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INTRODUCTION «

The study of peptic ulcer has largely béen confined
to the disease as it occurs in men, This is not
surprising since 1ts victims are mainly men. A treatise
on the disease as it occurs in women, therefore, begs
explanation for, in many respects, its behaviour in the
two sexes 1s similar. The interest, however, lies with
the differences, which are especially noteble and, at the
éame time, unexplained.

The history of peptic ulcer as 1t occurred in women
during the 19th Century has no mdle counterparte. During
the 19th Century, according to the only reliable information
available, viz., the incidence of perforation (JENNINGS 1940),
the disease was stlll relatively uncommon and was almost
as frequent and, in some localities, more frequent in
women than in men. Furthermore, this ulcer in women
was most often situated in the upper part of the body or
in the fundus of the stomach. This form of the disease
disappeared by the end of the First World War and, since
then, there has been much speculation regarding 1lts cause;
nutritional, psychiocal - and even sartorial factors being
| suggestede Probably the main inference to he drawn,
however, 1s that it demonstratéd that entlronment has
played,. and may still play, an important role in the

etiology of peptic ulcer. During the present century,



the inclidence of peptic uloer in women has remained
oconsiderably less than in men and especially so in the
tendency to pérforation. Whe ther this oan be interpreted
as resulting from less exposure of women %o "ulcep"
environment, or resulting from protection by biological
factors in thelr constitution, remains to be seen.

When one studies the natural history of the disease
in women, further interesting features emergee. Whereas
in men ulcers seem, in most instances, to appear, remit
and relapse without obvious cause, encouragement or
provocation, in women, on the other hand, there are events
in their lives which can be associated with the onset of
ulcer, with the healing of ulcer or with the extension
of the ulcer.

Tﬁa present investigation was embarked upon to
.study certain aspects of the epidemiology of peptic ulcer
in women; to study the natural history of the disease
in women with special reference to menstruation, pregnanscy,
lactation and the menopsuse, and the effects of those
events on the oourse of the disease; and, finally, %o

investigate several of the factors arising from the

natural historye.




Some of these factors have been %he subjeot of
previous Investigation ee.g., gastric acid secretion in
pregnancy has been studled on several ococasions using
"sampling" test-meal methodse This subject is re=
investigated, using more modern "continuous suoction"
methods with, at the same time, estimation of the enzyme
histaminasee The other factors at the outset of this
work had not previously been investigatede The
investigations performed are:

le. Gastric aclid secretion and plasma histaminase during
pregnancye (Part II.).

2¢ Urinary excretion of Pepsinogen in late pregnancy
: and the puerperiume (Part III.).

3. Gastrio acid secretion in dogs during pregnancy and
lactatione (Part IV.).

4, The effect of castration on gastric acid secretion
of female dogse (Part V.).




s PART I.

EPIDEMICLOGY AND NATURAL HISTORY OF PEPTIIC
ULCER IN WOMEN.

A, REVIEW OF THE LITERATURHE.

l. EPIDEMICLOGY.

There 1s now abundant evidence indicating that peptic
ulcer 1s more common in males, the ratio peing of the
order of 4 males to 1 female. AVERY JONES and PCLLACK (1945);
JAMIABSON et al (1949)e liore recently DCLL and AVERY
JONES (1951) have made a further painstaking survey by
meking an individual field study of a large "sample" of
the pupulation. They interviewed over 6000 workers in a
number of factories in the London area. When allowance
was made for special features of age and sex in the
groups interviewed, the results gave an incidence for
men (aged 15-64) of 5.8 per cent and for women of 1.9
per cent,

Not only is the disease more common in males, but
judged, for example, by the Iincidence of perforation in
the two sexes, it would appear to be more severe in the

malie. De BAKEY (1940) in a collected series of 14,339

perforations found that more than 90 per cent occurred in

meles., A similar sex distribution has besn noted here



in the West of Scotland. ILLINGWORTH et al (1944). 1I%
may well be that the factors causing perforation are not
the same as those which cause ulcer per se, and that women
are less eprsed to, or more resistant, to the former.
JAMIESON et al (1949), for example, noted that in duodenal
ulcer in males the ratio of perforation to haemorrhage
was 1.5 to 1, and that in females, it was 1 to 5. If
it bg accepted that the duodenal ulcers whici periorate
are situated anteriorly, and those which bleed are mainly
posterior, it would seem thnat women must have a relative
imuunity from ulcer of the anterior wall of the duodenume
In their study, ILLINGWORTH et al (1944), of acute
perforated peptic ulcer in the West of Scotland, these
authors have produced interesting facts concerning the
sex dilistribution which seem further Lo emphasise this
relative immunity. Their survey which covered tne twenty=-
year period from 1vc4 to 1943 inclusive, indicated that
the incidence rate of perforation in both sexes was
increasing, but that the ratlo of 19 males to 1 female

was maintained.



Fig. 1.

PERFORATED PEPTIC ULCER
MALES 6 FEMALES BY YEARS— 1924-1943

After Illingworth et al. (1944)
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Moreover, as will be seen in Pig. 1, the dramatio
rise 1in incidence of 1940-1941, and the dramatic fall of
1942-1943, was confined to males. The sudden upsurge
in the incidence of perforation in men has been ascribed
to post-Dunkirk overtime working, fear of invasion and
air-raids. The stability of the incidence in women seems
ail the more remarkable in view of the great changes
that were taking place, especially since 1939, in their

habits, working conditions and wartime stresses.



This relative immunity to peptic ulcer which the
female enjoys has caused a great deal of speculatione It
is not surprising that the sex hormones should be invoked
as the probable protective factorse Further to support
this probability SALTZSTEIN et al (194C) studied the
sex Incidence of peptic ulcer in children. It seemed
to them that i1f the sex hormones endowed this protection,
then 1t should be absent in children before puberty,
when the sex hormones have little or no activity. They
collected 99 cases of peptic ulcer in cinildren up to 12
years of age from the literature and added a further 6
cases. The incidence was 1 female to 1.18 males.
Following the observations of OESTING et al (1938) that
the male sex hormone appears as early as 3 and gradually
increases, and that the oestrogenic hormone in females
appears about 10 years of age, rapidly increasing to
puberty, they observed the incidence in the age groups
1-6 and 7-12, Thelr findings are shnown in the following
teble.

JLable l. SEX INCIDENCE OF PEPTIC ULCER IN CHILDREN.

AFPTER SALTZSTEIN ot al (1940).

AGE. A LES . FEHA LIS o

1l -6 8 11

7 =12 49 37,




These findings seemed to indicate that when the
female hormone began to appear, the sex incidence began to
approach adult figures. The rarity of the disease iIn
children and the -equal sex distribution was also shown
by THEILE in 1919. In his series there were 89Y males and
98 females,

From the foregoing epidamiological findings it
would appear that a difference in the overall sex incidence
of peptic ulcer exists, and that this difference is
especiaily notable concerning perforations. This
difference becomes very definite after the age of 14.
It may well be due to environmental, rather than
constitutional factors. Tne statistics of ILWINGWORTH
et al (1944) showing that the greaﬁ rise in male perforations
was not paralleled by the femele incidence suggest that
constitutional faators may be more important. Further
evidence in support of this is adduced by GA INSBOROUGH
and SIATER (1946). In their psychiatric appraisal of
peptic ulcer patients, they found that their female patients
formed a much more neurotic and emotionally unstable
group than the males. This seemed to suggest to them
"that as regards l1liability to ulcer, a woman must have a
constitution altogether inferior to that of a man, and,
ﬁherefore, in her case, there is some protection afforded

by biologicel and constitutional factors”.




2¢ NATURAL HISTORY.
The first suggestion that there might be some

connection between peptic ulcer and the sex hormones has
been attributed to BORRI (1904)es As 1ong ago, however,
as 1837=38, the IANCET, commenting on the perforated
peptic ulcer in young women prevalent at that time, noted
that "all of these cases occurred in young girls in whom
there was a disordered state of uterine function" and
that it occurred rarely in married women. PRITCHA RD
(1842-43) expressed a similar conviction. BORRI was
more preaciso. He noted the common occurrence of peptio
ulcer, at or shortly after, the menopause. Since then
there have been in the literature many contributions

to the natural history of the disease in women. Most

of these have been based on clinical impressions or on
case reports. A few have referred to the influence of
menstruation, pregnancy, lactation and the menopause on
the onset and course of peptic ulcer.

(a) Menstruation.

TAUSSIG (1908) noted gastric disorders assoclated
with menstruation in his gynaecological practice, and
quotes similar observations by others. SUTHERLAND (1910)
observed that recurrent haematemeses from ulcers seemed

to occur with greater freduency during the mentrual period
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“and attributed this to increased nervous tension.
Névartheless, a study of a large series has not been carried
oute |

(b)  Pregnancy.

Until 1939, tnere were approximately 10G references

in the literature alluding to the effect of pregnancy

on the symptoms of peptic'ulcer. The beneflcial effect
was noted, for example, by CROHN (1927) and HURST and
STHEWART (1929). The rarity of active ulcer during
pregnancy was stressed by SCZENES (1924) wno was able to
‘collect from the literature only 12 gastric ulcers and

7 duodenal ulcers in pregnant% womene. This author, on

the basis of those few cases and observations in his

own Clinic,.concluded that nulliporous patients came to
operation'for ulcer at an earlier age tnan those wno had
one or more pregnancies, and that patients who did no#t
gain relief during pregnancy were usually those who
suffered from pregnancy vomlting in severe form. Records
of complicated ulcer during pregnancy in tne literature
are extremely rare, and such an occurrence is still
sufficiently unusual to warrant comment.  KULSOW and
BROWN (1936) recorded a case of haemorrhage from peptic
ulcer durlng pregnancy -~ the first in the

1literature.
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The first worthwhile study of the behaviour of
peptic ulcer during pregnancy was performed by SARDWKISS
and his associates in 1939. They selected their
female ulcer patients who had been pregnant. In their
series tnere were 46 patients with proved peptic ulcers
25 had had one or more pregnancies, totalling 52. Their

findings are summarised in the following Tables-

Table 2.

INCIDENCE OF ACTIVE ULCER SYMPTOMS DURING PREGNANCY
(After SANDWEISS et al, 1939)

On Basis of Patients On Basis of Pregnancies

Total Number 25 52
Known to be free of all
gastro - intestinal 20 37
symptoms during 9 months.
Known to have had gas,’
‘nausea’,'vomiting’ in
first 3 months; symptoms 4 14
free thereafter.

Known to have had
ulcer symptoms. + +1

+ This patient gave birth to a premature child.

They furthered their investigations in another
direction by reviewing the records of 70,310 consecutive
admissions of pregnant women to 5 Detroit hospitals#
Only one proved case of peptic ulcer was recorded, that
of death due to a perforation of a duodenal ulcer.

-At one of these hospitals (HARPER HOSPITAL,, DETROIT) during
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during a 10-year period (1928-1937 inclusive), 95

operations of necessity during pregnancy were performed on

the gastro-intestinal tract alone. Not one was for
peptic ulcere MUSSEY (1927) who scrutinised the 370
general surgical operations of necessity during pregnancy
over a 10-year period, found only 2 operations for peptic
ulcer = both gastrowje junostomies. ADAIR and

STIEGWITZ (1934) discussing the incidence of active
peptic ulcer during pregnancy state that "in 20 years at
the MINNESOTA GENERAL HOSPITAL, no case of peptic ulcer
in pregnancy had to be treated". AVERY JONES (1947)
found only one slight-haematemésis but without confilrmed
ulceration in approximately 10,000 confined women 1in
London. Among over 2,000 women admitted with abortions,
6nly one had haematemesis associated wilth renal failures,
AVERY JON&S also states thnat the acute anxlety of
pregnandy in unmarried women does not precipitate gastro4
duodenal haemorrhage.

These statistics derived from obstetric records
emphasise the rarity of complicated peptic ulser during
pregnancy. They probably underestimate, however,Athe
true inecidence of ulcer during pregnancy, sSince
obstetrical records are not tnduly concerned with

"digestive allments.

4



13

. Since it has become established that pregnancy
exerts a beneficial effect on peptic ulcer, and that
complicated peptic ulcer during pregnancy is rare, thers
have been sporadic and timely warnings in the form of
case reports; indicating that perforations do occasionally
occur,sometimes with fatal result, due to delayed
diagnosis.

It is natural that a great deal of clinical and
experimental work should stem from these observations in
pPregnancys A discussion of this work does not belong
in this chapter, and is more germane to the study of
gastric function, which will be dealt with later.

(6) Lactation.

CROHN (1927) first noted that ulcer patients who
had been well during pregnancy, relapsed very soon during
and after lactation. This ¢linical obserwvation soon
had experimsntal interest in the fortuitous findings
of KLRIN (1933) and HOLEANDER (193C) that during lactation
in dogs the ulceration of the skin around the gastric
pouch stoma increased. They noted an increase in ths
volume and acidity of the gastric julce. WINKELSTEIN (1935)
confirmed these findings and was able %o pfoduoe
regression of the ulceration by the administration of

oestrogens, though antlutrin =~ S aggravated the ulcerative



k4

tendencye Despite these observations, there is no
well-developed study of the number of patients who relapse
after pregnancy, nor bf the time in relation to the
foregoing pregnancy, &t which the relapse most commonly
takes place.
(d) Menopauses

BORRI (1904) first drew attention to the
relationship between the menopause and peptic ulcer., In
1908, TUSSIG in his contribution on the "uterus and
stomach" observed that 23 per cent of his 44 gynaecologilcal
conditions associlated with gastric upset were in women
at the menopausoc. Since then there have been several
references based mainly on clinical impressions, for
example, by SZENES (1924), CROHN.(1927) and HURST AND
STEWART (1929) . FRIEDENWALD (1932) studied the gastric
disturbences incident to the msnopause and in gastric
analyses found subacldity and achlorhydria. SANDWEISS
et al (1939) found 18 of 30 patients at the time of
examination elther presented signs and symptoms of the
menopause, or had passed the climacteric. They further
noted that in 4 cases the onset colncided with the
menopausse, and that in the remaining 14 who had passed
the climacteric, their symptoms had been aggravated by
‘the change. WINKELSTEIN'S (1940) experience at the



15

MOUNT SINAI HOSPITAL, NEW YORK, impresséd on him the
incidence of ulcer or ulcer=like symptoms occurring at the
menopauses During a S-year period, 40-44% of 90 female
ulcer patients experienced the onset of their ulcer
symptoms at the time of the menopause, whether natural

or artificially induced. His impressions of ulcer
behaviour, both at the menopause and during lactation,
encouraged him to formulate an atiractive hypothesls
suggesting that the anterior pitultary, which is prbbably
hyperactive during lactation and uninhibited by oestrogens
or progesterone durlng and after the menopause, may

play an important part in the cause or aggravation of

what he calls "this ductless gland peptic ulcer',

Be OBSERVATIONS ON THE NATURAL HISTORY QOF PUPTIC
ULCER IN WOIEN.

The following investigation was undertaken and
designed to test the validity of many of the foregoing
observations. The PEPTIC ULCER CLINIC at the WESTERN
INFIRMARY, GEASGOW, provides ample material for studye.
The patients attending this Clinic are referred by
prac tltioners outside the hospital, or by physiclians sand
surgeons from the out-Patient Department of the Hospltale
The tendency 1s as a result for the more severe and

fntractable cases to be referred, and this series is,
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*therefore, not truly representative of the general

female ulcer population. For the purposes of this
Investigation which is concerned mainly with ulcer
behaviour, this tendency seemed not to be of undue
importance, It was thought that the information from a
large group of women suffering from peptic ulscer would

help to substantiate and clarify previous impressions.

le METHOD OF INVESTIGA TION.

(a) Clinical Material.

The evidence here presented was obtained by
interviewing 40C women in whom peptic ulcer had been
demons trated elther by radiology or at operation. The
ulcer was duodenal in 330 cases, gastric in 70. The
patients' ages ranged from 21 to 74 years, and in most

cases the symptoms were of more than 5 years' duratione

(b)) Marital State.
of the 400 women, 328 were married and 72 singlee It

has been noted by GAINSBOROUGH and SEKATER (1946) among
others, that peptic ulcer is more common in unmarried
womene. This is not borne out by the present seriess
Among the 357 women of this group between the ages of
20 and 64, the unmerried amounted to 68 (19 per centh

‘This figure is considerably lower than the proportion of
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.unmarried women in the general pupulation; for women
aged 20-64, the 1951 census for England and Wales gives
the proportion of unmarried as 3,747,699 to 11,743,965

or 32 per cente

(6) Method of Interviews

In a disease which remits and relapses with such
facility, the menner of eliciting and correlating the
ovidence is, obviously, of importance. During the
interviews, every effort was made to eliminate the element
of suggestion. Most of the evidence was volunteered;
much was obtained by questioning, as indirect as possible;
some had td be obtained by direct questioning.  All of
these women hadsalready been interviewed at least once
previously, and the standard case record of the Peptio
Ulcer Clinic had been completed, so that information was
already avallable on such relevant points as year of
birth, age at onset of symptoms, and age at which
complications had occurreds At the Interview for tﬁe
present investigation, these points were confirmede.
Thereafter inquiry was made into the gynaecologiscal a?d‘
obstetrical H.story - for example, age &t menarohé; ag;
at which pregnancies occurred, the number of pregnancles,
whether pregnancies were normal or abnormal, admissions

Sto hospital during pregnancies, age at menopause, etce
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Flmally, the effect of these events on the ulcer history
was correlated,

Often the patient volunteered some informetione
If not, the standard questions were asked, "Have you
noticed any relationship between your ulcer and mens trual
period/pregnancy/menopause?". '"Was your ulcer made
better, or worse, or did it remain the same?". Apart
from paraphrasing these duestions according to the
ﬁatients' understanding of them, no further attempt was
made to elaborate a correlatione.

According to the patients' answer, "Better", "Worse",
or "No change noted", the results were assessed. If & '
relationship had been noticed, inquiry was made into the
time relationship and the quallty and quantity of the

worsening or Improvemente
2¢ RESULTS.

(a) Menstruatione

Of the 400 patient, 291 had had ulcer eymptoms
before the menopausee 1In this group 8L (28%) olaimed -
to have noticed some relationship between menstrua tion
and the occurrence of ulcer sympltomse In all these
oases the symptoms were worse for & few days or a week

‘before the onset of menstruation. In 8, the ill-effect




19

“persisted during the menstrual periode In one had the

symptoms been noted to increase in the postemenstrual

phase,

In Interpreting these findings, it must be remembered
that the symptoms of quite unrelated diseases may be
aggravated In the pre-menstrual phase - the result perhsps
of psychic influences, or of the general malaise which
many young women experience at that time. This pree-

menstrual state is known to gynaecologlsts as "pre-menstrual

tension". In those patients who had noted premenstrual
increase of symptoms, there was no evidence to indlcate
whe ther the exacerbation was due to such causes, or to
factars directly related to the menstrual oycle, or even
to the use of aspirin and simlilar analgesics. On the
whole, however, it may be concluded from the present

series that the effect of menstruation on ulcer symptoms

is inconsiderable,

(b)  Pregnancy.
In assessing the effect of this state on the

symptoms of peptic ulcer, it must be remombered that
normal pregnancy in healthy women 1is commonly &associated
with symptoms not unlike those of peptic ulcere Many

women who normally have no hint of gastric disorder suffer
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.during pregnancy, from such digestive Symptoms &s nausea,
vomiting and heartburn, to a varying degree, and for a
variasble timee. Indeed, these symptoms ocour so often as o

to be accepted by the patient and her attendant as normal

accompeniments of pregnancye DOUGRAY (1949) found these \E
digestive accompaniments during the first 3 months of :
pregnancy in 49 per cent of 1816 pregnancies. Occasionally
they may persist until term, Sometimes more severe %

dyspepsia occurs, end its resemblance to ulcer is heightened |

by the relief afforded by antacidse. Rarely hyperemesis
gravidafum may lead to confusione ‘

In attempting to decide whether such symptoms were f
attributable to the ulcer, attention was pald to thelr
severity and to the patientsi own view regarding their originqj
With their previous experience of peptic ulcer, most of the
patieuts with heartburn, nausea and vomiting during the
early months, attributed the symptoms to pregnancy, and
regarded the ulcer as "cured”. In cases with more severe
pain, relieved by alkalis, the patients were ungble to
distinguish i1t from previous ulcer dyspepsia. These
patients were considered not to be improved, as were those
in whom symptoms persisted throughout the pregnancys

0of the totél of 400 women, 118 had been pregngntc
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Table 5.

