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I 1ETR0DUCT10F

It has long been suspected that the endocrine

system might influence both the function and the structure

of the gastric mucosa and various aspects of this relation¬

ship have been studied in the last two decades. It has

been established for example that gastric secretion is

markedly reduced under the conditions of adrenal or pituitary

insufficiency! moreover, the gastric mucosa may show a

number of cytological abnormalities, and there may be a

reduction in the actual amount of the secretory tissue of

the stomach under these conditions. The latter obser¬

vations strongly suggest that the pituitary gland and the

adrenal cortex are in some way responsible for maintaining

the growth and development of the gastric mucosa (Haeger

et al., 1953) an<* the present investigation was undertaken

in order to amplify existing knowledge on this topic. The

problem has been examined by observing the effects of hypo-

physectomy, bilateral adrenalectomy and the administration

of exogenous hormones on the volume (mass) of the gastric

mucosa, and on the parietal cell population of the stomach

in the rat. Before discussing the present investigation

in detail, however, it is proposed to consider the evidence

that the anterior pituitary and the adrenal cortex are

capable of influencing both the function and the structure

of the gastric mucosa; the following account of the

relationship between these two endocrine organs and the

stomach is based on a previous review of the general

- 1 -
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relationship between the endocrine system and the stomach

by the author (Crean, 1963)«

H RuYIhV, OF THE LITERATURE

It is proposed to review the relevant information

in the literature according to the following headings.

(i) The Influence Exerted by the Interior Pituitary Gland

on the Stomach.

(a) The Effects of Pituitary Insufficiency on Gastric

Secretion.

(b) The Effects of Pituitary Insufficiency on the Structure

of the Gastric Mucosa.

(c) The Hormonal Mechanisms by Which the Pituitary

Influences the Stomach.

(d) Summary.

(ii) The Influence Exerted by the Adrenal Cortex on the

Stomach.

(a) The Effects of Adrenal Insufficiency on the Function

and the Structure of the Gastric Mucosa.

(b) The Effects of the Adrenocortical Hormones on Gastric

Secretion.

(c) Summary.
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(i) The Influence Exerted by the Anterior Pituitary Gland
on the Stomach

(a) The effects of Pituitary Insufficiency on
Gastric Secretion

It is well established that gastric secretion is

reduced under the conditions of spontaneous pituitary

insufficiency in man and following surgical hypophysectomy

in various laboratory species such as the dog, the cat and

the rat (Spence and Witts, 1939? idscarailla and Lisser,

1957? Smith et al., 1^61; Cutting et al., 1937? Jacobson

et al., 1964? Baker and Abrams, 1955» Kyle and Welbourn,

1956 and see Crean, 1965). The effect of hypophysectomy

on gastric secretion is of considerable magnitude, and it

develops rapidly after the pituitary had been removed. In

the rat, for example, the volume of secretion is reduced

by about 50/o on the third day after hypophysectomy and the

secretion of pepsin is reduced by almost 9Q?o on the seventh

day. In the dog the rate of secretion, and the output of

acid and pepsin are markedly reduced within six weeks of

the operation, and at ten weeks the secretion of pepsin is

virtually abolished. In both species, gastric secretion

tends to fall progressively with time after hypophysectomy,

and it may be presumed that a similar effect obtains under

the conditions of spontaneous pituitary insufficiency in

humans also, because gastric secretion may be completely

„ absent in patients in whom this condition is of long

standing (Abrams and Baker, 1955? Jacobson et al., 19^4;

Card and Sircus, 1958i Smith et al., 1961).
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It is virtually certain that the influence of the

pituitary on gastric secretion is mediated by the anterior

lobe of the gland and there are no good reasons to suppose

that the posterior lobe hormones are involved. Thus,

although the volume of gastric secretion is considerably

reduced in dogs after transection of the pituitary stalk,

this effect can be wholly attributed to the dehydration

produced by polyuria and it can be prevented either by

adequate fluid replacement or by the administration of

Pitressin (Gross et al.t 1942} Johnson et al., 1955)-

Moreover, the effects of hypophysectomy on gastric secretion

are almost completely reversed by replacement treatment with

cortisone or growth hormone in the dog, and by ACTH, growth

hormone or cortisone in the rat (Jacobson et al., 1964}

Kyle and Welbourn, 1956).

(bj The Effects of Pituitary Insufficiency on the
Structure of the Gastric Mucosa.

It seem likely that the reduced gastric secretion

found under the conditions of pituitary insufficiency is

largely due to alterations in the structure of the gastric

mucosa with diminution in the actual amount of the secretory

tissue. It is known for example that hypophysectomy causes

a marked reduction in the weight of the whole intestinal

tract in the pigeon, and a reduction in the weight of the

gastric, and intestinal, mucosa in the cat, and in the rat

(Schooley et al., 1941? Haeger et al., 1955? friedman,

1955). Moreover gastroscopic and histological observations



have confirmed that atrophy of the gastric mucosa may occur

under the conditions of pituitary insufficiency in man

(Spence and Witts, 19395 Smith et al., 1961; Laumonier

et al., 1963). It has also been claimed that the parietal

cell population was reduced by 50?S after hypophysectomy in

the rat, but it should be emphasised that no data were

given to support this claim and no indication was given as

to how this conclusion had been rea,ched (Friedman, 1953)*

Apart from reducing the mass of the secretory mucosa,

hypophysectomy may cause the development of striking cyto-

logical changes in the specialised secretory cells of the

stomach; these effects of hypophysectoniy have been studied

in detail in the rat by Baker and his colleagues, and the

following account is based entirely on the publications of

this group in the last decade. The zymogenic cells of the

mucosa are principally affected, and shortly after hypophy¬

sectomy they show marked involutional changes which are

characterised by smaller nuclei, fewer mitochondria, and

loss of pepsinogen granules; the parietal cells show similar

but less severe involutional changes, and they are reduced

by about 20% in size. These cytological changes are accom¬

panied by histochemical evidence of a generalised reduction

in oxidative enzymatic processes in both cell types, and by

evidence of a reduction in the ribonucleic acid content of

the zymogenic cells (Baker, 1955» 1957» 1958; Baker and

Abrams, 1954; Abrams and Baker, 1954; Baker and Clarke,

1961; Baker and Pliske, 1957; Baker e t al., 1956).
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Similar involutional changes have been described in the

zymogenic cells of the gastric mucosa in patients with

panhypopituitarism (Laumonier et al.t 196?) although they

were not observed after hypophysectomy in dogs (Jacobson

et al., 1964).

(c) The Hormonal kiechanisms by Which the Pituitary
Influences the Stomach.

Although it seems likely that only the hormones of

the anterior lobe are involved, little is known concerning

the hormonal mechanisms by which the pituitary influences

the stomach.

According to the evidence discussed in the previous

sections, three major changes occur in the stomach under

the conditions of pituitary insufficiency; gastric

secretion is markedly reduced, the secretory cells show

marked involutional changes, and since the actual amount

of the secretory tissue is reduced it may be implied that

the growth of the gastric mucosa is in some way disturbed.

It does not follow that these effects axe necessarily due

to the same hormonal deficit, and there is some evidence to

suggest that they are not. If so, the pituitary may

influence the stomach in different ways and by different

hormones.

It might be expected that examination of the effects

of different forms of hormone replacement treatments in

correcting the various gastric abnormalities caused by

pituitary insufficiency might provide some information on



this problem. However, although a number of investigations

of this hind have been carried out, there is no general

agreement in the results obtained by different authors.

For example, although gastric secretion is maintained at

normal levels in rats treated with ACTH, growth hormone, or

cortisone from the time of operation, treatment under

similar conditions with growth hormone, cortisone, or

thyroxine may not completely prevent the development of

cytological changes in the gastric mucosa (Kyle and Welbourn

1956} Baker and Abrame, 1955). Moreover, although

replacement treatment with a combination of growth hormone,

corticosterone, and thyroxine begun 16 days after hypophy-

sectomy in the rat may restore the zymogenic cells of the

pancreatic and parotid glands to normal, this form of treat¬

ment does not correct the cytological changes found in the

zymogenic cells of the stomach (Baker, 1958). In the case

of spontaneous pituitary insufficiency in humans Smith et al

(1961) found that long continued treatment with cortisone

and thyroid extract failed to restore either the function or

the structure of the gastric mucosa, although in dogs,

gastric secretion is promptly restored to normal levels

after hypophysectoray by cortisone or growth hormone.

(Jacobson, 1964). The restoration of the growth of various

organs after hypophysectomy has been studied in considerable

detail by Betes et al., (1962) in the pigeon. As might he

expected, the integrated action of several hormones was

required in order to achieve full restoration of the growth



of the intestinal tract; it was found that growth hormone

and prolactin were the most important hormones in this

respect, but that to achieve complete restoration in the

growth of the intestine, it was necessary to add thyroid

and adrenocortical hormones also.

Another method of investigating the hormonal

mechanisms by which the pituitary influences the stomach,

is to examine the effects of removing the secondary endocrine

organs both singly and in various combinations, on the

function and the structure of the gastric mucosa. However,

the results obtained from this experimental approach are

difficult to interpret, because with the exception of the

adrenal cortex, the ablation of the secondary endocrine

organs affects the function rather than the structure of

the gastric mucosa. The effects of thyroidectomy, gonad-

ectomy and adrenalectomy alone, and the effects of removing

all three organs in the same animal may be summarised as

follows!-

Thyroideetony! Gastric secretion is reduced after thyroid¬

ectomy in the rat, but there are no cytological changes in

the secretory cells, and the growth of the mucosa is not

affected (Abrams and Baker, 1954? Sun et al., 1954?

ten Thije, personal communication, 1963).

Adrenalectomy! As discussed in the next section gastric

secretion i3 reduced, and there is a marked involution in

the zymogenic cells of the gastric mucosa after adrenalectomy.



However, the parietal cells show no cytological abnormalities,

and there is no change in the total number of parietal cells

in the stomach (Baker and Bridgeman, 1954» Bralow et al.,

1964)• The effects of adrenal insufficiency on the

growth of the gastric mucosa may vary between different

species; thus in man, and in the cat there is a marked

reduction in the amount of the mucosa, although it seems

unlikely that any such effect obtains in the rat.

Ovariectomy: Gastric secretion is markedly increased after

ovariectomy in cats, and perhaps slightly increased in

rats, but there are no cytological changes in the mucosa

following' this procedure (Ojha and rVood, 1950; Abrams and

Baker, 1954)•

Combined Thyroidectomy, Gonadectomy and Adrenalectomy;

According to Abrams and Baker (1954) the effects of the

combined procedures on gastric secretion and on the cyto¬

logical structure of the zymogenic cells are indistinguishable

from the changes induced by hypophysectomy alone, but there

is no information available concerning the effects of the

combined procedures on the growth of the gastric mucosa as

a whole.

The differences in the results obtained in the

replacement experiments by various investigators, and the

results obtained from the two experimental approaches

discussed, may be reconciled by the adoption of the working

hypothesis that the pituitary influences the metabolic

activity and the growth of the gastric mucosa by different
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hormonal mechanisms; on the evidence discussed, it seems

reasonable to suggest that the pituitary influences the

growth of the gastric mucosa directly, possibly perhaps

by growth hormone, whereas the effect on the metabolic

activity of the mucosa and the structural integrity of the

secretory cells may be mediated mainly by ACTH and the

adrenal cortex.

(d) Summary

According to the evidence reviewed in the previous

sections it would appear that hypophysectomy exerts three

main effects on the stomach; gastric secretion is reduced,

the secretory cells show marked involutional changes and

there is a reduction in the amount of the gastric mucosa.

It seems reasonable to imply from the latter effect that

the growth of the gastric mucosa is in some way disturbed

after hypophysectomy (Haeger et al., 1953)•

It was considered that a detailed investigation of

the quantitative changes which occur in the gastric mucosa

after hypophysectomy would amplify existing knowledge on

the mechanisms by which the pituitary influences the

stomach. It was with this purpose in mind that the effects

of hypophysectomy on the volume (mass) of the gastric

mucosa, and on the parietal cell population of the stomach

have been examined in a number of experiments in the course

of the present investigation.
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(ii) The Influence of the Adrenal Cortex on the Stomach

For the present purposes, the influence exerted by

the adrenal cortex may be considered under the following

headings:

(a) The Effects of Adrenal Insufficiency on the Function

and the Structure of the Gastric Mucosa.

(b) The .Effects of the Adrenocortical Hormones on Gastric

Secretion.

(c) Summary

(a) The affects of Adrenal Insufficiency on the
Function and the Structure of the Gastric Mucosa

There is no doubt that the adrenocortical hormones

are necessary for maintaining the normal secretory function

of the stomach, because gastric secretion is markedly

reduced after bilateral adrenalectomy in laboratory species

such as the dog, the rat, and the cat, and it is depressed

below normal values in patients with Addison's disease

(Tuerkischer and Wertheimer, 1945; Welbourn and Code,

1955? Kyle and Welbourn, 1956; De Corral-Saleta, I960;

Siegel et al., 1956; Smith et al.t 1961, and see Crean,

1963). It seems unlikely that these effects are due to

deficiency of adrenal medullary secretions because excision

of the adrenal medulla does not affect gastric secretion in

rats, and in human subjects, and in dogs gastric

secretion may be restored towards normal levels when

adrenocortical insufficiency is corrected by replacement

treatment with cortisone or adrenocortical extracts (Engel,

1955; Stempien and Dagradi, 1954; Welbourn and Code,

1955; Tuerkischer and Wertheimer, 1945? Siegal et al.,
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1956). Moreover, gastric acid secretion was reduced in

dogs when adrenocortical function was inhibited at a

biochemical level by Metapirone, although, curiously,

pepsin secretion was unaffected. The effect on secretion

was obtained only on prolonged administration of the compound

and it could be prevented by the simultaneous administration

of cortisone (Mcintosh et al., I960, 1965).

Although marked cytological changes occur in the

gastric mucosa after adrenalectomy, it seems unlikely

that these effects can wholly account for the alterations

observed in gastric secretion. Thus, while "the zymo¬

genic cells show marked involutional change after bilateral

adrenalectomy in the rat, the parietal cells are quite

normal in appearance, (Baker and Bridgeman, 1954) and,

according to Bralow et al., (1964) adrenalectomy exerts no

effect on the total number of the parietal cells in the

stomach in this species. On the other hand, extensive

gastric atrophy may occur in patients with established

Addison's disease, suggesting that the reduced gastric

secretion found in human adrenal insufficiency may be due

to a structural alteration in the gastric mucosa, with an

actual reduction in the amount of the secretory tissue.

However, this effect may be due to immunological mechanisms

rather than to hormonal deficiency, because Irvine (1965)

found serum antibodies which were active against extracts

of normal gastric mucosa in a high proportion of patients

with adrenal insufficiency of idiopathic origin. No such

antibodies were found in patients with adrenal insufficiency
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due to tuberculous destruction of the adrenal glands, and,

although mucosal atrophy was found in both groups it was

generally more severe in the patients in the idiopathic

group, in whom the degree of mucosal destruction was roughly

proportional to the titre of antibody in the serum (Irvine,

1963). Whatever the cause of the mucosal atrophy found in

human adrenal insufficiency, when it occurs it is for

practical purposes irreversible, because Smith et al.,

(1961) found that gross atrophic changes were still present

in many of their patients despite long continued treatment

with cortisone or deoxycorticosterone acetate or both.

Direct evidence that the adrenocortical hormones are

required to maintain the normal growth of the gastric

mucosa, was obtained by Haeger et al., in their experiments

in the cat (1953)* These authors found that the weight

of the gastric mucosa was considerably reduced after bi¬

lateral adrenalectomy in this species and, although, tissue

dehydration was at least partly responsible for the effect,

this factor alone could not account for all the changes

observed.

(b) The Effects of the Adrenocortical Hormones on
Gastric Secretion

Most investigators have found that the prolonged

administration of pharmacological amounts of ACTH or

corticosteroids has increased gastric acid secretion in man

and in experimental animals with otherwise normal endocrine

function (Spiro et al., 1950} Gray et al., 1951} Crean,

1961} Zuhiran et al., 1952, a,b; Plainos and Phillipu,
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1958; Plainos et al.t 1962; Clarke et al., I960). This

effect has been obtained under a variety of experimental

conditions, and it is of considerable magnitude (Plainos

and Phillipu, 1958; Plainos et al., 1962; Clarke et al.,

I960 and see Crean, 1965). Although the mechanisms by

which the corticosteroids influence gastric secretion are

unknown it would appear that relatively non specific processes

are involved, since the glucocorticoids and aldosterone are

as effective as ACTII (Clarke et al., i960). Moreover,

the effect appears to be of a rather general nature because

the two distinct processes of acid and pepsin secretion are

affected and there is evidence that pancreatic secretion,

and possibly salivary secretion are stimulated also

(Sircus, 19615 Hampson, personal communication, 1962).

These findings suggest that at least under pharmacological

conditions, the corticosteroids may exert a non specific

effect in increasing the metabolic activity of the

specialised secretory cells throughout the gastro¬

intestinal tract (Sircus, 1961).

An alternative explanation for the effect of the

corticosteroids in increasing gastric secretion is that

it is due to an increase in the actual number of parietal

cells in the stomach (Reid et al., 1961). Thus it was

claimed that cortisone caused an increase of about in

the total parietal cell population of normal dogs if given

under the critical dosage conditions of 9 mg/kg. for three

days; smaller doses of cortisone were ineffective, and



- 15 -

large doses tended to reduce the parietal cell population.

The claim is not well founded however, because, as the

authors point out the significance of their data concerning

the effect of cortisone on the total parietal cell popula¬

tion depends entirely on whether or not the results ob¬

tained in one animal are included in the calculations.

According to whether or not this is done, the data either

show no difference, or a rather slight difference (P < 0.05)

between the parietal cell populations in the control group

and the treatment group with the greatest apparent change.

(c) Summary

Acoording to the evidence reviewed in this section

it may be concluded that the adrenocortical hormones are

necessary in order to maintain the normal secretory function

of the stomach, and the cytological structure of the

zymogenic cells. On the other hand they exert little or

no influence on the cytological structure or the actual

number of the parietal cells; it seems reasonable to

imply therefore that the undoubted influence of the

adrenal cortex on the process of gastric acid secretion, must

be exerted at a metabolic level. The influence exerted

by the adrenal cortex in maintaining the actual growth of

the gastric mucosa may vary between different species.

It is possible that the adrenocortical hormones play an

important role in this respect in man and in the cat; on

the other hand, according to the data of Bralow et_al.,
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(1964) it seems unlikely that they exert any direct effects

on the growth or development of the gastric mucosa in the

rat, other than their effects on the zymogenic cells.

At the time the present study was begun, it

seemed that an investigation of the effects of bilateral

adrenalectomy on the volume (mass) of the gastric mucosa,

and on the parietal cell population, would help to clarify

some of the problems raised in considering the relation¬

ship between the adrenal cortex and the stomach, and two

experiments were carried out with this purpose in mind.

For the same reason, the effect of administering exogenous

adrenocortical hormones on the gastric mucosa has also

been examined in the course of the present study.

Finally, it should perhaps be pointed out that the evidence

obtained by Bralow et al., (1964) that the parietal cell

population was unaffected by bilateral adrenalectomy in the

rat, was not available at the time the present investi¬

gation was begun.



FIGURE 1

The gross anatomy of the stomach in the rat) from Baksr and

Bridgeman, (1954)*

"Anatomy of the stomach of the rat,
from Baker and Bridgeman 1954. "
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CHAPTER II

METHODS

1 INTRODUCTION

Since the rat has been used as the experimental

animal throughout the present investigation, it is proposed

to give a brief outline of the anatomy of the stomach in

this species, before describing the actual histological

methods used in studying the gastric mucosa.

2 THE ANATOMY AND THE HISTOLOGICAL APPEARANCES OF THE
STOMACH OF THE RAT.

The following brief account of the gross anatomy

and the histological appearances of the stomach of the rat

corresponds in all essential details with the descriptions

given by Berg (1942), Stevens and LeBlond (1955) and Baker

and Bridgeman (1954)*

The stomach of the rat may be divided into three

parts (see Figures 1 and 2) which are readily distinguished

from one another on naked eye examination, especially when

the organ is opened and placed flat. These three parts,

and their characteristics are as followst

(i) The Forestomach or Rumen. This part is lined by

simple stratified squamous epithelium which is continuous

with, and histologically similar to the mucosa of the

oesophagus. The rumen is joined to the body or fundus of

the stomach along a ridge - the "transverse ridge" - which



FIGURE 2

DIAGRAM TO SHOW THE SITES FROM WHICH THE

REPRESENTATIVE STRIPS WERE TAKEN.

RUMEN OESOPHAGUS

TRANSITIONAL AREAS
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can be seen with the naked eye; histologically this ridge

consists mainly of a thickening of the squamous epithelium,

(ii) The Body or Fundus of the Stomach. This part contains

the main mass of the secretory tissue of the stomach. The

mucosa consists of a series of regularly disposed, typical

gastric glands (see Figure 3)» each gland containing mucus

secreting cells in its upper third, parietal cells in its

upper and middle thirds and pepsin secreting cells in its

lower third. Cardiac glands are found in a narrow band

about 1-2 ram. wide along the entire length of the junction

between the body of the stomach and the transverse ridge;

the transition between the cardiac glands and the true

fundic glands of the body of the stomach occurs over an

area about 1-2 mm. wide in which the histological features

of both types of gland are seen. At the caudal end of the

stomach, the fundic glands are separated from the pyloric

type glands of the antrum by another transitional zone; in

this area, about 1-3 mm. wide, there is a progressive

diminution in the parietal cell content of the glands

between the typical glands of the fundus in which there are

numerous parietal cells, and the typical pyloric glands of

the antrum which contain no parietal cells. It should be

emphasised that the histological observations which form

the basis of the present investigation were confined to the

true fundic mucosa; both transitional zones, and the cardiac

and antral mucosa were all excluded from consideration



FIGURE 3

Photomicrograph (x90) of the gaotric nucooa In tho rat

atained by tha nothod of Ilarka and Drycdalo (1957)*

Pariotal oollo Yellow

Zymogenic oollo Bluo

IIucouo oocroticg oollo Pink
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because of the absence or irregular distribution of

parietal cells in these areas. Throughout the thesis, the

mucosa of the body of the stomach will be designated as the

"acid-secreting mucosa".

(iii) The Antrum. In the rat, the antrum can be readily

distinguished from the body of the stomach on naked eye

examination, especially in the flattened position. The

gross junction between the two parts is quite abrupt, and

indeed after the organ has been fixed in the flattened

position the antrum can be separated accurately from the

body by cutting along the visible junction with fine

scissors. The mucosa of the antrum consists of pyloric

type glands in which no typical parietal or zymogenic cells

are seen. As described above, the histological transition

between the antral and fundic mucosa occurs over an area

about 1-2 mm. wide.

TIT METHODS

The method used to estimate the number of parietal

cells in the stomach and the volume of the gastric mucosa

was based on the original technique described by Cox and

Barnes (1945) as modified by Card and Marks (i960). Sub¬

stantially the same method has been used by other workers

to estimate the parietal cell population and the volume of

the mucosa in the whole, or resected human stomach of the

dog, the guinea pig and the rat (Cox and Barnes, 1945} Cox,

1952} Marks, 1957; Card and Marks, 1960} Reid et al.t

1961} Bralow and Komarov, 1962). It will be convenient
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to describe the method, as it was adapted for the present

investigation under the following headingsi

1. Preparation and weighing of the stomach.

2. Method of obtaining sample strips from the "acid-

secreting mucosa".

5. Measurement of the area of the "acid-secreting mucosa".

4. Preparation and staining of tissue sections.

5. Histological observations.

6. Calculation of the parietal cell population.

7. Possible sources of error.

8. Discussion and summary.

1. Preparation of the Stomach

The method used in the present experiments was as

follows. The rat was killed by exposure to chloroform.

The stomach was removed as quickly as possible after death

by transection from the oesophagus and duodenum and cleaned

of its mesentery, vascular supply and fat; it was then

opened along the greater curvature, and washed by gentle

agitation in 0.9$ saline. The stomach was next pinned,

serosal surface downwards on a sheet of unexposed X-ray

film fixed to a base of beeswax in a shallow trough contain¬

ing 1$ formol saline. The organ was stretched gently

over the X-ray film in such a way that all mucosal folds

were eliminated, and maintained in the stretched position

by pinning the cut margins to the X-ray film and the under¬

lying base of beeswax. After the stomach had been

satisfactorily secured in the flattened position, pins were
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placed at frequent intervals along the perimeters of the

"acid-secreting mucosa" and the antrum in such a way that

each pin made a hole in the underlying X-ray film; in

this way, the area occupied by these two parts of the

stomach were permanently outlined on the X-ray film by a

series of pinholes. The preparation was then fixed by

immersion in 10fo formol-saline for 48 hours.

After fixation the stomach was removed from the

X-ray film, dried carefully by swabbing and weighed. In

some experiments the rumen and the antrum were cut off

from the "acid-secreting mucosa", and the three parts of

the stomach were weighed separately.

2. Method of Obtaining Representative Strips from the
"Acid-secreting Mucosa".

After being weighed the stomach was replaced exactly

in its original position on the X-ray film and secured by

pins. Six strips of the full thickness of the stomach

wall were then excised from the area of the "acid-secreting

mucosa" as illustrated diagrammatically in Figure 2. The

strips were cut roughly at right angles to the margin of

the antrum, and they were taken from the same relative

sites in each stomach - three from the anterior wall, and

three from the posterior wall. Each strip extended through¬

out the entire length of the "acid-secreting mucosa" and

included a portion of antrum and a portion of the squamous

part of the stomach at either end. The strips were then

trimmed to a suitable size for histological processing, and
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their lengths measured with a caliper; the strips now

ready for histological preparation were placed in individual

labelled containers of IQffo formol saline. Before being

sent to the histological laboratory, however, the containers

were all relabelled by a disinterested third party,

according to a previously prepared list of random numbers

culled from a set of statistical tables. This step was

taken to ensure that no strip could be identified by the

author when it was being examined microscopically for the

first time; tissue sections were issued for microscopic

examination in blocks of 20-100 sections at a time and the

identity of individual sections was not divulged until the

third psxty was assured that all the crude data for each

block had been accumulated.

