infusion

level.

As mentioned above, the urinary excretion of all 4 electrolytes

was consistently elevated after injection of 0.4 raU ABH/kg. An initial

reduction was apparent in the rates of Ca and Mg excretion. Similar

changes in Na and K loss have previously been reported by a number of

investigators (Sertorius and Roberts, 1949; Karvonen et al, 1953;

Anslow and Wesson, 1955; Brooks and Pickford, 1958; Chan and Sawyer,

1961). The effect would appear to be dose-dependent since All (1958),

using 0.25 mU AMI/kg, obtained consistent natriuresis, but only occa¬

sional kaluresia. Chan and Sawyer (1961) confirmed this finding, but

showed further that higher doses of AMI (0.4 mU/kg) invariably Increased

the urinary excretion of both ions.

There is less information available on the effect of AMI on Ca

and Mg excretion. Thorn (1960, 1961) and Hinwan and Walker (1966)

showed that single intravenous injections or infusions of the hormone

increased Ca loss in both hydrated rats and dogs. In man, Bicker and

Bggleton (1961) found that doses of ADH (19 mU) which did not alter

Ma or K excretion, regularly produced a rise in Ca excretion. Nielsen

(1964) confirmed this effect on Ca excretion and showed further that

Mg loss was affected in a similar manner.

A variety of explanations have been put forward to account for

the observed changes in electrolyte excretion. For example, Karvonen

et al (1953) and Hi rattan and Walker (1966) suggested that increased

filtered load, and hence increased delivery of solute to the distal

tubules, could explain their results. Thorn (1961) and Bicker and

Bggleton (1961), however, postulated that the increased urinary Ca

was secondary to the antidiuretic action of the hormones. They argued



in favour of Ginetzinsky's hypothesis that AM acts by releasing

hyaluronidase frora the collecting duct cells, since the enzyme is

known to cause an exchange of Ha for Ca in depolymerizing hyaluronic

acid (Dicker and Eggleton, 1961). A third possibility was raised by

Hlelsen (1964), who suggested that the most likely explanation for

the increased excretion of both Ca and Kg was an inhibitory effect of

AM on a transport system common to both ions. Similarly, Anslow and

Wesson (1955) concluded that the changes in Na and K excretion seen

in their experiments were secondary to a depression or inhibition of

tubular reabsorptive mechanisms.

In the present study, it is apparent that AM, at a dose level

of 0.4 mU/kg, had a pronounced effect cm both RFF and GFR. The con¬

sistent response was an initial marked decrease in blood flow, follow¬

ed by a rise to a level exceeding the control value. Parallel changes

in GFR were recorded. It is accepted that clearance measurements are

relatively inaccurate at low rates of urine flow (Smith, 1951). Thus

the initial drop in both clearances immediately after injection of AM

may in part be an artefact. However, the magnitude of the observed

changes was probably greater than could be accounted for by error

alone. Similarly, the secondary Increase In both clearances cannot

be explained by increased wash-out of inulin anddiodone (or PAH),

since the maximum values were recorded when urine flow was still de¬

creasing. It would appear, therefore, that in these experiments, AM

caused s marked, if brief, constriction of the renal blood vessels.

The subsequent dilatation may be a direct effect or may represent an

overshoot in the calibre of the vessels, when released from the con¬

strictor effect of AM.

A number of earlier investigations have not revealed a marked

change in either GFR or RPP after administration of comparable doses
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of Aim to normal dogs (Shannon, 1936} Sellwood and Verney, 1955}

Brooks and Pickford, 1958). A prolonged increase in GFR, however,

was recorded by Sartorius and Roberts (1949), approximately 15 minutes

after injection of ADil (0.4-10.0 raU/kg) to hydrated dogs. It is

possible that a strain difference may exist among dogs with regard to

the sensitivity of the renal blood vessels to ABH.

The changes in RFF and GFR in the present experiments are reflect¬

ed in the filtered loads of Na, K, Ca and Mg. The similarity between

the patterns of filtered load and electrolyte excretion suggests that

the observed rises in the latter parameter may be largely explained

by increased delivery of solute to the distal tubules. This explana¬

tion does not exclude the possibility of an inhibitory action of ABO

on tubular reabsorptive mechanisms, but if such activity exists, it

would seem to be relatively non-specific, since the excretion of all

4 ions increased.

Another possible explanation, which does not Involve a direct

action on active transport systems, was originally proposed by Ullrich

and Marsh (1963) to account for the natriuresis seen after ADI1. They

suggested that the increased excretion of Me could be due to an increase

in the passive flux of Ma down an electrochemical gradient from the

medullary interstltlum to the collecting ducts. Such e scheme, if

extended to include K, Mg and Ca, would be consistent with the present

data i.e. the effect of ABH on electrolyte excretion may result from

a general increase in permeability of the distal nephron to passive

movements of ions. A combination of this mechanism and the Increase

in filtered loads would also explain the present findings.

Again it must be stressed that these explanations are, at beet,

speculative and evidence for, and against each one can be put forward.
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Introduction

Evidence has been presented which suggests that, in most species

examined, the PVN are concerned to a large extent with the production

of OTS. In this connection, it is of interest that Vogt (1953) found

the ratio of ADH to OTS to be very high in the hypothalamus of the

dog. She suggested therefore that OTS was not present at ail in the

hypothalamus of this species and that the small mount of oxytocic

activity recorded was due to the intrinsic oxytocic activity of ADH,

which amounts to approximately 5% of its pressor potency (van Dyke,

1939). The distribution of ADH between the hypothalamus and posterior

pituitary was, however, comparable to that in other species (Vogt,

1953).

Lederis (1962) confirmed the latter observation, but in addition,

demonstrated that OTS could be separated from extracts of the dog's

hypothalamus, using a paper chromatographic technique in which the

solvent system permitted separation of OTS from ADH. He agreed that

the concentration of OTS was very low and suggested that in order to

change the ratio of ABEtCTS from 15 in the hypothalamus to near unity

in the neurohypophysis, then the production of OTS within the PVN

must be supplemented by production along the length of the neuron.

This possibility has also been raised by Christ (1962), Diepen (1962)

and de Robertis (1962). Whatever the explanation, if the PVN are

concerned in OTS synthesis, then destruction of these nuclei, with

subsequent degeneration of their fibres, should lead to a marked

deficiency in circulating OTS.

In the previous section, the observations that OTS has a renal

action in the dog have been confirmed and extended. If endogenously¬

re leased OTS participates in the regulation of renal function, then

it is conceivable that destruction of the principal source of OTS



might result in observable changes in kidney function. If such

changes could be reversed by administration of exogenous OTS, then it

would seem not unreasonable to postulate that the changes resulted

from a deficiency of circulating OTS.