EFFECT OF PREGNANCY

Total No: of Women. 400

Women who had been pregnant. 118

Total No: of Pregnancies 344

No: of Pregnancies after

onset of ulcer symptoms. 313
Free from symptoms. 140 (44-8 %)
Improved. 136 (43-4%)
Not improved. 37 (11.8%)

The total number of pregnancies was 344. Of these
313 had occurred subsequent to the onset of peptic
ulcer. On the criteria laid down above, it is
believed that pregnancy was associated with a remission
of ulcer in 276 pregnancies (88.2"). More than half
of these patients claimed to have been completely free
of all symptoms during the whole pregnancy; the remainder
had minor symptoms which they regarded as unconnected
with ulcer. In the remaining 37 pregnancies (11.8/0)
symptoms persisted which were indistinguishable from those
of ulcer*

Thus, it would appear that in almost 90% of ulcer

patients symptoms are in abeyance during pregnancy. In
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some of the cases the ulcer had been inactive immediately
before conception, and in them remission persisted.

In others, the symptoms cleared up dramatically at an
sarly stage of pregnancy. 4 of the patients, who had
considerable experience both with ulcer and pregnancy,
claimed that they were able to dlagnose pregnancy before
the first "missed"” periode In still others they improved
gradually or became obscured by minor symptoms attributed
to the pregnancy itself. Several patients averred that
thelr successive pregnancises had been their only eupeptic
raespites and that they had enjoyed the pregnant state for
the wellbeing 1t afforded.

(¢) Toxasemisa of Pregnancye

In 37 pregnandies, symptoms persisted and were
indistinguishable from those of ulcere In some of these,
the symptoms were much worse than previcusly, relief
being obtained with the birth of the child. These 37
pregnancies involved 15 women, 14 of whom were admi tted
to hospital because of the severity of their digestive
symptoms, or for other reasons. It is worthy of note
that in 15 pregnancies, in 4 women,signs of toxasemia, such
as albuminuria and hypertension were presente. Three

of these women blamed such a pregnancy fo¥ the onset of
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their ulcers* This high incidence of “toxaemia" in the

“not improved'l group is in striding contrast to one case of
mild albuminuria in the remaining 276 pregnancies in which
the patients were either “improved” or '‘free from ulcer
symptoms'* ¢ The significance of this finding is not
immediately obvious, but the suggestions of HGFFBA.UER (1926)
and KAFELLER-ADLER (1941 and 1943} implicating histamine,
one of the most potent stimulants of acid secretion known,
as a cause of toxaemia, is interesting®*

In no case did a complication of ulcer (haemorrhage
or perforation) occur during pregnancy*
(d) Lactation*

The benefit derived from pregnancy is generally short-

lived as Fig* 2 shows*
Fig* 2%

RECURRENCE OF ULCER SYMPTOMS AFTER PARTURITION.

% RECURRENCE
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90
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By the end of fhanthird month after parturition
symptoms had recurred in almost half the cases, and by the
end of the sixth month in three-quarters. At the end of
two years, almost every patient had suffered a recurrence.
Unfortunately, during the interviews for this investigation,
the significance of lactation at that time not being
fully appreciated, no notes were made regarding the number
of patients who breast-fed thelr babies, and for what period
of time. Nevertheless, as Fige. 2 shows, there is a
remarkable incidence of recurrence during the first 3-6
months (75%4) after what has been a fairly prolonged period
of wellbeing and, probably, although this is ndt certain,
healing of the ulcer. This Incidence of recurrence would
tend to suggest that during the lactation phase there are
certain agencies at work which have an ulcerogenic effect.

This idea seems all the more tenable when the
incidsence of complications during the first few months is
notede Although no complications occurred in any of
these pregnancies, witnin 10 weeks after term there were
6 episodes of haematemesis and 2 perforations involving

8 patientse.

(o) Menopause .
The distribution curve of the ages of the 400 patients

8t the onset of ulcet symptoms is shown in Fige 3.
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Fig* 3%

AGE AT ONSET OF SYMPTOMS OF PEPTIC ULCER IN 400 WOMEN
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It is compared with a similar curve for male patients
based upon figures derived from 1,393 cases from the

Peptic Ulcer Clinic in Fig* 4.
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Fig. 4.

AGE AT ONSET OF SYMPTOMS OF PEPTIC ULCER
IN MALES (1393) AND FEMALES (400).

% CASES
MALES

FEMALES

O 5% 10% IS, 20, 25, 30, 35% 40, 48, SO, 55 60 65 70
4 9 14 19 24 20 34 39 44 "49 "54 wrg "64 "59 774

AGE IN YEARS.

It will be seen that while in both sexes there is
a steep rise of incidence between the ages of 15 and 24
years, thereafter there is a difference in that in females
there is a deficit during the age period 25-40 years,
followed by a secondary rise of incidence between 40-50
years. These features suggest a possible relation to the
child-bearing period and the menopause. In order to
explore this possibility, the time relationship between the
onset of ulcer and the menopause has been noted in the 204

women in whom the date of the menopause was known.
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Fig* 5.

RELATION OF AGE AT ONSET OF SYMPTOMS TO DATE OF MENOPAUSE
IN 204 WOMEN WHO HAVE REACHED OR PASSED THE MENOPAUSE.

No.OF
CASES

5r

YEARS BEFORE AND AFTER MENOPAUSE.

In Fig* 5 these oases have been plotted, in 5-year
groups according to whether the ulcer began to produce
symptoms before or after, or about, the time of the
menopause® It will be seen that there is a striking peak

of incidence at, or about, the time of the menopause*



The remaining 196 women have not yet attained the
menopause. In order to produce a composite curve, comparable
with Pig. 3, relating 400 cases to the menopause, the onset
of ulcer symptoms in this remaining group has been related
to the expected age for that event. On the information
available for the 204 cases, the age of the menopause ranged
from 37 and 56 years with over 90 per cent between 40 and
50 years; the average was 45 years, and this figure was
treated as the expected age of the menopause in the

remaining 196 oases.

Pig. 6.

RELATION OF AGE AT ONSET OF SYMPTOMS TO ACTUAL
OR EXPECTED DATE OF MENOPAUSE.
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Working on this "basis, Fig# 6 shows the time
relationship of the onset of ulcer symptoms to the actual
or expected, age of menopause in the whole series of
400 cases. It will be seen that it again emphasises
the two peaks of incidence in women, the former occurring
in later adolescence and early adult life, the latter
at about the time of the menopause#

In this series of 400 there were 330 patients with

duodenal ulcer and 70 with gastric ulcer#

PjgaJh

DUODENAL ULCER (.330)

RELATION OF AGE AT ONSET OF SYMPTOMS TO ACTUAL
OR EXPECTED DATE OF MENOPAUSE.

NO.OF
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Fig. 8.

GASTRIC ULCER (70)

RELATION OF AGE AT ONSET OF SYMPTOMS TO ACTUAL
OR EXPECTED DATE OF MENOPAUSE.
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In Figse 7 and 8 toe two types have been treated
seprately in the manner described above for the series as
a whole. It will be seen that the menopausal rise in
incidence is not confined to one type, though, perhaps

owing to the paucity of numbers, the peak is less evident

in the case of peptic ulcer. In the latter too it will
be noted that the post-pubertal increase in incidence
is not so marked, gastric ulcer being more commonly
nowadays a disease of older age groups.

In those women who had ulcer symptoms before reaching

the menopause, inquiry was made concerning the progress

of the symptoms at that time. There were 92 in this
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group, and 41 (45/S) of them either volunteered, or agreed,
on indirect questioning that their symptoms had worsened at
or about that time. This trend was confirmed by the fact
that a large number of them were then constrained to attend
hospital for the first time on account of ulcer symptoms*

The incidence of complications of ulcer gives added
evidence of the harmful effect of the menopause on the
activity of the lesion* Among the total series of 400
patients, there was a history of 128 complications (95

haemorrhages and 33 perforations*

RELATION OF DATE OF COMPLICATIONS (HAEMORRHAGE OR PERFORATION) TO
ACTUAL OR EXPECTED DATE OF MENOPAUSE.

HAEMORRHAGE («I5), PERFORATION (3 3).

No .OF
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32

In Fige 9 it will be seen that again there 1s a
striking correlation, the number of complications
bocurring in the 5-year period centered on the year of
the menopause eing more than double that of any earlier
or later periode Study of individual case records seems to
give emphasis to this correlation, for several patients
had more than one compllication within a short time of the
mMeNOPauso e

One patient, for example, had two haematemeses and
two perforations within the actual 5-year period. Another
patient had three haematemeses and a perforation within
the 5~year period of the menopause. Both these patients
were thereafBer without complications for 10 years and
15 years respectively. Yot another patient had four
severeg haematemeses within two years, the year of the
menopause and the year after, her fourth haematemesis
necessitating an emergency gastrectomy.

If admission to hospital for medical treatment and
elective operation is considered as an indication of
severity of the lesion, it will be seen from Fig. 10
that these "complications" further increase the peak of
incidence of complications at the time of the

- Menopause
~
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Se Discusslion of the Resultse.

An epidemiological survey of peptic ulcer emphasises
thet women enjoy & relative immunity ®§ the disease.
From the statistlcal evidence available concerning the
inecidence of the disease in children, In whom 1t is
uncommon, it would appear that the sex ratio before
puberty is almost equal. Thereafter, however, there is
a rapid increase In the incidence of the disesse in both
sexes, with males predominating in a ratio of 4 to l.

The survey brings to light two further interesting
features concerning the disease 1n women. Firstly,
whereas haemorrhage from ulcer is equally common in both
sexes, perforation is much less freduent in women.
Indeed, the disparity is sufflciently striking %o
pestulate in women & resistance of the anterior duodemal
mucdsa to ulceration. The second feature of lnterest
is the remarkable stabllity of the perforation incidence
in femdles throughout the 19391945 War yearse The
dramatic inorease‘in perforation in 1940-1941, and
decrease in 1942=1943, which was noted both in London
and the West of Scotland, was confined solely %o men.
This is all the more surprlsing considering the large
numbers of women who were employed in factories,

munitions, shipyards, the Services, atce
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Both environment and constitution are limporitant
factors in determiniﬁg the incidence of disease. They
are undoubtedly concerned in the sex difference, though
difficul ty arises in deciding which plays the dominant
role. Masculine concelt, for example, would demand
that the incidence difference in the sexes 1s probably
explained by the differences in environment, and that
the female is less exposed to the go-getting, striving,
worrying and often frustrating climate of masculine
endeavoure (QGILVIE, 1949). The incidence of ulger
in professional women is not knowne In the group of
400 WOmeh here presented, the proportion of professional
women was very small, It seems to the author,
however, that the failure of the great upheaval of the
environment of many women during the years 1939-1945 fto
produce any striking change in their incidence of
perforation, places the greater emphasis on constitution.

The psychiatric studies of GAINSBOROUGH and
SLATER (1946) support this. They indicated that the
fomale pattern Is conducive to ulcer, and this led them
to postulate that blologloal factors iIn the constitution
of the female were important in protec ting them against

ulcexe
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The nature of these blological factors 1is not
known, nor are thelr benign effects confined to peptioc
ulcers coronary thrombosls is a further notable example,
Indeed, throughout life, the vulnerabillty of the male
is a blological truisme The sex hormones have naturally
been implicated, and a consideration of the natural
history of peptic ulcer in women lends support to this
hypothesis.

Since peptic ulcer is prone to spontaneous remissions,
great caution is necessary in attributing variations in
symptoms to internal or external eventis. However,
the regmlarity with which remission of sjmptoms ogeurs
In pregnanocy, the rapid onset of relapse during lactation
and the freqQuency with which ulcers start, flare up and
undergo complications at, or about, the time of the
menopause, give no justification for concluding that
these states do influence the activity of the ulcer.

The manner Iin which they do so is uncertain, but

two lines of speculation merit consideration. Firstly,
the effect of paychical disturbances on gastric function
has been known for & long time, and has been dembnstrated
convincingly in recent years by many workers, notably

MITTELMANN and WOLFF (1942) and WOLF and WOLFF (1943),
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It may well be that the remtssion of ulcer symptoms in
pregnancy is related to the general feeling of wellbeing,
success and fulfilment characteristic of that state;
it may also be that lactation 1s a time of new
responsibilitlies and anxisty which may promots ulcer
activity; finally, the mental stresses, irritabllity
and emotional imbalance of the menopause may account for
the new, or renewed, ulcer activity at that time,
Secondly, the mechanism may possibly be a hormonal
one . It is wellwsstablished that pregnancy is a
period of increased hormonal activity wlth a marked increase
in the gonadotrophic, luteal and oestrogenic hormones,
During lactation there is increased activity of the
anterior pitultary, in partioular in the production of
lactogenic, growth and possibly other hormones. The
menopause is associated with a diminution in the sex
hormones, particularly in the level of ocestrogense
In attempting to justify any theory concerning thosse
events and thelr impact on the course of peptic ulcer,
it must be remembered that the ability to demonstrate
8 "positive ocorrelation" between two sets of happenings
does not, in itself, prove & correlation between the
twoe The balance of evidence concerning the parts

played by psychical distufbances and sex hormones would
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would tend to suggesy that the latter are the more
important, although, despite much research, it should
be emphaslised from the outset that there is still no
clear proof of a relatlonshlp between sex hormones and
peptic ulcere

A oonslidersesble amount of clinical and experimental
data anent thils subject has accumulated during the past
20 years, and though the author has perused most of i%,
only the more apposite contributions will be quoted.

There have been numerous clinical trials of sex

hormones in the treatment of peptic ulcer and, in the
opinion of the author, in meny instances, unjustifiable
oonclusions have been inferred from theme Nowadays the
importance of design in a clinical therapeutlc trial in
peptic ulcer is well appreciated for the difficulty in
appraising the effect of any drug or set of circumstances
in peptic ulcer 1s notorious, The cliniocal trial
requires to be well-controlled, the followw-up sufficlently
long and the results independently Judgede Those
trials of sex hormones in the treatment of peptic ulcer
reported in the literature fall to satisfy these
requirementse. The most instructive are those reported
by SANDWEISS et al (1939) using chorionie gonadotrophin,
WINKELSTEIN (1940) and ABRAHANSON et al (1942) using
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cestrogens. The results produced were neither better
nor more prolonged than the orthodox measures of dlet
and antaoids; Clinical trlals to date, therefore, have
failed to produce results either indicating a relationship
between sex hormones and péptio uloer, or warranting

thelr therapeutic use in patientse It should be
observed, however, that these hormones are present in
pregnancy in much larger amounts than can be given
therapeutically.

In the experimental fleld, the presumed
relationship between sex hormones and peptic ulcer and,
especially, the beneficial effect of pregnancy on the
course of the disease,have stimulated a great deal of
endeavour and produced & large volume of literature.

T™ese experiments can be classifled into two maln groups,
and 1t is the author's intention to mention only the
nmore noteworthy contributionse

(1) Attempts have been mede to ascertain the effect
of pregnancy and the hormones known to be assocliated with,
or increased, during pregnancy on experimental animal
"ulocer'" preparations. Pregnancy was found by
FM\RBM\NN, SANDWEISS and SALTZSTEIN (1939) not to
protect animals against cinchophen ulcers; by

WANGENSTEEN (1943) not to protect against the effects of
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.continuous histamine stimulation; &and by SHAY and his
assoclates (1945) not to protect rats agailnst the ulcer
whichrapidly develops with simple ligature constris ture
of the pylorus. SIRCUS (1956), én the other hand, #n
his study of the resistance to digestion of stomache
Implanted dog's colon, noted the remarkable protective
properties of pregnancye With a preparation in which
ulceratlon of the transplanted colon invariably ocuvurred,
the only exception was in one animal which was pregnant,
With regard to the effect of hormones SANDWEISS
et al (1938, 1939 and 1949) have attempted to measure
thelr anti-ulcer effecty using the MNN-WILLIAMSON dog
preparation (1923). In this preparation, by reason
of deviation of duodenal, bile and pancreatic secretions
away from the upper Jejunum, ulcers develop at the gastroe
enterostomy stoma In & large proportion of cases,
usually within 10 weeks. These authors found that
chorionic gonadotrophin of human pregnancy urine (the
luteinising hormone), the chorionic gonadotrophin of
pregnen t mares' serum (the follicle-stimulating hormone)
and progesterone appeared to have significant value in
the prevention or healing of these ulcerse Oestrogens
were apparently without effects On the other hand,
NASIO (1946) found that synthetioc oestrogens prevanted




cinchophen ulcers in 100 per cent of male dogs, although
only 22 per cent of the females were protected.

The importance of these observations is difficult
to evaluate and, more especially, in view of the lack
of similarity between "experimental ulcer" and ochronio
peptic ulcer in man.

2¢ The second group of experimental data concerns
the effect of sex hormones on gastric sesretion, and
stems from the belief that acld is invarlably depressed
durihg pregnancyes The investigators in this field have
studled mainly the extracts of human pregnancy urine.
Thus CULMER and his assoclates (1939) reported signifiocant
depression of the gastric secretory response of Pavlov
pouch dogs to standard mealse The active substance
was contained in the A.PsL. fraction of human pregnanocy
.urine, though its nature and mechanism of action was,
and is, stlll unknown. This observation, and others,
concerning pregnancy and peptic ulcer, stimulated
research into gastric secretory inhibitary substances
present in the urine, not only of pregnant women, but
of normal women, and of men with, and without, duodenal
uloere The efforts in this field and, particularly,
those of GRAY, WIECZOROSKI and IVY (1939), NECHELES et
al (1939) and FRIEDIAN et al (1939) resulted in the
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identification of an active principle in urine which
was named UROGASTRONE.

This active principle urogastrone has been found
both in the extracts of normal persons and in the urine
of pregnant women (FRIEDMAN et al 1939, and GRAY et al
1939) « Both these authorities have demonstrated its
presence in the urine of patients with peptlsc ulcer dbut
the amount, theyvstate, is less than in normal personse
It has not been shown, however, to be present in
significantly increased amounts in pregnant women
(SIRCUS 1956), and 1its part in promoting the remission
of ulcer in pregnancy is probebly not important.

A further substance in the extracts of humen
pregnancy urine noted by SANDWEISS and hls associates
(1938, 1939 and 1941), and one which may have greater
significance in pregnancy than urogastrone, was the
active principle which they later named ANTHELONE. This
substance was shown to have prophylaétioc and therapeutioc
effects on the Mann-Williamson "ulcer" preparations
by virtue of enhenced fibroblastic proliferation, new
formation of blood vessels and eplithelialisation of
the mucosae These hlstological changes were not due
to the inhibition of gastric secretion since the extract
In the doses administered to these dogs had no inhibitory
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effects (SANDWEISS and FRIEDMAN, 1940; SANDWEISS

et al, 1941; FRIEDMN and SANDWEISS, 1941; SANDWEISS
and FRIEDIAN, 1942), These authors also noted that

the principle was present in greatest amounts in the
urine of pregnant women; present, though to a lesser
degree, in normal patients; and almost absent in patients
with duodenal ulcer.

It will ‘be seen, therefore, that clinlecal and
experimental study of sex hormones and allied substances
associated wlth pregnancy has so far failed to reveal
& relationship between any one of them and peptic ulcer.
Pregnancy, however, has a compliscated hormone pattern,
and a combination of hormones mey be more effective than
& single hormone. The active principles of pregnangy
urine seem to hold promise, though their study is beset
with difficulties, eeg., in extraction, in assaying their
activities and in isolating and identifying them in
pure forme

Mention must be made of ACTH and cortisonee.