Measurement of Area

The area of the "acid-secreting mucosa" was

determined from its outline on the X-ray film. Unexposed

X-ray film was useful in providing an outline of the stomach

because the part of the film exposed to light darkened in

colour, whereas the part covered by the stomach remained

light green (Card and Marks, I960); moreover, the outline

of the area occupied by the antrum could be distinguished

sharply from that of the "acid-secreting mucosa", because

the difference in the thickness of the two parts produced

different colour effects on the film. This effect was

enhanced by exposure of the entire preparation to strong
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artificial light during the period of fixation. The holes

produced in the X-ray film, by the pins placed along the

perimeters of the antrum and the "acid-secreting mucosa"

served as an additional means of identifying their respective

outlines; the outlines of the two parts were then marked

on the film with ink, so that a permanent "map" of the

preparation was available. The area occupied by the "acid-

secreting mucosa" was subsequently measured by direct

planimetry from the "map" of each stomach. An Albritt

planimeter was used, and six observations were made on each

area to be measured. The mean of these observations was

taken to represent the correct measurement of the area under

consideration.

4. Preparation and Staining of Tissue Sections

Longitudinal sections were prepared from the tissue

strips already described, using a nominal microtome setting

of 5fi. Great care was taken to ensure that as far as

possible all sections were cut at right angles to the

surface of the mucosa. The sections were stained according

to the method of Marks and Drysdale (1957)? as Figure 3

shows this stain gives a clear differentiation of the three

main secretory cells of the stomach, the parietal cells

being stained yellow, the zymogenic cells blue, and the

mucus secreting cells pink.

For the purpose of the quantitative histology

attempted in the present studies, the actual thickness of

the histological sections had to be measured. This was
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done after the method of Marengo (1944) in which the

sections to be measured are re-embedded in paraffin, and

cut again at right angles to the original plane of section;

the cross sections obtained in this way are then stained and

mounted so that the actual thickness of the original section

may be measured directly under the microscope. In the

present study, cross sectional thickness was measured on a

proportion of the sections obtained in the following manner

from each individual "cutting" session. Sections were cut

in batches, at the same microtome setting, each batch

representing the tissues obtained from a number of identified

stomachs; samples of the sections obtained at the beginning,

in the middle and at the end of each "cutting" session were

put aside, and prepared in the manner described for thickness

measurements. At least 50 separate observations were made

on the cross sections provided from each "cutting" session

and the mean of these observations was taken to represent

the actual cross sectional thickness of the sections

obtained on that particular occasion.

5. Histological Observations and Methods of Estimating the
Parietal Cell Population and Volume of the Gastric Mucosa

(i) Cell counting techniques.

The technique used was adopted directly from that

described by Card and Marks (i960); in principle the

technique allows an estimate of the parietal cell population

of the whole stomach to be derived by extrapolation from

the numbers of parietal cells counted in histological

samples of the mucosa. The actual counting procedure was
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as follows. Histological sections, stained by the method

of Marks and Drysdale (1957) were examined at a magnifi¬

cation factor of 900 tinder an oil immersion lens. A

calibrated graticule, consisting of a grid of squares was

used in the eyepiece so that the field to be examined could

be subdivided into convenient sections for the purpose of

identifying and counting the parietal cells. A single

parietal cell count represented all parietal cell nuclei,

or nuclear fragments seen in a column of tissue 0.1 mm. broad,

extending from the base to the suface of the mucosa.

"Counts" were made at intervals of 2 mm. along the length

of each section and an "average count per unit area" was

calculated for each section by dividing the number of

nuclei or nuclear fragments seen by the actual number of

counts made. The mean "average count per unit area" for

all the sections taken from an individual stomach was taken

to represent the average parietal cell count per unit area

for that particular animal.

Only the counts made on true body type mucosa were

considered in estimating the parietal cell population.

As explained already, the true fundic mucosa is bordered

in the rat by cardiac type mucosa at the upper or squamous

end, and by antral mucosa at the lower end; parietal cells

are not found in either of these types of epithelium, and

in the transitional area3 between them and the true body

type mucosa, the parietal cells are distributed irregularly.

However, both the cardiac and antral transitional zones are
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readily defined from the true fundic mucosa; in each case

the transitional zone extends for a distance of 1-2 mm.

from the true cardiac and true antral type mucosa respec¬

tively. In practice when examining a given section, the

cardiac type mucosa was identified, and the first "count"

was made at a distance of 1 mm. from the point at which the

true fundic mucosa could he clearly distinguished from the

cardiac transitional zone. "Counts" were then repeated at

intervals of 2 mm. along the length of the section until

the true antrum was reached; this was defined as the point

nearest the fundic mucosa, in which no parietal cells could

he identified in the microscopic field. The antral tran¬

sitional zone was arbitrarily regarded as extending 4 nun.

cephalad from this point, and counts made in this zone

were discarded from the calculations. The results

obtained for the counts obtained in this way, suggested

that parietal cell3 are distributed equally throughout

the true fundic mucosa.

(ii) Measurement of the height of the mucosa

The height of the gastric mucosa had to be measured

in order to estimate its volume. Only the true fundic

mucosa was considered and this was defined for each section,

according to the arbitrary criteria defined above. The

height of the mucosa was measured at intervals of 4 mm.

along the length of the true fundic mucosa in each section,

at a magnification factor of 90 using the calibrated grid

eyepiece, and an average mucosal height was calculated

for each stomach.
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6. Calculation of the Parietal Cell Population

The working unit from which the parietal cell pop¬

ulation of the whole stomach was calculated, was the "average

count per unit area". This figure represented the number

of parietal cells contained within a perpendicular column

of tissue, underlying a unit of the surface area of the

mucosa. Given the dimensions of the unit area considered -

namely the thickness of the sections and the width (0.1 mm.)

of the column of tissue examined - the "average count per

unit area" could be referred to the total surface area of

the "acid secreting mucosa", to provide an estimate of the

parietal cell population of the whole stomach. In order

to allow valid extrapolation, however, the crude "average

count per unit area" had to be corrected to take the

following factors into accounts

(i) the tissue shrinkage which occurs during histological

processing.

(ii) the thickness of the sections examined.

(iii) the overestimation of the nuclear population in a

given section.

The corrections applied to the crude data for the "average

count per unit area" for each of these factors were as

follows.

(i) Shrinkage Factor

This was applied to compensate for the tissue

shrinkage which occurs during histological processing.

The longitudinal shrinkage factor (L.S.F.) of individual
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tissue strips was determined by dividing the length of the

strips after staining, by their length when taken from the

stomach. It was assumed that tissue shrinkage would occur

to the same extent in both the longitudinal and horizontal

planes so that the total shrinkage factor (S.F.) was consid-

ered to be (L.S.F.) . Shrinkage was calculated in this

way for 174 sections, representing 29 stomachs from four

experimental groups, namely a group of normal animals, a

group of hypophysectomised animals and animals treated with

injections of ACTH or gelatin. Analysis of variance of

these data (see Table 1) showed that there was no signifi¬

cant difference in the observed values for total shrinkage

factor between the four treatment groups and, it was found

that the co-efficient of variation for all the observations

considered together was 18.8^'. It was considered therefore

that the mean of the observed values represented a reasonable

estimate of total shrinkage, and this value (0.833) has been

applied to all the data submitted in this thesis.

(ii) Section Thickness

It will be obvious that the thickness of a micro¬

tome section will determine the number of cells or cell

nuclei to be seen in it, so that to estimate the true

density of cells in a given microtome section, its thickness

must be determined. As already noted, section thickness

was measured according to the method of Marengo (1944) on a

proportion of the sections obtained at each "cutting"

session undertaken in the course of the present experiments.



TABLE I

VARIATION IB "SHRINKAGE FACTOR" BETWaET FOUR TREATKliT GROUPS

Normal
Rats

n = 8

.86

.82

• S45

.87

.84

.87

.815

.80

Hypophysectomised
Rats

n 8

.82

.80

.80

.75

.84

.864

.85

.80

Rats Treated
with nominal
injections
of saline.

n = 4

.84

.85

.84

.79

Rats Treated
with
ACTH

n = 9

.84

.864

.88

.85

.89

.86

.80

.85

.86

Mean .836 .815 .830 .852

Analysis of Variance

Variation

Treatments

Error

Total

degrees of
Freedom

5

25

28

Sura of

Squares

.004

.0248

.0288

Mean

Square

.0013

.00099

V.R.

1.4

P.

U.S.

Coefficient of Variation = 18.8°'

Note: Sections giving a value of less than 0.75 for

shrinkage factor were excluded from the analysis, on the

assumption that such sections did not include the whole

length of the ori^ Lnal strips.
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At least 50 measurements were made on the cross sections

taken from each batch of sections; the average cross

sectional thickness was determined for each cutting session,

and this value was applied in correcting the "average count

per unit area" obtained for each of the stomachs represented

in that particular batch,

(iii) Overestimation of the Nuclear Population in a Microtome
Section.

Not all the cells or cell nuclei seen in a micro¬

tome section are intact; some of the cells or nuclei

seen must represent the fragments of cells which belong to

adjacent sections, and it is not always possible to decide

which are fragmented and which are whole. The crude count

of the cell population of a given microtome section must

therefore represent an overestimate of the true cell density,

since the section necessarily includes cell fragments which

belong to the sections immediately above or below it. The

crude count can be related to the true cell density of the

section according to a formula which was devised by

Abercrombie (194-6). For the purpose of this formula, the

true cell population of a microtome section is regarded as

the number of nuclear points within a unit volume of the

section, where a nuclear point is defined as a geometrical

point occupying the same relative position in every nucleus

e.g. a point midway along the nuclear dimension at right

angles to the plane of the section. If P is the average

number of nuclear points per section, A the crude count of

the nuclei seen in the section, LI the thickness of the
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section (in (a) and L the average length (in |_i) of the

nuclei then the true nuclear or cell density may be derived

according to the formula:

P - A x (2L)
L+M

To derive P, the thickness of the sections examined, and

the average nuclear dimension at right angles to the plane

of section (designated hereafter as nuclear diameter) must

be known. As Abercrombie points out, a good approximation

to the nuclear diameter required may be obtained by

measuring nuclear length in sections cut at right angles

to the plane of the sections counted. Obviously the

nuclear diameter obtained in this way must be less than

the true nuclear diameter, because it is impossible to

differentiate whole nuclei from shorter nuclear fragments

on the cross sections. Abercrombie (1946) has calculated

that the error involved is of the order of 10^} the

thicker the sections used for counting or measuring, or the

smaller the nuclear dimensions of the cells in question,

the smaller does the error become. In any event, the error

is systematic and applies equally to all the data submitted

in thiB thesis.

In practice, it was found that cell counts oould be

carried out most conveniently on sections approximately

in thickness. The nuclear diameter of the parietal cells,

as defined for the purpose of the formula was found to be

about 5[i also, and this was true both for the parietal cell
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nuclei of normal animals as well as the mclei of the

experimental animals including those which had been hypophy-

sectomised. It should be emphasised, that measurements of

section thickness and nuclear diameter were made on a pro¬

portion of the sections obtained at each individual "cutting"

session undertaken; at least 50 observations were made for

section thickness and at least 100 observations were made

for nuclear diameter on random samples of the cross sections

provided from each session and the mean of the observed

values for each measurement was used in calculating the

parietal cell population of the stomachs which had been

processed in the batch.

The protocol of the data obtained in an individual

animal, and the procedure followed in calculating the parietal

cell population and the volume of the "acid-secreting mucosa"

is given in Table 2, in order to illustrate how the method

was actually applied in practice.

7. Possible Errors of the Method

It was considered that there were at least three

possible sources of major error inherent in the method of

estimating the parietal cell population and the volume of

the gastric mucosa. These weres-

(i) Subjective bias

(ii) Observor errors

(iii) Sampling errors.

These sources of error, and the attempts which were made

either to eliminate them, or estimate their magnitude will



TABLE 2

PROTOCOL PGR RAT NO.60

Normal Animal

Body Weight = 135 gm.

Stomach Weight ■= 1060 mg.

2
Area of "Acid Secreting Mucosa" => 9.0 cm .

Mucosal Height = 0.3 mm.

Mucosal Vol me = (900 x .3) = 270 mm*'.

Strip Original
Length

Shrunk

Length
3L 2
OL

A 18.0 15.0 .69
B 21.5 20.0 .86
C 18.75 16.5 .77
D 18.5 17.0 .84
E I8.5 16.0 • 74
F 15.5 15.0 .92

Shrinkage Factor = 0.80
Microscope Factor = 1.05
Nuclear Overestimate = 0.55
Section Thickness = 6.4j-t

Strip
Crude
Count

Count Corrected for

Microscope and Shrinkage

A 50.5 42.0
B . 46.0 38.5
C 46.O 38.5 Mean
D 54.0 45.5 = 44.8
E 52.0 44.0
F 73.0 61.0

.'.Average Count/Unit Area = 44*8
True Count (corrected for Nuclear Overestimate)

- (44.8 x .55)
= 24.5

'

Total ount = co-'^ . 2" ; * ?«°
* ' " Section thickness 6.4

- 54.5

Total Parietal Cell opulaticn „ 34.5 x 10^
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now be discussed.

(i) Srrors arising due to subjective bias on the part of
the observer

It was recognised from the outset that the wholly

subjective process of counting cells might be influenced

by consoious or unconscious bias on the part of the observer}

for example if the observer believed that the cell count

would be reduced in rats given a certain experimental

treatment, he might unconsciously tend to produce the

desired result simply by omitting to count all cells of

doubtful identity in the relevant sections. It is believed

that this source of error was effectively eliminated in the

present experiments by ensuring that the author had no

means of identifying any of the sections examined, until

all subjective measurements had been made and recorded.

This was accomplished by the expedient of having all the

histological material labelled by a disinterested third

party according to a system of random numbers as already

explained. If for any reason a section already examined

and identified, had to be examined again, the tissue in

question was given a second random identity and issued for

re-examination with another batch of unrelated sections.

(ii) Observer errors

By observer errors are meant the errors which might

be expected to arise due to difficulties either in identi¬

fying or in counting the parietal cells. It was considered

that some estimate of the magnitude of these errors could

be made by comparing the results obtained when repeated
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observations were made on the same material under the

following conditionss

(a) Replicate counts, performed at different times on the

same sections.

(b) Counts obtained on duplioate sections, examined at

different times.

(a) Replicate counts, performed at different times on the
sane sections.

For this test the "average count per unit area"

was calculated for each of 56 sections. The sections

were then relabelled by a third party in such a way that

individual sections could not be identified by the author

and the oounts were repeated after an interval of three or

four days. The purpose of this test was to discover

whether counts were reproducible when the same sections

were re-examined under "blind" conditions. The following

results were obtained.

Number of paired observations 36

Mean of Count ^1 63.1 (50.3-119)
i*ean of Count II 62.9 (30. 8-121)

Ltean difference - 0.2

Standard error (all the observations ± 2.85

considered together)

These results suggested that the "average count per unit

area" was reproducible.

(b) Counts obtained on duplioate sections examined at
different times.

In this test duplicate sections were cut at the
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same "cutting session" from 9 different blocks# One set

of duplicates was counted and the second set, labelled by

a third party so that individual sections could not be

identified was counted a week later. The purpose of this

analysis was to test the reproducibility of the counting

technique under slightly different circumstances. The

results obtained were as follows.

Number of paired observations 9

Mean of counts on 1st set of 52.3 (32-66)

sections

Mean of counts on 2nd set of 52.3 (30-67)

sections

Standard error (all the ± 3«57

observations considered together)

These results were taken to confirm that the procedure was

capable of giving reproducible estimates of the numbers of

parietal cells in the histological material examined.

Under similar test conditions, it was found that the

measurements of mucosal height, section thickness and

nuclear diameter were reproducible within a limit of error

of the order of Jfo,

(iii) Sampling Errors

It was considered that the arbitrary method of

choosing the sample strips of the gastric mucosa might give

rise to errors due to variation either in the distribution

of the parietal cells, or in the height of the mucosa

between the different sites from which the strips were
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actually taken. If so, the sample strips might not he

truly representative of the entire "acid secreting mucosa".

This possible source of error was tested by

examining the actual variation observed in the average count

per unit area and the height of the mucosa between the

six sample strips in the data obtained from a large number

of stomachs. The data were tested according to the method

of analysis of variance, which allowed the variation

between strips to be considered independently of the vari¬

ation which might be expected to occur when different

stomachs were considered together; the results obtained

from these analyses were as follows:

(a) Variation in the distribution of the parietal cells
between the six strips (ABCDEF) taken from the area of "the
acid secreting mucosa Tsee Figure 2 71

The data from 5 experimental treatment groups,

representing 55 stomachs or 210 individual strips were

examined. Each group was considered separately and the

results of the 5 analyses of variance are summarised in

Table 5-

It will be apparent from Table 5 that, according

to the results obtained in these analyses, the "corrected

average count per unit area" did not vary significantly

between the individual strips in any of the treatment

groups considered, except the group treated with "low"

dosage of ACTH. The degree of variation encountered in

this group, however, was not in itself very large (P < .01)



TABLE 3

VARIATION IN THE "CORRECTED AVERAGE COUNT PER UNIT AREA"

FOR THE 6 STRIPS ABCDEFt RESULTS OF ANALYSIS OF VARIANCE

ON DIFFERENT DATA

"TREATMENT" VARIATION d»o,f. SS MS VR P

NORMAL ANIMALS STOMACHS 6 154.7 25.78 - N.S.

n = 7 STRIPS 5 136.1 27.2 - N.S.

ERROR 30 868.3 28.94

TOTAL 41 1159.1

HYPOPHYSECTOMISED STOMACHS 7 166.8 23.8 2.6 A • O

ANIMALS STRIPS 5 60 12 1.4 N.S.

n = 8 ERROR 35 292.8 8.36
TOTAL 47 519.6

ANIMALS TREATED STOMACHS 5 93.6 18.7 3.76 <.05

WITH ACTH ("high" STRIPS 5 81.2 16.2 3.25 <.05

dosage) ERROR 25 124.29 4.97

n = 6 TOTAL 35 299.09

ANIMALS TREATED STOMACHS 5 113.4 22.68 2.78 <.05

WITH ACTH ("low" STRIPS 5 182.79 36.55 4.49 <.01

dosage) ERROR 25 203.71 8.14

n = 6 TOTAL 35 499.9

ACTH "controls" STOMACHS 7 1233.6 176.2 1.6 N.S.

(saline STRIPS 5 296.3 59.2 _

injections daily) ERROR 35 548.35 109.6
n = 8 TOTAL 47 2078.25
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and the overall results suggest that the distribution of

the parietal cells between the sample strips was remarkably-

constant. As expected, however some variation was

observed in the "average count per unit area" between

individual stomachs in the different treatment groups.

(b) Variation in the height of the gastric mucosa between
the six strips

Variation in the height of the gastric mucosa was

examined in a similar fashion. In this case however, the

data obtained from three experimental groups wore considered

together and a single analysis of variance was carried out

on the pooled data; the experimental groups considered

were a group of 8 normal animals, a group of 12 animals

treated with ACTH (the "low" and "high" dosage groups

considered in Table J above, considered together) and 8

animals which received nominal injections of gelatin as

"controls" in the ACTH experiment. For the purposes of

the analysis, "treatments" were regarded as "blocks"; the

data considered in the analysis, therefore represented 168

individual strips taken from 28 different animals in three

experimental groups.

The results of the analysis of variance on these

data are summarised in Table 4 J it will be seen that no

significant variation occurred in the height of the mucosa

between the strips, and as it so happened mucosal height

did not vary between the stomachs of the animals included

in the analysis.



TABLE 4

Variation in the height of the gastric mucosa between

the six sample strips ABCDEF, taken from 28 stomachs in

three experimental groups (168 individual strips

considered).

SUMMARY OP ANALYSIS OF VARIANCE

,T . . . , „ Sum ofVariation d.o.f.
Squares

Strips 5 3-477

Stomachs 75*37

Blocks 2 41.64

Error 153

Total 167 120.48

Mean Variance Value

Square Ratio for P

0.695 - N.S.

2.79 - N.S.

20.8 - N.S.

N.S. = Not significant
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It was concluded from these analyses that the

distribution of the parietal cells and the height of the

mucosa were the same between the six sites of the acid

secreting mucosa which were sampled. On these grounds

it was considered that sufficiently reliable results could

be obtained with much less effort by using fewer sample

strips from eaoh stomach for the histological observations.

Accordingly, only two sanple strips of the mucosa were

used for the purposes of histological examination in tsost

of the experiments to be described (i.e. Experiments IIA,

III, IV, TVA and V). In these experiments, single strips

were taken from the anterior and posterior walls of the

stomach, at the sites indicated as B and £ in Figure 2.

In the remaining experiments (i.e. Experiments 3., _!!, ITB)

six sample strips were used. Comparison of the data obtain¬

ed in the two sets of experiments suggests that consistent

results were obtained with both methods of sampling.

8. Discussion and Summary

It is proposed to discuss the method briefly under

the following headings.

(i) The Validity of the Results.

(ii) Comparison of the data obtained in the present

investigation with those of other workers.

(iii) Summary.

(iv) Definition of Terms.

(i) Validity of the Results

There is no direct method of testing the validity
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of the estimates derived for the parietal cell population

and the volume of the gastric mucosa according to the method.

It was found however that the values obtained for both

these estimates were reasonably consistent from experiment

to experiment when differences in the age and body weight

of individual animals were taken into account; moreover

the values obtained for the total parietal cell population

in the present investigation compare well with the results

obtained in the rat by Bralow and Komarov (1962) and by

Bralow et al.t (1964) when differences in the body weight

of individual rats are taken into account.

Of all the estimates considered that for the

parietal cell population is most susceptible to error. It

should be emphasised that there is no direct evidence to

show that the nuunber of cells actually counted in a given

stomach was sufficiently large to give a valid estimate of

the total population. In practice, between 2,000 and 6,000

cells were counted in individual stomachs, and the estimates

derived for the total parietal cell population varied

between 18 and 60 millions according to such factors as age,

weight and treatment.

In any event, whatever the absolute errors involved,

they apply equally to all the estimates derived for the

parietal cell population and the volume cf the gastric

mucosa obtained throughout the course of the present

investigation; since the errors are systematic it may be

accepted that the estimates obtained were sufficiently
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reliable to allow valid comparisons to be made between the

effects of different experimental treatments on the gastric

mucosa.

(ii) Comparison of the Data Obtained in the Present investi¬
gation With Those of Other Workers.

It is convenient to refer here to the results

obtained by Bralow and Komarov (1962) in a study of the

distribution of the parietal cells in the stomach of the

Wistar rat. Although the method used by these authors

was substantially the same as that used in the present

investigation, there were some differences in detail between

the histological observations made in the two studies. In

the present investigation, histological observations were

carried out only on the arbitrarily defined "true fundic

mucosa" and the transitional zones at the upper and lower

ends of the fundic mucosa were disregarded (see Figure 2

and section 5 "Methods"). However Bralow and Komarov

included all areas of the fundic mucosa in which parietal

cells could be identified, in their histological observations;

thus these authors made cell counts and measured the height

of the mucosa at regular intervals along the entire length

of the "acid secreting mucosa" from the antral zone up to

the greater curvature, and they included both transitional

zones in their observations. As estimated in this way, it

was found that the average "parietal count per unit area"

and the height of the mucosa varied according to the distance

from the antrum at which the mucosa was examined; indeed



- 40 -

both these estimates could be described as second degree

polynominal functions concave up, of the distance from

the antral margin (Bralow and Komarov, 1962). The results

obtained by these authors do not necessarily invalidate

the conclusion drawn earlier that the parietal cells

appeared to be distributed equally throughout the length

of the "true fundic mucosa" in the present investigation.

Inspection of the data obtained by Bralow and Komarov

confirms that the distribution of "parietal cells per

unit area" was fairly uniform throughout that length of

the fundic mucosa which lies between 4 ram* and 10 mm. from

the antral margin (Bralow and Komarov, 1962). Since this

area of the fundic mucosa corresponds roughly to the "true

fundic mucosa" which was arbitrarily defined for the present

investigation, it is possible to reconcile the conclusions

drawn in the two studies. As mentioned already, the

results obtained for total parietal cell population in

the present investigation compare favourably with the

results obtained by Bralow and Komarov (1962) and Bralow

et al., (1964) when the differences in the body weight of

individual animals is taken into account.

(iii) Summary

(1) The gross anatomy and the histological appearances of

the stomach in the rat have been described.

(2) A method described originally by other investigators has

been adapted in order to estimate the area of the "acid

secreting mucosa", the volume of the "acid secreting

mucosa" and the total parietal cell population in the
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stomach of the rat.

(3) The method has been described in detail as it was applied

in the present investigation and the possible sources

of error of the method have been examined.

(4) The validity of the results obtained has been discussed.

(5) The results obtained in the present investigation have

bee been compared briefly with the results obtained by

other investigators.

(iv) Definitions of Terras Used

By the "acid secreting mucosa" is meant the mass of

the secretory tissue found in the body or fundus of the

stomach, which contains the specialised secretory cells of

the stomach, including the parietal or acid secreting cells.

The area of the "acid secreting mucosa" (designated

subsequently as mucosal area) refers to the area occupied

by the fundus or acid secreting part of the stomach when the

organ is opened and stretched flat.

By the volume of the "acid secreting mucosa"

(subsequently designated as mucosal volume) is meant the

estimate derived when the average height of the "acid

secreting mucosa" is multiplied by its area. If it is

assumed that the density of all cells is about 1 it is

possible to regard the estimate of mucosal volume as an

estimate of the actual mass of the secretory tissue of the

body of the stomach.
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CHAPTER III

OUTLINE OF THE PRESENT INVESTIGATION

It will be convenient to give an outline of the

present investigation before describing the experiments

which have been carried out in detail.

The purpose of the investigation was to obtain

further information as to the influence exerted by the

anterior pituitary gland and the adrenal cortex on the

growth of the gastric mucosa in the rat. The problem has

been approached by examining the effects of different experi¬

mental procedures, including hypophysectomy and bilateral

adrenalectomy, on the gastric mucosa according to the changes

observed in the weight of the stomach, the area, and volume

(mass) of the acid secreting mucosa, and the total parietal

cell population in various experimental groups as compared

to control animals.

Briefly, the actual experiments carried out were as

follows.

Experiment I. In this experiment the effects of hypophy¬

sectomy on the gastric mucosa were examined by comparing the

stomachs of young hypophysectomised rats with the stomachs

of intact animals of the same body weight.

Experiment II. In this experiment the effects of three experi¬

mental procedures namely, hypophysectomy, bilateral adrena¬

lectomy, and underfeeding, on the gastric mucosa were

compared in a homogenous population of young male rats.
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Experiment IXA. In this experiment the effects of bilateral

adrenalectomy on the gastric mucosa were examined in young-

male rats.

Experiment IIB. This experiment was carried out in order

to examine the effects of administering exogenous ACTH and

hydrocortisone on the gastric mucosa.