In the experiments to be reported, attempts were made to destroy

the PVN electrolytically in dogs in which measurements of renal func¬

tion were made before and after placement of the lesions, the effects

of injected OTS on the kidney were examined at regular intervals post¬

operatively.

The use of dogs was influenced by the fact that repeated obser¬

vations of kidney function could be made in the same animal. The

accurate placement of central nervous system lesions, however, is

technically difficult in the dog. As in man, there is wide vari¬

ability in the shape and size of skull. It Is therefore difficult

to relate bony landmarks to brain structures with any degree of pre¬

cision. The use of puro-bred dogs, of fairly constant head size and

. shape, reduces this source of error and it was for this reason that

the operations were performed on beagles of a ccmzson strain.

Few stereotaxic atlases are available for the dog brain. The

atlas considered most suitable for the present study was prepared

using "short-haired, hound-like dogs" (10 t I kg. body weight), of

which five were beagles (Lim, Liu and Moffitt, I960.). In the co¬

ordinate system of Lim et al., the lnteraural line represents the

longitudinal zero and brain structures rostral or caudal to this line

are given the prefix R or C respectively. Measurements in the

vertical plane are made from the interaural-infra-orbltal plane

(vertical (V) zero). Thus as In stereotaxic atlases for other

species, the location of brain structures may be described by three

coordinates, R or C, V and L, where L represents the position lateral



to the raid-line.

To ray knowledge, only two other groups of investigators have

used dogs for experiments Involving stimulation or destruction of

hypothalamic areas, vis. Hume and Gationg <1956) and Fang, Liu and

Wang (1962). The latter authors also used the stereotaxic atlas of

Lira et al (I960).



PLATE3.
Thestereotaxichead-holder.



Materials and Methods

Animals

Eight female beagles (10-12 kg. body weight*, 1-2 years old) of

the Pfizer colony were used in these experiments. Control observa¬

tions of renal function had previously been made on these animals.

The dogs were fed once dally at 4.00 p.m. on a diet of milk, brown

bread, gravy and dried meat, and had free access to water except for

a 2 hour period before each experiment.

A further 8 dogs of different breeds (1 labrador, 1 collie, 3

collie mongrels and 3 terrier mongrels; weight range 6.6-18.2 kg.)

were used in preliminary acute experiments with the intention of

assessing the accuracy with which lesions could be placed in the area

of the PVN. It was also intended to examine the necessary parameters

viz. current strength and duration, required for a lesion of suffi¬

cient size to destroy the FVN completely.

Apparatus

The stereotaxic apparatus* employed was designed for use with

the coordinate system described by Lira et al (i960). Plate 3 is a

photograph of the instrument, showing a dog clamped in position.

Two types of electrode were used to produce lesions:-

1) Stainless steel needles reduced by electrolysis to a tip diameter

of 150-200 p. The needles were insulated except for the tip, by im¬

mersion in Insulating Compound No. 741 (National Engineering Products

Inc.).

2) Stainless steel Diamel-insulated wire of approximately 200 jx dia¬

meter, supported by a stainless steel cannula. The wire was fixed in

position in the cannula by a drop of Araldite (Ciba (A.R.L.) Ltd.) so

* Constructed by Mr. J. Copeland, Department of Physiology,
University of Edinburgh.
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that it projected 1 mm. beyond the end of the cannula. The last 0.5

ran. of exposed wire was scraped free of insulation. The overall dia¬

meter of the electrode was approximately 600 p.

The insulated needle electrodes were used in the preliminary

acute experiments and in the first 4 chronic experiments, the wire

electrodes in the remaining chronic experiments. In preparation for

use, each electrode was sterilized by immersion for 1 hour in IX

benzalkonium chloride solution (Roccai-Bayer Products), clamped in a

Perspex block and attached to a micromanipulator (Prior).

Before each experiment, it was necessary to zero the electrode

by positioning the tip exactly at the intersection of the 3 planes of

the coordinate system i.e. R 0.0, V 0.0 and L 0.0. This was achieved

as follows:- the micromanipulator and electrode assembly were clamped

at a known position on one of the supporting bars of the head holder.

Also attached to the apparatus was a sharply-pointed metal pin whose

tip lay exactly at the reference zero when the pin was clamped in a

standard position on the head holder. The electrode tip was then

brought into very close approximation with the tip of the pin. Raving

noted the relevant readings on the micromanipulator, both pin and

manipulator were removed and the dog's head clamped in the apparatus.

The manipulator could subsequently be replaced and the electrode tip

moved to any point in the brain, whose coordinates were known with

reference to the zero position.

Operative procedures and lesion technique - «) Recovery experiments

Ail operations were performed under pentobarbitone (Nembutal,

Abbott Laboratories Ltd.) anaesthesia.

Following induction of anaesthesia with 30 mg. Nembutal per kg.

intravenously, ear bars were inserted into each auditory meatus and



the animal's head clomped in the stereotaxic apparatus. This proce¬

dure was frequently found to be very difficult and much care was

required to ensure that the bars were in the correct positions.

When the correct degree of rotation had been obtained to bring

the auditory meatus and the infra-orbital margin on the same horizon¬

tal plane, the head was secured by means of clamps fitting over the

snout and behind the canine teeth of the upper jaw.

Strict aseptic technique was followed for the remainder of the

operation. The scelp was shaved, swabbed with tincture of iodine and

sterile drapes fixed in position. A midline incision, approximately

3" long, was made in the scalp and the underlying bone scraped clean

of tissue.

The micromanipulator and electrode assembly were replaced on the

apparatus, at the same position as that used for zeroing the electrode,

and the electrode advanced to a point on the skull overlying the PVH.

A hole was drilled through the skull over and lateral to the sagittal

sinus, using a bone burr attached to a dental drill. The exposed dura

was subsequently reflected. Bleeding was minimal and could be control¬

led with Sterispon absorbable gelatin sponge (Allen and Ranburys Ltd.)

The electrode was then advanced into the brain to the desired position

and unipolar anodal lesions made bilaterally. The indifferent elec¬

trode was clamped to the tongue.

The coordinates for the FVN were taken from Lira et al (1960)

and were usually R + 22.5 mm., V + 8.0 to + 13 ram. and L + 1.2 ma.

Since In the dog, the magnocellular portion of the FVN extends over a

vertical distance of 4-5 nsn., a number of small lesions were made at

1 mm. intervals, commencing at the lowest extremity of the PVN. In 3

experiments, 2 raA D.C. at 48V for 10 seconds were used for each lesion;

in the remainder of the experiments, the lesions at V + 8, V + 9 and



S5L

V + 10 were made with 1 bsA B.C. for 15 seconds, and those at V + 11,

V + 12 and V + 13 with 1 raA B.C. for 20 seconds.

