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IMTRDDOCTION. 

This study was originally undertak;en to determine the 

clinical value of estimating pepsinogen in the urine in cases 

of peptic ulcer because recent publications had shown that 

uropepsin ( urinary pepsinogen) excretion in ulcers differ·ed 

from normal controls. 

Briefly, the state of knowledge of pepsinogen when this 

study was undertaken was as followsJ _ pepsinogen was discovered 

by Langley in 1881 and e-~entually isolated in 1958 by Herriot 

who described its physico-chemical properties. It 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 hy,drochloric 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 Brtlcke 

in 186J.. Its transport to and the mechanism of its excretion 

by the kidney were the subject of hypothetical 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 abd abnormal physiology of pepsinogen in the human. The 

investigation was then extended to study the pathological dis·turbances 

of urinary pepsinogen more closely, and if possible to determine what 

happened to pepsinogen. between the s1tomach and the urine. This latter 

project became possible after the development of a technique not 

previously ·described for determining blood pepsinogen and it was found 

that pepsincgen dif:fuses from the peptic cells into the blood, and 

circulatep as free pepsinogen in the pl asma. From the plasma it is 

freely diffused through the body and filtered through the glomerular 

membrane and then reabsorbed in t.lie tubules of the_ kidney to the extent 

of 65 - 95%. 

This new concept of pepsi nogen 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, en att empt is made to present the whole ·cycle of 

pepsinogen metabolsim from its formation in. the stomach to its 

appearance in the urine, Vii th- normal and abnormal 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 answe1;s. It is hoped, however, that a small contribution will have 

been effected by this work towards a better understanding of the 

direction of further advances in the knowledge of the aetiology and 

pathologic~ behaviour of peptic ulcers. 
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CHAPTER I 

HISTORICAL INTRODUCTION: A SHORT HISTORY OF DIGESTION 

"In the alimentary canal many wonderful processes 
take place" - Ciceoo. 

The origins of man• s knowledge of food and speculations on 

digestion are lost in the mists of pre-history, Hippocrates 

(460 - 377 B,C,) in De Prisca Medicina states: "It was the 

necessity which men in the first stages of society must have felt 

of ascertaining the _properties of vegetable productions as articles 

of food that gave ri"se to the science of Dietetics; and the 

d jscovery having been made that the same system. of regimen does not 

apply in a disordered as in a healthy condition of the body, men 

felt compelled to study what changes of the aliment a.re proper in 

disease and it was the accumulation of facts bearing on this subject 

wj:iich gave rise to t,he Art of Medic:i,ne. 11 (translated by Francis 

Adams - 1849), 

The first known views of man on health and disease, the Ebere 

papyrus, de.ting back to 1550 B,C., show us that the Ancient Egyptians 

considered health an abstract idea and disease a concrete thing, 

They pelieved that all disease originated from food and followed this 

precept by regularly taking an emetic and a purgative three times a 

month. They regarded hunger and thirst as poisonous substances 

whic~ forced themselves into the body, requiring food and drink to 
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be subdued and neutralized to save the body from destruction. 

Since that time, the history of digestion is in part t he 

history of nec'J.cine. F-om 1550 B.C. at least, until the doctors 

of Greece began to c"iomina te medical thought from the 5th century 

B. C. , t he views of t he Egyptians , t he Ilindus, the Hebrev•s and 

the Chinese r1ere rather similar and consisted of one form of 

demonology or another , 

The Hindu vie11s on digestion are knovm from the epic Hindu 

poems and ere indirectly rela ted to t he demonological views of the 

Egyptians. These writers recognized t hree principal humours whi ch 

resided in t he body and irected the natural digestive processes. 

These humours were : 

va ta or wind situated bet~een the feet and t he navel ; 

Pitta or bile between the navel and the heart; 

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

Kafo. ,12.s aominant ,,hen t..1'1e foocl 1.;us in the moutn, Pitta 

during the course of digestion and vata after t.lie food in the 

stomach was fully digested, anu the condition of the bowel s 

depended on the undue dominance of one of these - vata caused 

constipation, Pitta looseness of the bowels, and Kafa a normal 

action . 

These writers a l so describe a Pachaka or fire of' digestion 

situated between the stomc.ch and. t he small intestines which 
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assisted digestion and imparted heat to t he body, and separated 

the nourishing portions of t he f ood from t he de jecta, The 

external elements which brought about changes of-food occurring 

in contact wi t h t.'ie Pachaka or digestive fjre, were five in number -

ether, f i re, ai 1·, earth and water , The dietetic r ules of the 

Hindus were ext remely minute and t hey generally forbade meat, 

The Hebrew medicine of the same period was an off- shoot of 

the early dynastic EgY1Jtian but in addition t he dietetic r ules 

were far stricter and survive in an almost unchanged form today, 

·rhe laws relating to Kashri/i or Kosher f ood prohibit t he mixing 

of meat and milk and forbid t he use of meat from pigs , from the 

hindquarter of animals unless specially dealt Tri.th and from 

animals wi t h uncloven hoofs ; t hey forbid the eating of fish 

without scales, While some of these. laws have t heir basis in 

.Primitive i deas based on t he supposed incompatabili ty of milk 

and meat etc,, many were based on sound public heal t h reasons, 

e,g, the forbidding of pigs ' meat was based on t he frequent disease 

(measles ) encountered i n pi gs , 

The Chinese physiolo[;'.Y t;egarded t 'he bile a::> the seat of 

courage, the spleen of reason and V1ith the assistance of the 

heart of i deas ; t he liver as t he granary of the body and the 

stomach as t he abode of t he mind, 

From an earl y period, the stoma5h was gener~ly 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 i'ood putrefied or ;vus cooked in the stomach. 

Anaxagoras of Clazoruedae (500 - 428 B.C.) believed ·that the body 

made use of t he products of digestion by appropriating to itself 

those por tions most akin to it. 

Hippocrates (460 - 577 B,C, ) , who was t he founder of the 

Rational school , believed that digestion ;1as a process of coction 

in which heat brought out t.11.e n ecessary changes in the food . 

Hip_:Jocrates separated t he <eCtive agents of the body into four 

principal humours - blood, phlegm, black bile and yellow bile, as 

other Greeks had. done be.fore him, and Heat, Cold, Dryness and ifoisture 

were their corres_f;Onding properties. Heat, due to t he blood, 

caused digestion of the food, t.11.e liver formed blood and bile and 

assisted the process of coction in the stomach by increasing the 

heat, Hip;ocrates founded t he science of dietetics and both in 

the discourse on ancient medicine and in J:1i~. aphorisms, detailed 

references to diet in disease abound. These aphorisms were the 

mainstay of diet.ai·y regimes well into the 19th century (Adams 1849); 

Follrliwing Hippocrates, who divor ced philosophy from medicine, 

and based his re:maI"ks on observations, partly empirically , came a 

decline in the form of a re-marriage of philosophy and medicine, 

based on Plato' s (427 - 347 B,C,) fanciful ancl s,Jeculative schc!:!e 

of physiology and pathology, which l ed to the :'oundin<> of t:~e Doematic 

school. Praxn.goras of Co (circa 535 B,C,) one of that school 
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who recorded the firs~ known case of bulimia , and described the 

t reatment for intestinal obstruction, regarded digestion as the 

outco~e o~ putref~ctive p_-ocesses. 

Aris~oile (384 - 321 B.C. ) , like llip~ocTates , reg·rded 

digestion as a process of coction i n t he stonach, froo which 

t he resulting chyle ;1ent to the hear t, and he regarded the 

blood flowing through the vessels ss the mediu~ by which the 

nutritive materi a l for t he growt.1-i wid warraing of the bo<.!y was 

conveyed. 

The early Roman era that followed believed t 1a t all the 

organs of t he bouy were supervised by special divinities \.ho 

coulc. be appe!il.ed to ii' unything 1,en t 1-rrong. 

The most famous of ell Roman physicians, Cla udius Galen of 

Pergamus (151 - 201 A.D.) followed about 500 yeare aft er 

Hippocrates and was des tined to dominute tho medicw. 1Norld for 

more than a thousand years. Galen believed that digestion of 

the fooC: ,1as brought ubout by coction in the stomach; the 

results oI digestion went to the liver where t hey were turned 

into blood ( this belief persisted to the 17th century) . The 

blood upon reaching the bee.r t ·.;as driven to all parts of the 

bouy and was almos t entirely used up in t ransit in nutri tion 

of t hese parts. 

Lit tle was ad<....ed during the nark Ages to knowledge in general 

and to Uedicine in particular, though the Arabic s chools of 
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::;ciencc l:.id .,i·oc.ucc. co c fl....,ous w.octors .from a.bout t he 9th to 

t he 15th centuries, none advrl!lce<l t he kno,l13dge or di ges tion 

in any way. 

Medic:.l science lugged beLinu in the <lmm of t he Remiis:::ance. 

Docbastus l>=acel:Jus (1193 - 1541) (Theophrastus von Hohenhei:n ) 

• believeu thut uigesticn :ias ccrrieu out in the boeiJ by a ;>residing 

f or ce C<-ll_eu the 11£-rchous" which sep«r"-ted t he nutritious from 

the poisonous ingreciients of the f oou anci helped absorb the 

nutriment . 'i'hi::; it uid i:;olely b;r roeuni:i of hev:r, . The c ideas 

1;.r e reminisc.:ent or the r~ncient uemonology . Ho11ever-, l et us not 

linger on the t heories of P(J.ru.cel::ius, bince hir re;)utation fur 

exceeded his weri t s . 

The .rounck.Lior1c of ao<.lem l::no,1lcclgc of ,.:igestion ;ierc l(lj_tl 

by Johan v-.,.n Eelnont (l ::i'Ti - 1644) . Hi o interest : as urous etl ai: a 

young boy when he fed cµanoivc unu let them get hold of his tongue; 

he noticeci the intem,e ecidit,f in the bi r1JS 1 throatLJ. Lu t er, he 

ou.1 i:;otie 51U,1hurous substance reuuce his glove p.::.rtly to fluid and 

not unnatui•&lly he bclie-·,c<l th,,t the uige,ting v.[ent in tlte :;tcr.mch 

He ulso believed t. i.;.t thi£ !l.C:ltl w-0s peculiur to each 

sµecie:c of' ani::1al. 

In denyine ?ar:icel::.us ' theory of heat 11.s the dieestive agent 

he argues that "hunger <md strong und molesting tUgestion diould be 

a ccompanied by e:xce:::sive heat . Thie i s not the case •. . . . l'lhen f ood 

is brought into cont>...ct wi t h "- wara surfuce t:10re is no tr!l.c e of 

digestion and it iutrei'ies 11 • (Pag el 1944) . lie at.ates further t.1-Jat 
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nwarmth acts in a uniform v,ey, the specific vital ferments act 

according to the exigencies of the species and living being in 

question 11 • The vital faculty of transforming food ( 11vera atque 

formali t er11 ) van Helmont called 11Ferment" ( 11Eamque fermentorum nomine 

designavi 11 ) 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 fennentation with 

the doctrine of material l ife, van Helmont may today appear luclicroi,i 

but he must nevertheless be given credit for being one of the first 

to break through the artificial fabric of medical science erected 

by Galen and t he succeeding thousand years . Syl vius, Descartes and 

Willis (17the century) belonged to this new school and identified 

digestion with fermentation. 

Nehemiah Grew (1626 - 1711) noticed the glands in the stocach 

and in a lecture said "By the joynt assistance of the glandulous 

and ner-vous membranes, the business of cbylification 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, as an llllimal ferment, perfecting the V1ork11 • (Gillespie,1898). 

Fol lowing the inconclusive attempts of the chemical school to 

provide an expl anation of digestion came those of the Iatro- ip.athem­

atical school of physiologists who attempted to show that digestion 

(and other physiological processes) could be cxpldned on a purely 

necho.nical be.sis. Redi(l623 - 1698) , one of the leauers of this 
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school, studied the mechanism of the gizzard of birds very cai·efully 

and this suggested to him a simil ar action by th.e human stomach. 

Some were prepared to go to preposterous lengths and Dr. Pitcairn, 

by simile with pressure exerted by the thumb, estimated the grinding 

force of the human stomach at about 5 tons and this he believed 

dispensed with the "assistance of a Daemon or a Stygian Lic;.uor11 • 

The Eclectic school originating with ilermann Boerhaave (1668 - 1758: 

believed in the mechanical theories of digestion and added little to 

what was believed. 

The system of vitalism intro<luced by Borden of Montpelier (1722 -

1776) and supported by Barthez (1734 - 1806) believed that a "vital 

principle" was the cause of all t-h.e phenomena of life including 

digestion, Thin was opposed to the conception of' force and matter . 

Edward Rigby (1747 - 1821) of the Phlogistic school, held that 

the stomach was the seat of 11phlogisticati on" where free heat was 

produced. 

The 18th century produced firstly t he observations of Reaumur 

(1685 - 1757) in about 1710 who obtained pure gastric juice and found 

it acid and aseptic. 

An observation widel y ascribed to Spallanzani in 1785, viz. the 

fact that gastric juice could digest outside the body, was actually 

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

The 19th century produced a great au.vmce in the knowledge of 

<ligestion and this can best be sho,m in a chronolmgical symopsis 
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(taken from Gillespie 1898), 

1814 - Trevisanus finds a sulphocytanide i~ saliva. 

1824 - Prout, Tiedemann and Gmelin independentiy discover the 

presence or free hydrochloric acic. i n gastric secretion . 

1825 - 1833 - William Beaunont1 s cbserva tions through u gastric fistula. 

1829 - .Arnot proposes a stomach syphon. 

1851 - Leuchs discovers . the diastatic action of saliva. 

1854 - Eberle prepares an artificial gastric juice, 

1856 - Schwarm postulates the existence oi' pepsin; makes first 

biliary fistul a . 

1859 - wasmann isolates pepsin, 

1842 - Bassow and Blondlot make artificial gastric fistula in the dog . 

1846 - Claude Bernard: Theor-3 of hepatic gl ycogenesis , f a t emulsifying 

ferment in pancreas, etc. 

1847 - Dubrunfaut isolates maltose, 

1851 - rreintz finds the milk-curdling f erment, 

1851 - Lehmann finds lactic acid in gastric content, 

1852 - Bidder and Schmidt prove conclusively that hyd~ochloric acid 

i s secreted by the gast ric glands. 

1854 - Busch fincJ.s no occretion in the sr.w.11. into::tine in dJscnce 

of stimuli. 

~ - Ebstein and Grll£zner postulate the ey.istence of pepsinogen. 

1859 - Meissner investigates the products of the gastric digestion 

of prot ei ds , 

1861 - Brilcke discovers pepsinogen in the urine . 

1864 - SU!deler investigates the bile pigments . Thiry analyzes 

juice of small intestine by means of an artificial f istula , 
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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. 

1873 - Liversidge demonstrates the presence of' a. zymogen of' the 

diastatic ~nzyme in the pancreas. 

1875 - Heidenhain discovers proteolytic zymogen in the pancreas etc. 

Darwin describes digestion of proteids by plants 

1878 - Kflhne 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 modii'ies Thiry1s fistula. 

1881 - Langley discovers pepsinogen in the gastric mucosa. 

1882 et seq. - Langley- investigates the influence of reaction on 

ferments. 

The 20th century has wi messed tremendous advances in all 

branches of science and the science of medicine today is far removed 

from the art of Hippocrates. The study of digest.ion has been graced 

with the title of gastro-enterology flanked by the science of' 

nutrition and supported by special branches of enzymology, chemistry 

and histology. 

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 :UttJ.e we know. The history of digestion is one of the 

discovery and app_lication of new techniques - radio-isotopes are 

no more or less impertant than the Rehfuss tube; the gastroscope and 
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the x-ray than the h~emoglobin 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 Pe.?Sinogen io part of the latter and oore 

scientific knowledge of djgestiap. As :iuch i t follo,::,ed 

knowled{;e of peptic dige:.:tion by f cnaento, c.uu. :the wscovery 

of pepsin . or nececsity, the E.tory of pepsinog<>..n is inter­

twined i,i th thut of pepsin, since no a,,vance in the knowledge 

of popsinogen was possible, u,J to a point, m. thout a sound 

method for the assay of pepsin . 

In 1854 Schwann ,1ostulated the ei:istence of pepsin and it 

was not until 1859 th. t Wasmann discovered pepsin, 200 years 

after van Helmont hao. caµed the vital r~culty of transforming 

food a ferment. (Eaiil¼lle fermentorum nooine designavi). 

Following t.'le discovery of pepsin the site and method of 

its production wus the subject of much argument untii Lw,gley 

(1881) conclusively proved both and concluded that "The fresh 

gastric glands contain no pepsin; they do, however, contain a 

l arge quantity of pepsinogen; consequently the grunulc:: of tho 

chief colic· cousiot wholly or in part of pepsinogen." 

In 1898 Gillespie published the first photograph of peµsinogen 

granuies in the gastric mucosa, which is reproduced below. 
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M ICRO-l' I-IOTOGRAPH OF Tl-I E GASTRIC MUCOUS ~IEM­
UR1\ NE OF 1rt1E SAL,110 SALAN1 SHOWING AGGRE-
GAT IONS OF l'EPSINOGEN GitANULES. ' 

{1 1hotogt:1 1•hl1y llr. T.,n.-l l C1u\11\ml.) 
, .~, ,. ~ 11rfaL-c e111t hel111111. 
: y . 1.,m,.,.1m,:.m11ule,,ln tlrn ct•l\~ur tln:,::l:tmla. 
£. t., de. l:uuuectlve ti,,;suc, 1i1.-1.,eue.11, ,:le. 

111c J1l1oto;:m J1h wm1 IRkcn from tho mucous m~mlmrne of II kulL when the ,i:llu11ls 
11',rr,., g ,u,,.lng 11i;:ul 11 un olC!l<.'e n~ frum tl,o ~l~""·uln;i: 1,eJ to Iha .-ea. 

Fig. 1. FIRST PUBLISHED PHOTOGRAPH OF PEPSINOGEN 
(Gillespie 1898) 

It wua cu.n.r y11;1:;.r:; bet11~en the m.scovery of ,Jeps:i nogen in 

1881 mJ .its j uobtion in t he ct,yetalline form by He,riot in 

19:58. ile1Tic t, s tudi eu i ti: ph:,rsico-choi:1.ical pi·oµertiei fully 

uncl his resu~ tii confirmed the 1.1ccura.cy of much of r..ungley 1s 

observations on t..i-u., inncMV'..1.tion or peps:inoi:;en. 11uch o" tho 

;,eptic aeuay. 
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The knowledee of how ,)epsinogen behavea in the body 

hus been rather painfully ac'1uire,. <,uring the 9:: years 

1,ince BrUcke (18Gl) discoveretl it in the urine. The history 

of this aspect ha~ been f ully reviewed in Chapter IV und 

will not be discussed here. 

Little remu.ins to be said of the hibtory of this 

substance, but much remains to be discovered about this 

rerment that we have for so long taken for granted , 
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CIW;:'l'ER II 

51;nc:e Lcmglfi17 {1881) idEIXltit'.'ied a subota.nce in gastric 

mucosa whicb irl a. itl.ightiy ~ukaline wrt.raot wan not pepein but 

which changed to pepsin upon noi<.lifica.tion, (Uld which he 

identii'ied .!la pepsinogen, a.-tteio.pta httve been made to isolate this 

substance. Holter rutd llortlu-op (1955) first prepored a partially 

puz·c subotonce by fractional nal t p~oaipi tati,on of extract of swine 

mucos~ 0~icu ~as about holi' no active ao pap~in. Herriot (l9~e) 

went i'urther OJld w<ic the firgt to . prepnra J>Uro pepsino;5en from 

$wine gastric oucosa and VJIJ.IJ then nble to study its various 

l,lhyaico-.ohetli.cu.l propei:-.:t.tes. 

Since the work or Herriot (1958) has been little changed 

eince then, the f<>l.101,,ing pi.gee dwine with the subject or tho 

chemistry or pepsinogcn are lwcoly t!l.ken fi'Ol:l hlo ii.ne paper. 

Ug~ of X!,\Q~Sl:thmil 

Of tll!3 total con tent of about l grru:t or pepsinogen in the 

average swine otollmCll-, about 90% ia fo®d in the fundue. The 

minced .t.'undus J:tucoeae we1·d ex trao t.eu ui th a bicurbona. te lillllnOnium 

I) 
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aulphati:l colu·bion, £olloiror.i by prec1pi tat.ion or the eoluble 

pepuinoi;en at o. hiaher concentt"t.tion of al1.1Pon.h1::i ou.l.pl-iew, 

B'/ thi~ ~,:z:-t oi' t:1,:: ,)::'OCCc:ri t:tlon~, ccr,; o.t the total pepi.it>.ogan 

ti® roco-~e<l.. :::'lti:: _p:t•opt'.r ... tion -.ms 50 timen ac potent a.a the 

oriei1mJ. nu.need fundua nnd hru.~ 1..1.s pure a.a the fine crystalline 

product (o. staee renched, ~t best .. by- Bolter on.cl. Northrop (19-55)). 

no 1'.'urther :iinp1'0vemanta could be mu.de by rurt~ei· .rro.ctional 

aal t, precipi 1:ation,, ~d tlu.o p1-oduct con tainou a considerable 

6ldtli:r.:ture of curboh,ydra.te e.nd of protein iopud ties. 7,'hen this 

pe_psiilogen colution 1;a~ mi:r.eo o.t pfi 6.0 dth a wruilied cop1lor­

bydr.i)lci.de i:;olution, prllctioaL\y all the protein nnd c-:lrbohydro.t.e 

were bound to the cop,>cr procipi t& ta.. ilhen ox true t.od with a 

phospha.te buffe1·. or pH o.a, 70% or the p~p,;inogen mmt into 

oolution with little of the impuritios. n~• re.pooting thie 

treatment w1 th coppoI' hydro);j.de and phoopho.te buti'tW a pepiiinoeen 

lroparation i'laD obtciinr:u whiol, contained praot:ioully no curoo .. 

hydrate nnd less t'"i:itn 5% or protein impurUioo.. r.o furtl~ 

iopn,wooont in 'li, H.y m:.::i o1JUd.noo. ht; rtm:.f.1.ot (101::8) "1:lt.~ 

cryetallization of t.'lo pepainogcn afte-1· two troowent.6 

with the copper reagmit 'WSS o~n-ied out by dissolving en o. 7 

enturat~d o::imonium sulphate fil~er oalce in 9 •,olu~es of o.4 

satu,:'I..Lted ammonium sulphl.\te - M/10 pl:I 6.3 phooph te buffer and 

stirring tihe solution slowly at 10° c. 
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-"In 6 - 2~ hours the beaker .res a swil.'lin,:; macs of very 

thin long ueedlo~; or pepninoeen11 (lierriot 1958) (aee plate-)~ 

This i:icthotl hao prov0u ·i''-.r:/<l'®Uci.ble and accurate. . . . . . 

Pcpsinogen crystals. X J.iO. 

Fig • .2. - IHST PUBLISHED PHOTOGRAPH OF CRYSTALLINE PEPSINOGEN 
(Northrop, Kunitz and Herri ot, 1948). 

Tests of Purity; 

Having obtained a cry.ntalline pz·oauct, Herriot hut, to 

determine whether it ws.c a pm.•e substance. 

(u..) The first test applied 1,as a solubility e:xperiment on 

the basis of the phase 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 pepainogen in 0.55 satur~ted ammonium 

sulphe.te buffer was found tc be constant; over a :CO- fold ·11,3.riation 

ln the uanti ty of solid pepsinogen. The disaolved a.mount waa 
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check;ed in 2 wo.ys - viz. eatimatfon of cli1Jsolved protein nitrogen, 

and the a.mount of pepsin produced upon acidification (tested both 

by haemoglobin and rennet methods). 

(b) Other evidence pertaininz to the purity of the pepsinogen 

was of a negative cha;:-nctor and ;im.13 the result of trying to 

separate the hypothetically pure pepsinogcm from any impurity. 

The puri-t:¥ was tested by the amount of pepsin produced upon 

acidification (potential activity} . This was us~d becnuse the 

fundamental and cb.eracteristic property of pepsinogen is its 

quantitative conv~rsion to pepsin, combined with the fact that 

the latter can be measured Tri th a precision of nearly 5%. The 

activity of the pep!linogen is deterained per mgm. of protein 

nitrogen in the p1•epnration. Thie activity was determined before 

and after fractionation and tractional recrystallization; this 

wo.s also done after partial heat and al.knli dena.turation and 

after partial reversal of completely denatured pepsinogen by 

b.aat and alkali. 

Herriot concluded that pepsinogon as ioolnted 11'lc u pure 

protein 1'7hioh V7i wtood tha toots tor protein purity within the 

linitaUon of tha method, that is, a.bout 5l& 
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Propertie& of P§psinogen 

These are sUl!ll!lnrized in the table taken from Herriot (1958) 

where they are compared with pepsin. 