Experiment III. In this experiment the effects of hypophy-

sectomy on the gastric mucosa of mature rats were examined.

Experiment IV. This experiment was carried out in order

to examine the effects of different hormonal replacement

treatments in restoring somatic growth, and the growth of

the gastric mucosa after hypophysectomy.

Experiment IVA. In this experiment the effects of hypophy¬

sectomy and underfeeding were again compared.

Experiment V. The main aim of this experiment was to

examine the rate of regression in the growth of the gastric

mucosa after hypophysectomy. The regression in the growth

of other organs after hypopbysectomy was also examined, and

the effects of hypophysectomy and underfeeding on the growth

of the gastric mucosa and on the growth of other organs were

compared.
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CHAPTER IV

EXPEREIEM1 T

The Effects of Hypophysectomy on the Parietal Cell Population
and the Volume of the Gastric I.Zucosa in the Rat

TjMTRCDUCTIOff

The first experiment to be described was a pilot study

designed to obtain preliminary information concerning the

effects of hypophysectomy on the parietal cell population

and the volume of the gastric mucosa. It was considered

that this could be achieved by comparing the stomachs of

young hypophysectoinlsed rats killed three weeks after the

operation, with the stomachs of intact "control" animals of

similar body weight. The particular conditions under

which the experiment was carried out were determined by the

following considerations.

(i) Young male rats were chosen for the experiment on the

arguement that, if hypophyeectomy was to affect the gastric

mucosa at all, then the effect would be most easily demon¬

strated in the actively growing mucosa of young animals.

(ii) The condition, that the effects of hypophysectomy should

be determined at an interval of three weeks from the time of

operation, was based entirely on the observations reported

by Baker and Abrams (1954)• These authors found that the

cytological changes which develop in the gastric mucosa

after hypophysectomy, reach their maximum severity in the

third week after the operation, and it seemed reasonable to

suppose that any quantitative changes which might occur in

the mucosa after hypophysectomy would develop at much the
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same rate.

(iii) Male animals were chosen in preference to females for

this and all the experiments reported in this Thesis, on

the grounds that the cyclical changes which occur in the

endocrine system in females might conceivably influence

the gastric mucosa.

(iv) A further condition of the experiment was that the

body weight of the intact 'controls* should be the same as

the body weight reached by the hypophysectomised rats at the

end of the experimental period. This condition was

determined by the fact that somatic growth ceases abruptly

after hypophysectomy in this species, so that, the body weight

of an hypophysectomised rat remains at much the same level

as it was on the day of operation for the duration of its

life. Since the growth of individual organs is related to

the growth of the organism as a whole, it follows that any

effect observed on the growth of a particular organ after

hypophysectomy could be due, either, to a specific effect

of hypophysectomy on the organ in question, or alternatively,

the effect could be due, simply, to a general retardation in

organ growth imposed by the limitation in the growth of the

organism as a whole. It was considered that the use of

intact "controls" of the same weight as that of the hypo¬

physectomised animals would allow a distinction to be made

between these two possibilities. If it was found that the

stomachs of the two groups were the same, it could be

concluded that hypophysectomy had exerted no specific effect

on this organ; on the other hand, if the values for the
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various observations on the stomach were reduced, in the

hypophysectomised, as compared to the control group, it

could be concluded that hypophysectomy had exerted an effect

on the organ.

It should be emphasised that the present experiment

was designed to answer only one question, namely, whether

hypophysectomy causes any quantitative change in the gastric

mucosa, so that the problem whether any such effect was a

direct or indirect consequence of the operation was not

considered.

H ijXP,IRIHRKTAL IjJTHODS

All the rats used in this experiment were obtained

from the Wistar colony maintained in the Clinical iiidocrin-

ology Research Unit. Because of a poor rate of success

with the operation, the author was unable to obtain a homo¬

genous sample of hypophysectomised rats for the experiment.

Instead, eleven rats which were judged to be completely

hypophysectomised and wh^ch had survived the operation for

three weeks were selected from large numbers in which the

operation had been unsuccessful. In effect hypophysectomy

was attempted on several groups of animals over a period of

four months; the survivors in each group were examined on

the twenty first day after the operation, and those which

appeared to be completely hypophysectomised were selected

for the experiment. As each hypophysectomised animal was

selected, an intact animal of similar body weight was ob¬

tained from the colony to serve as a "control".
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Hypophysectoay was performed by the parapharyngeal

route on animals aged about 6 weeks and weighing between

60 and 120 grams at the time of operation. The hypophy-

sectomised animals received a y/> solution of glucose to drink

for as long as they survived, and they were given a diet of

brown bread mashed with milk and glucose for five days

after the operation. Thereafter, they received the standard

rat cake used in the Unit. The intact animals received the

standard diet of rat cake and they had tap water to drink.

The selected hypophysectomised animal and its control were

killed on the same day by exposure to chloroform, and the

stomach of each animal was removed and processed as described

in Chapter II. The stomach of one of the intact animals

was badly damaged, so that no useful histological observa¬

tions could be made on it, and this animal has been, excluded

from consideration in the results. The paired adrenals

and testes were removed from each animal and stored in

separate labelled containers of 10^ formol saline, until they

were weighed, the organs from each hypophysectomised animal

and its "control" being weighed on the same day.

Confirmation that hypophysectomy was complete was

obtained in all the operated animals both by careful exam¬

ination of the pituitary fossa with a hand lens, and by

satisfactory regression in the weights of the paired adrenals

and tastes.
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r^SULTS

INTRODUCTION

The weight of the stomach, the area and the volume

of the acid secreting mucosa and the total parietal cell

population were determined in each of the eleven hypophy-

sectomised animals in the experiment, hut for the reason

already explained these observations were made in only ten

of the intact animals. The mean and standard deviation of

each of these estimates and the mean age and weight of the

two groups are laid out in Table 5i together with a summary

of the appropriate "t" tests. In addition, the values

obtained for the volume of the acid secreting mucosa, (to

be designated subsequently" as mucosal volume) and the

parietal cell population in individual rats, are plotted

against body weight in Figures 4 and 5*

DISCUSSION

It is proposed to consider the results obtained in

tiiis experiment under the following headings.

(i) Comparison of the intact and hypophysectomised animals

with respect to age and weight.

(ii) Comparison of the intact and hypophysectomised animals

with respect to the observations made on the stomach.

(iii) Discussion of the possibility that the effects

observed after hypophysectomy were due simply to inanition.

(iv) Comparison of the data obtained for the volume of the

mucosa and the parietal cell population.

(v) The general relationship between the volume of the mucosa



TABLE5

THEEFFECTSOFHYPQPHYSSCTOMYOHTHESTOMACH(EXPERIMENTi)
TreatmentGroup

Approximate Age (days)

BodyWeight («o)

Stomach Weight (gn)

Mucosal Area (cm)^

Mucosal Volume (mm)3

Parietal Count xlO6

Hypophysectomy:atoperation whenkilled
n=11

58 59

95.5±51.9 89.Oi19.8
746.8±95.5
5.97±0.96
168.8±22.2
22.7±5.4

Intact"Controls" n=10

40

105.2±19.1
987.1±115.7
8.0±0.25
264.4±29.8
35.9±4.1

Comparisonbetweenthemeans, accordingtoStudent's"t" test
d.o.f.=19

1

"t"=I.67 P<0.1

"t"=5-2 P<.001

"t"=5.2 P<.001
"t"=8.2 P<.001

"t"=6.7 P<.001

NotesThecomparisonofbodyweightreferstothemeanweightsofthetwogroups onthedaytheanimalswerekilled.Thedifferenceinthemeanbodyweight ofthehypophysectomisedgroupbetweenthetimeofoperationandthetime theywerekilledwasnotsignificant(P<0.1)
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and the parietal cell population.

(i) Comparison of the Intact and Kypophysectoiniaed Animals
With Respect to Age and Weight.

It will he apparent from the table that there was

no significant different in mean body weight between the

hypophysectomised group and the intact controls when the

animals were killed. It should be emphasised, however,

that although the two groups compared well with respect to

body weight, the intact animals were three weeks younger in

age than the hypophysectomised animals. As previously

explained this is due to the fact that the rat ceases to

grow after hypophysectomy, so that the body weight of an

hypophysectomised rat is maintained at about the same level

from the day of operation, for the rest of its life; thus

three weeks after the operation the body weight of an hypo¬

physectomised animal would correspond to the weight of an

intact animal which was three weeks younger in age. This

point is illustrated in the present experiment by the fact

that the mean body weight of the hypophysectomised animals

fell slightly in the three weeks between the day of operation

and the day they were killed.

(ii) Comparison of the In-tact and Hypophysectomised Animals
With Respect to the Observations Made on the Stomach

When the data for the two groups were compared, (see

Table 5) it was found that the mean value for each of the

observations made on the stomach was considerably less in the

hypophysectomised animals, than it was in the intact controls.

According to Student's "t" test, the values for P, for the



FIGURE 4

The effects of hypophysectomy on the volume (mass) of the

acid secreting mucosa (Experiment I_).
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differences between the respective means being (<.001) for

stomach weight, (c.001) for mucosal area, (<.001) for

mucosal volume and (c.OOl) for total parietal cell population.

Moreover, as Figure 4 and Figure 5 show, the values obtained

for mucosal volume and parietal cell population were less in

each of the individual hypophysectomised animals than they

were in any of the intact controls.

Since it might be expected that animals of the same

weight would have stomachs of roughly the same proportions,

it was concluded from these results that hypophysectomy had

exerted marked effects on the whole organ, and particularly

on the gastric mucosa. This conclusion is strengthened

when the difference in the age of the two groups is taken into

account"," because it may be assumed, that normal rats of' the

same age as that of the hypophysectomised animals, would have

even larger stomachs than the control animals actually used

in the experiment. Moreover, since the values obtained for

the various parameters in the normal group must represent the

extent to which the gastric mucosa had developed in these

animals, it follows that the growth of the mucosa was dis¬

turbed in some way as a result of hypophysectomy. Under the

conditions of the experiment, however, it was impossible

to decide whether this was the result of a simple retardation

in the growth of the mucosa, or whether mucosal growth had

actually regressed after the gland had been removed.

(iii) Discussion of the Possibility That the Effects
Observed After Ilypophysectomy were due Simply to Inanition.

At their face value, the results obtained in this



FIGURE 5

The effects of hypophysectomy on the parietal cell population

(Experiment _!)•
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experiment suggested that hypophysectomy caused marked

effects on the stomach. However, the conditions Tinder

which the experiment was carried out were suoh, that it

was impossible to attribute these effects solely to the

removal of the pituitary itself, since they might also

have been due to the inanition which follows hypophysectomy

in the rat. Although the major cause of post hypophy¬

sectomy inanition is the marked disturbance in general

metabolism which occurs in the absence of the pituitary

hormones another contributing factor in the rat is a marked

loss of appetite; the importance of this effect may be

judged from the fact that under the conditions of forced

feeding, hypopbysectomised rats may be made to gain weight

at the same rate as intact controls (Levin, 1944)•

Since it might be expected that inanition, however

caused, would affect the growth of the gastric mucosa, the

effects observed after hypophysectomy in the present experi¬

ment, could be due to this faotor alone, and not to the

removal of the pituitary itself.

However, this problem has been examined in some

detail in the experiments to be described; the results

obtained in these experiments may be anticipated here, by

saying that the effects observed after hypophysectomy in

the present experiment may be attributed with confidence

to the removal of the gland itself. This conclusion will

be implicit in the discussion which follows in the remainder

of this chapter.



TABLE 6

The values obtained, for parietal cell density

/ Total parietal cell count (millions) , A
\Volume of the acid secreting mucosa nua /

in the individual animals from two experiments.

Parietal Count per cu.mm. (xlO5)

Intact
"Controls" Hypophysectomised

ACTH
8 units/day

ACTH
4 units/day

ACTH
"Controls"

n = 8 n = 8 n = 6 n = 6 n = 7

102 110 165 144 112

10? 110 143 106 153
118 114 186 105 096
136 128 144 125 171

155 113 126 114 117

135 159 128 156 120

151 175 138

127 133

Mean 126.1 130.2 138.2 125.0 135.1

Analysis of Variance

Variation Degrees of
Freedom

Sum of Mean
^ ^

Squares Square
P.

Treatments 4 836.5 209 N.S.

Error 30 35983-5 1199.4

Total 34 36820

Coefficient of Variation = 26.5$

U.S. = Not significant
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(iv) Comparison of the Data Obtained for the Volume of the
Mucosa and the Parietal Cell Population

Simple calculation of the data obtained in the

experiment showed that the volume of the mucosa and the

parietal cell population were reduced to much the same

extent, (i.e. 64^) after hypophyseetomy. This finding

suggested the hypothesis that the main effect of hypophy-

sectony ha^ been to reduce the volume (mass) of the mucosa

and that the parietal cell population was reduced in simple

proportion to the reduction in the amount of the secretory

tissue. In order to test this hypothesis the value for

parietal cell density - i.e. the number of parietal cells

occupying a unit volume of the mucosa, was calculated for

all the animals in the experiment, because, if the hypothesis

was true, this value ought to be the same in individual rats

whether hypophysectomised or not. These values are given

in Table 6, together with the values obtained for the same

estimate in the individual animals in Experiment IIB in

which ACTH was given to intact rats. Analysis of variance

of these data shows that the value for parietal cell density

did not differ significantly between any of the five treat¬

ments; it follows therefore that it did not differ either

between the intact and hypophysectomised animals in the

present experiment.

It seems reasonable to imply therefore that the

main effect of hypophysectomy is to reduce the actual masG

of the gastric mucosa, and that the change observed in the

parietal cell population is a secondary effect associated



FIGURE 6

The correlation between the parietal cell population and the

volume of the mucosa in individual rats from two experiments

NOTEI Kypox. « Ilypophysectomiscd. AOTH "high" and "low"

refers to the doae levels of ACTB administered. .-or

"saline" read "ACTH controls".
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in some way with the loss of the secretory tissue. The

alternative explanation, namely, that the reduction in

parietal cell population accounts for the reduction in

mucosal volume, seemed inherently untenable, and was found

to be so on calculation of the data according to the esti¬

mated volume of the parietal cell population in both groups.

(v) The General Relationship Between the Volume of the
Mucosa and the Parietal Cell Population.

The fact that parietal cell density was the same in

both the hypophysectomised and the intact animals, suggested

that a close relationship obtains between parietal cell

population and the volume of the mucosa in the rat, as it

does in man (Card and Marks, i960). In fact a highly

significant correlation (r = O.83) was found between these

two variables, when the data obtained in the present experi¬

ment and those obtained in Experiment I IB were combined

(see Figure 6). It may be concluded from these data that

the parietal cell population of the stomach increases with

the volume or mass of the gastric mucosa and that parietal

cell density, i.e. the number of cells occupying a unit

volume of the mucosa, is relatively constant irrespective

of age, size, or a number of different treatments. This

conclusion is strengthened by the correlation found between

parietal cell population and mucosal volume (r = 0.9) in a

study of the growth of the gastric mucosa in a homogenous

population of male and female rats which is in progress

(see Figure 7). In this study, the population lias been

sampled at intervals of three weeks from the age of 21 days



FIGURE 7

The correlation between the parietal cell population and the

volume of the mucosa in a homogenous population of male and

female rats sampled at different ages*
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to maturity and the estimates of mucosal volume and parietal

cell population were obtained according to the methods used

in the course of the present investigation.

It may be mentioned here that a significant

correlation (r = 0.86) was obtained also, between parietal

cell population and stomach weight (see Figure 8) in the data

obtained from the same animals as were represented in Figure

6. These results may be taken to provide indirect evidence

of the validity of the estimates obtained for parietal cell

population according to the method, since it is highly

unlikely that a correlation of this order would obtain with

stomach weight if the estimates for parietal cell population

were grossly unreliable.

STOSHABY

(i) The effects of hypophysectomy, on the gastric mucosa

were determined on the basis of the differences observed,

between the stomachs of young hypophysectomised rats killed

three weeks after the operation, and the stomachs of intact

rats of similar body weight.

(ii) It was concluded that hypophysectomy had exerted marked

effects on the volume (mass) of the gastric mucosa, and the

parietal cell population of the stomach.

(iii) Calculation of the data suggested that the main effect

of hypophysectomy had been exerted on the volume, or mass,

of the mucosa, and that the parietal cell population had

been reduced in simple proportion to the reduction in the

mass of the secretory tissue.
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(iv) Under the conditions of the experiment, these effects

could not be attributed solely to the results of hypophy-

sectomy per se.

(v) The parietal cell population in the rat is, closely

correlated with the volume of the acid secreting mucosa,

and the weight of the stomach.



FIGURE 8

The correlation between the parietal cell population and

the weight of the whole stomach in the same animals as were

represented in Figure 6.
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CHAPTER V

It will be convenient to consider three related experiments

in Chapters V, VI, and VII; these are:-

Experiment II, in which the effects of hypophysectomy,

underfeeding, and bilateral adrenalectomy on the gastric

mucosa were compared (Chapter V).

Experiment IIA, in which the effects of bilateral adrena-

lactomy on the gastric mucosa were examined (Chapter VI).

Experiment IIB, in which the effects of administering ACTH

or hydrocortisone were examined in intact rats (Chapter VII).

Experiment II

Comparison of the Effects of Hypophysectomy, Underfeeding and
Bilateral Adrenalectomy on the Growth of the Gastric Mucosa.

INTRODUCTION

The previous experiment suggested that there was a

considerable disturbance in the growth of the gastric

mucosa after hypophysectomy in the rat. However, under

the conditions employed it was impossible to decide

whether the effects observed were due to one or other of

three possible explanations; these weres-

(1) That the effects observed were due, solely, to

deprivation of the hormones of the pituitary itself.

(2) That the effects were due, simply, to the inanition

which follows hypophysectomy in the rat.

(5) That the effects were mediated via one of the secondary
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endocrine organs, and therefore only indirectly due to the

effects of hypophysectomy per se.

The experiment to be described was designed to

distinguish between these three possibilities, but before

discussing the experiment in detail, it will be necessary

to discuss the considerations which were taken into account

in its design; these werej-

(i) The inanition which follows hypophysectomy in the rat.

(ii) The influence exerted by the secondary endocrine organs

on the stomach.

(i) The Inanition of Hypophysectomised Rats

One of the most characteristic features of hypophy¬

sectomised rats, is their severe inanition, and this is well

illustrated by their inability to gain weight. For example

the mean body weight of the hypophysectomised animals in

the previous experiment fell slightly in the three weeks

they were allowed to survive after the operation, although

it may be calculated that the same animals would have more

than doubled their body weight in the same period had their

pituitaries been intact.

At least two major factors may contribute to the

inanition of hypophysectomised rats. The first, which is

a direct effect of removing the gland, is a general disturbance

in tissue metabolism due to the loss of the specific effects

of the pituitary hormones themselves, combined with the

relative deficiency of the secondary hormones. The second
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factor, which may be regarded as an indirect effect of

pituitary deprivation, is a marked reduction in food

intake; the importance of this effect may be judged from

the fact that under the conditions of forced feeding

hypophysectomised rats can be made to gain weight at the

same rate as intact controls (Levin, 1944)*

These considerations suggest several relatively

simple experimental approaches to the problem of distinguish¬

ing between the direct and indirect effects of hypophysec-

tomy on the gastric mucosa. According to one experimental

design, the effects of pituitary insufficiency per se, could

be distinguished from the effects of post-hypophysectomy

inanition, by comparing two groups of hypophysectomised

animals, namely, one group fed ad libitum, and the other

force-fed, to ensure a weight gain which would approximate

that of intact animals of similar age and weight. An

alternative and technically less difficult approach to the

problem, would be to compare an hypophysectomised group

allowed to feed ad libitum, with intact control animals

whose growth was retarded by deliberate underfeeding.

Under ideal conditions, the two groups in this model would

be "pair fed", so that their actual food intake would be

identical. In practice, however, it probably suffices to

under-feed the control animals on an empirical basis,

provided that their growth is retarded to a similar extent

as that of the hypophysectomised animals.

For practical reasons the second of these two

experimental approaches was used in the present, and similar
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experiments to be described in this Thesis.

(ii) The Influence of the Secondary Endocrine Organs.

It seems likely, according to the literature (see

Chapter If and Crean, 1963) that the adrenal cortex is the

only secondary endocrine organ, capable of exerting any

marked influence on the growth of the gastric mucosa.

Moreover, according to Baker and Abrams (1955) the effects

of adrenalectomy on the cytological structure of the gastric

mucosa in the rat, though less severe in degree were similar

to the changes observed after hypophysectomy; indeed, these

workers suggested that the influence exerted by the

pituitary on the gastric mucosa was mediated largely via

the adrenal cortex. If so, the effects of hypophysectomy

observed in the previous experiment might be due simply to

the adrenal insufficiency which develops after the pituitary

has been removed.

In view of these considerations the present experi¬

ment was designed so that the effects of hypophysectomy

per se, could be distinguished from the effects of adrenal

insufficiency on the one hand, and the effects of post-

hypophysectomy inanition on the other hand.

EXPERIMSMTAL METHOD

For the purpose of the experiment 40 healthy young

male rats were selected from a single generation, born within

a seven day period in the Unit colony. The animals were

individually ear marked for subsequent identiffcation,

housed 10 to a cage and weighed daily for 8 days. When the
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mean body weight was about 120 grams the animals were

allocated according to a system of random numbers to one or

other of four treatment groups, as follows:-

(1) Hypophysectomy, to be fed ad libitum.

(2) Sham hypophysectomy, to be fed ad "libitum.

(3) Sham hypophysectomy, to be underfed.

(4) Bilateral adrenalectomy, to be fed ad libitum.

All the operations were carried out, on the same

day, by Dr. Talib Astrabadi, according to the standard

surgical techniques for the procedures in the rat, using the

parapharyngeal approach for hypophysectomy. By "sham-

hypophysectomy" is meant an operation which resembles

exactly that performed when the pituitary is to be removed,

up to, and including the burr-hole made at the base of the

skull. In the case of the "sham" procedure, the burr-

hole is made in the pituitary fossa, but the pituitary is

left intact, whereas the gland is removed by suction when an

actual hypophysectomy is to be performed. It was considered

that at least six animals would be required in each treatment

group in order to achieve reliable results; at the time

that the allocation was being made, however, additional

numbers were allotted to treatment by hypophysectomy, or

adrenalectomy, in order to compensate for the anticipated

mortality from these procedures. In the event, se-'-'n

animals survived hypophysectomy, and eight survived adrena¬

lectomy for the whole of the experimental period so that a

total number of 27 animals were included in the experiment.
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After the operations had been carried out, the four

treatment groups were kept in separate cages; each animal

identified by its ear mark, was weighed daily, and individual

weight records were kept throughout the experimental period.

All animals had free access to a 5/' glucose-saline solution,

to which vitamin supplements, (ABIDEC, Parke-Davis) were

added, for their fluid requirements, and a diet of brown

bread mashed with milk and glucose was provided once daily.

The sham hypophysectomised group allowed to feed ad libitum,

and the hypophysectomised, and airenalectomised animals were

all p-ovided with food in excess of their needs, but the

amount of food allowed to the underfed animals was severely

restricted. In practice the amourt of food allowed to this

group was calculated on a trial and error basis from day to

day according to their mean body weight, the objective being,

to restrict their growth curve to the same extent as that of

the hypophysectomised animals. The experiment was continued

under these conditions for 21 days when it was terminated

by killing the animals one at a time, with chloroform.

Each animal was carefully identified by its ear mark after

death, and its stomach given a corresponding label before

being processed as described in Chapter II.

RESULTS

The results obtained in this experiment are

summarised in Table 7> and the results of the "t" tests, for

the comparisons between the means of the observations made

in the four experimental groups are summarised in Table 8

(body weight) and Table 9 (observations on the stomach).



TABLE7

THEEFFECTSOFBYPQPHYSBCTOMY.UMPEBFEEDIHCAM?ADRENALBCTOMT-(EXPERIMENTIT)
1 i i i I

ShamHypophysectoray FedAdLibitum
;

ShamHypophysectomy Underfed

Hypophysectosjiy
!Adrenalectomy!
1 |

n-6

n=6

n-7

n-8;

InitialBodyWeight
(gas)

111.6±8.5

150.5±8.9

121.4±10.8

124,5±10.9i
I j

FinalBodyWeight
(gas)

220.6±15.1
■

•

127.6+5.9

115.0±14.4

172.7±51.5;

TotalStomachWeight
(lags)

1155.5±155.7

1016.5i58.5 ..■fH
'I

748.2±77.5

920.0±166,0;

StomachArea (sq.cms.)

8.5±0.77

7.78±0.28

5.65±0.45

7.07±0.12;

!Haeoa&lVolume [(mm?)

258.5±47.2206.1±25.1I
158.7t21.4

i''i
184.6±45.9j

| ;ParietalCount
(xlO^)

43.4±8.4I31.911.126.912.0 1i
40.5t8,9!

I

s
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The mean growth curves of the four groups are plotted in

Figure 9» and the values obtained for the volume of the

mucosa and the parietal cell population in individual

animals are plotted against body weight in Figures 10 and

11 respectively.

It will be convenient to consider the results of the

experiment according to the following headings.

(i) The Initial body weight, and the growth curves, of the

four experimental groups.

(ii) The effects of hypophysectomy, and underfeeding on the

gastric mucosa.

(iii) The effects of bilateral adrenalectomy on the gastric

mucosa.

(i) The Initial Body Weight, and the Growth Curves, of the
Four Experimental Groups.

It will be apparent from the data given for mean

initial body weight in Table 7, that the four experimental

groups differed considerably with respect to body weight,

on the day the experiment was considered to start, i.e. on

the day the operations were actually performed. When the

data were tested (see Table 8) it was found that the initial

body weight of the sham hypophysectomised-underfed group,

was significantly greater (P <. .005) than that of the sham

hypophysectomised group allowed to feed ad libitum, and that

the adrenalectomised animals were slightly heavier (P < .05)

than the fed-ad-libitum animals. However, it is considered

that these differences do not invalidate the interpretation

of the results obtained in the experiment.



/ TABLE 6

SUMMARY pj TH8 "t" T&ST3. FOR THE CtMPA;■I3QK OF Ti IKITIAL.
&M FINAL BODY WEIGHT. BETWEISK THE FOUR 3R0UPS HTCLUmiD US

BXPJKEM1 II

■f I

Initial body Weidit
i >
f ifif

iiypex. vs. Underfed

Bypex. vs. Fed ad. lib.

Hypex. vs. Adrenex.
Adrenex. vs. Fed ad lib.