In one dog, a sham operation was performed In which the electrode

was Inserted to the region of the PVN and subsequently removed, with¬

out passage of current.

Following withdrawal of the electrode in both lesion experiments

and the sham operation, bleeding from the sagittal sinus was controlled

with Startspon and a fresh wad of absorbable sponge left in the hole

in the skull. The area was sprayed with an antibiotic powder (Poiy-

bactrln - Calmic Ltd.) and the sealp sutured. The scalp was then

sprayed with a transparent plastic dressing (Nobec?fine - Duncan,

Flockhart and Evans, Ltd.). Post-operatively, chloramphenicol

(Chloromycetin Intramuscular - Parke, Davis and Co.) was given by

intramuscular injection.

Lesion technique utilising cerebral ventriculograms

After examining the brains of the first 3 dogs in which the

above lesion technique had been used, it was apparent that even with

pure-bred dogs of fairly constant head size, there was still consi¬

derable variation la the position of the FVN relative to bony land¬

marks. In an attempt to improve the accuracy of placement of lesions,

the above procedure was modified in succeeding experiments in the

following manner. The method was based on that described by Hume and

Ganottg (193b).

After the head had been secured in the stereotaxic apparatus

and the skull exposed, a hole was drilled in the skull in the midline

to allow Insertion of a 21 gauge needle, attached to a micromanipu¬

lator. The needle point had previously been zeroed by the same method

as used for electrodes. The needle was advanced into the brain until



PLATS 4.

X-ray demonstration of the third ventricle in the dog,
after intraventricular injection of 0.1 mi. of Uropac.
Key : 0C, optic chiasms; ME, median eminence.

X2.
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it penetrated the roof of the third ventricle. The size of the third

ventricle is such that the use of standard coordinates (R + 24 ram.,

V + 20 ram. and L 0) permitted penetration of the ventricle on each of

5 occasions. The success of penetration was judged by the appearance

of cerebrospinal fluid at the top of the needle.

A ventriculogram was made with the use of a 9" long 26 gauge

needle which was threaded through the 21 gauge needle and thus guided

into the third ventricle. The 26 gauge needle was fitted with a stop

so that it protruded 1 ram. beyond the point of the larger needle.

One tenth of a ml. of a sterile contrast medium (Uropac - 75% solution

of the disodium salt of N-methyl-3,5-diiodo-4-pyrldone-2,6 carboxylic

acid - May and Baker Ltd.) was then slowly injected into the ventricle

through the 26 gauge needle. Two lateral X-rays were taken immediate¬

ly , using a Watson's Roentgen 10CT X-ray tube and transformer attached

to a Watson Waverley" table. An outline of the third ventricle was

thus obtained, as illustrated in Plate 4. The position of the FVN

could then be determined with reference to the centre of the optic

chiasms (coordinates R + 25.0 ram., V + 5.5 ram. (Lira et al, 1959)).

Subsequently, the ventricular needle assembly was removed, a

second micromanipulator carrying the lesion electrode (previously

zeroed) clamped to the stereotaxic instrument and the electrode ad¬

vanced to a position 2.5 mra. caudal to and 2.5 ram. above the centre

of the optic chiasms. Usually one lateral X-ray was taken to check

the position of the electrode tip. Bilateral lesions were made as

described previously.

Post-operative mortality.

One dog died following placement of hypothalamic lesions. Fif¬

teen hours after the operation, the animal was found dead in its



kennel; pott mortem examination revealed a large cerebral haemorrhage

which probably resulted from bleeding from the sagittal sinus.

Histological procedures

At the end of the experimental observation period, the animals

were killed with excess Nembutal.

Unsuccessful attempts were made in 2 dogs to remove the posterior

lobe of the pituitary, the approach to the sella turcica being through

the roof of the mouth. The practice was discontinued, however, since

it was considered important to fix the brain rapidly in situ to obtain

good preservation of the tissue for histological examination.

The brain was perfused through cannulae in the common carotid

arteries, first with 200 ml. of a mixture of potassium ferro- and ferri-

cyanide solutions (3% solutions of each reagent mixed 1:1) followed hy

500 ml. of a solution containing 10% formol saline and 3% acetic acid

(v/v). The preliminary infusion was intended to assist in the identi¬

fication of the lesion sites since the ferrocyanide/ferricyanide solu¬

tions react with iron deposits to give a deep blue colour, (Brooks,

Ishikawa, Koizumi and tu, 1966). After opening the skull, the head

was placed in 10% formol saline overnight. A transverse section of

the brain containing the hypothalamus was then removed and kept in

10% formol saline until sectioned.

The kidneys were removed from each animal and segments fixed in

10% forraol saline.

In order to determine the positions of the lesions, the frozen

section technique was used on the brains of the first 3 dogs to cut

50 p serial sections of the hypothalamus. The sections were stained

with 0.05% toluidlne blue. In the remaining 4 dogs, the hypothalamic

region was embedded in parsffin; 15 p serial sections were cut, every



fourth section being mounted, and stained using Gotaori!s chrome-alum-

haenuitoxylin-phloxin technique.

The kidney segments were paraffin-embedded, cut at 15 p and

stained with haematoxylln and eosln for histological examination.

Lesion technique - b) acute experiments

The procedure followed in the 8 preliminary acute experiments

was similar to the first lesion technique described above in that

bilateral lesions were produced in anaesthetized animals without the

aid of cerebral ventriculograms. So precautions were taken to main¬

tain aseptic conditions. The PVN coordinates of tint et al (I960)

were used for guidance, but with wide variation in skull shape and

size. it was recognised that these coordinates were at best approxi¬

mate.

Histology

After placement of the lesions, the animals were killed by in¬

jection of excess Nembutal, and the brains perfused as described above.

Serial sections, 50 p thiek, of the hypothalamic region, were cut

using the frozen section technique, and after mounting, stained with

0.057. toluidlne blue.

Renal function experiments

These experiments were performed on the 7 dogs in which lesions

were made with subsequent recovery. The experimental protocol was

identical to that described in Section II. The parameters measured

were urine flow, the clearances of inulln and diodone and the excre¬

tion of Na and K.

Three control experiments were made on each dog before placement

of lesions. Each animal therefore served as its own control. In



these experiments, OTS (Syntocinon, Sandoz) was injected intravenously

at a dose level of 1.0 mU/kg., in order that comparison could be made

with the effect of OTS poat-operatively. No experiments were done

using ASH.

The above parameters of renal function were measured in each

animal at various intervals after placement of the lesions. The

results obtained were compared with the relevant pre-operative results

and with those from the sham-operated animal.

