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INTRODUCTION,

This study was originally umdertaken to determine the
clinical value of estimating pepsinogen in the urine in cases
of peptic ulcer because recent publicabtions had shown that
uropepsin (urinary pepsinogen) excretion in ulcers differed

from normal controls,

Briefly, the state of knowledge of pepsinogen when this
study was undertaken was as followss pepsinogen was discovered
by Langléy in 188l and eventuslly isolated in 1938 by Herriot
who deseribed its physico-chemical properties.. 1%t was
known to be formed in the stomach wall and mainly secreted
into the stomach where it was irreversibly changed into pepsin
in the presence of hydrochloric acid. None was reabsorbed
and this pepsin was destroyed in the alkaline small intestine.
Some pepsinogen diffused directly into the blood stream from
the peptic cells and as far as could be ascertained was lost,
till it appeared in the urine — a fact discovered by Briicke
in 1861. Its transport to and the mechanism of its excretion
by the kidney were the subject of hypothetiecal discussion
only, In disease urinary pepsinogen had been studied for
some time and the final conclusions were that it was increased
in ulcers, especially duodenal ulcers and decreased or absent

in pernicious anaemia,
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It was apparent early in this study that investigation of urinary
pepsinogen alone would be of little value in advancing the knowledge of
the normal ahd abnormal physiology of pepsinogen in the human. The
investigation was then extended to study the pathological disturbances
of urinary pepsinogen more closely, and if possible to determine what
happened to pepsinogen between the stomach and the urine. This latter
pro ject becéme pogsible after the development of & technique not
previéusly'described for determining blood pepsinogen and it was found
that pepsincgen diffuses from the peptic cells into the blood, and
circulates as free pepsinogen in the plasma. From the plasme it is
freely diffused through the body and filtered through the glomerular
membrane and then reabsorbed in the tubules of the kidney to the extent

of 65 - 95%.

This new concept of pepsinogen excretion by the kidney calls
for a re-orientation of the conclusions previously held of the

significance of the urinary pepsinogen in disease,

In this report, zn attempt is made to present the whole cycle of
pepsinogen metabolsim from its formation in the stomach to its
appearance in the urine, with normal and ebnormal variations, as a
unified concept. While in places comments or conclusions may appear
dogmatic, it is realized that this study has produced more questions
than answebs. It iz hoped, however, that a small contribution will have
been effected by this work towards a bebtter understanding of the
direction of further advances in the knowledge of the aetiology and

pathological behaviour of peptic ulcers.
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CHAPTIR I

HISTORICAT, INTRODUGTION: A SHORT HISTORY OF DIGESTION

"In the alimentary canal many wonderful processes
take place® -~ Cicero,

The origins of man's kmowledge of food and speculations on
digestion are lost in the mists of pre-history. Hippocrates
(480 ~ 377 B.C,) in De Pe-ch Heddclns stetens MLt wan Hus
necessity which men in the first stages of society must have felt
of ascertaining the properties of vegetable productions ag articles
of food that gave rise to the science of Dietetics; and the V
discovery having been niade that the same system. of regimen does not
apply in a disordered as in a healthy condition éf the body, men
felt compelled to study what changes of the aliment are proper in
diseage and it was the accumulation of facts bearing on this subject
which gave rise to the Art of Hedicine." (translated by Francis

Adams ~ 1849).

The first known views of man on health and disease, the Ibers
papyrus, dating back to 1550 B.C,, show us that the Ancient Egyptians
congidered health an ebstract ides and disease a concrete thing.

They believed that all disease originated from food and followed this
precept by regularly taking an emelic and a purgative three times a
month. They regarded hunger and thirst as poisonous substances

which forced themselves into the bedy, regquiring food and drink to



be subdued and neutralized to save the body from destruction.

Since that time, the history of digestion is in part the
history of medicine. From 1550 B.C. vat least, until the doctors
of Greece began to dominate medical thought from the 5th century
B.C., the views of the Fgyptians, the Hindus, the Hebrews and
the Chinese were rather similar and consisted of one form of

demonology or another.

The Hindu views on digestion are known from the epic Hindu
poeng and ore indirectly related to the demonological views of the
Egyptisns. These writers recognized three principsl humours wiich

resided in the body snd directed the natural digestive processes.

These humours weres
vata or wind situated between the feet and the navel;
Pitta or bihe between the navel end the heart;

Kafa or phlegm between the heart and the top of the hezad.

Kafe was dominant when the food was in the mouth, Pitta
during the course of digestion and Vata after the food in the
stomach was fully digested, and the condition of the bowels
depended on tﬁe undue dominance of one of these — Vata caused
constipation, Pitta looseness of the bowels, and Kafa a normal

action.

These writers also describe a Pachaka or fire of digestion

situated between the stomach and the smell intestines which



agsisted digestion and imparted heat to the body, and separated

the nouriching portions of the food from the de,jec.ta. The
external elements which brought about changes of - food occurrif)g

in contact with the Pachaka or digestive fire, were five in number -
ether, fire, air, earth and water., The dietetic rules of the

Hindus were extremely minute and they generally forbade meat.

The Hebrew medicine of the same period wag an off-ghoot of
the early dynastic Egyptian but in addition the dietetic rules
were far stricter and surviye in an almost unchenged form today.
The laws relating to Kashrig or Kosher food prohibit the mixing
of meat and milk and forbid the use of meat from pigs, from the
hindquarter of animals unless specially dealt with and from
animals with uncloven hoofs; they forbid the eating of fish
without scales. While some of these laws have their basis in
primitive ideas based on the supposed incompatebility of milk
and meat etc., many were based on sound public health reasons,
e.ge the forbidding of pigs! meat was based on the frequent disease

(measles) encountered in pigs.

The Chinese physiology vegarded the bile as the seat of
courage, the spleen of reason and with the assistance of the
heart of ideas; the liver as the granary of the body and the

stomach as the abode of the mind,

From an early period, the stomaBh was generally recognized

as the chief organ of digestion and much attention was paid to
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it by the earliest authors on medical subjects.

The early Greeks of the pre-Dogmatic or pre-Hippocratic era
believed that the food putrefied or was cooked in the stomach.
Anaxagoras of Clazomedae (500 — 428 B.C.) believed that the body
made use of the products of digestion by appropriating to itself

those portions most akin to it.

Hippocrates (480 ~ 377 B.C.), who was the founder of the
Rational school, believed that digestion was a process of coction

D

in which hiea®t brought out the necessary changes in the food.

Hippocrates separated the active agents of the body into four
principal bumours — blood, phlegm, black bile and yellow bile, as
other Greeks had done before him, and Heat, Cold, Dryness and Moisture
were their corresponding properties. Heat, due to the blood,
caused digestion of the food, the liver formed blood and bile and
assisbed the process of coction in the stomach by increasing the
heat, Hippocrates founded the science of dietetice and both in
the discourse on ancient medicine and in hisi aphorismg, detailed
references to diet in diseazse zbound. Thege aphorisms were the

nainstay of dietary regimes well into the 19th century (Adams 1849).

Follawing Hippocrates, who divorced philosophy from medicine,
and based his remarks on observations, partly empirically, came a
decline in the form of a re-marrisge of philosophy and medicine,
based on Plato's (427 - 347 B.C.) fanciful and speculative scheme
of physiology and pathology, which led to the founding of the Dogmatic

school, Praxagoras of Cos (circa 335 B.C.) one of that school



who recorded the firsi lmown cese of bulimia, and described the
treatment for intestinal obstruction, regerded digestion as the

outcome of putrefactive processes.

Aristotle (384 — 321 B.C.), like Hipjocrates, regarded
digestion as a process of coction in the stomach, from which
tﬁe resuliing chyle went to the heart, and he regarded the
blood flowing through the vessels as the medium by which the
nutritive material for the growth and warming of the body was

conveyede

The early Roman eve that followed believed that all the
organs of the body were supervised by special divinities who

could be appesled to if anything went wrong.

The most famous of =1l Roman physicians, Claudius Galen of
Pergamus (151 E 201 A.D.) followed about 500 years after
Hippocrates and was destined to dominate the medical world for
more than a thousand years. Galen believed that digestion of
the food was brought about by coction in the stomach; the
results of digestion went to the liver where they were turned
into blood (this belief persisted to the 17th century). The
blocd upon reaching the heart was driven to all parts of the
body and was almost entirely used up in transit in nutrition

of these parts.

Little was adced during the Dark Ages to knowledge in general

and to Medicine in particular, though the Arabic schools of



science did produce some fauous doctors from about the 9th to
the 13th centuries, none advenced the kuowkdge of digestion

in any way.

Mediesl science lagged belidnd in the dawn of the Renaissance.
Bombastus Parzcelsus (149% — 1541)(Theophrastus von Hohenheim)
-believed thot digestion was carried out in the body by a presiding
foree czllec the varcheus" which separated the nutritious from
the poisonous inéredients of the food and helped absorb the
nutriment. This it did solely by means of heat. These ideas
are reminiscent of the speient demoﬁology. liowever, let us not
linger on the theories of Puracelsus, since hig rsputation far

exceeded hig merits.

The foundations of modern knowledge of digestion were laid
by Johan von Helmont (1577 = 1644). His interest was aroused as a
young boy when he fed eparrowe and let them get hold of his tongue;
ﬁe noticed the intense acidity in the birdg'! throats. Later, he
gaw some sulphurous substance reduce his glove prnrtly to fluid and
not unnaturally he believed that the digesting agent in the stomach
was scid, He also believed that this acid wae peculiar to each

species of aninal.

In denying Paracelgus' theory of heat ug the digestive asgent
he argues that "hunger and strong und molesting digestion should be
accompanied by excesgive heat. This is not the case e.....lhen food

is brought into contect with & warm surface there is no trace of

digestion and it putrefies". (Pagel 1844). He states further that



"warmth acts in a uniform way, the specific vital ferments act
according to the exigencies of the species and living being in
question®s The vital faculty of transforming food ("vera atgue
formaliter®) van Helmont called "Ferment™ ("Eamque fermentorum nomine
designavil) and enlarging upon this states: "A digestive ferment,
therefore, has the essential power by reason of its vital acidity

of causing transmutations.

In binding up his theories of digestion as fermentation with
the doctrine of material life, van Helmont may today appear ludicrog
but he must nevertheless be given credit for being one of the first
to break through the artificial fabric of medical science erected
by Gelen and the succeeding thousand years. Sylvius, Descartes and
Willis (17the century) belonged to this new school and identified

digestion with fermentation,

Nehemiah Grew (1626 - 1711) noticed .the glands in the stomach
and in a lecture said "By the joynt assistance of the glandulous
and nervous membranes, the business of chylification seems to be
performed. The mucous excrement provided by the former, as an
animal corrosive, preparing, and the excrement of the nerve by the
latter, a5 an animal ferment, perfecting the work™. (Giliespie,1898).

Followingl the inconclugive attempts of the chemical school to
provide an explanation of digestion came those of the Iatro-gathem-
atical school of physiologists who attempted to show that digestion
(and other physiological processes) could be explained on a purely

mechanical basis. Redi(1628 - 15898), one of the leaders of this
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school, studied the mechanism of the gizzard of birds very carefully
and this suggested to him a sgimilar action by the human stomach,
Some were prepared to go to preposterous lengths and Dr, Pitcairn,
by simile with pressure exerted by the thumb, estimsted the grinding
force of the human stomach at about 5 tons and this he believed

dispensed with the "asaistance of a Daemon or a Stygian Liguor®,

The Eclectic school originating with Hermenn Boerhaave (1668 - 1738
believed in the mechanical theories of digestion and added little to

what was believed.

The system of vitalism introduced by Borden of Montpelier (1722 -
1776} and supported by Barthez (1734 - 1806) believed that a Mvital
principle® was the cause of all the phenomena of life including

digestion. This was opposed to the conception of force and matter.

Rdward Rigby (1747 — 1821) of the Phlogistic school, held that
the stomach was the seat of Wphlogistication® where free heat was

produced.

The 18th century produced firstly the observations of Reaumur
(1682 - 1757) in about 1710 who obitained pure gastric juice and found

it acid and aseptic.

An observation widely ascribed to Spallanzani in 1783, viz. the
fact that gastric juice could digest outside the body, was actually

made 5 years before by Stevens and merely corroborated by Spallanzani.

he 19th century produced o great advence in the knowledge of

digestion and this can best be shown in & chromoligical symopsis



(taken from Gillespieglega) .

1814 - Trevisanus finds a sulphocytanide in saliva.

1824 — Prout, Tiedemann and Gmelin independently discover the
presence of free hydrochloric acid in gastric secretion.

1825 — 1853 - William Beaumont®s observations through a gastric fistula.

1829 - Arnot proposes a stomach syphon.

1851 - Leuchs diséovers-the diastatic action of saliva.

1834 - Fberle prepares an artifieial gastric juice.

1836 — Schwann postulates the exigtence of pepsiny makes first
biliary fistula.

1833 — Vasmann igolates pepsina

1848 ~ Bassow and ﬁlondlot nake artificial gastric fistula in the dog.

1846 - Claude Bernard: Theory of hepatic glycogenesis, fat emulsifying
ferment in pancreas, etc.

1847 — Dubrunfaut igolates maltose.

1851 - Heintz finds the milk-curdling ferment.

1851 — Lehmann finds lactic acid in gastric content.

1882 = Bidder end Schnidt prove conclusively ‘that hydrochloric acid
is secreted by the gastric glands,

1854 - Busch finds no secretion in the small intestine in zbsence
of stimuli.

1854 — Ebstein and Gril€zner postulate the existence of pepsinogen.

1852 -~ Heissner investigates the products of the gastric digestion
of proteids.

1861 -~ Briicke discovers pepsinogen in the urine,

1864 ~ stlideler investigates the bile pigments. Thiry analyzes

Juice of small intestine by means of an artificial fistula,
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1871 - Paschutin discovers sugar-inverting ferment in small
intestine. Eichhorst shows that ferments are absent in
mucous membrane of large intestine.

1875 - Liversidge demonstrates the preserice of a zymogen of the
diastatic enzyme in the pancreas.

1875 — Heidenhain discovers proteolytic zymogen in the pancreas ete.
Darwin describes digestion of proteids by plants

1878 ~ Kihne investigates the products of tryptic digestion of
proteids. Richet finds that hydrochloric acid in the
stomach contents is often combined with organic bodies.

1881 ~ vella modifies Thiry'!s fistula,

1881 - Langley discovers pepsinogen in the gastric mucosa.

1882 et seq. — Langlerinvestigates the influence of reaction on

ferments.

The 20th century has witnessed tremendous advances in all
branches of science and the science of medicine today is far removed
from the art of Hippocrates. The study of digestion has been graced
with the title of gastro-enterology flanked by the science of
nutrition and supported by special branches of enzymology, chemistry

and histologye

It would be difficult to summarize the history of digestion of
the last half-century except by saying that we are constantly‘
learning how little we have learnt and more scientifically knowing
how little we knowe The history of digestion is one of the
digscovery and application of new techniques -~ radio-isotopes &re

no more or less impartant than the Rehfuss tubes the gastroscope and
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the x-ray than the huemoglobin method for measuring peptic
- digestion or the potentiometer for measuring pH, and further
advances of knowledge must wait for developments in the field

of technology.
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THE HISTORY OF PEPSINOGEN

The history of pepsinogen is part of the latter and more
scientific knowledge of digestion. Ag sueh it followed
knowledge of peptic digestion by ferments, and the discovery
of pepein. of nececsity, the story of pepsinogen is inter—
twined with that of pepsin, since nc advance in the knowledge
of pepsinogen wag possible, up 4o 2 point, without a sound

method for the assay of pepsin,

In 1834 Schwann postulated the existence of pepsin and it
was not until 1839 th:t Wasmann discovered pepsin, 200 years
after van Helmont had céx}led the vital faculty of transforming

food & ferment. (Famgue fermentorum nomine designavi).

Following the discovery of pepsin the gite and method of
ite production was the subject of much argument until Lengley
(1881) conclusively proved both and concluded that "The fresh
gastric glande contain no pepsin; they do, however, contain a
large guantity of pepsinogen; consequently the granules of the

ehief cells consist wholly or in part of pepsinogen.”

In 1898 Gillespie publiched the first photograph of pepsinogen

granules in the gasiric mucosa, which is reproduced below.
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The knowledge of how pepsinogen behaves in the body
has been rather painfully acquired curing the 8 yeare
since Briéicke (1851) discovered it in the urine. The history
of this aspect has been fully reviewed in Chapter IV and ‘

will not be discussed here.

Little remains to be said of the history of this
substance, but much remeins to be discovsred about this

ferment that we have for so long teken for granted.
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Since Iangley (1881) identified & substance in gastric
mucosa which in a slightly alkaline extract wap not pepein hut
which changed to pepsin upon acidification, and which he
identified ag pepsinogm, attenpte have been made to isclate this
substence, Holter and Northrop (1835) first prepsred a partislly
pure pubstance by fractionsl galt precipitation of extract of swine
mucosa which was sboub half as active as pepsin., Herriot (189%8)
went further wid was the first to prepare purs pepsinogen from
swine gastric pucosa and was then able to study its v&x-ious

physicowchenical properiies.

Since the work of Herriot (18%8) has been little changed
since then, the following psges desling with the subject of the
chenmistry of pepsinogen are largely tshen {rom his fine papors

Of the total content of sbout 1 gram of pepsinogen in the
average swine stomach, about 20% is found in the fundus. The

minced fundus micoaae weré oxtracted with a bicurbonate ammonium
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sulphate solubion, followed by precipitation of the soluble
pepsinogen at o higher concentration of smmonit;m sulphate
By this port of the proccse alongg 805 of the totel pepeinopen
e rocovereds  Thio preperction was 50 times ac potent as the
original minced fundug and helf as pure as the fine crystalline
‘roduct (e stage reached, st best, by Holter and Horthrop (1925)).
Ho further improvements could be made by further fractional
salt precipi iation-, and this product contsineci & considerable
admizture of corbohydrate end of protein impurities.s “hen this
pepeinogen colutdion was nixed st pH 0.0 =ith & washed copper-
hydioxicde solution, practically «ll the protein and carbohydrate
wors boumd to the copper precipitates  When extructed with a
phosphaf.a buffer of ph 6.8, 708 of the pepeinogen want into
golution with little of the impuritiess By repeating thie
treatment with copper hydroxide and phosphate buffer « pepsinogen
preparation was obtoined which contained practically ;o carbo—
hydrate and less then 5% of protein impuriticss Ho Durther
inprovesent in quality wes obtadned by Hemdot (1038) with

Hrthor procecurens

Cryetallization of the pepeinogen alter two treatments
with the copper reagent wag carried oub by dissolving an 07
saturated ammonium sulphate filter cake in 9 wolumes of 0.4
suturated asmmonium sulphate - A0 pH 8.5 phosphate buffer and
stirping the solution slowly at 10° C,
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MIn 6 - 24 hours the beaker was & swirling mass of very

thin long needles of pepsinogen" (lierriot 1988) (see plate}.

This method hes proved repoducible and accurates

Pepsinogen crystals. X 340.

Fig. 2. FIRST PUBLISHED PHOTOGRAPH OF CRYSTALLINE PEPSINOGEN
(Northrop, Kunitz and Herriot, 1948).

Tests of Puritys
Having obtzined a crystalline product; Hevriot had to

determine whether it wap a pure substunce,

() The fivst test applied was a solubility experiment on
the basis of the pha.se rule, which states that for a given solvent
the solubility of a pure substance is independent of the quantity
of solid phase, i.e. the amount dissolved will not depend on the

amount of solid substance after saturation.

The solubility of pepeinogen in 0455 saturated ammonium
sulphate buffer was found to be constant over a Z0-fold variation

in the quantity of solid pepsinogen. The dissolved amount was
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checked in £ ways - wiz. estimation of dissolwved protein nitrogen,
and the amount of pepsin produced upen acidification (tested both

by haemoglobin and rennet methods).

(b) Other evidence pertaining to the purity of the pepsinogen
was of & negutive dhavacter and was the result of trying fo
geparate bhe hypothetically pure pepsinogen from any impuriiy.
The purity was tested by the amount of pepsin produced upon
acidification (potentiel activity). This was used because the
fundamental and characteristic property of pepsinogen is its
quantitative conversion to pepsin, combined with the fact that
the latter can be measured with 2 precision of nearly 5%, The
activity of the pepsinogen is determined per mgm. of protein
nitrogen in the preparations This activity was determined before
and after fractionation and fractional recrystallization; this
was also done after partial heat and alkali denaturation and
after partial reversal of completély denatured pepsinogen by

heat and alkali.

Herriot concluded that pepsinogen as isolated wae u pure
protein which withstood the tests for protein purity within the
linitation of the method, that is, about 5%
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erties of Pepgi:

These are summarized in the table taken from Herriot (1938)

where they are compared with pepsin.

COMPARISON OF PROPERTIES OF SWINE PEPSIN AND PEPSINOGEN(Herriot 1938)

PROPERTY  PEPSIN PEPSINOGEN
Crystalline form Hexagon bipyramids . Needles.,
gatalytic Activity i 23

gpecific activity or
gpecific potential activity
Pelle Mmgme PN, (0% 8 0.22

23°0
[°(]3 Dl 5.8 (optical

rotation) per gm. of dry ~ 78%(~71°) -82° (-61°)
protein

Isoelectric point pH 2.7 pH 8.8
holecular weight 28,0004 5,000 42,000 4 £,000

(osmotic pressure)

NHz-NE of total 1.4 : 4,0
nitrogen

fReversibility of Z.0% B0 ~ 1003
denaturation =

Rydration or Hydvated ox Hon-hydrated or
Molecular shape. non-spherical spherical

PH stability pH 2.0 - 8.0 pH 6,0 - 9.0
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pH of alkaline 70 Ol
insctivetion at 2570

Trrosine-tryotophane Ab pH 11, « 9,3 At pH 11 =~ 8.8%
content At DH B.0 =~ 5,59 At pH 84D = 328
UsVeLe.Absorption spectrun Same Same

Flementary analyses.
4 of dry protein

) 51,7 52.8
;4 648 : 648
HsDumas 14.7 14,8
N.Kjeldahl 14,0 139
8 0445 ' 0:40
P 0.09 0.08
Cl. 2 0 2 0

It will be seen from the tsble that those properties which
depend on the whole molecule are much the same in the two proteins,
whereag thoge which depend on a functional pﬂft of either or on &
particular function are in o nwiber of instances different. Thus
the elementury snalyses, molecular weigh'_cs, absorption spectra,
and optical rotation are qualitatively the same in both proteins,
whereas enzymatic activity, pH stability, isoelectric point,
aning-nitrogen, titration curves, reversibility of heat and alkaline
denaturation andantigenicity {Seastone and Herriot 1987) are guite

different in the two proteins.

One of the most importsnt differences and one on which much of

the identification of pepsinogen and pepsin in body fluids is based,

is on the difference of denaturation between pepsin and pepeinogen,
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denaturation being one of the characteristics of protein.

Alkall denaturation of pepsin occurs at appreciable rates in
solutions more alkuline than pll 8.0 The reaction follows a
simple monomolecular course with sn incresse of the rate of
d&atﬁation with an increase of pH., In concmtratfed solutions
the denaturation is not reversible. Heal denaturation also follows

o monomolecular course (Northrop 1280) and is not readily reversibles

Pepeinogen, on the other hzinxi, ip aloo denatured by heat and
in golutions more alksline than pH 8.5 but this denaturation is
completely reversible, Complete denaturation may be demonstrated
by the insbility to redissolve the 'protein in salt solutions in
which the native form was soluble and by the fact that it cannot
be converted to pepsin when it is acidified, and reversibility may
be shown by &« complete return to its original physieal properties,
This denaturation remembles denaturation of trypein by heat (Anson
M L. and Hirsky 4.8, (1984a) or of haemoglobin by salicylate

(Anson M.L. and Virsky A.E, )1934b).

This denaturation iz a2 true equilibrium reaction as can be
shown by the fact thet at any temperazture or pH in heat or alkali
denaturation, the quantity denatured is the same whether that
temperature or pH is approached from the higher or the lower value,

ise, whether one gharis with the denatured or the native form.

Upon Jong cpesure of pepeincgen to the denaturing agents,

the reversibly denatured material is slowly changed to an
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irreversibly denstured formy The rete of this change is
incressed by an increase in temperature or pH and in the case

of the heat denaturation this reaction follows the monomolecular
forms At about 50°C. at PH 7.0 and with 1 mg. protein Ne per
nl., the denaturation of pepsinogen is neér the eguilibrium

midpoint, i.e. half denatured and helf active.

To put the above observations in other wordss
{2) Reversible t activa ¢ HNeutral, salt-free pepsinogen
solutions may be heated to boiling and then cooled without loss
of potential activity. If selt is added to the solution the
denatured form of the protein is precipitated; and by this means
it can be shown that at 50°C. pepsinogen is practically completely
in the native form and at 70°C, preasctically completdy denatured,

indicating a very high heat of reaction.

(v)
entirely in the native form, at pH 8,5 to 10,5 it is denatured,

At pH 7.0 pepsinogen is

but this denaturation is for a time reversible. If the logarithm
of the ratio of native to denatured pepsinogen at 25°C. is plotted
sgainst pH, a straight line with a slope of 2 is obtained, This
ghows that the following reaction empresses this equilibrium (Northrop,‘
Kunitz and Herriot 1948).
Native pepsinogen 4+ & OH™ = Denatured pepsinogen (OH") ~
or

log %;ggmm,) - 2 log(0H™) + log K
=l
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These two properties of reversible heat and alkali
denaturation are entirely different between pepsinopen mnd
pepsin.  Temperatures over 70°C. or pH ovor 7.0 instantly
and drveversibly densiure pepsine

Zitretdon curyeg.

Titration of pepsinogen or pepsin between pH 6.0 and
1£,0 shows that pepsin (which on the alkaline side of pif 6.0
is denatured) combines with more alkali between pH 8.0 and 8.0
und pepsinogen between pH 940 and 12,0, each corresponding to
the pH of meximal denaturation; t&wwgﬁ the total groups
conbining with alkali between pi 8,0 and 12,0 is the same
in the two proteins (Horthrop, Kumitz and Herriot 1948),
confirning Steinhardits(1937) suggestion that alkali inacte
ivation of pepsin is the result of lonization of a series of
groupse Below pl 840, the compsrison is invalid because

of conversion of pepsinogen to pepsina

Uliraviolot spectea show little difference between
pepoin and pepsinogon, though one of the tyrosine ‘absorption
bands appears a little different in pepsinogen (Herriot 19%8).

Studies on pepsin are complicated by the fuct that this
protein is denctured in the blood stream (pH 7.0) almost
immediately upon injection with corresponding antibodies to the
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denatured and not the active pepsin and it is known that denatured
proteins are nét as digtinet immunoclogically as the native formss
This might explain the sometimes nonespecific resulta in that
study. However, it was found by these authors (Seastone end
Herriot 1987) that pepsin from a swine, cettle and guines-pls
rencted with serum from o rabbit immunized with swine pepsin,

but pepsin from o rabbit chicken or sherk did not. This shows

that only partial species specificity exists.

Pepsin antisera that reacted with pepsin, reacted with
pepsinogen from the same spocies but not with the blood proteins.
The pepsin is therefore immunoclogically a foreign protein. On
the other hend, antipepsinogen sera do not react with the
corresponding species pepsin and the reaction between pepsin
antisera and pepsinogen may be due to the unavoidable denaturation
of pepsin when injected, whez:eas pepsinogen remsins & native

protein at the pH of blood.

Immunization sera made with pepsinogen do not react with
same species serum proteins, nor do serum protein antisers react

-

with either same species pepsin or pepsinogen.

Tn susmary, therefore - pepein and pepsinogen have two
distinct specificities, They are immunologically distinct from
euch other, from normel serum proteins and generally from pepsin
of other species, thus showing species specificity. This
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specificity is similer to that of lens protein (Northrop,
Kunits and Herviot 1848).

Tnis was deternined by Herriot (1988) by cataphorvesis
meaguresents of pepsinogen costed collodion particles suspended
in w/10 scetute buffers of vardous piHl walues, and found to
be 3.7, This was checked by finding the pH ot which either
the minimal apount of sleohol precipitated pepsinogen or the
puximum precipitate was obtained with a constent amownt of
alcohol, This had to be done at 0°C, before any sppreciable
activation took place. The runge of results wvardied Sron pif 5.8
B0 448 with 5,0 ag the wosy Mkely isoslectric point, That
for pepsin ie git 2.7 (Northrop 1880),.

Andno N3 trogen
The amino-nitrogen content of pepsinogen is much higher

than that of pepsin (15 » 208) corresponding to the 9 amino
groups eplit off during ectivabion and part of which (5 groyps)
is thought to form the diseociated inhibitor complex with
papain between pH 5.0 and 6.0 (sse below).

The difference in molecular weipght betwesn pepein and
pepeinogen is accounted for by the asmino groups split off
during sctivation and us determined by Herriot (1988) are
88,000 £ 5,000 for pepsin and 42,000 4 3,000 for pepeinogens
These are calculated from esmotic prossures and ere probably
no pore then approximetes '
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Tyrosine-Tryptophane Content.

These were determined on the denatured forms of both
pepsin and pepsinogen and found to be the same (ﬂerriq'o 1958},
Since the tyrogine can only be measgured by the Folin-Ciocalteau
phenol reagént at alkaline pH, it is not possible to determine
the tyrosine conte‘nt'ofr‘ pepein in ite native form. That of
pepeinogen in its native form is lower than in its denatured
form, but since this is not comparable to pepein, this determination
is of little galues

Optical rotations
See table.

Garbohydrate wes found by Herriot (19%8) to constitute less
than 0415 of the purified pepsinogen and bepsin preparations
or less than 0«2 ml. of hexose per ml. of protein end therefore
is probably not an intrinsic part of the protein molecule,



Pepsinogen iz converted to pepain in solutions more ecid
thon pi 640,  (Herriot (1838) studies this conversion from
two points of view - the kinetic and the chemical,

Kinetic study
In the kinetic study it wae found that between pH 4.5 and 5.0

the course of the resction is zccurately described by simple
autocatalytde equation. This simply meuns that a product

of the reaction, in this case pepsin, catalyszes the reaction
and _t.hax-éfore produces more of itself. Thue reaction is at
least partly autbeatalytic at pil 8.0 (incorrectly cuoted as 0.0
in Herrici's 1938 ;mper) &g chown by an incresse in rato of

converzion vpon adding peptln.

The convorsion rexcidon rate varies enormously with pH,
being herdly perceptible at pfl 6.0 and relatively rapid at pH
4.0, i.es 1 mgs protein nitrogen per aly at 2B°C, activates
in aboub thirty minutes. NHear pi 1.0 the rate of conversion
is mamimel and pesrly 100 times that &t pH 440 In solutions
more acid than pH {3.0 the process of reaction is not u simple
autocatalyiic one such as beltween 4,5 to 5.0, though it is
partly autocatalytic as fer as pH 040, as shown by the increase
in conversion rates by the addition of pepsin., Below pi 1.0
, the rate of activation decrenses, epparently not due to any
| d;:ﬁa_buring offect of acid on pepein or pepeinogen. The presence
of salte in the medium accelerates conversion, depending someubat
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on the charge or valency and the concentrations of the ions
of the salty incroasing salt concentration incresses the rate
of reaction on the alkaline side of pH £,0 but decreascs it on
the acid side of pH £.0 (Northrop, Kunitz and Herriot). At
PH 2.0 the conversion is practically instantaneous (Sumner and
Somers 1943); the temperature coefficient of conversion of

. pepeinogen to pepsinbis 2 (fge and Henck-Thygesen 1835).

Chenical study of the conversion has shown that the pepeinogen
molecule ig broken down &g pepsin is formed from it, 15 to 20%
appearing as non-protein nitrogen, i.es not precipitated by hot
Z.5% trichloracetic acid. This nitrogen is not produced by

the destruction of pepsinogen by pepsin, because further add.i_tian
of pepsin to the golution does not produce any more non-:probein
nitrogen than in & spontaneous autocatalytic reaction. That
this protein was not sipply en impurity was ghown by the parallel
and linenr increcse of thip fraction with the inerease in peptic
setivity resulting from converaién of pepsinogen, and that both

increase or stop together under varied conditions of testing.

It is believed (Herriot 19%8) that this non-protein nitrogen
fegection in part ‘or apg & whole acte as a dissocizble inhibitor
of pepsin vith mximal activity at pil 5.8 where remnet ectivity is
neasureds At the acid pH of haemoplobin digestion the inhibitor
is completely dissociated from the pepsin and therefore nee'd not
be taken into sccount. The conversion of & molecule of pepsinogen
to pepsin releases about @ amino groups by the peptide link

rupture only caused by pepsin.
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Herriot (1828) states "It appeurs, then, that upon
acidification of # sclution of pepuinocgen, an enzymaticslly
inactive, reversibly denatured protein with an isoslectric
point of pH €.8 iz gplit at probably not more than @ popltide
iinkages to produce pepping on aciive irveverailly depntureble
protedn, lscelecteic ab pif 2.7, snd a non-protein nitrogenous
pagaent which contains 15 - 20% of the original pepsinogen

nitrogent,

This important point wos studied by Horriot (1988).
since all determinations of poptic sctivity of pepsinogen
are doné at pH where pepsinogen is converted rapidly to
pepain, .bwo estimations - rennet and gelatin viscosity
are carried out at pi 5.8 and 4.7 where little pepsinogen
is converted it pepsin within the time reguired for estimation.

The following table shows that pepsinogen is practically
inactive proteclytically.
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TABLE NO: .2

() Geecific sotivitien

Haterisls Hethods.
Haemoglobin fiennet Gel.viccopity Edestin NPN
Hb Fen, gel.V .50,
(Pdl.) Eg-P.K- (P‘Un) ﬁg-Pnﬂq (P.U.)mg«?:ﬂ' (PGBQ) ngw Polis
8x Crystallised Peyle Dovds Dl A5 313 0450
popsin
5x Crystsllised Parke Davis O 410 18 0,44
pepsin
2x Crystallised Cudehy 020 435 33 0457
pepsin
3x Crystallised Cudahy Ou®f 470 33 055
peasin
Crystalline pepsin from Desb 50 18 04,48
crystalline pepsinogen
- 1 X -

Bx Crystallized pepsinogen




31

TABLE NO: 2

(b} Zoeclls

Haterials 4 Hothode.

Haenoglobin Rermet Gel. viscosity Edestin RPN
b Hen. Gelo vie i, SOIQ
(‘ .0.) EE‘P.HQ (P'D.) mg.P.H. (P¢U.) mg.P.ﬂ- (PQB.) BZe Pl

%% Crystallised pepainogen : 0. 70 5% 17 De4l

average of 10 preparations (o 03 250 -~ 300 o o
of pepruinogen

3 copper trectaent but 021 £70 17 0448
wmerystallised pepsinogen

Table from fHerriot (1978)
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gection (2) of the tuble shows the similarity betwesn
different pamples of pepein, shether derived from commercial
or pepcinogen gources and the inactivity of pepsinogens
Table (b) shows that thic pepsinogen is poteniially active,

is2e when converted to pepsin.

Ve, ! o 8‘ 3
Pepoinogen may be insctivated by heat, ultraviolet light,

iodine end by pressure. (Northrop, Kunitz and Herriot 1948),
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HETHODE

Thie chapler desls vith theoretical and practical
considerations involved in pepsinogen essay, the lutter
raiply concerned with the verious methods employed, which
ave criticslly veviewed. Peorsonel methods and experimental

obasrvations on these are then deseribed,

Pepoltopen s the incctive procursor of sepsin. This
Ipsetivily hey boon conlivmed on the eryotalline pepsinogen
isolated in the pure form by Herriot (1058). It had been
hought that ot pB 4.5 pepsinogen did liquely gelatin slowly, but
it ip known thet st that pH pepsinogen is slowly autocatalytically
traneformed into active pepuin which is just detsctubly sctive
at that pi (Northrop, Kuwits end Herriot/lgefx?a) thds sotivity,
therefore, ie of the pepsin so formed. Herriot has shown that
at pii 4.7 pepsinogen does not liguefy gelztin and at pH 5.0

+does not clot nilk.

In ordery therefore, i aseay pepesinogen, one hag to
express the results in terms of pepsin, since it h;s o be
}  changed into pepsin before showing any actdvity and then by
1’.

]
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dafinitian, at the pH of assay, it ie pepsin, Therefore in
speaking of pepsihogen agpay, ons in fact in denl:_lng with
pepain assay, preceded hy the conversion of pepsinegon inbo

The only guestion one hag t answer in that case is how
rapidly pepainogen is transformed into pepsin and whether a
standard reproducible percentage is transformed into active
pepain (See also Chepter II). If the tronsformation is not
imnediate or complete, one would have to incorporate a suitable
time and concentration of aeild in the methed to obtain standard
rosults for pepuinogen eut.tlmamon._ The convergion into pepsin

 has been stated to be rapid at pH 1.0 to 2.0, slow at 2.0 W
4,0 and very slow sbove that (Gottlieb 1984), though these
rosults should be interpreted with cautdon since he used the
inacourate fibrin method in that study. Fge and Menck-Thygesen
(1855) have shosn that conversion sterts at pH 5.1, and is ten
tines more rapid at pll 4.1. AL pH 2,0 it ie instentancous
(sumner and Somers 1043). feswiot (1036) states that conve-sion
of erystalline popoinogen cosmences at pll 840 and is increasingly
yepid 2t lower pH (see Chapter II).