Adrenex. vs. Underfed

Fed ad lib. vs. Underfed

< ■!■■■ I r !

Final Body Weight

Iiypex. vs. Underfed
Bypex. vs. Fed ad lib.

Iiypex. vs. Adrenex.
Adrenex. vs. Fed ad lib.

Adrenex. vs. Underfed

Fed ad lib. va. Underfed

d.o.f. Mt" F

11 1.7 OCM•V

11 1.7 <.20

15 0.5 <.9

12 2*3 ITSo9V

12 1.2 <•9

10 3.8 A •8

11 2.2 <.05

11 12.8 <.001

13 4.68 <.005

12 3.77 <.005

12 3.7 <.005
10 22.0 <•001

lotes* The following abbreviations are used in this Table
and in Table 9»

"Iiypex." for liypophyeectamised.
"Underfed" for Sham hypophyaeotomiaed-underfed
"Fed ad lib." for Shsua hypophyseetoraised-fed ad libitum.
"Adrenex." for Adrenaleotomised.

Initial body weight, refers to the body weight on the day
the experiment was considered to start, i.e., on the day the

operations were actually performed.



TABLE 9

SUMMARY OF THE "t" TESTS FOR THE COMPARISON OF THE OBSERVA¬
TIONS MADE OH THE STOMACH. )BBi?WEEK THE FOUR GROUPS INCLOSED

Hi EXPERIMENT II

Stomach Weight

Hypex. vs. Underfed

Hypex. vs. Fed ad lib.

Hypex. vs. Adrenex.

Adrenex. vs. Fed ad lib.

Adrenex. vs. Underfed

Fed ad lib. vs. Underfed

Mucosal Area

Hypex. vs. Underfed

Hypex. vs. Fed ad lib.

Hypex. vs. Adrenex.
Adrenex. vs. Fed ad lib.

Adrenex. vs. Underfed

Fed ad lib. vs. Underfed

Mucosal Yolume

Hypex. vs. Underfed

Hypex. vs. Fed ad lib.

Hypex. vs. Adrenex.

Adrenex. vs. Fed ad lib.

Adrenex. vs. Underfed

Fed ad lib. vs. Underfed

Parietal Cell Population

Hypex. vs. Underfed

Hypex. vs. Fed ad lib.

Hypex. vs. Adrenex.
Adrenex. vs. Fed ad lib.

Adrenex. vs. Underfed

Fed ad lib. vs. Underfed

d.o. f o »t" p

11 7.1 <.001

11 5.5 <.001

13 2.6 <.025

12 2.5 ino•V

12 1.5 <.20

10 1.7 OOJ•V

11 12.3 <.001

11 7.5 <.001

13 3.2 A • O

12 2.4 A • o VJ1

12 1.6 <.20

10 1.6 A • o

11 5»4 <.001

11 5.7 <.001

13 2.5 <.05

12 2.9 A • O

12 1.1 O•V

10 2.4 ino•y

11 4-3 <.005

11 5.7 <.001

13 4.2 <.005

12 0.5 oV£>•V

12 2.7 <.02

10 3.2 A • o
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The mean growth curves for the four groups are

illustrated in Figure 9« It will be seen from the figure,

that the major condition of the experiment was fulfilled

reasonably well, in so far as the growth curves for the hy-

pophysectomised and underfed groups were nearly alike? in

any event when the experiment was terminated, the mean body

weights of these two groups differed only slightly from one

another (P < .05). The growth curve of the sham hypophy-

sectomised group allowed to feed ad libitum, is not sub¬

stantially different from the curve to be expected in normal

animals of the same age, and starting weight, over the same

period of time. For practical purposes therefore, these

animals may be accepted as representing normal animals, and

they will be designated as "normal" in the discussion which

follows. As expected, the growth curve of the adrenalec-

toraised animals was retarded (see Grunt, 1964), and the

final body weight of this group was significantly smaller

(P < .005) than that of the "normal" group of sham hypophy-

sectomised animals fed ad libitum although it was greater than

that of the underfed group, and that of the hypopbysectomised

group (P < .00; in both instances).

(11) The Effects of Hypophysectomy and Underfeeding on the
Gastric Mucos

The results (see Tables 7> and 9» Figures 10 and 11)

clearly show that for each of the observations made on the

stomach, namely stomach weight, area and volume (mass) of

the acid secreting mucosa, and parietal cell population, the

values obtained in the hypophysectomised group were considerably



FIGURE 9

The mean body weight curves of the four experimental

groups (Hypophysectomiced, Sham hypophysectomised allowed to

feed ad libitum, sham hypophysectomised-underfed, and

adrenalectomised) included in Experiment II.
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smaller than those obtained in the underfed animals, the

value for P, lying between (<.005) and (<.00l) for the

differences between the respective means for all the

observations made. Moreover the effects of hypophysectomy

on the stomach were so much greater than the effects of

underfeeding, that the difference between the two groups in

this respect, cannot be ascribed to the relatively slight

difference in their respective growth curves. These con¬

siderations suggest the firm conclusion that hypophysectomy

per se, exerts a marked effect on the gastric mucosa. This

conclusion is strengthened when the data for the hypophy-

sectomised, underfed and "normal" animals are considered

together. It will be seen that the values obtained for

each of the observations made, were much smaller ir the

hypophysectomised animals, then they were in the 'normal"

control group (P < .001) whereas there were only relatively

small differences between the "normal" controls and the under¬

fed group. The marked differences which distinguish the

three groups, imply the further conclusion, that the effect

of removing the pituitary was to interfere in some way with

the growth of the gastric mucosa. This conclusion is based

on the following assumptions. (a) That the values obtained

for the observations made on the gastric mucosa in the fed

ad libitum group represent the extent to which the gastric

mucosa would have grown in the normal population at the time

the animals in the experiment were killed, and, (b) That

the values obtained in the underfed animals represent the



FIGURE 10

The effects of hypophysectomy, underfeeding and bilateral

adrenalectomy, on the volume of the acid secreting mucosa

(Experiment Il)»
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extent to which the gastric mucosa had grown in animals

with intact pituitaries, whose somatic growth had been

retarded to the same extent as that of the hypophysectomised

animals. Since the values for all the observations made on

the gastric mucosa were smaller in the hypophysectomised

group than they were in the fed ad libitum, or "normal"

group, it follows that hypophysectomy had in some way

prevented the normal growth of the gastric mucosa. More¬

over, since the values obtained in the hypophysectomised

animals were smaller than those obtained in the underfed

animals, it follows that the effect of hypophysectomy was

not due, simply, to the retardation imposed by hypophysec¬

tomy on somatic growth. On the 3ame reasoning underfeeding

also exerted some effects on the growth of the gastric

mucosa since both mucosal volume (P < .05) and parietal

cell population (P < .01) were smaller in the underfed

animals than they were in the "normal" sham hypophysec¬

tomised animals allowed to feed ad libitum.

(iii) The Effects of Adrenalectomy on the Gastric Mucosa

When the overall results of the experiment are

considered (see Tables 7 and 9» Figures 10 and 11) it will

be apparent that bilateral adrenalectomy had little effect

on the stomach. Thus there were no significant differences

between the adrenalectomised group and the "normal

controls" (i.e. the sham hypophysectomised fed ad libitum

group) with respect to total parietal cell population.

However, the mean values for stomach weight, mucosal area,
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and mucosal volume were all smaller in the adrenalectornised

animals than they were in the "normal" animals; these

differences, can almost certainly he attributed to the low

values obtained for these estimates in two of the adrena-

lectomised animals, who appeared to sustain the operation

very poorly. One of these had marked diarrhoea through¬

out the last week of the experiment. The two animals in

question, are represented by the two lowest values plotted

for the adrenalectomised animals in Figures 10 and 11.

Moreover, the data show that the effects of adrena¬

lectomy on the stomach, are negligible in comparison with

effects of hypophysectomy; the differences between the

two groups would be even greater, were it not for the low

values obtained for stomach weight, and mucosal area in

the two adrenalectomised animals already discussed. The

low values obtained for the area of the acid secreting mucosa

in these two animals, wholly account for their relatively

small mucosal volumes and parietal cell counts respectively.

The interpretation of the data from the adrenalec¬

tomised group depends to some extent on the significance to

be attached to the results obtained in the two animals

already mentioned; it was impossible to decide with

certainty whether these results were due to the actual

effects of adrenalectomy or whether they were due, for

instance, to some unrecognised post operative complication

in the animals in question (as mentioned previously, one of



FIGURE 11

The effects of hypophysectomy, underfeeding, and bilateral

adrenalectomy on the parietal cell population (Experiment II).
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these animals had diarrhoea). To resolve doubt, a further

experiment (ilk) was carried out, in which adrenalectomised

animals were compared with two sham adrenalectoinised groups,

one of which was fed ad libitum, while the other was slightly

underfed in order to retard their growth rate to a similar

extent as the animals which were actually adrenalectomised.

The results of the experiment may be anticipated here, by

saying that, under the conditions described, bilateral

adrenalectomy did not exert any demonstrable effects on the

growth of the gastric mucosa. Moreover, since the present

investigation was started, Bralow et al., (1962) have also

come to the conclusion, that the parietal cell population is

not significantly altered after bilateral adrenalectomy in

the rat.

Since bilateral adrenalectomy does not affect the

growth of the stomach, it follows that the effects of hypo-

physectomy cannot be attributed to secondary adrenal

insufficiency.

3TM.IARY

1. An experiment has been described which was designed to

distinguish the effects of hypophysectomy per se from the

effects of inanition and the effects of adrenal insufficiency

on the gastric mucosa.

2. It was considered that the experimental method employed

was adequate for this purpose.

3. It was concluded that hypophysectomy exerted marked effects

on the growth of the gastric mucosa.
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4. These effects of hypophysectoray were not due, 3imply,

to the inanition which follows this procedure, nor were they

mediated by the adrenal cortex.

5. Underfeeding, to the degree practised in this experiment,

also exerted some effects on the gastric mucosa.
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CEiPTIiR Y?

sixperiraent IIA

The effects of Bilaterr^ Adrenalectomy on the Gastric Mucosa

The sole purpose of this experiment was to clarify

the slightly doubtful results obtained in the previous experi¬

ment as to the effects of bilateral adrenalectomy on the

growth of the gastric mucosa. The experimental method

adopted was to compare adrenalecLomised animals killed

three weeks after operation, with two groups of controls,

namely:-

(a) A "sham" operated group allowed to develop normally

during the course of the experiment.

and

(b) A "sham" operated group whose body weight was restricted

to the same extent as that of the adrenalectomised animals

during the course of the experiment by deliberate under¬

feeding.

The second control group was included in order to assess the

role of inanition in the development of any possible changes

in the mucosa after adrenalectomy, since it was anticipated

from the literature, and from the results of the previous

experiment, that the adrenalectomised animals would not

gain weight at a normal rate. In the event, however,

bilateral adrenalectomy exerted no marked effect on body

weight in the present experiment.

EXP'iIRITv'IBNTAL TT3TH0D

For the purpose of the experiment, 15 young male

rats were selected within a weight range of 115 - 10 grams
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from the Unit colony, and randomly allocated to one or

other of the following treatment groups.

Bilateral adrenalectomy, fed ad libitum.

II Sham adrenalectomy, fed ad libitum.

III Sham adrenalectomy, underfed.

All the operations were performed on the same day;

by'"sham" adrenalectomy' is meant an operation which resembles

exactly that performed when the adrenals are to be removed,

up to and including the point where each adrenal is brought

up into the skin wound for visualization; in the case of a

"sham" operation, however, the intact organ, having been

visualised is replaced in the abdominal cavity, whereas it

is, of course, removed when bilateral adrenalectomy is to

be carried out. The three groups were caged separately

for the duration of the experiment; each animal, identified

by an individual ear mark was weighed daily, and individual

weight records were kept. All the animals had free access

to a 5c/o glucose-saline solution, to which vitamin supple¬

ments (ABIDhC - Parke Davis) were added, for their fluid

requirements, and a diet, consisting of rat cakes and brown

bread mashed with milk and glucose was made available once

daily to each group. However, the amount of food allowed

to the underfed animals was slightly restricted in order to

maintain their mean body weight at approximately the same

level as that of the adrenalectomised group.

The experiment was continued under these conditions

for 23 days when it was terminated by killing the animals

one by one by exposure to chloroform. iliach animal was
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identified after death, and its stomach given a corresponding

label. It was confirmed at autopsy that both adrenals were

intact in the shaui operated animals, and that no identifiable

adrenal tissue remained in the adrenalectomised animals.

RESULTS

The results of this experiment are summarised in

Table 10 and the mean body weight curves of the three groups

are illustrated in Figure 12. It is convenient to discuss

the results under the following headings.

(i) The effects of bilateral adrenalectomy on body weight.

(ii) The effects of bilateral adrenalectomy on the gastric

mucosa.

(i) The .dffect on Body ■.'.eight _

There ^ere no significant differences between the

means of the initial body weight in the three groups at the

beginning of the experiment. However, as Figure 12 shows,

considerable fluctuations occurred in the mean body weight

curves of the adrenalectomised and sham adrenalectomised-

underfed groups during the experimental period. In the

case of the underfed animals this effect was entirely due

to errors in the purely empirical method of calculating the

amount of food to be allowed to this group from day to day.

On the other hand, no explanation can be offered for the

increase in body weight which occurred in the adrenalec¬

tomised group between days 20 and 21 of the experiment; the

effect was observed in each animal in the group, and it could

not be accounted for by any change in the quality of the diet,

or in the drinking fluid.



FIGURE 12

The mean "body weight curves of the three experimental

groups (Adrenalectumised, Sham adrenalectomised fed ad

libitum, and sham adrenalectomised-underfed) included in

Experiment IIA (The Effects of Adrenalectomy).
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Because of the marked weight gain in the adrena-

lectomised group towards the end of the experiment, there

were no significant differences between the mean values

observed for final body weight in the three groups,

although Figure 12 shows, that up to day 20, the body weight

curves of the adrenalectomised and sham adrenalectomised

fed ad libitum groups, were in fact diverging.

No explanation can be offered to account for the

differences observed between the growth rates of the adrena¬

lectomised animals in this experiment, and the adrenalecto¬

mised animals in the previous experiment, since both groups

received exactly the same preoperative care. However,

although somatic growth is usually retarded after bilateral

adrenalectomy in the rat, this effect is not always

observed (Cohn et al., 1952} Grunt, 1964} Bralow et al.,

1964; .cidgren and Peterson, 1964).

(ii) The effects of Bilateral Adrenalectomy on the Gastric
mucosa.

No significant differences were found between the

adrenalectomised group and the "sham" adrenalectomised

group allowed to feed ad libitum with respect to the mean

values obtained for stomach weight, area of the acid

secreting mucosa, or parietal cell population, although the

mean for each estimate tended to be smaller in the adrena¬

lectomised group (see Table 10). Although the volume of

the mucosa was reduced in the adrenalectomised as compared to

both groups of sham operated controls, the significance of

the effect was only marginal, the values for P being (<.05)



TABLE10
El'/:CT3OFADR^lAL.CTOMY Adrenalectomised

"Sham"Adrenalectomised Fedadlibitum

"Sham"Adrenalectomised Underfed

Mean

S.D.

Mean

S.D.

Mean

S.D.

InitialWeight(gm)

121.3

+ 19.7

118.8

♦ 8.75

112.2

+ 6.2

PinalWeight(gm)

202.5

14.0

209.6

13.4

194.4

15.1

TotalStomachWeight(mg)
1208.6

242,6

1275.0

104.9

1449.5

41.9

MucosalArea(cm)^

10.8

1.5

12.1

0.8

11.4

0.4

MucosalVolume(mm)^

509.4

63.O

394.4

47.1

378.8

27.3

ParietalCountxlO

46.3

7.8

51.56

10.3

44.9

6.11

Summaryof"t"Tests
d.o.f.

TS

Fedadlibitum Adrenalectovaiced

1■■■1

Fedadlibitum vs.Uierfed

Initial,/eight

8

"t"

=0.25

P<0.8

»t"

=0.9

P<0.4

Pinalweight

8

"t"

=0.85

P<0.4

"t"

=1.6?

P<0.2

Stomacheight

8

»t"

=0.5

P<■0.6

"t"

=3.45

P<0.01

MucosalArea

8

»t"

=I.84

P<0.1

"t"

=0.67

P<0.6

MucosalVolume

8

"t"

=2.41

P<0.05

»t"

=O.64

P<0.6

i ParietalCount

8

"t"

=0.42

P<0.7

"t"

=0.34

P<0.8
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and (<.l) for the comparisons between the adrenalectomised

group, and the fed ad libitum, and underfed groups respec¬

tively. In view of the fact that the adrenalectomised

group did not differ significantly from the sham operated

animals allowed to feed ad libitum in any other respect,

it seems unlikely that the effect on mucosal volume has

any real biological significance.

CONCLUSION

When the results of this and the previous experiment

and those of Bralow et al., (1964) are considered together,

it seems reasonable to conclude that the growth of the

gastric mucosa is not markedly altered within the first

three weeks after bilateral adrenalectomy; it follows

therefore, that the effects of hypophysectomy observed in

the previous experiments were not mediated via the adren-l

cortex.

SUniARY

1. The effects of bilateral adrenalectomy on the gastric

mucosa were investigated by comparing the stomachs of

adrenalectomised rats, with the stomachs of two groups

of sham hypophysectomised animals.

2. In this experiment, somatic growth was not disturbed

after bilateral adrenalectomy.

5. Bilateral adrenalectomy did not exert any marked effects

on the gastric mucosa.
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CHAPTER VII

experiment I IB

'he Effects of ACTI1 and Hydrocortisone on the Gastric LIucosa

INTRODUCTION

It has been mentioned already (see Chapter It pages

13-15) that the administration of large amounts of the

adrenocortical hormones for prolonged periods, may cause a

striking increase in gastric secretion in humans, and in

dogs with otherwise normal endocrine function. One explana¬

tion which lias been offered to account for this effect is,

that the adrenocortical hormones may cause an increase in

the actual number of the parietal cells in the stomach

(Reifl et al., 1961). However, the evidence given in support

of this claim was not convincing, (see Chapter page 14)

and, since the problem is relevant to the present investi¬

gation, it was decided to examine the effect of administering

ACTH, and cortisone on the gastric mucosa of the rat.

For the reasons discussed on page 15, the conclusion

of Reid et al.t (1961), that cortisone could increase the

parietal cell population only at a critical dose level was

not accepted and in the experiments to be described large

amounts of ACTII and hydrocortisone were administered for

prolonged periods. These conditions were chosen because

it seemed reasonable to believe that any effects the hoimones

might have on the growth of the gastric mucosa should be

demonstrable under the same circumstances as their effects

on its secretory function. The actual dose levels employed

were chosen arbitrarily, but they were roughly of the same
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order as the doses used by other workers, investigating

different aspects of the effects of the adrenocortical

hormones on the gastric mucosa in the rat (Baker and

Bridgeman, 1954? Myhre, i960).

Two separate experiments were carried out; in one

ACTH was given at two dose levels of 8 units, and 4 units per

day for 36 days} in the other experiment, hydrocortisone

was given at dose levels of 8 mg. and 4 per day for 24

days. It is proposed to consider the two experiments

together according to the headings given below; the experi¬

mental methods employed will be described in full only for

the first experiment, since the actual working conditions

were the same for both.

(i) The effects of ACTE on the gastric mucosa.

(ii) The effeuts of hydrocortisone on the gastric mucosa.

(iii) Discussion.

(4) The Effects of ACTII on the Gastric Hucosa

EXPERIMENTAL IIETHOD

For the purpose of this experiment twenty male rats

were selected within a weight range of 100-120 grams from

the Wistar colony, in the Bnit, and divided into two groups

of six animals each, and one group of eight animals, so that

the weight range in each group was virtually identical.

The three groups were then allotted to the following

treatments.

Group I (8 animals). Injections of gelatin, 1 ml. daily,

for 36 days ("control"group).
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(6 animals). Injections of ACTH, 4 units daily,

for 36 days.

Group III (6 animals). Injections of ACTH, 8 units daily,

for 36 days.

MATERIALS

The preparation of ACTH used was Acthar Gel (Armour

Ltd., - Batch D.C.1502). This is a preparation of porcine

ACTH made up in l6fo gelatin. Commercial gelatin was used

as the injection material for the group of controls.

WORKING CONDITIONS OF THE EXPERIMENT

The three treatments were started on the same day,

and the experiment was terminated after 37 days, i.e. about

24 hours after the last injections had been given. The

three groups ./ere caged separately for the duration of the

experiment. The rats in each group were given individual

ear marks and they were weighed on the first and last day

of the experiment and at weekly intervals between. A

standard diet of rat cake was provided, and all groups re¬

ceived a ifo solution of potassium chloride in tap water as

their drinking fluid. The injections were given between

9*00 a.m. and 11.00 a.m. each day, and they were delivered

under the loose subcutaneous tissues at the back of the

neck. No instance of skin necrosis, or of subcutaneous

infection was observed.

The experiment was continued under these conditions

for 36 days; it was terminated on day 37» hy killing all

the animals one by one by exposure to chloroform. Each
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animal was carefully identified after death and the tissues

removed from it were placed in separate labelled containers.

The stomach was removed from each animal and processed as

described in Chapter II. The paired adrenals were also

removed from each animal, stored in lO1/' formol saline, and

the adrenals of all the animals in the experiment were

weighed subsequently, on the same day.

RESULTS

The results of the experiment are summarised in Table

11. Although the effects of the higher dose of ACTH,

tended in general to be greater than those of the lower dose,

the differences between the two groups did not reach

statistical significance for any of the observations made.

Accordingly the two ACTE treated groups were combined, and

the summary of the "t" tests, at the foot of Table 11,

refers to the differences observed between the control

animals and all the ACTH treated animals considered as one

group. The results may be considered conveniently under

the following headings.

(1) The effects of ACTH on body weight.

(2) The effects of ACTH on adrenal weight.

(5) The effects of ACTH on the gastric mucosa.

(l) The Effects of ACTH on Body eight

It will be apparent that ACTH reduced body weight

in both groups. Although the effect appeared to be slightly

greater with the higher dose, the difference in body weight

between the two ACTH treated groups was not significant



TABLE11 MMSCTSOf'ACTH

Treatment Group

Initial
BodyWeight (g®)

Pinal
BodyWeight (g®)

Weightof Adrenals (®g)

Stomach Weight (rag)

Mucosal Area (cra)2

Mucosal Volume (mm)5

ParietalCell Population xlO6

"Controls" n=8

115±13
200±33

42.4±3.9
1367±193
10.83±1.5
419.6±50.9
55.6t12.6

ACTH 4units/day n=6

110±7.5
180.5±28.4
69.4-12.7
1113±171
9.06±1.04
325±47.8
47.8±8.0

ACTH 8units/day n=6

112.8t13.4
159±13.7
74.0±12.8
1105±109
10.4±0.65
381.5±23

47.8±8.1

Comparison controls vs.ACTH groups combined d.o.f.18

"t"=2.2 P<.05

"t"=7.77 P<.001

"t"=2.9 P<.01

"t"=1.10 P<.3

"t"=2.74 P<.02

"t"=I.56 P<.2

Bote:SincenosignificantdifferenceswerefoundbetweenthetwoACTHtreatedgroups,foranyof theobservationsmade,thedataforthetwogroupswerecombined,andtestedagainstthecontrols.
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("t" = lj>5, P < .2) and, as already explained, all the

ACTH treated animals will be regarded as representing one

treatment group for the purpose of the present analysis.

When the data were considered in this way, ACTH was found

to exert a definite effect (p < .05) in reducing body

weight, according to its well known properties of inhibiting

somatic growth (see section on ACTH in replacement experi¬

ment, Chapter YII).

(2) The Effects of ACTH on Adrenal Weight

The weight of the paired adrenals was markedly

increased in the ACTH treated animals, confirming that the

preparation used was potent and that it was absorbed. The

fact that adrenal weight was not significantly different in

the two ACTH treated groups suggests that even the lower

dose had achieved maximal stimulation of the glands.

(3) The Effects of ACTE on the Gastric I.'ucosa

There were no significant differences between the

effects of the two dose levels of ACTH on the gastric muoosa,

so that the two groups were combined for the purpose of the

present analysis. When the data for the combined ACTH

groups and the control group were compared it was found that

ACTH had exerted a definite effect in reducing both stomach

weight (P < .01) and mucosal volume (P < .02) although

mucosal area was unaffected. Although the effect was not

significant (P < .2) ACTH also tended to reduce the parietal

cell population.
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(ii) The Effects of Hydrocortisone on the Gastric Mucosa

EXPERIMENTAL iijTHQD

For the purpose of this experiment 22 male rats

were selected within a weight range of 100-120 grams from

the Wistar colony in the Unit, and allocated at random into

two groups of 6 animals each and one group of 9 animals.

The three groups were then allotted to the following

treatment.

Group I (9 animals). Nominal injections of 0.9^ saline,

daily, for 22 days ("control" group).

Group II (6 animals). Injections of hydrocortisone, 4 rag.

daily, for 22 days.

Group III (6 animals). Injections of hydrocortisone, 8 mg.

daily, for 22 days.

MATERIALS

The preparation of hydrocortisone used, was

Hydrocortisone Sodium Hemi Succinate (Efcortelan, Glaxo).

The material was made up, so that each dose was administered

in the same volume (0.2 ml.); the 'control" group received

0.2 ml. of 0.9^ NaCl.

WORKING CONDITIONS OF THE EXPERIMENT

The actual working conditions of the experiment

were exactly as described for the ACTH experiment, as regards

diet, drinking fluid, and the method of injection.

However, in this experiment, the injections were given in

divided doses, twice daily, between 9 and 11.00 a.m., and

between 5 and 6.00 p.m.
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The three groups were caged separately for the

duration of the experiment, and in this case, the animals

were weighed daily. The three treatments were started on

the same day, and the animals were all killed on day 23,

i.e. about 24 hours after the last injection had been given.

RESULTS

The results of the experiment are summarised in Table

12. Although the effects of the higher dose of hydro¬

cortisone tended to be greater than the effects of the lower

dose the differences between the two groups did not reach

statistical significance for any of the observations made,

except for stomach weight (P < .05). It was considered

that the two hydrocortisone treated groups could be

combined for the purpose of the present analysis, and the

summary of the "t" tests at the foot of Table 12 refers

to the differences observed between the "control" group

and all the hydrocortisone treated animals considered

together as one group. The results may be considered

conveniently under the following headings.

(1) The effects of hydrocortisone on body weight.

(2) The effects of hydrocortisone on adrenal weight.