COMPI,!U~Dl'l OF' PP..g)PE!lTIES OF Sl'llNT~ PEPSIN .Al.H) ,PEPSINOGEN(Herriot 1958} 

PROPERTY: 

Crystalline form Hexagon bipyramids 

(Jatalytic Activity + 

Specific activity or 
f1pecific potent:ie.l activit.T 
P•0• mgm. P.N. 

[ 
725°C °Sn pH 5.6 (opt,i.cal 

rotation) per gm. of dry 
protein 

Isoelectric point 

Molecular w&ight 
(osmotic pressure) 

NH5-N% of total 
nitrogen 

&eversibili ty of 
dena tura tion 

Hydration or 
Molecular shape. 

pH stability 

pH 2.7 

Hyul'ated or 
non-spherical 

pH 2.0 - 6.0 

PEPsrnoam 

Needles. 

pH 5.8 

42,ooo .t i,ooo 

4.0 

BO - 100% 

Non-hydrated or 
spherical 

pH 6.0 - 9.0 
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pH of alkaline 
inactivation at 25°c 

7,_0 9.4 

'}.'yl.'O(d ne-t171.-,toph&1e At pH 11 - 9.3% At pH 11 a~si 
content At pH 8.0 - 5.5% At pH 8.,0 3.2% 

u.v.L.Absorption spectruo. Same Swne 

Elementary analyseo. 
% of dry protein 

C 51.7 s~.a 
H s.s 6.9 
N.Dumas 14.7 14 .. 2 
N.KJeldahl 14.0 15.9 
s 0.45 0.40 
p 0.09 o.os 

Cl • . 0- 0 

It will be seen f'rolil the table that those properties which 

d~pend on the whole molecule are much the same in the two proteins, 

vmereai; those which depend on a f'Jnctional p!lrt of ci th~· or on ll 

pa-rtiotllar £unction nro :i.n a ntlli"l:1er of instancr.m different. Tilus 

the elementucy nntlyso~, oolecular weights, abaorpt.ion spectra, 

and optical rotation are quulitatively the C:!LlC in both proteins, 

whereas enzymatic activity, pH stability, isoelectric point, 

ai:dno-ni trogcn, ti tr(l.tion curva , 1•ever- ibili ty of heat and alkaline 

dena.turation endantigenicity (Seastone und Herriot 1957) are quite 

different in the t;.o prot.einfl, 

One OJ. the most important. uif.fercnces and one on which much of 

the 1dentif:.1cation of pep• inogen and pepfilin in body fluids is based, 

is on the difference of denaturation between pepsin o.nd pepsinogen, 
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denaturation being one of the .characteristics of protein. 

Alkali denatur~tJ.on of oeusin occure at nppreciable rates in 

solutions moro .ukuline than p!I s.o. The reaction .follows a 

silllple monomolecular course with an increo.se or the rate of 

dennturation ;;ith en increase of pH. In concentrated solutions 

the denaturation is not reversible. Heat denaturation also follo,,s 

a monomolecular course (Northrop 1930) and is not readily reversible. 

E_emdnogm. on the othor ho.nd, ia • oleo denatured by heat and 

in solutions mo1•e al.ta.lino than pH .8,5 but this denaturation is 

completely i·eversible. Complete denaturation may be demonstrated 

by the inability to redissolve the protein in salt solutions in 

which the native form \Tas :;oluble· and by the f1ct thut it cannot 

be converted to pepsin ,1hen it is acidified, an<l reversibility may 

be 1,ho.m by' u complete return to its original ph.,sieal propertJ.es. 

This dena turution reA(!l!lbles denaturlltion of ti•;rpsin by hest (Anson 

M.L. &1d Mirsk;.r A.E. (1034,,) or of haenoglobln by s-alicylate 

(Anson it.I.. and ''irak-.r .E. )l034b). 

This denuturation is a true equilibrium reaction as can be 

shown by the fact that at any ter.I?e~~tu~6 or pH in heat or alkali 

denaturation, the uantity denatured is the same whether that 

temperature or pH is approachGd from the hieller or the lower v1>.J.ue, 

i.e. v1hether one stl ts with tho denatu:..-ecl or the native form"" 

Upon lone OY-,;JG:;;u;:-c o:: pc.idnogon to the denaturing agents, 

the reversibly denatured material is slowly changed to en 
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irrc;.,orsibl.y denc.tu;red fo:rm. T"ae rate of this change is 

inoi•ea.eed by an increase in temperature or pH and in the case 

of the heat denatui:-ation this reaction follows the monomolecular 

form. At about so0 c. at pH 7.0 and rd th l lllB• protein N. per 

ml., the dena.turation of popsinogen is near the equilibrium 

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

To put the above observations in other ,'IOI'dD~ 

(.:i.) Reversible heat inactivat4ionf Ne\lt:ral., st.t.l t-i'ree pepsinogen 

sol.utions me;y be heated to boiling and then cooled without loss 

of potential activity. If salt is added to the solution the 

denatured form of the protein is precipitated, and by th.is means 

it can be shown that at 50°0. pepsinogen is practically com-pletely 

in the native fonn and at 70°-c. preacticnlly completly denatured, 

indicitting a very high heat of reaction~ 

(b) Bm,tersibJ.g aj..lrr>J i Ulfl,CtiyAt3PJU At pll 7 .O pepsinogen is 

entirely in the aative form, at pH a.s to 10.5 it is denatured, 

but this denaturation is for a _ time reversible. If the 'logarithm 

of the ratio of native to denatured pepainogen at 25°c. is plotted 

against pH, a straight line with a slope of 2 is obtained. This 

shows that the following reaction expresses this equilibrium (Northr~p, 

Kunitz and Herriot 1948). 

Native pepsinogen + 2 oa- ~ Denatured pepsinogen {OH- )
2 

o:r 
log Pepsinogeg = - 2 log(OH- ) + log K 

(pep13.inogen (OH~) 
.;i. 
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Theao two proporti® or :reversible heat Md Alkal.1 

denaturation are entirely different bot,,een popsinoecn and 

pepsin. Ta:l,par-..1 tul'ou ew<n' ?<:Pc' ., 01." pH over 7.0 innttin~ 

Md arevo1'cibl;, ®.®.Wllo 11opa1n. 

Ti-tration of popsinouen or pepoin between pH6.0 end 

12.0 chows tJ.111 t pepsin (which on tbe ulknl:ine side of pU e.o 

is denntured) combines trit.h more alkali bet"1ean pH a.o mid 9.0 

on<l ,r;opeinogE!ll between pH a.o and ~.o, c..rich oorreuponding to 

tho pH of :na:tiwll. dcnaturation; tholJl.h the tot.al groups 

oombining nth lllkali boween pH e,o and 12.0 is the oil.Ille 

in the t~ proteins ( Iortbrop1 Kunitz and Herriot 1948), 

confirming Steinhai'dt•.e:(1937) sutmestion that Alkali iooot,. 

iwtion or pepsin iii the reilult of ionization or u aeries or 

groups. Bolo pli e.o, the 001:1parison in invnl.id becnuse 

or o~-nversion or pepsinosen to pepsin. 

W,~n¥3,91,tl~ ~A$E¢e\QQ --➔• 
Olt.r•wiolot apootl'c. obow little difference bet,.,een 

pepain und pepainoeon, thou,:h c:rne of the eyrc)l3ine absorption 

b.m.do appears a little diCferont in popninouon (Herriot 1938). 

lWPY99loqs4 WP.MSW qg J?@BRQ J!&Q peQpinogen 

studhu on pap::iin are compliCllted b)' the. r ~act that this 

protein is denatured in the blood atrenm (pR 7.o} olmoot 

1.mmad.1.a toly upon inJection tt1 th corresponding ontibodiei? t.o the 
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denatured and not the active pepsin and it is known that denatured 

p1·oteins are not aa Qist1net immunologically a.s the native forms, 

This might ~lain the sometiraes non ... specific results in that 

study. However, 1:t was found by these authors (Scastone e.nd 

Herriot 19$7) that pepsin fro{il a swine; o~ttle and c;ui~ea.-pig 

rer.1-ct.ed w.l.th oerurn t'rom a. rabbit iJil."atmi.zed with ::mine papsin,. 

bUt pepsin from a rabbit chicken or shark did not. This shows 

that onl7 partial species spec,if'.tci ty e:xists. 

Pepsin antisera. that re.acted with pepsin, reacted with 

pepsinogen from .the srune species but not with ·the blood proteins. 

The pepsin is therefore immunologico.lly 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 unavoidal)le denaturation 

of pepsin when injected, rihe~ean pepsinogen remtdns a native 

protein at the pH of blood. 

Immunization sera made with pepsinogen do not react with 

same species serum proteins, nor do serum protein antisera react 

vtl. th ei th.er same species pepsin or pepninogen.. 

'.rn BUnt!?icit'Y, therefor-$ - pepsin and pepsinogen have two 

distinct specificities, They are immunologically d:istinot from 

each other, .froll1 nomal serum prot-eins and generally from pepsin 

of otb.o:r species, thus showing species specificity. This 
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speoii"icitq iG a:i.J:liw w that Qf leni; Pil10tein (N<>r1:.hrop, 

Kuntta ®d Berrio~ 1848). 

t~QN,gct:rio ~~• 

"rhie -.s ueto~1ild by Rerr.iot; (19"88} by C(:ltiJ.phorJ?ais 

men.a1,1reme;itis ot pepio-J.noge.n c.onted ooltoi'.U.on particles l!luspendod 

in m/lO acetate but"rers or vN:'iouo pll valuoa, Bild f'otmd to 

be 3. 7. 'l'bis 1trui ch~ed by t'$.nt;l1ng the pH at 'l?laich ei tl~ 

the IW!imal ruoount of ts.leohQl pl'e¢1¢, tlltod JJO sinogen ox, the 

in~~ prcclpitat(t i-:ao obtained with a constant amount of 

alconol. Thia lmd to be done.\ at o0o; before any a.ppreofabl~ 

activation took place.- $'!:lo ~c l)f: ~t6 r,,.riC(l ~Qro. Pi1 a.<> 

t.a 4.,5 .:dth fit~ ~ t."'lo ~ Ut'-11;, iao:!)J.ee\t'ic point. Tl>At. 

fp,r p.e~~ru is $!fl 2. 'l (lfoi•ta.rop ltl!m) • • 

AIU!AA Nt•a 

The ~no~llit,x,ogen content of' p&pF.!ioogen ia much h:ighor 

than tho.t of poptlin (15 ... 20t) oorre/ilponditlg to tht, 9 amino 

f:t"Qupo epUt oft' during uotivation and ~i't 0£ 11bi¢h (S gr.ol)p-o) 

1$ thougbt to fot'ta. tho dil:ltJQCiatod i.nlubi tor ooeyle;c \rl. th 

pep:,,in between pH s.o ruid e .. o (eee bolo,;,). 

msa,0mar rrsa&•~t 

'fho, ..Uf1'1'.erence :ln molecular weight betwe-,en pap..<>-tn and 

pepa.inoi}een .tu accounte<l for 'by the utitno group13 -$.Pli t off 

dUr;f.ng activation and. -1:1.6 deterl!linod by He1"1•.iot (1958) are 

58,000 t 5,000 fo~ pepsin and 42,000,:1: s,ooo tor pepainosen. 

?heee ti.re oaloulc.too t'i'o1'!1 o~otia PN!l~Fl ~d ~?'e ~-1~1;; 

tlO tio»o th® 6pPl,~to, 
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TYrosine-'.jl'.Y:ptopjlq.n~ Content. 

These wet"e qetel"ll!ined on the denutured fo-rms of both 

pepsin and pepru.nogen and found to be the same (Herd<;>t 1958). 

Since tl;le tyrosine can only be measured by the Folin-Ciocal tea.u 

phenol reag~t at alkaline pll, it is not possible to determine 

the t-.;rrosine content ·of pepsin in its nntive form. That of 

pepsinogon in its na:t.:!. ve .form is lower than in its dena tu1·ed 

form, ·but since this is not comparable to pepsin, this detemination 

is of little galue,. 

Optical ~otatioa: 

See table. 

curl;ign.v;arw was f'ound by Iler-dot (19-58 ) to constitute leas 

t!J.au O.lt of the purified pepsi11ogen and pepsin prepnretions 

or less than 0.2 ml.. of hexose per ml. of protein and therefore 

is probably not an intrinsic part of the protein molecule. 
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COfl:!2 ,;:ron oy .PJ::.!tsl,ROOfili :ro Pn>s1u 

?epsinogcn ·w converted to pepain in aolutionc aore acid 

than pll s.o. (Herriot (1938) atudios th.1c conversion from 

two PQit'lto or view ... the !d.noti-c and tha chomi~. 

Kin§:tic smu; 
ln the kitiet.10. study it, wu.s found tb.nt between pH 4.5 nnd s.o 

the courau or t.ne re:.ction 11s acouratoly d~acdb<c.'d tr.r s:iJllple 

auto0u"Wlytic e,uation. Thill sioply oe..m" that a p1.•oduct 

or the r0;.ction, in tbia caao pepsin, catalyzes the reaction 

w:i.li tbes.•ef'O-re producelil more or iwelf. The reaction ia a.t 

leaut p rt1y aut6ct.tnlytic ut pH tl.O (incorrectJ.y quoted as o.o 

in He.rrict•s 1958 ~por) ~ ohov;:n by an incroane in rnt.o or 

oonv-ort~iori ~n r~il'lin'.:: ;:iorio.:tn. 

'l'ho e.onv-o~sr."'o."l 1--eaction rate vurie-s enomously with pH, 

beine b~i'(llr _1.113rceptil>le a.t pH 6~0 i!.nd rolut.ivoly rapid ut pll 

4.,0, .t.e. 1 tlB• pi:-owj.n ni trouen por r:il. u.t 25°C • .:i.ctiwt.es 

:1n about tllirt:; uinute:;. Hear pfi 1.0 the rate of conve-:-c.ion 

ia nµxil:IW. and nea.l'ly 100 t:wes tt1,.t 't pH 4.0. In solutions 

ooro tlcid than pH 1. 0 tbo process e>f X'O\l!Ction 1e not <1- »icple 

aut.oc,.Wytic ono such i, bctt1een 4-.5 to s.o, though it iu 

partly notocatGlytic cc tm.· o.e pH o.o. "" ~ho1.n by t.~e inerooao 

in conve,::.;ion rat.au b:, the addition of po.)ain. Below pH 1.0 

t.~o rate of c.c t.i . tion docra-, ocs, ~pnrently • not due to nny 

dono.turing otrect or· aciu on pe_p:;in or papeioogeJl• The preucnce 

of stll ts 1n tho odium u.ooeleri toe conversion, depondin6 s.omouhat 
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on the cha .. ""ge or valency and the concentra tiorui of the iono 

of the se.lt; increasing salt concentration inorca.ees the rate 

of reaction on the alkaline side of pH 2.0 but decraasea it on 

the acid side of pH t.O (Northrop, Kunitz and Ilen1.ot). l,t 

PH 2.0 the conversion ia practically instantaneous (SUmner and 

Somez·e 1~45); the tempera.ture coefficient of conve:r-eion or 

x. pepsinogen to pe,>oin ia 2 (Ege and Llenck-'l'hygeaen 1955). 

Chemical atudY of the conversion has shown t.bllt the pepsinogen 

1nolecul.e is broken doVIIl es pepsin ic formed from it, 15 to 20% 

appearing as non-Protein nitrogen, i.e. not procipi tated by bot 

2.5% trichlorace'\iic e.c:i,ci. This ni trogoo io not produced by 

the destruction of pe~~inogen by pepsin, because further addition 

or pepsin to t.he aolution doec; not produce any more non-protein 

ni trogan than in a sponta.neoue autocatalytic reaction. That 

this protein ,1as not :;imply an inpui•i ty \'Ills olrom b'J tho pru>alle:!. 

cmd linear incroaae of tbis fro.et.ton with the increase in peptic 

uctivicy resulting from converaion of pepainogen, and that both 

increuoe or stop together under varied conditions or testing. 

It is believed (Herriot 1938) that this non-protein nitrogen 

f'm:action in part oi:- as a ,:hole acts as a dissociable inhibitor 

of pepoin with llluXimal activity at pH 5.8 where rennet activity is 

measured. At the acid pH or haemoglobin digesUon the inhibitor 

is completely dissociated from tl10 pepsin and therefore need not 

be takefl into account. The conversion of a molecule of ;>ep 0 inogen 

to pepsin relenoos about 9 amino groups hiJ the peptide link 

rupt.\lre only c~used by pepsin. 
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Herriot (1900} aw.tea n1t appoore, t.,en, that upon 

aoidifion.Ucm of 11 nolu·tion of pepaiuogcn, an eneyinatic12lly 

inuctbe, rover 1bly c!enutUJ.·ed protein \'Ii th .i.n isoelectric 

point of pH 3.8 .$.a PPll t at pi•obably not cor-G ·than O pop-tide 

linkugee. to prow.1ce- .PC~)C:l.n, fl2l nct!VQ :ir:·trtor' ib:cy uenatur,ilila 

protein, ;looQlect·.>;!.c t, pI 2,. 1, ond a non-protain oi tl'Ogenous 

rrug.aoot v1bi.ch .oontaine l5 - ~ or the originlll pep1:1in1;1gen 

nit:rogentt~ 

J?J:g~l v~~~ J\Pa:0- \v 9l'. ;Q8ijOi~<in· 

This ir. ortant point 1100 atudie-d by flor:rio·t {1058). 

Since !JJ.l uet11rm.inutJ.one of poptio wt.i ·r.t ty of pepsinog.en 

are done at pH ribore pepeinogen is converted ru;.>idq t.o 

1,op~in, t\'Jo eat.uw.tions - rennet 2l.?ld gelatin viacosicy 

1J.X'o carried out a.t pl1 s,.a and 4.7 ;1here little pep~nogen 

b converte to pepsin 1i thin the tine rei: uiretl for eati?natJ.on~ 

The follotling tal.llQ uhowa tl1~t pa;minogen is praoticall:, 

inactive p:rotaolytj.call7, 
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TABLE NO: . . 2 

(a) SPegil'ic aotirtj,igs, 

Uatedt.:ls 

Haemoglobin 
Hb 

(P._o.) mg.P.N. 

Uethods. 

ften."let, Ocl. viccosi ty Edes Jan UPJ'l 
P.en. ael.V Ed.Sol. 

(P.U~) c;;.?.Nw (P.U.)mg.P.N. (.P.,U.) mg., P.U. 

------------------------------------------·------------
fu,; cry.nt...<tlll.;;ed P®ke &wn 

p-q:;iein 

k Ct'fSt..JJ..i.~ Park1:1 Pavia 
;>epsln 

2x erystallii.ed CUdabf 
pel.)Sin 

Sx cr-.rstallised <Judaby 
i)0i)Sin 

Crysta.llin-e pepsin fro0 
crJstalline peps1nogim 

-3x Crystallized papainogoo 

o.:u 

0.22 

o .. w 

0-.26 

o,.a; 

r., 1$ o.so 

410 18 0.44 

455 3$ o~s-7 

470 33 o .. ss 

;,SO 12 -o.48 

l 1 



TABLE NO: 2 

{l>} :Cpqei,i'.!,<. l\1tJm:hlA~ nqt;) J,itii,.ge 9£ .!?9ps:1M'<ffi prepr.u.•atiqgs .. 

I!ntel'ial.1;1 Yuthods. 

Ilaemoglchlti Rennet Gel. -docosity Eae:;tin BPtl 
flb. !ten. Oel. vis Rd, Sol. 

(P.U.) cg.P_,!l_.. (P.O.) mg.P.B .. (P._o.) mg.PJJ .. (P.O.) mg. P~N. 

~ Cr)'stalllaed pepsinogen o .. oo 575 17 0.42 -
Aver~ of 10 pr-eparationa 0.22 250 - 500 -

rl 
o.f' iJ€,;)l'.lin08GD. 

(V') 

3 copper treat:llent but- 0 .. 21 270 17 o.48 
uuc:cy.;tnlllsed pepsinogen 

table froQ iltn"rtot (19~8) 
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section (a) or the reble ahowa the aimilm.-;itq bowoan 

dii'terent samples or pcpain,, m-iether· <iet'ived .t'ro!!l o~ercial 

or pep inogm sovrces 
I 
end the inaotivi tq of pepa;inogen. 

Tii,ble (b) f)hom, tha.t tW.t1 pep:iinoeen i:.i pot1mt11tl.ly active, 

:1.e .. when ,e.onve:rted to pep.sin, 

:i;nac.ti va:t4gn of poijq¥19ggij 

Pepeinogen may be .1rul..ctivatod ~ he~:t;, ulw-~violet light-1 

icdine and by pres.sure. (Northrop,. Kunitz anti Ho:t'li,ot 1948) • 
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Thie chapter d.elils wd. t::1 theoretical ana pr~ctiool 

conaidera.tJ.omi involved in pepdnoten ;.).t'lPAY, the lutter 

mainly copcern,~ with ti)e r...riouti iaothod~ ~ployed, wbieh 

Theoutica.1 Coru,iqew~l~• 

P~[Joi~~ i:-, tl.w iuuct.tv-@ pt'O®r®:t> of. ,?-epc;S.n. 'l'hi:U 

inAOi,;i,.v,1. t.1;.t b lXlen oonrix-rnetl on ' the crystalline pepeinogen 

il:lOliitetl in tho PUNl L'Ol'l!l U1J Ucr:riot (1058). !t had 'been 

thought thut ~t pH 4.5 pepiiinogen did l!quefy gala.tin slowJ.y, but 

it io known that at that pH pepainofen is slowl.y autoc"'tlllyticell.y 

trnno!'omeq ;into active pe.pein l'lhich is juot deteotably aotive 
1948) 

o.t that pH (Northrop, Kun11W ®d Hcx•riot/ and this a.etiv.ity, 

theref01•i), i'° of tile pepsin so formed. H~r.io'!, ht.lU $hown Uw.t 

ln order, th.er.e.ro:i:·e, to Qtlscy pepsinogen, one bas to 

expreoc the ve ul ts in t.ermo of pepnin, i,ince it has to be 

cblt.Qged into pepsin before ahowing 4ny aot.ivHq and then by 
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definition, at t,.'ie pH of as~, it is pepQin• There!'ore in 

apenk1ng o.r pepo.inogen asoo::,, one in £act in d81lliog \Yi th 

papa-in assay, preceded by tho convai.•:Jion of popQinoecn into 

The only question one hB.& to onswer in tJmt case 1a how 

nip.idly pepeinoeEJi ill t.ronafomed into pepsin aoo whether a 

etandard reproducible peroeutasa- ie tranoi'omed into active 

pepain (see Bl.ea Chapter ll). Ir '!ihe trl'..nsformation is not 

•ooi~te or COlllploto,. . one> would have to incorpQrate a sui~ble 

t1t:le and ooncentro.tion or aeid in the method to obtain standard 

roeult8 for pepsinogen eutiMtion. The convcroion into pepoin 

. has beai stated to be rapid o.t pfl l.O to B.o, sl.o.w at a.o t.Q 

4.0 and very slow above thnt (Gottlieb 1924), though thooe 

ropu1t3 shoUld be interp;.-eted with caution aince h.o used the 

ina.coU1'ate fibrin method in that c'tud,y. Ege end Menok-Thyge on 

(1955) ha.vo ohown that conve1-13ion sto.:rta at pll 5.1, o.nd is ten 

til:les more 'rapid o.t pH 4.1, At pll 2.0 it ia iootanw1ooue 

($\.mlner and Sooara !.043). ~'io.-t (l.OSS) rr~.tc::: tl'l!,t. conw:·:?ion 

o:£ ccy-atnlllnc pc;,x~:.J.tli:>gon ~co at pil 6.0 and iD :lncrca$ingly 

rnp.i<l .at lo11e~ H (seo Chapter ll). 

Tha accompaeyins eraph shom.i th&t the converuion io full 
l!b 

activi t,r (0 ... 22 p.u" /cg.H) 5,o not conpleto at pH 4.G for about 

12 hourth 
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.24 - Theoretical .burvt?, calculated. from 

9 ~u~ocatalytic equation _ ~ 
.20 

::lil 
3 .16 
a 

.04 

Kinhemoglobinunits•3.0 / • 8 
K ll; gelatin v·untts • 0/.057

0

: :~ 

5.e! 

4f 
/o x-Qb,,ro,,l lwmoglobin acliull!I {J!{J}HI 3 .:i1 

, / • · 0/,s,roed gelatin ariluity [E!U.]C.LV· 
2 

~:- . __!.--"' •.., l 

00;.-~==,!2;__+3-4!--!5e--!6--!-7-8!---,9'---"10~+1!-IJ,.2~11,-3_JO 

Activation time (hour.,} 

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

Fig. 3. Co;nversion of crystalline pepsinogen to pepsin 
(Northrop, Kunitz and Herriot, 1948) 

Thia arap.~ further shown that the oxj?Orimantul res-ult follo a 

an iu..iecte<l autocata.'tytic reaction 

~ = KA (Ao - A) 

\'l1ei·e A ::: aoti vi ty at the tine, t, and .Ao ia the rina.l 

activity. Tho .. ·ute oi' reaction liopend8 011 Ulo cci dit.y, salt 

conccntru.~i on nnu pe sino~ anu pepsin conoentt-ations, which 

m~ be a~iaod ao f ollorm (tJortl:u-<>p., -uni ta l.llltl Herriot 1948). 