The sccompanying graph shows that the conversion to full
b
activity {0422 Pulls /ng.H) is not complete at pHl 4.6 for about

12 hours.



R D e

24| —Theoretical éurve calculated from |
L autocatalytic equation 19 |
20+ K in hemoglobin units =3.0 = -8
23 |- Kin gelatin Vunits = 0.057 ) 75,
S 16 i i
&L . ]
B 12r : 1Tz
3 ool % w® 133
08 ©  x=Observed hemoglobin activity [P 433 |
=< = . ,u/- o =Obszroed gelatin activity (U] *V- 4o =
e 11
0te—=—X 1 1 1 1 ] 1 ! Lo 1 L 0
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Activation time (hours)

Conversion of 1.0 mg. pepsinogen nitrogen per ml. into pepsin
at pH 4.6 and 25°C.

Fig. 3. Conversion of crystalline pepsinogen to pepsin
(Northrop, Kunitz and Herriot, 1948)
This graph further shows that the experimental result follows
an expected autocatalytic reactdon
%% = KA (fe - A)
where A-activity at the time, %, and fe is the final
activity. The vate of reaction depends on the acidity, salt
concentration and pepsinogen and pepsin concentrations, which
mey be summariged as follows (Northrop, Kunits and Herriot 1948).
(1) The addition of pepsin or incressing the concentration of
. pepsinogen increasés the rate of resction under all conditions.
The reaction is therelore essentially sutocatalytic throughouts
(2) The resction is catalysed slowly by hydrogen ions.

(2) The reaction has a maximus rate near pil 2.0
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(4) Increaging the salt concentration incresses the rate of reaction
on the alkaline gide og’ pH 2.0 but decreeses it on the acid gide

of phi &0

(6) 1In olution more scid then PH 4.5 or in ithe presence of

high concentrution of sult, the pepsin zppesrs in gclution in
combinetion with au inldibitdng substonce derived from puart of

the pepsincogen nolecule, This cowpound discociates slowly in
colutions more &acid ‘amn pi 5.4 in%to free active pepsin znd the
inhibitors On leong standing wdth pepsing, the inhibitor is

aesLroyads

The entire reaction, thereforve, takes place as followss

; Pog Popsin-inhibitor - pH 5.4 Pepoin
Popsinogen ..hg.:%igl,, o o
a5 coRpatnd psﬂ 5.4 Inhibitor

¥ x
{destroyed)
*or practical purposes, therefore, one may assume that near
pH 2.0 peppincgen is instantaneously conwverted infe pepein (2upner

end Somers 104%).

Experigental observations.
These deal with an attempt to show how rapidly the urinary

pepeinogen i converted to pepsin, snd how goon after that this

pepein is destroyed. The following graph shows the activity of
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% acicified urines up to 80 nminuter alfter soidification o pil S0
by misdng 10 nls updne with 8¢5 mla 0045 o HOL.

| in
lotivity

Fig. 4. The conversion of pepsinogen to pepsin in the urine
and the decrease in peptic activity after that.

1% appoars fros these figures that the conversion to pepsin
s rapid at pH .0 but that after acidification a rapid decline
in the concentration of assayable pepuin occurs. The similarity
in curves bebween urines 1 and £ and the difference betwoen those
and urine 3 is probsbly explained by the difference in concmt.rati_ons
of pepsinogen; and poseibly one might assume « difference in salt
concentration between these urineg, that is that with higher
concentrations & stronger concentration of inhibdtor is formed,

or rather that at low concentrations of pepsinogen {and presumably’

other substances) in dilute urine, 1ittle or no inhibition of
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popein otours.  That the conversion is complete or meximel is

not certain, though probable. It is therefore cspential to
tirst acidify the urine and then digest ag soon as possible 'af'ter
nixture with the HC1L,

flaving established, rat.héz- wunsatisfactorily, it must be
admitted, that pepsinogen is rapidly asutocatalytically (and
irreversibly) transformed into pepsin at pH 2,0, and this
presunably maximelly, the rect of the discussion will be conecerned
with the assay of the pepsin so formed from pepsinogens

Before proceeding to a discussion of different methods,
these netheds should be examined in the light of the kinetice of
engyme actions There are three wain techniques applicable to

engyme neasuresent, which fit the picture of a two phuse reaction

(ven Slyke 1948).

Tbis means that thers should be suflicient substrate to allow
the enzyne to act ot maxdnal speed, and only the initial speed
of the resction is measured, I this period is short enough the
amount of subgtrate eplit will be proportionsl to the amount of
enzyme presente Thie period must be long enough, alsoy Yo allow
of accurate tinming and measurenent of the substrate decomposed,
but nok so long as to allow sufficient of the substrate to be
destroyed so that the enzyme will hewe to work at only part of
its mexinmsl speede. A short periocd of § to 60 minutes has several
adyan tages,

{a) it limits the amount of emzyme decomposed so that the
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concentration remaing high enough to support maximel activity,
(b) the short reaction limits the aceumulation of end-products
vhich might redard the action of the mumyue, ;
(e} it mininipes the chance of inactivation of the enzyme under
conditions of the tests

This is the technique employed in peptic assay with the
hoaenoglobin method and is emphasized later in this chopter (p. g1 )

on applying the die~awsy monomolecular formula and its comstant
will vary directly with the amount of ensyme presents This 1é

only advantageous where the gubstrate is relatively insolubles

Techmicue B, One maf use the general law that with a given
substrate the time required to dccomﬁoae o given froction will
vary in inverse proportion to the amount of enzyme presents This
i8 the basis of Hett's method (ps 42 ). Thic spplios to either
Tectmicues 1 or 2¢ I also holds, regavdless of how the products
aifoot the enzyme, since conditione of digestion are the same

if the same amount of substrete is hydrolyzeds One condition of
failure is thal where the enzyme loscs its activity during the
reaction, Phere a relatively inactive enzyme would toks go long :
to digest a fimed amount of tissue that it would becone inactive,
the engyne mipht dipappesr before the expected digestion was completes

This method, therefore, depends on stability of the enzymes
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Purthermore, catalysis by definition affect only the welocity
of & resction and the activity of a catalyst, therefore, should be
expresped as a velocity constunte ' 8ince ensymes are generslly
considered to be cutalysta, the unit of engyme sotivity should
also be expressed as a velocity constant, In ovder to do this,
however, it ic necessary to know the kinetic squotion for the
rencdions  In the cane of nost engyme resctions, this oquation is
nod o and 3t ie Cwerefore not possible to exprese the activity

of the enzyme 88 a velocity constonts -

Thérai’ora, an srbitrary definition of activity hus to be
used end for pepsin it is convenlent to express activity in terme
of the "initial rate of reaction due( to the presenceol the enzym_a"
(Norturop 19Z2), This definition is yseful for analyticsl work
and W be used to compare the activity of warious guantities of
the sane ensyme with the sane subat.fate, b\i_t cannot be used to
compare the activity of different enzymes acting on different
substrates. Proteolytic activity, ue dgi‘inac‘. this way, corresponde
to the meapurement of optical activity and refers to a property of
the solution (Horthrop 192%).

- These teolmicues and thie definitdon should thierefore be
applicuble in some way to the warious methods employed for peptic
assay., In addition to these considerations,  the yardstick of
practicability should be applied to sny method as exenineds
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It would perhaps be best ot this stage to list the various
methode that have been employed in peptic assay before proceeding
to further discussion on them,

248 HETHODe

1778 Neab liquefied by gestric juice.

1839 Discovery of pepsin-digestion of meat and
egg~witite.

1881 Briicke Pibrin flakes; sge-whites

1861  Orutzner Solid fibrin,

1886 Gehrig Carmine ghained fibrin.

1894 1iebt Egg-white tubes,

1884 Hammerschlag Egg-uhite precipitation with Egbach's
rosgente.

1907 TFuld and Levigon Fdestin
1807 Jacoby and Solws Ricin

1808 Gross Cagein

1808 ILiebmann Rag-vhite suspension, .

1921. ﬁnchaaus Serun proteins

1822 Olscssner Globin (of mh) with precipitetion

MR me ; Bdestin modified with tdtration method.

1922 ILoeper and Debray. Blood proteins, for blood enzymes.

1928t0 (Euler ) émmnet
1052 (wlletatter) Gelatin viscosity changes
tlorthrop ) (Formation of soluble nitrogen
(Incresse in formol-titration.

1932 AHGON AND HISSKY  HARMOQLOBIN



42

The methods descrdbed up to 1922 can be divided intc two
groups (Glaessner 1022)
(1) Those depending on the digestion of solid proteing, end
(%) Those depguding on the precipitation of protein in solutions

(a) DBrilcke (1881) who used the cloaring of suspensions of
egg-~albunin at oon temporature or of fibrin fluokes at ¥8°~ 40°C
and wae Wie first to detect peptic nctivity in the urine which
he acidified, on collection, with phosphoric acide The egg white
method was later adopted by Liebmnﬁ (1909). \

(b) Grotzner (1892) who digested solid fibrin, and who

(c) with 84bli and Gehriz(1985 and 1886) modified by etaining
the Fibrin with carmine and neasuring the amount of dye released
after digestions The fibrin was preserved in glycerin from
which it was removed prioy to use and mixed with equal amounts ol
Oel# HOL before addition of tho gastric julces The dipadvantages
of the method are the inequality of different samples of curmine-
staining of the fibrin, the long time necesssry for estinmaticn
and the difficulty of the methods It might be sufficient for
grose work imt is useless for accurate or comparable inventigations
and has long since been chendonods

{a) e nethod of Hott (1894) nodified by Nierensteiner snd
Schiff (1908) in which glase tubes are £illed with coagulated egg-
white and suspended in the acidified test solution. This method

ig 8tdll in fairly wide clinical use and has the advantage of being
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eagys  However, the disadvanbtages such as gross inscouracy at
high pepsin concentrations, the vague end point and the question of
the accuracy of Schuta's law by which the vesulis are worked out,
serves to diseredit this method for any but the grossest clinicel

Usts

(e) Jacoby and Solms (1907) who depend onm the clearing of a
fine cuspension of ricin/egg white, This method fulls down on
the diffiéulty of prepuring a reproducible substrate and of the
inherent difficulty in measuring losses in translucency of a
sugpension in which the partifles are not entirely uniform.

(£) The method of Hichaelis (19£1) who used suspensions of
diluted buman (18x) or sheep serun (15z) precipitated with 108
sulphopalicylic scid o produce 4 milly suspension hes the sane

objections ap the previous method and is just as tedious,

The objection to 211 these methods (except Hebtls) is that
they are all tedious aod including Hettts, were inaccurate because
of difficulty in prepuring reproducible substrates and of accurately
measuring end=-points. Hone of theéé suthors could measure ‘
wocurately the pil of the digest and were tlerefore pogsibly digesting

at non-optdunl pie

II. Hetl
(1) Hemuerschlag (1824) who uped the fact that egg-white in

solution is precipitated by Esbach'c reagent and loses thie property

on being digested by pepsin., The estimation takes ¢ long time, the

end-point is vague und one needs o large amount of gastrie juice;
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consequently the method did not survive for long.

(%) The precipitation method of Fuld and Levison (1907) in
which Edestin in ACl is digested and the undigested portion precipitated
with NaCl. This is then titrated with alkali (NaOH) and the amount
of HaOH uned to dissolve the precipiiated Ndestin messures the
anount wndigesteds The objections to this method are difficulty
~ in the preparation of substrate, inequality of samples and the
vague end-point of solutfon of undigested Edestin.

(3) Gross (1808) who employed a similer prigeiple to Fuld and
Levisgon, but used casein in HCl, incubsted with gastric juice for
15 minutes ab 39-40°C.; undigested cagein is precipitated by
sodium acetate, the amount rennining being uveed as an index of
peptidc sotivity by subtroction. Objectdone to this methiod are
that pure cosain ig nob easy w'keap and impure casein does not
zive & clear solution or u sharp end-point., Gross (1808)
comuented on the Schitz-Borrisow law (1802) which states that
pepein activity is proportional to the square of the protein
digented. He showed that peptic activity is mathemutically
proportignal to the aspount digested.

(4) Glaessner (1022) employed tho globin of haemoglobin which
in precipitated =ith smuonis and redissolved with mi,‘cl ag & peasure

of the azount left over aflter digestion.

The objection to the second group of methods is the tedious
nature of the method - where ten to twenty tubes of various dilutions

of test substances ave employed, that at best 80% accuracy is
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possible, and that the Judgment of end-points of opacity of
sugpensions as precipitates is difficult.

(5) Ege (3923) improved the method of Fuld and wap the first to
meagure the pi of his digest. Ho used 1O nl. edestin in aoaﬁc
acid at pH L5 to 146, with 1 nl. of test fluid and precipi tated
with up %o & ml. of 20% NaCl, followed by 70% (NHy)o804 and in &
comparison chamber, compared this to & standard 087 gum-arabic
puspensions. The end-point was reproducible to within 1 - § drops
of precipitant, This method was further rvefined by comparing the
unknown with stendard Armour pepein., The nethod wag later used
by Gottlieb (19%4) who claized an aceuracy of 85§, and rensined
in genersl sue for scientific work until the haemoplobin method

of Anson and Hirsky (1822) suporsoded ite

The objections to all these methods may be briefly recapitulated,
411 the mathods except Mettts (18064) and postibly Idebmannte (1009)
apre tedious and impracticsls the wivanbtoge of simplicity in the
latter is cancelled by their inacouracy, snd the others,; except
that of Fge (198E) are inaccurate as wmell us tedious. Bubstrates
of most of these methods are difficult to prepare und are not
reproducible, The latber fault is perhaps their greatect drawbuck,
The end-points in zll these methods depend on nephelometric measurement
and ag such, require so many observations to be accurate, as to

invalidate it as & principle for comparative meaguroments

11 the suthors, except Fge (1023) and Gottlieb(1984) did not

meagure the pi of the digeot end one nmust esoume that many of their
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observations wers on digaate tlw.t were nob ab aptaimm pit and ‘
therefore not conpovables AL the pethods quoted, except that
of gross (1008). esployed long incubation times and an incubation
which is allowed to proceed up to 120 hours (Gottlied for serum
pepeinogen) is open to serious critieism, ag ave many that were
incubated for 1& - 36 hours, for gastric julce or urine (see

The various principles and techniques involved in peptic

assay are discussed by Northrop (188%) under three headings,

(i) the m'eaaureméﬁ of' changes in viscosity of protein produced
by pepsing
(i1) the ppodﬁ'c't’ion of non=-protein nitrogen by pepedn and the
deteruination oi‘ sotdvity by the inerease in formol
titrations $ite ditestios & nev orientation towards
methods of peptic agsay and at the same time a rational

approsch ‘to the sction of pepsin on protein solutions,
(111) the production of amino(carboxyl) groups.

The first effect of pepein on & protein solution is a
rapid decrease ,in;viscoaiw oi; the solution; the aacondr a slower
decrease in substrate protein nitrogen an'd thirdly, the slowest
of all, an iuncrease in ‘tha nupber of vti‘tmmble carboxyl (amine)
groupe., Other changes which oceur, bubt are less specific, are
in the optical acitivity snd in conductivity. The three former
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are the more characteristic of changes in a protein solution.

1. Zigcoedty changes.

Viscosity chunges may be messured eusily and rapidly end
accurately {error of £%) (Northrop and Hussey 19028). The
disadvantsge is firstly that of preparing comparable protein
substretes, though gelatin is a fairly constant substrate; and
secondly, and perhaps more important, that the signilicance
of viecogity changes ond their mlation to the chenical changos
are obseurds |

The proteins used by Horthrop (1858) in determining
viscosity changes are gelatin, edestin, casein and dried milk
(for the cusein solut.ioﬁ)

The details of each method and a discussion of the technique
aprs described in that paper. He claime that the resulis are
proportionzl to the concentration of enzyme, though the vesults
pre for one copcentration only and are proportional to time in
that study.

Protein V.
The arbitrary units for this method, designated (P.U.)

are delfined as follows -~ one unit of activity is defined as a
change in the specific viscosity of the standard protein solution
at 55,50, at the rate of 1 per cent per minute, The quentity
of material poaécmaing one unit of aotdvity dp Wt cusntity
vhich will couse thip wato of change in the viscosity when

contained 5.% ml. of the standard digestion mixtures The
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clioice of pércent&ge is because this wvalue is independent of
protein concentration and that of the temperature of 55,57C

ig because ab only that temporature is gelatin viscosi ty stable.

For the cosgulation of milk( (P.U.)m) the initial slope of
the curve ip not straight end the percentage Increase in viecosity
is determined arbitrarily from the point at which the gpecific
viscosity is doubled and is obtained by dividina 100 by the

number of ninutes required to allow of this change.

II The

The production of non-protein nitrogen is the second method
of determining peptic activitys It 1o not cleay what the oxach
signilicence of these ohanges is in reolation to chemical chunges
and hag the ddoadventage of being souewhet slower than viscosity
change measurements and of the fact th&t‘ there is ne sinmple
relobion between the amount of non-protein nitrogen produged and

the amount of active enayme, except when the latter is very small

¢
5

and then the determination ig inaccurates

Thie determination is made wibth capeln and edestin only
where the results ere proportionsl for low concentrations of
engyme or in ihe initial part of the digestions Two methods are
available - to messure the incresse ol non-protein nitrogen
after different time intervals with a fixed concentration of
engytey or to meassure the increase of non~-protein nitrogen alter

a Pized time with varying concentrations of enzymes It is
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usually necessury to measure move thén one concentration of an
uniknown enzyme solution because the curves obﬁa.ined, and intore
preted by interpolation, may vary considerably with the purity
of solution and specific activity nust be independent of the
guantity of the snzyme useds

In this method, one unit of mctivity (Pels) is defined

as the liberation of non-protein nitrogen st the rate of 1 meEq,
per minute st 55.5°C, in 8,0 ml. of stendard digestion mixture
by that amount of enzyms contained in 6,0 ml. of the digestion
mixture, and is obtuined from curwves of elther of the two methods

mentioned in the preceding parvegraph,

II1. 2ue production of aming(carbowyl) rroupgs

The production of aming (corboxyl) groups hos the sdvsntage
of having » clesy ghepdonl relation to enzyﬁ:a setdon, Sut the
smount produced is small and as with the former meth&d, not
gimply proportionsl to the mmount of enzyme pregent. It is

also rather inuccurate and rather Sifficulte

In this wmethod, gelatin, oasein and edesiin are used and
curves produced st before, activity being deternined from the
initdal slope of the curvs., VWith the same substrates the ervor
is % 5%, but with different @ples the ervor is often grester
and mnprecictables

Prot.¢
one unit of activity (P.Us) by this method is defined
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as an increase in the carboxyl (or amino) groups in 6.0 ml. of
the standard digestion mizture at 35.5°C, at the rate of 1 m.Eq,
per ninute, csused by that amount of enszyme contained in this
mixtures '

Howoyer, 45 duoh ag thouo wethode form & serious attempt
;xt weasuring some acilon of pepsin, they do not approach the
ideal which.si;culd contain factors for all the warious conditions
affecting the activity of the enzyme so that a constant figure
for the activity would be obtained, no matter how the determinations
were cerried out. While it ie difficult to correlate all the
differing factdr_s affecting peptic digestion and inpossible to
connect all in one system of absslute units, the haemoglobin
method of Anson end Mirsky (1952) has several adventages over
other methodss

These aref= aceuracy of mesguving the end products, rapid
digestion by pepsin giving proéort.icnalitﬁ,r of results for both
concentration of  enzyue and tine within limits of eitramas, and
admirable reproducibility of subsirate, sbility of the substrute
to keep for long periods unchanged, sud the fact that wnedL
variations in conditions of the test do mot influsnce the result.

The hoemoglobin method was therefore chogen f’gr use in this
gtudy because ite theoreticsl end practicel supsriorily over

other methods of peptic assay,.
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Basic principles The basic principle of all the methods is
adnpted rmm the original method desoribed by Anson and Hirsky
(1932) and later modified by Anson (1958). This method was
chosen in preflerence 0 other methods because it is practical,
accurate and reproducible and it was found that the method

could be applied to all fluids in addition to those already
deseribed for urine (Bucher 1947) end for gestric juice (Beazell,
Schuidt, Ivy and Monoghan 1928). (Parnsworth et al 1945).

The prineiple of the method 4s the digestion of baemoglobin
ab pil Leb 0 845 by the tent fluid for u fixed period and the
measureent spectrophotometrically of the incresse in trichloracetic
aqlubls tyrosine-like substances with Folin Clocalteau resgent
in the non-protein portion of the digest.

In proactice 540 ml. of a &f acidified huemoglobin substrate
(0«1 G4) 18 incubated with 1‘.0 wle of the test solution for 10
minutes or un hour at 57°C. and et pi 1.7 %0 2.2 the resctdon
is stopped with 10 nl, of 0.0 M. trichloracetic acide A parallel
blank is performed by adding the test fluid to the trichloracetic
acid first to precipitate the ensyme and this is followed by
5 ml, of the subptrate, Fach is filtered (Whatman No. 1) and
then dealt with similarly. To £.0 ml. of filtrate ie added 1.2 ml,
of freshly dﬂ.uud_ Folin Cioculteau reagent 113 and then with
shaking 4.0 al. of 0.5 ¥ NaOH, A blue colour develops which
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is read between 5 and %0 minutes in a spectrophotometer at
560 mu. The difference between blank and incubated specimen
in compured to & standerd agueous golution of l-~tyrosine
contusning 2 x 10™% n.8q,(.0%62 mgn.) per & ml.

Sololation B oooxQRxBEad08 - PU.

vhere Efi - Extinction factor difference between blank zad incubated
filtrates, . ‘
BS Extinction factor for standsrd.
C8  Concentration of stendard in £ ml. in m.Bg. of tyrocine(=2)
vD  volume of digest ond precipitant.
VP - Volume of fiktrate
DE — Dilvtion of enayma polution before adding to digoots
10% - Idsal 10% dncubation tdme to counfurm to definition
T — sctwal incubation tiue in minutes,

Definition of Unit One unit of peptic activity is that amount
of engyme which will produce the spectrophotometric equivalent
of 1 x l.t)"‘1 Mg 0f lwtyrosine from & standard digesidon of

O¢l G. Hb. in 5 ml, by 1 nl, of snzyme solution acting at 37°C,
for 10 minutes, at pH 1.5 to 2.5.

Modification of the basic principle ie determined only by
the pepein or by the pepsinogen content of the tezt fluid and its
physical properties.
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HETHORS _USER

(a) GASIRIC JUICE.

The juice is filtered through & small wad of cotton wool
in & 80 nl. glass syrinys end then dkluted 1/50 in distilled
vater, Of this 1 ml. (= 0,02 ml. of geotric juice) is sdded
to the § ml, of ib. substrate and incubated for 10 minutes,
then precipifated with 10,0 ml. of 0.8 H. trichloracetic acid,

(b) DEINE,

Since the enzyme in urine is pepsinogen, it has to be
converted to pepein before assay., The urine is therefore
acidified by adding £.5 ml, of 0,535 N, HCl. to a 10 ml. alizvot
of urine. The resulidng pH m=s foumd to be between 1.5 and 14B.
The sonversion io vory rapld and the subseguent loss of pepsin
also feirly rapid (pe. 37) so thet this mixture should not be
left sianding for sny avoidable time before 1 ml. of this is
added to the cubstrates The urine ls incubated for 10 minutes
and precipitated by 10 ml. 6f 0.8 M. trichloracetic scids

(c) ELagsa (On SEAGH)

. This method for plasma pepsinogen has not been described before.*
This fluid precsented certain difficulties in the assay. Firstly,
the enzyme content is wery emull - sbout 1/20 of urine pepsinogen,
and the inereass in tyrosine-like substance, therefore, very
smell. This, however, is partly balanced by the absence of
colour producing ovbetances 15 the plasma (ises a pale blank) so

% lMirsky et al described another method in July 1952.
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that sealler differencos are more euasily detectablos Howevenr,
the fncubation time upod is 60 minutes, which is sufficient for
all optinotions and i a prauctical time. Because the colour
produced in the filtrate is so pale, unnecessary dilution is
further avoided by halwing the wolume snd doubling the cone
centration of trichloracetic acid, therefors 5 ml, of 10%

trichloracetic acid ie used to precipitate the 6 ml, of digest.

Because of the small volumes and the high protein content
prior acidifiication of the plusma with HOLl io likely to produce
ervors in dilution snd occapionully precipitation of protein, if
dilution be avoided by using strong acids It was felt that
with the 60 minute digestion and the stability of the whole digest
at pH 1.6 to 2.1. after addition of the plasma to the Hb., the
pepsinogen of the plasma would be sufficiently buffered at an
optimum pH to sllow full conversion to pepein necousary for thoe

apeays

Therefore 1 ml, of undiluted plasme is sdded to 5.0 wl. of
2% wbe at 37°C. and incubated for 80 minutes, and then precipitated
with 5 ml, of 10% trichloracetic zcids

Another ddfficulty arose in the proparation of the blank,
By adding the plasma to the trichloracetic acid before the
substrate or after the nubatrz:ts, & thich protein cord is produced.
It was found thet if the plasma and the substrake were shalken
together firet and this mixture preci itated immediately with the
trichloracetic acid, a fine homogeneous precipitate is formed,

as it is in the incubated specimen.
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After filtration, the filtrate i¢ dealt owith ws with

the other fluids,

(&) QIiEE FLOIDS

Uning the method as described for plusma pepsinogen othex
ﬂuid_e wore agpayed for pepeinogen, Theee included cerebro-
spinal fluid, ewesi, plevrs) fluid, areitic fluid, osdesa
twransudate, whole bleod; white cells and pus. All have &
similar content %o plepmu end are similarly incubated for 1
hour and precipitoted with 8 ml. of 107 irichleracotic acid,
exgept shite eells which mey be inoubated Do 10 minutes becuuse

of their high contcab of pepsinogen.

1s Unigen spezetrophotometer with modified 12-walt cireult.

£, Qambridge zlass-slectrode pil meter.

3. 57°C. water bath,

és 3% x 17 test tubos,
E" x k" test tubeo,
Pipatiens

8, Wastman'c Noe. 1 or 42 filter papere

8, Solutionss
(=) Armour's heesoglobin substrate

« (b} 0.38 l.EGlénd 057 Na HCla
{e) 105 una 55 (0.88 H.) teicslorvacetic acids
{a) Porin-Gincaltesy pesgout,
(e} 048 K. BaOH :
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SUBSTRATE
Haemoglobin forms & very suitable reproducible substrate

Tor the estimation of proteinscse digestion, mainly becaupe
different batchon aro digested at the same rate by a given
protosce solution snd even when there ies peptidase present
in addition to proteinase, the formation of products not
precipitated by trichloracetic acid is due, so far as is
known, to proteinase alone (Anson 1938),

In this st.udj, two different types of haemoglobin were
used -~ firstly humen heemoglobin from waste transfusion blood,
and secondly bovine hsemoglobin first described by Orringer,
Luuber and Hollander (1950) supplied by Armour's Lted ss “"Lyophiliszed
bovine haemoglobin enszyme substrate® *

The human blood uged wes sppplied from the transfusicn
service and was prepared for use according to the method of
fason (18%8). The blood wap centrifuged and the supernatant
serum siphoned offs The red cells remaining were washed three
times, in cold mornal galine, removed esch time by siphoning after
centrifugslization. The cells were then dlalyzed in }" Dupont
cellophane agazinst running cold tap water for 24 hours to remove
colour producing substances. The red cell remnpant wan then
partly dehydreted in wvacuo to give ¢ stock solution of about
20 Gu%s This was kept frosen solid at ~20°C. and remained fresh

#  Armour's Twd. kindly supplied free of charge the first 15 Cus.
used in prelisinary studies.
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for about % months. It wes found to be two tedious to frenze-dry

large amounts to produce the more stable haemoglobin powder,

The Armourts haemoglobin powder was made up as a 10 G.%

stock solution every 10 days or so and kept frozen as A07%0,

For aseay uvse, the stock soluiden is thawed immediately
before use, and made Up ag a £5 solution in 087 N.HC1., This
should be fresh at least every day, The figure for the etrength
of the diluting acid was arrived at when it was showm that this
dgilution of haemoglobin acts as ia buffer of moderate strength
at ph 1480 4 Oea This is the same for both humen and bovine
haemoglobin solutions which have pll 8.6 before addition of the

acid and 1.7 and 1.8 reopectively after acidification.

The sdditdon of aqueoun solutions of peusin (1 ml. %o 5 ml.
of acid substrate) does not aﬂ'eét the pH and the addition of
acidified urine (which in the proportion of 2.5 nl. of 0.43 N.HCL
to 10 ml. of urine in a large number of urines reduces the pH o
between 1.5 and 1.8, which is the geme pH és substrate) does not
affect the pi of the digest mixture to any extents The addition
of 1.0 ml. of plasms or gerum to 5.0 ml. of substrate raises the
pi of the digest by between pH 0.& and Oe4s  Thus for all assays
in which the pit was measured, the lowest wos 1,48, the hj_.ghest. 2ale
This is well within the linmits of aotion of pepein (1.5 to 8.5 -
Northrop, Xunitz and Herriot 1848) and from nunerous gamples taken,

it can be sssumed that all sssays were made in that pH range.'.
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INCUBATION TIME

This poses the question as to whether there is arithmetical
proportionality of digestion by time at a constant pH. That this
is so, and that the Schutz-Borisow law (1200) which states that
peptic digestion is progressive by the square root of the time
or concentration,is not valid (Gross 1908) has been adequately
shown in the digestion of haemoglobin for pepsih solutions, for
gastric juice (Gross 1908) and for urinary pepsinogen (Mirsky et al
1948).

EXPE. Al, OBSERVATIONS

However, because this haemoglobin method depénds for accuracy
on an excese of substrate (see p.3¢2 ) it is important that the
enzyme does not digest all of the substrate within the time of
digestion. In order to show the linea® proportionality of pepsin
digestion of hzemoglobin and to determine the upper limits of both
this strength of pepsin and the time of digestion for the substrate
as used in these experiments (0.1 G. in 5 ml.) vario_us strengths
of Armourts 1:10,000 scale pepsin were used to digest standard

haemoglobin for varying lengths of time.

From Graph 5 (1,000 pg pepsin/ml.) it will be seen that the
maximum amount of' digestion occurs at 1 hour and 26 hours digestion
produces no more of the products of digestion, This figure in
one experiment is £82 Tu (15th June 1951) and in another(22nd June,
1951) 262 Tu. per 0.1 G. haemoglobin substrate. It can further

be seen that proportionality holds only up to about 30 minutes,
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whereafter the slope tails off very rapidly into the horizontal

which commeness at 1 hour. The initial slope of the curve is

very steep and therefore at high concentrations of enzyme

compared to the comparatigely dilute substrate, linear prop-
orﬁionality is probaebly not valid, even in a short period of
digegtion. In the experiment using 100 ug. pepsin/ml., satisfactory
linear proportionality between time and digestion was measured

up to 2 hours. By extrapolation the limit of digestion (282 Tu per

0.1 G. Hb.) would be reached at about 2 hours £0 minutes (see graph).

’

PUM

PEPSIN.|
3004

200

100

s e GOMINS
16 20 30 40 50 GOMINS 3 oG

IncusaTioN  TIME

Fig. 5. Haemoglobin digestion with varying strengths of
crystalline pepsin.
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In the third experiment using 10 ug/ml. pepsin, satisfactory
linear proportionality existed within the 2 hour incubation
period. By extrapolation tie maximum digestion time of thig
concentation of enzyme for the standard digestion system is

18 hours, when 280 Tu. would be procduced. (See graph).

PU,/ML, PEPSIN IO)JG.
5 G/ ¥ 3( ‘6’) 4
]

w

30 60 y 90 120
DIGESTION  TIME — MINUTES .

Fig. 6. Digestion of haemoglobin by weak pepsin (10 ug./ml.)

The normal urinary content of pepsinogen lies somewhere
between the pepsin equivalent limits of the 10 ug/ml. and the
100 ug/ml. pepsin; that of gastric juice usually over 1 mg.,

often up to 6 mg/ml. of juice.
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CONCLOBION

The digestion of haemoglobin by urine having a pepsinogen
equivalent of between 10 mnd 100 ug./ful. should never be sllowed
bo exceed 2} hours (see above), and gastric juice should be
diluted; unleos apeptic, by at least 50 times. 10 minute
incubation times were found to be convenient and eapable of
accurate measurement and allowing of simultaneous incubation of up
to 20 specimens, This is done by starting succeesive tubes at
¥ minute intervals and precipitating them at the end in the seme
rotation. For low conceniration pepeiongen solutions (plasma
(or serum) end body fluids, other thun urine or gastric juice),

1 hour was found to glve more accurats resulis.

T IRE OF D TIO0N .

Hirsky et al (1948) used 10 minute incubation times for urine,
but later (1950) stated that 30 minutes was & more satisfectory
time for incubation. Bucher (1947) used 1 hour, and Farnsworth
et al (1948) 18 hours. : Older authors, using other mathods, used
incubation tlnes of up to 100 hourzs In the older methods pro-
ionged incubatfon inee were mersly an exprmséion of the coarseness
and ina.ccumej of their mothods. While Parnsworth's digestion
period was prebably acourate enough for apeptic urines, one must

regard his estimetions of normnl urines with some suspicion.

Theoretically,; there can be no objection to any hacmoglobin
method (using 0.1 G. fib.) which employs a digestion time of between

10 end 150 minutes for the assay of all golutdons contudning a
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pepuin equivelent of lese than 100 ug./sl. 1810,000 Armour scale
pepoln or its equivelents Furilor, since theve ic a cimple
arithnetddal proportion the results of any period of digestion
within those limite can be expressed in terms of any other time-
unite; in other words, z unite as assayed at 60 minutes

% 10 minute units or X %0 minute unite. This assuoption allows
csme to compare two dil’i’;rent incubation times, say 1 hour plasma

pepsinogen and 10 minute upine pepeinogen in estimoting renal

pepsinogen clearance.

That one ney assume a linear proporticnality to exist for
plasma pepsinogen muy te sven from the graph belov demonsirating
this facte For thiz experiaeni, the plesma of ¢ uraemic patient
(500 mg.® blood urea) was used in order o get relisble readings

for chort incubation periods.
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Fige. 7. Proteolytic activity ol plasma showing linear
proportionality of digestion with incubation time.



The mothods in use for determination of the tyrosine
equivalent of the filtrate vhile being apparently correct and
reproducible, require lurge volumes of resgent and are therefore

tedicus for routine use,

Angon (1988) recommends the additdon of 10 ml, 0.5 M, ¥aOF
and 8 ml. of diluted Folin Ciocalteau resgent to 5 ml. of filtrate,
Tais makes & total of 18 nl., which bag to be mized either in an
Erlenmayer flask {25 or 50 wl.) or in & 8% x 1" tube. Consequently
J onaly & few can be done at a time if both  incubate and blank srve

to be measures sinultaneously.

EXPERIMFHTAL OBOERVATIONS.

1% wes found that by keeping the proportions of filtrate,
HaOH and Folin-Ciocalteau the same, viz. 531083, but reducing the
total amownts to 28431.2 in ol., a mhole »eo of up fo 12 incubations
could be dealt with using & rack containing 24 5" x 3% tubes. It
.was further found that there was some difference between adding the
phenol reagent before or alter the HaOH to the filtrate. If Polin
ip added last, the blue Bolour develops & little slower und fades
soonevrs The following table shows the compurisen between adding
Folin-Clocaltesy before and after H«OH to standard tyrosine.

$ diffevent pairs of obsergations were made at £ minute intervals,



2 T

2 m.Eq./2 ml, 4 m.Eg./2 ml.

NaOH last Folin last NeOH last Folin last
224 G ees «450 «390
24 + 226 «455 +448
230 ; .228 450 o442
«230 g +RR2 #452 441
seole + 205 «450 +430

TABLE NO: 3

THE EFFECT OF ADDING FOLIN REAGENT AND NaOH IN A
CERTAIN ORDER TO THE FILTRATE,

Bhother advantage of asing 2 ml. of filtrate is that if
thereshould be an accident, end the filtrate lost, another
tube can be set up, wheress a second 5 ml. may not be ontainable

if the large quantities be used.

This is of special acdvantage in the plasma estimation
where the total guantity of digest is 11 ml., and total

filtrate rarely more then 7 nl.