Presentation of results

The results from each dog were examined separately. From con¬

trol experiments, the mean values and standard deviations of the

measured parameters were calculated at standard intervals of time

after the beginning of the experiment. The mean values and standard

deviations from the post-operative experiments were calculated in a

similar manner. The absolute values for each parameter were used

throughout (see Section II).

For reasons to be explained, the results presented derive from

only 2 dogs. No mean differences are shown as the large standard

deviations encountered obscured the significance of all but gross

changes.



PLATE 5.

Transverse section through the hypothalamus of
the sham-operated dog, MILLIE, at the level of
the FVN. Chrotae-alum-haematoxylln-phloxin.

X14.



PLATE 6.

Transverse section through the hypothalamus of the
dog with complete destruction of the PVN. The dilated
portion of the third ventricle (arrowed) marks the site
of the lesion. (The brain from this dog was cut at a
slightly different angle from that represented by Plate
5.) Chrome-alum-haematoxylin-phloxin.

X14.
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Results

Accuracy of placement of lesions

a) Acute experiments

The acute experiments on dogs of different breeds were of limit¬

ed value, merely emphasising the difficulty of accurately locating

brain structures in animals with wide variability in skull configura¬

tion. In one dog, there was unilateral destruction of the PVN; the

contralateral nucleus was only partially damaged. In the remaining

animals, however, the lesion sites were widely scattered, and were

up to I cm. distant from the PVN in the rostro-caudal plane.

These experiments did provide some information in establishing

that an area of tissue, approximately the size of the PVN, could be

coagulated by a series of small lesions made in the vertical plane.

This procedure appeared to offer greater control over the size and

shape of lesion produced than attempting to destroy a comparable

area of tissue by a single passage of current.

b) Recovery experiments

The recovery experiments on beagles were also disappointing.

Of the 7 dogs which survived the operation, only one showed complete

destruction of the PVN with minimal involvement of surrounding struc¬

tures. The lesion electrode in this animal was positioned with the
A

aid of a ventriculogram of the third ventricle. Plates 5 and 6 show,

respectively, transverse sections through the hypothalami of the

sham-operated dog (Millie), and of the dog with destruction of the

PVN (Happy). The sections illustrated were cut at the level of the

PVN. The marked widening of the third ventricle in Plate 6 marks

the site of the lesions. No magnocellular cells could be found in

this area.



TABLE 24.

Summary of lesion sites in the recovery experiments

Dog Lesion site, with principal areas destroyed

Millie * Sham-operation; PVN intact.
*

Happy Complete destruction of PVN; little involvement
of surrounding structures.

*

Dopey Lesion sites could not be determined; PVN
Intact.

*

Grumpy Lesions lateral and ventral to PVN In anterior
hypothalamic nuclei; PVR intact.

Pauline Lesions anterior to PVN passing through the pre¬
optic area and anterior commissure; PVN
intact.

Joanna Lesions lateral and posterior to PVN in dorso¬
medial hypothalamic nuclei; FVN intact.

Fatiraa Lesions posterior to PVN involving dorsoraedial
hypothalamic nuclei and posterior hypothalamus;
PVN Intact.

*
denotes use of cerebral ventriculograms in

positioning lesion electrode
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Although the use of cerebral ventriculograms improved the

accuracy of lesion placement to some extent, the FVN were not damaged

by the lesions in the remaining 5 dogs. Table 24 describes the approx¬

imate positions of the lesions in each of the 7 dogs. It should be

noted that in one dog (Dopey), which was killed 63 days after the

operation, the lesion sites could not be determined. In all cases,

however, the SOW were spared and appeared normal.

Post-operative behaviour

The dogs appeared little affected by the operative procedures.

So cases of infection occurred and the animals remained In good

health. There was no evidence of increased irritability, and the

dogs continued to be friendly and easy to handle.

Pood and water intake were not specifically measured, but these

parameters did not appear to be markedly altered post-operatively.

Since, however, the dogs were fed only once daily and this meal was

generally quickly consumed, it was difficult to determine whether an

animal showed any change in appetite after the operation. One dog

(Grumpy), in vfeich the lesions were close to the ventromedial hypo¬

thalamic nuclei, appeared to eat more vigorously in the immediate

post-operative period, but this was simply a qualitative observation.

The effects of hypothalamic lesions on kidney function

Post-operative measurements of kidney function were made on

each dog 2-4 days after placement of the lesions and at approximately

weekly intervals thereafter. Since no consistent changes occurred in

arty of the measured parameters, the mean values for each function

were calculated from all the post-operative experiments, as described

. under "Materials and Methods".



TABLE25-

Theeffectsofa)destructionofthePVKandb)asham operation,ontheresponsetoOTS(1.0aU/kg) inconscious,hydrateddogs-Urineflow Orineflow(nl/min.)
SAPPY(PVHlesion)*

MILLIE(sham-operation)
**

Control

Post-op.

Control

Post-op.

Time(sins.)

Mean

S.D.

Mean

S.D.

Mean

S.D.

Mean

S.D.

40-45

3.80

0.43

3.70

0.83

2.77

0.52

3.17

1.26

f45-55

3.55

0.58

3.48

1.02

2.53

0.63

2.93

1.17

55-SO

3.90

0.73

3.67

0.95

1.90

0.82

2.94

1.34

60-70

3.85

0.81

3.71

I.01

2.13

0.76

3.02

1.21

70-80

3.71

0.76

3.43

1.13

2.27

0.55

2.85

1.34

80-85

3.40

0.73

3.15

0.94

1.83

0.69

2.44

1.42

*roaanvaluesfrom3controland6post-operativeexperiments
**meanvaluesfrom3controland7post-operativeexperiments tOTSgivenatapproximately47minutes



TABLE26.

Theeffectsofa)destructionofthePVNandb)asham operationontheresponsetoOTS(i.OaU/kg)
inconscious,hydrateddogs-Glomerularfiltrationrate GFR(ml/tain.)

HAPPY(PVNlesion)*

MILLIE(shamoperation)**

Control

Post-op.

Control

Post-op.

Time(rains.)

Mean

S.D.

Mean

S.D.

Mean

S.D.

Mean

SJ>.