(3) ^he effects of hydrocortisone on the gastric mucosa,

(l) The Effects of Hydrocortisone on Body Weight

It will be apparent from Table 12 that the mean

body weight of the three groups was virtually identical on

the day the experiment was started. As expected, however,

hydrocortisone inhibited somatic growth in the course of the



TABLE12
THEEFFECTSOFHYDROCORTISONE

Treatment Group

InitialFinal
BodyWeightBodyWeight (gm)(en)

AdrenalStomachMucosal WeightWeightArea (mg)(mg)(cm)2
Mucosal Tolume (mia)3

1

ParietalCell! Population xl06

"Controls" n=9

120,4i12.2
202.6±25.2
54.1±6.751492±16710.07i0.65 ;

401.6±63.5
33.6±4.3j
1 i 1

}1 :Hydrocortisone 4iag./day n-6
*

125,8±9.0
■

180.9t15.4
i j

26.9±3.361155i53.09.07±0.55
315.7±66.1
31.6±3.3j

1

Hydroeortisone 8rag./day n»6
I

122,0t16.4
I ! j

179.3±27.5
26.5t6.831313i198.59.91i1.35 |

394±47.3 .

J

31.9i3.7|

Comparison "controls" vs.cortisone
jgroups combined d.o.f.=19

'j
| ■; !

"t"«2.18 P<.05
.

"t"»2.95"t"»3.72"t"-1.46 p<.01[p<.005p<.2 1 8 ?1f1 J!

"t"=2.33 P<.05

"t"=1.041 P<.3

1
2 I j I |

NotesSincethetwohydrocortisonetreatedgroupsdifferedonlywithrespecttostomachweight (P<.05),thetwogroupswerecombined,andtestedagainstthe"controls".
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experiment, so that, there was a significant difference in

final body weight (P < .025) between the control animals,

and the hydrocortisone treated animals considered as a

group.

(2) The Affects of hydrocortisone on Adrenal Weight

As expected, hydrocortisone had the effect of

reducing the weight of the adrenals. The fact that adrenal

weight was not significantly different in the two hydro¬

cortisone treated groups, suggests that, even the lower dose

had achieved maximal suppression of the organ.

(5) The Affects of Hydrocortisone on the Gastric Mucosa

The only difference found between the effects of the

two dose levels of hydrocortisone was, that stomach weight

was reduced to a slightly greater extent by the smaller

dose (P < .05). When the hydrocortisone treated animals

were compared as a group, with the control animals, it was

found that hydrocortisone had exerted a marked effect in

reducing stomach weight, and a slight effect in reducing

the volume (mass) of the acid secreting mucosa (P < .05).

The parietal cell population was unaffected.

(iii) Discussion

According to the results obtained in these experi¬

ments it would appear that ACTH and hydrocortisone tend to

inhibit, rather than to stimulate the growth of the gastric

mucosa, at least in the rat. Although it is not suggested

that the effects obtained in the rat necessarily reflect

the actions that the hormones may exert in the dog, or in
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nan, these results tend to negate the view that the

adrenocortical hormones are capable of increasing the

parietal cell population in these higher species.

SUMMARY

1. The effects of the prolonged administration of large

doses of ACTH and hydrocortisone on the gastric mucosa have

been examined in the rat.

2. Under the experimental conditions employed, both agents

tended to inhibit the growth of the gastric mucosa.

3. The parietal cell population was not significantly

increased by either form of treatment.
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C':Ai X ,'i ¥111

[Experiment III

The Effects of Hypophyaectcroy on the Gastric tiucoaa in Fully
latured .lata

INTRODUCTION

It has been emphasised that the previous experiments

were deliberately carried out in young, growing rats,

because it was expected that if hypophysectoiay was capable

of affecting the gastric mucosa at all, then the effect

would be most easily demonsti*ated during a period of active

mucosal growth. Although the results suggested that the

pituitary exerted a profound effect on the aotive growth of

the mucosa it remained to be established whether or not the

gland exerted any influence on the growth processes respon¬

sible for maintaining the fully developed mucosa of mature
!

animal8.

This problem was investigated in the following experi¬

ment in which the effects of hypophysectomy on the gastric

mucosa of fully matured rats were examined. In order to

distinguish the effects of hypophysectomy per se, from the

effects of the inanition, the experimental design required

that adult hypophysectomised rats should be compered to

"sham" hypophysectomised animals of similar age cad weight,

and that the growth curves of the two #;roups should be

identical, or nearly so, for the duration of the experiment.

::XFnR]jIEM'Ah METHOD

Fourt en adult male rats of the Iprague-Dawley strein,
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aged about 18 weeks and weighing J00 t 10 grams were

either hypophysectomised or sham hypophysectomised at

random, in the Charles River Breeding Station, Boston,

U.S.A. They were sent by air transport to Edinburgh and

the experiment was considered to begin when they reached

the laboratory about 48 hours after operation.

On arrival in the laboratory each animal was weighed

and given an individual ear mark. The two groups were caged

separately for the duration of the experiment; all animals

had free access to a 5$ solution of glucose saline to which

vitamin supplements (ABIDEC - Parkes Davis) were added for

their fluid requirements, and food was provided once a day.

The diet was the same for both groups, namely brown bread

mashed with milk and glucose and orange slices sprinkled

with glucose. The hypophysectomised group was fed gener¬

ously but the amount of food allowed to the sham hypophy¬

sectomised animals was severely restricted. The animals

in both groups were weighed daily during the course of

the experiment, and the amount of food allowed to the sham

hypophysectomised animals was regulated on an empirical

basis from day to day, so as to ensure that their mean body

weight would fall at the same rate as that of the hypophy¬

sectomised group. The experiment was continued under these

conditions for 21 days, when it was terminated by killing

the animals one at a time with chloroform; eeah animal was

then identified by its ear mark and the organs removed from

it were kept in separate, labelled containers. The pituitary
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fossa was examined in all cases, and it was confirmed that

a burr-hole had been made, and that the pituitary was intact,

in all of the sham hypophysectoniised animals. The pituitary

had not been completely removed in three of the hypophy¬

sectomised animals, and these have been excluded from further

consideration, except in Figures 15 and 14 where they are

designated as "incomplete hypophysectomy". In four animals,

hypophysectomy had been complete, as judged by the absence

of visible pituitary tissue in the fossa, and by marked

reduction in the weights of the paired adrenals, and testes.

Ih,SUITS

The results obtained in the experiment are summarised

in Table 15; the mean growth curves of the experimental

groups are plotted in Figure 15, and the values obtained for

mucosal volume, in the individual animals in the experiment

are plotted against body weight in Figure 14. It should be

noted, that the data given for tne hypophysectomised group

in Table 15, refer only to the four animals in whom the

pituitary had been completely removed. The results may be

discussed conveniently according to the order they are laid

out in Table 15•

INITIAL BODY ./EIGHT

"Initial body weight" refers to the mean body weight

of each group, on the day the experiment was considered to

start - i.e. on their arrival in Edinburgh 48 hours after

hypophysectomy. It will be noted from Table 15, that the

initial weight of the hypophysectomised group was considerably



TABLE15

THEEFFECTOFHYPOPITYSSCTQEYOHTHEGASTRICIflJCOOAINFULLYT-TATTFKDRATS Hypophyseotomised
(n=4)

Intact (ReducedFood)

"t"

P

InitialBody..eight
(gins)

257.5*5.4

277.4±2.8

9.9400

<.001

FinalBody.eight
(gas)

239.5±12.8
.

241.4±6.6
-

0.2650

0

CO

•

V

Stomacheight
(mgs)

1180.2±100.0

1413.0±145.9
•

.

5.1525
...

<.02

Mucosal',re^(cm)

7.73±0.3
I

.

io.6e±.96

7.25

<.001

MucosalVolume
(rarrr)

255.6±18.0

555.2t35.9

5.9877

<.001

ParietalCount (xlO6)

28.7±5.4
!

45.4±8.0

4.0

A

•

8
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less (P < .001) than that of the sham-operated controls.

Since the body weight of all the anima s in the experiment

was much the same, i.e. 500 ± 10 grams at the time the

operations were actually performed, it may be reasonably

implied that the disparity in the weight of the two groups

on arrival in Edinburgh was due simply to a difference in

their food intake during the 48 hours they were in transit.

It would appear that the sham hypophysectomised animals

lost some weight on the journey also.

FINAL BODY WEIGHT

As Figure 15 shows, the difference in body weight

between the hypophysectomised, and the underfed groups was

eliminated by the fourth day of the experiment, as a result

of restricting the amount of food allowed to the underfed

animals. The figure shows, and the mean final body weights

confirm, that the mean growth curves of the two groups were

virtually identical throughout the experiment, so that

the major condition of the experiment was fully satisfied.

STOMACH WEIGHT

The weight of the stomach was reduced in the hypo¬

physectomised as compared to the sham hypophysectomised -

underfed animals (P < .02). When all the data are considered

together, however, it will be apparent that stomach weight

was less affected by hypophysectomy than stomach area,

mucosal volume, or parietal cell population? this discre¬

pancy may be explained on tne hypothesis that mucosal tissue

is likely to be more sensitive to pituitary deprivation



FIGURE 13

The mean body weight curves of the hypophysectomised,

incompletely hypophyp ;ctomised, and sham hypophysectomised -

underfed animals included in Experiment III (The Effeots of

Hypophysectomy in Mature Animals).
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than involuntary muscle, which accounts for the large

proportion of the weight of the stomach,

ARM AID VOLUME OF THE ACID SECRETING MUCOSA AM? PART IAL
CELL POPULATION, * ~ """""

The results obtained for these three observations

may be conveniently considered together; they were all

markedly reduced (P < ,001) in the hypophyseetomised

group, as compared to the sham operated, underfed controls.

It is of interest to note that partial hypophysectomy had

no significant effect either on mucosal volume or parietal

cell population, because it may be calculated that the

values obtained for these estimates in the three incompletely

hypophysectomised animals (see Figure 14) were within the

expected range for completely normal animals of similar age

and body weight.

CONCLUSIONS

Despite the fact that only four completely hypophy¬

sectomised animals were available for consideration, the

results clearly indicate that hypophysectomy per se, exerts

a marked effect on the gastric mucosa, even in fully matured

rats, since the mean values for all the observations on

the stomach were considerably less in the hypophysectomised

animals than they were in the underfed controls. Indeed,

when the data for individual animals were considered (see

Figure 14), it was found that the values obtained for

mucosal volume, and parietal cell population were smaller

in each of the hypophysectomised animals than they were in

1[)@
any individual animal in the underfed group. It may



PiaUHE 14

The effects of hypophysectomy on the volume of the acid

secreting mucosa in mature animals (Experiment III).
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implied that the pituitary gland is in some way responsible

for supporting the growth processes which serve to maintain

the gastric mucosa of fully matured rats.

The experiment was designed only to compare the

effects of hypophysectomy and inanition on the stomach,

so that no conclusions can be drawn concerning the effects

of either form of treatment relative to the stomachs of

normal, untreated animals of the seme age and weight.

SUMMARY

1. The effects of hypophysectoray on the gastric mucosa were

examined in mature animals, aged about 18 weeks, and weighing

about 500 grams at the time of operation.

2. The hypophysectomised animals were compared with sham

hypophysectomised rats, which were deliberately underfed

so that the growth curves of the two groups were identical,

or nearly so during the experimental period.

5. The results obtained under these conditions suggested,

that hypophysectomy exerts a marked effect on the gastric

mucosa in mature animals.
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CHAPTER IX

Experiment IV

Replacement Experiment

IHTRODUCTIOR

The results of the previous experiments suggested

that the pituitary gland was in some way responsible for

maintaining the growth of the gastric mucosa. The experi¬

ment to be described was undertaken in an attempt to explore

the hormonal mechanisms involved in this process.

The problem was investigated by examining the effects

of the individual anterior pituitary hormones in restoring

the gastric mucosa of hypophysectoraised rats to normal. In

principle, the experimental design adopted for this purpose

was as follows. Each hormone was administered to a group

of hypophysectomised rats, at a daily dose level which was

calculated to equal, or "replace", that amount of the

hormone, which would be produced endogenously by normal rats

of the same age and weight. In addition to these single

"replacement" treatments, two combined treatments were

devised in which all the hormones were given together. In

one form of combined treatment (designated subsequently as

combined Treatment _l) each hormone was represented by the

same dose as that given when the same hormone was used as

a single replacement treatment? in the other combined

treatment (designated subsequently as combined Treatment II)

the dose of each hormone was half of that represented in

combined Treatment _I. It was considered unnecessary to
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distinguish between the luteinizing and follicle stimulating

hormones of the pituitary, for the purpose of this experiment

so that these two hormones were administered together as a

single treatment to replace the total gonadotrophic activity

of the pituitary. In all, seven forms of replacement treat¬

ment were used; five of these represented the replacement

of an individual hormone of the anterior pituitary - namely

ACTH, growth hormone, prolactin, thyroid stimulating hormone

and the gonadotrophins (considered as one hormone for the

purpose of this experiment), while the remaining two treat¬

ments represented the administration of all these hormones

together, at two dose levels.

In order to assess the effectiveness of these forms

of treatment in restoring the gastric mucosa after hypophy-

sectomy, two control groups were included in the experiment.

These were:-

(a) An untreated hypophysectomised group, and

(b) A "sham"-hypophysectoraised group allowed to grow

normally.

Thus, according to the standards provided by the

two control groups, it would be possible to decide whether

a given replacement treatmentj-

(a) Inhibited, or exerted no effects, on the growth of the

gastric mucosa after hypophyseotomy (by comparison with

the untreated hypophysectomised animals).

(b) Restored the mucosa completely to norma}, (by comparison
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with the "sham" hypophysectomised animals allcw.ed to

develop normally).

(c) Whether it exerted a partial effect.

Somatic growth was also examined, so that the effects

of the replacement treatments on the growth of the gastric

mucosa could be compared with their effects on the growth of

the organism as a whole. The somatic growth of each animal

during the experimental period was measured in terms of its

final body weight, and the width achieved in the tibial epi¬

physeal cartilage, on the day that the experiment was ter¬

minated. The rat is remarkable in that its epiphysis never

close completely even in advanced age, so that, the width

of the tibial epiphyseal cartilage is regarded as a good

index of active growth in this species. Although the

width of the cartilage plate is markedly reduced after hy-

pophyseetomy, it is restored almost immediately by growth

hormone, and this effect is utilised in the "tibia assay

test" for growth hormone activity (Evans et al., 1943> and

3ee Li, 1953» and see Geschwind and Li, 1955); under the

conditions of this test, as little as 20 micrograms of growth

hormone, administered daily for four days, produces a

measurable increase in the cartilage width of young hypophy-

sectomised rats (Geschwind and I,i, 1955)•

In the present experiment the effects of o. given

replacement treatment in promoting somatic growth were

assessed, by comparing the values obtained for final body

weight and the width of the tibial cartilage in the treated
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group, with the values obtained for these estimates in each

of the two control groups; according to this experimental

design, it would be possible to decide whether any one

treatment inhibited, or completely restored somatic growth

after hypophysectomy, or whether it exerted no effect or a

partial effect in this respect.

Finally, when this experiment was being planned it

was decided to take advantage of the two control groups

required - i.e. the untreated hypophysectomised group and

the "sham" hypophysectomised group allowed to develop

normally - to re-examine the relative effects of hypophy-

sectomy and inanition on the stomach. For this purpose, a

"sham" hypophysectomised underfed group was included in the

experimental design, and the stomachs of the three groups -

namely hypophysectomised untreated, "sham" hypopbysectomised-

underfed and "sham" hypophysectomised fed ad libitum - were

compared when the experiment was terminated; this sub

experiment, which has been designated Experiment IVA will

be considered separately, in Chapter X*

MATERIALS

The following hormone preparations were used in this

experiment»-

1. Bovine Growth Hormone (NIH-GH-B2).

This preparation was made available by the endocrin¬

ology study section of the National Institute of Health

(Bethesda, U.S.A.). It is highly purified, and according

to the specifications provided at source, it is not
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significantly contaminated with any of the other pituitary

hormones.

2. Ovine Prolactin Specification (NIH-P-S-3).

This preparation was also provided by N.I.H. Its

potency was 15 International Units/mg., and according to the

specifications provided at source, it was not contaminated

to any significant degree by any of the pituitary hormones

except growth hormone. Its growth promoting properties

were assayed at source to be "less than 1%, greater than

0,1c/j of the activity of a highly purified bovine growth

hormone standard".

3. Ovine Luteinizing and Follicle Stimulating Hormone (NIH-LH-Sl)

(NIH-FSH-Sl).

These two hormones were also provided by N.I.H.

Although neither of these preparations are contaminated to

any significant degree by the non-gonadotrophic hormones of

the pituitary, the preparation of FSH contains about 0.1'/'

of LI-I.

4. Bovine ACTH (zinc corticotrophin - Organon).

This was provided by Organon Limited; it is a

relatively pure, long acting, preparation of ACTH.

5. Thyroid Stimulating Hormone ("Ambinon" - Organon, Batch

9072).

This preparation is a relatively impure preparation

and contains large amounts of gonadotrophic hormones, and

probably small amounts of all the other pituitary hormones

as well.
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BXRi'IRIMENTAL METHOD

The animals used in the experiment were supplied "by

the Charles River Breeding Laboratories Inc., Boston,

Ilassachusetts, U.S.A., and were of the Sprague-Dawley

strain. For the purposes of the experiment, 64 young male

rats were selected within a weight range of 100 ± 10 grams,

from a single generation in the colony; the animals within

this sample were hypophysectomised or sham hypophysectomised,

at random, in the proportion of 52 to 12, and sent by air to

Edinburgh, where they arrived 48 hours later.

On arrival in the laboratory each rat was given

an individual ear mark and weighed. The hypophysectomised

rats were distributed according to a previously prepared

list of random numbers to one or other of eight cages, so

that, in the final distribution four of the cages contained

seven animals each, and four cages contained six animals

each. The sham hypophysectomised animals were distributed

equally and at random between two cages. One of these

was then selected by tossing a ooin, for the replacement

experiment; the other was used for Experiment IVA, (compari¬

son of the effects of hypophysectomy and inanition) which

will be discussed in Chapter X.

THE WORKING CONDITIONS OF THE RKPLACSTITNT EXPffilMENT

The eight cages of hypophysectomised animals were

allocated at random to one or other of the 'replacement'

treatments (which included 'no treatment') listed in Table

14. Including the two control groups therefore, nine

groups of animals were considered in the experiment, and



TABLE 14

REFLAClfltEHT KXPERI2IKHT

Details of the replacement treatments
administered to the hypophysectomised animals

Treatment

1. No treatment (nominal saline injections)

2. ACTH (Qrganon)

3. Gonadotrophins (N.I.H.) comprising

4« T.S.H. ("Arab:'non"-Organon)

5. Prolactin (N.I.H.)

6. Growth Hormone (N.I.H.)

7. Combined Treatment _I comprising ACTII
Gonado trophins

TSH
Prolactin
Growth Hormone

8. Combined Treatment 37 comprising ACTH

Gonadotrophins

TSH
Prolactin
Growth Hormone

Dose per Day

0.2 ml.

2 units

( LH 10 y )
( FSH 1.0 mg. )
1.0 unit

1.0 mg.

1.0 mg.

2 units

(L.H. 10 y
(FSH 1.0 mg.
1.0 unit
1.0 mg.
1.0 mg.

1.0 unit

(L.H. 5 y
(PSH 0.5 mg.
0.5 units
0.5 mg.
0.5 mg.

Note All treatments were administered by injection in

divided doses, twice per day, each dose being contained

in 0.1 ml. of vehicle.
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these are listed below. Some animals died during the

course of the experiment, and were excluded from the results;

the numbers of animals in each treatment group which survived

for the entire duration of the experiment are indicated.

Group _I Hypophysectomised, untreated controls - actually

given nominal injections of normal saline (5

animals).

Group JEI Hypophysectomised, treated with ACTH (6 animals).
Group III Hypophysectomised, treated with gonadotropins

(5 animals).

Group IV Hypophysectomised, treated with TSH (7 animals).

Group V Hypophysectomised, treated with prolactin (7

animals).

Group VI Hypophysectomised, treated with growth hormone

(7 animals).

Group VII ilypophysectomised, treated with combined replace¬

ment I, (6 animals).
.

Group VIII Hypophysectomised, treated with combined replace¬

ment _II (7 animals).

Group IV "Sham"-hypophysectomised, •controls' allowed to

develop normally - actually given nominal injec¬

tions of normal saline (6 animals).

'i'he experiment was not started until the hypophy¬

sectomised animals had been under observation for 7 days in

the laboratory in order that incompletely hypophysectomised

animals might be recognised - either because of weight

gain, or failure of the testes to regress in size - and
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excluded from the experiment. In the event, no animal

had to be discarded on these grounds, and as will be

discussed later, the delay in starting the replacement

treatments may well have compromised the results obtained.

Each experimental group was caged separately, in

the same room from the time the animals arrived in Edinburgh

until the end of the experiment. Throughout this time,

all the animals had free access to a 5$ solution of

glucose-saline, to which vitamin supplements (ABIDSC -

Parke-Davis) were added, and a diet, consisting of brown

bread mashed with milk and glucose, and orange slices

sprinkled with glucose, was provided ad libitum to all

groups twice each day. The animals were weighed each

morning and individual weight records were kept throughout

the experiment. All treatments were administered by sub¬

cutaneous injection, delivered under the loose skin folds

in the inguinal region of the abdominal wall, using alter¬

nate sides from day to day. No instance of skin necrosis,

or of serious infection was observed. Injections were

made twice daily, between 9*00 - 11.00 a.m., and 5*00 -

7.00 p.m.

The experiment was considered to begin on the

eighth day after bypophysectomy, when all the replacement

treatments were started. The treatments were given in

the manner described, for 14 days and the experiment was

terminated on the day after the final injections had been

given, by killing all the animals, one by one, by exposure

to chloroform. The effective duration of the experiment
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v/as therefore 14 days, "beginning on the eighth day after

hypophysectomy, and ending on the twenty third day after

hypophysectoray.

Each individual rat was identified by its ear

mark after death, and the tissues removed from it were

kept in separate, labelled containers. The stomachs

were processed as described in Chapter II_; all the

measurements on tibial cartilage width were performed

according to the modified method of Greenspan et al.,

(1950)» by Miss Helen Cargill Thompson and Miss Alice

Lawrie of C.E.R.U., to whom I am indebted. The data

obtained for body weight and tibial cartilage width in

the present experiment may be identified as those given

under "Experiment I" in a report published by Cargill

Thompson and Crean (1962).

RESULTS

The results obtained in the experiment require

consideration in detail, and they will be discussed under

the following headings.

(i) The physiological effects exerted by the individual

hormone preparations.

1. ACTH.

2. Gonadotrophins.

5. Ambinon.

4. Prolactin.

5. Growth hormone.

6. Conclusions.
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(ii) The effects of the individual replacement treatments

on somatic growth, and the growth of the gastric mucosa

after hypophysectomy.

1. The Effects of ACTH.

2. The Effects of the Gonadotropins.

5. The Effects of Ambinon (TSH).

4. The Effects of Prolactin.

5. The Effects of Growth Hormone.

6. The Effects of Combined Treatments _I and II.

7. Summary and Conclusions.

(i) The Physiological Effects Exerted by the Replacement
Treatments.

It will be recalled that the conditions of the

experiment required that each individual pituitary hormone

should be administered at a dose level which would equal

or "replace" that amount of the hormone produced endo-

genously, each day, by normal rats of the same age and

weight. It is important to the results obtained to

consider to what extent this condition was fulfilled. In

the case of four of the hormone^ - ACTH, TSH, gonadotro¬

pins and growth hormone - the physiological effectiveness

of the doses used, could be assayed in terms of the known

actions of these hormones in the rat; on the other hand,

the physiological effects of the doses of prolactin used

could not be assayed, since the function of this hormone

in the male rat has not been fully elucidated. By an

unfortunate error, the thyroid gland was not removed

from the animals which received TSH, so that there is
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no information concerning the direct physiological effects

of this replacement treatment, as used in the present

experiment.

The information obtained concerning the physio¬

logical effects of the different replacement treatments

was as follovss

1. ACTH

The physiological effects of the doses of ACTH

used, were assessed by comparing the weight of the paired

adrenals in the three groups which received the hormone

with the weight of the organs in the two control groups,

namely the hypophysectomised untreated group, and the sham

hypophysectomised group. The relevant data are as followsi

Effects of ACTH

Weight of the paired
Treatment Group adrenals (mg.)

Mean ± S.D.

Hypophysectomised, untreated 10.6 ± 4*0

"Sham" hypophysectomised 45*9 ± 6.8

ACTH treated 27.3 ±7.8

Combined Treatment I 26.35 - 4«0

Combined Treatment II 18.5 ± 2.8

It will be apparent that although a considerable

effect was obtained, the dose levels of ACTH used were

not sufficient to restore the weight of the adrenals to

the levels obtained in the intact, control group, whether

the hormone was administered alone or in combination.
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2. Gonadotrophins

The physiological effects of the doses of the

gonadotrophins used, were assessed by comparing the

groups which received the hormones and the two control

groups with respect to the weight of the sexual apparatus.

The relevant data are as follows:

Effects of the Gonadotrophins

Weight of paired Weight of total
Treatment Group testes (mg«) prostate (mg) "

Mean t S.D. Mean t 5.D.

Hypophysectomised untreated 355*2 ± 36.0 21.2 ± 2.9

"Sham" hypophysectomised 3115.6 ± 182.6 412.3 - 68.6

Gonadotrophs treated 1477*5 - 327*2 99*5 - 24*4

Combined Treatment I 1473*6 ± 217*3 251*3 - 52.0

Combined Treatment II 1472.6 ± 274*9 225*3 - 39*7

It will be apparent that, although, a considerable

effect was obtained, the dose levels of the gonadotrophins

used were not sufficient to restore the weight of the

sexual apparatus to the levels found in the intact control

group, whether they were administered as a single gonado¬

trophs replacement, or in combination with the other

hormones. The marked difference in prostate weight

between the group treated with gonadotrophins alone, and

the groups receiving the combined replacement, may be

attributed to the effects of the luteinizing hormone

present in the crude TSH preparation ("Ambinon").

3. Ambinon

Although the direct effects of the TSH preparation
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on the thyroid were not measured because of the misadventure

mentioned, it was found that this extract exerted consid¬

erable gonadotrophin and growth promoting effeots, pre¬

sumably due to contamination. The relevant data are as

follows!

Effects of Ambinon

Width of Weight of paired Weight of total-
Treatment Group tibial testes (mg.) prostate (mg»)

cartilage (u) Mean ± S.D. Mean ± 3.1).
Mean 1 S.D.