To determine how soon the blue colour evolves to a maximum
and how soon i% declines, the various concentrations of tyrosine
in 2 ml. water were made up with 4.0 ml. 0.5 K. FaOH and 1.2 ml.
of Folin-Ciocaltesu reagent and measured at intervals from the

time of mixing, at 560 mu. (Tables 4and 5 ). TWaile the
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percentage decny s pimilowy in oll,; the sbeoluto decsy in
colour dg proportionsl to the initisl concentration of
tyrosine (Table 4 )

Concentration Fall, % fall of

Tu. /2 nls nax. colour
0s8 © #01B 1248
1.0 #0828 1242
2.0 «009 1,1
8.0 041 11,8
40 «064 1145

TABLE NOe4 RELATIVE AND ABSOLUTE VALUES OF
DECAY OF DLUE COLOUE IN 1 HOUR,
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TYROSTHE
70/2 ml.
0.0

Oe5

1.0

220

4.0

«054 .066

+118 118
«253 =854

=380 #3528

«A42 2448

<085 063

o118 112

«FR52 o251

#8524 oB2L

«440 430

082

- 114

PR
»

<33

«438

<082

«112

2250

»ORL

+458

«249
« 50

2438

<48

<318

454

«318

#4351

242

« 314

+430

057

«110

#2512

07

- #09

=458

* 258

+308

421

#6415

2232

297

<408

+100

=229

298

«E03

o258

+395

+225

«581
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From these results it will be realised that the bluo éolmz-
develops 'm‘.:ﬁaﬂl?{f slmost famodiotely - in about ¥ minutes; ond
then fades proporticnatoly to o oviginel walue. This difference
in absolute £all should be remembored when two solutions for
comparison are kept more then 10 ninutes before reading in the
colorvineters

Another experiment to determine ‘t._he colovimetor value for
the 2 TU./E mle etandard in 9 ectimations is given belowy They
were all prepared in_ord.er‘l - 8 together with the water blank -
and read ab 13 minute intervels from tine of mixing, accounting
for the decline in the recdings and ghowing the effect on the
Es»B readings of delaying readings

TIHE BLANK STAUDARD (ES) ES - B

(nins.)
0] «050 w58 . .. =R08
WA AR . a8
B «0E5 dd « 218
4 2020 L 229
6 080 2241 o221
7% #020 240 « 220
g «018 pras] « 27
ni «015 280 Ml
15 022 o228 «228

Average 0804 4839 «218

TABLE NO. & HIAN VALOEZ FOR IXTINCTIOH VALUZ OF STARDARD 1-TYROSINE
i o
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Conclusions, The mixture should be made up as followege
» filtrate, Folin-Ciocaltesu, NuOH in that orcer, and resd within
10 minuteas

Provious papers dealing with the subject do not mention the
sctual wavelength st which the finel blue colour should be

nessureds Bigher (1947) uges filter No. 54 (540 mu) . ‘ In
order to determine the optimun weyelength, tyrosine solutions of
varying strength In water wore usede The tyrosine was mede up
in 5 nl. water to tﬂxiéh wag added 10 wls of 0.9 M trichloracetic
agid, 10 ml. 0,5 NaOH, 1 sl. of 253 Neot0s snd & ol. of 13
diluted Polin-Dicecaltenu rasgents The following table shows the
readings of duplicate specimens at vavious vavelendhs for |
each concentration with the colorimeter set at 0 for the blanks



Segr

TARLE 0. 7

WAVELTHGTH AND COLORIDETER READINGS IN
THE LOGARITOEIC SCALE.

840nu 600 mu 540 mu

410 =g

Concentration of 680 mu 520 mp 480 mu 440 =u
Tyrosine in nEGe
in 5 al. of watere
o o Q 0 4] (8] o 0 Q
4 «201 selD - 9dBS ol 70 e 128 « 103 »100
«208 2205 «180 «L70 145 B + 105
415 A00 OO0 w0 4205324 ey -
i e S R e S e G e
iz g it o 840 580 490 <815 =280
/(N * 16
24 110  l.am 1500 o=y g3 M0 590 . .55D
1.00
5-2 l920 .750 3?00
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COLORIMETER SCORE

4 8 12 32

24
mEQ/ML. TYROSINE

Fig. 8. Determination of optimum wavelength for

reading blue colour (see text).

From the graph drawn from thia set of resulis the conclusions

roached are that for ebadiancs o the Lasbort-Deoy law

Ls
Zo
b

4,

fonge 520 to 600 mu dnd the optisum 560 - 600 nu.
Abpolute maximum concentration determinable 24 x ].0"'1 nlgs tyrosine
Moxdrun sensitivity io 6 - 12 x 10™% aig. tyrosine.

Avoid concentrations below BE=0405 { = 0.5 x 20™* nig,)

Tollowing these observations 580 mu was choson as the

standard wavelength for messurement of the blue colour produceds



At Tivst, this difference wes determined ly subtracting the

;;eadins of the Blenk from fhat of the incubated flltrate, sach
being vesd againet distdlled water seb at 0. It wuz found thats
this was not only todlous Wt wmecoscary and whan the blank
wan il Snacourats o6 woelly Docause Whe readings have to be
peds ot the coarsely gradusted left side of the sonle, It waa
found that one con obtain the difference much more cesily and
with the exclusion of one obap of the process by eliminating

the distilled wator sero. The colorimeter is set on the blank
a8 peor to sero ap popeible and the incubuted specimen read
agaiﬁst this readinge The difference is recorded ag such directlys
This is more securate because the resdings are mainly in. the
fivat kolf of the logurithmic scnle, whers the subdivieions are
finers If it should be negsspsry o reoad op the left side of
the seale 40 iz more accurate 0 rewd on the arltimetic socale,
anc from logarithn tablen to convart this to logs, which will
then give onc & more accurate figure, rather than read directly

the logaritimic peale of the machine.

URONE It has been adequately As'hovm that the estination of
concentration of pepsinogen in the urine is not the ddeal way to
measure the excretion of this ensyue (Gobtlied 19.’545 and that
for the pake of sccuracy,; resullts should be empressed ae the

of engyme excreted in & unit of tWuwe, isc. ap & rate
amount
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of ecretlen, either pur bour or per 24 howrs (Getidied 19243 Bucher 19.7;
Broh-Kahn et al 1948)s  The latter authors claim that any time of
gollection of 3 houvrs ox more i repi-esentative of the whole 24 hour
period and thet ons estimation par individdal is suffdetent, I would
disegree with these authors,; and believe that in some instances,
collections of less than 24 houvs ave not representabtive for the 24
hourse In the case of en 18 year old female conirol (JuW.) 1t was
found that while counecenivation vemained coupsratively steadys the
volume of 12 hourly urines by day was far higher than the corresponding
night uriness

Thus for 6 consecutive 12 hourldy periods and the two following
2/, hour periodsie

VOLUME OF URINE CONCENTRATION PyU,/Hr.
(COLORIHMETER GCALE)

D, 860 old

724
i, 350 a2 322
D, 660 o15 758

25 qem. AaCeTelly
i, 300 <06 237

By 9o «05 27
N, 320 06 u6
24 hrsy 1120 242 611
24 bee, 1150 2155 684,

TABLE NOs &8 THE DIURNAL VARIATIONS, IN URINE VOLUME AND PEPSINOGEN
IN 1 PATIENT,
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Pollowing these results, it wez concluded that only 24 hour
urineg could be relied on.fo express the tmue S4-hour excretion

pnhtamu

As to Hireky's (1948)-stsiement thut one sstimation g
sufficient for the individual excretion petiern to be determined,
it was fownd theb there wes often such enormous verdations from :
day to doy se to make Yhe estisation of at lesst & and uéually
% consecutdve days collection mundatorye In one case (J.B.) on
three successive daye the rates of excrotion were 18E0, 822 and
788 units per hour, These readings were duplicuted beecause of
this wide variatdon and found 1o be the sames No obyioup
explonation could be given for this variution ns the patient was
4n bed on a stendard diet and £luid intake during the observation
pordod, and no other tooks wore done wt the ptopach o the some
Ldnoe

Gensrslly, bovwever, the fest sl difforont tines on the
seae patient produced similer repulis and for wost patients, two
£d-hour urines collectod during_ 4 siandard diet period will
suffice to detormine the bagic pattern of thet patientls exeretion.

In this sorice abt lewst £ and generslly & urince were togted
on each patient, The urinss were colleched in win chegters
containing 10«15 nls of twluol and refrigerated at + 4°C, as soon

ue eollscteds

The collection of specimens by warious apthors differ and
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depends on what they believe is an adeguate seupling tine,

Janowits (1850) collsctr & B - L2 hour specimen fasting, resting

or 5 ~ 8 hours alter Poods  Bucher {3947) follaming ™lain

(1208), makedn (3010} nod Gobtlied (1884) collaskod RS houp
mostaen, and Geoy ob ol (3850) follessd Buehore: Bireky ot al
(1946) and Broh Katn et al (1948) concluded from their investigations
of the time of collection that any period of the doy of over &

houre wis envugh, oionce neither food, nor slesp por activity had

any effect on urdnary pepainogen excretions

 One must critiedse bie collectdon of cat®s urine directly
into en scid solution by Bucher and Ivy (1947) unless they ere
waa;reé sithdy 24 hours - since Wirsky el 4l showed that ot pH 148
pepsinogsn in the vrine is stable for &4 hourss 1 beliove,
howevery thut the urine should not be scidified unidl imuediately
prioy to asvay, since there is o rather rapid decline within

the fivet Pow minutes of septie activity (pe 37 )a

However, at alkaline or near neutral pfl, the trdnary gmo
is giable for Jong perdods,  Hoth Ducher (1047) und rdky ot al
(1040} hove showt thiss Tho following tables give these
resulbos



* URINARY PIFESTHOGER AT 50° G,

TABLE HO. ©  MGTABILITY O
£0 DAYS, AESOLTS IH COLORIMETER

FROH 1 -
SCORES."  (Bucher 1947).
DAZSe A 2 3 R aop o _
6304 5.82 5,80  T.dl U A _Q%
% 54 - 58 5 15 & C B
8 &9 1] - - - - 56
g 57 86 - - - - 50
4 60 8 - - - - -
8 = s » o - -~ -
15 56 o7 88 - - - -
8- » s 64 - = - - 47
0 - - L w8 e,

TABLE MOy 1o  "STABILITY OF DRINASY PEPSINOGEN FOR 28 DAYS

A7 YARICUS TEAPRRATORES?, (Gnoted from Hipsky
ot al (1948).

DAYS STORED, 0OGH T24P.  3-5%C, Toluol  Peptli aeitivity )/ee,

(8] x No 78
a % Tap 74
1 % Yoo 82
= X fae 75
y x Zen 78
14 | = Yeu 75
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One mey therafors copdude that provided no hézvy bactoriel
: growth occurs and the pH Is near asubral that the urinary p@zsinogen
is stable 5t § = 50(3_. for up to 25 days, ab recw temperature forv
up to 14 doye, and at 50°C, (F.) for 15 days at pfl B41; ond fér
30 days 2t pE Tude

In this investigation, all urines weve refrigerated upon
collection and always assayed within X1 deys, but usuelly within

7 doaye of collections

{ooe 2002 e 55 Jo

Por estination oi"circu.mting pepoinogen, i£ hed to be
deternined flret of all whelher thore was wuny differonce between
the plamaa and the sorum conbent of & spedimen of bloods Gottlieb
(1924) believed thab thore wes none, but aleo ctated that he V
believed that pepsinogen wus adsorbed on W fibrin but only at
acid pHl. Cines in the clotbing of blood o produce serum fibrin
renadae in the oloby it woe luporient to be surs thet this fibrin

¢id not withdvaw popeinogon from the placste

One sample of blood from e ursemic patient (JoH.) ves divided
into two portions, one allowed o ¢lot, the other enticoagulated
with hepevdns  Tue resulls were £18 Tu 5 and 232 Tu § respectively
for the serum and the plasma go obteineds This difforonce
rcpmn;anw o oolondnetor vending of only 0,008 aod is thorefore
not pignificente I Motior puitent (Adh) a sintlar experinent
vielded the repults 158 snd 184 for serus and plusma recpectively,
reprepenting a coloriueter difference of 0,014, still within

A



~73—
exporisental linlte,

faying thus deteruined that comparable regulis can be obtained
from plasms and eeru#x; and because it ié ousler to obtain more
plasma than serun from the suse amount of blood, it was deoided to
do all esﬁmamon;.a on heparinized blood - I mgme of heporin to

T nle of wvetious bloods

where possible, all specimens wore collected from the putient
with & dry syringe nnu in the fasbing ét&m oy 4 = € hours alior the
laot nos) (ponorelly st bnfore Junchile  The blocd won contriluged
frmodiatoly ool 42 nob noonped L saus day, stored frosen solid
at ~20% ¢, Deterioretion of peptic activity does mot ocour
with storape of D weeks al - 10"0.
Plagze fm Jells RA5.51. Colorimater scom' #2853 on 15.6.51,&7&
{ =51.2 Pualled  ofs5207 Pub.P) '
Another plasns sssayed on £7,:4¢51 goave the rosult 140 PuU.%
and on 1R8e58 (10} monthe later) 57 Palef, & loss of sbout 555
of the originsl enzymo, Snd oo 9y8e58 was 4548 Poledy & loss in

% years of 68% of priginal value,

1t appears galfer, therefors, to assay serun or placma, if otored

&t - 1090, within 5 weekss

Gantric Julce, on bho ollier band, probubly cannot relisbly
be stored for eny langth of Hine, beooavss the pil of the julco io often
ud e seid Jovel where sulodiguation of pepain o Jikely o oceur

WWM, Kunits and Hexwiot 1948).



In deciding on the adoption of il haemoglobin method of peptic
agoay neinly because of reproducibility of resulte with different
gamples of subptretes, nogt suthors have failed to reach asgrcement
on the exasch definiticn of arbitrary units, owven Iff the def, ini\;»lan

theraby has W be arbitrorys

It ip ngrecd that the Jdeterminaiion of concentration dlone is
not sccurate enough for comparadive ptudies and the use of this
nethod hag hgaﬁ dropped in fayour of the rate of excretdon except
by Farnsworth, Speer and ALt (21945). Buc‘er (2247) expresses
resulin ac mgms tyrosine per 24 hours, deternined fron a 80 winute
digestion of S coe 45 Ub { 0.2 G. Bb,) b7 1 oo of oot Sludds
The noyoad, sangs 35 B o 698 nonOd hovens Uirelyr el 81 dofine
6 uudd an Bwt ot of esmyne sideh w211 releadbe 1 mgn. of acid
soluble tyrosine-lile saterial in the stenderd 10 minube ussay (of § cca
2% s by 1 oo of urine at 57°C.) Latey they ineubated for 50
pinutes But thep divided br & o giwe 10 minube unitss Thess are
oxprested ag log unity por houpr, d.0. & rabe of micretions Gra;v et
a1 (1850) c‘.ﬂi‘i'n& one unlt ap that seouni of engymo releusing 0sd mgs

syrouine-1ike subatanges at #1°C, in & 20 minute incubation fron Ol
Gs Hbs substrats, and cxpress Bhedr resulte oo nge tyrosine/Sd hours,
Janowits, Levy and Hollander (1950) define a unit as that amount of
engyme which releopes 1 x 3.0”4 rle of tyrosine from a standard
10 minute assay, and expressed ap unite per houre  These unite
®will be designated by the cbbroviated syiol Pl for P.Us nlg"
meaning peptic unite in 2 10 minute incubation of huemoglobin under
standard conditions. e 7"
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The katter delintbion bas been sndopted in this study
(irechowity 1055) for weesons slveady given, viz. the practicability
of a 10 minute incubation period, the economy of using 0,1 G. ﬂﬁ.
instead of .2 G. oo Bucher (1947) does, and bscause the amount of
colour produced is within the renge of the stendard, viz. 0.0181
nge or 1 nEq. per ml., and finally that the use of mig. is more
alegont in chenistey thon the netric systenm,

To converd results of longer digestion periods and other
methods to stendard units, it is necessary to reduce the digestion
time used to comwon denominator of a 10 minute period by simple
divieion, since resulte are arithnetically linear, and to convert
Bgns 1o nﬁq. dividing by 181 (mol. wte of l-tyrosine)s It is
finally necessary %o reduce the tine of the excretion as given to
1 hour, gince it is ebsolute that 1 hour is an accmmté port of ooy
a throo or twelve hour agsay But not entively juotdifiublo to agsune
that o & howr aosay do an accurate pard of the other &1 hours of a
“ hour perdieds One hour should therefore be used as a. conmon
denominator in expresping results as a rate of excretions I full
£4 hour collections of urines are agsayed, theny of course, the
expreseion per R4 hours is as justified sp per hour, though for
universal conparison the hourly rate of exoretion would be more

applicables

Plagie pepuinogen results to confomn to upine units by definition
should be reduced to the equivelent 10 minute units by division by
8, since incubation i¢ for 80 minutess It has buen shown (p. 62 )
that the resulis are proportional to tas of incubation. Howevoz',‘

19
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ploemn pepsinogen must be expressed o a concentration end to

conforn to other estimations in clinical biochemiatry, results

ary given #c 10 minute units per 100 il of serun or plasma

§O
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CHAPTER IV

THE PHYSIOLOGY OF PTRSTHOGEN

This chapter deals with the secretion of pepsinogen by the
chief eells of the stomach into the gastric lumen wheve it ig trans-
formed into and measured as pepsing it deals with the diffusion of
pepsinogen directly into the bleod from the peptic cells; the dif-
fusion through the body; the mochanism of excretion by the kidney
not previously described; and the influence of physiological var—

iations on the amount of pepsinogen in the urine.
SECTION I 4
It would perhaps be best to describe bricfly the present state

of knowledge upon which this study was built., It is almost 180 years
since Schwann (1834) postulated the existence of pepsin. In 1881
Langley published his discovery of pepsinogen and the observation of
the seeretory cycle of the pro-enzyme granules in the chiefl cells of
the gtomach. He showed .":.hat pepeinogsn was converted to pepein in
the stomach and destroyéd iﬁ the small intestine, m'l‘he existence of
ipepsin® in the urine had by then been known for 20 years (Briicke 1861)
and it had been assumed that the enzyme was pepsin. The work of
Langley led to speculation as to the exact nature of the uri;nary
enzyme, &nd by inference Gehrig (1888) assumed that it was pepsinogen
and that it wes absorbed directly by the blood from the gastric glands.
However, as late as 1910 Ellinger and Scholz from crude inactivation
studies still believed the urinary enzyme to be & mixture of

pepsin and pepsinogen.
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It was later shown by Gottlieb (1924) that it was pepsinogen, but the
final proof as to its nature and origin was the composite of many
papers culminating in the excellent work of Hirsky and his co-workers

(1948) and of Jamowitz et al (1950).

Its origin in the stomach was shown by the work of Frouin (1904)
in the dog, who found that removal of the stomach or of its mucous
membrane resulted in an apeptic urine, but that exteriorizationnof the
stomach so that all its secretions were immediately drained out, did
not cause the disappearance of urinary pepsinogen. This work was
later repeated and confirmed by Bucher and ‘I‘vy (1947) in caté and
in rats by Balfour, Preston and Bollmen (1948) and in the isolatéd
human case in several papers (Janowitz, Levy and Hollander 19503 Podore
et al 1948). Collateral evidence came I’roiﬁ the n;aar-absence of
pepsinogen found in the urine by almost every author on the subject
of achylia and pernicious anaemia (see Farnsworth, Speer and Alt 1946
and Chapter V.) The one dissenting voic‘e in all this work was that
of Strauss (1986) who found that there wag always some secretion of
: pepsinogen in the urine and postulated a "parasekretion" - a source

of enzyme other than the stomach,

The nature of the urinary enzyme has not been proved conclusively,
i.e. it has not been isolated and shown to be pepsinogen by physico-
chemical methods. However, the work of Mirsky et al (1948) is very
strong evidence in fé.vour of the identity of the urinary pepsin-like

engzyme with pepsinogen. This confirms the modérn views derived from

o
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inactivation studies on the urinary enzyme. IHirsky et al showed
that oral feeding of pepsin or pepsinogen produced no rise of
urinary enzyme; also that intravenous pepsinogen did produce a
rise in urinary enzyme indistinguishable in its behaviour from
pepsinogen. It had been shown before by Voight (1923) that intra-
venous or subcutaneous pepsin produced no rise in urinsry pepsin and
she correctly interpre‘ted this as the result of destruction of the

enzyme at the pH of the blood.

The knowledge of how pepsinogen behaved in its course from the
moment of absorption from the gastric secretory tissue until it
appeared- in the urine was very limited. Benderskey (1890) showed
that pepsinogen appeared in the sweat; Loepgr and de Bray (1821)
assayed pepsinogen in the blood, but believed it was pepsin..
Gottlieb (1924) estimated the blood enzyme, found it to be stable
from day to day and found, as Loeper and de Bray (1922) had, that
it rose in uraemiz. Since this work was dome, Mirsky et al (1952)
have published a paper dealing with blood pepsinogen in diseage and
have reached essentially the same conclusions ag I haves Their
paper on bthe source and properties of the blood enzyme is interesting

and. comprehensive. (see p.122 for discussion.)

Little, then, was known about the mode of tm;port of pepsinogen
in the blood, and the statemenﬁ of van Calecar (1910) that it was
caﬁied in the leucocytes was as unproved as Gottlieb¥s contention :
that it was carried as free pepsinogen in the plasma, although the

latter had been more widely accepted and I believe it to be
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substantially true.

About the mechanism of excretion by the kidxéey nothing was
known except that excretion was interfered with/chronic nephritis;
van Noorden (189%3) claiméd that it was increased, Strauss (1926)
and Rothschild (1930) that it was decreased. Bucher (1947) believed
that pepsinogen was simply excreted as were other waste products and

lirsky (1950) believed that norewas reabsorbed in the tubules.

Conflicting views ave current as to the relation between urinary
pepeinogen and gastric éecre'bory activity. The most convineing work
on the subject by Jenowitz and Hollander (1951) sh(‘:wed an almost
mathematical relationship; that of Varro et al (1852) almost no
relationship. Gottlieb (1924) showed that there was some relation
between urinary pepsinogen and gestric secretion. He wag unable to
show a relation between gasiriec hydrochlorie acid dnd {Jrinary pepsinogen
but showed that there was a positive correlation with the volume of

gastric secretion.

Thé evidence of Bt;cher and Anderson (1948) who showed that
stimulation of gastric secretion by caffein and by histamine had no
effect on urinary pepsinogen in cat.sv and the observations of Mirsky
et al (1948) showing the lack of effect of .2 wide range of factors,
including food, sleep and activity throws some doubt on the results
and con;:lusions of Janowitz and Hollander (1951). FEvidence to be

presented here supports that suspicion.
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The evidence on the control of gastric and urinary pepsinogen
by the adrenal hormone Cortisone and by A.C.T.H. hag all been presented
by one group of observers ~ Spiro et al (1950) in four different papers.
Evidence to be presented suggeste that their results might be inaccurate

and their conclusions biased.

The facts then that were known when this invéstigat.ion was started
in 1951 were that pepsinogen, the inactive precursor of pepsin, was
formed only in the peplic eells of the stomachy from there most
was secreted into the stomach and there autocatalytically changed to
pepsin which was then destroyed in the small bowel and not reabsorbed.
Some of the pepsincgen diffused directly into the blood from the
peptic cells and was transported as free pepsincgen in the plasma
to the kidney where it was excreted freely "as other waste prodﬁcts"

- of urine pepsinoge:
(Bucher 1947). There was conflicting evidencé on the relation/to
activity
gastric secretory’ and it had been suggested that the adrenal influenced

the secretion of gastric pepsinogen.



RESULIS.

Experimental evidence to be present.ed in this chapter deals
with all the aspects of the physiology of pepsinogens—

(a) Firstly the secretion of pepsin in the stomach has been
investigated using overnight 12 hour basic secretion tests, both
qualitatively and cuantitatively in relation to other gastric constituents
and also in relation to plasma and.tzrine pepsinogen. The effects of

caffein, histamine and adrenal steroid hormones are shown.

(b) The next section deals with blood pepsinogen and concerms an
original method for its estimation which has made possible its identi-
fication, the proof of its sources in the stomach and 4in the
léucocytes, and its distribution -throughout the body fluids. Normal
voriations as well as the effects of disease are discussed. Anti-

pepsins are shown to be present in pus, but absent from the blood.

(c) The next section deals with a new concept of renal excretion
of pepsinogen, made possible by the development of the new technique for
plasma pepsinogen estimations. This is based on simultaneoﬁs
clearance studies done of creatinine and pepsinogen which proves that
pepsinogen is filtered through the glomeruli ané. reabsorbed in the
tubules, and is in keeping with the modern views of protein filtration

and resbsorption in the kidneys.

(d) Observations are then presented on pepsinogen in the urine —
its constancy in the individual, its relation to volume, to chloride
excretion and diurnal variations. These observations confirm most

previous work. Evidence is presented to show that some pepsinogen ’
' . . Y
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in the urine arises from that formed endogenously in the leucocytes.

(e) The effects of operations, both gastric and non-gastric,
are shown on a number of cases, and interpreted partly in relation

to the concept of renal filtration and reabsorption.

(f) The effects of the adrenal have been studied on pepsinogen
metabolism, comprising obgervaitions of the effect of pituitary-
adrenal deficiency diseases as well as experimental observations on
the effect of A.C.T.H. and cortisone. These results contradict

earlier authors.
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SECTION II

Gastric Secretions.

Gastric secretion of pepsin was not studied in great detail,
since so much has already been wribten about the subject.(Babkin 1950).
However, some studies were undertaken with the following objects:
(1) To determine the hour to hour variations in fasting, sleeping
subjects in relation to the pH, acid and volume of secretion.

11 test meals were performed on 8 subjects.

(R) To determine the relation between pepsin and other constituents
of gastric juiée, and pepsinogen of urine and plasma - 12

such experinents were done on 10 subjects.

() To determine the effect of histamine on pepsin secretion in
relation to acid and volume of gastric juice - there were

& experiments in this group.

(4) To determine the effect of caffein by mouth on gastric pepsin
and simultaneously on plasma pepsinogen — 6 such experiments

were performed.

: (5) To determine the effect of A.C.T.H. and cortisone on gastrie
secretion in one patient.
Technicue
The tests were performed with the patient in bed. A4 Levipe
tube with 2 metal piece included in the '@:.ip was passed at 4 p.m. and
the patient screened to determine the position of the tip of the tube,‘
which was adjusted to the angulus. Small samples were withdrawn at

hourly intervals from § p.m. to 8 pe.m. and the juice tested for free
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acid and the pH determined to avoid doing the estimation on
achlorhydric patients. The patient was allowed a light dinner
at 6 p.m. but nothing more by mouth until the test was complete

the next morning,.

At 8 p.m. the stomach was emptied as completely as possible
and a suction pump applied to 'the tube. The complete contents
of the container of the suction pump were emptied into & labelled
container on the hour until completion of the test at 8 a.m. the
next morning. 4 simultaneous 12 hourly specimen of urine was

collected. The position of the tube-tip was again checked on X-ray
and the test discarded if not at the angulus.

The i‘oﬂ:lowing observations were then made on each specimen
of gastric juice — volume, pH (before and affc.er filtering of the
mucus) and on the filtered juice. (See Methods, ChapterIII). The
free and total hydrochloric acid was measured wj.«th Topferts indicator
and the pepsin concentration determined by the standard haemoglobin
method. The hourly secretion rate of pepsin and acir_l, as well

as concentrations of these substances were calculated.

Of the 11 12-hour test meals done on 8 subjects, there
apPeared to be two in whom the pepsin concentration varied
almost directly with the pH of the gastric juice and not with
the hydrochloric acide These were subjects in whom there was

" yery little free acid and who were often achlorhydric. One typiecal



= E)

such graph is shown below,

GASTRIC

Pup

X 1000pH

Fig. 9. Gastric pepsin secretion Type I.
Relation between gastric pepsin and pH in
hypochlorhydric patient.
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On the other hand, there were three patients in whom no
relation at all existed between gastric pepsin and pH of gastric
Juice; but in whom there was & close relation between gastric
pepsin and gastric hydrochloric acid when both were measured
as & rate of secrstion per hour but not as concentration,

This aifference is compared in the two graphs (2) snd (b)

shown below.
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Figs. 10a. and b. Gastric pepsin secretion Type II.
Relation between gastric pepsin and HEUL when measured
as rate of secretion (2) but not as concentration (b)
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A third type of patient (there were 3 in this group)
showed no relation at all between pepsin secretion and either

gastric Jjuice volume, pH or acid.

pu(xdd %
CUB pH.

10 of

5 3

GASTRIC ACID 8 PEPSIN CONC.
]

8

Fig. 11. Gastric pepsin secretion Type III.
Lack of relation between pepsin and other
constituents of gastric juice.
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The test is an unceritain one for many reasons - mainly
because of the uncertainty as to whether complete emptying of
the stomach is ever obtained; because of unpredictable
Aemptying of the stomach into the duodenum and because of duodenal
regurgitation into the stomach, Because the estimation of
pH, acid and pepsin and the calculations involved are tedious
(the estimations on one such test meal take the best part of
a day), it was felt that the results did not justify the

labour and material and discomfort to the patient.

THE RFLATION BEIWEEN GASTRIC PEPSINOGEN AND OTHER CONSTITUENTS
AND THE PEPSINOGEN IN THE URINE AND PLASHA

As will be shown in Chapter ¥, thers is an wérall similarity
in the gastric HCL and urinary pepsinogen in ducdenal ulcers.
Janowits and Hollander (1951) attempted to show more clearly
this correlation by estimating the pepsinogen content of
simultansougly obiained gastric juice and urine over a % hour
period and prove their conteniion that there is a close relation

between the pepsinogen content of these fluids. (see p. 174 s

Resulis.

Experiments were conducted along two lines - in five patients
simultansous gestric Juice and urine were obtained over a 3-hour
pericd as done by Janowitz and Hollander (1951) in the fasting

state and o sample of blood was taken at the end of this test.

In 8 other patients, 11 twelve-hour test meals in the fasting :
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state were performed as described above and simultaneous
urine collections were made, Blood samples were taken
in the fasting state.

In four other patiente, only simultanecus blood
gpecimens were taken with one basal specinen of gantric
Julces

The following table summarizes all these
Tindingae

(see over for table)
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TABLE NO: 11 RELATION BETWEEN GASTRIC PRPSIN,4 ACID AND PLASMA AND URINE PEPSINOGEN.

Name Duration Gastric Pepsin # Gastric Pepsin/hr Mean HC1 Plasma Urine
of test. PeUE . P.U./ﬁr. cc N/10% Pepsinogen §  Pepsinogen/hr.
(Hrs.) P.U.% P.U./hr.
A.8a 15 5,360 = 0 0 0
T.Hp 12 63,250 52,100 3 52 282
W.H. 13 64,200 44,400 93 51 240
A.Br 11 79,450 - 4.5 - 500
F.Do 13 42,800 12,580 51 & 405
J.St 10 65,600 69,950 625 84.5 335
C.Bo 10 50,320 25,290 8.7 28 76
W.Tu (1) 12 118,000 71,400 27.3 53 180
2y 12 121,000 115,500 15 3 260
(3) 12 85,000 88,300 44 28 300
(4) 12 104,000 75,670 38 51 420
B.Ba 3 15,600 1,120 = 17.5 27
B.Jo 3 57,000 54,000 0 29 47
C.Ne 3 84,800 65,000 20 25.5 85
HeBr 3 124,000 108,000 34 18.7 185
C.Bo 3 9,500 4,560 6} 10.5 108



)

TABLE NO: 5. (Continued)

D.0. 2 176,000 -
c.0 - 285,000 i
" M0 - 86,000 &
F.A. - 18,300 &
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If any correlation doss exist, it does not do so between
plasma &nd urine pepsinogen per se, unless urine flow be taken
into account,; i.e. unless renal clearances are calculated and
this has been shown to be a rather haphazard relation (see

renal excretion of pepsinogen, Chapter IV).

Correlations were therefore abtempted to show if there
were any relationship between gastric pepsin and either urinary

pepsinogen or plasma pepsinogens

The first graph below shows the concentration of gastrie
pepsin in P.U.% plotted against plasma pepsinogen in 18 cases
(These exc;luded any cases in which the gastric secretion was
stimulated either with cafflein or histamine and are all basal
secretions. Superimposed on the graph is a line drawn from
0 0 through the point where the mean values of gastric pepsin
and plasma pepsinogens intersect (the theoretical mean).

It would appear from this graph that some linear relationship

exists between gastbic pepsin concentration and plasma pepsinogen

concentration. If this is so it is only valid for the stomach
in the resting phase or in a state of basal secretion, since
the stimulation of pepsin secretion by caffein or histamine
(see below) causes a f£all in plasma pepsinogen. However,
18 instances are not enough to give a clear picture of the

relationship.
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FIG. 12. RELATION BETWEEN GASTRIC PEPSIN AND PLASMA PEPSINOGEN
CONCENTRATION.

The next graph drawn up from the foregoing table shows
the attenpt to correlate gastric pepsin secretion with urinary

pepsinogen excretion estimated on simultaneously obtained

specimens.

In this graph, 17 experiments are shown and both
concentrations and rate of pepsin secretion are plotted against

rate of urinary pepsinogen excretion in PsU. per hour. The



result | shows

no correlation i
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/2, either Tor the

concentration of pepsin or for the rate of gecretion per

hour of gastric pepsin.

Once again it should be stressed

that the small numbers involved make conclusions hazardous.

(see fuller discussion p. 172 ).
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Scatter diagram showing lack of correlation between

gastric pepsin and urinary pepsinogen
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By simple inspection of the relation between the mean
gastric hydrochloric acid and any of the other estimations, it
will be seen that there could be no possible correlation; either

with gastric pepsin or with pepsinogen in the plasma or gastrie

Jjuice,
The effect of histamine on gasiric pepsin

The effect of histamine was studied on 3 patients who
had 12-hour test meals preceding in order to be certain of
the patients! basal level of secretion. The technique was
as described above i.e, continucus gastric suction in the
fasting state with measurement of the gastric juice on the
hour. A.fter histamine complete % hourly specimens were
taken for 2 hours. The pepsin was calculated both as
concentration in each % hourly specimen and as total amount
excreted per hour. In case 3 there was emptying of the
stomach with regurgitation of duodenal contents which
invalidates the second hour of this test. The first
two patients had duodenal ulcers and the third a gastrie
ulcer. The following table sets out the results of

these three experiments.
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TABLE NO:12 EFFECT OF HISTAMINE ON GASTRIC PEPSIN AND ACID

Name Mean basal % hour 1 hour 1% hours 2 hours after
level histamine.
Pepsin Conc. F.Do 42,800 45,000 52,800 68,000 116,000
P.U.%
J.St 65,600 45,000 49,500 37,600 68,000
C.Bo 50,320 101,000 155,000 149,000 7,300 (bile
Tegurg. )
P.0. per hr. F.Do 12,580 2,460 12,850
Rate of
secretion J.St 69,950 88,000 95,000
C.Bo 25,490 54,600 13,100 (bile)
HC1 F.Do 51 58 62 64 62
ceN/10 %
J.st 62.5 71 75 66 58
C.Bo 8e7 13 20 15 0 (bile)
Mean values P.U.% 52,910 63,000 87,900 83,870 92,000 (& only)
for 3 patients
PoUo/Hret 1355940 48,350 57,225 (2 only)
HC1% 40.7 47.3 52.3 48 80 (2 only)
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From these figures ab will be seen that histamine causes
not only en increase in acid (and yolume of secretions) but an

increase of pepsin both in concentration and in total amount.

These results deny the statements that histamine fauses
an increase of gastric pepsin merely by washing out pepsin from
the cells (Babkin 1950) — the pepsin keeps on increasing both
in concentration and in total amount up to two hours. As will
be shown in the next section, caffein given after histamine causes
a still further increase in the secretion of pepsin up to 5 hours

after the start of the testis

The action of caffein on gastric pepsin and blood pepsinogen

Seven experiments were performed to test the effect of caffein
on gastric secretion of pepsin. In all these patients gimultaneous
plasma pepsinoggn concentrations were estimated, in order to try
and elucidate the problem of whether the secretion of pepsinogen

in response to caffein was an active or a passive events

Pechnique: In four subjects (2 duodenal ulcers and 2 controls)

one fasting specimen and one 70 minutes after ca.ffeiln were taken.

In three subjects caffein was given 2% hours after 0.5 mgm,
histamine and the patients observed for a further 3 hours. These
patients had had 12 hours previous intubation in the fasting
state to determine the basal secretion pattern. The caffein was
given as a draught of 100 Gm. of caffein citrate in 200 ml. of
weter, no suction being applied for % hour, the stomach then being

emptied, Then continuous suction waé applied, and complte
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& hourly specimens of gastriec Juice obtained and these were
assayed for pepsin and titrated for aecid, The pH was also
measured on these. Blood samples were teken at the time of

administration of the caffein and 3 hourgs later.

The results of the first four subjects are as follows:

TABLE NO: %3 ACTION OF CAFFEIN ON GASTRIC AND PLASMA PEPSINOGEN

FASTING LEVELS 70 MINUTES ATTER CAFFEIN
Gastric Pepsin Plasma Gastric pepsin Plasma
P.U.% P,U.% P.U% P.U.%
D0 176,000 59.3 112,000 ' 62
C.0 285,000 62 {13,000 7543
T.A 8,600 14 10,900 14
Ha0 18,300 14 18,000 15.8

The three other patients were studied in greater detail
25 the following table shows and the conclusions to be drawn

from these figures are probably more valid.

The table shows the mean values for the periods studied
which were consecutive and all in the fasting state — 12 hour
basal s cretion (sleeping) 2 hours histamine followed by caffein

and a weit of % hour, and then 3 hours obgervation.



TABLE NO: 44 THE EFFECT OF HISTAMINTE FOLLOWED BY CAFFEIN ON GASTRIC SECRETIONZ AND PLASMA

AND URINE PEPSINOGEN.