40-45

40.1

6.3

42.7

7.0

34.9

5.3

36.1

7.4

1 45-55

42.3

6.7

44.9

7.3

38.7

4.7

37.2

8.2

55-60

42.4

7.9

43.8

8.8

39.4

6.5

39.7

8.0

60-70

41.8

6.1

42.7

7.9

39.0

7.3

38.3

6.7

70-80

39.2

6.6

40.3

5.6

35.7

5.7

36.2

7.5

80-85

40.5

7.2

41.6

6.4

36.0

5.9

35.9

6.0

*meanvaluesfrom3controland6post-operativeexperiments «Manvaluesfro.3controland7post-operativecaportnant.
1OTSgivenatapproximately47minutes
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It Is of Interest that destruction of the hypothalamic areas

(Including the FVN) outlined in Table 24, did not produce any marked

disturbance of renal function. However, the only results which will

be presented in detail derive from the dog with destruction of the

PVN, and from the sham-operated dog. In these animals, serial

measurements of kidney function were made over total post-operative

periods of 49 days and 71 days respectively.

Each parameter is presented separately, as in Section II.

Hrine flow

Table 25 shows the mean values and standard deviations derived

from control and post-operative experiments on both dogs.

Single injections of OTS had a small antidiuretic effect in all

control experiments, the response being slightly more pronounced in

Millie.

A similar pattern of urine excretion was seen after both the

sham operation and destruction of the FVN. Post-operatively, there

was increased variability in absolute values of urine flow, as shown

by the large standard deviations. Two days after the sham operation,

for example, unusually high urine flows (up to 4.5 al/min.) were

recorded, but this effect did not persist. There was no obvious

change in sensitivity to OTS at any time and thus the mean post¬

operative values differed little from the corresponding control values.

Increased urine flow was not seen after destruction of the PVN,

but it should be mentioned that the first post-operative measurements

In this dog were made 4 days after placement of lesions.

Glomerular filtration rate

Pre-operatively, there was a tendency for GFR to increase in

both dogs, after administration of OTS (Table 26), but the effect

was small.



TABLE27.

Theeffectsofa)destructionofthePVNandb)asham operationontheresponsetoOTS<1.0raU/kg)
inconscious,hydrateddogs-Renalplasmaflow RPF(ml/rain.)

HAPPY(PVNlesion)*

MILLIE(shamoperation)**

Control

Post-op.

Control

Post-op.

Time(mine.)

Mean

S.D.

Mean

S.D.

Mean

S.D.

Mean

S.D.

40-45

141

17

140

20

127

21

133

25

f45-55

144

21

142

22

130

20

135

26

55-60

145

20

144

20

132

16

139

26

60-70

140

18

143

17

124

16

132

22

70-80

142

19

140

18

125

19

130

23

80-85

140

17

138

19

123

16

127

21

*meanvaluesfrom3controland6post-operativeexperiments
** meanvaluesfrom3controland7post-operativeexperiments lOTSgivenatapproximately47minutes



TABLE28.

Theeffectsofa)destructionofthePVNandb)asham operationontheresponsetoOTS(1.0®U/kg) inconscious,hycrateddogs-Sodiumexcretion Haexcretion(U^axV)«pEq/min.
HAPPY(FVHlesion)*

MILLIE(shamoperation)**

Control

Post-op.

Control

Post-op.

Time(tains.)

Mean

S.D.

Mean

S.D.

Mean

S.D.

Mean

S.D.

40-45

9.9

5.0

11.0

5.4

12.8

4.6

17.8

7.6

Us-55

8.5

4.7

10.7

5.2

11.3

4.9

15.9

8.3

55-60

6.7

5.1

9.9

5.4

11.2

5.1

16.1

8.0

60-70

6.4

4.2

9.8

3.9

9.7

4.0

15.3

8.1

70-80

6.0

3.0

6.5

4.3

9.1

2.9

13.1

7.4

80-85

5.2

3.3

6.7

3.6

7.4

3.0

11.7

6.7

*meanvaluesfrom3controland6post-operativeexperiments
** meanvaluesfrom3controland7post-operativeexperiments TOTSgivenatapproximately47minutes



After the operative procedures, there was little change, either

in mean values during the 40-45 minute period, or in the response to

OTS. Elevated GFR values were recorded in Millie on the second day

after operation, but within 10 days, the values were closely similar

to the pre-operative mean values. No definite trend in GFR was seen

after destruction of the FVN.

Renal plasma flow

In Section II, a smell, but consistent increase In R?F was said

to follow injection of OTS. This effect was seen in both Millie and

Happy in control experiments (Table 27).

Post-operatiwely, there was no obvious difference in the

response to GTS, and although increased standard deviations were

recorded, the mean values were very similar to the corresponding

control values. Higher than normal blood flows were recorded 2 days

after the sham-operation, but subsequent measurements of RFF were

similar to the preoperative mean values.

Sodium excretion

The mean rates of Ka excretion and their associated standard

deviations are presented in Table 28.

In pro-operative experiments on both dogs, Na excretion declined

steadily with time. A similar pattern of excretion was described in

Section II, after injection of either saline solution or OTS.

After the aham operation or destruction of the PVN, there was

little change in the mean values of Na excretion, although in both

dogs, but particularly in Millie, there appeared to be increased loss

of Na in the immediate post-operative period. The increased Na

excretion was not associated with OTS administration.

Potassium excretion

The results for K excretion were similar to thoae for Na



TABUS29.

Theeffectsofa)destructionofthePVRandb)ashim operationontheresponsetoOTS(1.0mO/kg)
laconscious,hydrateddogs-Potassiumexcretion Kexcretion(UKxV)-pEq/rain.

HAPPY(PVRlesion)*

MILLIE(shamoperation)**

Control

Post-op.

Control

Post-op.

Time(mins.)

Mean

S.D.

Mean

S.D.

Mean

S.D.

Mean

S.D.

40-45

19.3

6.3

21.6

7.0

24.1

5.7

26.7

8.9

145-55

18.6

7.2

20.6

7.0

24.0

6.4

24.9

8.7

55-60

18.5

7.1

21.0

7.5

22.3

6.6

25.0

9.0

60-70

16.1

7.3

18.7

6.9

21.9

6.2

24.6

9.1

70-80

16.3

6.6

17.8

7.3

18.0

7.3

24.5

8.2

80-85

14.9

6.5

17.4

7.4

17.5

6.8

24.0

6.7

*meanvaluesfrom3controland6post-operativeexperiments
** meanvaluesfrom3controland7post-operativeexperiments TOTSgivenatapproximately47minutes



excretion, and are shown in Table 29.

Pre-operatively, the rate of K excretion decreased gradually

throughout the experiments. Similar results were obtained for both

dogs. This pattern of excretion, in the presence of injected OTS,

was described in Section II.

In the first few days after the operations, there was an appa¬

rent increase in K efflux in both animals, the change again being

more marked in Millie, but the mean values for the entire post-opera¬

tive period were closely similar to those calculated from the corres¬

ponding control experiments.

In the remaining 5 dogs, the results obtained post-operatively

were little different from those described above, with one exception.