(l ) The addition or i-lOi>rlin or inore sing the concontrutJ.on of 

pep1:1;i.noG.en increuae'Hi the i·a.te of reaction unu.er all condj tion • 

T110 retietion i~ tiu'efore oesontially uut,oc~wlytic t1 roufihout . 

(~) Tho re..ction io catalyzed alo11l7 by hydrogen iom,. 

{:l) The r action h a imu~. ratn near >ri 2 0 
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(4) Increa&:l.n& tr.e salt concentration ,inorea!Ws the rate o.t" reaction 

o1' pn r.~o 

(5) lf1 $ .o1utiou more a.mu tbel1 pR 4 .. 5 o;i:· .in ·too ptooi,nce 0£ 

high conc1M.1trutiou or 1,mlt, the PeJ:>sdn ap.Je:!lrs i.n solution in 

combinc. ti.on w-lth au inhl bi t4ng eubr, trmeE: deri vod £:t-om part of 

The entJ.1'e r~ction, thererore, takes pl.Ace ,1;} fo,13.,'(),mf 

For practical pllrilOSOP> therefore., one n:iy ouisuae t.'mt 11em­

pH 2.0 pa;winogen is ·inetunt.'.nooual7 con·.rGTte:d jnto pepnin (2uoner 

and &>mers 1~&;:S} • 

E'ffieri@ffit&l ohs~t'V4t109e. 

These deal ~ith t\l1 atteli.lpt to show hor< r~,id'.l.y the urinl.ll"Y 

pep11linogon i~ conve1·ted to pepf.in, end ho71 soon nl'ter u1Y' t Uri 11 
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S a.-cidified urines up to 60 r.iinuteti n tor ru:iidiL'ic<.1.tJon to pn :::.o 

b:, tlj.ld.fle 10 tu.. urine :A'bh t-.5 • '.!.• o.o-:.o !1 ECl. 

l 

i 1n 
1otivj'l;y 

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

lti G ~'IU .t~ tilOOI) flgures that the conversion to pepsin. 

is rapid at pH ~ .. o but· that tifter aoidif'ication o. rni,1d decline 

in the c<>ncentr&t1on or nssnyable pep:;i,n occurts. The eil:!ilarity 

in curvee between u-rines l iind and the difference bet'/71.'len thoee 

und urine 5 is probably explained by t.'lo diffe1·e:nce in concentrations 

of _pe.r,Bcinogen, tl!ld oseibly one might assume a difference in salt 

conoattt· tion het·1 een tbel*-- urineo, th!lt is tllat m:th higher 

concentra:liion~ a sttong:er eot.icontr4tion or in.'11trltor is .famed, 

or rAthe-r that. nt low- oonoent-rationo ot pepldnogen (and presur:m..bly ' 

othf.W subatanoen) in diluto urlne, little or no inhibition or 
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llOt certain, though probable. It io therefore G$riential to 

first acidify the urine arul then digoot M soon cu, :>oadble af'ter 

Having established, rather unsatimf-.ctoril • it ilIUSt be 

admi tted.1 that pa,psinouen ie rt:\piuly &.u !:ocntalyticAll:y (and 

ix-re-,arclbl.7) t.ranstoroed into pepl;li-n at pll i.o. end thio 

pro11Ulllllbl:7 ~ally, tlic r-ent or the di•cussion "1ll be concemed 

with tho w:isay of the pepnin so f.onned i"rom pepainoeen~ 

Bafore prooeedi~ to u. disousei® or diftevcmt t1ethods1 

the1.1e methods shoi,tltl be exandne<i in the light of the kinetics or 

en~ e f;lea5Ul'e!llent1 which flt the picture of u two pbm:10 roact1on 

'l'hia lll0atl.$ that there should be sufN.eient subetra.te to allow 

the en:i:y:ne to act ut m.a:ir.1!llf'J. speed, Md only tho ini tia!. speed 

of the reaction .is meaeured. tr tuia pc,riod is uhort onough the 

BlllO'llnt of eubatru.te eplit ill be proportional to the an.--ount of 

enzyme prea.ent. Thie _pedod mu t l:le lone enough, also, to alJ.ow 

of &ccurate ttoing and uamiureeent or the 1:ubstMto clecomposed, 

but not so lonz c.s to allow ouff'foicnt or ttie aub~t.1·11.te to bo 

deett-oyed so that t11rJ oozyn10 dll haw.¼ to woJ•k at only part or 

its M~J.. opeed, A short period or 5 to 60 rn!nutoo hna several 

( a,) 1 t lil!li ts the wnoun t. of ena;,rrne decot1p0ee eo that the 



- 59 -

concontmt.ion retm.11:la high enough to support llll:IXiml activity, 

(b) the i.hort reaetion lillli ta the aoeui:mlat!on of Cl:'ld-,;>1•o<lucw 

uh1ch maht re "'d tho action o!' tho on~o, 

(o) it ~:sea tile cilfll:lc~ of inacw.v.ation or the ~:s;,rne under 

conditions or the teat. 

'lhla io the technique eoployed in peptic assay -r.1 th the 

baet.1oilobiu method and ie em:phasiaed later in thin chapter (p. 61 ) 

l!l9h9ia13g ~- ActiyUz meguril'}gn1; ~ wbatrate solyik9Aa. so 
dilute :~W+t tho po~lecular ;tnw fo BiPJ¼lo.tEJSi,, 

on o.pply:J.ne tho dJ.(l,.ay1ay J:JOno.i;;oleculm:· £ot'l!lUltl. and its con:ta.nt 

will wry ciireotlj• 1Yith the a~unt of enzyoe present. Thia ie 

only advantageous where Uie eubatrote is relnth·ely insoluble. 

ToghnigQe s, One may uae the genernl la.w that wit.~ a given 

substrate the time required to deoompose a given fraction ~ill 

vary in in,rers~ proportion to t."le ruaaunt ot eniyoe preaent. Thia 

ia the baeis o!' Mott• s ·method {p, 42 ) • Thio n.p;,lioo to Di thor­

ToobnMl.lW l Qt" ~- lt a:th'O hoicln, ~o:ll'ul.000 o!.' hot:t tho p1"0!.luct;J 

&i"i'oct t~ on2J'):lo., uinco conil:i tiona of digestion 1-l.t'e the so.me 

if the :M:ie UllOUOt of aobakate is hydrol.yaed. Ono c:ondi tion 0£ 

fuilura is tho. t \lhet·e the en a100 losn1 its activity dur.ipa the 

remotion. -;;'hore a relatively inactive ena:,t.1e \'IOUld t.1ke co lofl€ 

to digest u fixed e.1110unt of tiosue that it r;oul1 become inactive, 

the oney,;ie might dimappeiir betore the exvaoted di&ention -nae cooplete. 

ThiD method; the.:refore, depends on st.1.biUt.y of the encyl!lo. 
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Furthe?'lllora, catal;rflU by definition affect onl;r the velocity 

of .t reaction and the activity of o. catalyflt, there!'o-re, should be 

expresvoo. U6 a veloci tjy ocmsttmt. Since enz1llles ar-0 generully 

conoidered to be c11tru.ysta, the unit of enzyme e.otiv:i ty should 

also be e~preused As a velocity oonutant. In order to do this, 

however, it io neoessury to kno~ tho kl.notio ~ti.on !or tho 

roaotion;. ln tM ou.oe o.£ ~t ~e t"OOCttons, this -OQttntion in 

oot kno-illl ~d it ,i.t1 t;ie1.-~fore not possible to expres.e the a.otivi ty 

or the enzyme&~ a velocity conowi.t. 

Therefore, an arbitrary definition of_ actlvity 1-.,u.s to _be 

u~Gd and fo!t" pepsin, it ill convenient to e~preJJe i..ctivit<J in terms 

o~ the 11ini tinl r,ita of z·eactJ.on due to the presenofllQf the en:tyme 11 

(Northrop 1952). Thi a do!'ini tion ia uaeful for t1tml;ti0ql l"l<>rk 

and tey b1,t 1.umd to co.lllpare the aotivi ty or vtirious (11,1anti ties or 

the f:11;Ull0 eney!?le 11tith the sa."le euboti-ate, bu_t cannot be uaed to 

compare the activ1 ty or different enzymes actin& ·on different. 

illubotrataa. Proteolytic activity, ae deti.nect t.hio wny, corresponds 

to the meEi-ourel'lent oi' opticnl activity and refers to a property of 

tb~ {tOlUti◊n (Horthrop 1932) • 

I;M<;WW, Wffil!JBP~Tl,9!Q1 

Th«;o teol:uu.~uei. and thif.l · derilli tJ.on should tnerefore be 

applic;.,.W.e in so;11e wo:y w the v;i.rious iaethods employed ror peptio 

&aeay. In ad.di tion to thrne con·aiderationa,, the ynrds·t.ick of 

4miotieabili ty should be applied to any r:aetllod as e:xru:iined. 
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It .rould perh~a be best nt t.bis st,aee to 11st tile various 

methods U1~t hnve be.$1 employed in peptic as~ before proceeding 

to further di soutiaion on tht'll!l• 

- ~t\Tf"@.} 

1778 Stevena 

1839 "fflSl!lllrul 

188.l Brffoke 

1801 Orotzne;L' 

l886 Ge~ig 

1894 Mett 

1884 Hnmmersohl.ag 

1907 Fold and Levieon 

1907 Jacoby and Sl:>lm5 

1908 Qross 

1909 Liebmann 

1921. Yio!:mells 

l.022 GltWCotiet-

19~ ~o 

1922 Looper and Debray. 

1922to(Euler ) 
1952 ~Will6tatter) 

{:tJQrthrop ) 

~-

Meat liquefied by r.astric juice. 

Discover; of pe,i)Sin....digestion of ceat and 
egg-white. 

Ftbrin flalcea, efre-,v1hite. 

Soli<.i .f'ibt•in. 

Carmine etllint.'ti. fibrin. 

1118e--.:;h1 t.e tubes. 

~g- 1,W.te precipitation .dth Eebo.cn*s 
roag-ant~ 

Edestin 

flioin 

Casein 

JJ'€g-wbi te $w:peru;ion. 

SerutJ proteino 

01~ (ot Hb) uii-b pr-®,ipiti.d,:lon 

lllleetin r.:odii'ied tti th titration method. 

Blood protoiWt for blood on:,zymes. 

(Rennet 
(Gelatin viacoei ty changes 
(Fomat.ion of soluble nitrogen 
( Increaso in formol ... ti tro tion. 

fu\~OOLOBIN 
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'tho methods described up to 192~ can bl) divided into tw 

groupD (Gl.Aossnor l92t) 

(1) Thoae depondine on the digestion of oolid protcina, ood 

(2) Those dopendine on tho >recipi tation or protoin in solution. 

l. Methgd.q depenqliiry: ,RD :W3e dige!i tj,on of eqlitl m;Qtlai 11.!1 .. 

(a ) Drllcko (1861) d,o usou tte clmiritli;: or cuorcnoionc or 

ocg...oJ.bwin at roo;:i t.«i,:,,m-ature or or fibdn flukes t 36°- ,10°0 

, nu ~,-c.o tho ria·st to detect peptio zactivity in the urine which 

he acidified, on collection, m. th phospnoric iieid. Tllo egg wW te 

meu~od was le.tar atlo ·tad by Liebmann (1909). 

(b) Grlltzner (189::.) ltho digested uolid J'.'iln.·in, ~wd who 

(c) witb Suhli un ... 0ehridl9135 anti. 18&6) modified by stuining 

tlle fibrin v:ith cal"!nino und ue &urine tbe ®cunt of dyo released 

eJ.'t,es.· <llgestion. The fibrin w::i.s preoerved in glycerin from 

which it w~ re!llo,red prior to use eml tti.xe<l Y1i th oquol a.mounto of 

o.U llCl llafore ad<li tion of tho gaetrio Juke. · The cUoll.dvnntaeeo 

or the 1Aethod ure the inequ~li t:r of different st:cyles of c•ui:une­

ataini~ of tho fibrin, the long tiL.ie necessary for estimation 

&ntl the c:U:f'f'i<:ultv" of the r.1ethod, It iaight be sufficient for 

gross work but is useless for accurate or cooporc.blc .invc:;ti-no.t;.iono 

nnd bao lone; oinoo been a~oo!lGd. 

(a) '!he oetuod or t.tett (l.1394) modified by l'iieranoteiner ond 

Schiff (100!:) in Vlhiah glasa tubes .u-0 rilled wHh coagula.ted eg13-

white and euapanded in the aoidifie,: ta.st solution. 'l'hit. method 

ia still in .fairly \Yide cUnicAl uoe and hno th t'ldvantoge or being 
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ooay. However, tho diaadVtmt.agea BU<:h as ei·osn inMouro.cy o.t 

high pepeln concentrations, the vllg\le and point and the quei;tion of 

the acou1•0.o:, or Sohutz•a law by l'lhioh the results are worked out, 

eorveo to discredit this t?ttthod £or any but the crossest cliniceJ. 

uso. 

(e) Jaaoby and Sohm (1907) who depend on tho clea.dll€ or a 

fine euspens.ion of ricin/egg 1hito., Th.to uet.hotl fall~ dom on 

the difficulty of prepuring u. reproducible substrate nnd or the 

inherent difficulty in moasurin« losses in tranoluoenoy of n 

auapcnsion in which the ,pnrtJ.4!lea are not entirely uniform. 

(f') The motbod of' J.!iohaelia (19U) who used suspensions or 

diluted hUlllc.n {12x) or ooeep :ieruo (15x) pNCi,itAtctl m.t.b lot 
laillphoP(llicylic uold to prouuco u ttil.~.r eus oosion ws tho flmle 

objocli!l'.)UEJ a:, tho prG'!J".lO® lil~thod und i6 just as tedious. 

The objection to ~.ll these :~et.hods (except !.:ett•z) is tho.t 

they :.1:-e all tad.ioua and including Matt•o, were inAcc1Jro.ta becnu.sa 

or dH'.f.'ioulty in prepuring raproduciblo aubetr11to1, enu of 8.CCUrately 

measuring ond-,i:ioints. Uono of theae a.utbors ooultl ceaaur-e 

aocurately tho pH of the digest and ~ere tle.'efore .;;.'Ossibly digestJ.ng 

~t non-optimi.u. pH. 

II. ~t,Qqp depending on clmngg in prcs;ipi ta ti.on or qissol v>ed 2ro\ai;w 

(1) H;.mmerschll.lG (1894} who used the rric:t that egg-whit in 

aolution is precipitated b'J' Esbo.ch'o rell&ent Mei loees thifl prope:i:-ty 

on baing c.lig&ated by pe;,sin. The estimation takes c. long tir.ie, the 

end-point is vague und ono needo 4 larGe amount of e~trio juicoJ 
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con:Je-.u tl;f the :.e hod did not survive :or l " • 

(;?) The lreci it. t.ion oeth0< or f'uld and Levison (l 7) in 

hich F.de:;tin in run is c.ii;es llD<i tbe un ge"tec. po:-tion p_'ecl.pi tee! 

\11th nacl. T:lie is than ti tt·1. ted th alkali ( ) and the ni:.ount 

o£ uO!i uoed to diaoolve t! e . rocin:. .atc1.. ll"Gestin e ures the 

aoount untli.gof!too• Tho object.iona to thia ciethod are difi'icultq 

, in tM preparation of oubstrute# 1n juali ty or eao lcfl 8.Ild t.'10 

vague end-poi t of solution of undieested Edootin. 

(5) Qroos (1908} ffl10 employed dcllnr pr~ciple to Fuld and 

Lev.l.$on, but uaad naoein in HCl, incubat vith g tric Juico for 

15 w.nutes 11t 39-40°C.; undige:ited oosein it; prooi itcltoo. by 

sodium ucetat.e, the ~unt reuni(l.Ul{! beinc o{Kld o.• n illdw: of 

. er,tic nctiv.l t:, b;r t1ubt.t·~ct.1on. O!>Jcot1on to cotboJ 

tl: t puro OtlOOin in uot. e~ ,i to keep ontl impure cr,oeln doe:: not 

rJivo a. clear ~iolution or n shArp end-point, Grose (1906) 

coJ!ll:lenood on tbo SCh6t_z...Bon-isow law (1902) hich sto.tea that. 

pepuin uctivit/ it:: i'r0r"IOrtioMl to the oqu!l.t'i!l or the proto;l.n 

digootea.. ne ohowed tl1oit }e)Mc activity i oathemutioally 

proportiillru.tl to the amount c~gentad. 

(4) CU.Ueoope<x (l:022) (W;lploycd t!10 c;lobin o: ho.esoglobin 'ifhich 

ir. preoipH..:,ted "'ith az:oonin Mtl 1-edia~olvet\ id th Nn,01 ai; a l:leasure 

of the .~unt left 0'7er a!'tor diceotion. 

The objection to the $econd group or motho<lo is tho tedious 

nature of ttie method - where ten to tmmt:r tubeo of vurious lutions 

of test substance5 m·o OlllJ)loyed, th(it at boot ao,C uocui·ncy ie 
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i)06Diblo, un<l t.llut the jUdl,,.'lllont o~ end-point o~ o 01 t,;' oi' 

auepensione au 9reci.1i tt.teis is dir!'icult. 

(5) Ege (l9:!3} ir.lp1·0vod the mothoC.: or Ful, .. :md wm1 tho r1rst to 

ti.ooaure the ph of hi~ dice: t. !lo uoorJ l() r.ll. edostin in uoot:.ic 

1 ndu e.t .Pfl l.,5 to l.6 , with l ril. of teat r1u1..i <md prooip.i t..'\ted 

"11it!1 up to 5 .cl.. of :::.0% Hc.i.01, £01101100 'by 70~ (?Ul4)i:.S04 and in a 

coll\;>m:·ioon chtUJ:be::-, caupured tlli to u otun .rlr( o.s:,; nuti rnbic 

uspension. The end-point I a re,mx:1uoiblo to tvi thin l - 3 tl.ropa 

or vrecipi t-:mt. Thit1 IJothod wus fu1·tho1• r fin-0(! by conipr.l'inc th 

unknowo w;l. th at.ui1diu·d Arnou c pe~,i,in. The L.to thou v,au lo tor uaod 

by CotUieb (19t4) 11ho clai~t;,d uu aocurac;:r of 05/, I.Ind rcmafo d 

in ~enc~l sue i'or acientii'io work until thn hr. ::01.:lob.n notho,:.l 

ot An:Jon llll 1!:i r~ky ( 10'":?) vU,X!rllOOfid .:. t. 

tho objoctiono to l theeo taothotla may be hric,tly t-eollpi tutu t.ed. 

All the ~etboua except ~ott1o (1894) and poo iblJ Liubmunn'a (1000) 

are tediOUlii untl impruetical; t.lte a<lv.antnf;o or 171opl1c1ty 1n tho 

llltter is c.-:mcell.ed. by their inaccuracy, and tho othor1t, C!:-'.c:o.;,t 

that of F.l;C (l9LE) t:.:-e inn.oc:ur~tc as 11011 ;1, todioui.;. Oubotr t;oo 

or eact of thei:ai 1:i.etllodtl e.re c:ti f!'l cult to pr-0111. re IJJ'J• uro not 

roprouuc.ible. T;.--:e l11tt.cr !'nult i , l>crlmv:· their r;re1.1.toct dr ... "11b1.1ok. 

Tho end-Poin tu in ull thonc uathodr depaid on nephclor.iotric t1eaeurc:acnt 

illld ao sue, , rec~uire oo m.:m:, oboor~itioni to bo acouru.to, r.IJ to 

invalid:.te it ac u. pr!nciplo for ccnpnrc.ti VIJ mel.WUt'<ll:lcnt, 

.!.ll the e..uthorc, e>-.cept ~e (19~5) ttnd. Gottliab(lWA) did not 

oee.suro the. pU of the tlit;ect mia one nurt neo\l!le t hcit cony or tboir 
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obaoNt.Ltian,s uer~ ·~ri di(ieeti; tha,t .re1·c not nt optililum pr cm 

tbere!'ora llt:>t ·CO!il!~:t-ablo. AU tho t.io-t;tiooa .quoted, {;r;;cept thut 

Qf orosi.l (lPOO) . 001ployoo lonu incubation ti111ea and an incubation 

wh1ob io nllovred to proceed up to 120 houi·a {Gottlieb fo:r se1"t,ltil 
. ' ' -

pepeinogen) lli open to serious ori ticism, a~ lll'e mtny that WOI'O 

inaµbatad .for ll:l - 00 hours, for go.stria juico or. urine (aee 

P• 61 ) 

Tti.0 v~riOUtJ j'.)dnciples 1:inu techniques involv.ed in P8?tie 

aeaa:,- are disouaoed bt Northrop (193Z.:) under thrile headings, 

(1) the meaau:rooent ot clw.nges in viscosity of protein 9roduood 

by pepein, 

(ii) the prodl:i~tion of .u~,..p:rotoitn ni ttiogott b<J vnva~"l and th() 

tle~tion of a.o'ttvitq by the increane in foriaol 

ti~ iCltl• 'Thia- introduces a new o;rient/lt,ion towo.rcm 

1.;1etbod:3 of pe,ptic .asaoy Md at the same tin:e n rational 

approo.otl ·to the uction of pepoin on protein solutiono. 
(iii) t he production of amino(carboxyl ) groups . 

The flrst ef'foot or pe~oin on a protein solution i6 a 

rapid dec,-i-mrne .in· viscoc.~ tq of the solution, tile second a s.lowr 

decreo.ao in aubatra.te protein nitrogen ,md tllirdl.1, tho elowest 

of all , 'an 1110:i.-ool;lc ~ the nugber o.f tftre.ta.blo curboxyl(w:lino} 

groupa. Ot.hei· changes whioh occur, Wt are leso apecit'ic, ure . 

in .the opt104 ,ioitivjty !lnd in conductivity. Tile three 1"01--mer 
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ure the more ohilracteriotic or changes in u protein eolution. 

l• Vi,qcgaitq Cl.H!AH9• 

ViacOt'!ity chl.ll:lgeG may be meaoured eusily tmtl rapidly and 

a.ocuratel:y ( error of ~:t) (?lort11rop and Hua• ey 1923). The 

dinf.l.dv-.mtate i:; .fi2•atJ.y that or prepu.ring co1:1p.1ra'ble protein 

substrates, though gelatin 1s fn1rly constant eubstrato; and 

oecondly, aoo. perhaps core iaporto.nt, that the si ni.f!oanoo 

of viacosi ty 0tier1ues und t )oi r rol~•t;.ion bl the ctlOClicru. oh~oo 

a.re oiXJclll:"Q• 

The prot>;;ins uGod by Northrop (1932) ·in deterttining: 

v:iocoai ty changes nre gelatin, edostin, ccluoin nnu dr.10<1 oilk 

(for tho o~Goin solut.:10, ) 

Tho detailu of oach lll1Jt.tioil and n di "ou:;aion of the tecbniquo 

at'_ <;ie crib&!l in tho.t pu. er, lie cbit1s th· t tho results are 

proportJ.on.;-.l to the concentration of en21)'llle, though the results 

arc f'or ono concontx·e. Uon only untl aro proport,ioruil to Ur.le in 

that stud,7. 

Protein v. 
The arbitrtiry units for tbie method, deoignuted (P.O.) 

re defined aD follows - one un.i t or act1'.>1 ty 1 o de"incd an a 

olwnge in t 1e o_pecif'ic ,r1.,co1iity of t.'le otandard protein solution 

t.it os.s0o. at the ro.te or 1 per cent per minute. Tha P.Urui't.!tq 

of n.'tteri,tl posoe11oin£; ()JlO unit oi" ootivity 1-0 th'.lt· JlM~fq 

• iob mll cmusa thi :--;to or ch,mt:-G in the visco 1 tt when 

contaiocu s ... ml. or the sto.ndurd digeotion DiJcturc. The 
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choice of PGrcentage is booause this vlll.ue i:. independent of 

fo becc.use at only thu.t tempornturo 1c golatin viscooi ty stable. 

nan 
F'Or the coo&ulation of milk( (P.u.) ) the ini tfol :;lope of 

the curve l e not •· tx·• gilt ood the percenta.ge inor~e in viooosi ty 

is det<m:1ined ar'bi trarily frot.1 the point t ;,hlcll the op<,l<l.ific 
' ' 

v,isca·si ty i,a doubled and is obtained by dividinfl 100 by the 

!I in1e prod9c)1smnsr Noo-m:;gtein ru trO/iI§ll• 

Tho production of non-protein nitrogon is the second ttetl10d 

of deterclni11g pep-tic activity, It ie not clo::.1· whnt th~ oi.:iet 

s.ignii'ioonco of' th1.ioe o.~cn i.; :in l"aliit,ion 'to ch~'Jical. ch.in,;eo 

:.mu btiu tho <ilua.dvt.n • e of: being somewhat sloner then viocooity 

chcmge fljeusur81l!ents and of the fact that thero ifi no ai1:1ple 

relo.t:ion bot;;;aoo the amount oi' non-protein .nitrogen pro ucod ond 

the, .mount or o.ctive: eneyuo, e:,icopt when hhe latter is vei,vy amlill 

nntl then the determination ia inacct.u:ate. 