GESTRIC JUICE PLASMA% CSC#£ URINE
Pt. vyol. pH P.U.% P,U./Hr. HCL HCL P.U.% P.U./Br. Vol.
ml./hr, c O/fr. ml./hrs
I8t
Basal 109 - 65,600 69,950 62.5 70 84.5 842 335 6.7
Histamine 128 - 50,000 90,500 65 136 78.3 g
114
Caffein 193 - 75,800 269,000 57 212 35 Ve .- ) 12.8
C.Bo
Basal 83,6 - 50,320 25,290 8.7 2.2 28 11,1 » 100
Histanine 29 - 97,500 34,000 16 4.1 42 )
20.5 ) 310
caffein 34 - 148,000 51,000 10 4.5 2% ) 43
FpHO
Basal TOL 2:28 = - - - 109 4.1 475 41,7
Histamine 59 - - - - - 102 ) 1!-1
10.5 )} 475 57 2
caffein i AR - - — 83.5 ) 1

% Plasma levels were estimated before and after basal secretion, 2 hours

2k hours after caffein,

£ CSC - Renal clearance of pepsinogen in cc/min.

after histamine and
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Lonclusions

In drawing conclusions, the single observations on the first
four subjects must be interpreted cautiously, since no allowances
were made for dilution and it is not cerfiain whether the peak of

secretion was measured,

In the second set of observations it is not certain whether
the histamine potentiated the action of ceffein, which it sppears
to have done. The reverse is lknown to be true ( Babkin, 1950)
Nevertheless, the figures show conclusively that caffein after
histamine produces 2 great rise in pepsin secretion both in
concentration and in absc;‘olute amounts; this is true for acid
seéretion as well. The continued increage of pepsin in the
gastric juice after 17 hours fasting and after 5 hours of
stimulation of gastric secretion, first by histamine and then
by caffein, would suggest that the secretion of pepsinogen by
the peptic cells in response to stimulants is an active process,
rather than a simple washing oud phenbmenon ag suggested by
Bablkin (1980). It further suggests that pepsinogen is formed
continuously, and probably fairly rapidly, since the amounts
secreted exceed the probable amounts that could be stored

preformed in the gastric nucosa.

The decrease in plasma pepsinogen which occurs simultaneously
with the great increase in gastric pepsin secretion is interesting.
It suggests firstly that the diffusion of pepsinogen into the
blood is a continuous eventy it shows that no pepsinogen is

reabéorbed fron the gastric lumen, since if it were there would
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be an increase with the increase in gastbic pepsiny it suggests
that pepsinogen diffuses into the blood from the bases of the

peptic cells because mobilization and discharge of pepsinogen in
these ecells occurs from the base to the free end of the cell(Cillespie
1898). It does not assist in deciding whether the process of
secretion in response to stimulation is an active or a passive

Processe.

It is just possible that the blood could act as a reservoir

for pepsinogen of the peptic cells.

The simulteneous estimation of urinary pepsinogen shows
again the lack of obvious relationship between gastric pepsin
and urinary pepsinogen. It is certain, however, that the relation
could not be a simple one. Since the complex factor of renal
ad justments to the dehydration involved in starvabion coupled with
removal of large volumes of gastric juice (approximately 2,000-ml,,
600 nl, and 1500 ml. in the above three enses respectively) can
only be guessed at from the figures shown above, we must assume
that any attempt to relate gestric pepsin and urinary pepsinogen,
which does not take the sctive role of the kidney into account,

is inaccurate snd misleading,

The renal clearances show that where the urine pepsinogen
fell, there w.as a fall in the clearance and vice versa to account
for the changess These figures without simultaneous glomerular
filtration rate estimations only suggest, but do not prove, that

there is a change in reabsorption of this protein, not dependent
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on the scurce of production, the state of hydration or blood

levels alone.

This aspect was studied in one patient, W.Tu. a 49 year old

male with a duodenal ulcer of 5 years duration.

Four overnight 12 hour test meals were performed, the first
before, the second immediately following 50 mg. A.C.T.H. intra-
muscularly, the third 5 days later and & days after Z0C mgm,

Cortisone T.M.T and the fourth 4 days after cortisone.

The following table summerizes the information so obtained
on the gastric juice, with simulteneous blood and urine

estimations,
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TADLE W03 15

TIE FEFECT OF B.0eTelle &HD UORTIEONE O3 GASTRIC SECRETION.

Toiume | HCL U710 cc.
Heop Longe 2. Fer hour
Bapel . 62,5 48,5 273 1.56 118,000 71,400 53
with 90 50,2 15 2,15 121,000 115,500 51
Aic'r’a‘
2 dsys
after 109 B2.3 4.8 Bl 85,000 88,300 28
Cordisone
4 days
aftar S8 62,0 28,25 2,01 104,000 75,8670 51

Cartisone
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These results would seem to indicate some slight increase in
gastric Juice volume and acid, but little effect on pepsin in
the gastric juices, The increase in the urinary pepsinggen is due
%o an increased renal clearance ag shown elsewhere (p. 104 ) and
is probably due 1o a dirvect effect of the hormones on renal

mechanisms aff'ecting pepsinogen excretion.
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II. PEPSINOGEN IN THE BLOOD

There are only four references in the available literature
relating to the study of pepsinogen in the blood (Saxl 1915;

Loeper and de Bray 19223 Gottlieb 19243 and Mirsky ot al 1952)

A1l other weferences only touch indirectly on blood
pepsinogen and are concerned, mainly theoretically, on how pepsin-—

ogen is transported from the stomach to the urine,

The first theory was that pepsin was reabsorbed from the
gut lumen into the blood. (Bricke 1861). Shortly after that
Gehrig (1886) stated that none was reabsorbed but that it
diﬁ"uesd directly into the blood stream from the peptic cells,
following on the work of langley (1881l) who showed that pepsin
was destroyed in the gut lumen and that it arose from the peptic

cells from a precursor which he called pepsinogens

The theories as t0 its physico-chemical state in the blood
eventually gave way to the theory of its existence as free
pepsinogen in the serum, The earlier theories are worth listing

brieflys.

(1) Adsorbed ontec fibrin: Leo 1885 and Stadelmen 1888 believed
that "pepsin® was adsorbed onto fibrin and this formed the basis
for the fibrin method of pepsin assay used for some years, Fuld
and Hirayama (1912) disclaimed the idea by showing that at optimum
acid pH fibrin showed no evidence of digestion which could be

attributed to adsorbed pepsin., Gotitlieb, however, in 1924, in
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experiments rather more accurate than those of his predecessors,
believed that some adsorption onto fibrin occurs, but only at
acid pH and that normally pepsinogen circulates as such in the

plasma,

(2) In the white blood cellst Von Calecar (1910) believed that
pépsinogen was transported as such in the leucocytes and claimed
that it disappeared after total gastrectomy. - He gives no other
results nor any ﬁgur.és and one must assume that he found no

pepsinogen in the plasma,

(3) van Noorden (1893) believed that pepsin circulated combined

with an ihhibitor complex and Fuld and Eiresyama (1912) demonstrated
to their satisfaction antipepsins - pepsin complexes, Peczenik

and Kawshara (1927) fully supported and confirmed these statements
and believed that this complex was set free in the kidney., The
presence of antipepsins in the blood was denied by Hamburger (1911)
and by Oppenheimer (1939) and as will be seen later, I was unable

to demonstrate any antipepsin in the bloods TFurthermore, pepsinogen

can be shown to be present in the free state in the blood.

(4) Free pepsinogen in the plasma, then, is the only alternative

left, since pepsin per se is denatured at the pll of blood (Voight
1923). The view that free pepsinogen is the method of transport
in the blood was supported neturzlly by the authors who found free

pepsinogen in the plagma,

A brief report from Paul Saxl (1915) mentions only that
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pepsinogen was detected in the serum and quotes a few figures

to show reproducibility of results. 20 normals all had

serum pepsinogen.  Loeper and D¢ Pray (1922) invented an
ingenious technidue - they simply acidulated serug with HCL

and incubated for 22 hours, estimating the difference in albumin
content between incubated and control sera. They found that
blood pepsin is stable for each subjec.:t in the fasting state
and elevated after a meal, and in a dog with the urcters tied,
and in chronic nephritis, and also, without giving supporting
figures, concluded that it veried with gastric activity and
peralleled urinary pepsinogen. Thile tueir method is ingenious,
one feels that the method for albumin estimation on which it is
based is not acecurate enough to have 2llowed them to draw such

detailed conclusionss

Gottlieb (1924) investigated blood pepsingen fairly fully,.
using a more reliable method (Edestin; see Chapter II) and
found that serum content was the same as plasma content. He
incubated his specimens for 120 howrs at 40°C. He compzred his
results with standard digestion mixtures of Armour scale pepsin
and found that the blood pepsinogen varied from 1.5 to 2.lypepain
equivalent per ml. of serum in normals., He grouped his subjects
according to gastric acidity -~ in 68 controls with normal acid,
serun pepsinogen varied frem 1.0 — 4.0 y per ml. (mean 2.0); in
2Z hyposecretors from 1.2 to 1.8 y per nl. (mesn 1,4) and in 18
hypersecretors 1.8 to 4.8 (mean 2.5); in 2 nephritics levels of
4.0 end 4.8 y wers found. In pernicious anaemia he found

plasma pepsinogen sbout 1/100th normal. He found that there was
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little daily variation except in dogs who showed an increase .

2 to B hours after a high protein feed; and a gradual decrease
with starvation. Kenal clearances which I calculated from
Gottliebts figures on 3 patients are 16,5, 18 and 18, az‘ld 14,2 cc.
per minute, respectively. These mean that Gottlieb's figures
are very near to those found in this study by a different method.
The main objection to Gottlieb's method is the need to incubate

the digest for 5 days (See Methods, ChapterIII).

Following Gottlieb's (1924) publication no mention seems to
have been made of blood pepsinogen or eny proteolytic enzyme
active at very acid pH, Barnes (1940) demonstrated all the
proteolytic enzymes in the white cells, using the haemoglobin
method, but mekes no mention of any proteolysis below pH 3.5.

From pH 3.5 to 4.0, cathepsins caused slight proteolysis

ggstﬂ.tg o

At the time this study was undertaken no advances had been
made on Gottliebts (1924) work. It was felt that if there was
to be any advance in the knowledge of the physiology of pepsinogen
a gimple and reliable method was necessary for the determination
of blood pepsinogen, In the search for such a method, no
refinement was found possible of Gottlieb's (1924) method and
thig was discarded as being too cumbersome and not certainly

accurate. After many trials a2 method which was simple, quick and

reliable was found.
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This method enabled me to confirm the existence of such
a proteolytic enzyme; parily to identify the enzyme as
pepsinogen, to determine its sources and show i'i:s daistribution
in the blood and other body fluids. Its normal and path—
ological variations were determined and it was this method which
made possible the discovery of the mode of excretion of pepsinogen

by the kidneys.

(i) Ine existence of proteolytic enzyme in the blood.

The preliminary experiments, after a satisfactory method
had been obtained, were designed to show the proteolytic
activity of blood at varying pH.

Method:

0.2 G. of haemoglobin substrate was mixed with 2,18 ml. of
plasma, the pH adjusted with 0.05 N, HCl to the desired level
(using the Cambridge pH meter) and the volume made up to 12,5 ml,
Of this, & ml. was precipitated immediately with 5 ml. of 10%
trichloracetic acid and 6 ml. incubated for 1 hour at 37°C
and thenprecipitateds The difference in tyrosine content of
the filtrate is determined and peptic activity determined by
the usual method. The same method was employed for whole blood
of the same patient. Six peEperiments were performed on each

plasma and whole blood with pH ranging by unit from 1 to 6.
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Resulbss

The following table and graph illustrate the results.

PLASHA WHOL? BLOOD DIFFERENCE BETWEEN
WHOLE BLOOD AND PLASNA

PH P.Us% pH P.Us% + or =

1.01 192 1.0 353 + 161

2,01 288 2.0 242 - 4

5.02 545 5.0 410 - 145

4.0 198 4.0 340 +142

5.0 96 4.95 350 + 264

Bl 288 5.94 236 - 52

Fis

TABLE. NO. 16. PROTEOLYTIC ACTIVITY OF BLOOD AND PLASMA AT pH 1 - 6

P.U.Dq
600} WHOLE BLOOD o---o
PLASMA o——=
500
400

300

200

100

o 20 30 40 50 60
¢ pH.

Fig. 14. Proteolytic activity of plasma and whole blood at pH1 -6
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Conclusions

These results indicate thet both in whole blood and in
plasma there is & proteolytic enzyme capable of digesting haemo-
globin at pH 1 - 3, as well as other active proteolytic enzymes
up to the end of the range of pH testéd (pH 6.0). From the
specificity of enzyme pH optimum one musﬁ agsume that the enzyme
acting at pH less than 5.6 is pepsin, unless it be an as yet
unidentified enzyme, Siﬂce we know that at pH over 7.0 pepsin
itself is denatured and tfle pH of the blood is over 7.d, and if
wé assume that this enzyme is pepsin, then it must exist in the
blood ag the inactive preéursor of pepsinogen. The inability
to demonstrate any antipeﬁsin means that the proenzyme is

probably in the free state,

The proteolytic activity exhibitgd at pH greater than 3 and
up to pH 4.5 is probably partly due to pepsing that from pH 5.5
to 5 probably catheptic and over 5.5 probably tryptic (lerten and
Ratzer 1849).

The differences shown between the proteolytic activity of
plasma and of whole blood indicate that there is probably not
an equel distribution of proteolytic enzymes between plasma and

cells,

(i1) The identity of the proteolytic enzyme of the plasma sctive
- 3. y

While the theoretical arguments in favour of the proteolytic

engyme of plasma active at pH 1 - 3 being pepsinogen are very strong
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(see above) there is no certainty that it is in fact pepsinogen.

Jince, as in urine, the enzyme content of blood is so small
that it could not possibly be extracted and identified chemically,

one has to attempt indirect methods of identification.

Results
Firstly it was shown (see p.123 ) that the enzyme is present
in greater concentration in gastric vein blood than in a peripheral

vein., This suggests that it arises from the stomach.

Secondly, attempts were made to identify the enzyme by
inactivation studies, both by pH and by temperature changes. In
order to obtain a sufficient concentration of engyme to detect

significant changes, plasma from patients with uraemis was studied.

(a) pH of inactivation
Technigues ' The plasma was obtained from heparinized blood.

2 ml, of plasma was adjusted with 1 N.NaOH at room temperature to
the desired pH, left for 5 minutes unless otherwise stated, then
mixed with 10 ml. (0.4 G.) haemoglobin substrate and adjusted to
optimum digestion pH with 1N, HCl. The resulting volume was
meagured in a graduated pipette and halved. One healf was
incubated for 60 minutes at 57°C., the other, serving as a blank
immediately precipitated in 5 ml. of 10% trichloracetic acid (0.6N).
Each half therefore contained 1 ml. of plasma and 0,1 G. of
haemoglobine. Volumes were taken into account in the calculations.

pi measurements were done with a Cambridge potentiometer.
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Sesulter

The following table shows the details of these cryperiments,
Pxporinent . Plasma from AW with chronic nephritis, blood urea

agns ol 7o
PLASHA pi INCUBATED AT fib.
ud justed to pH (PeUs) % 7 IHACTIVATION
11,40 1w 2 7945
10.12 . 5442 55
9458 1,86 5642 55,5
D4d 1.52 4042 8743
2,04 1.7 W 8845
8452 | 1.56 4842 82
7419 (not 120 81 49
 alkalinized)

700 %W 1,68 1 0

Eaperinent s Plasse from E.Pa, m;lignant hypertension.

TaB4 2.0 48 0

10.57(for 30 mins  £.07 € 7 85
at 5700.

8.8 (for & min.) 2.0 1448 69

9.5 (for 50 mins 2.0 1543 50,5
at 57 C-)

TABLE NO: 17 pH INAETIVATION OF PLASHMA PEPSINOGEN
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It will be noted that these figures suggest only partial
denaturation of the enzyme at pH more alkaline than 8, though
both experiments agree in.that pH greater than 10.Z causes

80% or more inactivation. It is difficult to see why pH of
10;13 and 9.58 should cause less inactivation in experiment 1
thén pH 9.4. it willbbe noted that ét pH 1.20 some inactivation

OCCUrs.

The results are somewhat vitiated by the presence of other
proteolytic enzymes acting at all pH levels and one cannot be
certain that some of the discrepancies are not due to trypiic

or catheptic activity..

However, these figures illustrate that the engyme in plasma,
thought to be pepsinogen, cannot be completely inactivated at pH
up to 11,40, and only partiaily inactivated at pH belowvlo.S.
This agrees with inactivation studies of Herriot (1928) (see Chapter

II. ) on pure pepsinogens

(b) Inactivation by heat.
" The plasma used in the last two experiments were also used

for some heat inactivation studies,

That used in the first experiment (121 P.U.%) was heated to
70°C. for 10 minutes, and then incubated at pH 1.88 for a further

50 minutes, and then contained 105 P,U.%;  showing 13% inactivation.

The plasma used in the second experiment (46 F.U.%) was
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(2) Boiled for 7 minutes in haemoglobin at pH £.0; then
contained 0 P.U.%

(b) Heated to 55°C. for 60 minutes; then contained 21 P.U.%

(c) Heated to 70°C. for 10 minutes; then contained 30.7 P.U.%

Therefore heating to 55°C for 60 minutes caused 56% inactivation,
to 70°C. for 10 minutes 13% and 32% inactivation respectively

and boiling destroyed the enzyme. ; =

This shows that the enzyme measured has a high temperature
of inactivation, agreeing with studies on crystalline pepsinogen

(Chepter (1I).

(c) Conversion to_pepsin and then inactivating.
Pepsin is dena.tur'ed fairly rapidly and almost completely at

pH over 7.0, By prior acidification pepsinogen is irreversibly

converted to pepsin and then behaves as suchs

To use this technique the plasma of a patient with extrarenal
uraemia was used (Blood urea 260 mgm¥, plasma “pepsinogen“ 873 PuU.%)
1 ml. wae adjusted to pH 2.0 with 1 N HCl and then to pH 10.0
with 1 N H30H and immediately reduced to pH 1.7 and incubated for
60 minutes. It then contained 37 P.U.%, showing a loss of 45%

activity.

These experiments, though suggesﬁve, were mon conclusive
in their proof of the nature of the proteolytic enzyme in the

plasma active at pH 1 - 3, and one is. forced to fall back on the

theoretical proof of its identity with pepsinogen (see above).
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Whether the behaviour of the enzyme in the presence of blood
proteins or of other enzymes or of other blood constituents is in
any way modified from its action in the crystalline state is hard
to say, though this might explain the peculisrities. It is possible
that the enzyme is not entirely pepsinogen, and that some other
enzyme with different physical properties is active in the same

pH range, (a conclusion reached by Mirsky et al 1952)

The discrepancy in heat inactivation between 55°C. and 70°C.
might be interpreted as the presence of antipepsin, heat-labile
at between 55 C.and 'TOOC., though a more direct experiment
designed to chow the presence of an antipepsin in the plasma failed

to do so (see later).

A more careful study into this agpect of blood proteolytic
enzymes is certainly necessary and is being ple.rméd. For practical
purposes, however, I intend to regard the enzyme as pepsinogen

and it will be called such in the following pagess

(iii) The source of plasma pepsinogen.

Except for the observetion of Venm Calcar (1810) on the presence
of "pepsin® in the leucocytes and the disappearance following total
gastrectomy, no mention is made in the 1it§rature of the presence
of pepsinogen in the leucocybtes. Barnes (1940) in a careful paper

and review makes no mention of it, 1t appears that the major source
of plasma pepsinogen is the fundus of the stomach,

RESULIS.

Experimental evidence to be presented shows that pepsinogen is
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formed both in the peptic cells of the stomach, and endogenously
in the leucocytes. Evidence will alsc be presented to show that

the gastric pepsinogen diffuses continuously into the blood.

(a) Opigin from the stomach
1. In one male patient with a gastric carcinoma who was
undergoing a total gastrectemy, blood was teken simultaneously
from a peripheral vein and from the left gastric vein as soon
as the stomach was exposed. Blood was taken after the end of
the operation. = The results weres
Peripheral vein blood contained £0.3 P.U.%

Before gastrectomy
4 Gastric vein blood contained  46.0 P.U.%

After gastrectomy Peripheral vein blood contained O B.U.%

2. The effect of operations on the stomach on blood pepsinogen

Total gastrectomy in seven patients studied produced in five
a complete disappearance of plasma pepsinogen within 48 hours
in four and probably in smother (D.Cz) In the other patients,
one specimen on the Srd postoperative day contained a small amount
1045 P.Us% in one znd 5 P.U.% on the seventh day in the other.
One other patient who had had a total gastrectomy four yeérs before

had 25,5 P.U.% plasma pepsinogen.
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7 days.

D.Bur
.D.Co
A.No
C.Bai
HeWa
H.Du

C.Wa

-1 £ hrs.

2043 0

16 12
19

42.7

TABLE NO: i3  PLASMA PEPSINOGEN AFTER TOTAL GASTRECTOMY.

The immediate effects of partial gastrectomy was studied in

four patients.

for at least T days after that.

In three, blood was taken 1 hour postoperatively and

Two of the patients showed a rise

from the second day to the fourth and fifth days respectively.

The other two showed no appreciable change in blood pepsinogen az

a result of the operation,

below.

These results are set out in Table

One patient who had had a partial gastrectomy and was

bleeding from a jejunal uleer had a normal level of plagma

pepsinogen (22 P.U+%)
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-1 Lhre ik 2 3 4 5 8 7 8 9days
WeSa 136 g0 152 180 180 240 52 64 68 100 124
J.Ba 59,2 53,4 #0.8 52 52 -
C.0'B 85 67 78 63 63
W.Tu g1 - <6 62,7 61 8% - 47 = - - 12.5

TABLE NO: (B9 ElZFECT OF PARTIAL GASTRECTOMY ON PLASHA PEPSINOGEN
P.U.%)

From these resﬁlts of total gastbectomy it may be concluded
that the pepsinogen of the plasma arises from the stomach, and that
it probably does so by a continuoué process, probably of diffusion
directly into the blood, since it disappears within a very short

while from the plasma,

From the results of partial gastrectomy it may be concluded
that the pepsinogen arises from the portion of the stomach not
removed, i.e. the fundus where we know the peptic cells to be mainly
situated, although when readjustment has taken place, the plasma

pepsinogen does fall somewhat.

The finding of plasma pepsinogen 4 years after a total
gastrectomy was rather surprising and suggests that the stomach is
probably not the sole source of pepsinogen. This is shown to be

so later.

(iv) Distribution of pepsinogen in the blood.
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(iv) Distribution of pepsinogen in the blood.

" The existence of pepsinogen in the leucocytes was mentioned by
Von Calcar (1910) but has not been mentioned since then. When
peﬁsinogen was found in the p}asma and.it was known to appear in the
urine, its distribution throughéut the body was investigated.
The first line of this invesiigation was to shw its distribution in

the blood.

The following is an example of the distribution in the blood

from a 57 year old man (4.Br.) with a gastric ulcer.

P.Ul%
Plasma 54.7
Serun 54.7
Whole blood 88,7

Packed red cells :75.5

Whité cell layer 140

The white cell layer (buffy coat) was taken from 10 cc. of blood,
washed in normel saline twicey sedimented and resuspended in 3 ml.
saline, The total white eell count was 600,000 per cu.mm., and the

haemoglobin content of this was 9.1 G.%

The following table gives an idea of the relative concentrations
of pepsinogen in the various blood fractions per 100 ml. The figures
for white cells are for 100 ml. of buffy coat teken from 10 ml. of

blood, with an expected mean of about 600,000 leucocytes per cu.mm,
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PLASHA SERUM WHITE CELLS RED CELLS WHOLE BLOOD

.&)r. 54,7 54,7 142 73,3 8847
AL x 164 152 - 140 113 :
B.H. 40 " = = 49,7
MeDs .28 - 6845 - 3
¥xD 12 2 Lg% % %
He.Ho <18 12 - — =
é}jv?a 42,7 = -, = 155
E.Du 0 % 21 : o i
C.Ba 0 - 120 o =
D.Co 0 2 55 I &
H,¥a 0 5 10% : = s

= A,Wi  UOreemia.
TABLE NO: o DISTRIBUTION OF PEPSINOGEN IN THE BLOOD, P.U. per 100 ml.
(a) Controls .
(b) After total gastrectomy.
From the teble above one can deduce several things

(1) The pepsinogen concentration of plasma and serum is practically

identical. This is to be expected if pepsinogen is in solution a s

free pepsinogen.

(2) The whole blood concentration is higher then that of plasma. This

is also to be expected sinceé the concentration in the leucocytes is higher

than that of plasma,

(3) The concentration in the red cells is similar to that of the plasma.

(4) The concentration in the leucocytes is relatively much higher than

-



-12%-
that nf any other fraction of the blood., These figures are only

approximations and are only semiquantitative.

Several esceptione eppear to be applicable to these generval
conclusions.
(a) In the case of uraemia, exemplified by patient A.Wi above,
the plasma and séﬁm concentrations are higher than those of reéd
or ‘white cells in contrast to normals. This is explained later
by the hypothesis that only the plasia pepsinogen is filtered
through the glomeruli, that of the leucocytes endogensouly formed

and not excreted.

(b) In the case of total gastrectomy (the last 5 cases in table20 )
there is no plasma pepsinogen J.‘n four, and in those an appreciable
duantity of pepsinogen in the léucocytes. In the fifth there is a
relatively greater than expected amount in the red cells compared to

the plasma

THE SOURCE OF THEPRPSINOGEN IN:THE CELLS

As wes shown above, the plasma pepsincgen is laebile, varying with
gestric ectivity and arising from the stomach. There is a very rapid
decline following total gastrectomy, suggesting that this process of
diffusion is a continuous process, as is the clearance of the
pepsinogen through the kidney, The presence in the one patient quoted
above who had £5.5 P.U.% pepsinogen in the plasma four years after
total gastrectomy (this was verified at £ subsequent operations)
indicates that another source of plasma pepsinogen is probably in

existence., This patient had an appreciable guantity of pepsinogen
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in the leucocytes (between 200 and 300 P.U.3).

The presence of considercble guantities of pepsinogen in the
leucocytes in the four cases quoted above, with the simultaneous
absence of plasma pepsinogen &, &, 7 and Z days respectively after
total gastrectomy, suggests that the leucocytes either retain
pepsinogen for some time or alternatively, make it endogenously.
It seems more likely, however, that at the end of a week the presence \
of pepsinogen in the white cells and none in the plasma (the highest
plasma pepsinogen in this patient was 12 P.U.% compared to 55 P.U.%
found in the white cells a week later) would argue in favour of

endogenous formation,

The further evidence in gupport of this is the reversal of
relative values in the case of uraemia, where only plasma levels
were increased, and the presence of pepsinogen in the plasma and mych
more in the ;eucocytes 4 years after total gastrectomy suggests an
endogenous rather than an exogenous source of pepsinogen in the
white cells. Is this then the "parasekretion” postulated by Strauss(1928)
25 years ago?; and one wonders whether it is this source which
continues in some instances to cause some excretion of pepsinogen
after total gastre@tomy (see Fig.18) and in pernicious anaemia (see
Pe243 ).
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(v) Plasma pepsinogen levels.
(2) Normal levels.

20 controls were studied; these comprised 15 males and 5 females
composed of hospit.?l staff and ambulant patients free of any gastric
symptoms or diseasé, and with no evidence of renal disease., Excretion
levels ranged from Q0 to 43.7 P.U.%, with a mean value for the 15 males
of 18446 P.U.%, 8.D.+10.8  and for the 5 females 26.9 P,Us%, S.D.+12.7

2 male and 1 female had levels over 40 P.U.%

(b) Plasma pepsinogen in disease.
(1) gastric uleers.

11 males and & females with gastric ulcers wére studied and plasma

levels varied from O to 55 P.0s%, mean 337 P.U.%, S.D.+10.6 3
in the & females the levels were 2.7 and 30.7 P.U.% respectively, mean

20.2 P.Us %. OFf these only £ had more than 40 P.U.% plasma pepsinogen.

(2) Duodenel ulcers.

27 male patients with duodenal ulcers were studied. Excretion
levels ranged from 15 P.U.% to 140 P.U.%, mem6§;43 PolUeBay SeDet 3032

Of these 17 had more than 50 P.U.% No females were studied.

(3) pernicious anaémia.
% patients studied had levels of 15 P.U.%, 16 P.U.% and 18.3 P.U.%

respectively.

It is therefore clear that patients with gastric ulcers are

#imilar to controls in their plasma pepsinogen levels, whereas male

patients with duodenal uleers; irrvespective of other factors, have
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significantly higher levels of plasma pepsinogen, 63% being

above the upper limit of normal (45 P.U0.%)

These results agree with the results of Mirsky et =1 (1952)

published since this work was completeds

PLASMA J
PEPSINOGEN
x

b
pup/
140
1201
oo
oo
60+
o
.
o . 0
oo o
) o o °
o © &
204, ..... O
. o
s &
ConTroLs. G.U.

D.U.

Figs 18.

Plasma pepsinogen levels in controls and gastric

ulcers (CG,0,) and duodenal ulcers (DaU.).

Significance of difference by "t" test of plasma pepsinogen levels:

Control vss Dlle & = 5.2 n =
Control vse GeUe t = .80 n =
GeUs vee DU L = 587 n =

45 «000L < p <.00L
31 S5 <p
8 »0001 < p < ,001
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TABLE NOs: 21 COXPARATIVE LEVELS OF PEPSINOGEN IX THE PLASHA

b GASTAIC DUODENAL, PERNICIOUS
(P.U.) %  CONTROLS ULCERS. ULCEES. URARMIA  ANARMIA
e D F.

0 w50 1 1 1

10 - 18 7 1 3 % 2 3

20 - 28 5 5 5 = 4

%0 - 39 3 = 2 1 4

40 - 49 1 & % 1

50 - 59 % 3

80 ~ 89 6 3

80 - 99 3 1
100 - 150 2 1

TOTAL NO. 15 5 11 2 27 8 3

HEAN PoU.% 18,48 88,9 27.8  20.2 60..4 84,5 16,4

Ho further analyses for nge or other factors have been done because
of the auallnﬁmb,%‘ of cages,

The finding of several patients with levels of 0 or nearly O,
VespeciaJ_'Ly after total gastrectomy, suggests that Mirsky et al (1952)
are not correct in supposing another enzyme. This "other enzyme" is

probably an artifact of their long incubation tine (see p. 63 ).

For the rest, these results agree fairly closely with those of

Mirsky et al (1852).



Observations extending over several days were made on six subjects
and observations on 2 blood samples from 1 day to 1 month apart made

on seven gubjects. These are summarized in the following teble and

graph.
TABLE NOt 92  DAILY VARIATIONS IN PRASMA PEPSINOGEN
Hb.%
(P.Ua)
Patient 1 2 3 4 5 6 7 8days.
at 59,2  53.2 40.8 52 52
o 85 87 78 83 83
5. 31.3 22,7 - 28,5 22 17.5 28 ] 315
4, 24.5 24,5 18sB 1705 18:5. 14
B, 64.8 57 70 7L 105 78.8 T5.5
B 75 72 65.7 - 9.8 61 57
7 17:5 = 188
8. 15.7 27
8. 0 0
10. 307 29.7
1% 66 6.2
12 32 32

13. 18.3 19.2
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As can be seen from these figures there is less
daily variation in the individual of fasting plasma
pepsinogen than in the urinary pepsinogen excretion.
Thig is understandable, since the latter is dependent
on variations in renal function which are in no way
related to gastric activity, while the plasma
pepsinogen is solely related to the level of gastric
activity except in renal disease. It would there-
fore seem reasonable to estimate only one samplé of
plasma pepsinogen in the individual, whereas it
appears necessary to estimate at least two or three
£4 hour samples of urine to arrive at the mean

level for the individual,
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(vii) Excretion of blood pepsinogen.

As has been shown elsewhere, (pp.lR5&1R25 ) the pepsinogen of the
plasma is the labile fraction which changes rapidly with activity of
the stomach, or its removal and therefore deéends for its maintenance
on contunuous diffusion from the stomuch. It also depends for its
excrétion on continued activity of the kidney and is faivly rapidly
eliminated after the source of supply has been removed in total
gastrectomy. It rises paripassu with obther substances, and almost

parallel with urea in ursemia,

The pepsinogen of the white cells, however, appears to be formed
endogenbusly and is less lieble to change in response to disturbances
of gastric activity or renal function. As shown above (p. 124, )
while the plasma pepsinogen is cleared with 48 hours after total

gastrectomy, that of the cells is maintained for at least a week, and in

one case 4 years alter gostrectomy is still present.

In the case of uraemiz (A.W.i) the pepsinogen in the plasma ezceeds
that in the cells, and one assumes that the failure of excretion leads
to accumulation in the plasma but not in the cells, possibly beczuse the
cells are rather more impervious to the passage of molecules of this

size.

In uraemie the plasma pepsinogen rises and as shown later in this
chapter in six patients with a mean blood urea of 303 mgm.$, the mean
pepsinogen level was 84.5 P.U.%, compared to & normal control level

of £3 P.U.% for males and females.
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(VIII) The relation of blood pepsinogen to gastric pepsin and urinary
pepsinogen. :

This subject has been discussed elsewhere (pp.93ff.) where it
has been shown that plasms pepsinogen can be correlated positivelj
with gastric pepsin (see graphl4) but that when the peptic cells
are forced to overwork, pepsinogen is withdrawn from the diffusing
surface and the blood level drops. This indicates that there is a
constant diffusion from the peptic cells to the blood (p.123 ). It
has also been shown that pepsinogen of the plasma arises from the stomach;

that of the leucocytes is probably encogenously formed,

Plasma pepsinogen can only be correlated with urine pepsinogen
when renal clearance of pepsinogen is taken into account.

{\/, IHE DISTRIBUTION OF PEPSINOGEN IN BODY FLUIDS,

The distribution of pepsinogen in the body fluids other than gastric
juice, blood and urine was investigated, and this information is

summarized in the following table.

BODY FLUID Pyl.%
Sweat 17
Cerebro-spinal fluid &9
Pleural fluid (heart failure) 5.85
Oedema fluid (heart failure) EO
(¢}
Pus (a) Tuberculous (Lymphocytes 80%) 0
Eosinophils 15%)
(b) Supernatant fluid of (a) 0
(c) Pyocyaneas (polymorphs 95%) 135

TABLE NO: X3 PEPSINOGEN IN BODY FLUIDS.
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These results indicate that pepsinogen passes through the choroid
plexus into the C.S.F. in the same concentration as the plasma, therein
behaving rather differently from blood proteins. If one dréws again
the analogy between choroid plexus and glomerular membrane, it suggests

that the concentration in flomerular filtrate would equal that of plasma,

The finding of pepsinogen in sweat confirms Benderskey's(1890)
findings - he called this "hidro-pepsin', (He also coined the term

"yropepsin® which is still in use today).

Its presence in very small concentration in pleural fluid and its
sbsence from oedema fluid is in keeping wiith the trensudate nature of

these fluids in heart failure.

The absence from tuberculous pus, both cellular and fluid portion, is
explained by the presence of a naturally occurring antipepsin (see below)

in ‘this pus, or by the natural absence of pepsinogen from lymphocytes.

The presence in high concentration in Ps. oncxggeasbpus is in

keeping with its high polymorph content. -

This distribution of pepsinogen throughout the body indicates that
few membranes are impermeable to this protein., It would appear that
there can be no physiological significance to the widespread distribution
of pepsinogen in the body; since no part of the body other than the
gastric lumen is ever acid enough to supply an optimum pH for the action
of pepsinogen. One must assume, then, that pepsinogen is an accidental

waste-product when it occurs enywhere but in the stomach.
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NATURALLY OCCURRING ANTIPEPCINS.

A crystalline pepsinogen inhibitor has been isolated by
Herriot (1941) who h:s analyzed its various physico-chemical and
enzymatic properties. It sppears toarise as an intrinsic part of
the pepsinogen molecule and to contain about 8 of the 15% of the
nitrogen split off in its transformation into pepsin. It is most
active at pH 5.7 where it inhibits both the remnet and the proteolytic
activity of pepsin. It is rapidly destroyed by pepsin between

pH 2.0 and 5.0, maximum near pH 4.0,

This inhibitor therefore is not likely to be operative at the pH
at which pepsin is normally assayed and since it does not destroy
pepginogen, one may distinguish this inhibitor from the one to be

described later.

Natural antipepsins have ben degcribed before — astrong inhibitor
of pepsin was shown to oceur in Ascaris by Weinland (1903) and Peczenik
and Kawshars (1927) reported an inhibitor in the serum which was
thermolabile at 55°¢. » undialyzable and extractable in the ether
phase. They reported that it was constant for a species, varying
with diet and parallel to the urinary pepsinogen, being highest in the

cat and lowest in the pigeon.

pamburger (1912) and oppenheimer (1939) deny the existence of an
inhibitor in the serum, and Mirsky et al (1948) failed to detect an

inhibitor in the urine.
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~ Experimental evidence.