Three days after placement of lesions in the dorsomedial hypothalanms,

very low GFR values were recorded in Joanna. Urine flow rates and

REP were also reduced in comparison with pre-operative mean values.

Injection of OTS had little effect in this experiment. Seven days

post-operatively, however, the values for all parameters were com¬

parable to the corresponding control values.

With this exception, the destruction of various hypothalamic

areas, including the PVN, was not associated with any gross func¬

tional disturbances in the kidney. There was a general tendency for

RPF to be increased in the immediate post-operative period, a change

which was sometimes associated with increased OPR., urine flow and

electrolyte excretion. This effect was not marked, however, and it

would appear to be non-specific since similar changes were seen in

the sham-operated animal.

Lastly, it should be mentioned that histological examination

of the kidneys from these animals revealed no obvious abnormalities.
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Thus the results described shove derive from healthy animals, whose

kidneys were morphologically and functionally normal.



Discussion

In so far as the aim of this investigation involved the destruc¬

tion of the FVN in dogs, these experiments were relatively unsuccess¬

ful, A number of reasons for the failute to destroy the FVN more

consistently may be usefully considered.

The first of these is inherent in the use of dogs for stereo¬

taxic work. As mentioned earlier, the variability in skull configura¬

tion in this species is such that, even in a single strain, the rela¬

tionship between skull landmarks and brain structures, on which the

stereotaxic method is based, is not very precise. One solution to

this problem would be to use a large number of dogs in order that an

adequate sample with FVN lesions might be obtained, allowing for a

low success rate in producing such lesions. la the present study,

only 8 beagles were available for lesion experiments.

The number of dogs used, however, must reflect the nature of

the post-operative observations. If, as in the present experiments,

such observations are made over a considerable number of weeks, much

time and effort may be expended on animals with lesions in areas other

than the PVN, since there is no certain means of determining the loca¬

tion of the lesion until the brain is examined histologically.

A second source of error in the lesion technique lies in the

accurate positioning of the head within the stereotaxic apparatus.

Considerable difficulty was encountered in these experiments in the

insertion of the ear pins into the auditory meatus. Thus slight

misalignment of the head may have contributed to the wide spread of

lesion sites in the early experiments. However, when the X-ray

equipment became available, it was possible to check the position of

the head within the apparatus by examining radiographs taken through

the base of the skull.
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The depth of the FVN below the surface of the brain may also be

an important contributory factor in the variability of lesion place¬

ment. If relatively fine lesion electrodes are used, as in the present

experiments, small deflections of the electrode from the vertical may

occur on insertion into the brain. Obviously, the greater the depth

to which the electrode is inserted, the more marked such deflections

will became. Again, the X-ray equipment proved useful in that certain

of these deviations were detected and could be corrected. However,

any lateral displacement of the electrode could not be checked, since

the X-ray tube could not be aligned to permit radiographs to be taken

in the rostro-caudal plane. This source of error might perhaps be

reduced by grinding the electrode tip to a sharp or rounded point.

One final point should be made regarding the lesions. In one

dog (Dopey), it was mentioned that the location of the lesions could

not be determined. MacIntyre, Bidder and Rowland (1959) have shown

that within 28 days of operation, lesions in the central nervous

system shrink to approximately 50% of their original diameter. In

the case of small lesions, these may be identifiable only by a small

region of gliosis, difficult tc differentiate from non-lesion tissues.

Since Dopey was killed 63 days after production of the lesions, it is

conceivable that shrinkage of the lesions progressed to such an extent

that Identification of their positions was not possible. An alterna¬

tive explanation might be a failure in the electrode insulation,

thereby preventing effective tissue coagulation at the electrode tip.

This explanation would seem to be unlikely, since the insulation of

each electrode was checked immediately before use.

In the present experiments, it was hoped that the Initial infu¬

sion of the brain with potassium ferro- and ferri-cyanide solutions

would assist in locating lesions by staining iron particles deposited



from the electrodes. While stained particles were frequently seen

in the periventricular area, however, no well-defined deposit* were

seen in association with the legions. This would suggest that move¬

ment of the iron particles within the hypothalamus may occur after

initial deposition from the electrode tips.

With regard to the effects of the lesions on renal function,

it is clear from the results presented that destruction of the PVH,

end of the other areas outlined in Table 24, did not result in any

marked functional abnormality. The effects of injected OTS, in dogs

hearing hypothalamic lesions, were similar to those described in

Section II, both qualitatively and quantitatively. The one change

seen post-operative ly with any regularity, and then only for a brief

period, was a tendency towards increased values of RPF, often asso¬

ciated with Increases in the other measured parameters. Since this

change was also seen after the sham operation, it would appear to

represent an effect of the operation per se. The associated trauma

may possibly have produced effects on the systemic circulation, with

consequent changes in the blood supply to the kidney in the immediate

post-operative period. The depressed values recorded in Joanna 3

days after placement of lesions in the dorsomedial hypothalamus

remain unexplained.

Only 2 other workers appear to have studied renal function after

destruction of the PVH. Keeler (1955, 1959) reported that the urinary

excretion of Ha increased markedly in the 24-hour period following

coagulation of these nuclei in rats, the maximum rate of excretion

occurring approximately 8 hours after the operation. Thereafter, Ha

excretion returned to normal levels. Since corresponding increases

in the creatinine clearance were obaerved, Keeler concluded that the



natriuresis was secondary to the increase in GEFR. However, consider¬

ing the magnitude of the reported natriuresis, it is difficult to

accept that K excretion was unchanged, since the increased delivery

of Ha ions to the K secretory region of the nephron would be expected

to result in increased urinary K excretion. The effect of the lesions

on Ha excretion was not affected by renal denervation, bilateral

adrenalectomy or depletion of extracellular fluid volume, but was

reduced, although not abolished, by hypophysectomy. Keeler suggested

that the changes might be partially explained by a release of OTS

following production of the lesions.

These experiments are difficult to interpret in terms of FVN

function since the observed natriuresis occurred only within a few

hours of the operation. Thereafter the animals showed normal urinary

excretion of Ha. Donovan (1966) has drawn attention to the fact that

the effects of electrolytic lesions may be excitatory in the early

post-operative phase, and that the results recorded in this period

may not be a direct consequence of the destruction of specific areas

of the brain. Thus Heeler's findings could be taken as evidence that

in the absence of the FVH, GPR, Na and K excretion are essentially

normal, the changes in the first 2 parameters being attributable to a

stimulatory effect of the lesion, possibly on the paraventriculo-

hypophysial tract. The absence of marked disturbances of renal func¬

tion several days after the operation (Keeler, 1955) agrees with the

present findings. Similar results were reported by Olivecrona (1957).