Thio dotcnaina tion is made ;ii th c,wein antl edootin only 

wlaro the rosults are proport.ioruu Cor lo~, conoentratione of 

enayine oi- in tho 1nitJel ~art, of the <ligest1on. 1\·o methocit: 11re 

uvf~ilable - to zi~eui•a the increase oi' non-pr-otein x>.i trogien 

after dif.rerant time interva.lt with a. i"i:i.eu conoentrntion or 

en~eJ or to meiu,ure the increaue of non-protoin ni t1•ogan o.rtar 

a fixed tir.11, ,i tb varyj.ne oonc<,ntrat.ion:; of mzyme. lt is 
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UGUally nc,ceiH)lil'f to mea~ure mor'.:! than one cono®tration o.r nn 

unkuo.m ency-me solution beo®se th~ curves obtained, and intor­

preted b-,1 intei•pol.ation, may vary cons.tdernbly with tba purity 

of solution and specific activity must ba 1ndepimdent of the 

quantity of the enzyao used. 

Prot .. S 
In this method, one unit o.t' a.otivitq (P.O.-) io defined 

cui Um liber,1tion o.f' non-pro~n nitrogen at the rate of l m.Eq. 

pe:r minute at 5.[i0 o. in 5,.0 ml. of standard digestion mixture 

by that lil.fl!ount or en~yme containel'.1 in s.o mi. or the digestion 

mixture, and is .obtained f):'O~ curve of either of the two methods 

moo ti oned in the precedill{s pv.:ragraph. 

III. ?ha ru:9.dyotion or 1.!J!dqg(qarngwJ,) i;;rQtJ~• 

Tho protluotion or :i.m!no (c:.1·~1) erour,Q !.'lo,::1 the r~'ll<3ll~& 

,mo\lnt produced ia l3'illlll und !11:l vii tb the fol."lller method, no't. 

simply proportion~l to t..ha w;aol.lllt of en:1iJ"l!le precent. :rt is 

Ill.so rathe:i:- inaccure.to· :mu rather diftioult. 

111 thi.a aetbod, gelatin, oase-in and adestin n..0: 1,1Gcd and 

cut-vee:, p;i.'Oduoed as before~ activity boing dctan.'line<l !'ram the 

ini.tial islopa or the curve. l'li th the al:Ulle suoutrutoa the error 

ia .t s:~, but with cd..ff'ereut fl{Wples the ari·or iP o!'ten greater 

and unprediotu.ble. 

rrot.r 
one unit, or nctiv.!..ty (P.O.) by this method ie defined 
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a1,; an im:reuse in tha ciu•bozyl (or- c.wdno) groups in G.O nQ.. of 

the standa.r..t cligect.ion mfature at 35.5QC. at the rat of l m.Eq. 

per lllinut.e, oous1.'<1 b;y that amount of enzyma contained in this 

muture. 

IlC>i'~r, u much ao. l coo oothoJ.& £'om a acrioue attempt 

nt i:,~ ut,h-is coma .action of pepsint they do not, app~oa.cti the 

ideal I1hich . should contain f'tiotor3. for all the 'VO.l'iouo condi tione 

nffecting the activity of tho enzyme so t.llat u construit figure 

.!'or tile ne:i;ivit;y would be obt!J.nod, no matter ho-, tho dotominations 

were oa.r~ied out, i'lhile it ia dif'fioul t to correlate all tile 

differing £acto"rs nffeoting papt.ic digeut.:ion and impost,;ible to 

connect all in one s-Jatea ot abDolute ·unit$, t.~e hnemoglobin 

method of l.llson Slid Mirsky · (19 2) 1:ms several advan1;aeeo over 

otb.er methOda. 

Theee ares- accuracy or .t:,flueu1'1ne the enti products, rapid 

digestion by pevu1u giving a1roportionaU ty or renul ts for both 

concentr-u.-W..on of . enzyme and time within litli ta of e;.trc..i::ms, £llld 

~doi:rable reproducibility of suba~(tto, ubilit;, or tho i:;~l>.:rt,u.to 

to keep f◊ •. lone 1,m.•iodo uo.a. •\tlt;Od, @<l the fact tha. t timtul 

W.l'i.ationa in e~ ti.On$ of the test do not influence tho reaul t. 

Tto oooz:iotlobin sethod mw the-re!'orc chosen for vee in thii:; 

atuu;r b~cu.use it.fl tJ eor tioll.l :.mci prnotic<1l auperiority over 

otbe-r methode or peptic e.seey • . 
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Bacio gdnci21S!: Tho bi.sic lJ}.'inciple of &11 tho mothoda :1.a 

t,dupted r-~·om the original t1ethod described b;y Anson a.nd W.rs!cy' 

(l9S2} ~d la1)(lr oodified by An&on (l9S8). TW.e method wmi: 

chosen in prei'er®ce t.o other method~ be<~aua1. 1 t is pri~ctical-, 

aecurt..tc and re;producible ®u it Wtt.O found thr.!t the r.iethod 

coulci be o.ppl.1 ed to 1:111 flui de .1n uddi tion to those a.beady 

deecribed r~r udne (Duchar 1947) ant.l tor gnstric juice { BeazelJ1, 

et al. 1946 ) • 

a:t, pU 1,.5 to 2.5 ~ the tu! t 1."luid i"01· *.i. fi.:ced poriod and tllt" 

mell®re:i:.ent t1ectrophotocetrioolly of the incrflfille in trichlqraoetic 

soluble ~/roaine--like ~ub~toncen with Folin 0:1.oc<JJ.teau re,1r,ent 

in the non-protein portion of the dic,t~Dt• 

!n o:::-c.cti.<tlt 5.0 ~J.. of a r;$ aoidi.:'ied ooetloi;lobin uub~trate 

(Q.l a.) ir. incuooted with 1.0 ml. or the t(~Gt eolution for 10 

mi nu ton o:t mi hou-r at- 57°C. ant\ u.t pi! l, 7 to t.C.; tJ.le res.c(;:ion 

blanlc ii; per£ort1ed by m din, too te1.it fluid t:.o the tr1chlort1.cet.ic 

acid first to l)recip:1 ~ to the enz:,me and thir, is followed by . 

5 ml. of the subotl'ate. sa,ch is filtered (1m.u l:llla."l tlo. l) and 

then dealt wHh 111011.m-ly. To ,.o llll.. of filtr6.te is adtlecl 1.t ml. 

o! 1"reahl1 dilute Folin Ciocralteau rea.;-ent lr3 anti t.hen witb 

ohaldzle 4.0 ml. of o.s li tfaOH. A blue oolou: ctovclo,>'' ·!ii.ch 
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is reud b~twecn 5 and ~O min,ute.~ in a spectrophotometer at 

560 mu. Thlil diN'orenco betwoo.n blank ~nd incubu;te<i eipoc:i:1)1en 

io COl!'IP<.lroo to u. $1.undfa'd aqueous uolution of l-tyrooine 

4onto.inine 2 :r. l~ .ir,.zq. (.OZ6£ X?l,q:tt.) per 2 Ell. 

C£lcijlatipn !i 7 cs X .il:l lit~:). IO" = P . u. 
ES VF 1 I.T 

fil. tru tea. 

ES ~tinet.ion racto-r for r.tandtlrd. 

CS Concentrut:ton of GUltlMl'd. in 2 llll. in m.Eq. of tyro:;ine(-.2) 

VD Volume ot digel!t at1a precipitant, 

V'JJ' - 11-olume of i'Utrate 

DE Dilot:lon ,,r c:n~a nolu":J.o. botc,,:·,1 ,idd:l~ to tll.£c{.lt. 

101' - Idoo.!. 10•1 incijhr"-tiot1 tin<i to couform t.o defini Mon 

One unit oi" peptic activity is tho..t !U30unt 

or eneymo which will pro<l.uco tho epe()b:'ophotometric equ.ivalont 

or l x 10-4 
111.EQ. 0£ 1-ty-rosino ~El tl :standa:rd digestion or 

0.1 o. H'b. in 5 i:.tl. by l ml. of en:r~e eolution actinc a.t B7°0, 

£or 10 minu~,., at pH 1.5 to .2 . 5 . 

t,todif'ioat1on of tho bm;:l.o pt'incipl.e is de~ined only b;r 

th& pepirin or by the pepdnoaen content or the tsst fluid ond its 

ph,yaic-.:u. propertiec. 
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14ETHODS US§p 

Tho JI.lice is rutered through u maa.ll w,:a of cotton wool 

in a ii:.O till. ~lAaG ayrini;._ tmd then dtluted l/50 in di$tilled 

water. Of t."iis l ml. ( = o.oi; I:il. of g~s:tric Juice) is added 

to the 5 1!11. or Rh. substrti1;.o r.nd incubated for 10 minute~~, 

Since the en$:,"lle in urine is pepninogen, :Lt ha.a to be, 

converted to pepsin before a.aac.y. The urine is therefor& 

o.oidif'ied by' adding 2.s 1. o!' o.ss N. ROl . to a 10 ra1. a.1:i< uot 

or ud:ne. The resul tin;:: pf! ,;at;; fQund to be ootll,0C11 l.5 ,md 1,.e. 

cJ.00, 1'.'u.rl,r :ra1>k (p. 37) so tnst this mixture should not ~ 

left ii t4n .. • n& for nny l\voiduble tb(!) before 1 nu.. or this is 

udded t,o the c:ubptrate. The urin~ i& inei,bated for 10 1,,1inutes 

ond procipit~teid by 10 l!ll. ~r o.~ u. trichlo1":loetic acid. 

This method for plucnm pe,>r .. inoe-en lmi, no\ been deccribed before.* 

Thl.o flujt. prei,,mtod ce:-t<.dn difficultie$ in the aouv.y. FirdJ.y1 

the enz]lil-0 content is •1ci·t ar:i:u.l - abou·t l/:10 or urine popeinogsn, 

und ths i:ncreaue in t7ro::.ine-1ike :;ubr,·w.-00, therefore, verJ 

r>l!lall. '1:]1it; 1 howovnr, H ;>:i.rt.1:, bdcnced by tha a.baence of 

colour p%-od.Ucing pub::t.mc •fl .ln the plusroa (1.e, a pale bl.mk) so 

* Mirsky et al described another method in July 1952. 
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that amo.J.ler diffcrencoo u:-o bOro c.wily de"'..i(:.,cto,blo., Ho\'IO"lm"J 

~10 ineuootioo. t1r~u umxl 15 00 rninutec,, which ie eutfioient for 

all cotil:l::.tio:111 and ia <l practical ti~e. l'lecau3e tho colour 

produced in the f:!.lt?"t1to is ~o pnle, unneooo,iary dilution i& 

further avoided by hal:vh;,r the voltl!ile and doubling the con­

centration or tl•ic'l'tl\lra~etic acid, thil!t'E-'f\lr'-l't 5 r.:J.. of l~ 

tri-0hloracet1c n.cid is used to precip:i tate tho G ml. of cueeet,. 

Booauc.e of the sn.i.ll volmaos :.md the high proteitl content 

p1·i1»' acit.lii,ication of the pl!tei:w.. m th 001 iQ likely to proc\uce 

er1'0r~ in dU.ut.ion and occaofont.tll:, procipi t.-ition or protoin, if 

dilution be aitoided by Uf.ling strong oo:id, It 11ao tel ti thnt 

wit.'1 the 60 i:iinute digo:ttion mu.l the _:'Jtabilit/ of ths wholo digeot 

at pH 1.6 bo e._1. after addi tJ.on or the plaF.nll. to tho Hb., the 

pepsinogen ot tho plni:-.n1a. wouJ.d be sufficiently buffered nt nn 

optilllllL'! >H to Id.low full aonversion to p(lp:iin noco:1oi1zy fo:: the 

thm'efo.re l ml. of undiluted. pl•1:;mm ill e<1,1ed to 5.0 w.. ot 

~ Rb. e.t, 57°C. Md. incubated for ao &linutou, and then procipi tatcd 

with 5 t'll. of 10% tricf>J.oro.cctic acid. 

/.,nother difficul ts o.roce .1n the proptll'c.tion of' tho blank. 

B7 rulding the plc.m:ia to tho trio~.lorr..cct.ic aoi.d before tho 

oubstr...ta or ufter t. e eutn,tr,.ta, a tll1cb 1,rotein curd h; produced. 

It \Te,o found t!.lQ.t if tho plrim.ia un<l the F>ub trake w •·e sh<lken 

togethe1• first and thfo uu:.xtur,. preci,'i ta tad immedi, tely 1th the 

triohloracetic acid, u fine homogeneouo precipitate io formed, 

as it is in the inoubll t.ed :ipecimen. 
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Aftflr fil t?'a•tion, the .fi t,,ate ie tlt3al ~ w:l. th its t1i th 

the C' H,,,,. f'lu➔ .~f 

Ctl) o'.l':; ~, n.,um 
Uirln,;: tl:!.c 1"..ctl.1~f, c::. cie-::1c,•5.he1~ to!' .11•• '!1!'1. p&,ie.inogen othe~· 

Truiao inclmlad corebro-

&pinal flu5d, s,J,i; ti r,1eu -•;~1 f.'ltt.i ,, "-.:.oHJ.c: f'J..JJ!d, oe<l~ 

1;rcn1:1udute, whclt;, J:ilood , ,;,J1itc celJ.a ,.~d pus . All bave a 

ai:?illl!' c,:-nten t to :ile.m:-:, :;n<l a?·~ dl:l.111l:rly,- iric.ub;;. ted for 1 

houi· !ind :> ·eci,): '..:1,t,~d w.! t.~ 5 1.11. ~~ '.1.0~ i~h;.q•"f!CCtl C ·:.c~,~, 

C.C'..9'1;1:'t ·.:-:bi tc ~,;,-.lJ.:: -;;1;.j(.;. r..t;f t.;e :ln~Uhilt•.?r: .i~:i,·• ~o t::lrn,iw.z becu.uae 

i:>f ti~!r h;\.f;i.l con'l,(;lle oS P~i>ilb.oren . 

L Unioecr :i::i~ct-r·o;-hc":.x:in~:- w:.tt ~otilriB". l.~-•,olt cfrt<u"t . 

L ca~br:l ~-,!"' JL 'lftO-.:l!l ieO t.;:-o,lo 1lll ::m ter· • 

~. 37°0. -.vn.ti;>r bn t.'.-. 

En ::;; ;;;· n tc_. t tub,~t,. 

."ipet.tf.<~. 

:i • vr,irtr~;-·•·1 1 c, No. 1 o:, ,.i.;: f11 te:r p11..por . 

6. SOlutiul16% 

{ ... ) JU'!llOIH·'1, l.aeuot:loldn subutrute 

(b) o. 5~ t .!:CJ. and .05 'l tl . hCl. 

(c) 10,; r.ulf fl,·: (◊.<AJ ti . ) ~'.H'u.t<.}l.'t\c-etic ,!<)JJ. 

(a.) P'o1 . .l1,-t;ic,c,:l.,,:i.:1.v ~·e&r.;m,t. 
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H.o.omoi;lobin form a. vcrrt✓ i;ui table reproducible ubstro.to 

for thG eetJ .ation o!" protcina tlJ.ea~t1cm, " n:.y b ,cauoe 

di£!' Mt ootc!1 1· <.:;I.SO too at tl e a o ra.t.o by a g.1 ven 

protwc 60lut.ton ~ G"1Gn 11hm there i peptictno pre cnt 

in o.ddit.ion to prot inaee, the formation or ro uct& not 

precip1 t by tricblol·uc tio c..cid 1 uue, co t-ir Ul iS 

known, to protein so alone (.tinoon 1938). 

In this cituey, t'AO dirtereot type of hs Ot,lobin wero 

u13ed - !irstl.y hutio.n he.or.ioe;lob1n froc waete trane_fuuion blood, 

l.ll\a .,econdly bovine h .. e.."lOglobin first d c1·ibou by Orrill{;ot·, 

Lauber ;llU Holl~der (1950) up1rlied by Ar...our• Ltod uo "tyo h1Uaed 

bovine haemo· looin enzyr;w oub tr te" * 

The hue>en bloou uoed ..i.o supplied i'rOIII tho tx·ansfuoicn 

service and Yial'.l l'epured for use according to th~ :.uotbod of 

Jmr.;on (lOS8). The blood v.u.o centr fu&cd and th" oupowit.ant 

oorum c,iphoned off. The r0<: coll ror'..nii • ~ , ~·o wu h three 

tilaoa, in col~ nor· .l. c ;lino, rct"'.oved e ... c ti e by i honin urter 

ocntrifu,;ullz tic;,u. The c~ll:1 " ro then d.l ;rzed in II Du:iont 

oello1iho.ne ug~-tm,t r;snn1n:· col~ Ulp tor fer ::, hour to re ove 

colour prot.UCiii.e .:ub .. u:.nccr,. ':he :re6 coll rotm t w ... a then 

purtl.1 i ~h.;,drl:\t2u in yuguo to ei"t) ,: ~tock ~olution or nbout 

W o.i. Thi _.,. 11 l:e,>t fr-o.zen tiol:id at. -10°0. o.nd r~nod fresh 

11 Aroour' !.t,d. kindly f!up~lied i:t'!ie of chnri be fir t 15 • • 

used in prcl!.:.in~r:; ntudio • 
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for about 2 montho. It waa found tQ be too tediouo to rreoze-d:ry 

la:rge al!lounts to produce the 1:JOre tita.ble hoOlilOglobin power. 

The J\rmour 1 u ha~otrlc,bin powdoi· waa ma.do up as a. 10 C.-% 

stock solution every 10 da,.vs or so and kept fro~en as ... 10°0. 

For ass.a.y use, the stock :501.ut.ion ia t.ha.wea illllllediat,,..ly 

before U6f>, md made up as a ~.=; solution in .067 N.I!Cl. Thil:l 

should be fresh at least evecy dayi, Tlle fic1.rre for tb.e streng:tJ1 

of th~ t il.uting aeid we.e arrived &-t when it wa.s shown tbat this 

dilution of haemoglobin acts as a buffer of moderate strength 

cit pH l.80.:; o.::. Thi£i is the same for- both humen and bovine 

haernoglo'bin oolutiqns which. have pll ·s .s before a< di tion of the 

acid and 1.7 and 1 .. 8 reo,oo-t:tvcl.y ufte:r !l;Cic..if.i.ca.t;!,on. 

'Xl,10 ilddition of mueouo aolutions of pe~min (l Jal. to 5 ml. 

or ticid· su'bst:i-ate) tloes not ,'U'!'ect the pH and the addition or 

acidified urine (which in 't.'le proportion or 2.5 ml. of 0.43 N.HCl 

to 10 1!11. of urine in & large number of ut'ino;3 Niduces the pU to 

betl'reen l.O and l.81 whiah i s the aEWe pH as substrate) doee not 

n!'fect the pH or the digest l!lixture to any e tent~ 'l'he addition 

of l.-0 ml. of ·l 31:la or seru@ to 5.0 t'!l. of aubstrate mises the 

pH of the digest b.y betw$81:l H o. r: an· 0.,1. Thus for ell essays 

in whicb the p:1 w.os mousured, the lowest wat1l l,.451 the bi&be• t £.i. 

This is w.ell vn th.in tile liwi ti, of aotion or po oin {1.5 to 2.5 -

Northrop, KJJnitz and H~r•·i'lt 1048) ~'ld from numerouo sam.ls1,:; token, 

j. t can be assumed that llll e.asays were lilllde in tlm t pH rans:•• 
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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 l aw (1900) which states that 

peptic di gestion i s 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 pepsin solutions, for 

gastric juice (Gross 1908) and for urinary pepsinogen (Mirsky et .al 

1948). 

EXPEBIMENTAL OBSERVATIO!lS 

Howeve.:-, because this haemoglobin method depends for accuracy 

on an excess of substrate (seep, .38) it is important that the 

enzyme does not digest all of the substra te wi thin the time of 

digestion. In order to show the linear proportionality of pepsin 

digestion of haemoglobin an<l. to determine ~e upper limits of both 

this strength of pepsin and the t~me of digestion for the substrate 

as used in these experiments (0.1 G, in 5 ml.) various strengths 

of Armour's 1:10,000 scale pepsin were used to digest standard 

haemoglobin fo r varying lengths of Mme. 

From Graph s (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 282 Tu (15th June 1951) and in another(22nd June, 

1951) 262 Tu. per 0.1 G. haemoglobin substrate. It can further 

be s een t hat proportionality holds only up to about 30 minutes, 
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,;hereafter the slope tail s off very ra;;iidly into the hor izontal 

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

very steep and therefore at high concentrations o-f enzyme 

compared t o the comparat igely dilute substrate, linear proP­

ortionality is probabl y not valid, even in a short period of 

digestion. In t he experiment using 100 ug. pepsin/ml,, satisfactory 

linear proportionality between time and digestion was measured 

up to 2 hours. By extrapolation t he limit of' ciigestion (282 Tu per 

0.l G, lib, ) would be reached at about 2 hours 20 minutes (see graph) . 

RU. 
PEPSIN. 

30 

200 

Fig. 5. 

I 1poo UG/ML 

+ 

30 40 SO OMINS 
I HOUR 20HRS 

lr,,cuBATlON TtME 

Haemoglobin digestion with varying strengths of 
crystalline pepsin. 
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In the :tllurd experiment using 10 ug/ml. pepsin, satisfactory 

linear proportiona,11 ty existed vn. thin the 2 hour incubation 

period. By extrapolation the maximum digestion time of this 

concentation of enzyme for the standard digestion system is 

18 hours, 1men 280 Tu. ,rould be produced. (See c raph) . 

35 

10 

30 60 9 0 120 

DIGESTION TI ME - MINUTES . 

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

The noi:mal urinary content o~ 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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co1-191gmou 

The digestion or ha.emo~lobin by urine havine n pep~inoeen 

equivalent of between 10 and 100 ug,/ml.. n-hould nt:i'l.'Gr be illowed 

to ~ueed 2} hours ((:;oe above) 1 tllld go.n~·ic juice ohould be 

dilut&a1 unl®u apept:J.c, by at lee.et 50 tineo. 10 minut-e 

inoub~tion time11 were found to be convenient and capable of 

accurate measurement ancl allowing or sioult!lllcous incuba tion .of up 

to ~ o-~acim.en.s. Thi i done b_y sttirting eucceeei-.ro tubcm c.t 

i lll1nute intervtlls encl precipitating them at the end in the eame 

rotation. For low concentrt~tion pepslongen ciolutiona (plaf.':rna 

( or se.1.·un:} an bocy fluids, other thl:ill ux-foe oi· gest.ric juico), 

l hour \Ji..u found to giv"' illOl'e accurate N!,:ultcl. 

COwmjT or1 Tli&E OF DlOF,§;.tl(l.~. 

1 . rsk7 et &l (19~8 ) used 10 oinute incubation timuo for urine, 

but later (1950) stated thD.t 30 minutes was e. r:iore satie£actory 

tiae i'o-r incubation. Bucher (1947) used l bour, and Fams\'70rth 

et e.1 (1946) 18 hours. Old.er e.uthot•s, uainr, otllor cutbodb~ uuod 

ln the ol or uethods _.iro­

longod in~bntioi.1 t.ii .. oo mwi, i·ely- an expression of the coarseness 

:m ina.couro.cy of thej:- mothoc:lt.1. i'ihile Farnawrth1 G disestion 

period vrae robably aeou1•ate enoueh for npeptic urines, one must 

roga,d his eatine.tions of' nor1~11l lll'ines wi ub some 1;1uspicion. 

Th,eoretically, there Cllll be no objection to any hnGlllOalobin 

t1.othod (u~ing 0.1 G. Hb.) ilhich em loyi, a digeution tine o between 

10 end 150 111inuteG i'o:r .., e assay of ~l fl-Olutiona conta.ining a 
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pe~sin equivalent or leas thun 100 us./01. 1,10,000 Arn:-our ~calo 

PG.\lllin or itu .u.ivnlent. fu::-thor,. clncc there i ll oir.iple 

a.l"ithtllGt41£u p:-o!~rtion tho resultD of ~ny ~,eriod or <liaastion 

w:S,thin tb,ose lillli ta can be axpressod in terms of any other time-

.! 10 .nnute unit.<: or x &> mitiute uni t:l. 'i'hl s oenlltl?tion allows 
6 2 • 
one to .COl!IP3l'O two different J.ncubation til!le~, sc.y l hour plasma 

pepsinogan ~d 10 minute urine popsinogen in e:itirnc.t,ing renru. 

peyGinogen olearll!lce. 