An attempt to demonstrate antipepsins in the plasma failed to do
so. In order to demonstrate this, the plasma of a patient who had had
a total gastrectomy 48 hours before and who had no pepsinogen in the
plasma was takén. Plasma assay in a patient with gastric ulcer
contained 38,5 P.U.% & ml, of each plasma were mixed and incubated
for 15 minutes and 60 minutes at 37°C. The mixture was then

incubated with haemoglobin for 60 minutes as fer the other plasma

specimens.
1. A.Bo (Gastric ulcer 7845 P.U.%
2. H.We (Total zastrectomy) 0 "

Mixture 1 and 2. 15 min6
at 370, 19,85

60 min. at 37°C. 5l.5 "
White cells from H.Wa 132 AL
(500,000 Wbe/cu.mm)
This indicates that there is no inhibitor in plasma of a
patient who has had his stomach removed, but is otherwise normal,

and has a normal amount of pepsfinogen in the leucocytes.

Antipepsins in pus

Experiments.

(1) One specimen of pus from a tuberculous empyema contained 15%
eosinophils and 807 lymphocytes; cells constituted 60% of the total

volume of the pus. Assay of this pus failed to reveal any
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pepsinogen. The urine of a patient containing 1.30 P,U./ml. was
mixzed with 1/10 of its volume of pus. The resulting mixture conteined
no pepsin on assay - and therefore suffered inhibition of 1.3 P.U. in

1/10 ml. pus - 13 P,U. per ml. inhibitor in the pus.

(2) 1In another expériment with the same pus, but with a urine
containing 1t.4 P.Us per ml., 6 ml, of the urine was mixed with

4 ml, of the pus and acidified with 2.5 ml. 0,5 N.HCl to reduce the
pH to .0, 1 ml. of this mixture containing 1 P.U. of pepsinogen
and Q.<5 ml. of pus was assayed and revelaed no peptic activity and

the pus therefore contains the inhibitor equivalent of at least 4 P.U.

per ml, If one consideres that all the 6 ml. was inhibited by the 4 ml. o’

pus, then each ml. of pus contains 74.4 - 18.6 P.U. eguivalent in
inhibitor per ml. =

(3) The supernatant fluid from this pus was assayed for peptic
activity, result 0 P.gs Its inhibiting effect was tested on gastric
-juice pepsin assayed at 584 P.U. ﬁer ml, 5 ml. of 1/10 diluted
gastric.juice (the dilution used for the assay of pepsin) was mixed with
% ml. of the supernatant pus fluid., The mixture was assayed at 327
PsU. per ml, representing the activity of 5/8 ml. of gastric juice

(1/10 diluted). Corrected for dilution of gastric juice (x10
1

the peptic activity of the gastric juice was 525 P.U. per ml. and it had

8
X =
5)

thefefore suffered inhibition of 59 P,U. per ml. or 295 P.U. per 5 ml,
caused by 3 ml, of pus fluid, each ml. of pus therefore causing 98.3 P.U.

equivalent of inhibition.
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(4) A specimen of pyocysneas pus failed to cause any inhibition of

urinary peptic activity.

Conclugions.

One is left to. speculate on the nature of this inhibitor
which is active at pH of assay (2.0) which is fairly strong
(2t least 98.3 P.U. equivalent per ml.) énd which occurs in
tuberculoﬁs pﬁs.-this bne confaining 80% lymphocytes and 15%
éosinophils - both in cellular and in thevfluid portion of the

pus. It is absent in polymorph pus and from the plasma.

From the pH range of its action and the faet that it is
not destroyed at acid pH by the pepsin, one concludes that it is
not identical with the pepsin inhibiter described by Herriot

(1941) (see above).
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SECTION VI. . THE BENAT, BARRTER (in relation to protein

ezcretion in general and pepsinogen in
particular.

There has been more speculation than fact sbout the exact
mode of excretion of pepsinogen by the kidney. Neumeister (1888)
speculated about the role of the kidney in excretion and
concluded thét because he could demonstrate no "pepsin" in
the blood but could in the urine, that the enzyme circulated
in an inactive form in the blood combined with an inhibitor,
and that this complex was split and the engyme activated in the

tubules.,

The first reference to any disturbance of urinary pepsinogen
was & statement by Van Noorden (1893) that its excretion was

increased in nephritis,

Most authors, however, agreed that nephritis caused a
diminution of urinary pepsinogen (Strauss 1926, Rothschild 1930)
and that it caused 2 rise in plasma pepsinogen (Gottlieb 1924);
Loeper and  Debray (1922) found an increase in the blood of a

dog whose ureters were tied.

More recently, Bucher (1947) has stated that pepsinogen is
eliminated as other waste products and that "the molecular weight
of pepsinogen (42,000) presents no problem to the kidney, since it
is smaller than egg slbumen (44,500) and haemoglobin (69,000) both
of which may be eliminated by the normsl kidney". Mirsky (1950b)

in answer to a question from Homer Smith as to whether pepsinogen

might not be re-absorbed in the renal tubules to a slight extent
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as ere a large number of other pwoteins said "I might state that we
have tested the excretion of pepsinogen in dogs and it doeg not
appear that reabsorption of pepsinogen occurs®. The only other
recent authors on pepsinogen excretion, viz. Janowitz, Levy and
Hollander (1950) made no comment other than estimating the blood

urea in all cases to exclude renal disease.

Iﬁ wags evident that this probdem was far from settled and
needed close investigation. The results of this investigation
have shown that the kidney does in fact play an active role in
the excretion of pepsinogen, and that pepsinogen excretion by the
kidney is merely one facet of the whole problem of protein excretion
by the kidney, a subject on which there has been a great deal of :
speculaticn and which only now is beginning to become understoods
As will be showm later,'this protein, pepsinogen, is filtered
through the glomerular membrane and partly reabsorbed in the tubules,
in a manner analagous to other threshold substances like glucose,
and is merely representative of the "threshold proteins® dealt with

in iike fashion.

It would perhaps be best to review the evidence pertaining
to the modern views on protein filtration and reabsorption before
procesding to the experimental evidence specifically relating to

pepsinogen.

Protein filtration end reabsorption by the kidney.
A search of the literature reveals that the idea of protein

filtration and reabsorption is by no means new and preceded, but
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was unfortunately temporarily superseded by the theories of Cuskny

,(1928).

The classical thesis of Cushny {hera that the normal glomerulaf
membrane is impermeable to protein and that protein only passed
through damaged capillary membranes, after which it remained
uninfluenced by either secretory or resorptive activities of the

tubule.

The more modern views based on experimental evidence and
observation in diseage hold that protein is filtered through the
glomeruli both in disease and in health and that this filtered
protein is then resorbed in the tubules, probably the proximal
convoluted tubule, and that variations in proteinuria depend on the
tubular activity. This tubular activity is not a simple stuffing
of the tubule cells with protein but rather an active, dynamic
transfer of material from the tubular urine to the blood aided

by enzymatic processes (Rather 1952)

Blood proteins.
Anatomically the glomerulus resembles the choroid plexus

in having a blood/fluid barrier of both endothelial and epithelial
layers. The C.S.F. protein is in the neighbourhood of 20 mgm. %

and Dock (1942) found that the urine from kidneys perfused with
ice-cold serum to paralyze tubules contained 15 — 22 mgm.% of protein.
If no protein were reabsorbed large quantities would appear in the
urine, That this does not do so normally shows that it is reabsorbed

in the tubules.
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Qther proteing.

Claude Bernard (1859) in observing proteinuria and excretion
of injected egg albuin and of haemoglobin was the first to suggest
that the mechanism was similar to glycosuria - a remarkably
prescient view held at the time pepsinogen was only thought of as a
theoretifal possibility. Ponfick (1875) showed that ﬁhe red
colour of the urine in transfusion reactions was due to haemoglobin
and not to blood and determined the levels of haemoglobin in the: serum

necesgary to produce this,

‘Cushny in his book published in 1917 and again in 1926 set
the tone ofbﬁodern renal physiology. He insisted that proteinuria
proved a renal lesion visible or invisible in the glomerulus, though
he was aware of the observations on haemoglobinuria and alimentary
proteinuria in normal subjects. He passed these off ag indicating
that both eggswhite and haemoglobin caused glomerular damage because
they were eliminated as foreign protein. This explanation completely
ignores the pogsibility of nowrmal resorption of protein by the tubules.
De Haan (1982) showed that trypan blue which is bound to protein
does not appear through collodion membranes but that it does appear
in the urine, and tock this to mean that protein was in fact filtered
through the glomerular membrane, and that the glomerulus did not
therefore behave as an ultra-filter, He further believed that because
the dye appeared in the urine hot bound to protein, the protein was

removed in the renal epithelium by enzymatic digestioni
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Bayliss, ‘Tookey-Kerridge and Russell (1933) showed by
extensive investigation that there was no chemical or histological
data to support (Cushny's theory that the kidney selectively holds
bacic body protein and excretes forsign protein through the glomsrulaz;
membrane. They found that gelatin (m.wt. 35,000 ), Bence-Jones
protein (m.wt. 35,000 ), egg-white protein (m.wb., 44,000 )
and haemoglobin (m.wt. 69,000) were all freely excreted while blood
proteins (albumin and globulin), edestin and casein were held back,
They explained this phenomenon on a basis of molecular weight,
suggesting that 60,000 was the limit of glomerular excretion of
proteins. They found no explanation in this theory of how haemoglobin
was excreted and the possibiliti of tubular reabsorption held no
place in their explanation. They were unable to demonstrate any
histological damage in the glomeruli to support Cushny 's theories.
A probable explanation of their failure to obtain any excretion of
large molecules are the low plasma levels they produced. Brull
(1931) by ingenious cross-circuladion experiments, was unable to
demonstrate any evidence to support the glomerular damage theory

of Cushny by the "foreign" proteins.

EVIDENCE OF TUBULAR RESORPTION OF PREOTEIRS.

(1) Qlesrance Studies.

Pearce, Austin snd FEisenbrey (1912) observed the "threshold™
of hzemoglobin to be about 150 mgm. per 100 ml. of plasma later
confirmed by Lichty, Havill and Whipple (1922) and Newnan and
whipple (1952), and later still by Tuile, Steinman, jahn snd

Clark (1941). The latter three papers (from Whipple's laboratories)
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showed that when haemoglobin appeared in the urine there was
a proporitionsl deposition of irvon-containing pigment in the proximal
tubules, whereas at "sub-threshold™ levels when no huemoglobin
appeareq in the urine, no pigment appeared in the proximal tubules.
It hardly appears tenable to assume that an actual threshold exists
below which haemoglobin is held back by the glomerulus, and one
believes that sub-threshold levels merely indicate the limit which the
tubules are able to manage without breakdown products appearing
in the tubular epithelium. That this is due to an actual breakdown
of haemoglobin in the tubular epithelium is proven by the identiti
of ‘the iron-containing pigment in the epithelium: as haemosiderin
(Rather 1958). Repeated daily injections of hzemoglobin cause a
lowering of the "threshold" indiecating a probable over-loading of the

tubular epithelizl mechanisms.

Monk and Yuile (1940) were the first to estimate clearances on
filtration and resorption of a protein. They estimated simultaneous’
haemoglobin and endogenous cregtinine clearances and found that with
plesma levels between 250 and 1,000 mgm.%, haemoglobin excretion was
3% that of creatinine, i.e. that about 975 was reabsorbed in the
tubules. This was later confirmed by Dock (194Z) using the ice-cold

serun perfusion technique.

Lipppen, Ureen and Qliver (1951) showed that the reabsorption
of protein in rat kidney can be calculated to conform to & mathematical

formula, With the limited results et my disposal to date on pepsinogen

7 am unable to say whether pepsinogen follows their formula, since that

is based on maximum rates of reabsorption. They found that under
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those conditions haemoglobin excretion (E) will be proportional to
the product of exogenous creetinine clearance (F) and serum levels
of haemoglobin (S) in a straight line with the slope G, assuming

the maximum tubular reabsorption for haemoglobin (Tm Hb) to be constant.
Therefore E= - Tm Hb + G F S,

with this formula I found G to vary in 1 patient (J,M.) under
constant daily observation from 2,17 to 4.9 with an average figure
of 3.34. The small range of values for G indicates that the formula

might be applicable to pepsinogen.

There is little doubt in view of these Pindings that both
in experimental animals as proved by haemoglobin excretion and in
normal humans as shown by the results in this paper, that protein is
filtersd through the glomerular membrane and reabsorbed in the

tubules.

2, MORPHOLOGICAL EVIDENCE FOR TUBULAR HFABSORPTION OF PROTEINS.

Well over 100 years ago, pathologists began noticing discrete
spherical intracytoplasmic bodies in the renal tubular epithelium, and
much was written in the German lifterature on the nature of these
bodies. IT was first thought to be either a degenerative change,
later to be evidence of tubular gecretion, and later still, evidence
for tubular reabsorption of proteins. Thé point was not séttled
until Gerard, Cordier and Lambert (1955, 1953 and 1954) showed in
frogs and salsmander kidneys that these droplets indicated resorption

rather than degeneretive or secretory processes in the tubular
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epithelium.  The subjéct is well reviewed and commented on by Rather
(1952). The process of resorption ig evidenced by the droplets

wag looked upon &s a static one bub the work of Dock (1942) and of
Oliver (1950) shows that the process is 2 dynemic and continuous

ones Dock (194%) pointed out that if the Piltrate contained only
15 mg. of protein per ml., 27 G, a day would appear in the urine.
gince only traces are found, the rest must have been absorbed, and
therefore a continuoug dymeamic process. Oliver showed that the
droplet formation is closely comnected with the mitochondria in the
tubules. From the work of Addie et al (1950) it seems as though

he adrenal hormones play some part in mainteining induced proteinuria.

Briefly restated, it appears that protein normally does pass
into the glomerular Tiltrate, partly depénding on particle size,
possiﬁly also on particle shape, but nct on the nature of the protein.
It appears unlikely that there is any glomerular threshold but rather
that it is a threshold for the whole kidney depending mainly on the
rgsorptive capacity of the tubules for the psrticular protein, what-
ever that in turn depends on, end that this resorption occurs in the

promimal comvoluted tubule and is closely related to the mitochondria,

The exact mechanisms at work can no more than be hinted ab
by the available evidence. Much of the evidence perforce has to
be collected under abnormal conditions and it is not often that
physiological and morphological observations can be corvelated in
the same kidney, and many of the morphological changes are probably

ultra-microscopic.
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RENAL, FXCRETION OF PRPSINOGEN
Experime) evidence
The evidence to be presented fite in well with the theories

snd conclusions relating to other proteins.,

The most direct evidence to be presented is fhe determinatién
of the amount of pepsinogen reabsorbed by simultaneous determinations
of endogenous pepsinogen and endogenous creatinine clearances in
normal men calculated from the formulaugg , Where U= urinary
ccnéentr&tion per 100 ml., V- urine volume in mle. per minute
and P plasma concentration per 100 mi, This formula of Van Slyke
has been accepted as applying to both substances, since neither
is excreted by the tubules. The creatinine clearance (Csc) has
been taken as the glomerular filtration rate and the percentage
reabsorption calculated from the formuls 100 — %g% = 100 = % reabsorbed.
This puts the figure of reabsorption at betwsen 85 and 95% of the
amount filtered through the tubules. Precedesnce for using this
method can be taken from Monk and Yuile (1940) who used the same

technigue for haemoglobin clearance and resbsorption studies.

This estimation was performed on two patiehts. The first, H.B.
was a 49 year old man recovering from a myoesrdial inferction
.in the 5th weék and with no signs of renal disease or of cardiac
failure. Three consecutive &4 hour urines and two consecutive
fasting blood specimens wers analyzed for pepsinogen and creavinine.
The urines gave the following resulbs: £48, €20 and 188 P.U. %

and 113 and 116 mgm % creatinine on two of the urines., The plasma
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pepsinogen levels wore 4040 and 45,8 Pal.® respectively and the

locme orestinine 0,84 mgm ¥ on one. These figures are given to show
the relative constancyg ol both substances. The caleulated creatinine
clearance =128 ml,/min, (=Glomerular filtration rate), the

pepsinogen clearance =8485 ml./min.

Therefore percentage pepsinogen reabsgorbed 100 - ggg x 100
L=

- 100 - £225% 100
128

=100 = 5.7

=-94,5% reabsorbeds

In & second subject, & normal control several consecutive days

were observed and gave the }ollowing resultss

pay of Creatinine Pepsinogen % Pepeinogen

observation. clearance clearance veabeorbeds
(GFR)

1 57 104¢ 86

2 768 9.5 81,2

3 88 15.2 8248
4 899 £RaT i

i1 66.5 da? 03,7

6 g8 11.8 82475

Table 24. : Endogenous pepsinogen & creatinine clearances
and calculation of tybular reabsorption of pepsinogen

in n a normal subject in 6 smcecessive days.
these figures show a relative constancy from day to day and
auply confirm the modern views on protein filtration and reabsorption

in the kidney.
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Since some criticism might be levelled at the use of endogenous
creatinine in the estimation of the G,F.R, these experiments should be
repeated using inulin clearances instead. However inaécurate the
creatinine clearances, the pepsinogen clearances, as will be shown,
are relatively small, vax;yi:ng normally from 5 to 25 ml./minute and if
one assumes the G.F.RB., to be about 120 ml. per minute, one can predict
the percentage reabsorption of pepsinogen to be between 80 and 96%

of the amount filtered through the glomeruli.

In attempting to place the site of pepsinogen reabsorption, one
has to go no further thanthe work of Peczenik (192'6) who presented an
exhaustive study of the relation between urinary pepsinogen and
starvation and feeding. In attempting to confirm experimentally in
animals the observations of an ir‘xcrease in urinary pepsinogen in hﬁman
diabetes mellitus, Peczenik induced phloridzin glycosuria in rats.
Normal rats respond to 48 hours starvation by practically complete
disappearance of pepsinogen from the urine, but such & rat given phloridzin
passes double the normal amount of urinary pepsinogen. He wrongly
concluded that this confirmed the finding of an increase of urinary
pepsinogen in diabetes. (Diabetics, in fact, excrete a normal amount
of urinary pepsinogen. He also determined the effect of uranium nitrate
poisoning on frogs and found thet small amounts caused an increase and

large amounts a decrease of urinary pepsinogen excretion.

Since phloridzin poisoning is known to damage the proximal

tubules, the analogy between "threshold" glucose and pepsinogen as &

nthreshold" protein becomes stronger and places the site of tubular
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reabsorption in the proxizul convoluted tubules.

Pepeinogen clearances were determined in 87 instunces and the
accompanying graph shows these clearances plobtted against nlasmn
pepsinogen levels., ‘This grooh chows pome linow correlntion when
plobted on Log probid paper, & high clesrancs occuring with low
Pleses popsinogen sod vice verss, indicating possibly some mechanism
whereby the reabsorption of pepsinogen is controlled according to
blood levele This graph (Fig. 16 )} shows that post-operative

clearances are different from normal clearances.

Lz s
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Fige 18, Relation between pepsinogen clearance by the kidney
and plasma pepsinogen levels plotted on log probit papers
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The clearances repeated in patients shows a fair degree of
constaney, perhaps mere go than the urinary levels of excretion.
No relation with disease of the stomach or duodenum has been found,
There were € patients with gasiric ulecer, 4 with cuodenal ulcér
and 6 controlse

TABLE NO: .25  HENAL CLEARANCE OF PEPSCINOGEN IN if./min,
{See toxt).

GASTRIC ULCER DUODENAL ULCER CONTROL
745 16,7 Ba2
1244 649 8,5
1645 (846 (18,8
12,8 $4.35 gaz
1644 (2048 { 7.4
(2846 {22.5 E Za7
211.3 (19,4
216.8 § 9.6
éls.a
(19.2
(e

pracketed figures are congecutive readings on the same
patient. - In addition, a number of serial observations were made
on two patients who received A.C.T«H. or cortisone; one was later

operated on (see below)s

The mean clearance for these 16 patients was 14.1 nl,/minute and
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on an assumed G.F.R. of 120 ml./min., reabsorption on the average

would be 88.7%

These figures correspond fairly closely with pepsinogen
clearances estimated from Gottliebis (i924) figures of urine
flow, plasma Qnd urine pepsinogen using a different method of
peptic assay. ' Four clearances could be estimated from his
figures and these are 16,5, 18, 19 and 14.2 ml./minute. No
other figures are available in the literature as only Gottlieb
(1924) estimated plasma and urine pepsinogen with any degree of

reliability.

Clearance studies under ;larious physiological. conditions and
in renal disease complete the. picture of the mechanism of excretion
of pepsinogen by the kidney.

(raemia.

The effect of uraemia on blood pepsinogen has been shown
by Loeper and Debray (1921) and by Gottlieb (1924)‘ and the
depression of urinary pepsinogen was noted by A.Rosenthal (1911)

(Quoted by Bothschild 1920).

In 6 patients with uraemia, the plasma pepsinogen was raised
well above normal, which is 23 P,U.% The following table shows
the results and confirms retention of pepsinogen in the plasma

in uraemia.
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Patient. Blood urea Plasma pepsinogen
mea. % P.U.%
Cele 44 81
I.P. 180 855
RePs 250 : 48
Jelle 800 213
Agla 354 B4
Ce0e 180 . 675
Hean 203 mgm % 89.5 P.U.%

TABLE NO: 26 PLASMA PEPSINOGEN IN URAEMIA

Clearance studies were done on R patients with terminal

uraemia due to chronic nephvitis, J.JH, and A.¥,.

Th
for AsW. on two sufcessive days 0.068 and 0.220 nl,/minute respectively.

o

pepsinogen clearance for J.H, was 1,88 ml./minute and

Here the mechanism is probably not an alteration in reabsorption
but & reduction in the filtering surface of the tubules to slmost

vanishing pointe

In compensated uracmia (chronic uraemiaz) where the wrine
output is reesonably well maintained and the excretion of waste-
products maintained at equilibrium with the blood ured elevated to
two to three times normal, pepsinogen clearance appears: to be
wnaffected. One sﬁch patient was studied (I.P.) and the clearance
in this case was 17.9 ml,/minute. This reading is somewhat complcated
by the coincident proteinuria (2 to 3 G./day). Vhether this

indicates any general action by the tubules in rejecting protein is
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gifficult to say and may account for the apparently normal clearance.
One wgld have to observe a simultaneous G.F.R. 1o answer that

question.

Hephrosis

One patient was studied with an amyloid nephrosis. His
urinary pepsinogen was 357 P.U.Hb/hr and his blood pepsinogen
20.3 p.u.Hb.% and the pepsinogen clesrance 32.5 ml. per minute.
This would seem to indicate a diminished reabsorption of pepsinogen
and would conform to the general patitern of & nephrosis, He was

excreting 4 to 6§ G. of protein in the urine per 24 hours.

Disbetes Jnsipidus.
One patient studied wes passing 8 litres of urine per day,.

Hb‘
The urinary pepsinogen wes normal in this patient, 286 P.U. /or.

Disbetes Nellitus.
The urinary excretion in 4 patients with this disesse was
Hbe.
normal and aversged 184 P,U. /hr.
Forced Diuresis
The effect of mersslyl diuresis was stodied in 3 patients
and the following figures of urinary cEcretior &ppear o indicate

that forced diuresis can increase the output of pepsinogen.
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Telle Day‘ﬁy Ur.’me mlp/‘f,‘d'o P‘U./h&'.
1 120 218
& 54 w%Be
B 845 918
4 41e5 380
3 600 530 1let 4 hrs, after
mersalyl
_ 180 275 Hext Z0 hours.
] 68 e
7 120 _ 228
Jele i 5 5 aE b3
./ Sled 238
Hersalyl
& 85 714

In & third patient merselyl had no effect on pepsinogen

despite & normal diuretic effect.

Iflect of operation
4s is pointed oubt later in this chapter (p. <01 ) partial

gastrectony has the effect of temporarily inersasing the output

of pepsinvgen in the vrine to levels not met with under any other
congitions., In other operationg, this effect is éaldom se6Ne

48 is pointed out in that section, when the pepeinopn excretion is
increased to those levels, purt of ﬁxe meghunisy of that incrasge is

the increused output from the fundel rempant of She stomechy bub the
pain mechandsn for incroaming the urinary excretion apjears to be e
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decreased tubular reabsorption of pepsinogen and the pepsinogen
clearance rises from the normal of about 14 ml./minute to 6o to 70
ml,/minute. Unfortunately G.FR was not meusured post-operatively
and no good reference to this study has been detected in the
literature. If one assumes that the G.F,R. does decrease that

is even more in support of an increased tubular reabsorption.

The Effect of Camkisone and A.C.T.H on renal excretion of pepsinogen.
The effect of the adrenal steroids in pepsinogen excretion

in this study has bmen shown to be varisble (see la.tér) contrary

to the work of Gray and his colleagues (1951) who claimed

an ingerizble increase after administri-xtion ‘of‘ these hormones.

0f 4 patients studied under the influence of these drugs
(se p,© Q01 ) one showed a slight increase in pepsinogen excretion
without an increése' in blood pepsinogen, and this was coupled with
slight increase in pepsinogen clearance; partial gastrectomy later
caused an excretion peak of 2460 P,U./hr. and a clearance of

672 ml./minute in this patient,

(See Table No. 28 overleaf).
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DayGa Urine pepsinogen Flaema pepsinogen Pepsinogen clearance
Hhe P.U;%
Polls Lhr, ; b5]
1 100 H) 8
) abb Ele6 18
3 50 ng.A,CTH
3 280 28 19,2
4 545 2545 LS
5 187 21.8 14.5
200 mg. Cortisone.
6 251 18 24al
7 00 %8 17,7
& 300 - o
9 400 268 %86
10 420 20 28,0
1 227 25 ’ 17.4

TABLE NC-:&8 EFFECT OF A.C.T.H. AND CORTISONE ON PEPSINOGEN CLEARANCE.

Another patient who had 100 mg. Cortisone per day for 5 days
showed no increase in excretion or change in clearance. Two
other patients siho received in 7 days 560 mg. A.C,T.He, and 1400 ng.
Cortigone respectively showed no change in renal clearance &s &

result of these hormones .

In the odd patient, therefore, who does show an increase of
urinury pepsinogen, one might assume this to be an effect on the
renal mechanif;m of excreting this substance and not on the production
of pepsinogen. 4s will be shown later, 4.C.T.He and Cortisone in

one patient had no effect on gastric secretion,
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SUMHARY

Experimentsl evidence hag been pesented which shows that
pepsinogen, & protein with a molecular weight of 48,000, is filtered
through the glomerular membrane and largely reabsorbed in the
tubule, probably the proximal convoluted tubule. This confirms
the other evidence from the literature suggesting that this is
similar to what happens to most proteins in the kidney. DBecause
of the simplicity and reliability of pepsinogen estimetions, ;
further study of this subgtance will be useful in clarifying the
mechanism of protein excretion by the kidney, both in health and
in disease. It is further suggested that many of the variations
observed under various physiological and pathological conditions

gshould be evaluated with this fact in mind.
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SECTION VII. PEPSINGGEN IN THE UIKE.

this seciion deals with pepsinogen as it is found in the
urine under the following headingss
1. Introduction.

%o Compzrative biology.
3« Idemtity of enzymes

4. Origins and sourcesof pepsinogen in the urine.
(2) Site of formation.
(b) Relation to gastric activity.
(c) Stimulants of gastric secretion. : 4

(d) Effscts of diet and starvation.

5. Relation to renal function and to physieal propertics of urine.
(2) Renal function
(b) Belation to volume and concentration of urine.
(c) Relation to PH of urine

(d) Helation to chloride excretion.

6. (a) Patterns and variations.

(b) Normal levels; effects of age and sex,
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INTRODUCTION

In 1861 Br#cke described the presence of an engyme in the urine
which was proteolytic in highly =2cid medium and he believed this to
be pepsin absorbed from the gastric lumen. Until some yeers after
the dizcovery of pepsinogen (Langley 1881l) it was believed that
ithe urinary enzyme wa:s pepsin. Selmappaul (1888) however, bslieved
that the enzyme was not pspein, bub pepsinogen, since it could be
found in alkaline urines (of the horse) that would inactivate pepsin.
Gehrig (1886) two years before postulated that pepsinogen was absorbed
directly from the peptic cells of the stomach into the blood and
reached the urine in that way. Benderskey (1830) was still uncertain
of the identity of the enzyme and called it "Uropepsin", a misnomer

which has persisted to date.

The German clinicians of the late 19th and early 20th centuries
gaw in the estimation of urinary pepsinogen a new diagnostic method
and investigated the variations in this enzyme in relation especially
to achlorhydria and the diagnosis of cancer. TFollowing Gottlieb's
(1924) finerpaper-describing hisbattempts ‘to correlate gastric activity
with blood and urinary pepsinogen, a few sporadic papers on urinary
pepsinogen were publighed in German 3311 1930, when Rothschild
diseredited the diagnostic significance pf Wlropepsin®., No further
work was dome until the publications of Parmsworth, Speef and Al
(1946) and of Bucher (1947) reawskened interest in the subject
and these were followed by o series of papers relating mainly to the
diasgnostic significance of urinary pepsinogen excretion in peptic

ulcers. Part of this recent work related to the physiology of this
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ensyme and brought us o the point of knowing ite source; propertics

and some of the variations in disease,

COMPARATIVE BIOLOGY
It hag been shown that while trypsin or trypsinogen ie

novmally cbeent from the urine, it mey appesr in the uride of

severely ill anizals but not in the dog or in man (Ammon and

Cuytrek 18%3). Pepsinogen, however, is always present in the

urine of normal man-and andmals with = few exceptions. The

following snimalo were found to oxorcote pepsinogen; man (Briecke 1861);

dog and rabbit (Gohrig 1888); Horse (Schnappauf 1888); cat

(Frouin 1804); and in 1027 Pecsengk and Kﬁué;ra veinvestigated

the excretion of pepuinogen in gnimal-s. The following mﬁla

is taken from their papers

TABLE ¥0: 29 URIBARY PEPSINOGEH IN VARIOUS AMIUALS,
Peosanilk and Kowabare J087).

Aninal Urine reaction Dilution of urine and degree of
o litnus peptic activity. :
: D5 B WA 1/4 1/8 /8.
cat Aeid R G o SR o R bbbt
Guinea pig Strongly et kb e e s
alkaline

Hen fleak acld L hac R o R SRR +
Dog Weak acid rtp e e ey ety
Rat Acld e A e e +
Hiorse Alkaline H‘H‘ et i o+ -
Houge Strongly acid  dete R B - -
Heodgehog (Hiber~ Neutral et - - - -
nating & starving)

Pigeon - e + H o -
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TABLE NO, 29 (cont).

ANTHAL Urine reaction Dilution of urine and degree of
to 1itmus peptic ac tivity.
/2 1/ 1/4 1/8 1/16
fana esculenta g(‘fi.'mter conditiong) = - - - -
Rana temporarie - - - - -

Salamendey - - - T 5 o=

Key = No activity,
S+ = Maximel digestions

The finding ~of high urinary pepsinogen &n cats and moderate
amounts in dogs was later confirmed by Bucher (1947) and by Hirsky
et al (1948) respectively., The absent excretion of pepsinogen
in cold-blooded animals (frog end salaménder) in wintor is reversed
in summer, and by feeding these animals. Intréperitoneal injection
of pepsin in the apeptic frog in winter will result in increase of
urinary peptic activity, indicating that in the frog the enzyme may
circulate and be excreted as suchs

The level of urinsry pepsinogen in the frog parallels ibs peptic
secretion in the peptic cells of the oesophsagus where the frog

normally has peptic eelle (Peczenik end Kawahara 1927).

In addition to their report on peptic activity in the urine,
Peczenik and Kawahara (1927) found that the se.s of all animals
conteined an entipepsin parallel to the level of urinary pepsinogens

Later work failed to confirm this finding (see p. 138 ).
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THE IDENTITY OF "OROPEPSIN®
The term Muropepsin! is used pro tem to describe the proteolytic
enzyme in the urine active in a highly acid medium which was discovered

by Bréicke (1861) and ndmed by Benderskey (1890).

It was quite natural that an enzyme behaving like pepsin in the
urine should be considered to be pepsin before the discovery of
pepsinogen by Langley (188l). Lengley had shown that pepsin was
inactivated in alkaline medium, but that pepsinogen was not. Gehrig
(1886) believed that the pepsinogen was directly absorbed from the peptic
cells of the stomach. Schnappauf (1888) concluded that because the
urine of the horse was alkaiine and contained "pepsin', it must

exist in the proenzyme form, i.e. pppsinogen.

Later experimental evidence on the inactivation of the urinary
enzyme did little to clarify its identity. ‘Grober (1904 and 1905)
and later Ellinger and Scholz (1910) from alkali and heat inactivation
studies believed that the urinary enzyme was a mixture of pepsin and
pepsinogens, Gobttlieb (1924) knowing that pepsinogen was converted to
pepsin a2t pH below 5.0, argued that the enzyme must be pepsinogen in
its free state, since pH of urine in man never dropped below 5.1 (an

important obgervation later to be confirmed agsin and again).

More recent evidence on the identity of the urinary enzyme with
pepsinogen ig more valid since one has the asbsolute standards of
- comparison with the crystalline pepsinogen isolated by Herriot (1938).
Bucher (1947) repeated the inactivation studies of Ellinger and

scholz (1910) using the more accurate haemoglobin method of assay.
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She mixed two urines (of pH 7.41 and 7.64 respectively) with high
pepsinogen content 131 with HCLl, NH4O0H, NagCOz and HgO for 1 hour;
these were then incubated at pH 1,94 and 3.60. She found that as
the pH of the initial mixture was advanced to the alkaline side of
7.0 inactivation began; thus at pH 7.64 5% activity was lost, at
pH 8.5 76% activity was lost, at pH 9,0 90% activity was lost, and
at pH 9.4 and over all activity was lost. Comparing this to
purified Merck pepsin and gastric juice diluted in urine, she found
that at pH 6.£9, no loss of activity occurre«i and at pH 7.68 complete
loss of activity of the pepsin occurred when the mixture was subsequently
assayed at acid pH 1 hour later. This confirms that pepsin is
destroyed at pH 7.66 and not at 6.29 and that the urinary enzyme
behaves like erystalline pepéinogen (see p. 22 ) and not like

pepsin,

Comparing the inactivaetion of the urinary enzyme at only pH 8.4
with that of crystalline pepsinogen zt about pH 10.0 and of phre
pepsin or gastric juice at pH 7.5, Bucher (1947) considers her case
proven and concludes that the urinary enzyme is pepsinogen. However,

the evidence is not conclusive,

Comparing the pH of optimum digestion Mirsky et al (1948)
conclude that all that digests between pH 1.5 - 3.5 is pepsin either
pre-existing as pepsin or as pepsinogen., In order to determine
experimentally which it was, they repeated all the experiments

that had previously been done on the parenteral administration

of pepsin (Voight 1925) and found, as she did (Voight was the first
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to use a non-toxic preparation of pepsin prepared by Witte of
‘Rostock) that intravenous administration of pepsin produced no
increase in the Muropepsin®" of the dog. (Voight (1923) also
showed (Bising the dog and guinea pig) that not only was there no
increase in "uropepsin® but that after large doses of pepsin intra-
venously into the animal no increase in proteolytic activity of

the serum could be detected within a very few minutes.

Mirsky et al (1948) then injected purified pepsinogen
intravenously into the dog and produced a marked increase in
huropepsin.  This was repeated a few days later and shwed the

same effect.

One may Jjustifiably conclude therefore that "uropepsin® is
pepsinogen in the urine‘ and that the term "uropepsin' should be
dropped in favour of M"urinary pep‘sinogen". The term "uropepsinogen”®

has been suggested but the word is ugly and unnecessary.

THE ORIGINS AND SOURCES OF PEPSINOGEN IN THE DRINE.

The origin of the urinary enzyme was considered to be the
stomach by the man who discovered urinary pepsinogen (Brucke 1861).
He believed that it was reabsorbed as pepsin from the gastric
lumen or intestine, a view held for about 25 years. Langley (1881)
then showed that pepsin was destroyed in the alkaline small intestine
and demonstrated pepsinogen in the cells of the stomach glands.
Schnappauf (1888) and Gehrig (1886) thought the enzyme to be pepsinogen

and the latter believed it to be absorbed directly from the peptic
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cells, This view is still valid today.

Definite evidence for its origin fron; the stomach came from the
work of Benderskey (1890) and later Matthes and Grohe (1903) and of
Frouin (1904) who performed several similar experiments on dogs.
Total gastrectomy caused complete logs of the enzyme ﬁom the urine;
oesophago~ducdenal anastomogis, leaving the stomach in situ and
draining exteriorly produced no loss of urinary pepsinogen, whether
the pouch was drained continuously or only emptied once in 24 hours
(Frouin 1904). Complete removal of the gastriec mucosa, leaving the

muscularis coate only, caused disappearance of the urinary enzyme.

Subsequently, numerous authors have shown the absence of
urinary pepsinogen after total gastrectomy in man (Janowitz, Levy
and Hollander (1950) rats (Balfour et al 1948), and cats (Bucher and
Ivy (1947). In one of four cats, Bucher and Ivy found persistence
of traces of pepsinogen innthe urine up to 88 days after total

gastrectony.

Clinical observation on disease of the stomach supports the
experimental evidence that the stomach is the source of the engyme.
There is a diminution or disappearance following widespread gastric
carcinoma and pernicious snaemia (Podore et al 1948; Janowitz et al
1950; Farnsworth et al 1946; Rothschild 1980). 1In pernicious
anaemia, Strauss (1926) found some urinary pepsinogen present, a
fact he could not relate to the achylia and postulated e "parasgekretion"
- another source of pepsinogen. This view is dealt with in the

next chapter (p.243 ). In gastric atrophy there is a practically
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complete disappearance of pepsinogen (p. 251 ).