Hypophysectomised untreated 152.0 ± 5*3 355*2 ± 56.0 21.2 ± 2.9

"Sham" hypophysectomised 276.5 ± 11.64 5115.6 ± 182.6 412.5 ± 68.6

Ambinon treated 177*4 ± 9.2 1507-4 ± 336.5 125.4 ± 20.5

Gonadotrophin treated - 1477.5 ± 327.2 99.2 ± 24.4

Growth hormone treated 292.0 ±6.18

It will be apparent that this preparation, in the doses used

was very nearly as effective as the pure gonadotrophin

hormones in restoring the weight of the sexual apparatus,

and that, it exerted a considerable growth promoting effect

as well. These data suggest that Ambinon contained rela¬

tively less PSH and relatively more LH than the pure gonado¬

tropic hormones, as judged by the effects observed on

testes weight (reflecting PSH activity), and prostate

weight (reflecting LH activity), in the two treatment

groups.

4. Prolactin

Although the preparation of prolactin was stated

to be contaminated with less than 0.01 unit/mg. of growth
hormone it was found to exert considerable growth promoting
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effects under the conditions of the present experiment.

The relevant data are as followst

The Effects of Prolactin

Final Body Weight Width of Tibial
Treatment Group (gm.) cartilage (u)

Mean ± S.D. Mean t S.D.

Hypophysectomised untreated 112.6 ± 11.5 132.0 ± 5»54

"Sham" hypophysectomised 282.1 ± 16.4 276.3 - 11.64

Prolactin treated 150.4 - 4«1 192.8 ± 5*54

Growth hormone treated 161.4 - 15•5 292.0 ± 6.18

Although it has been concluded, (Cargill Thompson

and Crean, 19&5) that the growth promoting effect observed

was an intrinsic property of sheep prolactin used, the

possibility that this was due to the amount of growth

hormone present as a contaminant cannot be excluded.

5. Growth Hormone

Two parameters, namely body weight, and the width

of the tibial epiphyseal cartilage, were used to assess the

physiological effects of the amounts of growth hormone

administered.

The data relevant to the effects of growth hormone

are as follows.

Effects of Growth Hormone

Width of Tibial
Treatment Group Body Weight (gm) Epiphyseal

Mean t S.D. Cartilage (u)
Mean ± S.D.

Hypophysectomised untreated 112.6 ± 11.3 132.0 ± 5«5

"Sham" hypophysectomised 282.1 ± I6.4 276.3 - 11.64

Growth hormone treated I6I.4 ± 15«5 292.0 ± 6.8

Combined Treatment I 183.1 - 6.6 268.3 - 10.47

Combined Treatment II 184.1 - 11.4 282.7 - 9*15
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It may be concluded from these data that the

amounts of growth hormone administered were sufficient to

restore the width of the tibial epiphyseal cartilage to

normal, whether the hormone was given alone or in combination

with the other hormones; indeed it was equally effective

under these three conditions, despite the fact that the

amount of growth hormone present in Combined Treatment II

was only half that given in the other fozms of replacement

tested. Growth hormone was much less effective in

restoring body weight, however; the table indicates that

the two forms of combined treatment were equally effective

in restoring the body weight, (although thev differed two¬

fold with respect to the amounts of the hormones they

contained) and that both were more effective in this

respect than growth hormone alone.

CONCLUSIONS

It may be concluded from the data considered, that

of the individual hormones actually tested only one, namely,

growth hormone, was administered in an amount sufficient

to 'replace' its endogenous production. To this extent,

therefore, the experimental design was invalidated. The

fault lay partly in the delay in actually starting the

replacement treatments since it might have been expected,

that the regression which occurred, for example, in testes

or adrenal weight, in the interval between hypophysectomy

and the initiation of replacement treatment, would be to

some extent irreversible, however great the amounts of
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gonadotrophin or ACTH administered; the delay in starting

the replacement treatment had the result also, of increas¬

ing the relative differences between the hypophysectomised

and sham hypophysectomised animals, so that as testes or

adrenal weight regressed in the one group, they increased

in the other.

Despite these very evident limitations, however,

the experiment gave useful information concerning the

relative effects of the different replacement treatments

on the gastric mucosa; it is problematical whether the

results would have given even more useful information had

the replacement treatments been started immediately after

hypophysectomy.

(ii) The affects of the Individual Replacement Treatments
in Restoring Somatic Growth, and the Growth of the Gastric
Mucosa After Hypophysectomy.

The overall results obtained in the experiment are

summarised in Table 15# and the effects of the individual

replacement treatments on the volume of the gastric mucosa,

and on the parietal cell population are presented as

histograms in Figures 15 and 16. The results will be

considered in detail in the following sections, in relation

to the effects of the individual replacement treatments

in restoring somatic growth, and the growth of the gastric

mucosa after hypophysectomy; for convenience, the data

obtained for the individual treatments will be summarised,

and compared with the data obtained for the appropriate

control group in each section.



TABLE15
RESULTSOFtEPLACET,'ENTEXPERIMENT

| InitialBody
TreatmentGroup;Weight

(«■•)

FinalBody|Tibial .eightjWidth (an*);(h)

_

StomachStomach eightIAreg. (mg.)|(cm)
Mucosal Volume (mm)

Parietalj Count (xl06)

Hypox.-Untreatedn=51114•8-5*8
112.6±11.31132.0±5*3]
702.4±88.4!5*89±0.47!
?56.2±10.7 -

23.7±1.6

Hypox.-AC'THn=6115*3-4*5
109.2±3.0\83.O±4.1
706.3±57.716.07±0.36 i
217.9±36.3
28.6±3-7

Hypox.-Gonado- trophinsn=5!112.0±2.1 !

121.5t6.4J137*7±5*1
[!

1

731*0±113*26.28±0.68 '

215.7±74.45
26.4±3.9

Hypox.-TSHn=7112.2±2.2 i
j129*3±4*7177*4±9*2 1»
693*7±80.2!6.46±O.63
200.4138.3
28.7i3.3

Bypox.-Prolactinn=7115*4~3*8\130.4-4*1j192.8±5*3 :II
770.0±56.8!6.52±0.54f200.8±25.8
3O.4±4.8

Hypox.-Growth Hormonen=7[114*2±6.51161.4±15*3)292.0t6.2 i8?
11

996.5±135.7;7.94±0.47■246.5±35.2
30.6±1.5

Hypox.-Ccbined 111=6
112.8±4.2

1*i1I 183*1±6.6|268.3-10.5J
1061.3±100.0I8.75±0.60;320.4±38.2
38.2±4-2

Hypox.-Ccibined IIn=7

i4
f

116.2±5.3j184.1±11.4j282.7±9.1
1042.8±97-2|9.03±1.03|304.0±49.4

1

36.8t5.9

"Normal" Controlsn=6

jj
178.0±11.11282.1±I6.4S276.3±11.6!1i•
1552.7±37.411.34±0.90[409.3-25.7
46.O±4.9

NOTE:Hypox.=Uypophysectomy."Normal"Controls="sham"hypophysectomisedanimals,fedadlibitum.
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1. The Iffacts of ACT!!

The effects of ACTH were a:sensed by comparing the

ACTIi treated animals with the untreated hypophysectomised

controls. The relevant data are as follows.

Pinal Body Cartilage Stomach Mucosal Parietal

Weight Width Weight Volume Count

(m) (h) (■«) (o»)5 xlO6

Hypophyeectcoisad 112.6 1J2.0 702.4 156.2 23.7
Controls t 11.5 i 5.5 i 88.4 t 10.65 t 1.85

ACTH
109.2 85.0 706.3 21/. 9 28.6
t 5.0 i 4.0 t 57.7 i 36.5 t 5.66

' ' Change -2.1 -52.6 0.5 13.4 22

Value for P <.001 <.95 <.005 <.02

These data leal to the surprising conclusions that

ACTH actually increased the gro-rth of the gastric mucosa

after bypophysectuoy, while exerting its well known inhib¬

itory effect on the srowth of the whole organise. These

paradoxical results are of great Interest, and they require

detailed consideration.

The growth inhibiting property of ACTH is well

recognised and it is almost certainly mediated by the

udranal cortex (see Li and hvana, 1947? Oesohwind and Li,

1955)• The effect is exemplified by the observations that

ACT i reduoea bo<iy weight and tibial cartilage width in

intaot rats (IVans et al., 194*b; Becks et al., 19441 Li

et al., 1954 and see leschwind and Li, 1955) and, as

confirmed in the present experiment, it reduces cartilage



FIGURE 15

The effects of the hormonal "replacement" treatments on the

volume of the acid secreting mucosa in hypophysectomised

rats (Experiment IV).
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width in hypophysectomised rats also (Marx et al., 1943)•

However, the most striking example of the growth inhibiting

property of the hormone is the fact that, ACTH, particularly

in the form of a long acting preparation, completely

antagonises the growth promoting properties of growth

hormone in the hypophysectomised rat, when the two hormones

are administered together (Becks et al., 1944 and see

Geschwind and Li, 1955)• The effect of ACTH in inhibiting

somatic growth was fully confirmed in the present ejqjeriment

by the reduction observed in cartilage width in the ACTH

treated group, as compared to the untreated hypophysectomised

controls (P < .001) and by the tendency of the hormone to

reduce body weight.

Despite inhibiting somatic growth, however, ACTH

actually promoted active growth in the gastric mucosa since

it increased both the volume of the mucosa (P < .005) and

the parietal cell population (P < .02) above the values

obtained for these estimates in the untreated hypophy¬

sectomised controls. Although the effect of ACTH was

definite, it was of relatively small magnitude compared to

that of growth hormone (see below), so that, on this evidence,

ACTH would appear to play an unimportant role in the

pituitary regulation of the growth of the gastric mucosa.

However small this effect may be, the results

obtained in the present experiment would appear to invali¬

date the conclusion drawn from iixperiments _II and IIA, that
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the influence of the pituitary oil the growth of the gastric

mucosa ia not mediated via the adrenal cortex; it will be

recalled that this conclusion was based on the abservation,

whioh has been confirmed by Bralow at al., (1964), that the

growth of the gastric mucosa was not demonstrably altered

after bilateral adrenalectomy* How-aver, the results of the

two experiments nay be reconciled by supposing that the

capacity of the adrenocortical hormones to influence the

growth of the gastric mucosa is so slight oemparou to that

of growth hormone, that their effect is "toasked" in the

presence of normal amounts of growth hormone. According

to this supposition, mucosal growth is not demonstrably

altered in the absence of the adrenal hormones after adrena¬

lectomy because of the normal levels of circulating growth

hormone; on the other hand the increase in mucosal growth

caused by ACTH in the present experiment could be explained

by supposing that the effect represents the "unmasking" of

the relatively slight influence of the adrenal hormone® in

the complete absence of growth hormone after hypophysectomy.

It is proposed to test this hypothesis, in the future by

examining the effects of adding graded amounts of the

adrenocortical hormones to an otherwise complete form of

replacement treatment in restoring the gastric mucosa of

nypophyseotomised - adrenalectomised rats.

An alternative explanation by whioh the experimental

results could be reconciled, is to suppose that the effect
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of ACTH in promoting mucosal growth, was due to an extra-

adrenal action of the hormone. This would appear to be

an unlikely explanation in view of the fact that large

amounts of ACTH appeared to inhibit the growth of the

gastric mucosa in the intact animals included in Experiment

IIB (page 74)• A similar effect has been reported by

Myhre (i960), who found that large amounts of ACTH caused

gastric atrophy in intact rats.



FIGURE 16

The effects of the hormonal "replacement" treatments on the

parietal cell population in hypophysectomised rats

(Experiment IV).
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2. The Effects of the Gonadotrophins

The effects of the gonadotrophins were assessed by-

comparing the gonadotrophin treated group with the untreated

hypophyseotomised animals. The relevant data are as follows.

Final "Body Cartilage Stomach Mucosal Parietal
Weight Width Weight Volume Count

(p) (mg) (mm)5 xlO^

Hypophysectomised 112.6 132.0 702.4 156.2 23.7
Controls ± 11.3 ± 5.5 ± 88.4 ± 10.65 ± 1.85

Uonado trophins
121.5
± 6.4

157.7
± 5.0

751.0
113.2

215.7
± 74.45

26.4
± 5.94

$ Change 5 5.9 5.4 14.8 12

Value for P N.S. N.S. N.S. N.S. N.S.

(N.S. = not significant)

It may be concluded from these data that the gonado¬

trophins exerted no significant effects either on the

growth of the organism as a whole, or on the growth of the

gastric mucosa. The increase in the mean mucosal volume

and the wide variation encountered for this estimate in the

gonadotrophin treated group (215.7 - 74«45 xmJ) are entirely

due to high values found in one animal (Fig.15); this

exceptional observation is probably the result of experimental

error.
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5. The Effects of TSH ("Ambinon")

The effects of TSH were assessed by comparing the

TSH treated animals with the untreated hypophysectomised

controls. The relevant data are as follows.

Pinal Body
Weight
(m)

Cartilage
Width

GO

Stomach

V/eight
(mg)

Mucosal
Volume

(mm)3

Parietal
Count
xlO6

Hypophyseotomisea-
untreated

112.6
± 11.3

132.0
± 5.3

702.4
± 88.4

156.2
± 10.65

23.7
± 1.85

Bypophysectomised-
TSH

129.3
± 4.7

177.4
± 9.24

693.7
± 80.2

195.9
- 45.53

28.7
± 3-35

Change 10 31.5 -1.0 17.5 22

Value for P <.02 <.01. <.9 <.05 <.01

These data suggest that the preparation of TSH used

("Ambinon") caused a significant increase both in the

growth of the whole organism, and in the growth of the

gastric mucosa, although curiously, stomach weight was

not increased. In considering these results, it should

be recalled that "Ambinon" is a relatively crude

pituitary extract, known to possess considerable gonado¬

trophs activity, and, according to the extraction method

used, it probably contains a considerable amount of growth

hormone also (personal communication from R. Buckett,

Organon Ltd). Since replacement with pure gonadotrophins

had no effect on cartilage width or on the gastric mucosa

in the present experiment (see above), the effects of

"Ambinon" in promoting growth in both these sites could be
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due either to the T3R,or growth hormone it contains,or to

the notion of both these hormones. Although on the present

evidence, the effects of "Ambinon" could be explained

according to any of these possibilities, it teems at least

unlikely that the mucosal changes could be d a to any thyroid

stimulating properties of TSH. Thus,thyroxine had no

effect in restoring thu cytology of the ; vstric nuoosa, or

in restoring the rate of mitosis in the contiguous duodenal

mucosa after hypophysectomy in rats, nor in restoring

intestinal length after hypophysectomy in pigeons (Baker

and Abrams, 1955» Le Blond and Carriere, 12551 Bates

et al«. 1962)| the fact that thyroidectomy has no effect

on the volume of the mucosa or on the perietal cell popu¬

lation of otherwise intact rats, is a further indication

that the thyroidal hormones exert no direct influence on

the growth of the gastric mucosa (ten Thije, personal

communication, l'?63)* For these reasons it seems more

likely that the obrervad effects of "Ambinon" on the growth

of the mucosa were due to the actions of growth hormone,

rather than TSHi an unlikely alternative is that thoy

were due to an extra thyroidal effect of T3H. On the

other hand, it is unnecessary to postulate that the effects

on body weight and cartilage width, were due to contamination

of the preparation with growth hormone, because according

to the data of Geschwind and Li (1955) the magnitude of the

changes observed could be accounted for by the calculated
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amounts of T5H (l USP unit/day/14 days) actually administered.

It will be obvious therefore that no conclusions

can be drawn from these results as to the role played by

TSH in the regulation of the growth of the gastric mucosa;

it is proposed to re-examine this problem in the future,

using TSH and thyroxine as separate replacement treatments,

in order to resolve some of the questions which arise from

the present experiment.
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4. The Effects of Prolactin

The effects of prolactin were assessed by comparing

the prolactin treated animals with the -untreated hypophy-

sectomised controls. The relevant data are as follows.

Final Body
Weight
(gm)

Cartilage
Width

GO

Stomach

Weight
(mg)

Mucosal
Volume

(mm)3

Parietal
Count
xlO

Hypophysectomised
untreated

112.6
± 11.3

132.0
+ K Z
- y* J

702.4
± 88.4

156.2
i 10.65

23.7
± 1.85

Prolactin 130.4
t 4.1

192.8
± 5.34

770.0
± 56.8

202.3
± 28.68

30.4
± 4.86

Change 10 42.1 7.9 18.0 30

Value for P <.01 <.01 <.2 <.01 <.01

According to these data prolactin caused significant

increases both in the growth of the whole organism and in

the growth of the gastric mucosa, although curiously,

stomach weight was unaffected.

In a previous report of some of the results obtained

in this experiment (Cargill Thompson and Crean, 1963) it

was concluded, that the effects of prolactin on somatic

growth noted here, were due to an intrinsic property of the

sheep prolactin used. However, the possibility cannot

be excluded, that the effect of prolactin on cartilage

width, was due, simply, to the amounts of growth hormone

known to be present (approximately 0.01 unit/mg.) in the

preparation of prolactin used. If so, the observed

effects of prolactin on the gastric mucosa could also be

due to the growth hormone present in the preparation.

On present evidence, either of these explanations
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is possible, so that no firm conclusions can be drawn, as

to the role played by prolactin in the regulation of the

growth of the gastric mucosa in the rat. Although

prolactin alone is capable of restoring the alimentary

tract to normal, or even supra-normal levels, after hypo-

physectomy in the pigeon (Bates et al., 1962) it seems

reasonable to imply that this is a species-specific effect,

because of the very magnitude of the response obtained.

Thus, a daily dose of as little as 0.1 mg. of prolactin,

given from the day of hypophysectomy could restore both

the length, and the weight, of the intestine to above

normal levels after hypophysectomy in the pigeon (Bates

et al., 1962). The mucosal effects obtained in the

present experiment, even if they were wholly due to

prolactin, were insignificant in comparison, despite the

fact that the dose of prolactin used was at least fifty

times greater when calculated on a body weight basis.

For the present therefore the role, if any, of

prolactin in regulating ihe growth of the gastric mucosa,

in the rat remains uncertain.
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5. The Effects of Growth Hormone

The effects of growth hormone were assessed by

comparing the growth hormone treated group with the untreated-

hypophyseotomised and "normal" controls. The relevant

data are as follows.

Final Body Cartilage Stomach Mucosal Parietal
height Width Weight Volume Count
(gm) (p) (mg) (mm)3 xlO^

Hypophysectoralsed 112.6 152.0 702.4 156*2 25«7
Control ±11.5 ± 5*3 ± 88.4 ± 10.6 ± 1.8

Hypophysectomised 3.61,4 292.0 996.c 246.5 50.6
growth hormone ± 15.5 ±6.2 ± 155*7 - 55*2 ±1.5

% Change 29.0 110.9 34*6 55*7 31*0

Value of P <.001 <.001 <.001 <.001 <.001
Growth hormone vs.

Hypox. controls

'Normal Controls' 282.1 276.5 1552.7 409*5 46.0
± 16.4 ± 11.6 ± 57*4 ± 25.7 ± 4*9

Value of P <.001 <.40 <.001 <.001 <.001
Growth hormone vs.

intact controls.

As might be expected, growth hormone was the most

effective of the individual pituitary hormones in promoting

both the growth of the whole organism and the growth of the

gastric mucosa after hypophysectomy. However, there were

considerable differences in the effects of growth hormone

on the individual parameters studied. For example,

although cartilage width wa3 fully restored to the level of

the "normal" controls, body weight was restored by only 29* .
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This discrepancy may be accounted for by the special sensi¬

tivity of growing bone to the effects of growth hormone, -

an effect utilised in the tibial assay test for growth

hormone (Hvans et al., 1943) and by the inability of growth

hormone alone, to restore complete anabolic normality after

hypophysectomy.

In general, the effect obtained on the growth of the

gastric mucosa was of the same order as that obtained on

body weight, but it will be noted that the volume of the

mucosa was increased to a relatively greater exxent than

was the parietal cell population. Although the difference

is small, it suggests the possibility that xhe main effect

of growth hormone on the mucosa was to promote cell division

rather than cell differentiation. Some support for this

suggestion was found when the data obtained in the growth

hormone treated group and the two groups receiving the

combined replacement treatments were compared (see Table 16 ).

When these data were examined it was found that

there were no significant differences in the mean values

obtained for mucosal volume between the three groups,

suggesting that the three treatments were equally effective

in restoring the volume or mass of the mucosa after hypo-

physectomy. On the other hand, the mean parietal cell

population was significantly greater in each of the groups

receiving combined treatment, than it was in the group

receiving growth hormone alone; although the effect is to



TABLE 16

THE EFFECTS OF GROWTH HORMONE,

AND COMBINED TREATMENTS I AND II COMPARED

Growth Hormone

Combined I_
Combined II

Mucosal
Volume (mm)5

^ (Mean ± S.D.)
246.5 ± 35.2

520.4 ± 38.2

5O4.O ± 49.4

Parietal Cell
Population
(Mean ± S.D.)

50,^ i 1.5

58.2 ± 4.2

56.8 ± 5.9

SUMMARY OF "t" TESTS

Mucosal Volume

Growth Hormone vs. Combined T d.o.f. rs ll"t" as 2.85 N.S

Growth Hormone vs. Combined II d.o.f. at 12"t" = 2.127 N.S

Combined I vs. Combined II d.o.i*. as ll»*t" as 0.057 N.S

Parietal Count

Growth Hormone vs. Combined I d.o.f. ss ll»t" ss 4.198 P <

Growth Hormone vs. Combined n d.o.f. ss 12"t" ss 6.688 P <

Combined J[ vs. Combined II d.o.f. ss ll"t" as 0.78 N.S

(N.S. = not significant)
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some extent a statistical artefact, due to the relatively-

small variation observed in the estimates obtained for

perietal cell population in the growth hormone group, the

results at least suggest that the combined hormones were

more effective than growth hormone alone, in restoring the

parietal cells after hypophysectomy. If so, it becomes

possible to suggest as a working hypothesis that the

processes of cell division in the gastric mucosa which

largely account for its growth in size, are regulated

mainly by growth hormone; on the other hand the processes

of cell differentiation in the mucosa, which are required

for the development of its specialised function, in so far

as they depend on the endocrine system, require the inter¬

action of a number of hormones. If true, this hypothesis

has far reaching implications, and it is proposed to test

it in the future using autoradiographic and histochemical

techniques to study the processes of cell division and cell

differentiation under the same general considitions, as

the present experiment.
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6. The ;:ffacta of the Combined Treatments

It is convenient to consider the combined treatments,

L II» together! their effects may be assessed by

comparison with the results obtained in the "normal"

and un-created hypophysectonieed oontrols and the growth

hormone treated group| the relevant data are laid put in

Tables 17 and 18.

It will be recalled that each of the pituitary

hormones was represented in oombined treatment j[, by t a

same amount as that used when it was administered as an

individual replacement treatment, and that only half this

KBiOunt of each hormone was given in combined treatment II.

Despite the twofold difference in the hormone content of

the two treatments, there was nothing to choose between

them with respect to their effects on any of the parameters

under consideration here. They restored tibial width to

the same extent as growth hormone, but each restored body

weight to a greater extent than .growth hormone alone

(P < .02). It will be apparent, however, that body weight

was not restored to the level of the "normal" oontrols by

either of the combined treatments! their failure in this

respect is perhaps more likely to be due to delay in

starting replacement treatment after hypopnysectomy rather

than to an insufficiency in the actual amounts of the

hormones administered.

The effects of the two combined treatments on the

gastric rauoosa have been considered in relation to the



TABLE17

THEEFFECTSOFCOMBINEDREPLACEMENTI
' FinalBody- Weight (gm)

Cartilage Width (•0

Stomach Weight (mg)

Mucosal Volume (mm)3

Parietal Count xlO6

Hypophysectoraised-Untreated Hypophysectomised-Combined _I
'foChange

ValueofP

Combined _Ivs.HypophysectomiaedControls
112.6±11.3 18J.1±6.6 42.0 <.001

132.0±5.3 268.3±10.5 94.4 <.001

702.4±88.4 1061.3±100.0 42.2 <.001

156.2±10.6 320.4±38.2 68.9 <.001

23.7±1.8 38.2±4.2 65.0 <.001

IntactControls
ValueofP

CombinedI_vs.IntactControls
282.1±16.4 <.001

276.3±11.6 N.S.

1552.7±37.4 <.001

409.3±25.7 <.005

46.O±4.9 <.02

Hypophysectomised-GrowthHormone
161.4±15.3
292.O±6.2
996.5±135.7
246.5±35.2
30.6±1.5

ValueofP
CombinedIvs.GrowthHormone

CM

O

•

V

U.S.

N.S.

N.S.

<.005

(N.S.=notsignificant)
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effects observed with growth hormone) although they

exerted narked effects on the stomach, it will be apparent

that neither treatment restored the gastric mucosa completely

to normal. It is problematical whether this was due to an

insufficiency in the amounts of some or all of the hormones

contained in the combined replacement treatments or whether

this effect also was due to the delay in actually starting

replacement aftor hypophysectomy.



TABLH18

THSHPPHCTSOFCOMBINEDREPLACEMENTII PinalBody height (go)

Cartilage Width GO

Stomach Weight (mg)

Mucosal Volume (mm)5

Parietal Count xlO6

Hypophysectomised-Untreated Hypophysectomised-CombinedME foCliange

ValueofP

Combined _IIvs.HypophysectomisedControls
112.6±11.5 184.1±11.4 42.0 <.001

152.0±5.5 282.7±9.1 104.1 <.001

702.4±88.4 1042.8±97.2 40.0 <.001

156.2±10.6 504.0±49.4 58.0 <.001

25.7±1.8 56.8±5.9 58.0 ..001

IntactControls
ValueofP

Combinedrivs.IntactControls
282.1±16.4 <.001

276.5±11.6 H.S.

1552.7±57.4 <.001

409.5±25.7 <.001

46.0t4.9 <.005

Hypophysectomised-GrowthHormone
161.0±15.5
292.0±6.2
996.5±155.7
246.5±55.2
50.6±1.5

ValueofP
CombinedIIvs.GrowthHormone

<.02

H.S.

N.S.

H.S.

<.001
.

(N.S.=notsignificant)
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. Summary

I. An experiment was carried out, in which different

forms of hormonal replacement treatment were administered

to groups of hypophysectomised rats.

II. The effects of these treatments in promoting somatic

growth, and the growth of the gastric mucosa were assessed,

according to a specified experimental design.