That one oey aeeuiae a linear proportionoJ.itq to exiot for 

this fact,. For thi.} e~ <ll'i;::ient, the pl&wiµ. of u uraemic patient , 

{500 mg.% blood uron) i-,-ar; us , in o:•der to .,e~ i·eli&ble readings 

for Ghort incubat.1.on pc~lo~o. 

I . 

Fig . 7. Proteolytic activity o p asma showing inear 
proportionality of digestion with incubation time , 
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);.~~Ii,"~ij,Yi;M:J Q • '/%fili¥"1 ,11.'l~..Q. 

in use f'l>l' de~nation of the tyrosine 

eqUival.ent Qf the filtrate while being apparently correct and 

reproducible• reqUire large volumes of re:lgent end are tberefora 

tedious ror routine u e. 

Anson (1938) recolllm~dfi the aclcii i:.io~ of 10 w.. o. 5 H. NaOH 

and S 1!11. of diluted Folin Ciooaltenu reagent to 5 t:l. • or filtrate. 

This mates I.\ t.otaJ. of 18 ml., which has t.o be J;Ji.;.ed ai thsr in an 

Erlenl'JQ.7er fl.ask (!!5 or 50 r.u..) or in a 6" x 111 tube. Conc.equently 

// onl:,- ::. fr;:;; o.--m be done ui:. a tL"lt:t i !' botb incubate :cimi blank are 

to be l!lel;U3Urae\ sinul t.M(!Ously. 

EXPELillJE1fl'AL OBQlaVAilON§. 

It we.e 1'oun that by keeping the ;,rcport1ons of filtrate, 

Na.OH ww. Folin-Ciacalteau the BAl!le, viz. 5:10:5, wt r ud.ne the 

total QlltOtnt.o to Zt4;1,.2 in cl.JO a 1·:hole .w 01 up to lZ ine-u~tiona 

cculd ~ dealt tt!..th u:d~ a 1"t.l.ck oont.linil:lg 2't S" x _,u tubeB. It 

_ Wllfi i'urtll-er found that there was aollte filferenci3 ootween adding the 

phenol reag~n. t before or nfte.r the UaOH to the fil ti-ote. If Folin 

i& added laot, the blue i!olour <levelopo a little almrer und t'adea 

:;ooner. 'rhe follo1·ring to.rue sholifa tbe col!lp.:trioon between ~d<ling 

Polin-Cioet.~teAp befor& mid a.rter N0.0H to uumd.m-ti tyroolne. 

5 uit"fEit'$nt pe..i1·u of' obae1_-:gations we::-e JU!".OO ct. £ nlinute in &rval • 
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2 r,1.Eq./2 ml. 4 m.F,q./2 ml. 

Na.OH last Falin last NaOH last Falin last 

.224 .225 .450 .590 

.224 .2;:6 · .455 .446 

.250 .228 .460 .442 

.250 .229 ,452 .441 

.222 .205 .460 .430 

TABLE NO: 5 

THE EFFECT OF ADDING FOLIN REAGENT MID N:.i.OH IN A 
CERTAIN O.RDER TO THE FILTRATE • 

.JI.bother advantage of asing 2 ml. of filtrate is that if 

thereshould be an accident, end the filtrate lost, another 

tube can be e;et up, imereas a second 5 ml. may not be ontainable 

if the l arge qua.~titics be used. 

This is of special advantage in the plasma estimation 

where the total quantity of digest is 11 ml., and total 

filtrate rarely more than 7 ml. 

To determine how soon the blue colour evolves to a maximum 

and how soon it declines , the various concentrations of tyrosine 

in 2 ml. water were made up with 4.0 ml . 0.5 M. NaOH and 1.2 ml. 

of Folin...Ciocal teeu reagent and measured at inter7als from the 

time of mixing, at 560 mu. (Tables 4 and 5 ) • While the 
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l)Ol"Ocntoco uecey ... c • lm.• in clll, tho s.tiooluto tl~• in 

colou;;- io oropo::..'tiorw.l to t..ho 1ni tinl concenti-ation of 

tfl'Oaine (Tablo 4 ) 

Conccntr tion F'.ill.. ~ o.'1..1. or 
TU./2 w.. oax. col.om-

o.s .01s 12.6 

1.0 .025 12 .. 2 

2.0 .029 u.1 

a.o .04l :u. 

4.0 -~ n . .,, 

TABLE no. 4 REI.AT! ArD 1:.!3SOLUT!: VALUr..s OP 
DECAY OF OLO:: COLOUP. D:I l HOO ' 
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TABIJ:: ~ 2 em2m!!l nr.:m 9k' EVQiiunpn ~o DECAI QF Buiz corogE m 1 WYn 
{QOlQfimetor yalye;,.l 

TIP:QSllIB I • D u I a 
TJJ/2 ml. 1-5 -5 ..a -10 -12 ...t5 -J.1 -10 ~ -!!5 ..;:;a ...,28 ...M ..$ -44 -4-1 ~ -so % Decay 

in l hour-
0.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

o.s .004 .006 .()65 .osz .• 002 .. 002 .081 .all .059 .059 .007 .056 .054 .054 .052 .052 .051 ..D5l 12.s 

1.0 ..ll8 .na .ua ..l:l2 .114 .l.1.2 .11.3 .lll .109 .no .llO .101 .l04 .100 .J.00 .100 .095 .095 12,,2 

2.0- .255 .254 .252 .251 .~ .. 250 .249 .,2.-49 .240 .242 .242 .240 .258 .234 .252 .w ~ ... 225 11.J. 

5.0 •. 5~ .. 528 .324 .32l. .'521 .m .500 .518 .516 .31.4 .31.2 . • &)9- .:sos ... 305 .~7 .2es .290 .289 11.3 

4.0 .442 .446 .440 .459 .4m .458 .438 .434 .. 431 .450 .450 .42'.> .421 .4.15 .4.08 .403 .595 .591 l.1.,$ 

I," 
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From these reoul w it will be roo.Uooc.l tlmt tho h uo ¢<>lo ,., • 

.i ' oooluto i'all shoulu ue remembered when tr10 soiutions for 

coropo.nuon arc kept oore than 10 minutea bo£ore raac.llncr in the 

colori.ooter. 

Another eJ>.-por:Unent to deter::line tl:la colorir.1otor v-dlue for 

the 2 T0,/2 sl. ctand.a.i·d in 9 e:::timntiona is given belo,..,, They 

:,ero nil iir-opare in order l ... 8 toeether m th tho tinter blook 

end roa<l ut l..: i::wiute intorval from titae 0£' m.iJd.ng1 t\coountil1g 

tor the uocline in ·tb.e ro;.:.dincrs and shouing th.a efi'oct on the 

ta .. B rendinss or dola.yincr reading. 

TI'lE BLANK STAl.tOAfID (...S) ES - B 
(mn .) 

0 ,050 11288 .r.oo 
lJ .o:¼ .~-M'J .210 

5 0}?.0 ,.,li\-1.Z .218 

4~ .0-0 .. i~ .219 

6 .oro .241 .221 

1; .o::o .:AO .220 

9 .oia .coo .21.1 

llj .016 ,.226 .210 

15 .012 .223 ,.216 

Aver~o .020,1 .~30 .210 

TABLE NO. &1 l.!SAN Vil.LU:::; FOR :XTINCTIOll VilliJ: OF STAllD.i\lID 1-T".lro~INE 
L 
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G'1n'1lij~~oM• The mi;ctui·e uhould be mru.la up :;.a follows:• 

, filtrate, F.ol;l.n:..Cioqaltenu, tluOl:i 1n th&t c:trdQl·, and rcn<! i1ithin 

lO tdnuteo. 

Pi'~mi Vo,i1~'0 t1oolln:: va ¼ the tifbJeot C.::o not mention the 

uci;w:11 r~vw.mgth ut >1bich the fincl. blue colour Bbould be 

oen.eu-r-eq.. Buah13r (1947) uses f:U tcr Uo. 54 (540 mu), In 

ol'der to dctomno tho optitlu::i imvolongth, tyro ·ne c-olutions ot 

vaeying atrcng1;,h in ~:ate:.• i'TO!'e used. ?he tyroaine 'l"m:. tw.de up 

in 5 1!11~ water to tlbic!:l \7Z'..}) lldJed 10 , 1, ot Ow" r.;. ti'iohlorucetic 

aoid, 10 ol 0.5 UaOH, l cl. or 25f, Ue:;005 .mtl 3 nl. o l~S 

diluted Folin....Oioc~.lteuu 1·~ant. The follmiitl{r fable shor;c the 

reo.oinso of J.u Jl.iccte , ecil:lenll ut w.;.i•iotie ,1,n , ~a to:r 

ca.ch concentration ni th tho oolorim.ete:r oet nt O !'or the bla~. 



TABLB HO• "f UAVEr..JllGTU AUD COLOIJX!..1:'!?E~ BI'JillIUGS IR 
THE LOG!i!lTI1UlC SCALE. 

Concentration of 680 au 640-ou 600 r:u 540 no SW® 400 ::r:u 440 ms 410 mu 
Tyrosino in uE~. 
in 5 Ill.. of l'liltor .. 

0 0 0 0 0 0 0 0 0 

4 .201 .ns . • 185 .170 .125 .124 .10-s .lOO 
.202 .205 .190 .1'10 .145 .105 . 

8 .,us .,.m .. ::no .. SSj .sao .r.s2 -,.2.~2 .. ros .~ ~00 .Z!.l:.i .zoo .25~ CJ) 
(0 

,,,. 
-v •Tl .14 .. 72 .. 640 .. ,',60 _.490 .ID.5 .590 

.74 .72 
I 

CTI 
\D 

24 1.10 1.070 1.00 .950 .820 • 700 .. sro .550 I 1.00 

52 .920 .760 ... 700 
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12 lq 
MEQ/ML. 

24 
TYROSINE 

"'~~ ,-,,, 
"'c-,-,y 

• .,o 
✓ 

0 

.,o 

32 

Fig. 8. Determination of optimum wavelength for 
reading blue colour (see text). 

Froi:i t he arr.i.ph dt·o ,n from this set.<:> 1 cul.to tho ccncluo.:.onc 

1. i]r~g 5::0 to 000 O\J 1u tllo o;>tifilllm. 560 - GOO m u. 

2. AbD.Qlute ma:::imU!:l concontr'..ttion deto~ble ':'l,l, x 10- 1 ~'G,. tyro ino 

• i.!cil'!U: .oensi t.ivi tJ ic; El - 1: x llJ'1 :;iEq. t.,ro .. ino. 

'f,'ollo'Jing the' c ob:le:-v tiono 580 nu r1 n char.on n:; t ho 

nt:. nd«rl! t1uvolong t.h for mo,wuremcnt of the blue colour proctuoed. 
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PETEri1Jn1rnG Tip:; P!Ffh@lCF..§ nrmir.ti!l mtvi; MW ,ii~ul'J4TBD snsiww 
J.t fii•st., thia diti'orunca WUf:/ ll~sct by eubt:r:actine; t.he 

reudins or t ~e bu;.r.K .t'rot.1 ·~h:,,t o1' t.he iricubrawd !'iltrato, oocb 

being i•r.ad 113u.inot di:it.illed ·111ter si.tt at o. It min found thn~ 

wii:h the eo«:lu~\ou ◊i: ono 9t'lp Qi' the 9:i:·oc.eaa lT/ cl.i?:linating 

the d1otUl.9d wat~r zei-o. The colorimeter ie eat on the blaol;; 

1)6:.;l.n~t tills r din;;.. '.!'he dU'fercn<:o ia rl!coi•da,1. ne aucl cUrootl:,. 

Th.i,c ii; 11oi:-v ;ioauriit.e b.c:cnuee ~ho r a..itlin!f.H ut'o lllaiol:/ in the 

firot Mlf of the- logurit.:lltic f;Ccl~, whG:t•u ti.o £Utx1ivi1,iomi «lN:l 

.f1nor,. 11' it should be, nC1cr:,.,:r"oo.·;r to :r.><.1;:i., 1 on ·t?,~ lert. aide of 

the scale it 1:... moi>e a.ccu.i.··itu t,;> :rewl on tho aritboetic noala, 

&.'ld from 10£,:t.U'i thw tab!aa to couvn,·t t.hi11 to lr>gs, '17hich will 

• then gi,15 one u niot•o u.ecuro.to r1~urt); r ,1th&' tliazi read <iir-ectly 

the lase.ri time soolo or tho l'.l:..ch4Jne. 

/:l.Ql'ifn~il.<ll t7li2 ~fi .Ql ~ 

~ lt baa been 4' ~qua.tely shovm tlm-t tho ~$tir.int.1on or 

oonol:'l'l1t.I"iit1on or pem;inoe;en in tho urine is not tho :idonl mi.y to 

m ea.oui·e tlte exc1rot$ou of thie aney13e (GotWob 1924) mid t.~llt 

i'or the !lake or aocur cy • raaul ta ahou1d be oxr,roo• ed ao the 
or m~o a:torEY"...eu in ... u:u t 0£ ti!:!!31 :i..o.. aa a. ra to 

amount 
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of ocreti~n, oither per bOlU' ox- per 24 hour$ (Gottlieb 1924; Bucher 191~7; 

B.t'oh..Kabn et el. 1948). The latter autbore e1,aim that any- time of 

collection ot· 3 hOUVlil t>.:' mor~ :ts representative oi' the whole 24 hour 

period and that ~ne estima.tion psr indi vidlial ia sui'ticient. I would 

disagree with these auth.QX'S, and believe that in oome instances, 

colleetions 0£ lass than 24 hours a:;:o not representative for the 24 

hours. In the case of' an 18 yf.fJ.r old fems.le aant.rol (.T .w.) it l-11.\e 

found t,ba.t Wh:lJ.t) COlltieni,ration ~-ema.i11~ COu,p8.l-a·::.i:;rofy steady, the 

vo-11.lllle oi' l2 hour~ urines by da.y uas far hi~her than the con,-esponding 

night tU'inestt 

Thus :for 6 c:onseou'tive 12 holll"),y periods and the two follomng 

24 hour periQds:-

i/0 WMB OF mm-re CONCEM'l$AT10N P,._U,/Hr. 
(COWnlitfETER SCAL'E) 

D. g~ ,ll 724 

N. .350 .12 322 

D. 660 ~5 758 

~ mgi:oc A$0~•!li 

it. 3(X) tt06 l37 

D. 710 .. 05 m 
N. .3~ .06 ]46 

24 hrs. lJ20 ttl.42 6U 

24 hrs. 1150 .156 684 

TABLE NOs 8 THE DIURNAL VAF.IATIONS. IN URINE VOLUME AND PEPSINOGEN 
IN 1 PATIENT. 
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1l°():ll.orr;ing ttteae 1•04ul ts t 5. t ;;1{m oonolu,'14d t.bat only ~<1 hOur 

ul"inee omild h~ relied on .. t o axp.recc, tt.s mo f:4--h°"ur excretion 

pattron-. 

AB- to U1i•t;ey•ts (1948) -s~teaent tln-0.t one astilll8.tion :1e 

s1.d:'fiui11nt fo1" tl!c illdividual. i;:.,ior'ltion pi;.twrn to b& detlu'!Qined; 

.tt \-ro:o, t mmd t.'lat th~.re 'f'liltl often ouah enori,ous vario.tione :f'rol:l 

~'lay to dtJi7 as to t1ake ~ .. ho ostilnatiion of at le«.i, t 2 and ueUallQ 

Z oonseout.i.vo c\i;.7~, collee'tj,<>n ll!~datory., !none case (J.B.) on 

~ee an~eo(d,vo {l~ys the 11.•ates ot' QltCJL'otio,:i wore l.6ZO, 322 and 

'128 un1ta pelt' hOur . '.fueao x•oatlingf.l 1rere dup,11cute<l boc,:ui13e oi' 

tJ;ti& witle V'lr;l.$. tJ.on und. i'ouQd tQ bo thQ ~e. No obviouo 

~pltmAtion C('Uld be j.iven fol' this vnri~tion 1is the p,.-itient VIila 

in bed on a etund(Wd tliui and r:J.uid int.'llts ilot'inz tho Qb;)o;."Vt.tlon 

pm-iod1 oot.l no c,thor 'bet>~ UOl'o <lCll1e ® tho ,,.~ •. a.ti ti.ho fWJP 

Oooors.lly, i»wwer,- tho t( ~t at, :lif l;'TOU t tb!!n on t !'!~ 

s,·.me p.~ti.w.1t pro<iu~oo oii:ular :results o.nd :or ~at pi:.tJ.entn, two 

~4,..hour urinoa crollectou durin,& .;. Gt;ind:ird diet pe:do will 

~utfica to <lotormine t.ho baoic po.ttcr•n or that pc.tic,ntta <mcrotion. 

I_l,'l this SO!'iM at lw.'lzt 2 !m.d £le?:i$rnllJ f u::-iuoa wetEI' te~ted 

on each. pu.tient. The tt:::ine ~G:"-D ooll,:.\ckd i?l tiin chocterii 

contailling 10..15 ml . of t.olu,:.,l uoo re!:t•l.~tl.~¼d ut + 4°'C~ a.a soQn 

L\G CljJ.l~utit:u, 
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depends on tthu.t they balfove 1~, .:l."l 1l1lw 1.1a.tn OOrJ >lioe tioo, 

Ja.nowi tu (J.950) collect:: c. o - 12 hour• l!i,iaoi1n1m !'1:.at.in{:, 1'00Ung 

or f• - O houi•s e.ftaL' !'ooJ• Iluob.er (W47) !'ollc~!.."'.;' ;";llonl{'O 

a;, \:.:✓.'.J:\u1 ,,;z-,.J, O;•~.., .:th ... .: (l~•1) .1'.;illo~?d Th.11::her. · f.lira!t:y et al 

(l.P46) onu Bl:'Ol.l .Kahn et nl (l!H&) conuludElli .i"l'Oll1 thtir i-".lvostig.i.tioru:i 

or the tir..'J :,:" oollootivn thilt .:i:n7 period of tho dti.y of owr S 

houra m r. enci.:e:i, Pineo nt"i thor food, nor sleep nO!' (!.l'.:ti·.1ity had 

&ry e!'.i.'ect -'.lo urina1'y pef)!lir..og«1 t.J,,..,.ci:-et.tOA. 

OnB oust c1•:lt;Lcii;o biie collection of oot'~ urine di:r<!atly 

intO: un acj.d ~lution by Buctlei· and l"1'J (194'1') uriles::i they nre 

::11;-enye-c. I'd th,i;, £4 ho\1.l'.\!1 - iii~e> lli:t'Plt;r ot #1 showed tho. t ·at pH 1.a 

popainogm ln the Ul'iM i,:; i; table for ~4 hou:r-u. I belii:nre, 

ho11evm.-, th.at o urino diotild not l.io i.:i.oiili.!'io<l untii :l.t:1nedio.tely 

pr.ior to All -~Y, r,,ince there ir; a rc1.tii.er rapid decline Ylithin 

tJ-10 i'il'&;t, fo~ l.01nutea of peptic l\o'thi ty (p, 57 ) , 

Ho;;•(.,vel' , nl; tilkaliue Oi' nea:r m,\1Jt1"al 'ir.t, tl.lO ul'i:u:u7 Otl~'UC, 

;Lo $t;:\ 1o £0;-;: lone LlOl'j.Otl • I.io.!'.11 n'-,J<f,~:>.l' ( l.917) an,J Uil'olcy ot 

(1040) ht.'1<!' ",ho@ th:l.o. 'l'bt:i £'-oll.Qv.tnJJ. tabl6tl civo theop 

re,·ulw. 
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"S1AB:tr,n:.:: vl' .ijRIUAfiY r~iOGW FOR ~ PAYS 
A?. VA!UCUS TelPEilATURP.S""' (¼UOt od i'rou !ti.r sky 
et fll (1948). 

DAYS STORED. ru)OM ni •. w. s..s0c. '.roluol 

0 ~ No 78 

0 ~ Znu 11! 

t ~ Yoo 82 

.. 
~ ios 75 ... 

1 :x Y<tll 78 

14 ;:{ Yes 75 

~ Yet. 14 



!,-.;'0'1tth ocoui:-:1 a,n(l tl,I) !Jli !a nc~,r neut::u. toot the ,1rin,,r-y iXlNJincgen 

:i,~ .stabl o.t 3 - 5Qo • .roi· up to f;.8 do.ys, (lt 1·000! t@.Per$.t\.lt·c ~ol' 

up t,o 14 rJlye: und ~t 3C°C, (F. ) ror l.S &J.7,l at pf! 6,.1, Md tor 

I n this i nvestigation, ill urinc::i ware roi'rigerated upon 

7 do.y or oolloct1on. 

1''0i· oeti1.a~.lon or circulo.Ung pcr.)clnog,;:n,, it had to be 

u<?te-:mned 1'1-ri t. c:. 1?.ll 1;het.1:\e • thci-c- V10.a 111\Y difi'oronce bet.-:een 

tJ10 pla/fllll n<l ti:(.! ::.et'U:l content of u s;:,eill.aoo or blood. Gottlieb 

believed t.P).i..i.t pe.;,ninoc TIU" u sorbc.J oo to !'ibr" 1 but only at 

d prt. Sin.ca in the clotting or bJ.00< t.o 1>i'O.l11ce ser um f i brin 

One Sllln,.)le or blooc:. fr0111 a u:n!.C111).c ;xiticnt (J. ll.) m1a divided 

into t.lfo pu.·t:lont:., o e ullo:-.~ :.c clot;, the othor anticOO{;ul..'1.ted 

rcprooonw n ool.ot~ tilc,Wli:' i•~iuliw· c,t 01J :J o.oos 11md ;l.o tbol'of®e 

not n.lt:;nific..~~ in fll:.:>ttm.· ;xi.~c i (a, w.) a si mil ar experi111ent 

,field the reoulto l5l;; llild 164 for U"ru-um @cl plc.s!;Ja reape(,1tively, 

reprepent.ing a coloriueter dif'i'ar-enco of 0.O14• at.ill \ti thin 
'J\ 



fut.vini; thus tlete1-uina t, ~t CO'.;i:pa1·abl0 i•ec..w.ts C1lll be ob-wined 

!rQla plnw.~ and fleJ.'\ll:11 unu booowic1 it :J. PllGi s,:- to obt!lin r.ioro 

pl a6ll!J. tbm1 aeru.i frolil t..11c $W.!lu amount of blood, it ,,ac tleoidod tc$ 

do all estiinntiono <m hepm•;inized blood - l msic1. or bi:parin to 

Wbe,.·e pousiblo, ull r:.po¢ioei;u; ,101•G collected from the pntient 

i.t:JUor.i.w..toly nni:, 1 n<:1t, ru:;, (1-;/X,\: ·.i..o ~w .. e a.a::,, ctorecl ft'O~cn solid 

at .. 10°· c. D<.rtorioJ:-,tirm or peptic t!.Ct.:ivity uocs not occur 

rdth stot'-D,ce or S 1cel::.S at - 10°0. 

pl~;;; :: !'rou J.N. 2 .5.51. olocl.:u:,tcr i.cora .:i.: 5-; on 15.6,51, .• 1'70. 
( -=Bl.2 !'.u.~ er.Bl:! . 1 P.u.%) 
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a~.way o.cin-Y bocmise of re.Jro-ducibi..:.i t • o .. re ·ult::: with diITeront 

on tho o_ net def'in ition or c.rbi trary uni to, oven if tho <la:'ini tion 

It !c q;!"ncd tlr,t the <!.ot::.r::.ln· tion o~ cone tl·a-:.ion ulone is 

Bucher- (19s17) ex reasea 

soluble ty;:ot,:l.nc-lil~e cu~tr.:d.r...L in ho :~tc.twurn l.O .. 'nute asaey (of 5 cc. 

r- r: • b;r 1 cc or u,.•1ne :..t ~f'c.) L,tl;m; tl,e.7 incube.tod or 50 

Gr~:, et 

::-o r.i:iutn :incut,D,tio. i'ro;., O.l 

• tyrosine/~.( . our , 

Janor;i t , 'i.,r_;vJ a1K llolln?lce_' {1950) <!~l"i!:!; a uru. t la thut a.-:ount of 

lib 
.. HJ. be c!t:::1li;rn~t,.,. b,f. tl.c &bln.'•Wi,it.1,: ,,y:.l.1.-:>'.!.. P.O. io:r P.U, lO" 

meaning peptic unito in a 10 oinuto incubntion or h'1r..l'loglobin under 

ctandard condi tiQnn. 



T'oo bl~ d~~ ~<m lW> be~ o.<bp~ in Uno study 

(Ui~Qho:ztti 1963) !.or 1,•eaaons al,J?e11~ given, v.ie.. the pract4ce.bi1i t, 

of a lO minute incuba.tion period, the econoi:v or u&ina 0.1 a. Hb. 