Other experimental evidence relates partly to the source and
nature of the enzyme as well as to how it is tbansferred from the

stomach to the urine.

Langley (1881) showed that pepsinogen was destroyed at alkaline
pH and subsequent experiments confirmed that the origin of the
urinary enzyme was not from absorption from the bowel lumen — this
was first shown by feeding of crude pepsin by mouth to man (Schnappauf
1888), to gastrectomized dogs (Peclhistein 1911, Wilenko 1908) and
feeding of gastric juice to a gastrectomized dog (Ellinger and Scholz
1910).

The intravenous administration of pepsin was not done successfully
until 1923 when Voighkt had the first non-toxic pepsin prepared for
injection. Previous workers had always found that pepsin intravenously
caused the death of their animals (this was due to protein shock from
adultera‘biné proteins) and Benderskey (1890) who found this so, believed
that pepsin was poisonous and ended an otherwise good baper by warning
against the indiscriminate use of this "poison® in elixirs, pastilles
and mixtures. Apparently the patent medicine manufacturere had

nothing to learn in 1880, even in Russia.

Voight (19%3) found, as did Mirsky et al (1948) that intravenous
pepsin produced no increase in urinary pepsinogen. She also found

that pepsin was destroyed at the pH of the blood very rapidly.

only in the frog does parenteral administration of pepsin (into
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the lymph sac) cause an increase of urinary enzyme (Peczenik and
Kawahara 1927) but whether this engyme is pepsin, or whether the
pepsin as a protein causes an increase of oesophageal secretion

of pepsin in the hibernating frog is not clear.

Certainly in mammals parenteral pepsin produces no increase
in urinary pepsinogen and the pHof the blood acts as & most
effective barrier to the transition of pepsin from the stomach to

the kidneys as pepsine.

Finally HMirsky et al (1948) showed that pepsinogen orally
had no effect on the urinary enzyme and that only intravenous
pepsinogen produced & rigse in urinary pepsinogen; this confirmed
the opinion of Gehrig (1886) that pepsinogen difused from the peptic
cells to the blood where it circulated &s pepsinogen end was

excreted as such in the urine.

I have avoided a detailed snalysis of the various papers
published early in the century which purported to show an increase
of urinary pepsinogen after feeding or injecting pepéin and the
various theories put forward to explain these findings., . They were
based on crude methods of peptic assay and in the light of more
modern methods the observations are invalid and the conclusions and
theories deduced inadmissible on that score, and are only of limited

historical interest,
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THE SELATION BETWEEN GASTRIC AC

The relation of urir'mry pepsinogen t gastric secretory
activity has been and still is the most uncertain and confused in
the whole subject of the physiology of pepsinogen. The confusions
and contradictions of the earliest authors resulted only in part
from their crude methods of peptic assay; these contradictions
are still evident today, even with accurate methods. The key to.
the whole problem is the renal mechanism of pepeinogen excretion,
and all that has been written on the subject of the relation between
pepein in the stomach and pepsinogen in the urine has fo be re~

examined end largely discawvded on that score.

A review of the literature on the subject of this relation
only serves to emphasize this understendable confusion, and is

merely quoted, briefly to serve as an historical background.

Briicke (1861) and gshli (1885) believed that the urinary enzyme
was related to gastric contents, a view not held for very long.
Some time later the cliniciang tried to relate urinary pepsinogen
to the secretory activity and the mass of stomach tissue destroyed
or degenerated in carcinome and Machylia". A few exa:hples will
show the contradictions - Wilenko (1908) found a decrease of urinary
pepsinogen associated with a decreased gastric pepsin; Ellinger
and Scholz (1910) stated that a low urinary pepsinogen with "achylia
WAE more in favour of carcinoma than of simple achylia; Teschendorf
(1927) found that with cavcinoma and depressed gastric secretion

urine pepsinogen could be either normal, diminished or absent, and
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Rothschild (1930) in confirming this finally stopped the whole
controversy and stated that there was no relationship between

urinary pepsinogen and gastric asctivity.

Gottlieb (1924) was one of the few authors who approached
the subject with some semblance of logic. He correlated gastric
acid and juice volume with serum pepsinogens and with urinary
pepsinogen and showed that there was some positive correlation
between hypersecretors of volume and increased urinary pepsinogen
excretion, While fecognizing that norgal kidneys were necessary
for accurate blood and urine levels, he did not realize that
variations in renal fumction which occur normally and adjustments
which occur constantly are the factors to be taken into account.
Conseguently his resulis are no moré then suggestive of a positive

correlation and this correlation is valueless.

Three recent papers deal with this attempt to correlate

directly urine pepsinogen with gastric function.

Broh-Kahn, Mirsky and Podore (1948) arguing a priori without
actual simultaneous studies, concluded that the urinary pepsinogen
reflects the intrinsic or endocrine activity of the peptic cells of
the stomach and was independent of gastric juice stimulants, especially
of food. Therefore the factors which csuse an increase of urinary
pepsinogen act independently on the endoerine secretion of these
cells. They go on further to discuss the relationship with
hyperacidity and found that though there was a flequent association,

there is no causal relationship between the two factors and that
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the increase of both in ulcers was forbuitcous snd may be ascribed

to the influence of wmimown factors which may sct to increase either
aggd production in the stomach and/or urinary pepsinogen excretion.
Mirsky (1950) stated that a very minute amount of pepsinogen was
secreted from the stomach to the blood and that when there is an
increased secretion into the stomach, there was also an increased

urinary pepsinogen excretion.

The two reports of simultaneous gastric pepsin seeretion and
urinary pepsimogen excretion (Janowitz and Hollender 1951) and Varro,

Faredin and Novaszel (1958) have dismetrically opposite results.

Janowitz and Hollander (1951) éﬁu&ied 62 subjects comprisiz_lg
21 with duodenal ulcers, 4 with gasiric ulcers, 5 with pernicious
anaemia, 5. with carcinome of the stomach and £7 cohtrﬁla. A11 had
been on liguid diet for 24 hours, fasting for a.no.ther 16 hours.
Simul taneous complete gastzic emptying an.d totel uring secretions
were collected for 3 hours. They found a high positive correl'ation
(r=+0.84, £t=11.9, n=60, p<.0001) throughout the whole range
of gastric secretion, valid for ulcers as well as non-ulcers.
They estimate the proportion moving in both directions fr;)m the
peptic cells to be constant at about 93:1. They conclude that ‘
urinary pepsinogen is a direct measure of gastric function. (See graphl7 )
As shown earlier [p.99 ) an attempt to repeat this work failed to

corroborate these observations and explained why they were unlikely to

be accurate.
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Fig. 17. Correlation of gastric pepsin and urinary pepsinggen
(Janowitz and Hollander 1951).

on the other hand, Varro et al (1955) studied simultaneous
a2 hour'secretion of gastric pepsin and urinary pepsinogen in 28
subjects fomprising 15 normals and 1% patients with ulcers, They
fowmd no positive correlation between gastric pepein and urinary
pepsinogen. In the ulcers the gastric pepsin was 3.5 times higher
than the controls and the urinary pepsinogen 0.62 of that in the
controls. They found thut the gastric juice volume did not correlate
either with urinsry pepsinogen as Gottlieb (1524) had.

That, then, is the state of confusion which exists at present
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and the knowledge of the relationship between gastric activity
a nd urinary pepsinogen is no clearer than it was at the turn

of the century.

Evidence presented earlier in thig chapter (p. 105 )

explains these incongruities and contradictions.

One thing is cerbtain - there can be no direct mathematical
relation between gastric secretion and urinary pepsinogen that
does not take intc account the tubulsr reabsorpfion of pepsinogex_x;
The estimation of urinary pepsinoéen can have little direct
bearing on the exact state of gastric .seéretion. That explains
why ' . so many normal levels of urinary excretion are found with
high gastric pepsin; that explains why there sre so many
apparently inexplicable and unpredicteble daily variations;

-that explains the lack of effect of gastric stimuli (it has been
shown that the variations of urinary pepsinogen in response to
gastric stimulation are the result of other effects of that
stimulation and of the unnatural dehydration upon the renal
clearance, p. 106 ); that explains why no direct correlation
has been found, or is indeed posgible between urinary pepsinogen
and gestric a€id, and confirms the statements of 3roh—Kahn et
al (1948) that the association is purely fortuitous and probably

dependent on simultaneously acting outside factors.

Nevertheless, the eshimation of urinary pepsinogen may serve

to indicate trends in groups of patients as shown in the next
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chapﬁer .

If pepsinogen estimations dre to play any part in medicine,
however, it will be the estimation of plasma pepsinogen which is
& more direct guide of gastric funciion, being independent

of imponderable renal mechanisms.

THE FFFECTS OF GASTRIC STIMULATION

The effects of gastric stimulation on urinary pepsinogen,
or rather the lack of effect foumd by many workers, should also
be re-evaluated with the lmowledze of the venal mechanismg of
pepsinogen execretion, as one has to do wih the direct relationship
between gastric secretion and pepsinogen in the urine, These
chservations ars, after ail, simply an extension of those in

the foregoing section.

Once again one id faced with the.mass of contradictory
evidence on the effect of meals on urinary pepsinogen. Von
Calear (1910) (sham feeding) Pechstein (1911) Loeper and Debray
(1922) and Gotilieb (1924) found a phst-prandisl rise ofurinary
pepsinogen. Mrsky et al (1948) found by caveful study that
negls had no effect on urinary pepsinogen. These are but a
few of the many reports with confligting views. It appears,
however, from more careful ctudies that meals have no effect

on urinary pepsinogen.

With regard to gastric stimulabion by ceffein and by
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histamine, Bucher and Anderson (1947) found that these
stimulants had no effct on the urinary excretion of pepsinogen
in cats; Gehrig (1886) found pilocarpine to have no effect
and Peczenik (19£7) that double vagotomy and sympathectomy
had no effect.

As shwn from experimental evidence earlier in this chapter
(p. 100 ) gastric stimulation by caffein and histamine had a
definivte effect on pepsinogen in the stomach, the blood and the
urine. These effects, however, were not consistent — in some
there was a definite large inerease of gastric pepsin, acid and
juice volume with & fall in plasma concentration of pepsinogen,
a drop in urine pepinogen caused by a decreas_ed renal clearance
of pepsinogen. In others, the renal cleal'an;e remained the
same, as the urine pepsinogen. It seems, therefore, that any
effect these stimulants might have on urhary pepsinogen yill
depend on the changes produced in plaema concentration and
in wenel clearance of pepsinogen, which will in turn partly

depend. on the emount of fluid lost by gasiric secretion,

Once again, no direct consistent relationship between
stimulated gastric secretion and urinary pepsinogen seems
possible, unless one takes into account the secondary effects

of those factors on renal mechanisms.
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THE EFFECTS OF DIET AND STARVATION ON URINARY PFPSTHOGEN.

The effects of changes in diet (as opposed to meals)

and of stervalion on urinary pepsinogen have been reported in
a number of careful studies in man and in animels. These
reports are an extension of a large number of reports on the
effect of diet on gastric secretion, most of which agree that
a high protein diet will progressively increase gastric pepsin
(Gottlieb 1924; Delhougue 1927) bthough Smith and Cowgill(1935)
found no increase of secrelion in Pavlov pouch dogs under

these conditions.

DIET

With regard to the effects of diet on urinary pepinogen,
I believe that Hoffman (1887) was the firet to show an
increase in urinary pepsinogen in response to a high protein
diet. This was later confirmed in man by Gottlieb (1924)
and by Bucher (1947) and in animals by Peczenik (1927) and

Peczenik and Kuwehera (1927).

The following table summarizes the evidence presented
by Bucher (1947) in support of these findings — on 30 normal

women students fed on ¥ different diets for £ days after control

observations for £ days on normal diet.



Orine Ne Urine pepsinogen
units/24 hours.

Dietary protein
C. E

Group &4 br. urine pH urine pH digest
velume R o R o E Ce E
C. E Ce E.
High
Protein 1191 1802 : 6eR5 BBO Z2.22 2,31 82 188 Sa5 23 24T 60
12 women
Hilk 820 1774 .08 8,27 &e22 2:0B 57 2 R <08 204
9 women
|
s =
Orange juice @
S women 1440 <018 5.2 7,45 2,10 2.21 62 27 10 5 400 159 ?

1=

£ control deyse

- e

—. £ experimentel days.

TABLE NO: 30 EFFEGT OF DIETARY PROTEIN ON URINARY PEPSINOGEN
(Bucher 1947)



-181-

Other rather interesting facts have been recorded. Loeper
(1914) found that milk-feeding caused en incresage of & urinary
enzyme acting better on casein than on albumin; Pechstein (1911)
found that infents fed on breast-milk excreted less urinary

pepsinogen than infants fed on cows milk or artificial diets.

Peczenik and Kawahara (1927) found that in the frog only horse—
.serum would cause an incrcase in urinary pepsinogen - milk, meat,
albumen, cow-thyroid and gastric mucosa had no effect; in guinea
pigs carbohydrate caused an inecrezse of urinary pepsinogen,

but not milk, the reverse being true in the very young, Hice
behaved exactly opposite to guinea pigs; din rats meat and fat
cause an increase, hul pure egg albumen and sugar cause a drop in

urinary pepsinogens

STARVATION
The effects of starvation were studied by Peczenik (1927).

In men he found that B days starvation caused no drop in concentration
of urine pepsinogen which fell to half{ in 16 days and was then

restored to normal & houvs after the first meal.

The effects of star§ation in aminals were shown by Peczenik
to depend on the diet befire starvation. 3 days starvation after
carbohydrate reduced urinary pepsinogen to less than half; 4 days
stazvatioﬁ after 9 days meat diet produced no change. The rats
were sterved to death afbter vardous diets and showed no drop after

protein feeding till just before they died from inanition. Fatw
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produced results midway between carboliydrate and protein. The same
holds for the cat as for the rat, but in the guinea pig the reverse

is true.

He found also that thyroid i"eeding caused & progressive rise

in urinary pepsinogen, even in the fasting state.

Bucher and Ivy (1947) found that refusal of food by cats
caused & diminution but not a disappearance snd that in prolonged
fasts there was & decreased total output of pepsinogen in man and
animals. They comment that the concsntration of enzyme may even

rise due to oliguria.

This later statement is the main criticlsm one ean lay against
Peczenik's work, since all his results are expressed as concentrations

of engyme and not total amounts (see also p. 73 )

Observations by ierten (1948) done during the World War II in
Germany showed that in 1943-44 there was a general decline of urinary
pepsinogen duento food shortage. In malnutrition oedema,

pepsinogen is absent from the urine.

It appeavs agreed, therefore, ﬂ'&at’s;oarvation will cause a
decrease in pepsinogen in the urine and probein feeding some
increase, independent of the actual meals. fhether either of these
condi tions produces the results by action on renal function or by
primary action on the stomach, would be difficult to ‘say without

careful investigation.
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THE AELATION OF URINARY PEPSINOGEN T0 #

As has ben shown earlier in this chapter (p. 150 et seq.)
pepsinogen is reabsorbed to the extent of 60 to 98% in the proximal
tubules after being filtered through the glomeruli, and various
conditions may exert an influence on the concentraetion or rate of
excrebion of tk urinary enzyme. These have been disussed in thet

section.

However_,. certain facts may best be deald with in this section
since they relate more particularly to pepsinogen as it is found
in the urine; these are the relation of urine pepsinogen to urine
volume and concentration, to the pH of the urine and to chloride
excretion in the urines

HE RELATION BETWEEN PEPSINOGEN AND THE VOLUME AND CONCENTRATION
OF THE DRINE.

The importance of this connection lies mainly in the evaluation

of published results of urinary pepsinogen estimations. Before a
truly quantitatipze method came into use, it was possible only

to estimate the concentration of pepsinogen in the urine - this
was done by the digestion of solid media (Mett's method) or by the
dilution technigue (see Chapter II). 1In order to do sc, these
workers, relying on crude methods, had to use the most concenirated
urines which contained the maximum concentration: of pepsinogens

The morning specimen of urine was found to be the most concentrated

and most results are given as concentrations of pepsinogen in morning

urines. These results are only of value in detecting the absence
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of pepsinogen but not in assessging true differences of pepsinogen

excrevion.

Wilenko (1908) first stressed that the estimation of rate of
ezcrebion was & more accurate way of determining the excretion of
pepsinogen than the coacentration. This was later stressed again
by Gottlieb (1924) and by Bucher (1947). Hirsky et al (1948)
paid special attention to this problem aﬁd studied the daily
excretion of 13 patients from 11 to 196 days and showed that the
enzyme exerebion does not depend on normal variations in urine
volune, Wariations in urine volume in the overwhelming majority
of subjects play no significant part in the regulotion of uropepsin
excrebion.” lowever, as shown previougly forced diurecis may
increase the urinery excretion of pepsinogen (p. 157) and dehydration

may diminish the excretion.

It was felt that the necessity for estimating pepsinogen
excretion as a ralte per unit time rather than as concentration has
been so &dequately proved by the work of Mirsky et al (1948) that
no further enalysis of my material on thig subject was

necesgsary.
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(b) RELATION BETWEEN URINARY PEPSINOGIN AND THE pH OF THE URINE

It has been proved that the urinery proteolytic enzyme under
discussion is only pepsinogen (p. 166 ) and not a mixture of pepsin
and pepsinogn, as supposed by Ellinger and Scholz (1910). The
stability of pepsinogen in alkaline urine was in fact one of the
first painters to its identity (Gehrig 1886) and the stability

was shown by Bucher (1947) (see ps167 ).

The independence of urinary pepsinogen of urine pH has been
shown by Gottlieb (1924) by Farnsworth et al (1948), by Bucher (1947)
and by Mirsky et al (1948).

Bucher (1947) analyzed the frequency distribution in 139 urines
of pepsinogen and pH and found that the: urines with the highest
pepsinogen had the lowest pH. Incidentally this was the group
which had had a high protein diebt and it is probably the protein
which accounts for the more acid pH rather than the low pH accountiﬁg

for the high pepsinogen - in fact, a chance associations

Once more, no analysis will be made of the data in this
study relating to this subject, since previous work is guite
clear and unequivocal in demying any relation between urine pH

and pepsinogen,
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In order to examine any possible relation between chloride
excretion and pepsinogen excretion, the two were determined in 104
specimens of urine from 34 consecutive patients studied. As shown
in the following tsble, no constant association beﬁween urine
chloride, pepsinogen or volume wac detected in these 104 urines

from 14 controls, 11 gastric ulcers and 9 duodenal ulcers.

GROUP No. of No., of vVolume Pepsinogen Chloride

cases. Urines., of urine PJU.% P.U./Hr. mgm.% mgm./hr.
ml, /hr,
DeUs 9 28 6648 125 848 570 380
Gels 11 35 65 120 780 492 320
Control 14 51 523 64.5 340 660 345

TABLE RO: 3 RELATION BETWEEN URINE VOLUME, PEPSINOGEN AND
CHLORIDE IN 104 URINES.

The only relation between urinary pepsinogen and chloride is an
inverse one and has been found post-operatively in partial gastrectomy
where salt is retained and pepsinogen nots After 5 days or so,
both return to normal levels (see p. 195 Yo This is probably simply
due to alﬁered renal dynamics resulting from changes after
gastrectomy superimposed on altered gastric production of pepsinogen,

and not to & stress effects
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PATTERN AND VARTATIONS OF URINARY PEPSINOGEN EXCRETION

Early work on the subject shows no reference to any study
of individual variations from day to day or from specimen to
specimen, although these same authors attempted to show veriations

in relation to time of day, to food and other yariabled.

It was not wmtil recently that Broh-Kahn et al (1948)
investigated the problem statistically. The first prbblem
they investigated was the diurnal variation of which Gottlieb(1924)
was convinced and which Bucher (1947) followed., They found that
there was no significant difference between day and night urines,
They collected on successive days urines varying up to three
months in some dleeping versus waking urines. They found that
the amount excreted per day varied from day to day but as
mentioned above, diurnal variation was not significant and analysis
by distribution frequency from night urines applied (a) on a
percentage cumulative frequency against pnits of variables on
probit paper and (b) logarithmic units against probits, suggested
that both produced a straight line, whereas the plotting of
arithmetic units agains£ probits did not produce a straight line,
They therefore go further than simply expressing their results
as total amounts and recommend thet they should be expressed as

log units per unit of time.

The next point investigated by Broh Kahn et al (1948) was whether
there was a constancy of formation of urinary pepsinogen throughout

the 24 hours, on which depended the velidity of expressing
excretion &g & rate per unit of time. This constancy was measured
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in two weys, (&) comparing in the same subject night versus day
urines for several consecutive days in 5 subjeﬁ:gz,s tc:hosen at random
from 9 to 53 days (average 51 days). The "t"/applied to this
investigation did not even approach significance in 4 cases at a
5% level, this being indepgndent of the subjects! characteristic

level of excretion which varied from O to 1.0l log unitg per

houry that is, throughout the whole range of normal excretion.

The net point investigated was whether the duration of collection
confirmed the constancy of formation of urinary pepsinogen through-
out the 24 hours, since the average waking day consists of
16 hours and the average sleeping night of 8. hours. Urines
were then collected from & to 24 hours and no effect of duration
of collection was found, and theyconclude "that fluctuations in
uropepsin excret;lon per-hour are not affected appreciably
by the time of day during which the urine ie ccllected or by the
duration of the collection period." Therefore it is practical
and permissible to eollect only night urines to 1‘épresent the true

24 hour excretion.

Despite this evidmcé, Broﬁ Kahn et 2l found, as I hf:ive,
that there may be sometimes fairly large fluctuations of exeretion
frou day to day. 695 urines from &7 healthy men from 1 to 127
days were analysed both by averages and by an analysis of veriance
to determine the number of specimens needed to overcome statistically

this fluctuation from day to day. They conclude that since the

mean variance within the subjects in the rate of Muropepsin®
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(0.0474) is smaller than the mean variance smong all the subjects
(0.0929) (the ratio of these two variances is greater (F=1.95)
than would be @pected by chance in 95/100) that most differ
significantly from each other in the rate of Muropepsin" excretion
and that there is no first; or subseguent .sa.mpling effects They
also compared 4 against 10 samples in individuslsg in whom 10 or
more samples were estimated énd show that the vai‘iation in the

individuals was less than between the individuslg

They finally conclude that the pattern of pepsinogen exeretion
is constant for healthy men from day to day, secondly that small
fractional samples during the day are representational (S.D.j_ 82%)

for the individual.

In discussing the cause of this constency they remark that
it is independent of sleep or wakefulness, work, exertion,
recreation, food or meals, seasons, rate of urine formation and the
time of day. They further point out that wih the lack of
correlation with gastric juice that they believe that different
factors control ‘hb;e endocrine 2nd exocrine pattern of pepsinogen
metabolismy and finally, that no single factor had been discovered

which controls this pattern of urinary pepsinogen excretion.

Other work on the relative constancy on successive days
has confirmed or rather preceded the work of Broh Kahn et al (1948)
. and that was the simple results of Buycher (1947) and Gottlieb (1924}

the former finding relative constancy from day to day and the latter
relative constancy from month to month.
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In summary, therefore, Gottlieb (1924) showed the relative
constancy in the individual from doy to day of total urinavy
pepsinogen ezeretion and Bucher (1947) confirmed these findings
and extended them to observations which showed constency from
month to month. They believed that there was a diurnal

variation,

Broh-Kahm et al (1948) investigated individual patterns of
excretion and found that though there was some daily variation
that there was no significant varia*;‘.ion during the day and that
any variations found could not be causally welated to sleep,
waking, activity, recreation, food and meals, the time of day or
the pH and volume of the urine, and if dependent on any one other
thing, that factor was unknown and was not responsible for the

fluctuations of secretion of the stomach into its lumen,

The factor which they do not consider and which obviously
plays a major part in regulation of urinery pepsincgen excretioﬁ
is the kidney, but whether it does so in response to one
controlling factor, such as adrenal of posterior pituitary; or
whether it does so simply‘as an incidental to its major work of
regulating the milieu ;ngerieur, is not quite clear. To believe
the former one would have to postulate a physiological significance
to the endocrine secretion of pepsinogén, and I admit one is

unable to do so.
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NORMAL LIVELS AND UNITS

A factor which has been responsible for the retardation
of progress in the study of urinary pepsinogen has been the
diversity of units used resulting from the lack ofAuniformity

- of methods employed.

Prior to the use of the haemoglobin method of peptic
assay (Anson and Mirsly 1932) and its use for urinary peptie
assay (Bucher 1947) many different methods were employed. The
earliest investigetions simply estimated the concentration of
enzyme in the early morning specimen 'and sometimes even compared
this to a "control® urine as a standard, GCottlieb (192.) alone,
attempted to do away with pseudo-guantitative studies and set up
as o standard Armour scale pepsin. He expressed results in
equivalent pepbic power to /thczi‘.:C pepsine This was an admivable
and very sound piece of work, though one cannot be certain that

the Armour pepsin was always standards

However, the introduction of a comparative technique (haemoglobin)
(see p. 56 ) did away with the need for the tedious comparison
with "standard” pepsin and the negessity for depending on a
comercial firm to produce an any more reproducible standard by
‘the universal methods in use for peptic assay.

It seems a pity that since a standard comparabive method
capable of reproducibility under varying conditions has been

introduced, that a standard form of reporting results has not been
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adopied. This prablen is discussed in detail in the chapter
on methed (see ps 78 )e

The only agreement roached bas been the axpression of
resulis in undty (vhebther nom. tyrosine, or migs tyrosine op
log units) per unit of tine (1, 12, or 24 hours).

was done by Pechstein (1911) who determined the concentration of
pepsinogen in the urine by the edestin method (see pa 44 e

He found that the average concentration inm the infant was 1/20th

that of the udult. In 3 infente on the £irst day of 1ife he

found pepsinogen present in the urine as well as remnet ("labaymogen®)s
This rises rapidly to a level vhich remains constant for the first
year and 16 higher in artificially fed than in bresstefed children.

Parnsworth ot al (1946) who also determined only the
coneentmﬁioﬁ of engyme found some decline ip old age and Bucher
(1947) believed that this was suggestive but not in any way
definite. She appears to argue more from the known decline in
0ld age of the gasteic hydrochloric ecld secretions

In this study comprising 3 males and 24 females no
significant differences releting either Yo age or 1o sex could be
deteeted (pps217 £k Thero was also mo rolation betucen
pepainogen cxeretion and gge in the ulcer patients, though sex
differences wore mavked in the pyloro-duodenal ulesr group (pe 227 2s

Nornal control levals may be taken as 194 SiDs & 132 PJU.Hr for
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males and 244 S.D. % 154 P.U./br. for the femaless
SECTION VIII
IHE RETATION TO STRESS.
A. MENTAT, STRESS

Only one paper on the relation between urinary pepsinogen
and mental stress has appeared, Mirsky, Caplan and Broh-Kahn
(191;.9) who siudied the night urines from 6 subjects under
psychiatric observation of up to 2 years. 3 of the 6 were
having psychotherapy. They also studied 18 so-called
normal men as controls who kept a diary of evenis and emotions,
Other material used was from other psychotherapists without
prior knowledge of the cagse material. A few cages are

discussged in detail and are in summary as followst

Case (1). A 28 year old male, apparently normal but with

many compulgive traits whose exeretlon was steady for 36 days,
then showed g 20 day marked increase after a decision tohhave
a child and the discontinusnce of the use of contraceptives,

o obvious anuiety or tension could be detected by the ordinary

anamnestic approachs

Gase ( _). A 29 year old male showed a rise for 10 days following

a gimilar cxperience as that of case (1), a 5 day rise following
the positive Friedman_n test and a third rise at the time of the
child's birth.
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Gase (3). wes a 28 year old msle who showed several rises in
response to resentment, enger, the pleasure of an offieial
engagement and subsequent. frustration with his prospective

parents in laws

Case (4) was a 30 year old female with a duodemal ulesr who
epparently excreted an increased amount of pepsinogen and showed
further rises when faced with a jealousy situation comparable

to her unhappy childhoods

Gase (5) was a 44 year old men who was the repressed son of a
dominant father who finally broke loose under psychotherapy
but with such guilty complexes that he developed symptoms and a
haematemesis paralleled by an increase in urinary pepsinogen

exeretiona

Other cases are quoted in whom values similar to peptiec
ulcer values were found in a few controls who were then found
to have e.n oral-receptive personality, without confliet however.
One such patient, 4 months after an increase of urinary
pepsinogen, developed & peptic ulcer which disappesred on treatment
but with the persistence of high urinary pepsinogen, Mirsky
concludes that it is not meant as a pointer to the aetiology of
uleer but an increase of the urinary pepsi;mgen resulted from
a situation threatening or mobilising the individual's unconscious
wish for love and being taken care of and wes potthe conscious
knowledge of conflict. He recommends that this method should
be uged in the long term study of the relation of the psyche to

gastric dysfunetion. HMirsky goes on further in the discussion
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to say. that "dramatic situations such as those produced by
surgical operations always produce & marked #ise in urinary
pepsinogen, also A.C,T.H. Consequently it is possible that
any stimulus which is sufficiently stressful may produce an
increase of uropepsin by the stomach and an increased urinary
excrétion, presumably as a result of hypothalamié and pituitary
stimlus, " .One small point added to this question of mental
stress is that in a group of females stndied by Bucher (1947)
there was an increase of urinary pepsinogen on 2 days, 3 weeks
apart, during the control period, which occurred at the time of
examingtions. She wrongly, I believe, atbtrilbutes this to
lack of sleep sinee it has been shown that walceﬁllne;as does
not influence urinary pepsinogen,and one must agsume that this
was not due to lack of sleep, but due to the mental stress of
impending examinations. One cannot argue with the factual
evidence presented by Mirsky, Caplan and Breh-Kahn (1950); nor
with the conclusions that it was an unknown psycho~endoerine set

of conditions which was reflected by urinary pepsinogen changes.

The next section will ghow that the statements by Mirsky
of an increase of excretion after operations does in fact
occur, but is limited to partial gastrectomy and that the
increase mentioned occurring after A.C.T.H. is not in fact a
universal experience, Nevertheless, the oral-receptive
dependent personality as shown by Mirsky and the faet that it is
an unconecious conflict which produces these changes is worthy
of further investigation along these liness In one subject

whom I investigated from this point of view, 4 observations
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during e non-stress period were 26, 0, 1/ and 'ééﬁiéﬁime Iater
87. Shortly after that, undergoing o stréss period related
to examinations, the subject's ouitput in the day awsiting
resulis was 256 uﬁi’cs/hour. This difference is within
the normal range of fluctuation. Nevertheless, this is
only one observation and eannet be used tc comment on

Mirsky's observations and conclusionse

EXCRETION OF PEPOSINOGEN IN THE URTNE FOLIOWING CPERATIORS.

Investigations into the sonrce of the urinary enzyme
led one to the estimstion of urinsry and in some instances
blood pepsinogen following opsrations on the stomach.
Previons worlkers had shown the disappearance of pepsinogen
from the urine after total gastrecw in dogs (Frouin 1904,
Matthes mesd-GEE#® 1903, and Von Calecar 1910); in cats by
Buecher and Ivy (1947) and by Balfour, Preston and Bollman (19/8)
in rats, and the mention of this fact in humans by various

other authors (Bucher 1947, Mirsky ot al 1948, and Janowitz,
Levy and Hollander 1950).

I found a persistence of a small amount of pepsinogen
in the urine after total gastrec;wm' in some cases, the
levels never exceeding 100 units/hour, but in some the urine
was comphetely free of pepsinogen: This would suggest that
what 1ittle pepsinogen is found in the urine in these
circumstences probably arises from the leucocytes, since

the plasm= is free of pepaimigen tps 108 )s
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Going on further to investigste the effect of partial
removal of the stomach, interesting and surprising results
were founds In both lesser-curve and prepyloric gasta;ic
and m duodenal or stomal ulcers, partial gastrectomy eithe:r
Polye-Hoffmeister or Bilroth, there was a great increase ‘of
pepsinogen in the urine for the first 3 or 4 days after the
operation, reaching in some instances levels not seen at any
other time (see table). This study comprised 15 patients
with uleers (3 femsle, 12 male) and 1 female with carcinoma,
The post-operative rise could not be correlated in any way with
the sex of the patient, the site, the duration of the ulecer,
or the type of partial gastrectomy., Of the 16 peptic
ulcers, 15 had a partial gastrectomy, one 8 sutured perforation;
of these 12 had e distinet rise in pepsinogen excretion,; 3 a
decrease (of these one died on the second post-operative day)
and one showed no change. The one patient with a prepylorie
carcinoma who had a subtotal partial gastrectomy showed a
decrease for two days and a return to her highest pre-operative
level on the third day. (see also graph.()fig 18.)



Sl

-Dayse before op. I
=1 2 3

Days after operation.

OPERATION GROUP NO. OF PREQP. 3 (2 2 4 5 6 7 & 9 10
‘ CASES  MEAN
(=]
Various Contxol 8 228 17 250 266 lmf 153 185 101 3191 171 - - - -
P.Castr. G 6 . 1635 53, 799 557}« 919 1375 959 501 118 228 - 17, = /313
P.Gasgtr. DU 10 672 732 704, 630 |m} 1038 1069 1070 629 332 165 142 671 486 293
4
Total - Ca. 3 207 120 320 170 o 62 41 - - 75 0 62 - - -
Gastr,

TABLE HOz 32  EFFECT OF OPERATION - PARTIAL AND TOTAL GASTRECTOMY AND VARIOUS NON-GASIRIC

OPERATIONS - 27 CASES., (See also graph 18 ).
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EFFECT. " OF"OPERATIONS™ ON"_URINE" PLTS IR,

EFFECT OF OPERATIONS ON URINE PEPSINCGEN. }
[
[

8

Fig. 18, Effects of various operations on urinary pepsinogen
. excretion (see text and Table No. 32)

In ovdar Yo explaln this great incrsase, one of three
mechanicns could be opsrative -~ either the manipulation
of the ¢ homach mechanieally expelled pepsinogen into the
cireniation or there was some paat-opérative dimirption in
the reaboorpiion of peptinogen in the tubnles of the kidney.
Thirdiy, handling the stomach might cause irritability
of the stomach with hypersecretion of the remaining fundal
portions Fisally, cll three mechenioms might cporate in
canging this phenomenons

To investigate these hypotheses, several apariments were dones
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IJIn the first, the effect of total gastrectony on plasme pepsinogen

was studied in three patients with careinoms of the stomaeh.

In the first patient, (A.B.) plasma pepsinogen at the sbart
of the operation was 20.3 P,U.%; at the end 0. Simlitansously

with the first, blood grom the gastric vein contained 46 P.U.%.

In another (D.C.) the pre-operative placma level was 16 PuU.%3
2 hours afier operation 12 P.Us% aud 20 hours after operation 6,1

PoUa%. 1 week after the operation - 0.

In a2 third patient the pre-operative level of plasma pepsinogen
was 19 P.U.% which fell to O, 2/ hours after operation and remained
so for the next 5 dayse

These figures suggest that no great smount of enzyme is
extruded into the circulation by the handling of the stomach
during the operation, and that increased blood levels during
the first few ﬁays following partial gastrectomy (see below)
depends cn the continued seerstion by the fundal remmant of the
stomach. It further suggests that the stomach secries pepsinogen
contimously (or rather that there is o continuous diffusion of
pepsinogen from the stomach) into the blood stream, and that it
takes from R to 48 houvs to excrete what there is in the blood
into the urine. If one assumes the extracsllular volume of fluid
in the body to be 15 litres and the average conceniration of pepsin-
ogen in this 'i‘luidAt,o bé 20 P.U. per 100 ml. (pepsinogen is
diffused equally throughout the body - see p.136 ) making a total
conbent of % 3,000 P.U. in the extracellular fiuid of the bodye
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The excretion of this amount aftér total removal of the gastﬁc
source, at say 200 P.U. per hour should take no more than 24 hours.
What re-appears in the uring several days afier total gastroctomy
could be due to some of.‘ths pepsirogen from the leucocytes

being excreteds

II. In e patient with a duodenal ulcer (W,I,) the blood and urine -
pepsinogen were ogtimated before and after partial gastrectomy . .
and. the renal clesrance of pepsinogen (CSp) celeulated from

these figuress These figures arss-

Days before Days after operation.
operation
A 3 1 i 2 3 D Eeel]
=
Urine pepsinogen 300 200 327|o] 760 1510 2460 1220 640
(P.Ueper hr.) : =
g ; 2
Plasme pepsinogen 28 26 21}« 26 63 6 - 3 47
(PU%) : [
o 2
0Sp ml./minmute 17,7 2846 17.41P4 48 36.5 67.2 66 226
; o

TABLE NO: 333 THE EFFECTS OF PARTIAL CASTRECTOMY (see text
.. and graph)
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TEE 8 g 8 b

g....;

Fig. 19. ©Effects of A.C.T.H., Cortisone and partial
, gastrectomy in one patient (W.T.) on urine pepsinoge
pepsinogen clearance, plasma pepsinogen and amylase.