III. According to the results obtained under the condi¬

tions of the experiment, it was concluded thati-

1. ACTH inhibited somatic growth, but actually stimulated

the growth of -the gastric mucosa, after hypophysectomy.

2. Gonadotrophins had no effects in promoting somatic

growth, or in promoting the growth of the gastric

mucosa.

5. The crude preparation of TSH used, ("Ambinon"), exerted

definite effects in promoting both types of growth,

but it was impossible to decide whether the effects

observed were due to the TSH, or growth hormone, (or

other hormones) likely to be present in the preparation;

on balance, it was decided that they were due to

growth hormone.

4. Prolactin exerted definite effects in promoting somatic

growth, and the growth of the gastric mucosa. These

effects could have been due, either, to prolactin

itself, or to the growth hormone present as a
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contamination in the preparation.

5. Growth hormone was much the most effective of the

individual hormones, in promoting somatic growth and

the growth of the gastric mucosa. It promoted

mucosal growth to the same extent as did a combination

of all the pituitary hormones administered together.

6. When all the pituitary hormones were administered

together, at two dose levels, they increased the width

of the tibial cartilage, and the volume of the gastric

mucosa, to the same extent as growth hormone; however,

the combined hormones were more effective than growth

hormone alone, in restoring body weight, and the

parietal cell population.

IV. As a working hypothesis for future work, it was

suggested, that the influence exerted by the endocrine

system on the processes of cell division in the gastric

mucosa, might be mediated, mainly by growth hormone,

whereas, all the pituitary hormones might play a part in

influencing the processes of cell differentiation.
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CHAPTER X

Experiment IVA

The Effects of Hypophysectomy and Underfeeding on the Gastric
Mucosa

INTRODUCTION

As mentioned already, the two control groups

required for the replacement experiment - namely the

untreated hypophysectomised animals, and the sham hypo¬

physectomised animals allowed to feed ad libitum - were

also used as controls in a second experiment, which was

designed to examine the relative effects of hypophysectomy,

and inanition on the gastric mucosa. This experiment,

which has been designated IVA, will now be described.

THE AIMS OF THE EXPERIMENT

The principal aim of Experiment IVA was to examine

again, the question, whether the effects of hypophysectomy

on the gastric mucosa were due to the actual removal of

the pituitary, or, whether they were due simply, to the

inanition which follows the operation in the rat. The

experimental design employed for this purpose, was to com¬

pare hypophysectomised rats with two groups of sham hypo¬

physectomised "controls", one of which was allowed to

develop normally in the course of the experiment, while

the other was deliberately underfed so as to restrict

their mean body weight to the same extent as that of the

hypophysectomised animals. The second purpose of the

experiment, was to compare the effects of hypophysectomy
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and underfeeding on the growth of the gastric mucosa,

with their effects on somatic growth.

THE EXPERIMENTAL DESIGN

As already explained, when Experiment IV was

being planned, provision was made for 12 of the original

homogeneous population to be "sham" hypophysectomised in

Boston; when the animals arrived in Edinburgh, the "sham"

hypophysectomised animals were divided at random into two

groups, one of which was fed ad libitum, while the other

was to be underfed. There were, therefore, three random

samples of a single population available for the present

experiment. These were:

(1) The untreated, hypophysectomised animals, used as

"controls" in Ebqperiment IV.

(2) The sham hypophysectomised animals allowed to feed

ad libitum, used as the second group of "controls"

in Experiment IV.

(3) A sham hypophysectomised group, which was underfed

in the manner to be described.

THE EXPERIMENTAL METHOD

It has been indicated, that the animals used in

this experiment were obtained from the original population

supplied by the Charles River Laboratories Inc., Boston,

for Experiment IV. The present experiment was considered

to start when the animals arrived in the author's

laboratory, 48 hours after the operations had been per¬

formed in Boston, and it was terminated 21 days later,



- 124 -

when the hypophysectomised group and the fed ad libitum

group, had to he killed for the purposes of Experiment

IV.

The actual working conditions of the experiment

were the same as for Experiment IV. There were six

animals in each group, and the three groups were caged

separately. The hypophysectomised group and the sham

operated group allowed to develop normally were provided

with food in excess of their needs, but the amount of

food allowed to the sham hypophysectomised-underfed

animals was severely restricted, so as to maintain their

mean body weight at the same level as that of the hypophy¬

sectomised animals, for the duration of the experiment.

Since the hypophysectomised, and fed ad libitum animals

received nominal injections (0.2 ml.) of saline twice

daily, from day 8 to day 21, in their roles as "control"

groups in Experiment IV, the underfed animals were

injected likewise.

The experiment was continued under these conditions

for 21 days, and it was terminated on the same day, and

in the same manner as described for Experiment IV; the

stomach and the tibial cartilage of each animal was

prepared in the manner described for Experiment IV also.

One of the hypophysectomised animals died during the

course of the experiment, and it has been excluded from

consideration in the results.
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RESULTS

The results obtained in this experiment are summar¬

ised in Table 19, and the values obtained for the volume

of the mucosa, and the parietal cell population in

individual animals are presented as histograms in Figure

18. The mean body weight curves of the three groups

are plotted in Figure 17. It will be convenient to

consider the results of the experiment under the following

headings.

1. The effects of hypophysectomy and underfeeding on

somatic growth.

2. The effects of hypophysectomy and underfeeding on the

gastric mucosa.

1. The effects of Hypophysectomy and Underfeeding on
Somatic Growth.

The mean initial body weight of the hypophysectom-

ised group was significantly less (P < .001) than that of

the other two groups on the day the experiment was

considered to begin; i.e. on the arrival of the animals

in the laboratory 48 hours after operation in Boston.

This effect was presumably due to the more severe dis¬

turbance in general health caused by hypophysectoray, and

to differences in the food intake of the hypophysectomised

and sham hypophysectomised animals while in transit. (it

should be noted that the "initial" weights of the hypo¬

physectomised, and sham hypophysectomised fed ad libitum

animals, given in Tables 19 and 15 do not correspond,

since they represent the weights of the two groups at



FIGURE 17

The mean growth curves of the three experimental groups

(Rypophysectomised, sham hypophysectomised allowed to feed

ad libitunu and sham hypophysectomised - underfed) included

in Experiment IVA.
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different times; the weights given in Table 15, refer to

the observations made at the beginning of the replacement

experiment, which was eight days after the animals had

arrived in the laboratory.)

The difference in body weight between the hypophy-

sectomised and underfed groups was eliminated by the fourth

day of the experiment, as a result of the food restriction

imposed on the underfed animals. As Figure 17 shows,

the mean body weight curves of the two groups were

identical or nearly so, for the remainder of the experiment,

and their mean final body weights were not significantly

different from one another. On the other hand the "sham"

hypophysectomised group allowed to feed ad libitum grew

at a normal rate, and more than doubled their body weight

during the experimental period.

The data for the width of the tibial epiphyseal

cartilage, confirm that somatic growth was inhibited to

the same extent in the hypophysectomised and underfed

groups, since the mean values obtained (152.0 ± 5»3»

149.2 ± 10.2 |j respectively) were not significantly

different from one another (P < .5)» By contrast, the

cartilage width in the group allowed to feed ad libitum,

was very muoh greater (276.5 * 11.6 p) and it is of the

order to be expected in normal animals of the same age

(see Gerschwind and Li, 1955).

2. The Wffeots of Hypophysectony and Underfeeding on the
Gastric Mucosa.

When the data for the hypophysectomised and



TABLE19

THEEFFECTSOFHYPOPHYSECTOMYAI-TDUTOERFEKDITIG(EXP'-JRIKETITIYA) Initial
Body..eight (gm)

Final
Bodyeight (en)

Cartilage Width GO

Stomach Weight (me)

Mucosal Area (cm)2

Mucosal Volume (mm)3

ParietalCell Population xl06

"Sham"Hypophysectomised fedadlibitum(n=6)
138.8 ±3-7

282.1276.3
±I6.4±11.6

1552.7 -37.4

11.34
±0.9

409.3
±25.7

46.O
±4.9

Hypophysectomised fedadlibitum(n=5)
108.2 ±6.2

112.6
±11.3

132.0 ±5.3

702.4
±88.4

5.89
±0.47

156.2
±10.7

23.7
t1.8

"Sham"Hypophysectomised Underfed(n=6)
132.5116.0 ±3.4±6.021
149.2

±10.2

878.8 ±106.5

8.03
±1.09

249.8
±20.3

31.6
±5.5

Summaryof"t"Testa
.

Initial
Body/eight

Final
BodyWeight

Cartilage Width

Stomach Weight

Mucosal Area

Mucosal Volume

Farietal Count

Comparisonfedadlibitum vs.jypophysectomy
d.o.f.=9

"t"»9.59 P<.001

"t"=22.2 P<.,001

"t"«11.4 P< .001

"t=20.0 P<.001

"t"=13.2 P<.001

"t"=22.1 P<.001

"t"=9.4 P<.001

Comparisi-fedadlibitum vs.unerfea
d.o.f.=10

"t"=1.7 P<.lo'

"t"=23.3 P<.001

Mt"-8.1 p<.001

"t"=14.7 P<.001

"t"=5-8 P<.001

"t"=11.9 P<.001

"t"=4.57 P<.001

Comparisonhypophysectomy vs.underfed
d.o.f.=9

"t"-5.5 P<.001

"t"=0.6 P<.3

"t"=0.7 P<.5

"t"=3.0 P<.025

"t"=4.32 P<.005

"t"=9.7 P<.001

"t"=3.3 P<.01

|
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underfed groups are compared to those obtained in the fed

ad libitum group, (see Table 19» and Figure 18) it will

be apparent that hypophysectomy and underfeeding both

exerted marked effects on the gastric mucosa; however, of

the two treatments, hypophysectomy exerted the more severe

effects since stomach weight (P < .025), mucosal area

(P < .005), mucosal volume (P < .001), and parietal cell

population (P «. .01), were all significantly smaller in

the hypophysectomised group than they were in the under¬

fed animals. Since somatic growth occurred at a normal

rate in the "sham" hypophysectomised animals fed ad libitum

during the period of observation, it may be safely assumed

that the rate of growth of their gastric mucosa was normal

also; if so, the values obtained for the various para¬

meters considered, must represent the extent to which the

stomach had grown at the time the animals were killed.

Since all the estimates were smaller in the hypophysec¬

tomised and underfed groups, than they were in the fed

ad libitum group, it follows that these treatments had

either retarded, or caused a regression in the growth of

the stomach and its mucosa; it follows also, that hypo-

physectomy caused a greater disturbance in mucosal growth

than underfeeding. Moreover, 3ince somatic growth was

inhibited to the same extent in the hypophysectomised,

and underfed groups, the effect of hypophysectomy is not

due, simply, to inanition, but must be a direct consequence

of pituitary deprivation.



FIGURE 18

The effects of hypophysectomy, and underfeeding on the

volume of the acid secreting mucosa and the parietal cell

population (Experiment IYA).

EXPERIMENT IVa
THE EFFECTS OF HYPOPHYSECTOMY AND UNDERFEEDING
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C0KCLUSIUH3

The results obtained in this experiment substan¬

tiate the conclusions drawn from iixperiment II_ namelyi

I_. That there is a marked disturbance in the growth of

the gastric mucosa, after hypophysectomy in the rat.

II. These effects of hypophysectomy are not due simply

to inanition, or to failure of the animal to attain

full somatic growth.

III. Underfeeding, to the extent practised in the experi¬

ment also causes a marked disturbance in the growth

of the gastric mucosa in the rat.
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CHAPTER XI

Experiment V

The Rate of Regression in the Growth of the Gastric Mucosa
After Hypophysectomy

In all the previous experiments the effects of hy-

pophysectomy on the gastric mucosa had been determined

solely on the basis of the observations made at a fixed

interval of three weeks after the operation. Although

the results obtained under these conditions, suggested

that there was a marked regression in the growth of the

gastric mucosa after hypophysectomy, the rate of develop¬

ment of this effect was unknown. The experiment to be

described wa3 designed to provide information on this

point.

In principle, the rate of regression in the growth

of the gastric mucosa after hypophysectomy, could be

determined by sampling a large group of rats immediately

before, and at different time intervals after they had

all been hypophysectomised. However, in order to

characterise the effects of hypophysectomy on the growth

of the gastric mucosa under these conditions, it would be

necessary to know (a) the rate at which the gastric

mucosa would develop during the same time intervals if

the pituitary was intact said (b) the extent to which the

normal development of the rnuoosa would be affected by

inanition of the same order as that which accompanies

hypophysectomy.
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The experimental design adopted in order to

achieve these objectives was as follows. A large homo¬

geneous population of rats was sampled immediately before,

and at fixed time intervals after the individual animals

had been allocated to one or other of the following treat¬

ment groups.

Group I, were hypophysectomised, and thereafter

allowed to eat ad libitum.

Group II, were "sham" hypophysectomised, and

thereafter underfed to such a.degree that their mean

growth curve was retarded to the same extent as that of

the hypophysectomised group.

Group III, were "sham" hypophysectomised, and

thereafter allowed to eat ad libitum, and develop normally.

All the operations were carried out on the same

day, and the three treatment groups were then sampled

by killing a number of animals in each, at time intervals

of 1#, 3, 6, 12, 24 and 48 days after operation. From

the observations made on the gastric mucosa in each of

these samples, it was possible to compare:-

(a) The normal growth curve for the gastric mucosa,

(b) The growth curve of the gastric mucosa after hypophy-

sectomy,

(c) The growth curve of the gastric mucosa in animals

who had intact pituitaries, but whose total growth

curve was retarded to the same extent as that of the

hypophysectomised animals.
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In ordar to relate the growth of the stomach

under these three conditions, to the growth of other

organs, it was decided that in each animal killed in the

experiment, the following organs would be removed in

addition to the stomach} liver, heart, the paired kidneys,

the sub-maxillary salivary glands, the paired testes, and

the paired adrenals*

EXPERIMENTAL ?1LTH0D

The animals used in this experiment were supplied

by the Charles Hiver Breeding Laboratories, Boaton, U.S.A.

The operations were all performed on the same day, in

Boston, arid the animals were sent immediately by express

air transport to Edinburgh, where they arrived after

about 34 hours in transit. The experiment was considered

to start on the day of operation, and the first samples

were killed in the author's laboratory approximately 56

hours after the operations had actually been performed

i.e., on day ljr of the experiment. A group of intact,

unoperated animals was sent to Edinburgh in advance of

the main group of operated animals, so that the entire

population could be sampled, in Edinburgh, on the day

the operations wore being carried out in Boston. The

purpose of including this group, (designated subsequently

as the "preoperative sample") was to provide a point of

reference, from which the effects of the different

treatments on the subsequent growth of the gastric mucosa,

and the growth of other organs could be assessed.
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THE WORKING CONDITIONS OF THE EXPERIMENT

For the purpose of the experiment, 125 male rats

were selected within a weight range of 90 ± 5 grams,

from a single generation of the Sprague-Dawley colony,

maintained in the Charles River Breeding Station. The

animals were divided by a system of random numbers into

three lots, which were sent by air transport to Edinburgh

according toa/time schedule, based on the day the experi¬

ment was considered to start; this was the day on which

the operations were to be carried out in Boston, and for

convenience, it will be designated day 0 of the experiment.

Lot I, consisting of 15 animals, was shipped so as

to arrive in Edinburgh seven days before the experiment

was due to start. On arrival, these animals were

individually ear marked, weighed, and allocated at random

to three groups of 6, 5 and 4 rats each, which were to

be killed as "the preoperative sample" on days 0, 6 and

12 of the experiment, respectively.

Lot II, consisting of ^2 animals were "sham" hy-

pophysectomised in Boston on day 0, of the experiment,

Lot III, consisting of 40 animals were hypophy-

sectomised in Boston on day 0, of the experiment.

Lots II and III were shipped by express air trans¬

port from Boston and arrived in the laboratory within 56

hours of operation. On arrival, these animals were given

individual ear marks and weighed, and the two lots were

distributed according to lists of random numbers into
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the predetermined groupings for the experiment. The 72

"sham" hypophysectomised animals were distributed, 6 to a

cage, between 12 cages, and the cages allocated by drawing

lots, to two equal groups of 6 cages each which were either

to be fed ad libitum, or underfed, respectively? 36 of

the hypophysectomised animals were likewise distributed

equally between six cages, and the remaining four were

put aside in a separate cage, as "spares" to replace any

hypophysectomised animal lost to the experiment whether

because of spontaneous death, or incomplete hypophysectomy.

Finally, after all the animals had been allocated to their

cages, the sampling procedure to be followed during the

experiment was drawn up. This was so arranged, that

each of the 6 cages in a given experimental group, con¬

tributed one animal to the sample which was to represent

that particular experimental treatment on any one of the

•sampling' days in the experiment; the order in which

the animals in each cage were to be used for this purpose,

was decided by drawing lots.

Each animal in the experiment, identified by its

ear mark and cage number, was weighed daily, and individual

weight records were kept for all. Throughout the experi¬

ment all animals had free access to a 5^ glucose saline-

solution, containing vitamin supplements (ABIDEC, Parke-

Davis), and the same basic diet was provided for all.

This was composed of brown bread and rat cake soaked in

milk fortified with glucose. The hypophysectomised group,
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and "sham" hypophysectomised group fed ad libitum, were

provided with food in excess of their needs? the amount

of food allowed to the underfed animals was severely

restricted on an empirical basis from day to day, so as to

retard their mean mean growth curve to the same extent

as that of the hypophysectomised animals. Since food

restriction could only be practised from the day the

animals arrived in Edinburgh, i.e. day 1^ of the experi¬

ment, the first sample of the underfed animals was killed

on day 3 of the experiment.

A3 though only one hypophysectomised animal was

lost to the experiment by death, two were recognised to

be incompletely hypophysectomised after the experiment

was started? these animals were replaced by three of the

'spares' already mentioned, and the fourth 'spare' animal

was arbitrarily allocated to the last sample of the hypo¬

physectomised group, taken on day 48 of the experiment.

As the number of animals in each cage was halved after

the third sampling day of the experiment (day 6), the

surviving animals in each group were reallocated to

fewer cages, in order to reduce the amount of work

involved in the actual running of the experiment. This

process of reallocation was practised as necessary during

the experiment, without interfering with the predetermined

order by which individual animals were sacrificed.

Random samples were obtained from the sham hypo¬

physectomised animals fed ad libitum, and the hypophysectomised
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animals, in the fashion described, on days lg-, 5, 6, 12,

24 and 48 of the experiment; for the reason already-

explained the underfed animals were not sampled on day

lg-, but samples were taken from this group on days 3, 6,

12, 24, and 48* There were six animals in each sample,

and on each "sampling day", the appropriate animals were

carefully identified by their ear mark and cage number,

killed one at a time by exposure to chloroform, and the

organs removed from each were placed in separate, labelled

beakers containing formalin. The stomach was processed

as described in Chapter II. The paired testes, adrenals,

salivary glands and kidneys were all dissected free of

extraneous tissues and blood vessels; the liver and heart

were transected from their main vessels, gently squeezed

to empty them of blood and in addition, the external

layer of the pericardium was dissected off, and the heart

opened to empty all blood clots. Since it was known

from a previous experiment, that organ weight was not

appreciably different at intervals of 1, 2, and 4 weeks

after immersion in formalin, all organs were weighed, at

convenience, between one and four weeks after they had

been removed from the body. Jiach organ to be weighed,

was dried of formalin, by careful swabbing, and inspected

to see that no extraneous tissues were present;

weighings were done to the nearest milligram, or one-

tenth of a milligram, depending on the size of the

particular organ.
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RESULTS

The results obtained in this experiment are laid

out in Table 20, (Observations on the Stomach), and Table

21 (Observations on the Weight of Individual Organs).

The mean growth curves for body weight for the -three groups,

are plotted against time in Figure 19, and the mean

growth curves for stomach weight, mucosal volume, and

parietal cell population are plotted likewise, in Figures

20, 21, and 22. In these four figures, each point, on

each curve represents the mean of 6 observations, with

the exception of the last point for the hypophysectomised

group, (day 48), which represents the mean of 7 observa¬

tions. The regression which occurred in the growth of

individual organs after hypophysectomy, is represented

in Figure 23, and the comparative effects of hypophysectomy

and underfeeding, on the growth of individual organs, are

represented in Figure 24. It is proposed to discuss the

results of this experiment, under the following headingsj

(i) The extent to which the experimental conditions

were fulfilled.

(ii) The regression in the growth of the stomach after

hypophysectomy with special reference to the gastric

mucosa.

1. The effects on stomach weight

2. The effects on mucosal area

3. The effects on mucosal volume

4. The effects on the parietal cell population

5. Discussion.



- 157 -

(iii) The regression in the growth of the stomach compared

to the regression in the growth of other organs after

hypophysectomy.

1. Results.

2. Discussion.

(iv) A comparison of the effects of underfeeding and

hypophysectomy on the growth of individual organs.

1. Results.

2. Discussion.

(v) Summary.

(i) The Experimental Conditions

Before considering the results obtained in this

experiment in detail, reference should he made to Figure

19 which exemplifies the experimental design, and the

extent to which the experimental conditions were fulfilled.

In this figure, the mean growth curves of the three experi¬

mental groups are plotted against time after operation,

so that each point on a given curve represents the mean

final body weight of a particular sample, of the treat¬

ment group in question.

Attention should be drawn to five points which

Figure 19 illustrates!

(a) The "sham" hypophyseotomised group allowed to eat

ad libitum, virtually quadrupled their body weight in the

course of the experiment, giving in effect, a normal

body weight curve for rats of this age and initial body

weight (for convenience this group will be designated

subsequently as the "normal" controls).



FIGURE 19

Experiment V

The mean body weight curves of the experimental groups

included in Experiment V. Each point represents the mean

of 6 observations.

I 3 6 12 24 48
DAYS AFTER HYPOPHYSECTOMY

Notes In the legend, the sham hypophysectomised group

allowed to feed ad libitum are designated as "normal", and

the sham hypophysectomised - underfed group is designated

as "reduced feeding". The same convention has been adopted

in Figures 20,21, and 22.
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(b) The hypophysectomised group gained a little weight

during the course of the experiment, especially between

the 12th and 48th days. This probably represents an

adaptation effect, whereby the appetite of the surviving

animals was increasing' with time, after hypophysectomy.

(c) The mean body weight of the "sham" hypophysectomised

under-fed group (designated subsequently as the 'underfed'

controls) was virtually identical to that of the hypophy¬

sectomised animals for the duration of the experiment.

Since total body growth was inhibited to the same extent

in both groups, any difference which occurred between them

with respect to the growth of an individual organ in the

course of the experiment could only be due, therefore, to

the presence or absence of the pituitaxy gland, and not

to any effect of inanition.

(d) The rate of growth of the "preoperative sample",

(represented by three points) is indistinguishable from

that of the "normal" controls, over the same period of

time; it may be implied therefore that the preoperative

sample killed in Edinburgh was truly representative of

the whole population, at least with respect to growth

potential, on the day that the operations were actually

carried out in Boston.

(e) The mean initial weight of the animals in each sample

are represented in the histogram at the foot of Figure 19.

By initial weight is meant the weight of each animal, on

arrival in Edinburgh 56 hours after operation. It will



TABLE20

REGRESSIONIIMTHEWEIGHT.SURFACSAREA.MUCOSALVOLUMEAMDPARIETALCELLPOPULATIONAFfERHYPOPHYSECTOMY '

i£ Days

■■■"

3 Days

1

6 Days

1224 DaysDays

48 Days

InitialBodyWeight (gm.)Hypox.
Control

125.3-8.3Underfed
119.712.9 115.2±5.1
113.5±5.3 112.6±5.1 113.5±5.9
112.8±11.2 114.7±5.3 113.2±5.0
111.8±4.1 123.5*5.1 115.8±7.6

■■■-11--— 112.7i4.3 118.714.1 121.0±6.9
112.1±4.6 121.8±4.7 122.4±3.8

FinalBodyWeight(gm.)Hypox.
Control

125.3-8.3Underfed.
119.7±2.9 115.2±5.1
116.8±6.4 129.0±5.2 116.7±4.7
117.516.6 145.7±6.5 117.7164.
111.8±5.2 210.2±13.6 110.8±8.3
125.517.8 304.7±21.0 122.0±7.8
136.6±3.2 424.8±62.3 134.3±4.7

TotalStomachWeight (mg.)Hypox.
Control

650.8±59.0Underfed
712±64 690±59
741±65 784±35 783±41
572±36 877±45 754±96
521±19 1041tl45 685±75
628±58 13901206 884149
839±37 1748±0.30 1455±93

Areaof"AcidSecretingMucosa" (sq.cm.)Hypox.
Control

7.77-0.5Underfed
7.28±0.5 7.41±0.7
6.42±0.4 7.96±0.5 7.76-0.5
6.29±0.6 8.06±.0.5 7.44±0.4
6.22±0.2 11.02±1.1 7.53±0.5

6.3910.6 12.0311.0 9.14±0.3
6.3510.1 13.58±2.1 IO.76i0.3

MucosalVolume (c.mm.)Hypox.
Control

160.4-20.4Underfed
194.6±24 207.3±29
184.4121 250.6±29 237.3±17
149.0±23 259.2±11 208.7118

121.5-18 273.6±39 152.5±17

I6A.9±20 373.3±72 235.3i26
190.0±23 457.8±66 382.6±35

ParietalCount (mlns.)Hypox.
Control

32.4-5.0Underfed
34.3±5.4 34.4±3.9
29.3±1.3 35.0±4.5 37.95.8
28.515.9 36.5±2.8 32.3±3.7
24.513.2 44.4±5.7 29.0±4.5
24.3±3.4 46.3±8.2 36.5±5.4
24.0±3.6 56.1±12.0 44.7±4.1

NOTE*Thefiguresinred,representthevalueobtainedforeachobservationinthepre-operativesample.Theunderfed animalswerenotsampledondayljg.Eachsamplecontained6animals,excepthypox.,day48,whichcontained7.
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be noted that the initial weight of the hypophysectomised

samples tended to be lower than the inital weight of the

"sham" hypophysectomised samples, presumably because of a

greater disturbance in the general health of the hypophy¬

sectomised animals. However, the initial weight of the

'normal' and underfed animals did not differ greatly in

any of the samples taken.

(ii) The Regression in the Growth of the Stomach After
IIypophy3ectomy With Special Reference to the Growth of
The Gastric Mucosa.

The regression in the growth of the stomach after

hypophysectomy may be determined by comparing the values

obtained for stomach weight, areaand volume of the acid

secreting mucosa and parietal cell population, in the same

samples of the three experimental groups throughout the

course of the experiment. The actual data are laid out.

in Table 20 and the results are illustrated in Figures 20,

21, and 22.