HENCH'S (1938) original observation of the ameliorating
influence of pregnancy on rheumatoid arthritis stimulated
interest in these hormones in relation to peptic ulc er.
There is evidence (JAILER and KNOWLTON, 1950; VENNING,
1946) that adrenocortical activity is.increased during
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pregnancy, certainly as far as corticoids which are
concerned with carbohydrate and protein metabolism.
(VENNING, 1946). In the light of these observations
SANDWEISS and his colleagues (1950) tested these hormones
on their Menne~Williamson dogs, noting that the survival
time was longer than the controlse Practical results,
however, have not fulfilled the original theoretical
promise of these hormones. They have now been shown
(GRAY et al 1951) to be dangerously ulcerogenic, deaths
from perforation and haemorrhage ocourring with a
frequency which precludes thelr use in patients who
suffer, or have suffered, from peptic ulocere GRAY

et a1l 1951 also demonstrated an Increase in gastric acid
and pepsin secretione. On the basls of their clinloal
and experimental evidence these authors formulated a
theory of causation of peptlic ulcer, subserved by a
hormonal mechanism through the "hypothalamic-pitultary=
adrenal-gastric axis" and initiated by stresse This
theory readily fits into SELYR'S (1946) concept of
General Adaptation and reinforces the recw ring theme
of the psychosomatic basis of peptic ulc ere The
paradox thus arises that of all the hormones lmown %o
be inoreased during pregnency¥, only one has been shown

to have a relationship to peptic ulcer - and that a

deleterious onee.
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The oonsistent behaviour of peptic ulcer during
pregnancy, laotation and the menopause, though still
not amenable to clinlcal or experimental elucidation,
i1s sufficiently remarkable to warrant speculation. In
searching for a common endocrinologlcal fasctor which
would explain real or apparent healing of ulcers in
pregnancy and recurrence of, and increased ulceration,
during lactation and the menopause, the anterior pitultary
hormones seem the most likelye. During pregnancy
anterior pituitary activity is overshadowed and probably
supplanted by hormones of the chorioplacental system
which produces oestrogens, progesterone and gonadotrophins,.
During laotation and the menopause, the anterior pituiltary
and its hormones play & dominant role. This dominent
role of the anterior pitultary formed the basis of
WINKELSTEIN'S (1940,1946) hypothesis concerning what he
called "this ductless gland peptic ulcer". This theory,
however attrasctive, remalns purely speculative.

In this connec tion, one further point concerning
the menopause is worthy of comment. The endoocrine
pattern would appear to be one of pituitary hyperfunoction
between the time of the failing ovary and the time
when adrenoceortiocal function supervenes as & "gomad",

reducing and stabilising pituitary function at a lower




46

{though still higher than pre-menopausal) level. This
increase in anterior pituitafy ac tivity seems to
coilncide with the acute peak of incidence both of onset
of ulcer and of complications in the menopsausal Syyear
periode (See figé. 6 and 9)e Does the ulcerogenioc
effect of the menopause diminish with adrenal stebilisation?
Several case records suggest that the storm abates
somewhat when the climacteric has ended.

One Iinteresting finding in the present study of
the behaviour of peptic ulcer during pregnancy, and
one which has not previously been reported, is the effect
of toxaemia of pregnancy on the course of the disease.
Of the 37 pregnancies in which no remission of ulcer
symptoms occurred, there was & large proportion of A
toxaemiase In the 90% of pregnancies in which remission
oocurred, no toxsemis states were recordeds This
phenomenon is not readily explained, since the cause of
toxasemia of pregnancy is not knowne Two theories are
worthy of comment.

PARKS (1941 and 1943) suggested that extra
adrenocortical secretion arising, for example, from the
foetal adrenal glands or possibly from the placenta, may
contribute to the cause of toxaemia by disturbing the

water and electrolyte balances. Such & theory 1s of
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interest in the light of the findings of GRAY et al
(1951), and the known clinicel effect of those hormones
on peptic ulcer. However, the behaviour of acfd
secretion in pre-eclamptic states is not known and,
obviously, merits investigation.

The second theory concerns histamine and the
enzyme histaminsses This enzyme 1s normally present in
high concentration in the plasma of pregnant women
(HOFBAUER 1926; KAPELLER-ADKER, 1941, 1943; AHLMARK,1944)
though its purpose is not known. It has been suggested
that it protects the foetus from the effects of histemine,
which, it is claimed by some authorities, also increases
during pregnancye . KA PELLER-ADLER and others have
reported data indicating & deficiency of the enzyme in
toxaemia of pregnancy which complication, 1t is suggested,
my result from "histamine intoxication". This
possibility, implicating histamine, would provide a
ready explsnation for the fallure of remission in
toxaemic patients, Furthermore, the indirect effect
of histaminase on gastric acid secretion during pregnAncy
mey be of considerable lmportance. So far, & correlation
of acid secretion and histaminase ooncentration in
plasma during pregnancy has not been reportede This
gorrelation 'has been investigated by the author and

forms the subjeat of Part II.
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Ce SUMMARY OF PART I.

The literature concerning the epidemiology of peptic

ulcer in females 1is reviewed. The following striking

features emerge.

24

(&) Prior to puberty there is no sex difference in the

(v)

incidence of ulcer, Thereafter, Rowever, the
female incidence is approximately one-third of the
male Incidence.

While haemorrhage from peptic ulcer occurs frequently
in females, perforation is remarkably uncommon.
Moreover, there appears to be & remarkable stabllity
of the female perforation incidence, which was
unaffected by the "stresses" which caused the great
inorease in male perforations during 1940-194l.

The literature concerning the natural history of

peptic ulcer with special reference to menstruation,

pregnancy, lactation and the menopause is reviewed.

Se

The results of personal interview of 400 women in

the Peptic Ulcer Clinic, Western Infirmary, Glasgow,

concerning the affect of those events on the course of the

disease are reported.

(a)

The evidence concerning the effect of mensfruation

is too difficult to assess and insufficlent to

warrant conclusions belng drawn.
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(b) The beneficial effect of pregnancy is confirmed,
and appears to happen, in about 90 per cent‘of
pregnancies.

(6) In the remaining 10 per cent of pregnancies where
relief is not obtdined, there is a high proportion
of pre-eclamptic toxaemiasg |

(a) Lactation appears to be a phase of ulcerogenic
activity as witnessed by the rapid onset of
relapse, and the not Infrequent osccurrence of
complications (haemorrhage and perforation)e

(e) At about the time of the menopause there 1is
again evidence of ulcerogenic activity, ulcers
frequently appearing, relapsing, if already
present or undergoing complicatlonss

4, The role of environment and constitutional factors
in relation to ulcer activity is discussed in the light
of the evidence provided by the study of 1ts epidemiology
and natural histary in female patlents. The evidence,
so far as it goes, would seem to indicate that the
relative immunity which women enjoy is due mainly to

biological factors in their constitution.
Se The biologlcal factors generally implicated are the

sex hormones, and the evidence concerning them in relation

to human peptic ulcer and experimental peptlc ulcer in




animals is presented and discus sede Though theeffect

of pregnancy, lactation and the menopause on peptic

ulcer is substantial, there is still no clear-cut evidence
demonstirating a relationship between sex hormones and
peptic ulcere Only AC.T.H. and ca tisone, whisch are
not sex hormones, but which are increased dmring pregnancy,
lacgtation and the menopsuse, have been shown to have

an effect, viz., ulcerogenice

Be The interesting substances identified in the
extracts of human pregnancy urine vize. urogastrone and
anthelone are mentioned, and the pertinent experimental
evidence 1s discussede. Though interest in these
substances has waned in recent years, they seem to hold
considersble promise, especially in view of the faot

that they are also present in the urines of normal men
and women, but are deficient in patients suffering from
duodenal ulcere

Te An interesting observation, not previously repar ted,
is the failure of remission of symptoms in patients
suffering from pre-eclamptic toxaemlase Two ocurrent
thearies anent the etiology of toxaemia viz. increased
adrenocortical activity and tle deficlency of the enzyme
plasma histaminase are briefly mentioned since both

these dis orders are theoretically capable of increasing

ulcer activitye
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PART IT.

GASTRIC ACID SECRETION AND PIASMA HISTAMINASE DURING
PREGNANCY .

A, REVIEW OF THE LITHRA TURE.

l. Effect of Pregnancy on Gastric Acid Secretione

The observations that pregnancy may exert &

~ beneficial effect on the course of peptic ulcer stimulated
Investigation into the level of gastric secretion during
pregnancys The work of NAKAT (1925), ARZT (1926),
MASON (1931) end STRAUSS and CASTLE (1932) has shown that
the level of acid gastric secretion 1s depressed during
pregnancye. The menner in which this reduc tion is
brought about is uncertain, but it was presumed that the
sex hormones playéed a parte The evidence has been
reviewsd and discussed in Part I, IVY et al (1950)

and SANDWEISS (1951) mooted the possibility that the
enzyme histaminase - an enzyme which inhibits histamine =
may play an lmportant role in depressing gastric acid
secretion.

2, Role of Histaminasee

The enzyme histaminase was discovered by BEST
in 1929. It is normally present in considerable amounts
in the mucosa of the small intestine and ti® kidneys,

gut gpart from pregnancy, no condition has been encountered
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in which histaminase could be detected in humen blood.
ANREP et al (1947), MARCOU et al (1938) have shown that
the plasma histaminase level rises during pregnancy, the
enzyme being derived from the placenta, particularly

the decidua SWANBERG (1948). This plasma level may rise
to one thousand, or even two thousand times the normal
level AHLMARK (1944), A considerable increase of
enzyme activity is observed as early as the 7th week of
mregnancy, reaching a high level around the 30th week
and lessenling somewhat in the latter part of pregnancye.
The highest levels were found in twin pregnanciles,
suggesting & relationship to placental size, whilst
significantly low results were obtained in cases of pre=
eclamptic toxaemia, the severe cases showing a very small
his taminase sctivity KAPELIER-ADLER (1951)e Several
authors have stressed the lmportance of the ms tabolism

of histamihe when intoxications oscur during pregnancy,
and histamlne has been looked upon as being one of the
causes FELBERG and SCHILF (1930), WESTBERG (1941),
KAPELLER-ADLER (1941) and KAPEELER-ADLER and ADLER (1943)
found that during pregnancy histidine normally present in
the urine decreases or dilsappears in severe cases of
toxaemia of pregnancy, and the latter authors showed that
h;§tamine‘appears in the urine in these pathological states.




They assumed that the histaminase metabollism was
disturbed in cases of toxaemia., ZELLER (194l) noted
smaller quantities of histaminase in patients with
hyperemesis gravidarum while WERLE and EFFKENMAN (1940)
stated that the histaminolytlc power in cases of toxaemisa
was decreased in comparison with that of heal thy pregnant
women. AHLMARK (1944), on the other hand, investigating
the same problem, found that in at least one-third of
. the patients studied, there were abnormally low values;
as many had normal values; and the remainder had values
higher than normal. In his small series, therefare,
he could find no correlation between the degree of enzyme
and the histaminolyfic powere.

- It should be noted that histaminolysis has not
been found to occur to any remarkable extent in the
blood of the pregnant or non-pregnant animalse Studies
can therefore be performed only on the human subject.

These findings seem to emphasise the importance

of the presence of hisfaminase in the blood during human
megnancye Nothing is known as to the possible func tion
of the large amounts appearing in the blood and placenta.
It has been suggested that the placental histaminase
may offer & protectlon to mother or foetus against

his tamine, though the significance of the low histaminolytic
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power in pathological pregnancies is unknowﬁ. It is
of interest, however, to note that both the pregnancy toxaemis
and also the high histaminolytic power in pregnancy plasma
occur only in human beingse

Eighteen years ago interest in the therapeutlc
use of histaminase in peptic ulcer was stimulated by
several reports indicating its efficacy In peptic ulcer and
allergic statese KARADY and BROWN (1939) showed that
his tamine and anaphylactio shock were effectively prevented |
by the pre-adminis tration of histeminase to gulnea pigs.
Simllar findings in the symptomatlic relief of serum
sickness were reported by FOSHAY and HAGENBUSCH (193) and
also by IAYHAN and CUMMING (1939) in the prevention and
treatment of urticaria, NAKADA (1939) reported
success ful results in the treatment of duodenal ulcere
Clinical and laboratory reports, however, were
controversial. ROTH and HORTON (1939) found that in man
gastric acid secretion provoked by cold and by histamine,
could be suppressed by histamlnase. On the other hand,
ATKINSON and IVY (1938), using their own preparation of
the enzyme, failed to find any effects on the secretion
of gastric pouches in dogs when stimuleted with histaminee
These variled reports culminated in the appraisal of this

enzyme (proprietarily known as "Tarantll", an extract



60

of hog's small intestine and kidney) by the Americsan
Council on Pharmacy and Chemistry (1940)e The Council
decided that the evidence was so enflicting, and
insufficlent, to warrant the use of the preparation undér
examinatione BEST and McHENRY (1940), for example,

were unable to confirm the findings of KARADY and

BROWNE (1939)e NECHZIES and OLSON (1941) further
discredited the commercial preparation (TORANTIL). They
found 1t to have no effect on acld gastric secretion,

or gastric motility, and suggested that a number of the
clinical and laboratory findings reported in the litersature
have been due to the side-effects of unknown or non-
specific agents in the samples of the preparation. Certain
reports claiming good histamine inhibition by the oral
adminis tration of his taminase seem dubious in the light

of the knowledge that it i1s destroyed by pepsin as

well as trypsin. BEST and MNoHENRY (1940). Moreover,
NECHELES and OLSON (1941) doubted if the small amount
administered would make much difference to the already

large store present in the body.

When more pure and more potent extracts became
avellable ROSTORFER and EASKOWSKI (1945) and GROSSMAN
and ROBERTSON (1948) working with "pouch”™ dogs confirmed
Jhat histaminase could antagonise the effect of histamine
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on acid secretion® The results of the experiments of

the latter authors are shown in Pig* 11«

Fig* 11* AFTER GROSSIM & ROBERTSON (19¢fa) .

500 UNITS HISTAMINASE LV.

HISTAMINE ALONE
I0 TESTS ON 7 DOGS

0-0125 MG HISTAMINE DIHYDROCHLORIDE
SUBCUTANEOUSLY EVERY 10 MINUTES

AVERAGE OF 18 TESTS
ON 8 DOGS

180 220 260 300 340 380 420
MINUTES

AVERAGE SECRETORY RESPONSE of dogs with pouches

of entire stomach to histamine alone and to histaminase

plus histamine.

These authors, however, were unwilling to discard the
possibility that the effect was non-specific, for example,

due to a pyretic agent in the extract®
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- Be. PRESENT INVES TIGA TION .

le AIM OF INVESTIGATION.

The reports mentioned deal solely with extracts
of the enzyme from hog tissue. There are no repa ts
of any attempts at a correlation of the naturally
circulating enzyme in human pregnancy with the gastric acid
secretion during pregnancy. The purpose of the present
study is to report observations on the gastric acid
secretion and the plasma histaminase level, during and
after pregnancye The intention was to find whether
the acid secretion (spontaneous or histamine-induced) is
regularly diminished during pregnancy, and whether any
such change 18 related to the plasma histaming se level.

2e CLINICAL MATERIAL.

Volunteers for this Investigation were sought in
an ante~natel clinic, and an effort was made to obtain
them as early as possible in pregnancye The nature
of the investigation was explained, and 1ts objects were
outlinede The aim was to study gastric acid secretion
(spontaneous and histamine-induced) and to estimAte the

plasma-higtaminase level on Several occasions during

pregnancy and, again, after parturitione As was to be

expected, many of the volunteers failed %o stay the course.
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Some had to give up because pregnancy sickness precluded
Intubation; others lost interest, or were prevented by
their domestlc duties from attendinge The‘9 patlen ts
who submitted to the full investigation deserve high praise
for thelir considerable sacrifice in the cause of medical
Sclence. Two of them were former patients of the Peptic
Ulcer Clinic of the Westerm Infirmary, Glasgow; but the
remaining 7 gave no history of ulcer.
S METHOLS.

(a) Gastric Acid Secretion.

The patients were tested after a twelve=hour faat,
and 10 ml. of venous blood was wlthdrawn for estimation of
the plasma-histaminase level, oare being taken to avold
heemolysis. The patients gargled with 3 mi. of 2%
tetracaine hydrochloride (Anethaine), which they also
swallowed; This amount of anethaine has no effect on
gastric secretione A No. 10 stomach tube with multiple
perforations at its tip was passed, and continuous aspiration
wlith an electric suction pump was started. The tube and
the patient were both moved to ensure that fhe best position
for the collection of julce was found.

. The plan for the collection of juice is shown
in Fige. 12,

-
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Pift« 12*  ELAN FOR COJLLECTIQN OF GASTRIC JUICE,

0*5 mqm HISTAMINE ACID PHOSPHATE.

4

| SPONTANEOUS HISTAMINE INDUCED

O 15 45 90

MINUTES

The fasting juice was withdrawn and discarded*®
Spontaneously secreted juice was next collected for 30
minutes and then 0*5 mg* of histamine acid phosphate was
injected subcutaneously, and the collection of juice
continued during the subsequent 45 minutes®* This dose
of histamine was not exceeded* Though the effect of
histamine on the pregnant human uterus is probably
insignificant, it was considered unwise to attempt the
augmented histamine test as described by KAY (1953)* A
longer period of collection for both the spontaneous and
his tamine-indue ed secretion would have been desirable;
however, the test had to be kept within the limits of time

which the volunteers could spare.
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-

The volume and titrable free acidity~of both
collections were measured, and the final results expressed
as mge of hydrochloric acide

This was done about every four weeks during
pregnancy from about the 14th week onwards, and on several
occasions after parturition. No readings were available
for the first trimester of pregnancy in any of the 9 cases.
It was impossible to obtaih specimens during the early
weeks of the puerperium owing to the patients' domestic
dutiese

(b) Histaminase.

The various methods of estimating histaminase are
reviewed by KAPELLER-ADLER (1951). These are mainly
chemical or biological. The method used was a volumetric
method described by that author and which has the great
advantage of simplicity, and seems to agree very closely
with the more accurate biologlcal methodse Where
possible, controls and test sera were examined in
triplicate. The procedure is as follows:

Reagents required:

le M/15 phosphate buf fer (Sorensen) phe 7.2
24 Histamine solution in m/15 = phosphate buffer,
containing 10 mge of histamine dehydrochloride/ml.
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, on

Be Indigo dosulphfte solution, Indigo earmines
(200 mge) is dissolved in 36€ 300 ml. water and the
solution stored in a brown bottlee.

N AMNO ¢

4o 06002 M-K—&—M—2/% solutione.
Se CHELl 7

ESTIMATION.

Add to 1 mle of non-haemolysed serum 25 mle of
phosphate buffer pH 7.2, Oel ml, of the histamine solution,
0e5 ml. of the indigo solution amd 1 drop of CHclze
0o is passed tlrough the fluld for 1 minute, the test-tube
is closed with a rubber stopper, the solution well-mixed
by sheking and incubated for 24 hours at 37°C. A control
for each Individual test without the addition of histamine
is always ocarried out simultaneously with the test. After
24 hours the controls and the tests containing an excess
of the Indigo compound are titrated with 0.002-KMN€V4,
until the end-point of titration is reached, when the
blue colour has just disappeared and & pink colour just
appears and persists for a few seconds. The amount
of KiMNO/4 utilised in the assay is subtracted from the
amount taken up by the control. The difference indiocates
the amount of Ho0g formed by the action of histaminase on
histamine and thus the enzyme ac tivitye The methodl is

graphically presented in Fige 13,
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Fip;, 15. METHOD OF ESTIMATION OF HIS 5. MINASE %

HISTAMINE + 0 2— >H20 2

HISTAMINASE
PERMANGANATE,
INDIGO HISTAMINE
SERUM INDIGO
SERUM
CONTROL TEST SERUM

The histaminase unit of aotivity is conveniently
called a Permanganate Unit (P.U.), and it represents the
amount of enzyme which, after an incubation of 24 hre at

37° and PH. 7.2+, in an atmosphere of oxygen with 1 mg.
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of histamine hydrochloride as substrate and with an
ageous solution of indigo desulphonate takes up 0.1 ml.
0.0G2M - potassium permanganate.
4. RESULTS.

(a) Gastric Acid Secretion.

For each of the 9 patients about 7 sets of
readings were made during pregnancy, and4 sets after
parturition. The results for each of the 9 patients are
shown in the Appendix.

The results are summarised in tbe accompanying

Table 4.