These figures clearly show that blood and uvinary levels
and clesrance figurcs of pepsinogen by the kidney ere fairly
constant preoperatively, whereas pestoperatively on the first
day there in no inorease of plasma papsinogen, ut wiithol aa
ingracse of urinery peppinocuen and clserancs to pproxiastely
doulile preo-oparntive levols, and on the next four days an
enormous ineresse in urine pepsinogen, seme increase in plassa
pupsinogen and & great inerease in voval clesrance of the cnzymes
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These figures seem to indicate that the handling of the
stomach during operations does not cause any increase in plasma
levels or account for any increase %6 tpine Tevels < Putther
confirming the studies on totel gastrectomy. The increase of
plasma levels in the next four dgys has to be explained by an
increase of diffusion from the stomach ~ possibly by reactive
hypereemia and an alteration of the gastric hasmodynamies since
none is being held beck by the kidngy - infaet, the reverse

OCCUYEs

We have to look elgewhere, therefore, for the explanation
of this ineresse in urinary pepéinogen following pertial
gastrectomy. The increase of the urlnz:ry enzyme is out of
proportion to the increase in plasma level and this can be
e@lained by the increase in renal clearance of pepsinogens
Elsewhere it has been shown that from 60 - 98% of pepsinogen,
which is freely filtered through the glomerulus, is rsabsorbed
in the tubules. ' The increase in clearance, therefors, indicates
that less is being reabsorbed in the tutules and thersfore
appearing in the urine. Vhether this is due to altered renal
haemodynemics or to the effect of adrenal steroids on the renal

mechanisn is difficult to saye.

That this phenomenon depends on the actual surgery of the
stomach as well as post-operative renal changes follow from the

next set of observations on non-gestric operstionse
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1IX. Having found the increase of pepsinogen diffusion

~ and secretion in partial gestrectomy, the next step was obviously,
to see whether The same inerease occurs with operations other
then gastrectomy. The urinary pepsinogen excretion was
determined in 8 patients in whom the operatious were
cholecystectomies on 2, splenec.touw,'meniscectonw, arthrodesis

of hip, amputetion of an arm, excision of Dupuylirons contrecture
gcar and the ingertion of s tibial tracticn pin respeetively

on the other 6, Allwre performed under general angsesthesia.

As will be seen from the graph and tables the overall
tendency was a2 fall from the pre-operative levels and in ro
instence did the post-operative levele rise above 422 P.U./hr.
end all edeept one were below 310 P.U./hr. At least half
these operations were as long and traumatically as severe as
partial gastrectomy. One therefoxs has to assume that
the essential component of the gréup of factors cauasing the
rige of excretion of pepsinogen afier partial gastrectomy
is the presence of the fundal remnant of the stomach which
" has been jrritated by hendling end in which there is an increased
blood flow for several days. The randl factor might be
secondary to an abnormelly high level of plasmé pepsinogen
together with some change in reabserptive capacity for pepsinogen
esused by the operation. Expressiorn of pepsinogen from the
stomach by handling has already been excluded, ag expléined above.
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SECTION IX

THE ADRENAL AND PEPSINOGEN

A number of recent reports by Gray, Bensop, Spiro and
Reifenstein (1950a, 1950b, 1951a, 1951b) has dealt with
investigations into the effect of adrenocortical hormones
on gastric secretion and urinary pepsinogen excretion.

They showed that A,C.T.H. (with & healthy adrenal) and
Cortisone increased gastric secretion and urinary pepsinogen
often to levels seen only in some duodenal ulcers. They
reported one case of Addison's disease who excreted no pep-
sinogen and who excreted & normsl amount in response to
cortisone, but not in response to A,C.T.H. They showed that
a pernicious ensemia and a total gastrectomy excreted no

pepsinogen before or after A,C.T,H. or cortisone.

They state that 4.C.T.H. 100 mg./day will produce a
large response within 24 - 35 hours and a return to normal
within 7 days. All their cases showed this large response,
averaging an increase of 126%. The same response was found
in gastric pepsin, acid and volume. . The dosage of A.C.T.H.
was from 200 to 1070 mg. given over 4 to 21 days in 10 cases;

an.1lth case received 2770 mg. over 26 days.

With cortisone the response was slower; it was also

delayed in patients with peptic qlcers.

This work was partly repeated in this study and their

results could not be confirmed.
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RESULTS,

Owing to the shortegs of A.0.T.H. and cortisone in England
at the time this study wae undertsken, this study is not as
complete or gs comprshensive ag would be depired. The Hedicael
fecearch Council kindly supplied me with 1.0 G. of A.C.T.H. and

8.0 G. of ccrtisone acetate for this purpose.

It wee boliowed thab Gray eb al (1950 a, and b,) drew
rather gweeping conclugions from one cage of Addison's disease;
accordingly, several cases of euch of Addlson's and of Bimmond's
digease were investigated. Some weve having cortigone, us

indicated below,

BEFORZ CORTICOWE DOSE OF AFPTER CORTISONE
PeU./Hr. CORTISOAE P.U./irs.
[— ar ] Y
Addison's Uiseuse,
Case l. 175 - =
Case &, - 100 dedly 213
x 85
Case B 58 100 once 511
Case &. 71 100 bhad. <80
xR 210
ainmopd!? an
gage 1. @0 100 once 530
CQBB e 144 - -

TABLE NOs 344  URINARY PEPUINOCEN IN PITOITARY-ADRINAL
¥ INSUFFICIENCY,
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Prom these results (Table Mo.k 34 ) i% will be seen
that B untreated cases of iddison's and 2 of Simmond's disease
excreted normal amounts of pepsinogen and that cortisone
administered to X of these putients produced a moderate increase
of excretion, not inconsistent with the simultuneous inerease

of urinary volume. & cases on maintenance doses were excreting

normal amounts.

The effocts of A.CeTelle wore gstudied on 5 cases; £ had one

dose (&5 and 50 mge respectively) and 2 had prolonged courses.

CBSEHVATION DAYS A.C.T.H, DAYS APTER STANT OF A.C.T.H
Cass 1 & & Dose Dayse. 1 2 3 4 B
(pg) :

1. 725 322 758 €5 Once 13 146 611 685
<. 8556 190 558 50 Once @0 345 187 &8l

ST IR SO S R 1o et ) e Boeie a1 L
0 0 (Days 15 and 18)

4. R568- 48 &0 % 7 492 240 285 87 &35

8. 44 28 Qs 8D (s - - 415 @686 345
: 195 (6 months)

TABLE NO% #5 EFFECT OF A,C,TsH. ON URINARY PEPSINOGEN
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Table No. 35 shows that of the 5 cases, only one
responded by an increase in urinary pepsinogen, while 2
showed a marked drop and &, no change. There is certainly

not the uncanny consistency shown in the papers of Gray et al.

C. THE EFFECTS OF CORTISONE ON. URINARY PEPSINOGEN.

5 cases were studied — they received doses from 50 to

1400 mg. Cortisone in from 1 to 20 days.

Case| DAYS BEFORE |CORTISONE DATYS AFTER
it 2 3 |Dose/ Days | 1 2 ) £ 5 8 7
day
1 634 690 693| 200mz.| 7 - - - 853 615 442

2 570 332 696 | B0mg. |20 | ———12.6 27 292(Days 16,17,18)
3 555 260 45| 200mg. |1 251 200 300 400 420 327
4 220 318 145|100mg |5 [160 250 46 100 184 252 260

5 - 381 420| &00mg. | 7 |R98 200 340 59 258 R74 200

TABLE NO: 36 THE EFFECT OF CORTISONE ON URINARY PEPSINOGEN

The .5 cases shown in Table 36 . above are different from
the ecases of Addison's and Simmond's disease mentioned earlier.
Case; 2 in Tsble 35 and 3 in Table 3k was & duodenal ulcer; the
others had neither endocrine nor gastric disease and can be taken

as normal controls.
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Table Not 26 shows that.of the 5 cases, the only oue fo
ghow & respones of aoy Kind fo cortisons, responded by 4 dramatie
dvop on the first days meusured (18th to 18th). In case 4 of
Té.ble Hoe 35 and case & of Table No. MS there was a temporary
increase of urinary pepsinogen on the first teo daye after
gtopping the drug, parslleling o morked divrescis and accounted

for by an increasied pepsinogen clearance (i.e. diminiched tubular

reabgorption).

4 cases were studied to observe the eflects of audrensl
: ufen:-oid,a on plasma pepsinogen, simulitsneougly #ith urinsry
pepsinogen. One piient wog given 50 mge 4.C.T.H. snd thyree
duyc later 00 mg. of cortisone by intramusculsr injection.
Another had 75 mg, A.Cel.dls daily by dnjection for 7 deyss
the third had 100 mge cortisone deily for 5 doys and the
foupth 00 nes cortibanc a Gy for 7 days. In no instance

wag thers any consisgtent change of plasma pepsinogens

In the 4 cases mentioned in paragraph D, sbove, neither

hormone produced any ef"ect on the clearance of pepsinogen,
except in the second and fuwth cases who showed = diuretie
regponse in the first two daye alter discontinuing the drugs

. with a simultonecus inoresse in urinary pepsinogen and rensl
glearance.
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Contrary to the results of Gray et «1 (1950, 1951,) 1
have been completely unable t0 produce a consistent riss with
elther A.C.T.H. or cortisone; pepsinogen hae been present in
capges of Addison's and Simtondts disease. Init fact in some
cases exactly the oprosite resulte have bonn found, 3.6 & sharp
drop in uninary pepslnogen. Thers ia no consistent effect on

the plosma pepeinogona

One is forced to conclude that Gray ot al were too keen to
try and substantiate & theory und that their results are too
good to be true.
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CHAPTE

DISTORBANCES OF PEPSINOGEN MRTAROLISH TN DISFASE,

discovered and investigated as a physiologicul gubstanca for
some- time before its poesibvle application in ciinical medicine
became recognised, wiereupon the physiologicsl sspsct waé
submerged in & mass of inveslt:gation into its clinieal

possibilities, appesring only as a by—product of that period

of research,

Prom the first discovery of & pepsin-like gubgitance in
the urine by Brilcke in 1651 and the prediction of the
exigtonoe of peépsinogen a& & precursor of pepsin by Schiff
(1877) it was @ small step to-its positive icdenmtification
by Langley in 1881 in the gustric zucosa. By them it was
suggested that th enzyme wag secreted directly into the blood
(Gebrig 1886) ai not reabsorbed from the gastro-intestinal

lumen as supposed by Briicke.

The subsgeqguent, investigation into the clinical uses of

urinary pepsinogen estimations produced a spate of papers
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from the feman clinicians of the late 19th and early 20th
centuries which did 1ittle to elucidate the physiology and
ended in confusion as to its true value in clinical medicine,
a state somewhal rescued by the excellent work of Gottlieb

(1924).

The discovery of the hasmoglobin method of pepsin sssay
by Maeon end Mreeky (1972) and the execllent work of Northrop
(1912 et sog.) in establisbiné conparable nethods of determination.
of peptic activity me;'ely served to emphasize that the earlier
Gernmzn vworkere had failed, not beceuse of lack of originality
or of thoroughness but because of the inadequacy of their
methods, an a&ll too common cause of fallure in many fields of

research, -

The isolaticn of erystalline pepsinogen by Herriot (1928)
and the subseguent puysiologicsl siudies of Bucher and her
co-workers (1948 — 1847) and of Wirsky et al (1948), placed
the study of this substance on ¢ gound scientific basis and
paved the way for the cloger investigation into the disturbances
ol pevsinogen excretion in the urine by Hirseky and his co-

workers (1948) and by Janowitz, Levy and pellander (1950, 1851).

In the period before Roentgen disgnosis of gastric lesions
hecame unlverssl, carcinomz of the stomach was the major disgnostic
problen of the gastro-enterologist. 1t is not surprising,

therefore, that the bulk of the 1iterature dealing with urinary
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pepsinogeri between 1885 and 1920 should be concerned with this
problen. | gince the results cuannot be accepted in any cusntitative
my by moidern standards; it would serve little purpos‘e to .
review this work in detail. A few references will show how
confused the results and conclusions were. In 1898 Van Noorden
sbated thalb in histamine fast achlorhydria, little urinary
pepsinogen spoke for carcinoms, Fuld and Mireyema (191%)

that in caveinoma there is u definite decrease of pepsinogen,
Fllinger mxdéchc‘lz (1920) cifferentiated simple achylice

Prom c:v.rcino..w achylia and thet & normul urinary pesinogen

apoke for carcinome; they tried W go further and devised

a schewe of prognosis depending on the proportion between
gastric and urinery pepsigogen. Tekede (181C) zgreed with
these reg ult Bieling (1911) found that in cercinoma the
urinary pepsinogen was usually zbsent and asserted that the
guantitative estimation was important in the sarly diagnosis

of carcinoma.  As late as 1827 Tescheandorf was s4dll trying o
differentiate achylic of cercinoma (whore urinary pepsinogen

is depres:-ed) firom true achylia where urinary pepeinogen is
normal, but as did Rothechild (1930) concluded that the estimation
of urinary pepsinogen had no walue in the disgnosis of carcinoma
or in the differentiation of achylias and the latter puper seemed
to close the chapter of attempting the use of pepsinogen in
clinical medicine until the next paper cn the subject 16 years
loter when Fernsworth, Speer and ALY (1948) reported their

results in the investigstion of pernicious ansemis, and Bucher(1947)
reviewed the literature and described some basic experiments.
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Investigition of urinavy pepsinogen excretion in relation
to gastro-dundennl ulceration ig relatively vecent. The work
of Mirsky snG his collabvorators &b Philadelphia published in
1948 servaed to place this study on a sound footing, They
established the relative stebility of urinary pepeinogen
excretion rates in normal men, snd helped to establigh the
identity of the urinary enzyme ne pepeinogen by feeding and
injection methods (see Chapter IV), the techniques of estimation
and more recently (Mirsky et al 1852) the game for pepsincgen
in the bleod. They then determined the disturbences of
excretion qf pepsinogen in gostric and dusdenal ulceration,
finding an increase over normal which was stutisticslly sig-
nifiéant. Thece studies were followed by thoge of Hanowita
Levy end flollander (1950) who determined the relation between
urinos’y pepsinogen and gastric pepsin, snd the found that
duodenal ulcet's excrebe sbout four btimes normal pepsinogen as

conbrols and thaet gastric vlcers fzll in the normal ranges

Mirsky et el (1948¢) found in the normal group thet 98% of
cesss exereted less than 0.88 log units per hour, and 51% of
all ulcers excreted more; in normals less than 87 excrete more
than 0.78 log units per hour, whereas 50% of ulcers exerete more;
50% of normals excreite less than 0.47 log units per hour, whereas
only 8% of ulcers excrete less than 0,47 Jog unite per hour,
It is therefors only of limited practical value in differentiating

noruals from ulcers, but nevertheless statisitieslly quite clearly

significant,
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Jepowitz, Levy and Hollander (1852

between duodenal vlcers and controls.

) found lesec overlap

The following table

summayri zes

thelr resulis.

Ho. BANGE U/fir. MEAN

CONTHOL a4 C -~ 1% 47

LeU, or E.U. 28 114 - 372 180

G.U. 5 4% - 125 53
TABLE NO: 3] URINARY PEPSINOGEN EXCRETION

(Janowitz et 21 1950),

Varro, Faredin snd Novaszel {1952) in a2 peper that is
not wery convincing, compsre 18 ulcers with 12 controls, and

£ind ths following Pfigures:

HANGE AVERAGE
2 controls 80 - 281 147
18 ulecers 185 - 421 68

TABLE K03 38  OURINARY PEPSINOGEN EXCEITION

(summarized from Vsrro et al 195%)
end conclude that these figures show no significant
difference,

They then g0 on to determine the "pepsin secretion

quotient” by dividing gastric pepein by urinary pepsinogen and
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find the "quotient® higher in ulcers than in normals - which is
simply another way of saying that gastric pepsin is higher in

ulcers than in controls.

Other references to urinary pepsinogen excretion in
ulcers are merely in passing in papers dealing with other

aspects of the subject.

No-one has claimed, or can claim, that the estimation of
urinary pepsinogen is an absolute way of distinguishing
ulcers from normale and the statements made 6% years ago by
Benderskey are &s true today (and perhape more so today) as
when he made thm in 1880. He concluded that the variations
of urinary pepsinogen were so great that its estimation had
no disgnostic significance but he waves this agide with no
regret and with the hope that "Vielmehr mag es eine grosse
physiologische Bedeutung haben". (Huch more, it might have

great physiological significance.).

It wes with the failure of the Germen clinicians to apply
this test to clinical medicine, and with the cautious inter-
pretations of the more recent American autf:ors in relation to
uleers in mind that I re-investigated the problem, guided
by the words of Benderskey (1880) and planned the investigation
from the view of possible physiological significance of
disturbances of pepsinogen in gustro-duodenal ulceration, and

in other disesses.
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The main observations in this investigation were done on
the disturbances oi‘. urinery pepeinogen excretion and only
secondurily to that were the disturbances of blood pepsinogen
investigated. Thepe lotter observations are far less complete
and only capable of partial analysis. JMost of this chapter
will therefore deal with urinary pepsinogen excretion, expressed

as rate of excretion in units per hour.

The first step was to establish normal levels of excretion
of urinary pepsinogen and to determine the relation to sex and
age. Having established that these factors de not influence
excretion of pepeinogen in normal controls (see below) the
digturbances of excretion could be analyzed in gastric and
duodenal ulcers (Hirschowitz 1952). Other diseascs were
studied to a lesser extent, some only to elucidate physiological

problems, e«g. rensl disease.

Since it wae obvious from previous papers and from early
results that a simple analysis on conventionsl lines was not
likely to yield any new information, &t became necessary to
subdivide material and results along glightly different lines.
None of the previous suthors had analyzed results by sex of
the patient or by situatdon of the ulcer, though Janowitsz,

Levy and Hollander (1950) did separate their 5 gastric ulcers
from the duodenal ulcers., They did not separate, as they should
have, stomal ulcers from duodenal ulcers. HMirsky et al (1948)

gtudied only males and did not specify the type of ulcer; nor
did yerro et al (1952) but in any event their work can be discounted.
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It was clear that ulcers excreted more wrinary pepsinogen than
controls but no hint of whether any factor could be responsible

could be gleaned from these publicationsa

As will be seen later, the division of cases by sex and
by site of the ulcer, ané the luter grouping of results by
length of dyspeptic history held the clue to the real differences
between ulcers and conirols and mey point the way to the Erosse
physiologische Bedeutung® of diatux;bed urinary pepsinogen

excretion predicted by Baderskey in 1890.

Urinary pepsinogen excretion was studied in 201 subjects
and the figures givenare the meen of at least £ separate

sample of urine in each,

I. Control Grow

This group comprised 80 persons,; 76 males, 24 females,
ranging in sge from 15 to 76 years, and chosen from hespital
staff and ambulent patients without gastric or ducdensl ulcers
or symptoms, to correspond spproximately to the ulcer groups
in sge and sex distribution. The following tables show

the information relevant to controls,



TABLE HOt 39  MALE CONTROLS.

URINARY PEPSINOGEN A6B IB IBARS
b
(P.U.) /Jbr. 15-19 20-29 30-59 4049 50-59 60 -69 70 - Total Fo.
0- 99 - 1 L 1 4 2 1 10
100 - 199 i3 1 2 3 B 1 i 1
200 - 299 - % 1 2 1 - % 8
300 - 399 i - - 1 - 2 1 5
400 — 499 - - 1 - - o - ¥
500 - - - 1 = o i - 1
|
(c0)
5 Total No. 2 5 6 7 8 5 3 %
I

CONTHOLS SUBDIVIDED BY SEX, AGE AND LEVEL OF URIHARY PEPSINOGEN EXCRETION.
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TABLE N0: 39 b FRMALE CONTROLS.

URINARY PEPSINCGEN AGE 1IN TEARS
#iba

(6 s Py R 15-19 20-88 Z0-3¢ 40-49 50-58 60-68 70 - Total Ho.

0o~ 99 - - 1 & . - 1 4
100 - 198 - 1 - k) i 3 - 7
200 ~ 299 - B g g 1 - - 5
300 ~ 899 - - 2 1 + X - 5
400 - 499 - = 5 - = 1 i 1
500 - 1 - - 1 - - - 2
Total Ho. 1 1 5 8 4 4 1 24

CONTROLS SUBDIVIDED BY AGE, SEX AND LEVEL OF URIHARY PEPEINCGEN EXCRETION.
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A&GE 1IN YEARS j
15-28 20-39 _40-49 50-59 60 = Total

No. of M. 74 6 Vi 8 8 %
Cases.
. 2 5 8 4 5 24
Hb. iean.
Mean PyUs/ /or H. 218 277 183 103 205 195
F, %O A3 43 87 236 244

TABLE HO: 40 CONTROLS: AGE DISTRIBUTION AND MEAN
URINARY PEPSINOGEN EXCRETION,

The average excretion levels of the 26 males in 195 P,U./br.
8eD. + 132 and the 24 lemales 244 P,U./br S.D. & 154, This

difference is not significent at the 5% level (Mt"=.514,

V= 58; P 75%)'

The age distribution was also compared statistically between
the sexes and was shown to be comparable (t = 6, n=g, p > .70).
By inspection it can be seen that age has no consistent effect on
urinary pepsinogen excretion. The only group that falls below
the mean is the age group 50 =59 in male controle who excrete a
mesn urinary pepsinogen levél of 103 P.U./br., which is, however,

within the range of the S.D,

Having shown that age and sex do not influence the excretion
levels of pepsinogen in controls, the age distribution of the
uleer groups was compared to that in the controls, This showed

that the groups were comparable by age and sex (Table No. 41 )



AGE IN YEARS
1. Hales 15-18 &0-R8 I0-39 40-49 50-59 60-692 70 - Total no. iean age
of cases. din years,
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Control a. 2 5 6 7 8 6 ] 46,3
Gela by 1 1 3 9 5 19 54,0
X D.U. SIS | 4 9 10 12 7 &5 48,6
g5
-
Lo
5 B Yo
0 Z.Fenales
o Control d. .1 1 5 8 4 4 24 47,0
(2)
g Gl PO 5 ) 3 2 5 9 BELR )
fao]
DeU. AR 5 5 3 z 3 16 44.4

TABLE No. 41. Age distribution in the various’
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By inspection the age distribution will be seen to be
similar and by statistical tests thece are showm to be

strietly comparablc.

acfed X=102 an= 1 p$aT0
a cfe c X’-..c}sc n= 2 pP» .7
a cf. d )(‘= .600 =g g
dcf. e )(l=2..25 n=1 9>&0
dcf. £ )(L=.164 n=1 p>.50

II. gastric and Duodensl Ulcers,
This group comprises 61 patients with duodenal ulcers

and £8 with gestric ulcers, with a mean excretion of 377 P.U./hr.

A. The ducdensl ulcerg will be dealt with first because they
comprise & more homogeneous group with regard to the pite of the
ulcer. There were 45 malee snd 18 i;émales in this group, ranging
in age from 15 to 688 years. All were patients under the core

of the departuent of Gastro-entecology, and &ll had had recent
borius meals. AlL the ulcers were active in that the patients
conplained of pain or dyspepsia or had had recent bleeding or
perforation of the ulcer treated by suture only. Presence of a
coincident gastric ulcer or of renal disease excluded any patient

from this group. For age distribution see table No. 4l

The female excretion levels ranged from %8 to §94 P.U./hr and
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75% of this group of 18 excreted less than 400 P.U./br., and all
lese than 600 P.Us/hr., the mean excretion level being 881 P.U,/hr,
€eDe 4 156, This wus not different from the normel edcretion
levels for females.

The male excretion levels ranged from 58 to 1405 P,U./hr. and
824 of this group excreted under 400 P.U./hr., the mesn being
435 P.Us/hrs 8aDs 3 378, This level was significently higher

than that in normel contwrols (YE" = 5,57, V = 78, p < 0.1%).

B. Gastric ulcers, There werve 19 moles and 9 females in

this cateéory‘ ell of whom had active ulceis (as defined above)
apd all h_ad been disgnoged by recent barium meal, gastroscopy
or at operation. Presence of heeled or active duodenal ulcers
excluded any putient from this group. The excretion levels for
the 9 females ranged from 94 to 660 P.U./hr. and &1l except one were
below 450 P.U+/hr. The mean excretion level for this group was
282 PaUs/br S.D. 4 211.8. This ic not significantly different
from thuat of female controls, The 18 male patients with
gas‘bfic ulcers excreted between 41 and 912 P,U./hr., the mean
excretion being 387.5 P.U./hrs S.0D. £ 224, This level is
nearer the ducdensl ulcer level and significantly greater

than for normal males. (Wt" 3.2, p<.01 ),



It was apparent even on simple inspection that the

excretion levels for ulcers were different from those of
controls bub that the individual variations smong the ulcers
groups were wery great and that many excretion levels were in
the norpal range. It then became pertinent to inguire into
the possible factors within this group of ulcers that might:
reagonably divide these cases and allow of a satisfactory

grouping.

The factors to be considersd in evaluating thig grouping
were gex, age, activily of the ulecer, site of the ulcer, length

of history and age at onset of symploms.

It wes found liat of all these, 'only sex of the patient, site
of the ulcer and length of dyspeptic history could be correlated

with sn eltered level of pepsinogen excretion.

Let us first congider ~£he fa,cto;!s that play no part in

this disturbance. :

(a) Ages s will beAseon fmr-n"l’able 41 , the mean age
of the duodenal ulcer groups was very cloge to that of the
controls and that of the gastric ulcer groups a little higher
(sbout 8 years). HNevertheless the groups were comparable(Table 41 ).
In the group that shows the greatest individuysl veriation within
the group, the male ducdenal ulcers, a partial correlation

between age and pepsinogen exerebion showed that if the lengih
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of history were excludeu as a fuctor, there was a negative
correlation (ruc.h=~0,02806, 0.5 < p). The same lack of
correlation can therefore be assumed for the other sub-groups
and the group as & whole. To confirm thie, the following
table shows an irregular distribution when age and excretion

levels are comparads

AGCE JH YRBARS
2

0=19 Q-9 0-39 40-49 50-59 60-59 70 =  Totals,

B IR SRR gl s g . oghiaing
200 - 199 1 e, e 4 B mc -ofA
200 - 299 =~ gE i TR e ¢ 18
500 - 399 1 % s Bk P
400 - 499 = & 1 e . 2
T BT e R R R 5
e o SR O S S &
2000 - S e S R A e e v
Totals U Sxoogel AR R S

TABLE NO: 42 CONTROLS (BOTH SEXES)
AGE vs, URINARY PEPSINOGEN
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AGE 1IN YERARS :
0-10 280220 T0-50~ 40+49 50-50 60-68 70 - Totals.

D B - 1 - e 3 2 18
00 - 298 - 1 4 5 8 1 1 20
200 - 299 1 2 5 2 5 1 1 12
500 - 599 - 3 2 2 g 4 - 14
400 - 493 = - 2 1 5 2 - 8
500 - 748 - 1 1 8 2 2 : 10
750 - 999 - - 5 - g - - 8
1000 + -~ 1 " 2 2 - 1 8
Totals 1 oG T e Rl ety 6 89

TABLE HOs 43  PEPTIC ULCERS (BOTH SEXES)
AGE vz, URINARY PEPSINOGIN
(b) Activity of ihe wlcers It is conceivable thet an active
ulcer (as defined &b ve) might ceuge more secretion of gastric
secretions than an inactive ulcer, This was suggested by
Professor C. Robb of St. Maryls Hosi;it!ﬂ., London, from his
investigation into thie subject (personal communication).
However, none of this study wae designed to enable cne t
determine this point, One can gimply say that all the ulcers
studied were active and despite sctivity much variation, shown

to depend on other factors, was shown.
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Activity, ac defined above, included bleeding from the
ulcers OFf 45 males with duodenal uleers, 1% were admitted
with heematemesis or melaene, 4 with histories under 5 years
and the other 9 with histories longer than 5 ;Ienr's. The
overall mean for the 15 czses was 481 P.U./hr; that for the
4 with histories under 5 years £Z1 P.U./hr., and for the other
9, 80%.% P.U,/hr. The nean for the remeining %2 duodenal
ulcers who had pain for wvhich they were being ircated at the
tine of the fnvesbigation (i.e. they all had some sign of ulcer
activity) wms 423 ?.U./hr. These figures would indicate a
small increase due to haemorrhage, or essociated with the
haemorrhage. The overall picture of a normal pepsinogen
excretion with history of less than 5 years and an incresse,
irrespective of other :Cactors except sex (see below) is still

yalide

(c) Age of onset of symotoms. As witih the age of the
patient, this ‘was found to have no constant relation to

the increase in peppinogen excredion in ulcers.

In considering the factors that do play & part in pepsinogen
exeretion in vlcers, sex of the patient, site of the ulcer and
the length of dyspeptic history were &1l found to be important

in the order mentioneds

{3) Bex of the patients The usual practice in evaluating
results in aay clinical material is to examine the material for
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any gex differences. This becomes even more important

in dealing with peptic ulcers. It is well knowm that the
incidence of duodensl uleers is higher in males and thet the
course of the disease is oftén different between the two
BOXSH. In gustric ulcers these differences are less well

marked.

ﬁhen. pepsinogen excretion was analyzed by sex, striking
differencss were found, Of the 16 female duodenal ulcers
ell excreted less than 600 P.ﬁ./hr., ‘and only £ over 450 P.Q/hr.;
of the 45 males with ducdensl ulcers, 1Y excreted more than
450 Pape/hr. and 10 more than 800 P.U./ur. The mean levels
for the 16‘fema.1es was normsl (281 P.U./hr) and for the 45
males significantly higher than normal (435 P,U./hr.)

(see also £ig 21).

¢of the 9 females with gastric ulcer:s, only one excreted
more than 450 P,Us/hr.; of the 19 nales wi'th gastric ulcers,
8 excroted more than 450 P.Us/lwre; the mean values for
{enales and for mules was £82 P.U./hr. as egainst 367.5 PoU./hr.
{see ulse graph). The yniforumly normal levels in femeles are
not capsble of furthér anglysis and will be conzented on laters

Further cbservations, therefore, deal with male patients only.
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(e) Site of the y;cg;.: This factor wus used to analyze

further the figures for exére tion levels in male patiente with
ulcers. The only grouping of site possible was to differentiate
duodenal from gastric ulcers and to seﬁarate gastric ulcers

into those of the lesser curve and the pyloric ulceré. ‘To
Bepafate the latter, radiclogical and g'astroscopic evidence

was assessed and the angulus wes found to be & useful divi;ding
point, In this way, of the 19 patients with gastric uleers,

1% had ulcers of the lester curve above the angulus end 7 had

ulcers beyond the angulus in the pyloric portion of the stomache

The 1% patients with lesser curve ulcers had & range
of pepeinogen excretion from 41 to 515 P.U./hr,, (mean 884 P,U,/hr.)
BeDet 155) and were found by statistical test to be mo different

from male controls. (—t” .830, 0.,05< p<0.10).

The 7 patients with pyloric ulcers excreted considerably
more than normal amounte of pepsinogen, the range being from
285 to 912 P.U,/br, mean 596 P.U./hr., 8.D. + 294 and this
was found to be significantly higher than normal ("t" 5.08,

P< 0.001).

e 45 meles with duodenal ulcers could not be further
subdivided by sites They excreted from 56 to 1405 P.U./hr.,
mean 43545 P.U./br., and this figure too was statistically higher

than thet of controls ("t"  3.57, p<0.001),

Further analysis among these subgroups shows that the
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lesser curve ulcers excrete significantly less than the
pyloric or tho duodenal ulcers, and that the pyloric ulcers
are not pignificently different from the duodenal ulcers

(see table No. 44 ).

GROUP HO. OF CASES PEPSINOGEN S.D.
Pul./hr,
A. Controls 26 194 & 1a2
B, Lesser curve G,0. 12 Pkt + 155
C. Pyloric G.U. 7 597 + 285
D. Duodemal ulcers 45 425 + 870

By "t" test difference between A & B "¢" 0.8%0 0,05< p<0.10

A&C ™" 5.08 p< 0,001
A&D P! 587 P<0.001
B&C Wth 1.08 p< 0,01

B&D ™" Z.20 0.024p<0.05
C&Dm" 1,77 0.05<p<0.10
TABLE NO: 44 HEAN URINARY PEPSINCGEN EXCRETION IN MALES

SUBDIVIDED BY SITE (Hirschowits 1953)
OF ULCER.

These results excluded lesser curve ulcere from further
analysis since they were found to excrete normal levels. That
left the 45 mules with ducdenal ulcers and the 7 males with

prepyloric uleers who resembled each other in excretion levels of
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urinary pepsinogen, some of whom excreted normal amounts of

pepsinogen and others & grest desl more than normal.

Prom Table No. 44 it appears permigeible to group
pyleoric gastric ulcers with duodenzl ulcers ag &« functional

group with similar excretion levels within the group.

(£) The lenzth of dvspeptie history: This factor was
the next that was applied to further analysis of pyloro-duodensl
ulcers in males and ag will be shown below, one which brings
out the clearest differences between ulcer pationts with a

high and with & 18w urinary pepginogen.

Length of dyspeptic history is teken as the continued
presence of symptoms, i.e. pain or significant dycpepsia, or of
complications of peptic ulcer or racdiological or gastroscopic
evidence of an ulecsr without complete intermission of longer than
5 years (Hirschowitz 1958). As an example of this definition,

a patient who had constant dyspepsiz from 1927 culminating in a
haematemesis in 1937, with a complete freedom of symptoms or
conplications until 1945, with a recurrence of pain and
dyspepsis, would in 1851 have had a six year history only,
because of the eight year interval from 1937 to 1845.

This analysis revealed that there was a definite and
sustained increase in urinary pepesinogen in male patients with
pyloro~duodensl ulcers with histories of longer than 3 yoarg.
For convcnicnce,. the patiente were still kept divided into

pyloric and cducdenal, The following two tables plainly show
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this increase related 10 length of hia‘tory.

Urinary DUODENAL ULCERS PHEPTLORIC ULCERS,
Exeretion Dyspeptic history (yr.) Dyspeptic history (yr.)
of pepsin- L&, i=4,5-8,10~14,15~19, 80~£4,25 or <5 75
ogen more.

PaUs /00,

1000 = 1500 =~ = = 2 1 3 2 - -
750 ~ 998 « - 2 - - i - - 3
500 = 749 - = - - 1 4 1 - 5L
400 - 489 - 1 - 3k 2 - - - 5
300389 F 1 I - 1 i - - o
P00~ 2090 8 1 1 2 - 1 - 2 -
100-1839 3 5 = - o o = - o

o biond 99 5 l -~ - - - l - -

TABLE NOs 45 PYLORODUODENAL OLCERS IN MALES ARHANGED ACCORDING
TO LENGTH OF HISTORY (NUMBER OF CASES)
(Hirschowitz 1958)

LENGTH OF No. of Hean length Kean age Bean urinary
HISTORY(yr.) cases. of history (r.) excretion of
(yxs) pepsinogen
,Pouo/hr-
Duodenal ulcers
0~ 4 &2 1.24 4548 188 a
5~ 9 4 67 4.0 594 b
10 - 18 9 13.9 47.7 694 c
£0 or more 10 £545 5848 688 d
Total 45 10,52 48,6 485 8
Prepyloric
gastric ulcer
0- 4 £ 0,15 50+5 RS 2
5 or more 5 7.8 8.2 741 =
Total 7 B8 50,0 587 h

TABLE NO3 46 ANALYSIS OF RUSULTS IN PYLORODUODENAL ULCERS ACCORDING TO
LENGTH OF HICTORY (MALES) Hirschowitz 1953)



Y

By "t" test: difference between & and b p < 0.001
a and ¢ p < 0,001
aand d p< 0.001
h and e 0,024 p< 0,10

f and g 0.2<¢p<0s5

It will be seen from Table No. 45 that the trend
is from the lower left hend corner (short history with low
urinary pepsinogen) to the upper right hand corner (long
history with high urinary pepsinogen), This is further
clarified and confirmed by Table No. 46 which puts this
into actual figures showing that the patients with histories
of under 5 years fall into the normal renge (excrstion levels
are between 59 and 420 P.U,/hr. in this group) and that the
differences between this group and those withhistories of
over § years are significantly different by "t" test at
the 0.1% levels

Bocause of the suggestion in Table No. 46 that the
ages of the patients in successive history groups was ey
inereasing, it became necessary to determine the effect of

0

age in this particular group of patients.

The duodenal ulcer group of 45 was analyzed separately
to keep to a homogeneous group and a partial correlation

was employed to test this aspect.

This showed three things - firstly that age and length
of history were closely linkeds This correlation is obvious.
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As had been anticipated the increase of pepsinogen, lesving
age out of account, strongly correlated with length of history,
and thirdly, that the correlation between age and level of
pepsinogen excretion in the urine, leaving length of history

out of sccount, is & negative one.
The figures are as followss
Correlation coefficient

r
uhea = 0,638 | pg 001
. A

utehi= <0.0806 , 0.8 p

T
haeu = 0,445 p < +001 (Hirschowitz 1953).

)

where u = urinary pepsinogen, a=age, h =length of history.