;wotood or .::: o. ~ Buoher (1917) dooi,, and because tbo fll:lOunt of 

00101,Jr protluced 10 td.tbin the ::-ange 0£ the fltando.ro, v.ia. o.01ai 

og. or 1 mF.q. pei- ~., a:nd fin~ that the use or o2q. 1111 ~re 

ol,ego.n t in 0-lle~1iwt. .. -; thtlll the iaett-io aystoi:o-. 

TO oon~1't rooulta of l~ar digestion po1•iods and othel:' 

mothOtl-s to etnndlu'd uni ta, 1 t :1.e necoo e.ry t» reduc:e tbo dige ti-OJ:'I 

time uaad to com®n denorni.n£ltor of a. 10 minute period by &iaple 

di vi oion, einoe reaul w a1•e erHi121otiC<llly linear, and tQ convm:t 

~. to t\Eq, dividing by 181 (J:101. wt. of l--tyroaine). It is 

i"i;lnlly ncoessar,y to reduo~ tb~ t4rne of tho e,icr&tion no given to 

l hour, cunco 1t 1v abool,ute thnt l houi- i(I an n.ocu1•a.to part t>f •OOV 

o. tht'® ~ twl.vo hotW i:m:m.::, b\l,t ®t (l;~°f;1t'~ juotit'ial:i.1.o to ansuoo 

that. u. 6 l.1om' ~ac:.;;- !c c.n necu1:at',0 or the othor lil houro of a 

a hQur poriod. Ono hou:r f)hoult thareforo be used 11s a oOlillll.Qn 

denow.nutor in oxpresning rei;ullID tu, a rate or excretion. Ir Ml 

::4 hour collectiom: o.f urines nre as::~, then; of course, tho 

e:i;proa@1on por 4 lJ.ours ia as juetified uo per hour, though for 

univors~i.l coopcriaon the hou:l;y r ato or &lt-O?'ction 11ould be l:!Oro 

e.pplicabla_ 

Pl.4'lrw. pe !dnogen ;-esul to. to coni'om to w."iue uni to 'b'/ def1ni tion 

should bo reduced to the <:<iu:tvalcnt 10 minute unito by division by 

B, einco incubabion ie £or 60 rainutos,. lt hns b- m abQw (p. 62 ) 

ti.lat the results u-ro propo?-tional to tir.ae or incubation. However, 



plae::m pepai.nogen rl!Us\ be ooqn•emuad u,; ~ ooncontraUon antl t.o 

ooni'OI'tl to other estimu Uons in olinic,q.l bioQhE)liiiotrt, reaUl ts 
I 

uru t,.iven tll.'1 10 minute unito p01' J.00 eii. of UBX'U!ll or pl~erna 



CHAPTER IV 

THE ,PHYSIOLOGY OF PEPSiliffiEN 

This chapter deals Vii th . the secretion of pepsinogen by the 

chief cells 6f the stomach into the gastric lumen where it is trans­

fo:rmed into and· measured as pepsin; i ·t;. deals w;i th the diff'mlion of 

pepsiuogen directly into the blood frol!l the peptic cells ; the dif­

fusion th1-ouch the body; the mechanism of ezcretion by the kidney 

n0t previous:i.y described; and the ini'lucm.ce of physiological v1u·~ 

i ations on the amount of pepsinogen in the urine, 

SECTION I 

It -would perhaps be best t o describe briefly the present state 

or kno;'!le<lge upon vmich t~1is study was built. It is aJ.most 120 years 

since Schwann {1854) postulated ~he existence of pepsin. In 1881 

Langley published his di scovery of pepsinogen and the observa-tion of 

the secretory cycla of the pro-enzyme granules in the chief cells of 

the stomach. He showed that pepsinogen was converted to pepsir. in 

the stomach and destroyed in the small intestine. The existence or 

npepsin11 in the urine had by then been known for 20 years (Brtlcke 1861) 

and it had been assumed that the enzyme w&s pepsin. The work of 

Langley_ led to speculation as to the exact nature of. the urinary , 

enzyme, and by inference Gehrig (188S) assumed t,hat it was pepsinoge:i 

and that it was absorbed directly by the blood from tho gastr:tc glands. 

However,· as late as 1910 Ellinger and Scholz from crude inactivation 

studiec still believed the urinary enzyme to be a mixture of 

pepsin anc. pepsinogen. .., 



It was later shown by Gottlieb (1924) t hat it was pepsinogen, but the 

final proof as to its nature and origin was the composite of mo.n;y 

papers culmina ting in t he excellent 1·,ork of ili.rsky and his co-workers 

(1948) and of Janom.tz et al (1950). 

Its origin in the stomach was shown by the 110rk of Frouin (1904) 

in t he dog, who found that removal of t he stomach or of its mucous 

membrane resulted in an apeptic urine, but tha t exteriorizationr1of the 

stomach so t hat all its secretions were immedia tely drained out, did 

not cause the disappearance of urinary pepsinogen. This nork was 

later repeated and confirmed by Bucher and Ivy (1947) in ca ts and 

in r a ts by Balfour, Preston and Bollman (1948) and in the isola ted 

human case in several papers (Janowi tz, Levy and Hollander 1950; Podore 

et al 1948). Collateral evidence came f~o~ t he near-absence of 

pepsinogen found in the urine by almost every author on the subject 

of achylia. and pernicious anaemia (see FarnsVTorth, Speer and Alt 1946 

and Chapter V.) The one dissenting voice in all this woz·k was t hat 

of Strauss (1926 ) who found t hat t here rras al;1ays some secretion of 

pepsinogen in t he urine ood postulated u '!parasekretion11 - a source 

of' enzyme other t han ~e stomach. 

The nature of t he 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 vecy 

strong evidence in favour of the i dentity of the urinary pepsin-like 

enzyme with pepsinogen. This confirms the modern views derived from 



inactivation studies on !-11e urinary enzyme. Mirsky et al showed 

tha·t; oral feeding of pepsin or pepsinogen produced no rise of 

urinary enzyme; also that intravenous pepsinogen di<:l produce a 

rise in urinary enzyme indistinguiahable in its behaviour from 

pepsinogen. It had been shown before by Voight (1923) that intra­

venous or subcutaneous pepsin produced no rise in urinary pepsin and 

she correctly interpreted this as the result of destruction of the 

enzyme at the pH of the blood. 

The knowl edge 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* Benderske-.1 (1890) showe'li 

that pepsinogen appeared in the sweat; Loeper and de Bray (1921) 

assayed pepsinogen in the blood, but believed it wa_s 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 r ose in uraemia . SiMe this work was done, Mirsky et al (1952) 

have published a paper dealing with blood pepsinogen in disease and 

have reached essentially the same conclusions as I have. Their 

pa~Jez· on t he source and properties of the blood en!Zyme is interesting 

and comprehen&i.ve. '(see p. 122 for discussion. ) 

Little, then, was knovm about the mode of trnsport of pepsinogen 

in the blood, and the statements of van Calcar (1910) that it was 

carried in the leucocytes was as unproved as Gottlieb's contention 

that it was carried as free pepdnogen 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 kidney nothing was 
by 

known except that excretion was interfered with/ chronic nephritis; 

van Noorden (1895) claimed that it 1Vas increased, Strauss (1926) 

and Rothschild (1950) t hat it was decreased. Bucher (1947) believed 

tha t pepsinogen uas simply excreted as were other waste products and 

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

conflicting views are current as to the relation between ur inary 

pepsinogen and gastric secretory activity. The most convincing work 

on the subject by Janowitz and Hollander (1951) showed an almost 

mathematical relationship; that of Varro et al (1952) almost no 

relationship. GottJ.ieb (1924) showed t hat there was some relation 

between urinary pepsinogen and gastric secretion. He .ros tmable to 

show a relation betrreen gastric hydrochloric acid and urinary pepsinogen 

but showed that- t here was a positive correla tion with the volume of 

gastric secretion. 

The evidence of Bucher and Anderson (1948) who sho,1ed that 

stimulation of gastric secretion by caffein and by histamine had no 

effect on urinary pepsinogen in cats and the observations of Mirsky 

et al (1948) showing the lack of effect of .a wide range of factors, 

inclµding food, sleep and activity throws some doubt on t he results 

and conclusions of Janowitz and Hollander (1951) .. Evidence to be 

presentea. here supports that suspicion. 



c-

-86--

The evidence on the control of gastric and urinary pepsinogen 

by the i;.drenal hormone Cor·tisone and by A.C.T.H. ho.s all been presented 

by one group of observers - Spiro et al (1950) in four different papers. 

Evidence to be presented suggests that their results might be inaccurate 

and their conclusions biased. 

The facts then that were knomi when this investigation Tias started 

in 1951 were that pepsiuogen, the inactive precursor of pepsin, was 

formed only in the peptic cells of the stomach; from there most 

ms secreted into the stomach and there autocatalytically changed to 

pepsin which was t hen destroyed in the small bowel and not reabsorbed. 

Some of the pepsincgen diffused directly into t he blood from the 

peptic cells and was transported as free pepsincgen in the plasma 

to the kidney where ·it was excreted f1•eely "as o.ther waste products" 
· of urine p ep s i noge1 

(Bucher 1947) . There was conflicting evidence on the relation,lto 
activity 

gastric secretoq and it had been suggested that the adrenal influenced 

the secretion of gastric pepsinogen. 



RESULTS. 

Ji:Xperimenta.l evidence to be presented in this chapter deals 

with all the aspects of the physiology of pepsinogen:-

(a) Firstly the secretion of pepsin in the stomach has been 

investigated using overnight 12 hour basic secretion tests, both 

qualitatively a.nd quantitatjvely in relation to other gastric ccnstituents 

and also in relation to plasma· and urine pepsinogen. The effects of 

caffein, histamine and adrenal steroid hormones are shown. 

(b) The next section deals with blood pepsinogen and concerns an 

original method for 1 ts estimation ;vhich has made possible its identi­

fication, the proof of its sources i n t he stoma.ch an6. in the 

leucocytes , e.nd its distribution throughout the body fluids . Normal 

var-iations as well as the effects of disease are discussed. Anti-

pepsins are sho= 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 i s based on simultaneous 

clearance studies done of' c;reatinine and pepsinogen which proves tha t 

pepsinogen is filtered t hrough the glomeruli and reabsorbed in the 

tubules, and is in keeping with the modern views of protein filtration 

and re-'lbsorption in the kidneys. 

(d) Observations are t hen presented on pepsinogen in the urine -

its constancy in the individual, its relation to volume, to chloride 

excr etion and diurnal variations. These observations confirm most 

previous work. Evidence is presented to show t hat some pepsinogen 
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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. 

(£) The effects of the adrenal have been studied on pepsinogen 

metabolism, comprising observations or 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 written about t.he subject.(Bubkin 1950). 

However, some studies were undertaken with the following objects: 

(1 ) To determine the hour to hour variations in fasting, sleeping 

subjects in rel ation to the pH, acid and volume of secretion. 

11 test meals were performed on 8 subjects. 

(2) To determine t,.'le relation between pepsin and other constituents 

of gastric juice, and pepsinogen of urine and pl asma - 12 

such experiments were done on 10 subjects . 

(5) To det ermine the eff ect of histamine on pepsin secretion in 

r elation to acid and volume of gastric juice - t here were 

5 experiments in this group. 

(4) To det ermine t he effect of caffein by mouth on gastric pe&'sin 

and simultaneousfy on plasma pepsinogen - 6 such experi ments 

were performed. 

/ (5) To determine the effect of A.C. T.H. and cortisone on gastric 

secretion in one patient. 

Technique 

The tes t s were performed with the patient in bed. A Levine 

tube with a met al piece included in the tip was passed at 4 p.m. and 

the patient screened to det ermine t he position 0£ the tip of the tube, 

which was adjusted to the angulus. SmaJ.l samples were oithdrawn at 

hourly intervals £?·om 5 p. m. to 8 p. 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 allo1wd a light dinner 

a t 6 p. m. but nothing more by mout.~ until t he 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 punp m,re eoptied into a labelled 

container on t he hour until completion of the test at 8 a . m. the 

next morning. A 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 fomlow.i.ng observations were then made on each specimen 

of gastric juice - vol.ume, pH (before and after filtering of the 

mucus) and on the filtered juice. (See Methods , ChapterIII). The . 
free and total hydrochloric acid was measured wi t h Topfer 's indicator 

and the pepsin concentration determined by the standard haemoglobin 

method. The hourly secretion rate of pepsin and acid, as well 

as concentrations of these substances were calculated. 

or th~ 1112-hour test meals done on 8 subjects, there 

apPeaxeu to be t wo in whom the pepsin concentration varied 

almost directJ.y ci th the pH of the gastric juice ll?ld not with 

t he hydroch.lori c acid. These wre subjects in ·mom there w?-s 

very little free acid ant. r:ho were often achlorhydric. One typical 
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auoh ~ph is shown belon. 

GA!>TP.1C 

•u"/, 
X 1,000.PH 

14 

12 

10 2 

,"l 
P' \ 

' I ' ' ' I 
9'---o--.,d I 

· ' ' ' I 
I 

' 

0 1 -+.--,---.---;,;:,o~.~. M~. +r-,M-E-:,2-➔-,-7--.: •. ...-M. 

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 a1J. existed between gastric pepsin and pH of gastric 

juice, but in whom there was a close r elation between gastric 

pepsin an~ gastric hydrochloric acid when both were measu~ed 

as a 1·ate or secr9tion per hour but not as concentration. 

This diffet"ence is compared. in the tvlo g1•aphs (a) 8lld (b) 

shown below . 
. P.U . 

l'UI HR . 

400 Hd 
r:..ul"" 

280 

10 11 12 

Figs, lOa. and b. Gastric pepsin secretion Type II. 

\ 

Relation between gastric pepsin and HUl when measured 
as rate of secretion (a ) but not as concentra tion (b). 
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A third type of patient (there were 3 in this group) 

showed no r elution at all between pepsin secretion and either 

gastric juice volume, pH or acid. 

P.a{• l 
c,u.,.,. . 

1•0 0 

'> P.M. 10 11 l lMN. l AM, t 

T1 Mt, 

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 uncertain one for many reasons - mainly 

because of the uncertainty as to whether complete emptying or 

the stomach is ever obtained; because of unpredictable 

emptying or the stomach into the duodenum and because or duodenal 

regurgitation into the sto.mach. Because the estimation of 

pH, acid a.,d pepsin and the calculations involved are tedious 

(the est:l;mations on one such test meal take the best part or 

a day), it was felt that the resUlts did not justify the 

labour and material and discomfort to the patient. 

THE Ti.ELATION BE'rnEEN GASTRIC PEE'SINOGEN Ai.1D OTHER CONSTITUENTS 
AND TilE PEPSINOGEN IN THE URINE AijD PLA....9\!J\ 

As will be shown in Ohapter V, there is an overall similarity 

in the gas bric IICl and urinary pepsinogen in duodenal ulcers. 

Janowi tz and Hollander (1951) attempted to show. more clearly 

this correlation by estimating the pepsinogen content of 

simultaneously obtained gastric juice and urine over a 3 hour 

period and prove their contention that there is a close relation 

between the pepsinoge:n t.'Ontent of these fluids. (see p. 17 4 ) . 

Experiments were conducted along two lines - in five patients 

simul tan<30US gastric Juice a."ld ul:"".w-ie were obtained over a 5-hour 

,iJsriod as <ione by J.mowi tz and Holla.-ider· (1951) in the fasting 

state and a sample of b.lootl wis taken at the end or this test. 

In 8 other pat.tents, 11 twelve-hour test meals in the fastiDg 
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ota.te were performed as do.eorlbed 1;1,bovo and tiioul taneoua 

urin& coll~otiona wore i,uadi». Blood sumplea wore taken 

1n the faauna ta.to, 

In four otlu,1• pu,ticnt , only air.lultaneous blood 

opeoimens wes:-e ta.11:en with ono bruml apec1titen or e;t:1Utric 

juice. 

~ f'alloT/lUlS table aUCllllUizes ull these 

findings. 

(s ee over f or table) 



TABLE NO: ll,RELATION BETWEEN GASTRIC .PEPSIN,~ ACID AND PLASMA AND URINE PEPSINOGEN. 

Name Duration Gastric Pepsin% Gastric P~sin/hr Mean HOl Plasma Urine 
or test. p.u, :ir P•U• , cc N/10% Pepsinogen % Pepsinogen/hr. 
(Hrs.) P.O.% J> .u ./hr. ~· ~ 

A.Sa 15 5.560 - 0 0 0 

T.Hp 12 65,250 52,100 - 52 282 

W.H. 15 64,200 44,400 95 51 240 

A.Br ll 79,450 - 4.5 - 500 

F.Do 15 42,800 12,580 ·51 - 405 

J.St 10 65,600 69,950 62.5 84.5 555 

C.Bo 10 50,520 
I 

25,290 8.7 28 76 
U"\ 
O'I W.Tu {l) 12 118,000 71,400 27.5 55 190 
I 

(2) 12 121,000 115:,500 15 51 mo 

(~) 12 85,000 88,500 44 28 500 

(4) 12 104,000 75,670 58 51 420 

B.Ba 5 15:,600 1,120 - 17.5 27 

B.Jo 5 57,000 54,000 0 29 47 

C.Ne 5 84,800 65,000 50 25 . .5 85 

H.Br 5 124,000 108,000 54 18.7 185 

C.Bo 5 9,500 4,560 0 10.5 10'8 



J, 
CTI 
I 

B.O. 

e.o 

M.O 

.F.A. 

-
-
-
-

TABLE NO; /1. (Continued) 

176,000 - - 59 

285,000 - - 64 

86,000 - - 14 

18,300 - - 14 
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If ar,;y correlation does exist, it does not do so between 

plasma and 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 pepsin_ogen, Chapter IV). 

Correlations were therefore attempted to show if there 

were any relationship between gastric pepsin and either urinary 

pepsinogen or plasma pepsinogen. 

The first graph below shows the concentration of gastric 

pepsin in P.O.% plotted against plasma pepsinogen in 18 cases 

(These excluded any cases in which the gastric secretion was 

stimulated either with cai'fein or histamine and are all basal 

secretions. Superimposed on the graph is a line drawn from 

O O 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 gast»ic 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 fall in plasma pepsinogen. However, 

18 instances 'are not enough to give a clear picture of the 

relationship. 
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,o ' 

FIG. 12. RELATION BETI'/EEN GASTRIC PEPSIN AND PLASWiA PEPSINOGEN 
CONCENTRATION. 

The next graph drawn up from the foregoing table shows 

the attempt to correlate gastric pepsin secretJ.on with urinary 

pepsinogen excretion estimatee 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 exci:-etion in P. u •. per hour.. The 
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result shows no correlation , ~ , 1 1 either for the 

concentration of pepsin or f or the rate of secretion per 

hour of gastric pepsin, Once 1;1gain it should be stressed 

that the smaJ.l numbers involved make conclusions hazardous. 

( see fuller di scussion p. 17 2 ) . 

P . U. 
{xi.ooo) 

120 

80 

,oo 200 300 400 500 P.U~ 

Fig . 13, 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 hydrocJ:il.oric 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 gastric 

juice. 

The effect of hista.:nine on gasgic pepsin 

The effect of histamine \'18.S studied on 5 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. continuous gastz•ic suction in the 

fasting sta.te wit h meas1Jrement of the gastric jui.ce on the 

hour. After histamine complete ½ hourly specimens were 

taken for 2 hours. The pepsin was calculated both as 

concentration in each½ hourly specimen and as · totaJ. amount 

excreted per hour. In case 5 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 gastric 

ulcer. The f .ollo.wing table sets out the results of 

these three experiments. 



TABLE N0:12 EFFECT OF HISTAl'\iI NE ON GASTRIC PEPSIN MID ACID 

Name Mean basal ½ hour 1 hour l ½ hours 2 hours after 
level histamine. 

Pepsin Cone. F.Do 42,800 • 4:5,000 52,800 68,000 116,000 
P.O. % 

J.St 65,600 45,000 49,500 57,600 68,000 

c.Bo 50,520 101,000 133,000 149,000 7,500 (bile 
re ur . ) 

P. O. per hr. F.Do 12,580 2,460 12,850 
Rate of 
secretion J.st 69,950 88,000 93,000 

I C.Bo 25,290 54,600 15,100 (bile) 
rl 
0 
rl 
I HCl F.Do 51 58 62 64 62 

ccN/10 '/, 
J.st 62.5 71 75 66 58 

c.Bo 8.7 15 20 15 0 (bile) 

Mean values P. O.% 52,910 65,000 87,900 85,870 92,000 (2 only) 
for 3 patients 

P.U./Hr • . 35,940 48,550 57,925 (2 only ) 

HC1% 40.7 47.5 52. 3 48 60 (2 only) 
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From these f'igure~ lid, wili be seen that histamine causes 

not only an increase in acid (and volume of secretions) but an 

increase of pepsin both in concentration and in total amount. 

These results deny the statements that histamine il!auses 

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 l.lP to two hours. As will 

be shown in the next section, caf'fein given after histamine causes 

a still further increase in the secretion of pepsin up to 5 hours 

after the start of the test. 

The action _of caffein on gastric pepsin and blood pepsinogen 

Seven experiments were performed to test the effect of eaffein 

on gastric secretion of pepsin. In all these patients simultaneous 

plasma peps.inogen 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 event. 

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

one fasting specimen and one 70 minutes after caffein were taken. 

In three subjects caffein was given 2½ hours after 0.5 mgm, 

histamine and the patients observed for a further 5 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 

water, no suction being applied for½ hour, the stomach then being 

emptied. Then continuous suction v,as applied, and complat:.e 
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½ hourly specimens of eastric juice obtained and these were 

assayed for pepsin and titrated for acid. The pH was also 

measured on these. Blood samples were taken at the time of 

administration of the caffein and 3 hours later. 

The results of the first four subjects are as follows, 

TABLE NO: ;1,,5 ACTION OF CAFFEIN ON GASTRIC AND PLASMA PEPSINOGEN 

FASTING LEVELS 70 MINUTES AFTER CAFFEIN 

Gastric Pepsin Plasma Gastric pepsin Plasma 
P.O.% P,O.% P.O.% P.O.% 

176,000 59.5 ll2,000 62 

285,000 62 215,000 75.5 

81600 14 10,900 14 

18,500 14 19,000 1.5.8 

The three other patients ~ere studied in greater detail 

as the follov,ing 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 wait of ½ hour, and then 3 hours obset'Vation. 



TABLE NO: ifo THE EFFECT O.F HlS'l'MJill'E FOLLOm:D BY CAFFE:lll ON .GASTRIC SECRETIONi .AND PLASMA 
Mm UtlillE PEPSIN'OOEN. 

Gi\S'l'UIC J U I C E PLASW. ill csc.;. a RINE 
Pt. vol. pH P.U.% P.D./Hr. HCL HCL P.U.% P.O./Hr. Vol. 

ml!/hr. ccNLlOO: £cN/1.0/Hr l!!!,ll!rs 
J.st. 

Basal. 109 65,600 69,950 62.5 70 84.5 e.2 535 56. 7 

Histamine 128 so,ooo 90,500 65 156 78.5 ) 
) 114 

Caf!'ein 195 75,800 009,000 57 212 35 6.4 ) 12.e 

C.Bo 
Basal 35.6 50,520 25,290 8.7 2.2 28 11.1. '113 100 

!list.amine 29 97,500 54,000 16 4.1 42 ) 
20.B ~ 510 

Oaffein 54 - 148,000 51,000 10 4. 5 m 43 

F.Ho 
Bas·al 77 2.28 109 4.1 475 41 .• 7 

Histamine 59 102 ) I 
I-' 

10.5 ) 475 57 0 
.p,. 

Caffein 107 2.47 85.5 ) I 

* Plasna levels were estimated before and after basal 
2½ hours ai"tcr caff'ein. 

secretion, 2 hours after histamine and 

f osc - Renal clearance of pepsinogen in cc/min. 
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Conclusions 

In drawing conclusions, the ~ingle observations on the first 

four subjects must be interpreted cautiously, _since no allowances 

were made for dilution and it is not cer!tain whether ·the peak of 

secretion vras measured. 

In the second set of observations it is not certain whether 

the histamine potentiated the action of caff~in, which it appears 

to have done. The reverso is lmown to be true ( &a.bki", l'f50) 

Neverthe1ess, the figures show conclusively that caffein after 

histamine produces e. great rise in pepsin secretion both in 

concentration and in absolute amounts; this is true for acid 

secretion as weJ.l. The continued increase of pepsin i;J. 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 sti~ulants is an active process, 

rather than a simple washing out phenomenon as suggested by 

Babkin (1950). It further sue;gest,':l that pepsinogen is formed 

continuously, and probabl y fairly rapidly, since t he amounts 

secreted exceed the probable amounts that could be stored 

preformed in the gastric mucoea. 