COMPARISON OF SPONTANEOUS AND HISTAMINE-INDUCED
ACID SECRETION
BEFORE AND AFTER PREGNANCY

SPONTANEOUS GASTRIC SECRETION HISTAMINE INDUCED GASTRIC

CASE mgm. HCI. SECRETION mgm. HCIL

NO: Post- Percentage rise(+ Post- Percentage risel+)

’ pregnancy Pregnancy or fall (—) of level pregnancy Pregnancy or fall (—) of level

(Average) (Average) during pregnancy (Average) (Average during pregnancy
1 901 54-2 - 40 267-3 236-0 - I
n 33-8 38-9 * 15 274 4 320-9 + 17
in 27-4 28-5 + 4 250-4 219-7 - 12
E 24-9 23-0 - 8 281-8 156-1 - 45
2 20-4 14-2 - 30 115-4 130-3 + 13
21 43-5 93-5 + 115 281-9 498-5 + 70
2H 9-1 372 308 40-5 114-5 + 183
VIIT 03 8-4 +2700 2-5 44-2 +1668

IX 318 79 - 175 161-9 107-8 - 33
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‘This table shows for each patient (1) the average amount
of spontaneous secretion obtained on the seven occasions
duringpregnancy: (2) the corresponding figure aften
parturition; (3) the average amount of histamine-induced
secretion obtained during pregnancy; and (4) the
correaponding figure aftgr parturition.

The post-partum figures are presumed to be the
patients' normal. A difference of 50% during pregnancy
has been taken arbitrarily as indicating a significant rise
or fall,

It will be seen that in 5 patients (cases 1 = 5)
there was no significant difference in the level of either
spontansous or histamine-induced secretion. In 3 patients
(cases 6 - 8) there was a significant rise during
pregnancye Only in 1 patient (case 9) was there a
8ignificant fall during pregnancys the average of the
readings of spontaneous secretion fell 75% during pregnancy;
the fall in histamine-induced secretion was only 33%e

To illustrate the degree of consistency of the
readings in successive estimations in individual cases,
charts are presented giving the detailed findings in
3 patientse Fige 14 gives the details of ocase 7 in
which both the spontaneous and histamine~induced secretions

were higher on every occasion during pregnancy than after

parturitione.



Fig. 14, PATIENT No. 7,

Histam.irLHSe

PREGNANCY POST - PREGNANCY
DELIVERY

Fig. 15 gives the details of Case 9, the only patient
whose readings showed a lowered secretion during pregnancy*

Fig. 15. PATIENT No. 9*

150-

P.U. 10-

POST-PREGNANCY
DELIVERY



Pig* 16 gives the details of Case 5, one of the 5 patients
in whom no significant change was noted; this group

included the 2 patients with duodenal ulcer#

Fig, 16* PATIENT No* 5*

HCI.

P.U.

DELIVERY

(b) Plasma Histaminase*

The plasma histaminase level was estimated in
all 9 cases* It was consistently raised during pregnancy,
the highest levels usually being found about the 27th-3Gth
weeks. The level regularly returned to zero after
parturition* Pigs* 14-16 show the entire absence of
correlation between the plasma-histaminase level and the

amount of either spontaneous or histamine-indueed gastric

secretion*
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7e¢ DISCUSSION.

The observations reported hefe make it clear that
there is no justification for the belief that the asid
secretion of the stomach diminishes during pregnancye
This happened indeed in only 1 of the 9 cases studied; by
contrast, in 3 of the © cases the acid secretion showed
a significant increase during pregnancye

In view of these findings, it is interesting to
review the previous work on which this belief was based.

NAKAI (1925) compared the secretion of a gastric acid
in 14 pregnant women with that of non-pregnant women
reported by other Japanese workers. The conclusion that
acldity was reduced during pregnancy was based on & single
reading in each of these women.

ARZT (1926), using test meals, compared the gastric
acidity of 18 women in early pregnancy with that of 6
of the same women in late pregnancye He concluded that
there is a low acidity throughout pregnancy, particularly
in the early monthse

MASON (1931) reported an acidity in 2 patlents and
low acidity in 4 patients during the first trimester of

pregnancy. He made no observations on the normal level

of acidity in these patients.
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The most adequate study to date is that of STRAUSS
and CASTLE (1932), who analysed the gastrio juice of 24
apparently normal pregnant women ahout monthly during
pregnancy and, again, on one oocasion only, 7-10 days
after delivery, and on this hasis concluded that acidity
is lowered during pregnancy# A graphical representation

of their results is shown in Pig* 17#

Fig, 17* AFTER STRAUSS and CASTLE (1952),

3 40

O«
TO "AL ACID
" O--
0 20
DAY OF
FREE HCL DELIVERY
80 100 120 140 160 180 200 220 240 260 280 10

DAYS OF PREGNANCY

From what is now known of the limitations of sampling
methods of gastric analysis, it is clear that a comparison
of this sort, "based upon a single estimate of the "normall
is not free from fallacy# This is especially so when

the "normal" reading is a single estimate so soon after
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parturitione. Experimental evidence will be presented and
quoted later in this study which indicates that during the
phase of lactation, the acid gastric secretion is raised
in dogs, and may well be raised in humans.

Apart from showing that the gastric acidity 1s
usually maintained in pregnancy, the results of the present
investigation underline some points of interest about the
plasma-his taminase level. They confirm the findings of
previous workers that this level is regularly raised during
pregnancy, but they do not provide any evidence that
histaminase has any significant effect on elther
spontaneous or histamine~induced gastric secretion. During
this investigation it was also our impression that sﬁch
histamine effects as flushing and headaches are no less
in pregnant women than in others. WICKSELL (1949) made
a study of histamine sensitivity in pregnancye. Using
the vascular reaction of the skin to intradermal histamine
injections, his experiments gave no indication that the
sensltivity of the skin vessels to(injected histamine
was altered In pregnancye.

The finding of this investigation contrasts with
' those of ROSTORFER and LASKOWSKI (1945), and GROSSIAN
and ROBERTSON (1948) who countered the effects of histamine

on gastric acid secretion in pouch dogs by administering
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histeamines€. The secretory response to food and to
parasympathomimetid drugs was also inhibited. The
latter authors, however, could not declde whether the
gastric secretory depressant activity was due to histaminase
or to some other constituent of the extracte. They found
that the thermal stability of the histaminase activity
and that of the gastric secretory depressant factor were
the sams, but admitted that this did not prove that they
were identical. They concluded that their resulis

were suggestive, but could not be construed as evidence
in favour of histeminase inhibiting acid gastric
secretion. The difference in the results of this
investigation and that of the GRGSSMAN and ROBERTSON

may be due to a difference in dosage,since these authors
gave doses far'in oexcess of those present in the ﬁlasma
of pregnant humans,

In view of the ¢linical finding of peptic ulcer
being not improved and occasionally worsened in toxaemia
of pregnancy, and in view of the reported low histaminese
levels in thosse pathologlcal pregnancies, it would be
of interest to study the acid gastric secretion in

such casese.
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Ce SUMMARY OF PART II,

l. The previous observations on the level of gastric
acid secretion during pregnancy are Quoted. The se,
though not numerous, were unanimous in stating tlat
gastric acid secretion was consistently depressed during
pregnancye

2e The possibility that histaminase, an enzyme which
inhibits histamine and which 1s increased during pregnancy,
may play an impor tant role in depressing gastric acid
secretion waz mooted, but had never been investiggted.

Se The literature concerning histaminase in normal
end toxaemic pregnancies is reviewed. Though there 1is
no uniform concensus of opinion, there is a considerable
woight of evidence iIndicating that theenzyme is deficient
in toxaemia . |
4e In 1939, and for several ysars thereafter, when a
commercial preparation of the enzyme became available for
therapeutic use, there were many reports of its effect

on clinical conditions attributed to histamine ,"intoxication".
Thus, 1t was used in serum, sickness, skin conditions and
also in duodenal ulcer because of the known assoclation
of the latter condltion with hyperchlorhydria. The
literature concerning these olinical trials is briefly

nmentioned and discussede
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De Previous work has demonstrated that the enzyme
extract could inhibit his taminse-stimulated acid secretion
in dogse.

Ge The intention of the presentinvestigation was to
find whe ther acid secretion (spontaneous or histamine=
induced) was regularly diminished duringpregnancy, and
whether any such change is related to the plasma histaminase
levele. |

e In 9 women (2 of whom were known to suffer from
duodenal ulcer) the acld secretion of the stomach, both
spontaneous and histamine-indusdd,was estine ted

repeatedly during pregnancy and after parturitione The
plasma histaminase level was also estimated.

8e Contrary to previous belief, there 1s no signifiloant
reduc tion (50 per cent) in acid secretion during pregnancys
Such a finding was observed In only 1 of the 9 patients,
whereas in 3 the aclid secretion was significently and
consistently inc reased. The remainder showed no changee
Oe The plesma-his taminase level was consistently
raised during pregnancy, but showed no correlation with

the gastric secretion of aocld,
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PART IIT,.

URINARY SECRETION OF PEPSINCOGEN IN EATE PREGNANCY AND
THI: BARLY PURRPERIUM.

The value of the conventional method of studying
gastric function by the withdrawal of gastric juice is
limited to some extent by its unpleasantnesse. This 1s so
when numerous readings are desired, and more especially when
the sub jec ts concerned are not suffering from a gastric
disorder. The investigation of acid gastric secretion
described in Part IJ. was frequently jeopardised by this
difficulty, many of the volunteers indicating their
unwillingness to continue.

In attempting further to study gastric function it
was decided to use the urinary pepsinogen secretlon rate,

since the estimation of this entalls no unpleasantness for

the patlente.

A, REVIEW QF THE LITERATURE.

The pro-enzyme pepsSinogen, which is manufactured
by the peptic cells of the stomach, is largely excreted
into the lumen of the stomaoh; " A small portion of 1it,
however, finds its way into the blood stream when it is
execreted In the urine as uropepsinogen. On acldification

this pro-enzyme is converted into a proteolytic enzyme



with properties identical with gastric pepsine. The
peptic glands of the stommch seem, therefore, to have
an endocrine as well &s an exocrine status. The portlon
entering the blood stream is extremely small and has
been estimated to be of the order of 1 per cent of the
output of the peptic cells. JANOWITZ and HOLIANDER (1951).
BUCHER (1947) has shown that the enzyme is capable of
agsay, the method being based on the haemoglobin method of
peptic assay of ANSON and MIRSKY (1932). Ewidence has
been presented by several authors, particularly JANOWITZ
end HOLLANDER (1951) and AITKEN et al (1954), showing
that a reciprocal relationship exists between the gastric
secretion of pepsin and the level of excretion of
uropepsinogene A similar, though rough, relationship
mey also exist between the level of asid gastric
secretion and that of winary pepsinogen. AITKEN et al
(1954F and SIRCUS (1954). Certainly it would appear
that in conditions where gastric acid secretory activity
is inoreased as in duodenal ulcer, the urinary pepsinogen
excretion is generally ralsed; in conditions where
low aclids are encountered, the exeretion level tends to
be low; in normal individuals and in those suffering
from gastric ulcer where ths acid levei is within the

narmal range, the exoretion level is within a "normal" range.
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- However, dissocc lation between tl® level of gastric
acld secretion and the uropepsinogen exeretion rates do
occwre This is especially notable in the following
oirdumstances.

(1) The hyperacidity following histamine injection is
not accompanied by an increase in the urinary excretion
of the enzyme. (ASHER, 1955).

(2)  Vagotomy does not result in lower levels of
uropepsinogen excretion. GRAY et al (1954).

(3) Gastric resection, unless total, may not affect
the level of excretione.

Thus, though the levels may be considered to reflect
gastric pepsin activity, they probably do not accurately
indicate gastric acid secretion.

It has been noted previously, and is obvious in
the data to be pressented, that there are considerable
day-to-day variations in the excretion levels. Current
opinion on these day-~to-day variations carrelates them
with the stress situation of the patient. The stress
need not be emotional, although 1t l1ls often ths case.

It may be physical or hormonal. The observations of
GRAY et al (1954) and ASHER (1955) support thise
ASHER (1955} considered that these varia tions may

indicate the gastro-intestinal response of the patient
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to stress in a manner tha t can be measured. In this
respec t, uropepsinogen would resemble the sosinophile
count, 17-KETOSTEROID excretion levels, blood pressure
determinations and other tests of the responses of speciflc
of speciflc organ systems to stress. Though isolated
estine tions would appear, on this account, to have little
value, there would appear to be 1little doubt that dally
estimations over a period of weeks would determine the
pattern of uropepsinogen excretion for an individual
patient, reflecting the gastric secretory activity and
1ts response to the immedlate stress sltuatione

Published work on this subject is unanimous in
many respects. For example, it is well-established
that In gastric ulcer, the urinary pepsinogen excretion
rate is within normal limits, and that in duodenal ulcer
in men it is consistently and c onsiderably raised.
In duodenal ulcer in women, on the other hand, there have
been divergent findings. Thus, HIRSCHOWITZ (1953)
found that females excrete normal amounts of urinary
pepsinogen irrespec tive of the presence of ulcere
BASCOTT et al (1953) and SIRCUS (1954) have shown that
when an ulcer was present, the level was proportionately
ralsed, though not to the levels found in male D.U.

wpatient s,
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B. PRESENT INVESTIGATION.

1. AIM OF INVESTIGA TION.

The purpose of the present invextigation was to
compare gastric secretory activity in late pregnancy with
that in the early puerperium, using daily urinary
pepsinogen excretion estimations. The scope of the
investigatlion had to be limited té these periods because
of the need..for accurately measured 12 or 24-hour urine
collec tions, The patients studied were, therefore,
in-patients. Though the period of time covered 1s short,
- 1t was hoped that ahy trend of change in gasitric
secretory activity would be noticeable.s It is also
arguable that hospital conditions mere nearly approach
the "basal" conditions ideal for a stress sensitive
indicatore.

In order to assess the level of the gastric
secretory activity during late pregnancy and the early
puerperium, i1t seemed advisable to compare these results
with those of controls in which the level of activity
was known. Data was, therefors, collected concurrently
in males and females with and without duodenal ulcere
This plan seemed to have the added advantage khat the
"vardstick" of measurement was derived at the same time,
with the same method, using the same substrate and the

same reagents.
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interest in the levels of gastrlc secretory
activity in pregnancy and the puerperium was further
stimulated by the work of SPIRQ et al (195¢) who showed
that the rate of excretion of the enzyme was an index
of adrenocortical activity, a finding which has been
confirmed by EASCOTT et al (1953). Since considerable

hormone changes occur in pregnancy and the puerperium,
and probably include increased adrenocortical activity,
thelr effects on urinary pepsinogen excretion rates were,
therefore, worthy of study.
24 METHOD.
The method followed is that described by FAWCETT
(1951)

Urine 1s collected during the overnight 12 hours,
or for 24 hours. The wolume of urine voided per hour
1s calculated.

Urine is incubated with a human haemoglobin
substrate for 30 minutes at 37°C, the PH being adjusted
to 1le5~1.8e Excess haemoglobin 18 precipitated by
trichloracetic acid, and the degrese of proteolysis is
measured by the FOLIN and CIOCALTEAU procedure. A
blank determination in which the enzyme 1s inactivated
accounts for chromogenic subsﬁ#ggg& present in urine and

substrate.
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The difference between the extinction coefficient

of "test" and "blank" interpreted on a calibration

curve is a measure of proteolysis due to uropepsin
activitye. The unit of uropepsin is the same as that of
MIRSKY et al (1948) who define it as '"that quantity
which, durling a 10-minute incubation of the Standard
assay, releases 1 mg. of '"tyrosine-like substance'.
Correcting for dilution and for the 30-minute incubation
period 1 unit/10C ml. of urine = 040015 mg. of tyrosine".

The results are expressed in units/hour.

Se ML TERIAL AND RESULTS.

(8)  Controls.

The excretion rates of urinary pepsinogen were
estimated in the following four groups of patients for
an average of 10-12 days in each patient,.

1. In 12 males with no clinical evidence of peptio
ulcer, the mean excretion rate was found to be 4,37
units/hour.

2 In 10 males with proven duodenal ulcer of more

than 5 years' duration, 9 of whom subsequently underwent
gastrectomy, the mean excretion rate was considerably
higher, 9.41 units/hour.

Se In 10 females of child-bearing age with no clinical
evidence of peptic ulcer, the mean excretion rate was

3.86 units/hour.
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4. In 10 females cf childbearing age with proven
duodenal ulcer cfmora than 5 years* duration, the mean
excretion rate was higher than in normal women, 5.95
units/hour* This difference is less than occurred in
the two groups of males#
The mean excretion rates are shown in Table 5.
Table 5.
COMPARISON OF MEAN EXCRETION OF URINARY PEPSINOGEN IN

UNITS/HR. IN MALES AND FEMALES WITH AND WITHOUT DUODENAL
ULCER, AND IN FEMALES BEFORE AND AFTER PARTURITION

Mean Excretion

N f D £ Uri Standard
Type o.. [ ays o .rmary Error of
Patients Observed Pepsinogen
. Mean
Units / hour
MALES
1. Normal 12 1 4-37 +034
Duodenal
10 10 9-41 + 126
Ulcer
FEMALES
1 Normal 10 12 3-86 + O -41
Duodenal
10 11 5.95 + 0.81
Ulcer
1 Before
R 25 14 5- 87 + 0 53
Parturition
After
25 14 4-83 +0-43

Parturition

The distribution of mean values for the patients

in each group are shown in Pigs* 18 and 19*
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DISTRIBUTION OF MEAN URINARY PEPSINOGEN EXCRETION IN 10 MALES

WITH DUODENAL ULCER AND IN 12 NORMAL MALES

No: of patients No: of patients
4 H
8 10 12 14 16 18 20 22 O 8 10 12 14 16
Uropepsinogen —units per hour
DUODENAL ULCER NORMAL
Fig. 19.

DISTRIBUTION OF MEAN URINARY PEPSINOGEN EXCRETION IN 10 FEMALES

WITH DUODENAL ULCER AND IN 10 NORMAL FEMALES

No: of patients No: of patients

R S EE S
O 2 4 6 8 1012 14 16 0 2 4 6 8 1012 14 16
Uropepsinogen—units per hour
DUODENAL ULCER NORMAL



. These rates are gsimilar to those reported by EASCOTT

et al (1953).

(b) Pregnancy and Puerperium,

The uropepsinogen excretion rates were estimated in

25 patientse. Most of the pregnancies wers essentially
normal, the admissions being attributed to deformed
pelvis, older primiparas and twin-pregnancies. The
rates were estimated for an average of 17 days before
dellivery and for an average of 16 daysbafter delivery.
Por comparison with the control groups, the msan
excretion rates have been calculated on ths 14 days

meceding, and the 14 days succeeding, deliverye

Before delivery, the mean rate was 5.87 units/hour,

2 and after delivery 4.83 units/hour. A comparison

between the means is made by an analysis of variance,
when the variability between patients can be eliminatede.
This yields an F value of F"B7.23, which indicates a
significant difference between "before" and "after"
parturitione. The results are shown 1in Table 5 wherse
they are compared with the mean rates for the four control

groupse

It will be seen from Table 5 that the mean rates

of exoretion during the periods of investigation are at

.8 higher level than the mean rate in normal female controlse
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Also, the level In the pre-parturition phase is of
the order found in women suffering from duodenal ulcer
and greater than in normal man. The dis trihution of

each patient ""before" and "after" is shown in

Fig. 20.

Fig. 20.

DISTRIBUTION OF MEAN URINARY PEPSINOGEN EXCRETION IN 25 FEMALES
BEFORE AND AFTER DELIVERY

No: of patients No: of patients
O 2 4 6 8 1012 14 16 O 2 4 6 8 1012 14 16
Uropepsinogen — units per hour
BEFORE DELIVERY AFTER DELIVERY

The scatter diagram in Fig. 21 demonstrates
the higher values in the majority of patients before

delivery, compared with after delivery.
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Pig. 21p

MEAN URINARY PEPSINOGEN EXCRETION IN 25 FEMALES
BEFORE AND AFTER DELIVERY

(Observations for 14 days per patient before and after delivery)

AFTER DELIVERY

12 -

IO-

CL

0 2 4 6 8 10 12
Pepsinogen _ units per hr.
BEFORE DELIVERY

The daily estimations for the 4 control groups
and the 25 pregnant patients are shown in the Appendix.

The wide day-to-day variations oan he seen.