1. The affects on Stomach Weight (see Table 20, and Figure
20).

The weight of the stomach increased by a factor of

2.5 in the 'normal' controls during the course of the

experiment, and the curve which represents this effect in

Figure 20, may be accepted as a normal growth curve for

stomach weight in rats of similar age and starting weight.

Underfeeding entirely prevented the initial gain

in stomach weight, which was observed in the 'normal' fed

ad libitum animals; the effect is illustrated by the marked

difference in stomach weight between these two groups on



FIGURE 20

Experiment V

The growth curves for stomach weight for the three experi¬
mental groups in Experiment V. Each point represents the
mean of 6 observations.

total stomach weight (effect of hypophysectomy)

hypophysectomy

1700-

x hypophysectomised

• normal

isoo-

©reduced feeding

A preoperative sample
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total
900 "

7 00 "
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\ /
• I, , | ■
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1
48

days after hypophysectomy

Note: The three groups are designated as in Figure 19.

"Normal" refers to the sham hypophysectomised group allowed

to feed ad libitum, and "reduced food" refers to the sham

hypophysectomised - underfed animals.
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day 12 (P < .001), and by the fact that in the underfed

animals, stomach weight on day 12, was no greater than it

was in the preoperative sample. From day 12 onwards,

however, the growth curve for stomach weight increased

sharply in the underfed animals despite the fact that

growth of the body as a whole was almost completely inhibited

(see Figure 19); indeed calculation of the data shows that,

between the 12th and 48th day of the experiment, the rate

of increase in stomach weight was slightly greater in the

underfed animals than it was in the 'normal' animals

allowed to feed ad libitum.

The weight of the stomach actually increased

during the first three days after hypophysectomy so that

on day 3» stomach weight was considerably greater (P < .005)

than it was in the preoperative sample. Stomach weight

fell sharply between the third and twelfth day after hypo¬

physectomy, so that on day 12, the value observed was

actually less (P < .001) than it was in the preoperative

sample. However, the weight of the stomach increased from

the twelfth day after hypophysectomy, so that on day 48, it

was considerably greater (P < .005) than it was in the pre¬

operative sample; this effect may perhaps be related to

the increase in body weight observed in the hypophysectomised

animals between days 12 and 48 (see Table 20)

2. The Effects on Mucosal Area (see Table 20).

The changes observed in the area of the acid

secreting mucosa in the three groups were, in general,

similar to the changes observed in stomach weight. Area



FIGURE 21

Experiment V

The mean growth curves for the volume of the acid secreting

mucosa in the three experimental groups included in

Experiment V, Each point represents the mean of 6 observations

(Legend as for Figures 19 and 20).

VOLUME OF ACID SECRETING MUCOSA (EFFECT OF HYPO PHYSECTOMY)

DAYS AFTER HYPOPHYSECTOMY
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increased by a factor of 1.7 during the course of the

entire experiment in the 'normal' controls, although the

rate of increase was slight during the first 6 days of

the experiment (see Table 20).

Underfeeding entirely prevented the initial increase

in mucosal area, which remained essentially unchanged

from preoperative levels until day 12. However, mucosal

area increased from a mean value of 7*55 to a mean value

of 10.76 sq. cm. between days 12 and 48» in the face of

continued underfeeding and inhibition of the body weight"

curve.

The area occupied by the acid secreting mucosa was

maintained at a normal level of 7*28 sq. cm., in the hypo-

physectomised animals sampled on day l|r, but fell sharply

to 6.42 sq. cm., on the third day after the operation.

Mucosal area showed no further significant changes with

time after hypophysectomy and, when the experiment was

terminated on day 48, the value observed was significantly

less (P < .001) than it was in the preoperative sample.

5. The affects on Mucosal Volume (see Table 20, and
Figure 21).

The changes observed in mucosal volume were perhaps

the most striking of all the effects noted in the experiment.

The volume of the mucosa increased almost threefold, in

the 'normal' control group in the course of the experi¬

ment, and the curve which represents this effect in

Figure 21 may be taken to illustrate the normal growth

curve for mucosal volume in rats of similar age and

starting weight.
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Figure 21 shows that underfeeding caused an

almost immediate regression in mucosal volume, so that

the actual amount of the gastric mucosa was reduced from

a mean value of 237• 3 c.mm., on day 3i to 152.5 c.mm. on

day 12 in this experimental group. From day 12 onwards,

however, mucosal volume increased at a rate which was

slightly greater than that in the 'normal' controls in

the same period, to reach a mean value of 382.6 c.mm.

on day 48, when the experiment was terminated. It may

be implied from these findings that growth of the gastric

mucosa may proceed at a normal or even greater than

normal rate in the face of a reduction in food intake

sufficiently severe to cause a virtual inhibition in the

growth of the whole organism.

It will be apparent from Figure 21 that the effect

of hypophysectomy on mucosal volume was even more marked

than that of underfeeding. Nevertheless, mucosal volume

was maintained at the preoperative level, or slightly

above it, for at least three days after hypophysectomy,

the mean values being 160.4, 194*6 and I84.4 c.mm., for

the preoperative sample, and the hypophysectomised samples

on days 1-jJ}-, and 3» respectively. Mucosal volume fell

sharply after day 3» however, and reached the lowest value

observed in the hypophysectomised group on day 12, when

the mean value was significantly less (P < .01) than it

was in the preoperative sample. Mucosal volume

increased significantly (P < .001) between days 12 and



- 145 -

48 in the hypophysectoraised group, an effect which may

perhaps, reflect the increase in body weight observed in

the same period in these animals.

(4) Parietal Cell Population

In the 'normal' group, the parietal cell population

increased almost twofold during the course of the experi¬

ment, and the curve which represents this effect in Figure

22 may be accepted as a normal growth curve for the parietal

cell population in male rats of similar age and body

weight.

Underfeeding caused a sharp reduction in the

parietal cell population between days 3 and. 12 of the

experiment; this effect, however caused, was reversed

between days 12 and 48, when the cell population increased

at a rate which was slightly greater than that observed

in the 'normal' controls during the aame period.

The parietal cell population fell sharply between

the third and twelfth days after hypophysectomy, and on

day 12, the value observed was considerably less (P < .001)

than that obtained in the preoperative sample. The parietal

cell population then plateaued out, and showed no further

changes between days 12 and 48 after hypophysectomy.

(5) Discussion

The results obtained in this experiment clearly

indicate that there is a marked regression in the growth

of the gastric mucosa after hypophysectomy. However, as

judged by the fact that both stomach weight and mucosal

volume actually increased during the first three days after



FIGURE 22

Experiment V

The mean growth curves for the total parietal cell popu¬

lation in the three experimental groups included in Experi¬

ment Y. Each point represents the mean of 6 observations.

(Legend as for Figures 19* 20, and 21).

HYPOPHYSECTOMY

DAYS AFTER HYPOPHYSECTOMY
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hypophysectomy, it would appear that some degree of

active growth continued to occur in the gastric mucosa

for a brief period after the pituitary had been removed.

A possible explanation for this rather unexpected effect

is, that it represents the continvied growth of a population

of mucosal cells which were actually dividing, or had just

divided, at the time the pituitary was removed. This

explanation accords in general, with the calculated life

of the regenerative cells of the gastric mucosa in the

rat, which varies between 1.8 and 6.5 days according to

cell type (see Leblond and Walker, 1956). On the other

hand, the reduction in mucosal volume which occurred

between days 5 and 6 was presumably due to a failure of

cell division to keep pace with cell loss, so that a net

reduction occurred in muoosal volume, until a state of

equilibrum was reached between these two processes at

about day 12.

If this explanation is correct, it becomes possible

to suggest the working hypothesis that, the regenerative

cells of the gastric mucosa require to be "primed" in some

way by the hormones of the pituitary gland (or the

secondary hormones), if cell division is to proceed at

a normal rate. On the evidence obtained in Experiment IV

(see page 115-116) the likeliest hormone to exert this

effect would be growth hormone. It is proposed to test

this hypothesis in the future by examining the effects

of growth hormone, administered from the day of hypophysectomy,
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in maintaining the growth of the gastric mucosa, and

studying in detail, the rate at which the growth of the

mucosa regresses after maintainance treatment with

growth hormone is withdrawn.

It will be apparent that underfeeding, to the

degree practised in this experiment also causes a marked,

initial, regression in the growth of the gastric mucosa.

The sharp increase which occurred in mucosal growth

from day 12, is quite unexplained. This curious effect

of a period of growth regression, followed by a period of

active growth suggests that perhaps two distinct mechanisms

were operating. A teleological explanation which begs

the question, is that mucosal growth increased under these

conditions, to ensure maximal absorption of tiie limited amount

of food available.

It is hoped to obtain further information on this

problem in the future by studying the growth of the gastric

mucosa in detail, both under the conditions of sustained

underfeeding, and under the conditions of sudden, large

changes in total dietary intake.

(ill) Regression in the Growth of the Stomach After Hypo-
physectomy Compared to the Regression in Growth of
Other Organs.

1. Results

It was obviously of interest to compare the rate

of regression in the growth of the stomach to the regression

in the growth of other organs after hypophysectomy, and

for this purpose, various organs were weighed in each



TABLE21

REGRESSIONINTHEWEIGHTOFDIFFERENTORGANSAFTERIIYPOPHYSECTQKY
Lays

[

Lays

6 Lays

12 Lays

■■■■-- 24 Lays

48 Lays

SalivaryGlandweight (mg.)Hypox.
Control

188.2±125.3Underfed
233.2±20.1 247.7±28.9
242.2±27.4 275.2±12.9 275.4±25.2
215.8±15.2 302.8±23.0 247.8130.1
196.4±12.1 331.8±24.8 248.9119.7
178.2±12.9 500.5±71.6 266.6±16.5
213.7±16.6 665.91123.8 347.7±48.6

Liver..eight (gm.)Hypox.
Control

5.31±0.74Underfed
4.50±0.41 5.60±0.50
5.91±0.90 5.89±O.69 5.33±0.60
4.20±0.28 6.56±0.54 4.20±0.36
3.76±0.29 10.44±1.03 3.36±0.25
5.58-0.10 15.56±1.84 4.42-0.69
6.60±0.62 18.36±2.90 6.12±0.60

HeartWeight (mg.)Hypox.
Control

376.8±34.4Underfed
341.5±28.6 367.6±24.4
369.0±13.7 403.9123.0 388.3±33.6
332.2±26.4 466.7-40.6 356.0±26.9
256.0±14.4 641.3135.8 310.6±25.1
320.4±21.7 844.6±70.8 345.2±47.1
353.7124.4 1103.31111.3 385.6±I8.5

KidneyWeight (mg.)Hypox.
Control

.154.2±158.6Underfed
1340.8±92.0 1056.1±163.8
1241.31380.4 1197.4±84.3 1167.3±94.8
1089.4-351.9 1359.5±77.7 1242.0±136.3
809.0±89.7 1709.11183.4 1291.51501.3
1034.4±65.2 2093.8±290.2 1477.7±298.8
1034.4165.2 3421.51184.2 1477.7±298.8

!___—.... Testiseight (mg.)Hypox.
Control

.270.8±146.2Underfed
1198.2±55.4 1278.1±82.6
1222.91118.1 1553.3188.9 1468.6±177.3
913.8±109.8 168b.4±159.5 I68O.3±79.8
524.9166.0 2047.91358.7 1848.0±158.4
422.4±54.6 2968.91175.3 2392.6±204.8
471.3±234.6 3966.0±63.0 2914.7±299.6

AdrenalWeight (mg.)Hypox.
Control

20.7±2.5Underfed
20.4±5.5 24.6±3.5
19.6±2.9 27.6±2.5 28.6±2.1
13.6±1.7 25.912.0 23.7±1-9
8.2±1.6 32.0±2.4 22.5±1.5
8.3±1.9 40.9±7.8 24.9±1.8
12.0±1.8 64.9±7.4 31.0±3.0

NOTEStThefigureinredindicatesthemeanweightofeachorganinthepreoperativesample. TheunderfedgroupwasnotsampleduntilLay3« Eachsamplecontained6animals,exceptHypox.,Lay48,whichcontained7«
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animal included in the experiment; the organs considered

were the liver and the paired testes, adrenals, sub¬

maxillary salivary glands and kidneys.

The mean weights of these different organs, in

each sample of the three experimental groups, are laid

out in Table 21. In order to compare the effects of

hypophysectomy on the growth of different organs in a

simple fashion, however, the change found in the weight

of each organ with time after hypophysectomy was calculated

on a percentage basis. The convention adopted, was to

express the mean weight of an individual organ in each

sample of the hypophysectomised animals, as a percentage

of the mean weight of the same organ in the preoperative

sample. The data calculated in this way are represented

diagrammatically in Figure 23 and the following comments

may be made on them.

(a) Hypophysectomy exerted remarkably different effects on

the growth of individual organs, so that for example, the

curves for stomach weight and salivary gland weight were

quite distinct from the weight curves of all the other

organs considered.

(b) The weight of the stomach, and the weight of the

salivary glands both increased significantly above their

preoperative levels in the first three days after hypophy¬

sectomy, before falling at slightly different rates to

reach their smallest values on day 12 in the case of the

stomach, and day 24 in the case of the salivary glands.



FIGURE 23

Experiment V

The regression in the growth of different organs after
hypophysectomy.

REGRESSION OF ORGAN WEIGHT AFTER HYPOPHYSECTOMY

[EXPRESSED AS d? OF PRE -OPERATIVE WEIGHT^
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However, the weight of each of these two organs had

increased significantly above their lowest values, when

the experiment was terminated on day 48* This double

effect was not seen in the weight curves of any of the

other organs.

(c) In all the other cases considered, organ weight either

fell directly after hypophysectomy, (testes, adrenals), or

was maintained at approximately preoperative levels

(liver, heart, kidneys) before falling from the third day

after operation. Although the curves for heart weight,

kidney weight and liver weight all varied slightly in their

rate of fall, and the time at which their smallest values

were reached, they each showed a significant upward trend

from their smallest values in the later part of the

experiment, resembling the effect seen in the later part

of the curves for stomach and salivary gland weight.

This delayed weight gain after hypophysectomy occurred most

strikingly in the case of the liver, since liver weight

increased by almost 60 , from its lowest mean weight

(5.8 gm.) on day 12 to a mean value of 6.6 gm. on day 48,

when the experiment was terminated.

(d) As might be expected both the rate and the extent of

the regression in the weight of the two secondary endocrine

organs, the adrenals and testes, were greater than those

observed in any of the non endocrine organs; however, the

increase in the weight of the paired adrenals between

days 24 and 48 (P < .005) was an unexpected finding, which

is so far unexplained.
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2. Discussion

It will have been noted that the weight of the

salivary glands, like that of the stomach, actually

increased during' the first three days after hypophysectomy.

However, the explanation offered to account for the

increase in stomach weight cannot apply to the salivary

glands, because of the low order of cell renewal which

occurs in these organs (LeBlond and Walker, 1956).On the

other hand, the effect observed on salivary gland weight,

might have been due to edema, caused by operative trauma,

since the glands studied - the paired submaxillary glands -

lie directly in the field of operation, when hypophysectomy

is carried out by the parapharyngeal route. This explan¬

ation cannot be verified, however, since the organs were

not examined histologically. The only explanation which

can be offered to account for the tendency of all organ

weights to increase between days 24 and 48 after hypophy¬

sectomy is, that the effect may be related in some way to

the increase observed in the body weight of the hypophy-

sectomised animals at this time (see Table 20). This was

considered to represent an adaptation effect, whereby the

appetite of the animals was improving with time after

hypophysectomy.

(iv) Comparison of the effects of Underfeeding and Hypo-
physeotomy on the Growth of Individual Organs.

1. Results

It was also of interest to compare the effects of

underfeeding and hypophysectomy on the growth of individual
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organs. The mean organ weights obtained in eaoh sample

of the three experimental groups are laid out in Table 21.

However, the effects of hypophysectomy and inanition may

be compared more readily, by expressing the data in terras

of the percentage change in organ weight caused by each

of the two treatments. The convention adopted was to

express the mean woight of an individual organ in the

underfed and hypophyseetotalsed animals, as a percentage

of the meen weight of the same organ, on the corresponding

day in the 'normal' controls! in this way, the effects of

hypophysectomy and underfeeding on the growth of individual

organs could be compared with each other, and the effect of

eaoh treatment related to the normal growth of the

organs considered. The results obtained by this method

of calculating the data are illustrated in Figure 24,

and the following comments may be made on them.

(*) Body //eight

Figure 24, again establishes that body weight was

inhibited to the same extent by underfeeding, and hypophy-

sectoiny so that any differencewhich occurred in organ

growth between the two experimental groups, oannot be

attributed to any disparity between them, with respect to

total body growth.

.hen the data for body weight are expressed In

this way, they illustrate very well, the marked effect of

hypophysectomy in retarding body weight! for example it

may be calculated that in the previous experiments, there



FIGURE 24

Experiment Y

The regression in the growth of individual organs in the

hypophysectomised,and sham hypophysectomised under-fed

groups, expressed as a percentage of the mean weight of

the same organ in corresponding samples of the "normal"

group (i.e. the sham hypophysectomised animals allowed to

feed ad libitum.)
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was a relative regression of the order of ^Ofo in the

body weight of the hypophysectomised animals killed three

weeks after the operation.

(b) Heart Weight

There was no significant difference between the

effects of hypophysectomy and underfeeding on the weight

of the heart. As might be expected, the curve for heart

weight closely resembles that for body weight, suggesting

that heart size remains a function of body weight even

under extreme conditions of inanition.

(c) Liver Weight

There was no difference either, between the effects

of hypophysectomy and underfeeding on liver weight,

confirming previous conclusions, that liver weight is not

under the direct influence of the pituitary but is

determined mainly by body size (Levin, 1944)*

(d) Kidney Weight

Although the weight of the paired kidneys fell

steadily in both the hypophysectomised and underfed groups,

the effect of hypophysectomy was greater at all time

intervals, confirming the conclusions of other workers

that kidney size is at least partly regulated by the

pituitary gland (Levin, 19445 Bates et al., 1962).

(e) Stomach Weight

The effects of the hypophysectomy and inanition

on stomach weight have been mentioned already and need

not be discussed in detail here. Stomach weight was less

affected by hypophysectomy than was kidney weight, and
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plateaued out between day 12 and day 48 of the experiment.

The figure illustrates again, the remarkable recovery

which occurred in stomach weight in the underfed animals

towards the end of the experiment, an effect which was

not apparent in the curves obtained for any of the other

organs considered.

(f) Testes Weight

As might be expected there was a marked difference

between the effects of the two treatments on the weight of

the testes. The data show that the testes exhibit a

surprisingly high growth capacity, under conditions of

underfeeding which were sufficiently severe to inhibit

somatic growth completely.

2. Discussion

The data presented in Figure 24, serve to illustrate

the extent to which the growth of individual organs is

regulated by the pituitary gland on the one hand, and by

the size, or weight of the total organism on the other

hand. The stomach and the kidney occupy an intermediate

position between those organs whose growth is determined

almost wholly by the pituitary, e.g. the testes and the

secondary endocrine organs, and those organs whose growth

is not regulated at all by the pituitary e.g. the heart,

and the liver.

(v) Summary

1. An experiment was carried out in order to examine the

effects of hypophysectomy, and the effects of underfeeding,

on the growth of the gastric mucosa, and on the growth of
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other organs in the rat.

2. For the purpose of the experiment individual animals

from a large homogeneous population of young male rats,

were allocated to random, to one or other of the following

treatments:

(a) Hypophysectomy, and subsequently fed ad libitum.

(b) Sham hypophysectomy, and subsequently fed ad libitum.

(c) Sham hypophysectomy and subsequently underfed to such

a degree that somatic growth was inhibited to the

same extent as that of the hypophysectomised animals.

5. The population was sampled on the day these treatments

were begun, and the three experimental groups were sampled

at the same time intervals for almost 7 weeks afterwards.

4. The results obtained under these conditions, showed

that there was a marked regression in the growth of the

gastric mucosa after hypophysectomy. This effect did not

obtain immediately, because the growth of the mucosa was

maintained for at least three days after the pituitary

had been removed.

5. Underfeeding caused an almost immediate regression in

the growth of the gastric mucosa, so that the actual

amount of the tissue was reduced by about 50/'» between

the third and twelfth day of this treatment. From the

twelfth day onwards, growth of the gastric mucosa proceeded

at a normal rate, in the face of sustained underfeeding,

and despite the fact that somatic growth was almost

completely inhibited.
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6. Hypophysectomy caused a greater regression in the

growth of the gastric mucosa than did underfeeding at all

stages in the experiment.

7. The regression in growth of individual organs after

hypophysectomy varied considerably.

8. A comparison of the effects of hypophysectomy and

underfeeding on the growth of individual organs, confirmed

that the pituitary gland exerts a marked influence in

regulating the growth of certain non-endocrine organs,

such as the stomach and the kidney, but exerts no influence

on the growth of the liver or the heart.
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DI3CU3310K

The result* obtained In this investigation clearly

establish that the pituitary gland exerts a narked

influence in regulating the growth of the gastrio mucosa

in the rat. Moreover, this effect obtains, not only in

the phase of active mucosal growth which occurs in young

animals, but also in the established mucosa of mature

animalb. These considerations suggest that the influence

of the pituitary on the gastric mucosa la exerted at some

stage in the prooesses of cell division by which the mass

of the mucosa increases with age, and by which its mass

is maintained in the face of a continual loss of its

surface cells.

It has been suggested already that the reduction

observed in the volume of the mucosa after hypophysectoay

may be due to a relative failure of cell division to keep

/act ith cell loss under these conditional an alternative,

but lees likely explanation, is that the effect is due to

a disturbance at some other point in the process of

mucosal growth, e.g. at the level of cell differentiation,

liimilarly, the reduction observed in the parietal cell

population could be explained in either, or both, of two

wayai the effect might be due simply to death and

resorption of these cells after fcypophysectony, or to a

failure in the chair, of events by which these cells

become differentiated from the raucous neck cells of the

gastric glands (see LeBlond and talker, 1956). The latter
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explanation would Imply that, contrary to the accepted

view, the parietal cell population la being constantly

renewed. On present evidence it is impossible to

distinguish between the several explanations which have

been offered to account for these effects of hypophysestoayj

it is hoped to obtain further information on these problems

in the future, by using autoradiographic and histochemical

techniques, in addition to the simple quantitative histo¬

logical methods used here, in order to study the processes

of oell division and the processes of cell differentiation

in the gastrio mucosa after hypophysectomy. In particular,

it la hoped that these techniques will provide further

information on the life cyole of the parietal cell, by

using the hypophysectomised rat as a modal, in which

relatively rapid changes may bs induced in the total

parietal cell population, under appropriate conditions of

treatment.

Although th- evidence obtained in the present

investigation suggests that the influence of the pituitary

on the growth of the gastric mucosa, is mediated mainly

by growth hormone, it will be obvious that this problem

requires further investigation, so that no firm conclusions

can be drawn as to the exact hormonal processes

involved. A possibility already mentioned^is that the
regenerative cells of the gastric mucosa require to be

"primed'*, perhaps by growth hormone, before cell divieion

can proceed at a normal rate. If true, this hypothesis
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has far reeoMng implications, and, as already mentioned

It is proposed to examine It in considerable detail in the

future.

Perhaps tl .• most interesting effect observed in

the course of this investigation, was the remarkable

change from growth regression, to full, active growth,

which occurred in the gastric mucosa under the conditions

of sustained underfeeding. Tt is hoped to study this

particular problem in some detail in the future, in

order to obtain mere information on this quite unexplained

phenomenon.

Finally, apart fro® the intrinsic interest of the

problems which have been considered, the results obtained

in this investigation, suggest, that the metric mucosa

may prove to be a ueeful model for the study of the

phenomenon of growth, because of the fact that it is a

discrete organ, whose cell mass is readily amenable to

quantitative observation.
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STOJKAHY

L. The purpose of this investigation was to sxanint the

suggestion that the pituitary gland and the adrenal cortex

were capable of influencing the growth of the gastric

mucosa*

2. For this purpose a method described by other investi¬

gators was used to estimate the area, and volume of the

gastric mucosa, and the parietal cell population of the

stomach in rats, under different experimental conditions*

5* iba method has been described in detail, and its

possible sources of error were considered* It was

concluded toat the method gave sufficiently reliable

results for the purposes of the present investigation.

4. Following hypophysectooy, there was a marked disturbance

in the growth of the gastric mucosa, as judged by the

reduction observed in the volume or mass of the gastric

mucosa, and in the parietal cell population both in

young rats, and in mature rats.

5* It was established that these effects of hypophysectoay

were due to the actual removal of the pituitary, and that

they were not due, either to the inanition which follows

this procedure in the rat, or to adrenal insufficiency.

6. It was concluded that the main effect of hypophysectoiay

was to reduce the volume or mass, of the gastric mucosa.,

and that the parietal cell population was decreased In

aiaple proportion to the reduction in the amount of the

secretory tissue.
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7* The results obtained in a replacement experiment In

whioh the individual pituitary hormones were administered

to hypophysectomised rats, suggested that the influence

of the pituitary on the growth of the gastric mucosa was

mediated mainly, by growth hormone. An unexpected

finding in this experiment was that 4CTK appeared to

stimulate the growth of the gastric mucosa, while it was

actually inhibiting some.tic growth.

8. lion a large homogenous population of rats was sampled

after individual animals had been 1 ypophyaectoaiaed, or

sham hypophysestoaiaed and fed ad libitum, or sham hypo-

physec to raised and deliberately underfed, it was found

thatt

(a) There was a marked regression in the growth of the

gastrio mucosa after hypophyaeotomy.

(b) Underfeeding also caused an initial regression in the

growth of the gastric mucosal however, after about

two weeks of sustained underfeeding, this effect was

reversed, so that a normal irate of growth occurred

in the gastric mucosa, in the face of continued under¬

feeding, and despite an almost complete inhibition of

somatic growth.

(c) The effects of hypophysectosy on the gastric mucosa

were greater than the effects of underfeeding at all

stages, and for all parameters considered.

(d) There were marked differences in the effects of

hypophyaactomy on the growth of individual organs, and

between the effeots of hypophyeectoiay and underfeeding
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on the growth of the gastric mucosa, the growth of

the kidneys, and the growth of the testes*

9* Bilateral adrenalectomy had no effect on the growth

of the gastric mucosa, and the administration of large

amounts of ACTE or hydrocortisone appeared to inhibit

the growth of the mucosa.
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