These figures prove beyond doubt that the increase observed
in yrinary pepsinogen excrebion with an ineressing length of
history ds a true one and is completely independent of the age
of the paf.ient. This is assumed to be true for the 9 pyloric

ulcers as well,

This enalysis by length of history was applied to the other

groups and none of these was found to be related in any way.
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LENGTIH OF NISTORY

Under & yoars 5 years or more
PoD./hr, . Pu0. /bt
Hale duodensl yleers . 186 -~ 878
Male pyloric ulcers 287 ‘ 741
Female duodenal ulcers 284 R717
‘Female gastric ulcers 287 276
Hale lesser curve G,Q. 294 152

TABLE NO: 47 URIRARY PEPSINOGEN EFELATED TO LENGTH
OF HISTORY (ALL GROUPS)
(g) Ihe relation between gastric scid and length of history

This relation batween length of history and urinary
pepsinogen was found to be very interesting and felt to. be
of some imporiance, Accordingiy fractional test meals of
60 nales with gastric ulcers and 144 males with pylorpducdenal
uleers were analyszed from a simllary pofnt of view, This
investigation into the gastric acid wes on 204 male patients
who were undergoing gastrectomy and in whom the uleer was found
at operation. The highest free hydrodloricv acid of any of
ther specimens taken at 15 minute intervals in a gruel test
meal lasting at least 2 hours was taken.(Hirschowitz and Kellock -

unpublished observetions).
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Length of GASTRIC ULCER DUODENAL, ULCER
history Ne. of  HCl ml.N/10 % No. of  HCL ml.E/10 %
(yrs. ) cases. Lowest Highest Hean. cases. - Lowest Highest Heen.
0- 4 13 0 56 34,9 ;3 22 82 56.8 =
5- 9 8 10 62 29.5 38 6 100 57.8
10 - 14 10 14 55 35 30 21 100 57.4
15 - 18 17 15 60 41.8 21 30 132 70.3
20 - 24 8 18 70 49.8 10 40 92 87.3 {'3
& -
25 or more 6 b2 80 40 14 3 & 92 753 = |
Total or 60 13 60+5 41.1 144 33 99 81
ean

# The difference between the duodena] ulcer groups O - 4 years and over &5 yearg

is statistically significant

- &

o =)
. X Delie
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DUODENAL uLcer &'

Fig. @2+ Relation of gastric HCl and izrinary pepsinogen
to length of dyspeptic history in years.

These figures cnd the graph show that legser curve
gastric ulcers, ':ﬁv.éther neagured by urinary peﬁsinogen or
by gasiric aeid, excrete normal amounts of enzyme and
secrete normal amounte of hydrochloric acid uninfluenced

by the length of dyspeptic history.

Pyloroduodenal ulecers, on the other hand, show in both
urinary pepsinogen end in gastric hydrochloric acid an
increase with advancing duration of dyspeptic history. It
is interesting to note that wherecas the urinaery pepdinogen is
normed to pbaxrt with, end risf:é to abnormal levels after
5 years, gestric hydrochloric acid is slightly above normel

to start with but rises steeply after 15 years to abnormal
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levels. The lowesh fyee acid in both gestric and duodenal

ulcers rises steadily.

This similarity between urinary pepeinogen excretion
and gastric acid in relation to the length of dyspeptic
higtory in males with duodenal ulcerg is not only interéeting
but extiemely importants It shows that gastric activity
is pi‘obably normal at the time of the genesis of a duodenal
ulcer ané that the disturbances that have so commonly
been associated with duodenal ulcers and which have beén
so very thoroughly investigated may merely be the result

of the long-continued presence of the ulcers

1t hes been shown in relation to urinary pepsinogen

that sex and site of the ulcer arc also fairly imporiant,
There were insufficient female patients for o reasonable
anglysis, but the similarity in finding normsl gasiric acid,
uneaffected by the length of history adeguately confirms
the findings of lesser curve gastric ulcer excretion of
pepsinogen and further tends to confirm clinicel differences
between ulcers by site.
IN SUMMARY

Urinary; pepoinogen estimations in 60 controls and 89 -
patients with peptic ulcerg showed that ulcers &s & group
differed from controls in their levels of urinary pépsj.nogen
excretion and that such differences; ac were found were

related to the sex of the putient (femiles excreted normal
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amownts izrespective of othor factors), site of the ulcer
(lenser curve gastric ulqcr:: crereted normel amounts of
pepsinogen) and to tha duration of dyspeptie history (patients
with histories of less than 5 years excreted normel amocunts.)
Therefore the only patients who excreted abmormally high
amounts of pepsinogen were thoge with pyloric or duodenal

ulcers with dyspeptic histories of over 5 years.

PLASHS PEPSIROGEN

Experimental evidence relating to disturbances in plasma
pepeinogen is given elgewhere in detail (p,130 ). It shows
that in males the normel range is 0 — 45 PU.S; gastric ulcers
have & similar range and in duodenal ulcers ithe range is much
greater — from 10 to 150 P.U.%; mean valwes akso show this
difference and for 15 controls iz 18,48 P.U.%;  for 11 gﬂé'tric

ulcers 27.8 P.U.% but in 27 duodenal ulcers 5040 2.0.75.

The overlap between ducdensl ulcers and controls and gastric
ulcers is only 3&% of duodensl ulcers; this suggests that
plasma pepsinogen estdmatione might be of more walue clinically

than urinary pepsinogsn.



This section deals with the results in 58 patisnts compwicing
12 with pernicious anaemi:;,. § with snsemiag other than pernicious,
7 with stomsl ulcers, 7 with carcinoms of the stomach, l2lwith
wksr-like dyspepsias without demonstrable ulcers, 5 patients with
exfoliative dermatitis, 2 patients with gastric atvophy end 1 vith

peptic oepophagitis end cardiospasm.

THE AHATHIAG.

It hae been repeatedly stated that._ in pernicious ansemia the
urinery e;:g:retion of pepsinogen is zero or nesr gero, and these -
findinge ave in sgreement with the absence of gastric juice hydro-
chloric scid and pepsin, though Hei:ner, Fouts and Zerfss (1934)
state thet in pernicious anaemin, gaatric' Jjuice pepsin may not be

entirely abgent znd may increase after adeguate liver therapy.

‘me’early authors, netebly Bieling (21911) found pepsinogen
in the urine in pernicious ansemia.  One might Jdiseount theso
rosulte, since the methods for disgnoeis of pemicious anaemia
wore admosth ag erude as for det-emining_urinary pepsinogen, OFf
the later workers, only Strauss (19‘&8) found pepsinogen in the
urine in such cases, despite the abgencs of gastric pepsin. He
postulated the ovigin of this enzyme as somewhere other than the
stomach and called it & Mparapekretion®. As T hope to ghow
laters I agree with this view. Of later workers, Hothschild

(1920) Fernsworth, Speer and Alt (1948) quoting 41 cases,
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Podore et al (1948) quoting 9 cases, and Jenowitz, Levy and
Hollander (1950) quoting 7 cuses, &1l found & verynlow or
abgent urinary pepsinogén. Farngworth et al (1846) investigated
the anzemias only and found that of their 41 pernicious anaemias,
the coz\mcentrabion of urina:y pepsinogen was 0 ~ 1.0 mg. (average
0.5 mgm) tyrosine equivalent per ml.; only 5 of 82 controls excreted
less than 1.0 mgn. per ml., and of 14 true schlorhydrias, due to
ivon deficiency anaemie in females, 8 had values sbove 1.0 ngm.
per nl, (renge 0.8 to 3.2 mgms, average l.2 pga, GFrosine per nl.)
The nethods caployed in that paper ore nod entirely aceurate,
fhough one camot dispose of their results. They recommend the
substitution of the gasiric test mesl by the estimation of urinary

pepainogena

Of other macrocytic anaemias, only Jenowitz et al (1950)

investigated & patients with sprue and found nommal levels,

RESULTS.

0f the 1% patients with pernicious anaemia studi(;d, 9 were
males end 3 females, ranging in age from 45 to 88'years. Pepsinogen
excretion varied frog 15 to 150 P.Us/hr. (mean 82,5 P.U./hr.) and
only & excreted more than 90 P.U./hr. Of the 8 with anacmias
other thgn pernieious, 7 were females and 1 male, Excratlon
levels ranged from 105 to 370 P.U./hr. (mean 240 P.U./hr.). Only

2 excreted less than 150 P.U./hre, ond none less than 105 P.U./be.
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PATIENT TIFE OF

CAUSE OF ANABMIA

LHIGHEST FREE URINARY

ANAEMIA GABTRIC HCl  PEPSINOGEN
Pe Uo/ Hr.
BeCs Macrocytic Postgrstrectony 0 108
ateatorrhoea
JuLie (Hale)iegalo- Steatorrhoea 20 329
blastic
BePs Hegalo- lot P.4, 0 248
blastic
SeSe liegalo- Steatorrhosa 32 212
blastic
KeTs Hacrocytic IMyxoedema and 0 184
steatorrhoea
Tells Microcytic Iron deficiency e 171
Feds Hatnolytic Harchisfava-iiicheli Hiot done G4l
EeSe iicrocytic Ivon deficiency Not done 370

TABLE HC: 49. Urinary Pepsinogen in non-pernicious

It will be noted that there were 5 macrocytic anaemias, % of whon

had megaloblastic marrows and 8 histamine fast acblorhydrié.

anaemia.

ALl

regponded well to folic aeid but only pertially or not at all to

vitamin B.12, 4 of the 5 (ezcluding the post-gastrectony ansemisa)

exereted 184 P.U./hr. or mors.
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From these figurcec it woudd appear that pernicious anaemia

usually results in @ low or nearly zbsent urinﬁr;,r pepeinogen which

is not found in other macrocytic ancemias.

The single readings in some of the patients with pernicious
enaemia, however, have not been uniformly low and a few isolated
rendings well in the normal range have been found in these 18 cages
reported here, One patient in particulzar who had an undoubted
pernicious anaemia that responded to Vitamin B.1R, an absolute
achlorhydria {both on histamine testing and on 24 hour pH test
meal) and had & maximum of 760 P.U. % pepsin in hist gastric juice,
gave the following resulis on & consecutive 24 hourly urines, starting
on the 4th duy of treatuwent. 27, 260, 422, 86, 45, and 34 P,U./hr.
Vhether this pepsinogen could have arigen from 1 pint of packed
cells with which the patient was transfused on the first day is
only a possibility. These rosults were all double-checked and
gave identi@ul results. In one other patient, 3 consecutive
24 hourly urines showed excretion levels of 345, 0, and 48 P.U./hr,

This patient dicd not have a transfusion,

while these isolated normel readings are exceptional, they
cannot be disregarded and would appear to invalidate the esctimation
of urinary pepsinogen as an absolube test for pernicious anaenmia.
The explanation of these high rveadings (for pernicious unaeni'a) night
lie in the Wparasekretion® ’cheory of Stramss (1928) and perhaps
the enzyme found arises from the white cells, which, 28 shown in

Chapter I1I, form endogenous pepeinogen, ;
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ANASTOMOTIC ULCERS.

7 patients with anastomotic ulcers were studied, All

were admitted because of recurrent bleeding snd operated on.

PATIENT SEX ORIGINAL PRESENT HISTORY GASTROENT- URINARY
LESION  LESION (yrs.) FROSTOMY  PRPSINOGEN
(:{X'S-) PQU./HTS.

C.Q'Bs H 0.0, S0, 0 15 320
J.R. K D.U. 8.0, 15 10 292
RB.5e H Dolls 8.0, @nd G.0. 11 10 808
H.B. i D.Us Sale <0 12 341
CeB. F b,0. 8.0, and .0, &0 12 200
E.C. F DsU, Je¢Us @nd D,U, 20 12 880
CeBs F D.la JeUs 40 12 7]

Dele Ducdenal ulcer.
S.0s Stomal ulcer
G.Us Gastric ulecer
Jalls Jejunal ulcer

TABLE RO350 URINARY PEPSIROGEN ARD CASE DETAILS
I AMASTOMOTIC ULCELS.

These figures show that decpite the long G_yspegtlc higtory,
though many had been relicved of syaploms Zor o time, the
urinery pepsinogen was not wbnormally raised (except the one
female E.0.) This would suggest that it is the actual
presence of a ducdenal ulcer'i‘oz- @ long time which causes the
rige in urinary pepsinogen excrvetion and thst anastomotie

uvleers chould be grouped with gastric uleers rather than with
duodenal ulcers in their efi'ect_ on the urinary pepsinogen.



CARCTHOMA

7 patients with carcinoma of the stomsich were studied, I males
and 4 femsleps The levels ranged from 45 to 894 Pol./hr., with &
group average of 188, Thie ghows that there is probably litke
oi' no depression in the pepsinopen excretion as & result of
gastric carcinoma, . These resulis tend to confirm the fach
that the gastric acid is not alwaye depressed in carcinoma
of the stomach, . Cne othor patient uss ptudied, a 67 yoar old
nele. In Hey 195) he hed o guetvic ulcer and an average excretion
of 787 P.U./ixr.  In June 1851 he had deep X-rey therapy to
destroy gestvic secretien, which it did. In November 1951.
he had no free acid sng urinary pepsincgn excrction was 49 P, U. /i,

Becausge of persipting pein, gastrectomy was performed - scction

showed & carcinomie

In this group who wore complaining of uleer-like dyspepsia
but in wvhom one or more barium meals hud failed to reveal o peptic
ulcer, there were 7 males and ¥ fenales, The dyspeplic history

ranged from 3 to /8 years.
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PATIENT UEIRARY PEPSIHOGEN HISTORY SUGGESTIVE OF
I_’.U./Hr. (yzrs.) ' ’

le HeGa 535 5 Do,

& FeHe B8 o DalUs

5 Bk 454 &5 HeHe and Ga0U,

4e RuPs 548 8 R

5. DsPe 287 10 D0

B+ DPo 68 =3 P.Us

Te FrBe 283 b P.U.

Average 586

DeUa Ducdensl vlesr

Hella Batus Herndia
GalUa Gastriv ulcer
Palle Peptic uleer

TABLE NO25] g, URINARY PECSINOGEN IN X-RAY NEGATIVE DYSPEPSIA
3

Males).
PATIENT URINARY PEPSIHOGEN BISTORY SUGGEETIVE OF
Pal./Hr. (yre:)
1. KoGo 258 1 Dl
e Eede 59 23 ? D.Ua
s Galis 530 8 liysteria
Average 300

TABLE NO: 51b. URINARY PEPSINCGEN IN X-RAY NEGATIVE DYSPEPSIA
(Penales)
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It ie interesting to note that in this group there is
gome suggestion of an increaped excretion of pepsinogen in the
urine, although no ulecer could be demonstrated, either on borium
neal or on gastroscopy. Sevyeral ium melaena or haematemesis,
1% is quite likely thet these patients actuelly had ulcr.-.rs,
and 21l were ot one time or another clinically diagnosed as
having some form of peptic ulcer, Host of them improvéd on an
ulcer regine and one is therefore left to conclude that xﬁost

so—-called X-ray negative dycpepsias srsy; in faet, suffering from

2 peptic ulcer,

This group provided some interesting pesulte. There wore
5 patlents in this group, £ of whon wers of unknown aetiology

and one the result of 4 generalized severe seborrhoeic dermatitis.

The 4 idiopathic exfoliative dermatitis cases were in a
state of exacerbailion of thie disesse; & were studied in

remiseion as well as in relapse.
TABLE 52: URINARY PEPSINOGEN IN EXFOLIATIVE DERMATITIS.

PATIENT UNINARY PEPSINOGEN P,U./HR.
IN RELAPSE IN REEISCION,
Wells 86 259
WeSe 24 198
JeFs is) -
Jahie 18 -
%o D, (seborrhic dermatitig 116 =

Hean 77
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Patients WeH+ 204 W.8s were treated with A.C.T.Hes ¥Y.H. ina
guiescent phase in September 18951 exereied £59 P.U./h‘z’. A GeTalle
1300 mgm, in 15 deyn) coused a dvop from pro-treatment levels to
15 and O P.U,/hv. on the 15th day and 17th day after the start of
A~CsToHe The dermatitis was little improved., Patient W.&.
during his severest relapse in Harch 1951 excreted 24 P.U./hr. He
wad given A.CeTelle, 16 mgm. 6 ?xou:;ly for & days with signs of
rapid improvement and on the 4th day exereted 415 p,U./hr., on the
5Lh day 686 P,U,/br. and on the Tth day 345 PuU./hr. In October,
7 monthe later, ‘hc wae #lmost normal and his pepeinogen excretion

wag then 188 P.Ua/hv.

The mean level in § patients with severe exfolistive dermatitis

wos found to be 77 PuUs/hr. and in £ in remission, 278 P,U./hr.

GASTRIC ATEOPHY

One patient with gastric atrophy shown by histamine fasd
achlorhydria without any signs of pernicious ansemia but with & normal
gtomach on barium mesl and gross ﬁucosa.l atrophy on gasitroscopy,
excreted 14 P.ys/hr. which is & negligible amount. The other
patient with gastric atrophy caused by deep ¥-ray therapy excreted

49 PaUa/hra

These Tindings suggest that the stomach is the origin of most
urinary pepsinogon.
CARDIOSPQ_.’:}A i WITH PEPTIC OFSOPHAGITIO

One putient (a female) studied, exereted a subnormal smount of
pepsinogen (43 PaUs/hire) : '



L DIAGROSTIC SIGRIFICANCY OF PEPSINOGER W HATIONS

Following the reports of Podore ot 2l. (1948) and of
Jenowitz et al. (19%0) it was hopsd that the estimation of
urinar& pepsinogsn adght prove to be of gsome diszgnostic walue
in gantro-duodénel ulceration.

The findinge of normnl levels in =ll patients except
60% of males with sntro~-duodenal uleers of longer than ]
years standing, mokes this test of enly limited value.

The following table, No.53 shows the excretion levels in
gastric and duodenal ulcers and emphesises the limited

diagnostic value of estimating pepsinogen in the urine.

(see Table No. 5% overlzal).



Urinaty pepsinogen Control Males Females

P.U./hr. L.C.G.U. Antro-duocdenal Control G0 Dals
ulcers
5 5

0 - 99 10 3 6 1 4 1 2
100 -199 11 4 8 - 7 4 4
200 -299 8 iEh el 5 5 5 - 3
300 -399 - 5 2 4 4 5 1 )
400 -499 1 = 3 3 T 2 2
500 -749 it 2 = 5 Z 2k 2
750 -999 - - - 6 - - -
1000-1500 = = - 6 - - -

’—-l
N
N
=
N
(02}
N
=
\O
}.—J
(&)

Total No. of patients 36

L.Cs = Lesser curve

TABLE NO: 53. CASES SUBDIVIDED BY SEX, SITF AND LENCTH OF HISTORY AND ARRANGED
ACCORDING TO EBXCRETION LEVELS.
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Plasma pepsinogen, however, raflects much more ciosely

the actual activity of the stomach and also shows less overlap
between duodenal ulcers 2nd controls, suggesting thst this test
might be of somé dizgnostic value in duodenal uleers, espsclally
since the test 1s so easy to perform and far less uncomfortable
then gastric analysis and less tedious than 24 hour urine
eollection. It might be of ﬁefinita value in the patient who
has been bleeding and in whom it 1s undesirvable to do - a bariun
mezl, Blood urea estimations should be simultanoously performed
to exclude high plasma pepsinogen due to renal disesse. The
following tsble shows the clear distinction between most of the
ducdenal ulcers and the controls,

TABLE NO: 54, PLASMA PEPSINOGER LEVELS IN CONTROLS, GASTRIC ARD
DUODENAL ULCERATION AND IN PERNICIOUS ANAFMIA (NO. OF CASES).

__PUs% Control Galle DeUs Pernicious snsemis
0~ 9 Foic 3 - i
10 - 19 8 2 2 2
20.--29 6 5 4
207 =159 3 3 4
40 - 49 2 1
2% o
GO -
80 - 99 6
100 -150 2
Totzl no.
of cases 20 13 27 3
Mean PQU.% 23.2 26.3 60.4 16.3
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With regard to the dlagnosis of other disesses, 18 is felt
that neither urinary nor plasma papsinogen can be used with any
measure of certeinty.

The pepsinogen in the urine is occasionally useful in
distinguishing 2 macrocytic or non-pernicious megaloblaestic
anaemia (espacially if liver or vitamin Byp therapy has already'
been commenced) from a truz pernicious snaemia.

Carcinome of the stomzch, 28 shown msny years ago (Rothschilé
1930) cannot be disgnosed by urinary pepsinogena

It is of no wvalus in X—ray:negafive dyspepsia 2nd exfoliative
dermatitis in relapse can be diagnosed without the 214 of urinsry

pepsinogen ostimstions.

LIGHT THROWK ON THE Al

TIOLOGY OF PEPTIC ULCERS.

The universal use of sntaclds and of drugs, diets and
operations designed to lower oT eiiminate géstric secration in
patients with peptic ulcers would seem to indicate 2 universal
belief in the dictum that "acid and pepsin cause ulcers", The
veriety of treatments and the number of quacks merely underline
the extremely poor results of treatment along these lines and
emphasise the need to change the approach to the problem of
peptic ulcers. The time has come to recongider the value of
the often misleading fractionsl test meal,

Very feﬁ people havs seriousiy considered the possibility
that peptic ulcers and hypersecr=tion may be only partly related,

perheps through a common "parent” or "grand-parent” stimulus.
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The results obtained in this study lead one inavitsbly to
believe that the latter possibility needs much clogser attention.

Let us see wnat these results are and mean. If one takes
urinary pepsinogen to indicate some aspect of gastiic asctivity,
plasme pepsinogzn a2 similar one and gastric hydrochloric acid
another, one is struck by the similarity between popsinogen
and hydrochloric scid in ulcers,

We find thet both are normal in ths following groups of
patientss:

(2) Femsles with gastric ulcers,

(b) Meles with lesser curve gastric ulcers,

(c) Most femeles with duodenal ulcers,

(3) Some males with antro-duoden=l ulcars,
and that both sre definitely sbnormsl in most meles with
antroduodenal ulcers with histories of longer then  years.

In the maless with antroduoden=sl ulecers of less than 5 yeers
standing, none have sbnormal pepsinogsen excretion, though some
have abnormal gastric acid and the mean gastric acid is at the
upper limit of normal. ‘

On thst basis one msy group peptic ulcers on s functional
basis into

(2) lesser curve gastric ulcers,

(v) antroduodenal ulesrs,
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This fits in fairly well with the known clinical beshaviour
of these two groups of ulcers in all but the differsnce of :
incidence of carcinoms in pyloric (sntrsl) snd duodensl ulcers;
though it is by no means certaln that it is the antral ulcer
which becomes melignant, rather thsen a coincidence of site.

The next subdivision on the basis of gastric function is
that of sex - femalaes secrete far iess acid and pepsinogen
(generslly normszl amounts) than males with entroducdenal ulcers.
This corresponds to differences found clinieally in incidence
and behaviour between the sexes,

Thirdly the finding of increasing acid & urinary pepsinogen'
progressing with the length of dyspeptic history from 5 years
onwards, but normel befors thet, lsaves no doubt in my mind thst
when the ulcer starts, it does so with & normally secreting gastric
micosa. :

These results suggest the following lines of thought:

(a) Poes the difference between the secretory and clinical
behaviour of gastric and duodenel ulcers signify thot the ulcers
.are different or thet thefisoil they are planted in by the
unknown setiologicel agent is different?

(b) Phat is the significence of the sex differences - does it
imply that sex hormones play some part in gastric secretory
activity, or merely that they modify the reactions of the

stomach to the unknown actiologleal agent causing the ulcer?
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(c) Does the normally secreting stomach which is inflicted with
a gastric or duodenzl ulcer eventuslly hypersecrete (we have no
evidence of eny hypertrophy other than of Brunnerfs giands in
duodenal ulcers) in response to the ulcer;or do both ulcer and
hypersecretion follow the action of the unknown aetiological
agent®; in either éase,-tha iag: of at least 5 years.befweén
ulcer and hypersecretion is 2 long time.
(&) One possibility which should be investigates is whether
the rise of urinsry pepsinogen and gestric acid with leﬁgth of V
history may not be the résult of* zlkaline trestuent of the ulcer
over the yesrs. One would have‘to repaat thes obsarvations on
plasma pepsinogen and investigate rensl Ffunction in long-standing
ulcers before being able to gilve a definite anawer on these
points. |
(e) Is this unknown asetioclogical zgent one thing or is it a
v ccmbinétion of various psycho-endocrine factors and an abnbrmally
reacting stomach cor ducdenum?

In concluding with these questions if is hoped that the
need for a reorientation of thought towards the problem of the
-aetiology and behaviour of peptle ulcers will become more

universale.

dli

=
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ngQIEE VI
SUMERRY AND CONCLUSIONS.

This study was undertaken to investigate the wignificance
of pepsinogen in health snd in disezsge.

Pepsinogen, the inactive pPecuraor.of pepsin, iz form.d
in the peptic eells of the stomache It is meinly secreted into
ths stomach, where it is sutocatalytically and irreversibly
chisnged fo pepsin snd not reabsorbed. From the basal ends of
the peptic eells a2 small amount of pepsinogen (about 1%)
constently diffuses into the blood-stream, where it may be
found in the piasma (derived from the stomach) and in the
leucocytes (formed endogenously).

Pepsinogen diffuses readily throughout the body snd is freely
filtered through the glomerull and partly resbseorbed in the
tubules. It appesras in the urine at 21l ages =nd is relatively
constant from day to day undfer varying dietary conditions.

The estimation of urinzry and plasms pepsinogen offers a
fzirly relizblz guide to the stete of gastric secrction and it
4s found to be zbnormslly raised in the urine only in men with
antro-ducdenal ulcers with nistories of more than 5 years
duration.

The foregoing chapters present & new orientation to the
physiology of pepsinogen snd to the significanée of 1ts

disturbance in disesse of the gastro-intestinesl. tract.



- 258 =

HE _PHYSICO-CHEMICAL PROPERTINS OF PEPSINOGEN.

Pepsinogen is a protein (mol. wt. 42,000 % 3,000), which is

nactive but in acid medium it is rpapidly

(s

enzymatically
autiocatalytically and ipreversibly converted to pepsin with
the loss of zbout 15% of the nitrogen of the original molecules
Pepsinogen is reversibly denatured in very alkaline medis snd
at temperatures of up to boiling pbint.

Pepsin and pepsinegen have some. properties in common, but
_d1iffer in those physico-ch=miczl properties on vhich peptic
activity appears to dspend; they ars also immunclilogically

distinct.

METHODES OF ASSAY.

Pepsinogen can only be assayed after it has been converted
to pepsin, and the technigues employed in psptic assay have
been reviewed and critieised from both the theorstical and
practical aspectse. :

The hacmoglobin method of Anson and Mirsky (1932) was
chosen for use in this study because of its reliability, its
easy appliecability to all peptic solutions znd beecause it
reprasents wost nearly the true enzymatic action of pepsine
Seversl modifications of tha method have been introducedd to
make the technique easy and practicsl for routine laboratory
use. These modifications are all supportsd by experimental

observationses
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Briﬁfly tﬁﬁ method consiste of the digostion of aeldified
h@?ﬂleobin substrate and the measuvement of the inoraage in
trichlorpacetic acid-soluble tyrosins-liks substances,  One:
unit 18 the spsctrophotometric eculvalant of 1 x 10-4 nBq of
l-tyfoﬁina at 360mu.

An originsl method not pravicusly dascribed has bheen
awplved to measurs plasma popsinogem and pepsinogen in similap

finids.

TH?_BORMAL PHYSIOLOGY OF PUPSINOGEN. ©

The secretion of gastric pepsin; the varistions of
pepainogen in the blood and in the urine 2nd the mechanism of
pepsinogen exeretion by tho kidney were studield in rolstion %o
the normal physiology of pepsinogen,

2. 88 ¢ pa o

Three differant types of bassl pepsin secretion were
distinguished, the first snowingva ciog2 relation betwueen pepsin'
coacent:atien and pH in hyposecretors, the second showing 2
close relation between the rate of secretion of pepsin and
hydrochloric acid and the third showing no reletion betweﬁn‘the
sacration of pepsin and the volume or pH of the gastrie Jui#e.l

The stimulation of gastric secretion by sither caffeine'ofb'
histamine alone csused a smell incresse of pepsin, but the two
togéﬁher caused s marked sustained increase of pepsin secretion
for some'hours, indicating 2 trus stimulation of pepsih, and

not a2 simple washing-out of pepsin as has been previously assumeds
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Correlation of simultanecus measursments of gastric pepsin
and plasma and urinary pepsinogen ravealed a fairly close direct
relation between gsstric and plasma pepsinogen, but not between

gastric and urinary pepsinogen.

b. Plasme pevsinoge ;

A proteclytic enzyme present in both tﬁe rlasma and in
the blopd cells was identified 2s pepsinogen, Plzsma pepsinogen
derives from the peptic celils of the stomach by continuous
diffusion, that of the leucocytes is probably partly forﬁed
endogenously,

The pepsinogen in the plasma is relatively constant under

%

e variety of conditions snd from day to day and the renge in

W

| 20 norm=l controls was small (23.2 % 10.8 P.Usk); 27 males with
duodenal ulcers showed increased plasms lovels (60.4 % 31 P.U.%)
angd 13 gastric ulcers fell almost within the normal range
(2643 + 10.6 P.U.%)s

The estimation of plasma pepsinogen offers a2 simple and

fairly reliable guide to the state of gastric secrotion,

Co letrlbﬁtiog of pepsinogen in the body.

Pepsinogen has been dotected in cerecbrospinal fluid, in :
sweat, in pleural transudote snd in puss The concentration in
the cerebrospinal fluid 1s sbout the same es that cof plasma,

indicating that pepsinogen is freely diffusable throughout the
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body fluids; and suggesting that 1t hzs a molscular shape which

lends itsell to eazsy diffusion,

de. The renal mochanisms of pepsinogen excretion,

Results of this study shok clearly that pepsinogen is not
simply "freely excreted as sre other weste productsh, but that it
is filtered through the glomerular membrsne and reabgorbed in the
tubules to the sxtent of 60 - 98%. This is in accordance Qith
the modern views on the renal excretion of other proteins. This
concept of filtration-reabsorption of pepsinogm means that the
evaluation of urinsry pepsinogen is not complete unless one |
takes into sccount the rols of the kidnesy gs well as the state
of gastric function, and variations in the individuzl of urinafy
pepsinogen can often be shown to.be the result of changes in
pepsinogen clearance by the kidney.

The significence of individusl differences in urinary
pepsindgen =nd exactly what sspect of gastric function it does
measure, 1s by no meens clear. That it does raflect, with
relative constancy, 8Bome aspect of the function of the stomach,
is cartzin, 2znd one has merely to besr in mind its; limitations

to be able to take full adventage of ite usefulness,

e, The effect of operstions on pepsinogen.

Partial gastrectomy performed on 16 patients with gastric

or with duodenal uleers caused an enormous increase of urinary



pepsinogen for three to four days post-operatively - levels not

seen in any other circumstsoncs; this is partly sccounted for by
.increased secrotion of the fundal remnant of the stomach and
pﬁrtly by the diminicned reabsorption in the kiénay caused'hy
altered hasmodynsmics.

Operations other than partial gastrectomy eczuszed no

" postoperative increase of pepsinopen in ths urins.

Ts The adrenal andéd pepsinogens

The effects of A.C.T.He and of cortisone were studied 1n’v
10 cases znd no consistent effect on the pepsinogen in the plasma
or in the urine wes noted, contrary to the previous reports.

Pddison's and Simmond's disesse also appesred fo have ho
effect on urinary pepsinogen.

It appears therefore that the adrenals play 1

fute
o
&
l..—a
)
s
3
o

in the regulation of gastric sescretion,

DISTURBANCES OF PHEPSINOGEN IN DISHASH.
(2) Peptic ulcsrs.
(1) Gastric end duodensl ulcers.

Urinary pepsinogen excretion was measured in 140 persons,

69 controls, 61 patients with duodenal znd 28 with gastric ulcers.
A1l femsles, with or without an ulcer, excreted normal
amounta of pepsinogen in the urine.
All male patients with lesser curve gastric ulcers excretsd

normal amounts of urinary pepsinogen.
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Tha remainihg male patiénts with ulcers beyond the:gastfic
angulus and in the duodenum excrstad, as a group, significantly o2
more than normal amounts of pepsinogen in the urine. Within
this group of antro-duodenﬂi ulcers, ail those with a dyspeptic'
history of less then § yesvrs exereted nermsl amounts of
pepSinogen, whereas the rest excreted an zbnormal smount whiéh
incressed progressively with an igcreasing length of histdry to
almost three times normal figures. This was found to be similar
in the highest free HCl of 144 antro-duodenal mele ulcer{ but
60 gastric ulcer test meals resembled the pepsinogen Ffigures
for lesser curve ulcers in males.

(11) Stomal ulcers.

7 patients in this group resemblsd gastrie ulcers.

(111) 10 patients with ¥-ray negative ulcer-like dyspepsia

excreted slightly increased amounts of pepsinogen,

(1) lé patients with pernicious snzemie excreted about '
ons third normal amount of urinary pepsinogen; whereas 8
petients with other ansemiss (5 with non—pgrniciqus macrocftic
anaemia) excroted normal smountse

(i) 6 patients with carcinoma of the stomach excreted
low ‘normal smounts of pepsinogen.

(§41) 5 patients with exfoliastive dermatitis excreted vef&-
small smounts of pepsinogen. 2 were studied in remission, when

they excretesd normel amounts.
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It will be noted that only sntro-duodenzl ulecers with
histories of over 5 years excrceted incrzased amounts of
pepsinogen in the urine and that this smount rises progressively
with the length of history. The same was found true of the
highest free HCl of 144 test meals in males with antro-duodenal
ulcers.

It was originally hoped that the estimetion of urinary
pepsinogen might prove to be of some diagnostic value in

astro-ducdenal ulcerations. Unfortunately, the finding of
normal levels in all patients except 60% of males with antro-
duodsnal ulcers of longer than S‘years standing, makes this
tast of only limited vaiue,

On the basis of findings In peptic ulcers it is sﬁggested
that further research might be useful into the sex differences,

the effects of site of the ulcer and into the causes of the
‘ progressive inecrease in gastric zc¢id and urinary pepsinogen
with increasing length of history in antro-duodenzal ulcers in

males.
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_AFPENDIX
MISG US OBSERVATTONS ON THE ACTION OF PEPSIN ON.HAEMOGLOBIN
(a) Zhe tymosine content of haemoglobin

Complete digestion of 041 G. of haemoglobin by crystalline
pepsin yields the meximun of 286 x 107 m.Eq, tyrosine and the mean
for 7 observations is 275 x 107 m.Eq. 5 mg. tyrosine per 100 mg.
haenoglobina '

This figure of 5% agrees well with the figures for tyrosine
content of haemoglobin obtained by other methodss

{b) Solubili

In digesting haemoglobin at pH # 2 with strong concentrations
of pepsin (1 mg. pepsin/O.l G. Hb.) the filtrate after 5 mimutes is
opalescent and becomes progressively more opalescent up to a maximum
after 60 mimites which appears to be crystelline tyrosine, which as
we know is very insoluble, especially in sironmg acid solutions.
(The pH of this filtrate is 1.40). This opalescence cannot be
removed by repeated filtrations through filter paper and is not
deposited by centrifuging at 4,060 Tspems The tyrosine is imédiately
dissolved in alkaline solution (pH 7.5). It is uncertain whether

any of this crystalline tyrosine is carried down with the precipitates

In any event, this is a further point in favour of mot digesting
haemoglobin with strong solutions of pepsin e.ge undiluted gastric
Juices
(e) Zhe production of haenatin Ca

When 0.1 G. haemoglobin is digested by 1 mg, pepsin as in (D)
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above, a brown colour avpears in the filtrate at 10 minutes ahd when
digestion is contimed at 37°C. this brown colour becomes progressively
deeper in linear proportion to time as far as I have tested it
(26 hours). This pigment flocculates on long standing in the cold
and eventually settles to the bottoms It is insoluble in
chloroform, ether or 20% HC1l but precipitates at the separation layer
in flakes.

Spectroscopic identification of the pigment showed a maximum
gbsorption in the visual area of the spectrum at 560 mu, and some
absorption in the ultraviolet range at 420 mu. The pigment
obtained at over 20 hours contained a small amount of porphyrin.

The pigment is not fluorescents

A very similar if not identical pigment was made by mixing
of acid hacmatin with cysteines Tyrosine and tryptophane mixed

with acid haematin did not r eproduce the piguents

In mixing cysteipe and acid haematin, the colour ofnthe latter
changes from a reddish brown to the greenish brown colour of the
pigment produced, = In pyridine-sodium acetate solution this colour

is even more pronounceds

This is one exemple of the production of haematin C., a term
which @enotes a number of loosely related compounds, studied in
relation te cytociwome Cs, having in common the transformation of

protohaematin into water-soluble, ether-insoluble compoundse

During peptic digestion of ha.emoglobin, the addition of amino-
acids to the vixiyl gide chains (usuaily sulphur-containg amino-acids)
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may occur, giving srtifachts which on acid treatment yield a
haematin C and porphyrin C. In this instance a special type

of hezematin C is produced where the combination is with cysteine.
The linkage, then, is through the sulphur and not the nitrogen.
This sulphur-containing compound is the only type of haemetin C
(brypo:'phyrin C) which closely resembles the corresponding products
from cybochrome C (Lemberg and Legge 1949)

The addition of serum to the digest mixture (1 ml.) in four
instances produced no change in the production of the haembin C.
but in one instance the serum from & patient with a gastric carcinoma
after total gastrectomy prevented the formation of about 30% of the
heematin C., This reaction is not understood.
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