5. DISCUSSION *
The estimation of the excretion of urinary
pepsinogen would appear to he a reliable refle culon of

the gastric secretion of pepsin. That it may also
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reflect the agid secretion is less certain though the
range of low, normal and increased rates in conditions
where the acid secretion is respectively low, normel and
increased at least suggests that a relationship existse
On those grounds, this method has been used as a measure
of gastric secretory activity in patients far as long as
they remained in hospital before and after parturitione
The method has the advamtage that data could be collected
daily for as long as 34 days = a period of observation
hardly feasible with intubation. The scope 1s limited
to hospital, howsver, by the need for accurately measured
urinary output.

It would be unreasonasble to infer too much from
this data which covers such a short'period of time.
Never theless, it is evident that during the last two weeks
of pregnancy and the two weeks following delivery, gastric
func tion and, especially the activity of the peptic
glands, 18 not depressed, and is, indeed, in the range
to be expected in non-pregnant women suffering from
active duodenal ulcer. If it cen be inferred that a
relationship between acid and urinary pepsinogen excretion

exists, the results indicate that during pregnancy
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gasﬁric secretory activity far from being dapreséed,
1s elevated to levels higher than those expsated in
normal women and, in many instances, to levels
encountered in women suffering from duodenal ulcer.
Statistical analysis of the data indicates a slightly
higher level before parturition.

It has been shown by SPIRC et al (1950) and
EASGOIT et al (1953) that the uropepsinogen secretion
rate is an index of adrenocortical activity. The
higher rates of exoretion found during this
investigation may be an indication of this activity

which has been noted by previous authorse.
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Ce SUMVMARY OF PART III.

1. The study of gastric function in noarmel pregnant
women by the conventional methods of intubation is
difficult for the investigator, and unpleasant for the
voluntesrs These women are generally outpatients and
busy housewivese [Because of this, it was declded to
use urinary pepsinogen excretion as a measure of gastric
func tione |
2e Though the level of eXcretion of urinary
pepsinogen fairly reflects the gastric secretion of pepsin,
1ts relationship to gastric acid secretion is mmch
less reciprocal. High secretion rates, however, are
found in patients with duodenal ulcer and low rates where
the acid secretion is narrRl ar low as in gastric ulcer.
Se It is obvious from the data presented that there
are large day-to-day variations in the excretion levels
in the same patiente As a result, a sollitary reading is
without value. Daily readings over a period of time,
however, will be a reasonable measure of a particular
pafient's gastric secretory activitye It is the opinion
of several authors that those day-to-day variations
indicate the gastrointestinal response of the patient to
stress.
44 The purpose of the investigation was to compare

gastric sesretary activity in late pregmancy with that




In the early puerperium using daily urinary pepsinogen
excretion estimationse The need for accurately measured

24«hour urine collections limited the study to hospital

patientse
Se The method used for estimation &s describede.
Ge Mean excretion rates were estimated in 4 groups

of controls ~ normhl males and fenmrles, and males and
females suffering from duodenal ulcear.

Te Uropepsinogen excretion rates were estimm ted in
25 patients during the 17 days before parturition and
far about 16 days afterwards.

Be The results show tlat during this period, gastric
secretion of pepsin, as measured by the excretlon of
urinary pepsinogen is greater then in normal women and,
as far és the last 14 days of pregnsncy are concerned,
of the order found in non-pregnant women suffering from
duodensal ulcere M

Oe The réised excretion may indicate increased

adrenocortioal activi ty during those perlodse
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PART IV,

»

GASTRIC ACID SECRETION IN DOGS DURING PREGNANCY

AND TACTATION.

A. REVIEW OF THE LITERATURE.

The wellknown effect of pregnamcy on the behaviour
of peptic uleer has stimulated research into gastric acid
secretion during pregnancy in humans and in dogse The
work in pregnant women has been reviewed in Part II.
Whereas previously i1t was believed that gastric acid
secretion in pregnant women was consistently depressed, 1%
has been shown that there was no uniform pattern in the
9 patlents studiede. Indeed, more patients showed a rise
than a fall., There have been no secretory studles performed
in women during lactation.

The first definite date concerning gestric acid
secretion in pregnant dogs was published in 1954 by McCARTHY
et al. They concluded that pregnancy had no consistent
offect in either stimuiating or inhibiting acid secretione
6 periods of pregnancy in 5 dogs were c ompared with the
gastric secretion in the same animal s durlng control periods
of similar length when the animals were not pregnant.

During three pregnancies the total output of free HC1l was
greater than during the control period and in the |

remaining 3 it was less.
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A most interesting feature rediscovered by McCARTHY
et al (1954), was the remarkable rise in the level of
gastric acid secretion during lactation. This was
noted in both the dogs in which this phase was measured®

Fig. 22® GASTRIC ACID SECRETION DURING PREGNANCY AND

IAGTKTION IN TWO DOGS. AFTER MCCARTHY et al (1954)

0 615

LACTATING

NORMAL PREGNANT NORMAL
140

« 120

z 100~

60-

20-

20 40 60 160

80
-DAYS-.

D 595

LACTATING
NORMAL PREGNANT NORMAL



1oo

These findings confirmed the previous observations of
HOLIANDER (1930), KLEIN (1933) and WINKELSTEIN (1935)
These observers noted hypersecretion during lactation and
that it was fregquently accompanied by extension of the
ulcerative process around the gastric stoma, KLEIN (1933)
further reported that in one case in whisch all the

pupples died, and there was no period of lactation, no
increase in secretion was observed.

B. PRESENT INVESTIGATION.

The present investigatlion was performed as & companion
study to that in humans described in Part II. In
pregnant women, it is difficult to obtain frequent readings.
In dogs, on the other hand, using the methods outlined by
DRAGSTEDT et al (1950) daily collections of gastric juilce
can readily be obtained over a prolonged periode

1., AIM OF INVESTIGATION.

The aim of this investigation was to study the acid
secretion (&) during pregnancy, (b) during lactation,
(¢) when lactation is suppressed.

2., METHOD.
Heidenhain pouches were prepared in 3 dogs, nylon
plastic cannulae being inserted for the collection of the

secreted juice. The julce was collected daily in rubber
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bags, the animals being free to run in pens. The

diet was the normal mixed kennel fare throughout the test*
The daily output of juice was calculated in miilequivalentse
Dog I* was found to be pregnant when the pouch was made,
so no pre-pregnancy control is available* In Dogs Il and
I, pre and post-pregnancy control periods are available*
In Dog I the pups were allowed to suckle and were weaned
after 28 days. In Dogs Il and III, the pups were not
allowed to suckle, and lactation was suppressed by
Stilboestrol given daily for 12 days in the following dosage
(mgm. 10.10%10* 5*5%5%* 5*3.5*% 1*1.1.)
3% RESULTS.

The results are summarised in Table 6 and graphically
illustrated in Figs* 23, 24 and 25%

Table 6* RESULTS IN DOGS I,IX and III*

GASTRIC

ACID SECRETION
PREPARATION

Days Average daily
Observed Output mEq.

Pre-pregnancy control -

DOG Pregnancy 59 113
| Lactation 28 524
Post-pregnancy control 33 1-96
Pre-pregnancy control 137 1-44
DOG Pregnancy 63 2-03
n Suppressed lactation 28 1.07
Post-pregnancy control 40 Ml
Pre-pregnancy control 53 0-92
DOG Pregnancy 61 1.26
n Suppressed lactation 28 0.81

Post-pregnancy control 19 0.17
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Fla* 25, miLY ACID OUTPUT IN DOG III.

8 -
SUPPRESSED
NTROL
CONTRO PREGNANCY LACTATION CONTROL

120 130 140 1ISO
DAYS

The daily readings for each dog are shown in the Appendix#
(a) Prep;nanoy.

It will "be seen that in Dog I (where no pre-pregnancy
control is available), the output of acid is less during
pregnancy than in the post-pregnancy control period. In
Dogs Il and III the output during pregnancy is greater than
the control periods obtained before and after pregnancy.

It will be noted that in Dog II, the rise in acid
secretion during pregnancy appeared at an early phase and
was sustained until parturition. In Dogs I and II, on the
other hand, the output remained at a low level throughout the

greater part of pregnancy but rose progressively during
the terminal 10-20 days.
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(b) Lactation.

Natural lactation was observed in Dog I for a period
of 28 days, at the end of which period, the pups were
weaned. There is an obvious and consistent increase in
output of gastric acid secretion during this period, the
average output being almost three times as great as the
control period. These findings confifms the previous
observations noted above.

(6) Suppressed Lactation.

In Dogs I1 and III where lactation ﬁas suppressed there
was no increase in secretion, confirming the single
previous observation of KLEIE (1933).
4, DISCUSS ICN CF THE RESULTS.

The effects of pregnancy on gastric acid secretion in
dogs in thsse experiments confirm those of McCARTHY et
gl (1954) in demonstrating again that there is no consistent
depression of secretion. In one dog the secretion was
less, and in two 1t was greater than the control periodse
These findings also conform to the pattern of secretion
in pregnant women (Part II.) where a rise in output was
notéd more often than a fall.

411 observers who have measured acid secretion during
lactation In dogs, hawye noted a remarkable Increase in

output HCLLANDER (1930), KLEIN {1933), WINKELSTEIN (1935)



105

and MeCARTHY et al (1954). One is, naturally, hesitant
to accept a conclusion based on 8o few dogs were it not
that the results fit in so well with the few previous
reports in the literature. The cause of this increase
is a matter for conjecture.

Theoretically it might be due to increased appetite
and increased intake of food. This has not been noted
by pre¥ious observers and,in the present experiment, the
impression was gained that the lactating dog did not eat
In excess of the two dogs in which lactation was suppressed.
However, the food intake was not measured, and this simple
explanation remains a possibility.

The increase might be due to some factor concerned with,
or resulting from, the loss of fat, calcium and other
constituents of milk. Those factors are not accurately
known, but the main influence would appear %o be hormonal.
YOUNG (194%7) has stressed that milk secretion, as well as
growth and diabetogenic activity, are processes which
involve a restrainton the oxidation of metabolites which
are thus made available for other purposes such as
milk formation. Tnese phenomena, he clalms, are under
hormonal control.

The recently accumulated knowledge of the hormonal

control of female mammary growth and function has made 1%
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possible to reproduce in the male gland the various growth
and secretory phases. In this way it has been shown
that the important hormones for mammary growth are
oestrogens and progesterone and for secretion lactogenic,
growth and adrenocortical hormones. The thyroid hormone
In some species may also be essential. The stimulation
and maintenance of lactation is dependent to a considerable
extent on the neurohumoral reflex, activated by suckling
and mediated via the posterior pitultary gland and the
oxytocic hormone(BENS&N and FOLLEY (1956).

0f the hormones involved in lactation only the
adrenocortical hormone is known to stimulate gastric
secretion GRAY et al (1951). MoCARTHY et al (1954) failed
to promote an increase in gastric secretion in 2 dogs by
giving lactogenic hormone in doses sufficlient to stimulate
and promote lagtation in post=-partum human females. The
Influence of other pitultary hormones such as growth
hormone and oxytoclse hormons has not been investigated.

The original observations by KLEIN (1933%) and the
findings In Dogs II and III in the present experiment
would appear to indicate that if lactation 1s not fulfilled,
the increase in acid does not take place. In Klein's

oase, the absence of the suckling stimulus was the only
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factor suppressing lactation. In the present experiment
Stilboestrol was also given as in present-day obstetrical
practice.

The influence of oestrogenic hormones on gastric acid
secretion is uncertain, and may depend on the species
studied. OJHA and WOOD (1950) have demons trated almast
complete inhibition of histamine-stimulated acid
8ecretion in anaesthetised catse ATKINSON and IVY
(1938), on the other hand, found no effect on dogs, though
CULMER, AT«INSON & 1VY (193v) later suggested that the
doses used were low compared with the amounts of
oestrogens produced during pregnancye. It 1s now kmown,
however, that in both dogs and humans, when oestrogens
are high during pregnancy, viz. approaching term, the
acid secretion may be raised rather than depressed, The
present author has falled to produce consistent and
significant depression of acld secretion by the
administration of large doses of Stilboestrol to non-
pregnant female dogs (unpublished}. The part played by
Stilboestrol in preventing the lactational rise in
secretion is, therefore, undertain, and 1lts effect in |
instances where the pups were allowed to suckle would be
of great intereste.

The importence of the suckling neuro-humoral reflex
in the initiation and maintenance of lactation is wellknown.
I8 1% possible that the same reflex may also stimulate

gastric secretion?
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Ce SUMWARY OF PART IV,

1. The quantitative daily estimations of gastric secretion

in dogs during pregnancy has been reported by only one
group of workers who performed their studies at the same
time ag the present authore. By means of Heidenhailn
pouches, gastric juice can be totally and accurately
collected daily for a very long time eovering a pre-
pregnancy controel period, pregnancy, lactation and a
post=pregnency control periode. The advantages in this
me thod compared to human intubation methods are obvious.
2e The previous reports on gastric secretion in.dogs
during pregnancy and lactation are revieweds

3e The purpose of the present investigation was %o
study acld secretion (a) during pregnancy (b) during
lactation and (c) when lactation is suppressed.

4. Heidenhain pouches were made in three dogs,
indwelling nylon plastic cannulae being used by daily
collections of secreted jJjulce.

Se In one dog ths pouch was made during the first four
days of pregnancy. In the other two dogs pre=pregnancy
controls were obtainede |

Ge Natural lactation was observed 1In one dog and
suppressed in the remaining two by the prevention of

suckling and the administration of Stilboestrol.

-
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Te There was no consistent depression of gastric acid
secretion during pregnancye

8e A marked and sustained rise in the output of acid

was observed in one dog where natural lactation was allowed.

e When lactation was suppressed in 2 dogs by the

prevention of suckling and the administration of Stilboestrol,.

no rise in output occurred.

10. The lmplications of the findings during lactation
and when lactation 1s suppressed is diswussed. It is
suggested that the suckling neur o-himoral reflex which
is important in initiating and maintaining lactation may

also stimilate gastric secretlon.

A
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PART V.

THE EFFECT OF CASTRATICN CN THE GASTRIC ACID SECRETION
OF FEMALE DOGS.

Ao REVIEW OF THE LITERATURE.

The remarkable sefirect of the menopause on the
behaviour of peptic ulcer, surprisingly, has not led to
mich elinical or experimental inquiry.

There are very few reports on the level of acid
secretion 1n the menopausal state in human subjectse These
reports are couched mainly in general terms such as
"subacidity's TAUSSIC (1908), '"hypochlorhydria';

WINKLER (1905) and “achlyia”; FRIEDENWALD (1932). There
are, to the author's lknowledge, no data comparing the

output of gastric acid secretion before and after castration
in females, although this operation is freQuently performeds

A fairly exhaustive search of the literature has
also failed to reveal any reported work on acid secretion

in animals before and after castrations

Be PRESENT INVESTIGATION.

l. AIM OF INVESTICATION.

The present investigation was designed to compare
the gastric acid output from Heidenhain pouches in femmle

dogs before, and immediately after, castration.
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2, METHOD.

Heidenhain pouches with nylon plastic indwelling
cannulae were prepared in 11 female mongrel dogse Free
drainage of the pouches was allowed for 5 weeks following
the preparation of the pouches. Thereafter, the julce
was collected in rubber bags atbtached to the cannulae,
the six-hour output of acid being calculated in milli-
edquivalents. After a control period varying from 17 - 28
days, castration was performed in seven of the dogs -
(Nose 1 = 7) = through a lower midline abdominal incision.
In the remaining four animals - (Nos. 8 = 11) - a similar
incision was made, the ova8ries being brought into the
wound and then returned %o the abdomen. Dogs 8 - 11

were intended to serve as controls so that the effect of

the "stress™ of operation and of any probable adrenocortical

stimulation of gastric secretion could be noted and offset;
Collec tions were restarted the day after operations,
The dogs were allowed to run free in pens and received

ordinary kennel rations.

3. RESULTS.

The results are based on the acld output for at least
20 days after castration, and for 7 days after simple
1§parotomy; since the "stress" effect would be maximal

In the first 7 dayse
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The results for the two groups of dogs with

statistical analysis of the data are shown in Tables 7 and 8.

Table 7.

COMPARISON OF ACID SECRETION FROM HEIDENHAIN POUCHES
IN FEMALE DOGS BEFORE AND AFTER CASTRATION

DOG BEFORE CASTRATION AFTER CASTRATION
NO:  pays Mean daily output Days Mean daily output t. n P
mEq. mEq.

1 17 259+744 20 117+ 865 5-1478 35 <0-001

I 28 2695 20 124+1057 34246 46 001-0001
25 109+461 20 75+£362 26217 43 0.02-0.01
B B 65+252 28 97+385 3864 44 <0-001

17 45257 22 40+ 1€ 06032 37 0-6- 05
m 20 31 M 20 234057 26695 33 002-0.01
am 20 3713 20 35¢210 05727 38 07-0 6

=

N

Table ¥.

COMPARISON OF ACID SECRETION FROM HEIDENHAIN POUCHES
IN FEMALE DOGS BEFORE AND AFTER LAPAROTOMY

BEFORE CASTRATION AFTER CASTRATION
DOG
I . t. n p-
NO: Days Mean daily output Days Mean daily output
mEq. mEq.

vl 17 4-5 + 2-57 7 86 £2-94 32449 22 0-0I-0001
X 12 57 1 I-53 7 64 £218 0 7226 17 05-04
X 26 3-3 £ I-55 7 35+264 02610 31 08 -07

X1 19 7-2 £ 2-74 7 12-1 + 6 81 24986 24 002-0-01
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In the group of seven castrated dogs it will be
seen that during the period of observation after castration,
in four animals (Nos. 1,2, 3 and 6) there was a significant
depression of acid output,in two of them (Nos. 1 and 2)
the depression being highly significant. In $wo dogs
(Nos. 5 and 7) there was no significant change. In one
dog (Noe 4), however, there was & highly significant increase.
No explanation can be offered for the distinctly different
behaviour of secretion in this animal,.

In the control group of 4 dogs which had undergone
laparotomy, two dogs (Nos. 8 and 11) showed a significant rise
in output, the increase being highly signiflcant in No. 8.
In the remaining two animals (Nos. 9 and 10) there was no
changee

Though one hesitates to draw c onclusions from the
results in this smail group,tlie impression gained is that
the "stress" of laparotomy tends to increase acid outpute
Castration, which also involves laparotomy, tends to
diminish acid sesretion. It may, therefom, be reasonably,
though vefy tentatively, suggested thet 1f the stimulus to
acid secretion provoked by laparotomy could be removed
from the castrated group, the acid depressing effect of

scastration might become more evidente
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4, COMMENT o
) In the absence of other reports with which to compare
these results, and cognisant of their rather inconcluslve
nature, little more than brief comment is needede Gastro-
enterolbgists tend to correlate increased ulcer activity
with increased acid secretione If results similar to those
obtained in the above expsesriments can be shown to obtain
in human subjects, the parsdoxical situation of ulcerogenic
activity assoclated with diminished acid output would,
indsed, be an interesting one. It would emphasise again
the often forgotten factor of mucosal resistance.

It also seems to the author that this should be
e profitable field for research in that it might be
possible to correlate acid secretion with the pitultary
zonadotrovhins., which increase rapidly in the urine after

castration,(HELLER et al (1944)I and with oestrogens by

UGS UL @ ULULLG \ LUl QU Sl AL UET P ULl Wi ui UG O uL Upoue WY
replacement therapj. The author has investigated the effect
of large doses of diethylstilboestrol on gastric acid
secretion in both castrated and normal female dogs. In
neither group was there any significant effect. In these
investligations, however, the level of urinary gonadotrophins
was not monitored, and it is known,(HEBLER ot al (19449,

that large doses of stilboestrol may suppress completely

the urinary output of gonadotrophins.
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Co SUMMARY.

l. There has been surprisingly little enquiry, oither
clinical or experimental, into gastric acid secretion
during the menopause.

2e The present investigation was designed to compare
the gastric acid output from Heidenhain pouches in female
dogs before and immediately after castration.

3; In four of the castrated dogs there was significant
depression of acid secretion; in two there was no
significant change; in one there was a highly significant
rise.

4. In the four control dogs, two showed a significant
rise in the output of acid, while iIn the remaining two no
significant change occurred.