The decrease in plasma pepsinogen which occurs simultaneously 

with the great increase in gastric pepsin secretion is interesting. 

It suggests firsUy that the diffusion of pepsinogen into the 

blood is a continuous eventJ it shows that no pepsinogen is 

reabsorbed from the gastric lumen, since if it were there would 
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be an increase with the increase in gastiiic pepsin; it suggests 

that pepsinogen diffuses into the blood :from the bases of the 

peptic cells because mobilization and discharge of pepsinogen in 

these cells occurs from the base to the free end of the cell(Gillespie 

1898). It does not assist in deciding whether the process of 

secretion in response to stimulation is an active or a passive 

process. 

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

for pepsinogen of the peptic cells. 

The simultaneous 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 

adjustments to the dehydration involvetl i n st...rvut.iort coupled with 

removal o~ large 70lumos of gastric jui~e (approximately 2,000 ml., 

-600 ml. and 1500 ml. in the above three cases reiJpectively) can 

only be guessed at from the figures sho,m above, we must assume 

that any attempt to relate gastric pepsin ond urinary pepsinogen, 

which does not take the active role of the kidney into account, 

is inaccurate and misleading. 

The renal clearances show that where the urine pepsinogen 

fell, there was a fall in the clearance and vice versa to accotmt 

for the changes. 'l'hese figures without riimul taneous glomerular 

filtration rate estimations only suggest, but do not prove, that 

there is a change in r13absorption of this protein, not dependent 
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on the source of production, the state of hydration or blood 

levels alone. 

The effect of A.C.T.H. and nf cortisone on gastric secretion 

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

male m. th a duodenal ulcer of 5 years duration. 

FoTJr overnight 12 hour t e·st meals were performed, the first 

before, the second immediately following 50 mg. A.C.T.E. intra­

muscularly, the third 5 days later and 2 days after 20C mgm. 

Cortisone I•M•I 1111d t he fourth 4 days after cortisone. 

The following table summarizes the information so obtained 

on the gastric juice, with simultaneous blood and urine 

estimations. 

• 7 



nBI.B ~ l'lr m .w!i'.tlCT OF A..C~. fJID OOi~lWJE on GAS'l'Hl C m:carnon .. 

~ . · 1i'. ~ ·1 ' ►~l..tlw.a !la, !J/10 !:C. Pepsin t:.~ Plasma Urine 
A!l,.hthr, $Wl Cope. ti Pet; bou,; pH -ile£m, J~ean Pl} % r,nt41t f,R·,ti .PtP,/Hr, 

Basal &9.-S 48;.5 21 .. s 1-56 l.lSsOOO 11,,400 55 lSO 

'With 90 59..2 15 2.15 u:i..ooo us,.soo 31 260 
J..,C..'1'.a.. 

2~ 
a.f'ter- 109 .52 .. 5 46-.S i..u 85,,000 oo,,wo 28 S00 

I 
Corti sone 

co 
0 
rl 
I !l days 

ai'ter o5-...a: 62.0 $,.25 .2 .. -01 l.04,000 ?5;6'10 51 420 
cor tisone 
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Theae results would seem to indicate some slight increase in 

gaaY-ic juice volume and acid, but 1i ttle effect on pepsin in 

the gairtric juice, The increase in the urinary pepsinggen is due 

to an increased renal clearanc,e as shovm elsewhere (p. / 04- ) and 

is probably cl.ue to a direct effect of the hormones on renal 

mechanisms affecting pepsinogen excretion. 

' q 
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lL PEPSINOOEN IN THE BLOOD 

There are only four references in the available literature 

relating to the study of pepsinogen in the blood (Sax!. 1915; 

Loeper and de Bray 1922; Gottlieb 1924; and Mirsky et al 1952) 

.All other references 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 wa s reabsorbed from the 

gut lumen into the blood. (Br1lcke 1861). Shortly af'ter that 

Gehrig (1886) sta.ted that none was reabsox·bed but that it 

diffuesd directly in-oo the blood stream from the peptic cells, 

folio dng on the work of I,a.ngley (1881) who showed that pepsin 

was destroyed in the gut lumen and that it arose from the peptic 

cells from a precursor which he called pepsinogen. 

The theories as to its physico-chemical state in the blood 

eventually gave_ way to the t.1-ieory of its existence as free 

pepsinogen in the serum. 

briefly. 

The earlier theories are worth listing 

(1) Adsorbed onto fibrin: Leo 1885 and _Stadelman 1898 believed 

that "pepsin" was adsorbed onto fibrin and this formed the basis 

for the f ibrin method of pepsin assay used for some yeo.rs. 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. GottlieJ, however, in 1924, in 

"a 
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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 cells: Von Calcar (1910) believed that 

pepsinogen was transported as such in the leucocytes and claimed 

that it disappeared after total gastrectomy. • He gives no other 

results nor any figures and one must assume tha t he found no 

pepsinogen in the plasma. 

(5) ~an Noorden (189)) believed that pepsin circulated combined 

with an ihhibi tor complex and Fuld and Hirayama (1912) demonstrated 

to their satisfaction anupepsins - pepsin complexes. Peczenik 

and Kawahara (1927) fully supported and confirmed these statements 

and believed that this eon1plex was set free in the kidney. The 

presence of antipepsins in the blood was denied by Hamburger (l9ll) 

and by Oppenheimex• (1959) and as will be seen l ater, I was unable 

to demonstrate any antipepsin in the blood. Furthermore, pepsinogen 

can be shown to be present in the free s tate in the blood. 

{4) Free pepsinogen in the plasr,ia, then, is t he only alternative 

lei't, since pepsin per se is denatured at the pII of blood (Voight 

1925). The view that free pepsinogen is the method of transport 

in the blood :was supporteo naturally by t he authors who found free 

pepsinogen in the plasma. 

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(J3ray (1922) invented an 

ingenious technique - they simply acidulated seruw 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 subject in the fasting state 

and elevated after a meal, and in a dog with the ureters tied, 

and in chl'Onic nephritis, and also·, without giving supporting 

figures, concluded that it varied with gastric /;/.Ctivity and 

paralleled urinary pepsinogen. 'Dllile their method i s ingenious, 

one· f'eels t hat the met.hod for a lbumin estimation on which it is 

based i s not acc-ura te enough to have alloued then t-0 draw such 

detailed conclusi ons. 

Gottlieb {1924) investigated blood pepsin~n f'ai-rly fully, 

using a more reliable method (Edestin; see Chapter II) and 

found that serum content was t he same as plasma content. He 

incubated hi.s speeimens :f'or 120 how.s at 40°c. He compared his 

results with standard digestion mixtures of .t\rmour scale- pepsin 

and fo1md that the blood pepsinogen varied from 1.s to 2.1 ypepsin 

equivalent per ml. of serum in normals. He grouped his subjects 

according to gastric acidity - in 68 controls with normal acid, 

serum pepsinogen varied from l.O - 4.0 y per ml. (mean 2.0); in 

2;: hyposecretors from 1.2 to 1.8 / per ml. (mean 1,4) and in 18 

hypersecretors 1.8 to 4.8 (mean 2.$); in 2 aephri tics levels of 

4,0 and 4 • .8 y were found. In pernicious anaemia he round 

plasma pepsinogen about 1/lOOth normal. He found tba t there was 
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little daily variation except in dogs who showed an increase . 

2 to 5 hours after a high protein feed; and a gradual decrease 

with starvation. Renal clearances which I calculated from 

Gorttlieb 1s figures on 5 patients are 16.5, 18 and 19, and 14.2 cc. 

per minute. respectively. These raean that Gottlieb' s figures 

are very near to those found in this study by a different method. 

The main objection to Gottlieb 1s method is the need to incubate 

t he digest for 5 da-fll {See Methods, ChapterI II). 

Following Gottlieb's {1924) publication no mention seems to 

have been made of blood pepsinogen or any proteolytic enzyme 

active at very acid pH. Barnes (1940) demonstrated all t.1-ie 

proteolytic enzymes in the white cells , using the haemoglobin 

method, but makes no mention of any proteolysis below pH S.5. 

From pH 5,5 to 4,0, cathepsins caused slight proteolysis 

R§sults. 

At the time this study was undertaken no advances had been 

made on Gottlieb' s (1924} work. It was felt that if there was 

to be any advance in the knowledge of the physiology of pepsinogen 

a simple and reliable method was necessary for the determination 

of blood pepsinogen. In the search for such a method, no 

refinement was found possible of Gott,lieb 1s (1924) method and 

this was discarded as being too cumbersome and not certainly 

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

rel.fable was found. 

,.J 
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This method enabled me to confirm the exiotence of such 

a proteolytic enzyme; partly to identify the enzyme as 

pepsinogen, to determine its sources and show its distribution 

in the blo.od and other body fluids. Its normal and path-

ological var-iations were determined and it was this method which 

made possible the discovery of the mode of excretion of pepsinogen 

by the kidneys. 

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

The preliminary experiments, after a satisfactory method 

had been obtained, were designed to shoYJ 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 O .05 N. HCl to the desired level 

(using the Cambridge pH meter) and the volume made up to 12,5 ml. 

or this, 6 ml. was precipitated i=ediately with 5 ml. of 10% 

trichloraeetic acid and 6 ml. incubated for 1 hour at 57°0 

and thmprecipitated. 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 pllq)eriments were performed on each 

plasma and whole blood with pH ranging by unit from 1 to 6, 
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Results: 

The following table and graph illustrate the results. 

PLASMA WHOLE BLOOD DIFFERmCE BETWEEN 
·wHOLE BLOOD AND PLAS?lA 

pH P.U.% pH P.U.% .. or -
1.01 192 1..0 555 + 161 

2.01 288 2.0 242 - 46 

3.02 545 3.0 410 - 145 

4.0 198 4.0 540 +142 

s.o 96 4.95 ~o + 264 

6.1. 288 5.94 256 - 52 

, I , 

TABLE NO. 16. PROTEOLYTIC ACTIVITY OF BLOOD AND PLASIU AT pH l - 6 

P,U. 

600 WHOLE BLOOD ~ - - - o 

PLA S MA -

500 

400 

300 
a.... .......................... 

200 

100 

1-0 2·0 3·0 4·0 
pH , 

5·0 6·0 

Fig. roteolytic activity of plasma and whole blood at pH l - 6 
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gonglusions 

These results indicate that both in whole blood and in 

plasma there is a proteolytic enzyme capable of digesting haemo­

globin at pH 1 - 5, as well as other active proteolytic enzymes 

up to the end of the range of pH tested (pH 6.0), From the 

specificity . of enzyme pH optimum one must assum·e that the enzyme 

acting at pH less than 5.0 is pepsin, unless it be an as yet 

unidentified enzyme. Since we know that at pH over 7.0 pepsin 

itself is denatured and the pH of the blood is over 7.0, and if 

we assume that this enzyme is pepsin, then it must exist in the 

blood as the inactive precursor of pepsinogen. The inability 

to ·demonstrate any ant;i.pepsin means that the proenzyme is 

probably in the free state. 

The proteolytic activity exhibited at pH greater than 5 and 

up to pH 4.5 is probably partly due to pepsin; that from pH 3,5 

to 5 probably catheptic and over 5.5 probably tryptic (Merten and 

Batzer 1949). 

The differences s~own between the proteolytic activity of 

plasma and of whole blood indicate that there is probably not 

an equal distribution of proteolytic enzymes between plasma and 

cells. 

(ii) The identity of the proteolytic enzyme of t he plasma active 
at pH l - S. 

While the tbeoretical arguments in favour of the proteolytic 

enzyme of plasma active at pH 1 - 5 being pepsinogen are very strong 
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(see above) there is no certainty that it is in fact pepsinogen. 

Since, as in urine, the enzyme content of blood is so small 

that it could not possibly be extt•acted 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 t emperature changes. In 

order to obtain a sufficient concentration of eneyme to detect 

significant changes, plasma· from patients with uraemia was studied, 

(a) pH of inactivation 

Technique: The plasma was obtained from heparinized blood. 

2 ml. of plasma r1as adjusted w:i. th 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 wi;th lN. HCl. The resulting volume was 

measured in a graduated pipette and halved, One hE.l.f was 

incubated for 60 minutes at 37°C., the other, serving as a blank 

immediately precipitated in 5 ml. of 10% trichloracetic acid (0.6N). 

Ea.ch half therefore contained 1 ml. of plasma and 0.1 G. of 

haemoglobin. Volumes were taken into account in the calculations. 

pH measurements were done with a Cambridge potentiometer. 
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Resylts; 

The following table ohow:i the details o!' t heoo o::rperimen t!i , 
Experiment t. Plasllla fx·oE: A. iU with chronic n<i:phri tis, blood urea 
lffi,a !!JEml Zi , Qlil.~!!la pH 7 ;,19 

i:'L <i . pl1 lllOODATED AT Hb. 
uci jua.ted to PlI (P.U.) 

,., 
,o ;: INACTIVATION 

ll.40 1.70 23 79.S 

10.1 .. 1~a2 54,.2 56 

9.58 1.86 ss.2 ss.s 

9.4 1.52 40,.2 67,5 

11.oi l.76 $ 68.5 

a.:;2 1.56 .46.2 82 

7.19 (not l.?.o 61 ® 
alkaliniiaed) 

7,.;!.9 II 11 t.aa 121 0 

Experiment 2.. Plnso;, .from E,.Pa. malig;nont hypertension. 
Blood Uli@P. g§Q lllf.Wl Z . 

7-.34 t,0 46 0 

lt).57(for 00 mins 
at, 51°C. 

2.01 7 85 

a.a (for ¼ 1111n.) ::: .. o 14.6 60 

9 .. S (for ~ mine 2.0 13. ro.s 
u.t f.70.) 

TABLE NO: 17 pH I NAETI VATION OF PLASMA PEPSINOGEN 
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Discussion 

It will. be noted t hat these figures suggest only partial 

denaturation of the enz<Jllle at pH more alkaline than 8, though 

both ,experiments agree in that pH greater than 10. E causes 

8 0% or more inactivation.. It is difficult to see why pH of 

10.15 and 9.58 sholii cause less inactivation in experiment 1 

t..li.an pH 9.4. It will be noted that at pH 1.20 some inactivation 

occurs. 

The results are somewhat vitiated by the presence. of other 

proteolytic enzymes ac.ting at all pH le.vela and one caru:iot be 

cer tain ·that some of the discrepancies are not due to trypt;i.c 

or catheptic activity., 

l-Iowever, these figures illustrate that the enwme in pl aSllla, 

thought to be pepsinogen, cannot be completely inactivated at pH 

up to 11..40, az,d o~ly partially inactivated at pH below 10,5. 

This agrees -with inac~ivat;i.on st udies of Herriot (1958) (see Chapter 

II · ) on put'e pepsincigen. 

(b) Inactivation by he4t. 

~he plasma used in the last two experiments were also used 

for some heat inactivation studies. 

That used in the first experiment (121 P.O.%) was heated to 

7o0 c. for 10 minutes, and then incubated a t pH 1.88 for a further 

50 minutes, and then contained 105 P.O.%; showing 15% inactivation. 

The plasma used in the s~cond e>..-periment (46 P.U.%) was 
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(a) Boiled for 5 minutes in haemoglobin at pH 2.0; then 
contained O P.O.% 

(b) Heater;l to ss0 c. for 60 minutes; then contained 21 P.O.% 

(c) Heated to 7o0 c. for 10 minutes; then contained 50.7 P.O.% 

Therefore heating to 55°C for 60 minutes caused 56% inactivation, 

to .7o0 c. fo~ 10 minutes 15% and 5::'.% inactivation r espectively 

and boiling .destroyed the enzyme. 

This shows that the enzyme measured has a high temperature 

of inactivation, agreeing l'lith studies on crystalline pepsinogen 

(Chapter II). 

(c) Convers-ion to eegsin and then inactivating. 

Pepsin is denatured fairly· rapidly and almost completely at 

pH over 7.o • . By prior acidification pepsinogen is. irreversibly 

converted to pepsin and then behaves as such. 

To use this technique the plasma of a patient with extrarenal 

uraemia was usecl .(Blood urea 260 mgm%, plasma "pepsinogen" 67.5 P.O.%) 
. ' 

1 ml. was adjusted to pH 2.0 with 1 N HCl and then to pH 10.0 

vti th l N NliOH and immediately reduced to pH 1.-'7 and incubated for 

60 minutes. .It then contained 57 P.O.%, showing a loss of 45% 

activity. 

These experiments., ·though suggestive, were aoll; conclusive 

in their proof of t he. nature of the proteolytic enzyme in the 

plasma active at pH 1 - 5, 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 i s ha,rd. 

to say, though thi s might ©.-plain the peculiarities. It is possible 

that t he enzyme i s not entirel y pepsinogen, and that some other 

enzyme with different physical prope:1•ties is active in the SllDle 

pH range. (a concl u:sion reached by Mirsky et al 1952) 

The discrepancy .in heat in~ctivation between ss0 c. and 7o0 c. 

might be interpreted as the presence of antipepsin, heat-labile 

0 • 0 
at betueen 55 C.ana 70 C., though a more direct experiment 

designed to show t he presence of an antipepsin in the plasma failed 

to do so (see later) . 

A more careful study into this a.spect of blood proteolytic 

enzymes is certainly necessary and is being planned. For practical 

purposes, however, I intend to r egard the enzyme as pepsinogen 

and it will be called such in the following pages. 

(iii ) The source of plasma pepsihogen. 

Except for t hi; obsez-vation of Van Calcor ·(1910) on t he presence 

of 11pepsin" in the l eucocytes and the disappearance following total 

gastrectomy, no mention is macle in ·the literature of the presence 

of pepsinogen in the leucocytes. Barnes (1940) in a careful paper 

and review makes no mention of it. I t appears that the major source 
of pl asma pepsinogen i s the f undus of the stomach. 

RESULTS. 

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 also be presented to show ·that 

the gastric pepsinogen diffuses continuously into the blood. 

(a) Origin from the sto1uach 

·1. In one male patient with a gastric carcinoma who T1as 

undergoing a total gastrectomy, blood was taken 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 were, 

Peripheral vein blood contained 20.5 P.O.% 
Before gastrectomy 

Gastric vein blood contained 46.0 P.O.% 

After gastrectomy Peripheral vein blood contained O e.o·.% 

2. The effect of opetations on the stomach on blood oepsinogen 

Total gastrectomy in seven patients studied produced in five 

a complete disappearance of plasmu pepsinogen within 48 hours 

in four and probably in mother (D.Ca) In the other patients, 

one specimen on the Srd postoperative day contained a small amount 

10.5 P.O.% in one and 5 P.O.% on the seventh day in the other. 

One other patient who had had a total gastrectomy four years before 

had 25.5 P.O.% plasma pepsinogen. 



-124-

-1 2 hrs. 1 2 5 4 5 6 7 days. 

D.Bur 20.5 0 

.n.Co 16 12 6.1 - 0 

A..No 10.5 -

G.Bai 0 

H, Wa 0 

E,Du -1.9 6 0 0 0 

c.wa 42.7 - 5 

TABLE NO: is PLASMA PEPSI NOOEN AFTER TOTAL GASTREGTOMY. 

The immediate effects of partial gastrec·tomy was studied in 

four patients, In tl'1re~, blood was taken 1 hour ~ostoperat i vely and 

for a t least 5 days after that. Two of the patients shov,ed a rise 

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

The other t ,110 showed no appreciable change in blood pepsinogen ax 

a result of the operation. These results are s et out in Table 

below. One patient who had had a partial gastrectomy and was 

bleeding from a jejunal ulcer had a normal level of pl asma 

pepsinogen ( 22 P,U,%) 
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-1 l hr. l 2 5 4 5 6 7 8 9days 

w.Sa 

J.Ba 

C..Q 1B 

eo 152 1ao 150 240 52 64 68 100 124 

55.i ~o.8 52 52 

W.Tu 

85 

51 

67 65 65 

62.7 61 51 47 u:.5 

TABLE NO: 0!9 EFFECT OF PART1AL GASTRECTOMY ON PLASMA PEPSINOG:EN 
(P.U.%) 

From these results of total gastfiectomy it may be concluded 

that the pepsinogen of the plasma arises from the stomach, and that 

it probablJ d oes so by a continuous process, probably of diffusion 

directly into the blood, since it disappears Vlithin a very short 

while from the plasma. 

From the results of pal'tial gastrectomy it may be concluded 

that the pepsinogen arises from the portion of the stomach not 

removed, i.e. the fundus where we knov, the peptic cells to be mainly 

situated, al though when read justment has taken place, the plasma 

pepsinocen 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. 

so l ater. 

(iv) Distribution of pepsinogen in the blood. 

This is shown to be 
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(iv) Distribution of pepsinogrui in the blood. 

• The e:xistence of pepsinogen in the 1·eucocytes was mentioned by 

Von Calcar (19.10) but has not . been mentioned since ·then. When 

pepsinogen was found in the pl,asma and it was known to appea r in the 
. ' 

urine, its distr~bution throughout the body was investigated. 

The first line of this inves_tfgation was to sbw its distribution in 

the blood, 

The f~llowing is an examRle of the distribution in the blood 

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

P,U,% 
Plasma _54.7 

Whole blood , 88. 7 

Packed red cells _75.5 

White cell l!!-yer 140 

The white cell layer (buffy coat) was taken from 10 cc. of blood, 

was~ed in normal saline twice~ sedimented and resusp~ded in 5 ml .. 

saline, .The total white eel~ count v1a s 600,000 per cu.mm., and the 

haemoglobin content of this was 9,1 G,% 

The following table gives an idea of the relat:ive concentrations 

~f pepsinogen in the various blood fractions per 100 ml, The figures 

for white cells a r e for 100 ml, of buffy coat taken from :j.O ml. of 

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

(a) 
A.Br. 54.7 54.7 142 75.3 88.7 

A.Wi *· 164 152 140 115 

B.H. 40 49.7 

M•D• 28 68.3 

MxD 12 183 

a.Ho 216 212 

(b) 
c.wa 42.7 ,.. 155 

E.Du 0 21 

C.Ba 0 130 

D.Co 0 55 

H.Wa 0 105 

;i. A. Wi Uraemia, 

TABLE NO: "l2"Q DISTRIBUTION OF PEPSINOGEN IN THE BLOOD, P. U. per 100 ml. 
(a) Controls . 
{b) After total gastrectomy. 

From the table 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 .concentra tion is higher than that of plasma. This 

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

than that of plasma. 

(3) The concentra t.ion in th<: red cells is simile!" to t-'lst of the ;ilasma, 

(4) The concentration in the leucocytes is relatjvely much higher than 
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that nf any other fraction of the blood. These figures are only 

app~oximations a nd are only s~iquantitatiye. 

Several e:>.ceiptiom: appea.:r- to be .:.pplicabl_e to these general 

concl usicms. 

(a) In the case of uraemia, exemplified by patient A.Wi above, 

the plasma and serum concentrations are higher than t hose of red 

or 'white cells in contrast to normals. This i s explained l a t er 

by the hypothesis that only the plas,.:a pepsinogen is filtered 

t hrough the glomeruli, that o~ the leucocytes endogensouly formed 

and not excreted. 

(b) In the case of total gas tI'f)ctomy (the last 5 cases in table20 

there is no plasma pepsinogen ~n four, and in those an appreciable 

quantity of pepsinogen in the leucocytes. In • t he fifth t here is a 

relatively greater than expecti,d amount in the r ed cells compared to 

the plasma 

THE SOORCE OF TI-IE.FEPSI NOGEN IN ·THE CELLS 

As was shown above, t he plaoma pepsinogen is l abi le, varying vii th 

gastric activity and arising from the s tomach. There is a very rapid 

decline following total gastrectomy, suggesting tha t this process of 

diffusion is a continuous process, as i s the clearance of the 

pepsinogen through the kidney. The presence in the one patient quoted 

above who had 25.5 p.U. % pepsinogen in t he plasma four years after 

total gast-rectomy ( this was verifleJ. &t 2 s ubse'-:{uent operations ) 

indicates t hat another source of plasma pepsinogen is probably in 

existence. This patient had an appr eci a:ble quantity or pepsinogen 
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in the leucocytes (between 200 and 500 P.o.%). 

The presence of consider~ble quantities of pepbinogen in the 

leucocytes in the four cases quoted above, with the simultaneous 

absence of pl asma pepsinogen 2, 2, 7 and 2 days respectively after 

total gastrectomy, suggests that the leucocytes either retain' 

pepsino&en for some time or alternatively, make it endogenously. 

It s eems more likely, however, that at the end of a week the presence 

of pepsinogen in the ~ihite ceP.s and none in the plasma (the highest 

plasma pepsinogen in this patient was 12 P.O.% compared to 55 P.O.% 

found in the white cells a week later) would argue in favour of 

endogenous formation. 

The further evidence in support 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 much 

more in the leucocytes 4 years after total ga_strectomy suggests an 

endogenous r ather 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 gastreftomy (see Fig.18) and in pernicious anaemia (see 

,p.243 ) . 



(v) Plasma oepsinogen levels. 