After destroying the FVH electrolyticaily, again in rats, he found

that the animals had normal serum sodium levels and were able to

excrete Ha and K normally, after loading with hypertonic HaCl solution.

It would appear, therefore, that destruction of tha FVH, and

hence the removal of the probable source of OTS (see earlier references),
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doe* net lead to any obvious abnormalities in renal function. The

present experiments also provide evidence that destruction of other

hypothalamic areas Is slnllsrly without effect on ^ kidney*
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General Discussion

It is currently accepted that the PVN and SON are responsible

for the elaboration of the neurohypophysial hormones. Evidence has

been presented which favours the view that, at least in certain

species, the PVN are predominantly concerned with OTS synthesis, and

the SON with the production of ADH (see General Introduction).

The results of the experiments on lactating rats, presented in

Section I, may be largely explained if the PVN lesions destroyed the

principal secretory region for OTS. The lack of effect of lesions in

the immediate vicinity of these nuclei would appear to emphasize

their importance in this respect. However, the fact that destruction

of the PVN did not cause complete blockage of the ME reflex Indicates

that a small amount of OTS was available from some other source.

This observation is compatible with the finding that appreciable

quantities of OTS may also be extracted from the SON. It is probable,

therefore, that both magnocellular nuclei contain two different cell

types capable of elaborating OTS and AM independently, as suggested

by Olivecrona (1957). The majority of the former cells would be

found in the PVN, according to current ideas. It is not known whether

the accessory nuclei lying between the PVN and SON can synthesize OTS.

Some of the problems associated with the use of the lesion

technique have been discussed. For example, it is difficult to limit

the effects of even small lesions to a circumscribed group of cells,

since disruption of capillaries and oedema formation may have actions

beyond the desired bounds. Secondly, the changes produced may fre¬

quently consist of transient reversible effects and sustained irre¬

versible actions. Thirdly, compensatory reactions may be produced by

the loss of a group of cells subserving a particular function. Exper¬

iments involving electrical stimulation of discrete areas of the brain
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are also difficult to interpret since the excitation of structures

remote from the tip of the stimulating electrode cannot be excluded.

A relatively recent approach, which circumvents these problems,

has been to record the electrical discharge from the cells of the SON

and PVN in response to a variety of stimuli. If the physiological

stimuli for release of OTS and ADM are, respectively, suckling or

coitus and increased blood osmotic pressure (see Cross, 1966), then

these stimuli might be expected to cause increased discharge in the

corresponding nuclei. Brooks, Ishikava, Koizumi and Lu (1966) have

shown that gentle suction of the nipples and distension of the uterus

in post-partum cats increased the unit discharge in the PVN and evoked

release of milk. Similarly, injections of hypertonic saline into the

carotid artery produced an increased firing rat© of the cells in the

SON (Cross and Green, 19S9; Brooks, Ushlyaran and Lang©, 1962; Suda,

Koizumi and Brooks, 1963; Koizumi, Iahiknwa and Brooks, 1964;

Ishikswa, Koizumi and Brooks, 1966). These responses provide further

evidence for believing that each of the two cell groups is mainly

responsible for the elaboration of one hormone. The situation is

complicated, however, by the fact that a large percentage of PVN

cells are also excited by osmotic stimuli (Brooks, Ishikava, Koizumi

and Lu, 1966). In explanation, it has been suggested that under the

conditions of these experiments, there may be a lack of confinement

of signals to specific pathways (Brooks, Koizumi and Zeballos, 1966).

Other recent observations, whose significance remains to be

determined, concern the role of the PVN in the control of raelanocyte-

stimulating hormone (MSH) release from the intermediate lobe of the

pituitary. Although the physiological role of this hormone in mammals

is obscure, evidence is accumulating that the central nervous system

is important in the regulation of its release. In the rat, the PVN
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have been shown to be rich In an agent which stimulates the release

of MSB from the pituitary (Taleisnik, Orias and de Olraos, 1966),

while extracts of the SON have an inhibitory effect (Taleisnik and

Toraatis, 1967 b). In accord with these findings, Taleisnik, de 0linos,

Orias and Tonatis (1967) found that PVN lesions resulted, after 15

days, in a marked decrease of pituitary MSB activity; the effects of

destruction of the SON have not yet been examined. It would appear,

therefore, that both nuclear groups may be concerned in the control

of MSB secretion and exert antagonistic actions. There is some indi¬

cation, however, that the MSH content of the disconnected pituitary

is regulated autonomously. Thus lesions in the median eminence pro¬

duced an initial abrupt decrease in this parameter within 24 hours,

but 15 days later, the gland MSH content vas almost normal (Taleisnik,

de Olmos, Orias and Toraatis, 1967).

It is not clear where these findings fit into current concepts

of OTS and ABB synthesis in the PVN and SON respectively. Neither

OTS nor ADH affect MSH release (Taleisnik and Orias, 1965; Taleisnik,

Orlas and de Olmos, 1966; Taleisnik and Toraatis, 1967 a), but suckling

stimuli in the rat induce a marked drop in pituitary HSH content

(Taleisnik and Orias, 1966). Again, Deis and Orias (1968) found that

the exteroreceptlve stimulus produced by a lactating rat and litter

while suckling caused a smaller, but significant decrease in this

parameter. These authors have suggested that since MSH is evidently

released by the same stimuli which induce release of OTS and prolactin,

MSH may play some part in lactation. Further observations on this

problem will certainly be of interest. At present, however, it seems

clear that the functions subserved by the PVN and SON are considerably

more complex than originally seemed the case.



With regard to the renal effects of the neurohypophysial hor¬

mones in hydrated dogs, the present study has confirmed that OTS has

a dilator action on the renal blood vessels (see Section II). While

recognizing that higher blood levels of OTS may he transiently

achieved after intravenous injection as opposed to infusion, the

small, but definite increases in blood flow seen after the injection

of I mO OTS/kg argue in favour of a physiological role for the hor¬

mone in kidney function.

Since more marked effects have been reported after larger doses

of OTS (e.g. Brooks and Pickford, 1958), the response of the renal

blood vessels to OTS is probably dose-dependent. It may also be

related to the degree of hydration achieved in experiments of this

nature. Sellwood and Veraey (1955) observed in water-loaded dogs,

that RPF and GFR increased in the early part of the experiment and

reached a maximum level before the peak of diuresis. They attributed

these changes to a preglomerular vascular relaxation arising from

events intrinsic to the kidney. Fickford (1966a), however, has

suggested that the preglcaaerular blood vessels may be highly sensi¬

tive to the withdrawal of ADH.