S5e It is suggested that the tendency for the acid to
increase in the control dogs is due to the "stress" of
operations It is also suggested that since the operation
of laparotomy is also involved in the castrated group,

the acid depressing effect of castration 1s, thereby,

less evident.

Ge The implications of these results are briefly

discussede.
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GENERAL SUMVARY

- Peptic ulcer, in c ommon with several other diseases,
has notable sex differences in incidence and 1n behaviours
Thgse sex differemces have been used in attempts to
8lucidate the etiology of peptic ulcer and to determine
those factors which protect the patlent, and those which
promote tilv disease. While the periodicity of the disease
in men 1s too elusive for research, the belaviour of the
disease in women during menstrua &ion, pregnancy and the
menopause is amenable to study and investigation.

The prominent sex differences both in the incldence
of the disease and its complications is presented and
dliscussed with reference to the importeance of environment
and constitution. The sex inclidence of perforations
during the recent war years, and the stability of the
female perforation rate during the years 1940-1943 are
emphA sised and produced as evidence that blological
faotors in the female constitution play an important role
in protecting tham against the disease.

Further evidence anent those biological factors 1is
forthooming from a study of the natural history of peptie
ulcer in wome ne The behaviour of the disease 1n 400
women with reference to menstruvation, pregnancy, lactation
and the menopause, i3 presented. Though the effect

of menstrua tion was difficult to assess and deemsd %o
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bel slight, the beneficial influence of pregnancy and

the ulc eroginicoffects of lactation and the menbpause are
notable and confirm, in a large serles of cases, previous
repa ted impressions.

Previous clinlcal and experimental wark concerning
86X hormones and peptic ulcer is reviewed and crilticised.
Despite several attractive hypothéses there is as yet no
substantial proof of a relationship between sex hormones
and peptic ulcer, though the extracts of pregnancy urine
and, especially, the anthelons group of substances, are
wor thy of continued investigation.

Attention is drawn to the failure of toxaemic
pregnanclies to promote remission of ulcer sympltomse. This
phenomenon has not previously been reported, and the
relevant thearlés are discussed.

Previous investigations have indlcated that gastria
acid secretion is oconslstently depressed fiuring Pregnancye
This subject is reinvestigai:ed using "oontinuous suctlon"
me thods, and a2n attempt is made to correlate the acid
findings with the histaminolytic power of plasma during
pregnancy in 9 patientse. The acld output was not found
to be consistently amdl significantly depressed in the
small number investigated, being more often unchanged
or increased. There was no correlation with plasma

histaminasee.
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- Rather than rely on gastric analysis alone, a

fur ther study using ur inary pepsinogen exgretion rates as
an indlcation of gastric seoretory functlon, was perfarmad
dur ing léte preghancy and the early puerperium in 25 women.
The results indicate that during those periods gastric
secretory func tion 1s Iincreased.

As a companion study to that in women, the acid
output from Heldenhain pouches In femmle dogs before,
during and after pregnancy in 3 animals was observed.

Acid secretion was greater in 2 animals during pregnancy
than during the control periodse # remarkeable rise in
acld output‘ during natural lactation and the absence
of this rise in suppressed lactation was observede. The
implications of these phenomena is discussed.

The lack of clinical and experimental investigation
on the effect of castration on gastric function 1is noteds
The results of an experlimsnt measuring the output of
acid from Heidenhain pouches in 7 female dogs before and
after castration are repar ted, using simple 1aparot§my
in 4 dogs as controls. The results, though inconclusive,
suggesf the t gastric acid secretion tends to be depressed
immedia tely after .oastrati Oone

The one solid incontrovertiblefacé to which
gastroenterologists oling in the fisld of pep tic ulcer
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~investiga tion and therapy is summed up in the wellknown
aphorism, "No acid: no ulcer", and treatment both
conservative and radical is designed towards this ende
So ingrained 1s this thought process that increased ulcer
activity is regarded as almost synonymous with increased
aclid secretion and vise versa. Previous reports
indicating depressed acid secretion during pregnanoy fell
naturally into line. From the Jacid-ulcer" point of
view, the results of the investigations herein repar ted
are dis turbingly out of line in that they indic ate acid
and pepsin secretion not to be depressed amd commonly
increased during pregnencye Fur thermore, 1f the
results in dogs are repeated in humans, increased ulcer
aogtivity of the menopause may be found to be associs ted
with depressed acgld secretione Only during lactation is
there a suggestlion that increased acid secretion may be
associated with increased ulcer activity.

There are other factoars concerned with the integrity
of the gastroduodenal mucosa and which protect it in many
normal individuals in the presence of high levels of
acid = protective factors ee.ge., which may be recoupsd

during pregnancy and lost, arimpaired, at the menopausee.

These factors, eege, mucus barriers, vassgularity, etc.,

gan be mentioned only in general terms since little is
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known regarding them.
The general conclusion of this thesis, therefore,
is to stress once again the need for investigation into

the protective factors.
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APPENDIX TO PART II.

GASTRIC ACID SECRETION AND FLASMA HISTAMINASE
DURING PREGNANCY.

ESTIMATIONS OF SPONTANEOUS AND HISTAMINE
- INDUCED ACID SECRETION AND FLASMA HISTAMINASE
~ IN 9 WOMEN DURING AND AFTRR PREGNANCYe
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Patient No. le (Duodenal Ulger)e.

Spontaneous Histamine Histaminase

Week  Secretion Searetion

mgme HCl. mgme HCle PoUs

PREGNANCY.
15th 81.10 124,21 4.3
19th 56.13 257.02 11.5
23rd 4732 256493 12.0
26th 31.93 195.45 11.9
30th 43434 235446 9e¢3
35th 59,04 301,73 10.6
39th 60.66 287,96 54
PCST = PREGNANCY »

18%h 130,00 321.00 0
25th 65.85 224.84 o
30th 70,32 237476 o
36th 94,16 285.55 0
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Patient Noe. 2.

Spontaneous Histamlne Histaminase
Week  Secoretion Secretion

mgme HC1. mgm. HCl. P.U.

PREGNANCY .«
15th 5.48 158.41 1
19th 55.66 271.18 1.5
258rd 34438 352,58 5.8
27th 15.14 375,76 6.2
30th 27,04 352,16 7.0
S4th 31l.16 360 « 60 7e¢5
38th  105.77 375.82 9.0
POS T- PREGNANCY.

17¢th 48420 219,66 )
22nd 35.46 274,39 o
25th 26.34 309.73 o
30%n 25445 293.85 o
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Patient No. 3.

Spontaneous Histamine Histamlinase
Week  Secretion Seoretion

mgme HOl. mgm. HCl. P.U.

PREGNAN CY.
13th 52.99 221.81 34
16th 21 .07 196,00 5.0
20th 33431 205.42 4.4
23rd 23.54 244.68 6.0
27th 10.68 256,67 Tel7
3lst 42 436 260,73 7.07
35%h 18.07 186.54 14.0
39th 26.43 185,96 93
POS T=- PREGNANCY

18th - 25462 220,77 o
22nd 20.63 236,50 o
26th 29.78 276,08 o
30th 35458 268.27 0
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Patient Noe 4e (Duodenal Ulser).

Spontaneous Histamine Histaminase
Week  Secretion Secretion
mgme, HC1. mgme HC1l. P.U.
PREGNA NCY.
1l4th 68.53 199,79 245
18th 42,48 210¢.67 2.8
22nd 42434 141.04 2.3
26th 774 200,60 3e3
30th 6457 119.72 3.8
34th 10.84 152.86 2¢8
36th 2.04 90,88 3.9
39th 3465 132.86 4,2
POS T=- PREGNANCY
17th 26486 203.86 o
2lst 31.09 285444 o
23rd 23,74 301 .53 o
34th 17.86 245444 o
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Patient No. 5.

46.72

Spontaneous Histamine Histaminase
Week  Seorstion Secretion
mgme HC1. mgme HCl. P.U.
PREGNANCY
l16tn 14,60 103.11 3.2
19th 9946 89433 4.0
23rd 23472 120.41 4.3
27th 18.06 158,33 9.0
30th 7.56 144,93 843
34th 10.51 145,81 1143
- 38th 15,32 15040 7.1
POS T- PREGNANCY

17th 761 79429 0
20th 14.31 94,90 0
24th 12,78 16060 0
28th 126.95 )]
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Patient No. 6.

Spontaneous Histamine Histaminase
Week  Seoretion Secretion
mgm. HCGL. mgme HCL. P.U,
PREGNANCY.
12th 74431 476440 1.3
16th 102,63 563439 2.5
20th 64,07 425,51 3.7
24th 156,75 518458 9.0
28th 83425 516.04 7.8
32nd 77.65 505,51 3.0
38th 96.34 485.74 4.8
POST-PREGIANCY o
20th 37.93 296.41 0
24th 46.74 301.73 o
30th 24,07 205,53 4]
36th 65453 364.1é o
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Patient No. 7.

Spontaneous. Histamine Histamlinase
Week Segretion Secretion

mgme HC1. mgme HC1l. P.U.

PRUGNANCY.
14th 23475 77456 0e5
18th 39.97 115441 243
22nd 54 .20 100452 3.6
26th 44,72 12 7.60 342
29tn 23,58 95481 5.1
33rd 33458 15 4 ¢83 5.0
36th 40,84 130,31 4.8
POS T= PREGNANCY o

16th 10.95 36494 0
20th 9.64 50 .26 o
24th 20,26 64449 0
26th 0 43407 0
44th 0 o 0
46th 13451 48436 0
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Patient No. 8.

Spontaneous Histamine Histaminase
Week  Secretion Seoretion
mgm., HCl. mgme HC1. PoU,
PREGNANCY.
17th 2,99 15.47 2.5
20th 0.99 7.44 4.9
24th 23,72 85,79 742
27th 6490 57415 6.2
3lst 4,96 30.84 66
35th 1.09 18403 4.0
- 39th 18,07 96,94 3.8
POST- PREGNANCY .
1l6th 0 o o
21st o] o] 0
24th 1.04 10,31 0
30th o 4] (¢]
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Patient No. 9.

Spontaneous Histamine

Week Searetion Response Higtanlne.
mgme HCl. mgme HCl.
PREGNANCY.
l6tn 10,36 120.08 3.6
20th 785 83,92 6ol
24th 1.60 85,63 15,7
28th 4,38 123,43 18,3
32nd 8497 126,67 14.6
35th 6493 8l .06 8.9
36th 1041 111.63 9.0
39th 12 .47 129,74 8.6

POS T=PREGNANCY o

20th 39.42 156 ¢ 40 0
24th 36450 171455 0
30tn 364153 164479 0
35th 34452 160.56 0
40th 12,22 156 .36 0
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APPENDIX TO PART IIT.

UROPEPSINOGEN OUTFUT IN

(a) 12 NORMAL MALES,
(b) 10 MALES WI'™H DUODENAL ULCLRe
(6} 10 NORMAL FEMALES.
(d) 10 FEMALiS WITH DUODENAL ULCERe
' (e) 25 FEMALES BEFORE AND AFTER DELIVERY.

STATISTICAB COMPARISON OF UROPEPSINOGEN OUTPUTS
BEFORE AND AFTLR DELIVERY.
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UROPEPS INOGEN OUTPUT IN 12 NORWAL MALES.

Patisents No.

5] 4 5 6 7 8 9

10

11

12

1.
2.

4.
Se
Ge
7o
8e
e
104
S 114

2.9
2.4
2.9
2.9
11 .8
245
2.3
2.8
2.2
56
3.0

2.2
2.9
2.9
4.2
245
245
4.3
2.9
2.9
6.1

2.7

TeS 4e8 5e0 4e6 Te3 543 740
Bel 263 2el 4e0 6e4 5.2 446
8.2 249 1e8 2.1 7.1 4.8 4.8
8.6 7eB 263 1.9 4.8 1.9 05.l
6ol 640 346 1e8 369 247 T3
6.2 8.0 3.4 22 5.0 2.1 6.0
S5ed 448 249 349 28 2.0 648

S5e8 Te2 348 446 249 364 7.2

6e4d 7ol 3.9 5.1 3.1 2.5 5.3
Se7 246 247 2.8 4e4d 4.8 5.5
6.0 1.9 2.0 2.8 4.5 4.4 5.4

4.7
263
4.5
4.6
Sel
3.0
1.5
37
2.4
2.6

3.0

6ol
466
6.0
3¢9
7.0
6e9
548
4.7
5.6
6e6

4.9

249
3.0
4.6
4.9
5.1
S5ed
4,0
4.6
55
5.8
6.0

Uropepsinogen Units/Hour.
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UROPEPSINOGEN OUTPUT IN 10 MALES WITH

DUODEIAL ULCERa

Patient's No.

Dayss 1 2 3 4 5 6 7 8 o 10,
1. |3e3 1lsl 7.l 2.5 83 7.0 12.1 8.5 13.2 8.1
2, [Bsl 4.9 643 Bul 5.5 Te5 647 5.9 13.0 843
5. 540 6.8 11ed 4.9 5.9 6.5 6.8 13.4 6.1  Bed
4, |4.9 6e8 14.0 4.7 10.9 Ted 949 17e9 647 Te6
5¢  |448 6.0 8.2 Bed 742 1042 11.6 153 644 646
6o |4e2 5.8 10.8 10.2 4.7 1045 2242 2448 6.9 1645
Te  [Be6 5.7 644 2.7 2.8 10.8 38.8 10.3 5.8 10.3
Be  [Bel 649 6.7 3.6 1244 9.8 20.6 1643 11.6 747
9.  [2.2 7.0 13.1 7.4 7.2 11.1 406.2 8.4 10.3 21.2

1Ge 4.0 6.8 11.1 10.1 5.2 10.3 36,1 8.6 10.3 7,1

Uropepsinogen Units/Hour.
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UROPEPSINOGEN CUTPUT IN 10 NORNAL FEMALES.

Patient!s No.

Davse 1 2 3 4 5 6 7 8 9 10

1. 0e9 366 6.0 441l 5l 740 5ed 5e7 29 442
Co 0e8 5.0 643 246 4o7 6.1 241 648 0.9 3.0
Se Le6 4ol 3¢l 4.0 5.0 4.8 4.7 T3 2.0 2.6
4. 2¢5 4¢3 4e8 348 G4 664 4e5 T.0 1le4d 2.7
S5e Ce€ 4o7 446 4.3 442 243 3.9 2.9 3.6 2.9
6. Sel 40 5Be2 249 446 5.l 440 6.4 3.1 3.4
Te Se4d 349 547 5.0 3.8 546 6.1 51 1.0 1.9
8¢ | 1.2 543 2.9 3¢9 3¢7 548 248 5.0 1le2 2,1
Qe | L1le8 448 348 341 2.9 37 2.0 5.8 1l.4 4.0
10. 2el 244 6.1 367 40 644 3e7 TS 1.0 3.4
11. 2eQ 349 663 346 4ded 29 2.9 642 0.8 4,1
12, 3.0 268 47 241 348 345 448 5e7 3.1 2,8

Uropepsinogen Units/Houre
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UROPEPSINOGEN OUTPUT IN 10 FEMALES WITH

DUODENA L. UIC ERe

Patient's Noe

Days _ 1 2 3 4 5 & 7 8 9 1o,
1o | 447 11.3 4.5 5.5 1.0 6.1 5.3 3.9 10.0 2.8
20 | 9.0 Bul 5.3 9.8 1.8 4.8 3.9 3.2 9.2 2.9
3. [11.5 1145 1.7 10.4 243 4.0 7.1 2.9 9.1 3.4
4, | 3.5 6.3 1.9 6.7 1.2 10.0 6.4 4.0 8.7 5.1
e | 647 946 6u8 848 Bul 445 647 446 1043 4.6
6o | 9.9 5.8 3.9 1149 2.6 8.3 645 5.1 11.6 5.0
7o | 45 7ed 4.1 16.6 3.0 9.1 9.0 2.8 5.8 2.8
8. | 349 1040 3.2 20,1 444 11.6 4.5 3.4 4.9 3.4
9. | 445 15.7 1.1 4.3 2.9 10.2 5.7 2.9 6.2 6.4

10. | 642 8.7 Bed 947 1.7 5.9 5.0 6.3 6.5 3.6

11e | 903  9¢8 1o4 647 1.8 Ted 6.1 5e4 Tk 2.7

12, | 9.6 10.0 5.2 5.4 642 5.8 2.3 5.1 2.4

Urepepsinogen Units/Hour.
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&
&,

UROPEPSINOGEN OUTPUT IN 25 FEMALES BEFORE AND

AFTER DELIVERY.
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Patient No. 1.
Before Delivery After Delivery.
Uropeps. Uropeps.
Day Units/Hour. Day Units/Hour ¢
24 . 14.1 1. 6.0
23 . 20.4 2. 2.8
22 . 12,0 Se 3¢9
21 . r .3 4, 10.8
20 . 15.1 S. 5.4
19 . 12.0 6. 76
18 . 11l.7 e 9¢3
17 . 12.3 8. 10.9
16 9.8 e » 9.8
15 . 946 10, 6.4
14, 946 11. 5.7
13 . 10.1 12. 9.8
12 . 1045 13. 10.7
11 . 9.3 14. 6.1
10 . 11.4 15. 6.9
9. | 10,3 16. 9.7
8. 945 17. 6.2
7 e 8.2 18. 6e3
6 845 19. 7.8
Se 11.4 20. 6.4
4, 12.3
Se 8.5
2e 11l.3
1. 11.4
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Patient No. 2.

Bofore Delivery

After Delivery

Uropeps. Uropepa.
Day Units/Hour. Day Units/Hour.
176 4.4 1. 5.8
16. 6.0 2. 546
15, Ted Se Se¢5
14. 6.2 4. 9.2
13. 5.0 5. 3.8
12, 1243 6. 7.4
11. 6.4 Te 7.3
16. 7e4 8. 4.9
9. 8.9 e 4.0
8. 9.7 10. 5.7
7e 10.4 11. 56
é. 1365 12, 7ed
5. 11.8 13. Te7
4. 1le4 14. 5.8
Se 9e2 15. 5.6
2. 9e5
1e 10.1
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Pationt No. 3,

Befare Dellvery After Delivery
Uropeps. Uropeps.

Dy Units/Hour Day Unis/Hour.
22, 10.2 | 1. 362
2l . 9.1 2. 4.8
20 643 3. 10.2
19. 7e3 4, 8.0
18, 8.1 5. 10.4
17, 6ed é. 9.8
16, 745 7e 10,6
15. 11.0 8. 9.5
14. S5el 9. 13.6
13. 6.8 - 10. 5.7
12. 846 11. 13.1
1l1. 9.3 12, 11.3
104 6.1 13, 5.9

9. 5.8 - 14, 746

8. 6e5 15. 5.4

7o 55 16. 7.1

6. &4 |

5e 7ed

4. 14.8

3. 7.1l

24 87

1. 5.8
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Patient No. 4.

Before Delivery After Delilvery
Uropeps. Uropeps.
Day Units/Hour Day Units/Hour .
21, 6.4 1. l.0
20. Sed 2. 2.3
19, S5e¢d Se 245
18. 7.8 4, 1.9
17. 7.3 Se 3.6
16. 3¢5 6. 742
15. 4.0 7. Se5
14. S¢6 8. 6.8
13, 3.8 9. 7e4
12. 445 10. 8.3
11. 443 11, 3.3
10, 2.7 12. 2.1
9, 5.6 13. 1.0
8. | 4.1 14. 0.8
7o 11.7 15. 6.9
6. 8¢5 16. 0.8
5. 4.1 17. 1.5
4, | 445 18, 2.1
Se 4.6 19. Oe9
2. 7.3
1. 3.4
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T3y

Patliont Noes 5

Before Delivery ?EF After Delivery
Uropeps. Uropeps.
Day Units/Hour Day Units/Hour
25, 8e2 le 2.9
22, 11.0 2. 3.1
21. 7ed S 2.3
20, Se1 4. 4,0
19, Ge'7 5. 2.7
18. 646 6. e 9
17, 5.1 7. 1.5
16, 68 8. 1.7
15, 3¢9 9, 3.0
14. 3.0 10. 2.8
13 4.0 11. 1.9
12, 6.5 12, 144
11. 3.8 13. D7
10. 3¢9 _ 14, 4.6
e 4.0 15. 2e5
8. 37 16. 2.9
7 541 17. 3.0
6. 4.4 ‘ . 18, 4.0
5 72 19. 1.9
4. 4do4d 20 245
Se 6.1 21, 2.6
2e 6e7 '
1. 7.0

e —————— e S s
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Patient No.

Ge

Before Delivery

After Delivery

Uropeps. Uropeps.

Day Units/Hour Day Unlts/Hour
24, 2D 1. 4.9
23, 2e6 24 4.6
22, 445 3. 5.0
21. ic.1 4, 5¢3
20. 8.3 Se 5.4
19. 4.6 6. 4,3
18. 7.1 7. 4.1
17. 6.0 8e 646
16. 56 . 7.4
15. 7eS 1a. 666
14. 4.7 1l. 68
13. 5.0 12, 66
1z, 467 13, 67
11. 448 14, 3ol
10. 563 15. S5ed

9. 6e7 16. 643

8. 5e¢5 17, 4o7

7. 443 18. 4.8

6o 4.8 19, 5.1

5. 7e2

4. 6.4

Se 7.5

2. 8.0

1. Oe4k




149

Pationt oe 7o

Before Delivery After Delivery
Uropeps. Uropeps.

Day Units/Hour Day Units/Houn
20, 5.1 1. 3.0
19. 4.8 2. 4,6
18. 5.3 Se 245
17. 4.4 . 4. 2.7
16, 3.7 S. 3.1
15. 3¢ O 6. 2.8
14, 4.0 7. 4.6
13, 2.0 | 8o 5.0
12, 2.9 : 9. 4.9
11. 3.1 10 .3
16. 447 | 11. 6.1
9. 544 12, 4.5
8. 6.0 13, 6.0
7. 3.9 14, 2.9
6. 4,7 15. 5.4
Se 4.2 16. 3¢l
4, 643

Se 4.0

2. 2.6

1. 6.1
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Patient Noe 8.

Before Delivery After Dellvery
Uropeps . Uropeps.

Day Units/Hour Day Units/Hour
224 le5 1. 1.3
21. 167 2. 12
20, 1.3 Se 1.9
19, 1.9 4. 2.9
18. 3.1 S. 2.7
17. 2.C 6o 1.6
16, 1.9 7. 3¢1
15, 145 8.: 2.8
14, 1.0 9.. 1.9
13. Sed 10. l.6
12. 25 11. 1.7
1l1i. 2.1 12, 1.0
1G. 2.8 13.. 0e9

e 1.9 1l4.. 2.7

8. l.6 15. 2.3

7. 2.3 16. 1.1

6. 1.7 17. 1.6

5. 1.5 18. l.4

4. 1.0

Se Sl

2. 2.6

1. 1.6
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Patient No.

9.

Before Delivery

After Delivery

Uropeps. Uropeps s
Day Unilts/Hour Day TUnits/Hou
22, 6.0 1. 1.2
2. 5.4 2. 6.4
20. 6.1 3. 3.1
19. 643 4. 3.6
18. 5.9 5. 2.9
17. 10.5 6. 2.6
16. 8.3 7. 5.4
1s. 6el Be 6.1
14. 6.9 Qe 5.8
13. 7ed 1o. 642
1z, 446 1l1. 3.8
11. 5.0 12, 444
1G. 6.2 13. 4.6
e 742 14. 3. 9
8. 5.0 15. 4.0
7. 3.6 lé. 5.0
6. 4.1 17. 4.6
5. 5.8 18. 3.1
4. 2.1 19. 65
Se 6.0 20. 5.4
2. 345
1. 346
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Patient No., 10,

Before Delivery After Delivery
Uropepse Uropeps.
Day Units/Hour Day Units/Hour
224 2.7 1. 1.1
2le 25 2. 1.0
20, 3.7 e 3¢6
19, 2.7 4, 362
18, 3¢d S 1.2
17. 340 ' 6. 145
16. 3e2 e 1.9
15, 3.6 84 3.1
14, S3e9 9, 1.8
13. S5 1c. 1.6
12. Se 4 11. 1.6
11. 346 12. 52
1G. 4.0 - 646
e , 2.5 14. 5.1
8. 346 15. 5.0
7e 4.4 16. 5.9
6. Se4 4 17, 3.9
5. S8 18. 246
4. 3.7 o 19. 6.1
3. 1.0 20, 5.0
2. 1.2 21. Sed
1. 1.5
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Patient No. 1ll,

—
Before Delivery After Delivery
Uropepse. Uropeps.

Day Units/Hour Day Units/Hour
244 7.9 1. 8.6
23 7.0 2. 6ed
22, 7.1 Se 63
21, 4,6 4. 6ed
20, 949 5. 4.2
19, 75 6. 54
18. 7.6 7. 646
17. 10.5 8. 4,6
16. 12,2 9. 5.0
15. 643 10. 1.2
14, 8.5 11. 4e3
13. 6ed 12, 4o
12, 3.1 13, 5e4
11. 6.9 14. 6e3
10, 6.1 15, 6e2

Oe 645 16. Se5

8. 72 17. 1.1

7. 75 18, 52

6. 9.1 19, Sel

5¢ 2.1

4, 246

3. 4.4

24 5.0

1. 549 —
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Pa.ti@nt NO. 12,

Before Delivery After Delivery
Uropeps. Uropeps.

Day Units/Hour Day Units/Hour
17. 201 1le 1.6
16. 5.1 2. 2.5
15. 4.0 e 4.4
14. 445 4. 4.6
13. 65 Se 2.6
12, 10.6 . 6. 2.9
11, 9.3 . 444
16G. 6e7 8e 1.2

94 6.8 9. 0.5

8. 9.1 10. 1.9

7. 113 11, 648

6. 3ed 12, 1.6

5. 59 13, 15

4, 9.6 14 7.0

3. 10.1 15. 7ol

2, 5¢3 16 643

1. 3.4 17. 3.2

18. Se7
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Patlent Noe 13

Befare Delivery After Delivery
Uropeps. Uropeps .
Day Unitas/Hour Day Unit s/Hour
224 Sed 1. Ced
21, 346 2. 1.6
20, 4.2 3. 245
19, 3.2 4, 067
18. 2.5 5. 445
17. 37 6e 1.2
16. 3.6 7. 348
15. 3.8 8. 1.7
14. 642 9, 3.l
135. 5.0 10. 0.9
12, 5.4 11. 2.9
11, 3.6 12. 53
10, 37 13. 6e3
9. 5e1 14, 5.7
8. 32 15. 548
7. 3.6 16. 5,1
6. 642 17 2.8
Se 3.4 i18. 55
4, 0.9 19« 647
3. 1.1 20, 63
2. 1.2
1. l.4
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Patient No. 14.

Before Delivéry After Delivery
Uropepse Uropeps.

Day Units/Hour Day Units/Hour
l16. 5.6 1. 5.1
15, 7.1 2. 5.0
14, v7.2 Se 546
13, 8.3 4. Ge7
12, 1446 5 6.3
1l. 13.1 Ge 9.0
10. 9.0 Te 8.2

e 8¢5 8. 6e"7
8. 1045 9. 242
e 7.3 16, 5.3
6. 7 e6 11, 7.4

5. 7.5 12, 7.5

4. 1046 13. 6.1

3 1049 1l4. 8.1
2. :}1.0 |

1. 11.3
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Patient No., 15

After Delivery

Uropeps.

Day Units/Hour

Before Delivery
Uropeps.
Day Units/Hour
20, 6e3
19. 6.6
18. 746
17. 845
16. 6e5
15. 5e4
14. 87
13. 9.8
126 969
11. 1647
10, 11.3
9. 1044
8. 846"
7e 9.3
Be 1144
5 1.7
4e 12.8
3e 13.1
2. 15,0
1. 12.4

1.
2,
Se
4.
5.
6.
7.
8.
Qe
10.
1l.
12,
13.
14.
15.
16.
17,

446
4.5
3.1
4.9
5.1
3ok
3.6
3.9
4.9
3.7
12.8
54
648
743
4.6
9.1
7.6
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Patient No. 16.

Before Delivery After Delivery
Uropeps. Uropeps .
Day Units/Hour Day Units/Hour
17, 2.9 1. 1.5
16, 1.6 2, 1.0
15. 1.9 3 1.7
14. 1.7 4, 2.8
13. 248 5. 3e5
1z2. 5e4 6 342
11. /4.3 7. 4.6
10. / 667 8. 6.0
Do 642 9. 465
8. 4.8 10. 3.6
7 3.1 ll.. 2.8
6. 2.9 12, 2.9
5. 3.0 13, 3.1
4, 544 14. 4.6
3. 2.1 |
%4 4.7
1. 3.5
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Patient Noes 17.

Before Delivery

Af ter Delivery

Uropeps. Uropeps e
Day TUnits/Hour Dey Units/Hour
19. 3el l; 1.0
18. 2.5 2. 3e4
17, 1.1 Se 4.1
16. 1.6 4. 4,0
15. l.6 5. 3.8
14, Se & 6o 249
13. 3.2 e 3.0
12. 1.6 8. 5.4
11. 4.7 9. 3.2
10. 544 10. 3.4
9. 3.6 11, 4.1
8e 3.0 12. 27
7. 3.4 13. 3.0
6 2.7 14. 2.8
54 1.6 15 1.6
4. 4.7 16. 5.7
3 2.9 17. 5.0
2. 3.0 18. 4.1
1. 4.6
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Patient No. 18.

Befare Deliwery After Delivery
Day gigsgfgaur Day gggfi?ﬁéur
19, 13.8 1. 1.7
18. 14.0 2. 73
17, 6e4d Se 9.1
16. 745 4o 943
15. 8e3 5. 14,2
14, Qe1 6. 6ed
13, 3e2 7o 4.2
1Z2. 37 8e 5.1
1l. 6.5 e 4,3
10. 67 10. 642
Oe 12.0 11. 9.1
8. 645 12, 4.1
7e 763 13. 32
6o 649 14. 58
54 7.0 15, 746
4, 11.1

Be 9.3

2e 7.2

1. 6e5
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Pationt No. 19,
Before Delivery After Delivery

Day gﬁiﬁ :I}?I t.:ur Day gzxigf:%s:h;tm
2. 442 1.0
20. e 0.7
19, 3ol 0.5
18, 846 1.2
17. 4,1 048
16, 3.0 049
15, 4.6 3e2
14, 1.6 2.8
13, 1.7 049
12, 346 1.0
11, 2.3 246
10. 1.7 243
9, 3.6 1.7
8. 3.9 0.6
Te 4.1 Oe4
6o 1.4 049
5. 0«5 1.1
4. 045 le4
e 046 0.9
2. 1.3

1. 0.9
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Patient No. 20,

Before Deliver y After Delivery |
Uropeps. Uropeps.
Dey Units/Hour Day Units/Hour
18, 8.5 1.8
17, 845 049
164 7.9 1.3
15, 7.1 1.0
14, 842 2.9
13, 4.1 3.1
12, 4,3 1.9
11, 243 2.4
10 4.1 149
e 2.0 - 047
8. 2.9 1.8
7. 3.0 ‘1.6
6 1.7 '3.0
5e 1.5 23
4. 2.1 1.3
3o 1.6 1.6
2. 1.9 ‘2.0
1. 0.7 ‘2.1
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Patient Noe 21,

Befewe Delivery

After Del ivery

Uropeps. Uropeps.
Day Units/Hour Day Units/Hour
16. Se'7 1. 76
15. 5.0 2e 78
14. 4.9 Se 7e3
13. 542 4. 769
12, 5.1 Se 1G 46
1l. 4,7 Ge 6e2
.10, 4,2 e 5.2
e 5.1 Be 506
8. 4.9 Oe 10.6
7. 4¢3 10. 9.1
Ge Sed 11. 84
Se Sed 12, 1046
4. 2.9 13, 1042
Se 2el 14. 10.8
20 Se6
l. 0.5
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Patlent Noe. 22

Before Delivery After Delivery
_ Uropeps. Uropeps.
Day Units/Hour Day Units/Hour
21. 1.5 1. 3.5
20, 1.2 2. 4.7
19. 045 3. 3.8
18. 1.9 4. 5.0
17. 2.1 5. 5.8
16. 1.5 6. 2.7
15. 5.2 7e 2.9
14. 5.1 8. 2.6
13, 303 9. 547
12, 4.6 10. 3.1
11. 4.5 11. 4.0
10. 544 12. 2.8
9. 3.9 13, 4.5
8. 643 14 6.0
7. 646 15, 6.1
6e 4.1 164 4.6
5. 4.7 17. 2.9
4. 646 18. 4,2
3. 6.9 19. 4.1
2. 2,2
1. 543
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Patient No. 23.

Befare Delivery After Delivery
Uropeps. Uropeps. -
Day Units/Hour Day Units/dour
19, 645 1. Bed
18, 5.9 2. 9.7
17. 6.0 Be 1061
164 643 4, 9.2
15. 7e8 5. 8.8
14. 9.1 6. 9.3
13, 12.8 s 10.7
12. 14.2 8e 11.2
1. . 5.1 9. 8.4
1C. 9.2 10, 6.1
9. 12.2 11, 5.0
8. . 12.3 12. 4.9
7 9.4 13, 5e3
6. 13.1 14. 11.1
5. 9.7 15. 10.2
4. 11.9 16. 9.7
3. 11.8
2. 10.5
1. 9.7




166

Patient No. 24,

Before Delivery After Delivery
Uropeps. Uropepse
Days Units/Hour Days Units/Hour
17. 8e5 1. 6.0
16. 2.6 2. 8.6
15. 2,9 Oe 83
14. 8.5 4, 8.9
13. 646 5. 942
12. 8.6 6. 6.4
11. 6. 9 7 7.3
10. 7.1 8. 13.4
e Ted Qe 7e3
8. 745 10. 2.6
7e 137 11. 6.9
6. 769 12, 6e7
5. 8.0 13. 646
40 1044 14. 75
S 10.5 15, 4.8
2. 8. 16. 1643
1. 8.0
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Patisnt No.

25

Before Delivery

After Delivery

Uropspse Uropsps.
Days Units/Hour Days Units/Hour

20. 64l le 4.6
19. 547 2. 4.6
18, 643 3. 5.0
17, 7.1 4. 5¢3
16. 7 ok 5. 6.2
15. 940 8. 5.9
14, 9.3 7. 4.7
13. 4.2 8. 943
12. 4.6 9. 10,1
il. 5.1 10. Bed
10. 5.0 1. 642

9. 9.6 12. 647

8. 11.1 13, 5.9

7.  10.3 14. 6.0

6. 4.8 15. 8.2

5, 743 16. 9.1

4. 6.2

3. 3¢5

2. 2.1

1. 2.0
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25 WoMEN . BEFORE AND AFTER DELIVERY.

Uropepsinogen (units per hour).

Befare Delivery After Delivery
Patient Mean Standard Error Mean Standard Error
of Mean of lNMean
1l 11.32 +0.83 743 +0.52 =%
2 8679 ~C.65 5495 ~064C ==
3 772 C 47 8.50 0.76
4 5.25 0425 3.5 0.57 &=
5 5.57 0.35 2.8 G.19 R¥
6 5.71 0435 5445 0«26
7 4.36 0.26 4,28 G $37
8 2.00 0l.l4 1.87 0.17
10 3.09 C.19 3435 0.40 J
11 674 049 5.C6 Oedl = |
12 6.68 0.69 Se54 0.50 ==
13 3e54 0.32 3464 0.48
14 9,38 0461 Be37 0.46 =%
15 9469 0.54 5461 060 ==
16 3.71 039 3427 0.36
1% 3604 0.28 3.51 028
18 8.05 G 67 6 ¢37 0.82
19 2..80 0.42 1.31 Gel9 =%
20 4,02 G+65 1.87 Oel4 =%
21 4,06 3 JC T 8424 0.62 =X
22 3.80 C.41 4,16 0.29
23 8485 0 .67 8.32 G.63
25 6,34 0«58 6e55 0.48

One # denotes significant differencee.

Two ®%'s denote highly significant difference.

Thus of the 25 patients 11 showed positie differences
which were signiflcant, 1 showed a significant
negative difference, and 15 showed differences whiahb
were not significant.
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APPENDIX TO PART IV,

GASTRIC AGID SECRETICON FROM HEIDENHAIN POUCHES
IN DOGS DURING PREGNANCY AND EACTATION.

MIHREADWGS OF VOLUME, CONCENTRATION IN
CLINICAL UNITS AND OUTPUT IN MEQ.
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GASTHIC ACID SECRETION IN DOGS DURING PREGNANCY

AND TACTATION.

DoG I.
Day Vol. C.U, MEq. | Day Vol, c.U. MEdG .
NG PRE-PREGHANCY . 28 25 26 0.65
CONTRO L. 29 30 12 0.36
30 29 27 0.78
PREGNANCY. 31 25 <5 0.62
32 39 27 1.05
1 50 20 0.60 33 31 29 0.89
2 o1 55 1.20 34 30 30 0.90
S 29 15 0.44 35 40 25 1.00
4 45 25 1.13 36 25 o7 0.92
5 35 =27 0.95 o 23 42 0.96
6 51 20 1.02 38 25 41 1.02
7 35 22 0.75 39 26 62 2,01
8 33 23 0.76 4G _7 51 1.37
9 40 30 1.20 41 =8 52 1.45
10 45 20 0.9 42 25 ¢ 1.25
11 63 25 1.80 43 20 11 0.22
12 35 20 0.70 44 26 41 1.06
13 26 28 0.73 45 29 40 1.16
14 217 29 0.74 46 31 40 1.24
15 43 30 1.29 47 29 27 0.78
16 40 56 1.20 48 35 52 1.82
17 S0 Sl C.93 49 30 40 1.20
18 26 25 G.65 50 o2 74 2.36
19 40 32 1.28 51 53 856 2.80
20 26 19 G.49 52 o4 58 2,00
21 25 15 0.38 53 36 70 2.10
22 30 12 0.36 54 35 45 1.587
23 25 15 0.38 55 54 44 1.49
24 45 20 0.90 56 29 64 1.86
25 30 2 0.06 57 M 69 255
26 35 10 0.35 58 42 61 2.56
27 52 12 0.38 59 47 80 5476




17

v01o CeUs N[qu Da}] Vol. C.U. MEQ.
DELIVERY. PUPS WEANED.
Bactation. Post-Pregnancy control.
34 52 1.77 88 60 20 5.94
62 28 l1.74 89 50 91 4455
82 56 4,59 90 25 .63 1.51
74 62 4,39 91 32 4 2637
83 70 5.84 g2 34 88 2499
50 80 4.00 93 38 90 5442
60 78 4,68 94 26 76 2.03
52 89 4,62 | 95 22 45 0.99
63 60 3,78 | 96 23 59 1.35
50 7C 3450 o7 35 30 1.05
85 63 5,36 98 25 34 0485
44 79 3448 2% 42 61 2456
95 80 7.60 100 42 55 2431
5C 81 4,05 101 48 46 2420
50 81 4,05 102 58 63 3465
66 114 752 164 50 49 2045
71 85 6.04 104 50 45 2425
54 75 4,05 105 77 72 5e45
53 76 4,03 106 52 58 3.00
64 83 5.31 107 37 35 1.19
42 71 2.98 108 40 17 0.68
55 69 3.80 109 35 20 0.70
75 94 705 11¢ 40 18 0.62
80 o1 7«28 111 44 29 l.16
74 76 5.62 112 50 20 1.00
6C 95 5,70 115 49 20 0.98
84 90 7 « 5C 114 20 25 0.50
64 101 6450 115 25 30 0.75 |
116 30 26 G.78 |
117 35 28  0.98 |
118 38 20 0.76
119 36 47 1.69
120 38 25 0.95
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. GASTRIC ACID SECRETION IN DOGS DURING PREGNANCY AND