The latter explanation implies that in non-hydrated animals,

the renal blood vessels are constricted to a degree dependent on the

amount of endogenous AM in the blood. When the release of ADH is

suppressed by water loading, these blood vessels would be expected

to dilate, giving rise to the increased RPF observed by Sellwood and

Verney. Under such circumstances, the efficacy of a substance with

a dilator action on the renal vasculature might depend on the further

capacity of these vessels to dilate. This hypothesis could explain

why OTS administration produced increases in RPF both in the present

experiments and in those of Brooks and Pickford, with water loads of
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1.87. - 2.5% body weight, whereas Chan and Sawyer were unable to dem¬

onstrate this effect after hydrating doses of 4.0% - 5.0% body weight*

It was suggested earlier (see Discussion in Section II) that,

in the present study at least, the peripheral effects of OTS on elec¬

trolyte excretion could be explained largely on the basis of changes

in filtered load. If this postulate is correct and if the dilator

action of OTS is most obvious against a background of circulating ADH,

then the marked increase in salt excretion seen after OTS in non-

hydrated dogs (Brooks and Pickford, 1958; Chan and Sawyer, 1961) may

perhaps be due to greater changes in RPF and GFR than would be seen

with the same dose in water-loaded animals. The varying effects of

OTS on Ha and CI excretion in the different phases of diabetes

insipidus (Brooks and Pickford, 1958) could again be secondary to the

action of OTS on the renal blood vessels, in the presence or absence

of ADH.

The present experiments have demonstrated a marked, but brief

constriction of the renal blood vessels in response to ADH. The sub¬

sequent increase in RPF may be a direct effect of the hormone, or may

be due simply to the redistribution of blood from areas where the con¬

strictor effect of ABH Is less marked. While these effects may be

partially determined by the fact that the hormone was given as a

single injection, the transient nature of the vasoconstrictor response

means that the effect will be missed if the clearance periods imme¬

diately following ADH injection are longer than 5 or 10 minutes*

This could explain why changes in RPF have not been reported more

consistently after injections of ADH (see references in Section II).

Since the pattern of electrolyte excretion after ADH in the

experiments reported was similar to changes in filtered load, it was

suggested that the latter parameter could account in large measure
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for the effects on electrolyte excretion. This hypothesis does not

exclude the possibility that the hormone may influence the active

and/or passive movements of electrolytes by direct effects on the

tubules. However, on the basis of these observations, it would appear

that changes in blood flow and GFR should be given greater considera¬

tion in the Interpretation of alterations in electrolyte excretion

after injection of ADH.

There is one final point which should be mentioned in discuss¬

ing these experiments. It is known that water-loading suppresses the

release of endogenous ASH by decreasing the osmotic pressure of blood.

The hydrated dog is therefore a good experimental preparation for

examining the effects of injected ABU, and has in fact been used for

ADH assays (see van Dyke et al, 1955). It has also been shown that

administration of water by stomach tube inhibits the ME response in

lactatlng rats (Ghaudhury, 1961). Since the Injection of OTS over¬

came this block, Chaudhury deduced Chat the release of OTS had been

suppressed. He suggested that the effect was produced indirectly by

impulses arising from the gastro-intestinal tract. Although Cross

(1951) and Pickford (1960) did not observe this inhibition, it is

possible that the time interval between hydration and the suckling

stimulus may be of importance (Chaudhury, 1961).

If OTS release is indeed impaired by water-loading, It could be

argued that a hydrated animal would be a useful preparation in *diich

to demonstrate the renal effects of OTS, with minimal interference

from the endogenous hormone. In the present study, the antidiuretic

action of OTS was clearly demonstrable under these conditions. If,

however, the effects of the hormone on electrolyte excretion are

related to renal vascular changes (see above), then this preparation

would not seem ideal for reasons discussed earlier. Nevertheless,
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Che results of this Investigation are not inconsistent with the hy¬

pothesis advanced by Pick ford (1966a), that OTS and ADH are together

concerned in balancing the tone of at least some of the renal blood

vessels.

With regard to the lesion experiments in dogs, the technical

difficulties involved in locating and destroying the PVN presented

the main problem, and these difficulties were not wholly overcome

(see Discussion in Section III). The use of cerebral ventriculograms

reduced the error involved in directing the lesion electrode to the

desired area, but did not eliminate it. A further refinement in

technique might make use of the changes in firing rate of the neurones

of the PVN in response to certain stimuli. The work of Brooks,

Ishikawa, Koizumi mid hi (1966) has indicated that cells in or adja¬

cent to the PVN show Increased activity when gentle suction is applied

to the nipples. Having determined the approximate location of the PVN

from cerebral ventriculograms, it might be possible to Insert a micro-

electrode to a point Where an increased firing rate is recorded during

auction of the nipples. The lesion electrode could then be inserted

to the aarae coordinates and a series of small lesions made in the

vertical plane. Such a method, however, might be suitable only in

lactating animals.

It is of interest that the various hypothalamic lesions des¬

cribed in Section III produced little effect on renal function or on

the response of the kidnay to OTS. The absence of marked changes

following PVN destruction in the one successful dog might seem surpri¬

sing, in view of the observations of Pcrnunbrun et al (1954) that an

apparent lack of OTS in neurohypophysectamized dogs was associated

with striking reductions of RPF and GFR. Since, however, very large
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doses of OTS <2.0 - 7.5 0 subcutaneously to 10-15 kg dogs) were re¬

quired to restore these parameters to their pre-operative levels, it

is possible that the depressed functions were not due solely to a

deficiency of OK.

There is on® Interesting clinical report of changes in kidney

function in circumstances which suggested deficient secretion of OTS.

Sarin, Loach and Nicholson (1962) found that thrice dally Intramuscu¬

lar injections of OTS (100 o0 or more) restored to normal the depres¬

sed GFR and RPF seen in a patient, following a head injury. The hor¬

mone treatment also corrected the reversed diurnal excretion of water,

Ma, K and CI. Since ABE release appeared to be normal, the authors

suggested that the injury interrupted a nervous pathway linking OTS

release with regulation of renal vascular tone, particularly in rela¬

tion to posture.

In the present experiments, the negative results of PVN destruc¬

tion may indicate that post-operatively, QTS was still available from

a supplementary source, such as the SON, in amounts adequate to main¬

tain renal function within normal limits. They way also be related

to the fact that the dog is unusual in that hypothalamic extracts

possess relatively little oxytocic activity (see Introduction to

Section III). It is possible that in this species, the FVN do not

contain a high percentage of OTS-synthesizing cells, although it has

been suggested that synthesis along the length of PVN neurones may

explain this anomalous finding. It would certainly be unrealistic

to conclude that the results obtained from one animal invalidate the

hypothesis that OTS plays some part in the regulation of renal

function.
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