LACTATION o
DOG II.
Day Vol CJU. MEQ . Day Vol. CeUs MEQ,
PRE~PREGNANCY CONTROL., PREGNANCY.
1 70 25 1.75 32 60 44 2.64
2 50 33 1.16 33 40 20 0.80
3 50 22 1.10 34 55 22 1.21
4 50 30 1.50 35 5Q 56 2,80
5 55 32 1.76 36 30 5 Oelb
6 35 44 1.54 37 55 4 0.22
7 45 36 l1.62 38 54 5 0.27
8 45 4¢ 1.80 39 53 o 0]
9 80 40 2.00 40 50 O 0
10 38 40 1l.42 41 82 0 0
11 50 43 2.15 42 50 6 0
12 45 45 2.03 43 63 o C
13 35 44 1.54 44 50 0 4}
14 60 28 1.68 45 60 10 0.60
15 45 42 1.89 46 55 0 0]
16 50 12 .60 47 60 0 0O
17 50 15 0.75 48 80 28 2e24
18 45 22 1.00 49 50 30 1.50
19 90 10 0,90 50 52 22 l1.14
20 60 5 0430 51 50 i7 0.85
21 88 206 1.76 52 54 48 2,59
22 65 10 0.65 53 45 42 1.89
23 85 8 0.68 54 56 45 2.52
24 80 14 1.12 515) 58 48 2,78
25 60 16 0.96 56 81 64 5.18
26 56 15 0.84 57 60 54 3.24
27 50 10 0.50 58 58 50 2.90
28 60 22 1,32 59 50 10 0.50
29 55 24 1.32 60 80 46 3468
30 40 28 l.12 61 50 40 2.00
31 55 22 l.21 62 60 54 3.27
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106 20 10 0.20

Day Vol. C.U. MEQ . Day Vol. C.U, MEQ.
65 55 52 1.66 107 50 20 1.00
64 65 52 5438 108 18 0 0
65 30 21 G.65 109 60 9] 0
66 50 45 2425 1li¢ 92 10 0.92
67 55 42 2431 111 53 5 0 +26
68 50 45 2425 112 78 0 0
69 70 48 5436 113 88 24 1.38
70 75 50 3475 114 68 20 1.36
71 70 52 3.64 115 69 24 . 1.66
72 40 54 2416 116 61 5 0.5%
73 50 30 1.50 117 74 0 (o)
74 45 32 l.44 118 91 24 2,18
75 32 30 0496 119 73 10 0.73
76 50 28 1.40 120 94 12 1.15
77 72 54 5489 121 80 15 1.20
78 60 40 2e40 PGST-PREGNANCY CONTHD L
79 75 48 5460
80 7¢ 50 3¢50 122 70 10 0470
81 63 52 S3e2 125 68 8 G.52
82 50 46 2430 124 80 5 0.40
83 62 45 2479 125 73 10 0.73
84 45 45 2403 126 71 8 0.57
85 55 5 2475 127 89 20 1.78
86 70 50 3450 128 71 10 0.71
87 70 48 3436 129 32 10 0.32
88 53 32 1l.70 1350 30 12 0.36
89 60 54 Se24 131 68 15 1.04
o0 50 60 3.00 132 70 28 1.96
o1 60 32 1,92 133 60 8 0.48
92 48 - 80 240 134 70 10 0.70
93 47 80 376 135 90 7 0.63
‘ 136 40 0 0
DELIVERY. 137 79 26 2405
138 81 34 2,28
Suppressed Lactation. 139 60 26 1.56
' 140 72 25 1.80
94 140 44 6416 141 80 42 5436
95 70 32 2424 142 60 40 2440
96 60 40 2440 143 70 5 035
o7 75 50 3475 144 85 9 0,77
98 50 20 1.00 145 60 156 0.90
99 58 1¢ 0«58 146 90 33 2,97
100 60 o 0 147 63 25 1.58
10l 45 0 0 148 65 10 0.65
102 50 5 0.25 149 85 8 0.68
103 45 8 0.36 150 65 20 1.30
104 48 20 0.96
105 28 S5 0.14
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GASTRIC ACID SKECRETION IN. DOGS DURING PREGNANCY
AND FTACTATION.

DOG III.
[ Day Vole C.Us  MEZQa Day  Vole CeUe MiQe
PRE~PRIGNANCY CONTROL. PREGNANCY.

1 30 40 1.20 42 30 12 0436
2 60 49 2.90 43 28 10 0.28
3 55 48 2.64 44 37 30 1l.21
4 50 46 2430 45 40 20  0.80
5 40 61 2.44 46 35 20 0.70
6 55 20 1.060 47 26 30 0.78
" 60 20 1.20. | 48 28 29 0.81
8 63 16 063 49 30 22 0,66
9 45 40 1.75 50 31 17 0,53
10 70 6 0.42 51 35 30 1.05
11 53 6 0432 52 23 16 0,37
12 75 10 0.75 53 27 20 ©.54
13 40 10 €.40 54 34 25 0.85
14 35 25 0.85 55 26 20 0,52
15 40 10 0.40 56 20 30 0490
16 40 10 0.40 57 38 32 1.22
17 45 20 0.90 58 27 25 0.67
18 56 4 0.22 59 29 26 0475
19 45 18 0481 60 13 36 0.46
20 47 0 o 61 28 22 0,62
21 25 4 0.10 62 30 30 0.92
22 45 20 0,90 63 25 14 0.35
23 12 10 0.12 64 32 20 0.64
24 50 10 0.50 65 29 26 0.65
25 30 14 0.42 66 30 31 0.91
26 30 40 1.20 67 34 30 1.02
27 20 10 0+20 68 25 20 0.50
28 30 46 1.38 69 28 22 0,62
29 40 22 ¢.88 70 20 36 0,72
30 35 12 0.42 71 28 20 0,56
31 30 14 0.42 72 35 10 0.35
32 35 4 c.1l4 73 28 14 0.39
33 30 20 0460 74 28 20 0.56
34 30 30 0,90 75 24 30 0,72
35 34 20 0.68 76 50 26 1.30
36 35 20 0.70 7 30 26 0.78
37 36 10 0.36 78 50 28 1.40
38 30 10 0 +30 79 40 44 1,76
39 37 5 0.18 80 50 40 2,00
40 30 8 0.24 81 35 30 1.50
41 25 10 0.25 82 50 24 1.20

I S,




Day Vol, CeUe MEQ Day Vol. CeUs MEqe
83 50 35 1.70 121 30 10 0.30
84 48 25 1.20 122 50 20 1.00
85 40 30 1.20 123 40 5 0.20
86 50 40 2.20 124 50 7 0«35
87 70 46 3420 125 48 8 0.38
88 50 36 1.80 126 40 18 0.72
89 48 30 l.42 127 65 18 1.17
90 50 50 1.50 128 50 28 1.40
91 65 40 2460 129 40 34 1.36
92 60 42 2,52 130 43 12 0.52
93 61 50 3.50
94 48 50 2.40 POS T=PREGNANCY CONTRO
95 30 56 1.68
96 52 68 5454 132 45 20 0,90
97 50 65 325 133 20 40 0.80
98 50 44 1.3%4 134 20 8 0.16
99 50 50 2.50 135 18 5 0.09
100 60 68 4,08 136 30 5 0.156
101 48 36 1.73 137 20 0 0
102 30 20 0.60 138 25 (0] 0
103 35 15 0«53 139 15 G 0]
: 140 25 0 0}
DELIVERY. 141 28 0 0
142 40 20 0.80
Suppressed Lactation. 143 60 0 ¢
144 18 0] (4]
104 62 71 3.95 145 20 0 0
105 24 24 0.58 . 146 30 o 0
106 40 36 1.44 147 36 10 0.36
107 38 - 12 0.46 148 15 0 0
108 10 5 0,05 149 39 0 0
109 32 28 0.90 150 35 0 0
110 30 16 0.48
111 8 o 0
112 20 28 0.56
113 20 25 0.50
114 30 26 0.78
115 25 26 0466
116 35 25 0.87
117 40 10 0.40
118 60 5 0.30
119 65 26 1.69
120 48 8 0,38

.
R =
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APPENDIX TO PART V.

EFFECT OF CASTRATION ON GASTRIC ACID SECRETION
OF PEMALE DOGS.

DAILY READINGS OF VOLUME, CONCENTRATION IN CLINICAL
UNITS AND OUTPUT IN ukEdqe.

(a) IN 7 DOGS BEFCRE AND AFTER CASTRATION

(b) IN 4 DOGS BEFORE AND AFTER TAPAROTOMY
(CONTROLS) .
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EFFECT OF CASTRATION ON GASTRIC ACID
SECRETION

DOG’. NO. 10
BEFORE CASTRA TION AFTER CASTRATION
Output Output
Day Vol. C.U, MEQ. Day Veol,. GC.U. MEQ.
17 206 108 21465 1 150 135 20425
16 158 115 18,17 2 157 126 19.78
15 63 136 Oeld 3 194 134 25499
14 235 123 28.99 4 219 129 28.25|
13 192 124 244,05 5 120 140 16480
12 151 120 18.12 6 159 132 20499
11 171 131 22440 7 114 129 14,71
10 257 135 34469 8 68 99 6673
9 287 134 38.+46 9 191 121 23.11
8 252 138 34477 | 10 80 100 8400
7 200 144 28430 11 95 109 10.35
6 255 134 33497 12 45 70 Sel Y
6 250 123 30,75 { 13 35 110 348§
4 225 04 21415 14 35 120 4.20
3 192 131 25.15 15 43 107 4,60
2 191 121 23,11 16 42 - 143 6401
1 200 130 26420 17 60 100 6.00 |
18 76 82 6623
19 51 29 l.4
20 42 74 Sel
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EFFECT OF CASTRATION ON GASTRIC ACID SECRETION.

DOG No. 2.

BEFCRE CASTRA TION

AFTER CASTRA TTION

Output
Day Vol. C.U. MEQ. Day Vol. CoU. MEQ.
28 120 96 11.52 1l 250 121 30.25
27 170 118 20,26 2 225 115 25.88
26 137 104 14.25 3 220 117 2547
25 202 121 34,44 4 140 75 10450
24 162 113 18.80 5 286 117 38446
23 195 112 21 .84 6 163 94 15,32
22 295 125 36 .87 7 177 9¢ 15.9
21 230 108 24,84 8 153 77 1l.7
20 242 117 28431 9 105 67 740
19 84 58 4,87 16 164 108 17.71
18 88 94 8427 11 82 95 767
17 120 105 12,60 12 136 16@ 13.6
16 159 93 14679 13 68 61 4.1
15 153 96 14.69 14 67 77 Sel
14 166 96 15,94 15 60 71 4,2
13 183 106 19.40 16 45 33 l.4
12 180 100 18.00¢ 17 54 89 4,81
11 195 1G5 20 447 18 58 93 5¢95
10 206 o1 18.74 19 24 47 l.1
9 200 90 18.00 20 32 42 l.3
8 230 122 40,26
7 248 113 28,02
6 267 120 32 .04
5 267 121 32 ¢ 31
4 179 115 20,58
3 231 127 294,54
2 268 140 37«50
1 300 124 37 «20
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EFFECT OF CASTRATION ON GASTRIC ACID SECRETION.

DOG Noe S

BEFORE CASTRA TION

AFTER CASTRA TION

Output

Day Vol C .Ue MEQ . my Vol CeUo MEd ¢
25 96 126 12410 1 168 125 13450
24 37 118 4457 2 70 108 7¢56
23 49 103 5.05 3 4] 95 5489
22 80 126 10.08 4 42 93 S5e91
21 49 124 608 5 49 96 4,70
20 114 132 15407 6 67 161l 677
19 63 105 6e62 7 25 80 2400
18 80 126 10.08 8 43 104 4447
17 91 100 9410 9 92 106 975
16 176 118 20477 10 45 100 4,50
15 142 107 15,19 11 143 117 16,73
14 164 109 15469 12 68 91 6419
13 70 93 6e51 13 7G 1060 760
12 104 115 11.96 14 84 20 7 «S6!
11 44 70 3408 15 108 ov 10 .48
10 82 110 9402 16 109 104 llo3¥

) 104 121 1258 17 160 99 9.90

8 106 111 11.10 18 ™ 160 770

7 91 1¢0 9.10 19 53 88 4,64

6 91 1061 9.19 20 76 92 6 ¢ 99

5 166G 121 19.36

4 159 117 184,50

-3 79 108 8452

2 160 112 114206

1 101 110 1l.11
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EFFECT OF CASTRATION ON GASTRIC ACID SECRETION.

DOG No. 4.

BEFORE CASTRA TION

AFTER CALTRAYWION

Output cutput
Day Vol C.U. MEQ. nay Vol CeUs MEQe
18 45 80 506G 1l 55 89 790
17 84 47 D483 2 36 95 3642
16 68 165 Teld 3 38 85 3423
15 71 10G 7.1C 4 73 114 8432
14 82 o 7495 5 71 105 7.46
13 45 65 2493 6 83 114 046
12 74 90 6466 7 76 122 Q.27
11 92 lae 9420 8 112 122 13,66
10 69 72 4,64 9 65 106 6.89
9 62 96 595 10 120 120 14,40
8 60 63 de78 11 117 125 14,63
7 45 65 2495 12 79 115 2.09(
6 44 61 Re7G 13 89 1056 035
51 78 84 655 14 68 96 6453
4 89 96 8e¢54 15 127 117 14,86
3 1¢l 107 10.81 16 125 119 14,88
2 8l 99 8402 17 110 124 13.64]
1 55 89 790 18 165 120 19,80
19 85 1064 8.84
20 92 113 10.40
21 106 114 12,08
22 99 165 10.,39|
23 64 101 6446
24 63 102 6443
25 74 108 7.99
26 835 108 8.96
A 65 18 7402
28 53 103 5446
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CASTRATION ON GASTRIC ACID SECRETION.

DOG No. 5.

BEFGRE CASTRATION

AFTER CASTRATION

Cutput
Day Vole CeUs MEQ Day Vol. C.U, MEQ.,
17 35 99 Se4"7 1 53 92 4.88
16 42 113 4,85 2 22 79 l1.74
15 66 86 568 3 5G 88 4 ¢40
14 65 93 6.05 4 47 82 3485
13 39 o7 3478 5 52 82 4426
12 50 88 4,40 6 63 102 6443
11 36 56 2,02 7 50 88 4,40
10 42 94 3495 8 69 103 7ell
9 36 164 Se74 9 57 92 524
8 49 107 4,95 10 74 99 733
7 50 82 4.10 11 55 96 5428
6 33 6% 2421 12 4] 91 3e73
6 46 116 5,54 13 38 83 Sel5
4 38 67 2455 14 37 71 2663
S 42 115 4483 15 o4 84 2486
2 23 48 l.10 16 37 4 3.00
1l 122 106 12.95 17 53 84 4445
18 44 71 312
19 30 40 l.20
20 85 50 4425
21 72 3 1,30
22 51 o7 4,45
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EFFECT OF CASTRATION ON GASTRIC ACID SECRETION.

DOG Noe 6.

BEFORE CASTRA TLON

AFTER CASTRATION

Cutput - Output
Day Vol. CeUs MEd. Day Vol. CUe MEQ.
20 101 3l 3413 1 82 43 Se53
19 160 37 3.70 2 45 40 1.80
18 80 41 3428 3 45 35 1.58
17 80 36 2.88 4 50 35 l.75
16 76 36 2,74 5 53 5C 1.75
15 80 34 2.82 6 60 37 2e22
14 75 34 2455 7 50 42 2,10
13 - 85 58 4,93 8 5¢ 41 2,05
12 110 51 5467 9 55 53 2,92
11 96 31 2.98 1o 45 38 l.71
1G¢ 160 47 447G 11 55 45 2.42
9 10C 48 4480 12 55 55 5.13
8 80 28 2424 13 55 36 1.98
7 50 32 1.60 14 72 34 2445
6 62 35 2417 15 77 37 285
5 60 31 1.86 16 52 40 2,08
4 65 29 1.89 17 75 51 5483
3 70 41 297 18 63 38 2439
2 70 45 3e15 19 47 44 2407
1 72 40 2488 20 75 52 3490
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EFFECT OF CASTRATION ON GASTRIC ACID SECRETION.

DOG Noe 7e

BEFORE CASTRA TION

AFTTER CASTRATION

Cutput

Outpuﬁ‘ﬁ

Day Vol. CeU. MEqg. Day Vol. C.Ue MEde
20 o7 63 6401 1 118 29 Sede
19 96 50 4.80 2 85 22  1.87
18 83 40 3032 S 75 20 1.50
17 95 50 4,75 4 86 59 507
16 90 44 3.96 5 120 86 10.32
15 12¢ 41 4,92 6 70 32 2.24
14 90 37 3e33 7 70 38 2466
13 103 40 4412 8 75 29 2,17
12 100 41 4.10 9 85 12 1.20
11 96 39 Se'7l 1o 9% 46 4423
10 95 26 2647 11 94 35 329
9 80 3¢ 2440 12 8¢ 26 2,08
8 95 49 7466 13 105 36 3.78
7 103 55 8461 14 92 18 1.66
6 80 41 3428 15 94 20 2,73
5 89 24 2el4 16 130 46 598
4 160 26 246G 17 87 25 2,67
3 124 22 273 18 95 38  3e61
2 78 33 2e67 19 110 60 6460
1l 20 98 34  3é32

95 24 228
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EFFECT OF LAPAROTOMY ON GASTRIC ACID SECRETIGN.

DOG No. 8.
| BEFORE LA PARGTOMY ATFTER 1A PARGTOMY
Cutput Output
Dey Vol. CoUs MECQ. Day Vole. C.U. MEG .
17 35 99 3447 1 84 88 7439
16 42 113 4485 2 84 88 7439
15 66 86 5468 3 126 108 13,61
14 65 93 6405 4 92 96  8.83
13 39 97 3.78 5 97 91 8483
12 50 88 4440 6 7¢ . 56 3492
11 36 56 2.02 7 102 97 9489
10 42 94 3495
9 36 104 3e74
8 49 107 4,95
7 50 82 4,10
6 33 67 2421
5 46 116 5e34
4 38 67 2455
3 42 115 4.83
2 23 48 1.10
1 122 106 12.95
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EFFECT OF LAPAROTOMY ON GASTRIC ACID SECRETION.

DOG No. 9.
BEFORE IAPARCTGMY AFPTER LA PAROTOLY
- output
Da: Vole CeUoe MEQ. Day Vol CeUs MEQ.
12 S0 70 3¢50 1 66 102 673
11 56 74 4,19 2 46 68 Seld
10 75 85 6438 3 52 92 4,78
9 60 88 5.28 4 61 98 5498
8 74 o0 6466 5 77 111 8455
7 83 87 Tel2 6 86 111 955
6 69 90 6e12 7 60 96 575
53 88 100 880
4 59 85 5402
3 69 g1 6.28
e 66 63 5448
1 49 73 3458
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EFFECT OF IAPARCTOMY ON GASTR.IC ACID SECRATION.

DOG No. 10,
BEFORE 4h PAROTGMY AFPTER kA PAROTONY.
Output Gutput
Day Vol CoUa MEQe Day Vol. CeUo MEQ e
26 24 69 1.66 1 22 97 273
256 20 44 088 2 25 o8 2,45
24 22 68 1.5C 3 29 87 2452
23 20 65 1.30 4 38 106 4,03
22 24 50 120 S 19 64 l.22
21 44 85 3e74 6 74 124 9418
20 34 52 1.77 7 27 85 2,30
19 40 80 3.20
18 32 o7 3410
17 28 oG 252
16 38 111 4,22
15 40 60 2440
14 47 111 5.22
13 37 110 4,07
12 45 95 4,29
11 43 82 352
10 6C 12¢ 720
9 47 98 4461
8 53 103 5446
7 40 100 4,60
6 47 111 5422
5 38 111 4,22
4 31 8¢ 248
3 27 66 1.78
2 29 100 - 290G
1 28 100 2,80
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EFFECT OF TAPARGTOMY ON GASTRIC ACID SECRETION.

DOG Noe. 1l.

BEFORE LA PAROTOMY

LFTRR id PAROTOMY

Cutput Output
D&y Vol C.U, N.[Eq_L Daj Vol C.U, MEC],o
19 84 103 8.65 1 70 123 8,51
18 55 112 6416 2 73 108 7.88
17 46 1G0 4,60 3 85 100 8. 50
16 60 122 7.352 4 84 103 8465
15 47 o8 4,61 5 156 131 20,44
14 50 160 5.00 6 180 130 23.40
13 106 123 15404 7 69 102 704
12 706 102 7el4
11 73 168 7.88
10 61 100 6.10
9 103 121 12,46
8 67 100 6470
7 68 118 8402
6 85 1065 8093
5 69 107 758
4 40 67 2468
3 50 94 4,75
2 87 123 10670
1l 50 86 4,30