(a ) Normal levels. 
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20 controls were studied; these comprised 15 males and 5 females 

composed of hospi¥ staff and nmbulant patients free of any gastric 

symptoms or diseast and with no evidence of renal disease. Excretion 

levels ranged from Oto 45,7 P.U.%, with a mean value for the 15 males 

and for the 5 females 26 .9 P.O.%, S,D,±1'2'. 7 

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

(b) Plasma pepsinogen in disease. 

(1j Gastric ulcers. 

11 males and 2 females with gastric ulcers were studied and plasma 
,--

,,._ levels varied from O to 55 P.O.%, mean 23,0?.U.%, S.D,± 10. 6 

in the 2 females the levels were 9. 7 and 50,7 P.U.% respectively, mean 

20.2 p.u. %. Of these only 2 had more than 40 P.O.% plasma pepsinogen. 

(2) Duodenal ulcers. 

27 male patients with duodenal ulcers wer e studied . Excretion 
I • 

l evels ranged from 15 p. O.% to 140 P.U.%, mean60'.,4i P.O.%,, S.D.±}h2 

Of these 17 had more t han 50 p.U.% No females were studied. 

(5) Pernicious anaemia. 

5 patients studied had levels of 15 P.O.%, 16 P.O.% and 18.3 P.O.% 

respectively. 

It is therefore clear that patients with eastri c ulcer s are 

&imilar to controls in their pl asma pepsinogen levels , whereas male 

patients w:i.th duodenal ulcers , .irrespective o-f' other f actor s , have 
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significantly higher levels of pl asma pepsinogen, 65% being 

nbove the 1.l}Jper limit of normnl (45 P.O.%) 

These results agree with the r esults of Mirsky et al (1952) 

published since this work was completed. 

Fig, 15. 

P.U. o PLASMA _f 
PEPSINOGEN Q 

.. 
••• 0000 

20 ···-•: 

C ON TltOLI. G,U. o.u. 

Plasma pepeinogen levels in controls and gastric 
ulcers (a.o.) ·and duodenal ulcers (D.o.). 

Significance of difference by "t" test of plasma pepsinogen l evels: 

Control vs. D.u. t ~ 5.2 n ~ 45 

Control vs. a.u. t ~ .90 n ~ Sl 

a.o. vs . n.u. 

.0001 <.. p ( .001 

.0001 < p < .001 
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TABLE NO: 21 COI.IP/,lul.TIVE Lf.\Til.f OF PEPSl.NOOEN I N THF. PLAfJ.lA 

Hb G1'J3TfilC DUODENAL PEP.NICIOOS 
(P.O.) ;:. CONTROLS IJLCFJIB. ULCffiS. Uil.AFl.HA AtlJi~/1 

M F. F 

0 - 9 l l 1 

10 - 19 7 l. l 2 5 

20 - 29 3 5 5 4 

50 - 59 B 2 l 4 

40 - 49 l 1 1 1 

so - 59 l 3 

60 - 119 6 5 

80 - 99 6 1 

100 - 150 2 1 

TOTAL !ID. 15 5 11. 2 27 6 B 

MEAN P.O.% 18.46 ;:s.9 27.6 ~0.2 60'.4 84.5 16.4 

No further analyae6 for age or other factors have been done because 

of the BIJaJJ.I+UID.biJJ'o!' cases. 

The finding of several patients with levels of O or nearly O, 

especially after total gastrectomy, suggests that Mirsky et al (195~) 

are not correct in supposing another enzyme. This "other enzyme" is 

probably an artifact of their long incubation time (see P• 63 ). 

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

Mirsky et al (1952). 
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(vi) D?ily v~riation~ of plasma pepsino~cn in t..~a indiyidual 

Observations extending over severul days v1ere made on six subjects 

and obser'?aticns on 2 blood samples from 1 day to 1 month a art made 

on seven subjects. These are summarized in the following table and 

graph. 

TABLE NO: ~2., DAILY VARIATIONS IN PEASMA PEPSINOGEN 
Hb.% 

(P.O.) 

Patient 1 2 5 4 5 6 7 8days. 

l. 59.2 55.2 40.8 52 52 

2. 65 67 78 65 65 

5. 51.5 22. 7 25.5 22 17.5 28 26 51.3 

4. 24.5 24. 5 18. 3 17,5 18.5 14 

5. 64.8 57 70 71 105 78.8 75.5 

6. 75 72 65.7 59.8 61 57 

7. 17.5 18.3 

8. 15.7 27 

9. 0 0 

10. 5Q.7 29.7 

ll. 66 26.2 

12 52 52 

15. 18,5 19.2 
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As can be seen from these figures there is less 

dail y variation in the individual of fasting pl asma 

pepsinogen than in the urinary pepsinogen excretion. 

This i s understandable, si nce the latt er i s dependent 

on variations in renal function which are in no way 

related to gastric activit-3 , while the plasma 

pepsinogen i s solely related to the level of gastric 

activity except in renal di sease. It would there­

fore seem reasonable to estimate only one sample of 

pl asma pepsinog en in t he individual, whereas it 

appears necessary to estimate at least two or t hree 

24 hour samples of urine. to arrive at the mean 

level for the individual. 
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(vii) ~xcretion of bloo~ pepsinogen. 

AS has been shown elsewhere, (pp.125&125 ) the pepsinogen of the 

plasma. is the labile fraction which changes r ~pidly with acti vi t~'~ of 

the stomach, or its removal a.nu therefore depends for its DJaintenance 

on contunuous diffusion f rom the stomach. It also tlepentls for its 

excretion on continued activity of the ki<lney Wld is fai~ly rapidly 

eliminated u.fter the source of supply has been removed in total 

gastrectomy. It rises po.I'ipassu with other substances, and almost 

parallel with urea in uraenda . 

The pepsinogen of the white cells, however, appears to be formed 

endogenously and i s less liable to change in response to disturbances 

of gastri.c activity or renal !'Unction. As shown above (p, ;L~~-

while the pl asma pepsinogen is cleared vd t,h 48 hours a.fter total 

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

one case 4 years after gastrectomy is still present. 

In the case of uraemi a (A.w.i ) the pepsinogen in the plasma eillceeds 

tha t in the cells, and one assumes tha t the failure of excretion leads 

to accumulation in the plasma but not in the cells, possibly because the 

cells are rather more impervious to the passage of molecules of tws 

si:ze. 

rn uraemia the plasma ;,epsinogen rises and as shovm l ater in this 

chapter in six patients with a mean blood urea of 305 mgm.%, the mean 

pepsinogen level ~as 84.5 P.U,%, compared to a normal control level 

of 25 P.O.% for males and females. 



- 1 36-

(VIII ) The relation of 'blood pepsinogen to gastric pepsin and urinary: 
pepsinogen. 

This subject has been discussed elseuhere (p:i . 93ff .} where it 

has been sho'Wll that plasma pe~sinogen can be cor~elated positi vel y 

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 l evel drops. This indicates tha t t here is a 

constant diffusion from t he peptic cells to the blood (p.123 ) . It 

has also been shown that pepsinogen of the pl asma arises from the stomach; 

that of the leucocytes is probably endogenously formed. 

PlGsma pepsinogen can only be correlated with urine pepsinogen 

when renal clearance of pepsinogen is taken into account. 

IV. THE 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 

Sweat 

cerebro- spinal fiuid 

Pleural fluid (heart failure) 

Oedema fluid (heart failure ) 

Pus (a) Tuberculous (Lymphocytes 80%) 
Eosinophils 15%) 

(b) Supernatant fluid of (a ) 

(c) pyocyaneas (polymorphs 95%) 

17 

29 

5.25 

(0 
(0 

0 

0 

155 

TABLE NO; »3 PEPSINOG:EN 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 dii"~2rently from blood proteins. If one draws again 

the analogy between choroid plexus and glomez-ular membrane, it suggests 

t hat the concentration in . flomer ular filtrate would equal t hat of plasma. 

The finding of pepsinogen in sweat confirms Benderskey1s(l890) 

findings - he called this "hidro-pepsin". (He also coined the term 

11 Uropepsin" which is still in; use today). 

Its presence in very small concentration in pl~ural fluid and its 

absence from oedema fluid is in keeping Viii.th the transudate natur e of 

these fluids in heart f ailure. 

The absence from tuberculous pus, both cellular anu 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. pyocyaneas pus is in 

keeping· with its high polymorph content. 

This distribution of pepsinogen ·t hroughout the body indicates that 

few membranes are impermeable to this protein. It would appear that 

there can be no physioiogical significance to the widespread distribution 

of pepsinogen in the body, since no part of the body ot¥er than the 

gastric lumen is ever acid enough to supply an optimum pH for the action 

of pepsinogen. One must assume, then, that pepsinogen i s an accidental 

waste-product when it occurs anywhere but in the stomach. 
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NATURALLY 0CCORRING ANTIPEP~INS. 

A crystalline pepsinogen inhibitor has been isolated by 

Herriot (1941 ) who h .s analyzed its various physico- chemical and 

enzymatic pro.parties. It appears to arise a s 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 wher e it inhibits both the rennet and the proteolyi4c 

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 opera tive a t the pH 

at which pepsin is normally assayed and since it does not destroy 

pepsinogen, one may distinguish this inhibitor from the one to be 

described later. 

Natural antipepsins have ben described befo-re - astrong inhibitor 

of pepsin ,1as shown to occur in Ascaris by Weinland (1905) and Peczenik 

and Kawahara (1927) reported an inhibitor in the se ·um which was 

thermolabile at ss0 c,, undialyzable and extractable in the ether 

phase. They reported that i t was constant for a species, :varying 

with diet and parallel to the urinary pepsinogen, being highes t in the 

cat and lowest in the pigeon, 

Hamburger (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 deinonstrate this, the plasma of a patient who had bad 

a total gastrectomy 48 hours before and who had no pepsinogen in the 

pl asma was taken. Plasma assay in a· patient with gastric ulcer 

contained 58,5. P.O.% 2 ml. of each plasma wer e mixed and incubated 

for 15 minutes and 60 minutes at 37°c. The mixture was then 

incupated wi .th haemoglobin for 60. m;i.nutes as far the other plasma 

specimens. 

1. A.Bo (Gastric ulcer 38.5 P.O.% 

2. H. Wa (Total gastrectomy) 0 ti 

Mixture 1 and 2. 15 min0 
at ·57 C. 19.25 II 

60 min. at 57°0. 51.5 " 

White cells from H, Wa 152 11 

(soo,obo Wbc/cu .mm) 

rhis indicates that there i s no inhibitor in pl asma of a 

pa tient who h.'is had his stomach removed, but is otherwise normal , 

and has a normal amount of P.epslilnogen in the leucocytes, 

Antipepsins in pus 

Experiments. 

(1) One specimen or · P.Us from a tuberculous empyema contained 15% 

eosinophils and 80% 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 1.50 P.U./ml. was 

mixed with 1/10 of its volume of puG. The resulting mixture contained 

no J,Jepsin on assay - and therefore suffered inhibition of 1.5 P.O. in 

1/10 ml. pus - 15 P.a. per ml. inhibitor in the pus. 

(2) In another experiment with the same pus, but with a urine 

containing H .• 4 P, U ~ per ml., 6 ml. of the urine ws.s mixed with 

4 ml. of the pus and acidified ;vi th 2.5 ml. O. 5 N.HCl to reduce the 

pH to 2,0. 1 ml, of this mixture containing 1 P.O. of pepsinogen 

and Q,25 ml. of pus was assayed and revelaed no peptic activity and 

the pus therefore contains the inhibitor eq~ivalent of at least 4 P,U. 

per ml. If one consideres tha t all the 6 ml. was inhibited by the 4 ml. o 

pus, then each ml, of pus contains 74,4 := 18,6 P,O. equivalent in 
4 

inhibitor per ml. 

(5) The supernatant Uuid from this pus was assayed for peptic 

activity, result O P,.U, Its inhibiting effect was tested on gastric 

. juice pepsin assayed_ at 584 P,U, per ml, 5 ml. of 1/10 diluted 

gastric juice (the dilution used for the assay of pepsin) was mixed with 

5 ml. of the supernatant pus fluid. The mixture was assayed at 52.7 

P,U, per ml. representing the activity of 5/8 ml. of gastric juice 

(1/10 di luted). Corrected for dilution of gastric juice (xlO x.§. 
1 5 

the peptic activ.i;y of the gastric juice was 525 P.O. per ml. and it had 

therefore suffered inhibition of 59 P.O. per ml, or 295 P.O. per 5 ml. 

caused by 5 ml. of pus nuid, each ml. of pus therefore causing 98,5 P.O. 

equivalent of inhibition. 
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( 4) A specimen of pyocyaneas pus failec.l to cause any inhibition of 

urinary peptic activity. 

Conclusion§• 

One i:::; left .to. specula te on the nature of this inhibitor 

which is active. at pH of assay (2.0) which is fairly strong 

(at least 98.5 P•P• equivalent per ml.) and which occurs in 

tuberculous pus - this one containing 80% lymphocytes and 15% 

eosinophils - both in cellular and in t he fluid portion of ·the 

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

From the pH range of its action and the fact that it is 

not destroyed at acid pH by the pepsin, one concludes that it is 

not identic.:i.J. . 7d th the pepoin inhibitor described by Herriot 

(1941) (see above), 
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THE RENAL BARRIER (in relation to protein 
excretion in general and pepsinogen in 
particular. 

There has been more spscula tion t han fact about the exact • 

mode of excretion of pepsinogen by the kidney. Neumeister (1888) 

speculated about t he role of t he kidney in excretion and 

concluded that because he could demonstrate no npepsinn i n 

the blood but could in the urine, that t he enzyme circulated 

in an inactive form in the blood combined Vlith an inhibitor, 

and that this complex was split and the enzyme activated in the 

tubules. 

The first reference to any disturbance of urinary pepsinogen 

was a statement by '(Tan Noorden (1895) t hat i ts excretion was 

increased in nephritis . 

Most authors, however, agreed that nephriti s caused a 

diminution of urinary pepsinogen (Strauss 1926, Bothschild 1950) 

and that it caused a rise in pl asma pepsinogen (GotUieb 1924); 

Loeper and _Debray (1922) found an increase in the blood of a 

dog whose ureters v1ere tied. 

More recently, Bucher (1947) has stated that pepsinogen is 

eliminated as other waste products and that "the molecular weight 

of pepsinogen (4~,000) presents no p1·oblem t o the ki dney, since it 

is smaller than egg albumen (44,500) and haemoglobin (69,000) both 

of which may be eliminated by the normal 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 are a l ar ge number of other pnoteins said "I might state that we 

have tested the excretion of pepsinogen in dogs and it does not 

appear that reabsorption of pepsinogen occurs" . The only other 

recent authors on pepsi nogen excretion, viz. Janowitz, Levy and 

Hollander (1950) made no comment other than estimating the blood 

urea in all cases to exclude renal disease. 

rt was evident that this probihem •nas f ar from settled and 

needed close investigation. The results of this investigation 

have shoVlil t hat 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 t.~e kidney, a subject on which there has been a great deal of 

speculation and which only now is beginning to become unders tood. 

As will be shown l ater, this protein, pepsinogen, is filtered 

through t he glomerular membrane and partly reabsorbed in the tubules, 

in a manner analagous to other threshold substances like glucose, 

and i s merely representative of the "threshol d proteins" dealt with 

in like f ashion. 

It would perhaps be best to review the evidence pertaining 

to the modern views on protein filtration and reabsorption before 

procesding to the e:>,.'Peri mental evidence specifically relating to 

pepsinogen. 

Protein filtration end reabsorption by t he kidney. 

A search of the literature r eveals that the idea of protein 

filtration and reabsorption is by no means new and preceded, but 
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was unfortunately tem)orarily superseded by the theories of Cusfuy 

, (1926). 

The classical thesis of Cushny 
I 
held that the normal glomerular 

membrane is impermeable to protein and that protein only passed 

through damaged capillary membranes , after which it remuined 

uninfluenced by either secretory or resorptive activities of the 

tubule. 

The more modern views based on experimental evidence and 

observation in disease 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 

tubul-ar activity. This tubular activlty 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 f'rom kidneys perfused with 

ice-cold serum to paralyze tubules contained 15 - 22 mgm.% of protein. 

If no protein were 1·eabsorbed large quanti t.i es would appear in the 

urine. Tho.t this does not do so normally shows that it is reabsorbed 

in the tubules . 
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other proteins. 

Claude Bernard (1859) in observing proteinuria and excretion 

of -injected egg albumin and of haemoglobin 1vas the first to suggest 

that the mechanism was similar to glycosuria -. a remarkably 

prescient view held a t the time pepsinoge.n was only thought of as a 

theoretifal possibility. Ponfick C+B75) showed that the red 

colour of the urine in transfusion reactions v1as due to haemoglobin 

and not to biood and determined the levels of haemoglobin in the ~erum 

necessary to produce this. 

',Gushny in his book published in 1917 and again in 1926 set 

the tone of modern renal physiology~ He insisted that prot~inuria 

proved a renal lesion visible or invisible in the glomerulus, though 

he was aware of the observa tions on haemoglobinuria and alimentary 

proteinuria in normal subjects. He passed these off as indicating 

that path egg&v;hite and haemoglobin caused gloJberular damage because 

they wez·e eliminated as foreign protein. This expl imation completely 

ignores t he possibility of normal resorption of protein by the tubules. 

De Haan ·(l922) showed t hat trypan blue which is bound to protein 

does not appear through collodion membranes but that it does appear 

in the urine, and t ook this to mean t hat 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 digestionl 
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Bayliss, Tookey-Kerridge and Russell (1935) showed by 

extensive inves tigation that ·t,here was no chemical or histological 

data to support ,Cushny•,s t heory that the kidney selectively holds 

back body protein and excretes foreign protein through the glomerul~r 

membrane. They found tha t gelatin (m. ,,t. 55,000 ) , Bence-Jones 

protein (m.wt. 55,000 ), egg-white protein (m. wt. 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 haemoglobi n 

was excreted ana the possibility of tubular reabsorption held no 

place in their explanation. They were unable to demonstrate any 

histological damage in the glomeruli to support Cush.Dy I s theories. 

A probable ezplanation of t heir f ailure to obtain any excretion of 

large molecules are the low plasma lev~ls they produced. Brull 

(1951 ) by ingenious cross-circulation experiments, was unable to 

demonstrate any evidence to support the glomerular damage theory 

of Cuslmy- by the "foreign" proteins. 

EVIDENCE OF TOBULAR RESOfil'TlON OF PBOTEINS. 

(1) Clearance studies. 

Pearce, Austin and Eisenbrey (1912) observed the "threshold" 

of b.ae.moglobin to be about 150 mgo. per 100 ml. of plasm~ later 

confirmed by Lichty, Havill and Whipple (1952) and Newman and 

Whipple (1952), and later still by Yuile, Steinman, Hahn and 

Clark (1941). The latter three papers (from iillipple1 s laboratories) 
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showed that when haenoglobin appeared in the urine there was 

a proportional deposition of iron-containing pigment in the proximal 

tubules, whereas at "sub-threshold" levels when no h .emoglobin 

appeared in the urine, no pi gment appeared in the proximal tubules. 

It hardly appears tenable to assUl!le that an actual threshold exists 

below which haeliloglobin is held back by the gloraerulus, and one 

believes that sub-threshold levels merely indicate the limit which t.~e 

tubl4es are able to manage without breakdov,n products appearing 

in the tubular epithelium. That -this is due to an actual breakdown 

of haemoglobin in the tubular epithelium i s proven by the itlenti tj: 

of the iron-containing pigment in t'.le epi theliun :i.s haemosiderin 

(Rather 195~). Repeated daily injections of haemoglobin cause a 

lowering of the 11threshold" indicating a probable over-loading of the 

tubular epitheliel mechanisms. 

Monk and Yuile (1940) were the first to estimate clearances on 

filtration and resorption of a protein. They estimated simultaneous 

haemoglobin and endogenous creatinine clearances and found that with 

pl aSI:!a levels between ~50 and 1,000 mgm. %, haemoglobin excretion was 

5% that of creatinine, i.e. th;;.t about 97% was reabsorbed. in the 

tubules. This wa~ latro.· confirmed by Dock (1942) using the ice-cold 

serum perfusion technique. 

Lipp~an, Ureen anu Oliver (1951) showed th~t the reabsorption 

of protein in rat kidney can be calculated to conform to a mathematical 

formula. With the limited results at my disposal to date on pepsinogen 

I am tmable to oo.y rib.ether pepsinogen f ollo s their formula, since that 

is based on mo.xi.mum rates or reabsorption. They found that under 
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those conditions haemoglobin excretion (E) will be proportional to 

the product of exogenous creatinine clearance (F) and serum levels 

of haemoglobin ( S) in a stralght 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 5.54. The small range of values for G indicates that the formula 

might be applicable to pepsinogen, 

There is little doubt in view of these findings 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 

fil ter;;r'l through t.he. g~ocer ular membrane and r eabsorbed in the 

tubules. 

2. MOfil'HOLOCtICAL EVIDENCE FOR TUBULAR REABSORPTION OF PROTEINS. 

Well over 100 years ago, pathologists began noticing discrete 

spherical intra.cytoplasmic bodies in the renal tubular epithelium, and 

much was written in the German li tera tura on the nature of these 

bodies. rt was first thought to be either a degenerative change, 

later to be evidence of tubular secretion, and later still, evidence 

for tubular reab;:;orption of proteins. The poj,nt was not settled 

until Gerard , Cordier and Lambert (1955, 1955 and 1954) showed in 

!'rags and ;:;alamander kidneys that these d:-opletn indicated resorption 

rather than degenerative or secretory processes in the tubular 
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epithelium. The subject is well reviewed and commented on by Rather 

(1952). The rocess of resoTption is evidenced by the droplets 

was looked upon as a static one but the work of Dock (1942) and 0£ 

Oliver (1950) shoHs that the ;:,recess i s a dyllamic e.nd continuous 

one. Dock (1942) pointed out; that H the filtrate contained only 

15 mg. of protein per ml ., 27 G, a day would appear in the urine. 

Since only traces are found, the rest must have _been absorbed, and 

therefore a continuous dymamic process. Oliver showed that the 

droplet formation is closely connected vii th t he mitochondria in the 

tubules. From the work of Addis et al (1950) it seems as though 

the adrenal hormones play some part in maintaining induced proteinuria. 

Brie.fly restated, it appears tha t protein normally does pass 

into the glomerul ar f iltrate, partly depending on particle size, 

possibly also on particle shape, but not on the nature of the protein . 

It appears unlikely that there is any glomerul ar threshold but rather 

that it' is a threshold for the whole kidney depending mainly on the 

resorptive capacity of the tubules for the pa.rtict.1.ar protein , what­

ever that in turn depends on, ann that this resorption occurs in the 

proxim.!l convoluted tubule ancl is closely related to the mitochondria. 

The exact mechanisms at work can no more than be hint6d at 

by the available evidence. Much of the evidence perforce has to 

be collected under abnormal conditions and it is not often that 

physiolog~cal and morphological observations can be correlat,ed in 

the same kidney, anci many of the morphological changes are probably 

ultra-microscopic. 
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RENAL EXCRETION OF PEPSINOGEN 

Experi mental eyidenQe, 

The evidence to be pr esented fits in well with the theories 

and conclusions relating to other prol;eins. 

The most direct evidence to be presented is the determination 

of the amount of pepsinogen reabsorbed by simultaneous determinations 

of endogenous pepsinogen and endogenous creatinine clearances in 

normal men calculated from the formula-~ , Where U·:.. urinary 

concentration per loO ml,, V:.. urine volume in mls , per minute 

and p plasma concentration per 100 ml. This formula of Van Slyke 

has been accepted as appl ying to both substances, since neither 

is excreted by the tubules. The creatinine clear=ce (Csc ) has 

been taken as the glomerular filtration r &te and t b.e percentage 

reabsorption cru.cula ted from the formulo. 100 - ~~~ :;;: 100 :;. % reabsorbed. 

This puts the fi,gure of reabsorption a t bet1Veen 55 and 95% of the 

amount filtered through the tubules. Precedence for using this 

method can be taken from Monk and Yuile (1940) ~ho used the same 

technique for haE1Doglobjn clearance and reabsorption studies . 

This estimation was performed on two pa.tientil. The .first, H.B. 

was a 49 year old man recovering from a myocardi al infarction 

in the 5t h week anu 'Iii th no signs of renal disease or of ca rdiac 

failure. Three consecutive 24 hour uriues and two consecutive 

f asting blood sp.eci men s 'lle r-e :i.nr.uyzed for pepsinogE:n and creatinJne. 

The u1·ines t uve t he follovr.i,ng r -,sults: £42, 220 and 186 P.U. % 

and 115 and 116 mgm % creatinine on two of t he uri nes. The plasma 
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pc;>oinog.en leveJ.s were 49. 3 o.nd 451 3 P.U,.% :·es ectively and the 

TheEas figures are given to show 

the relative constanc.9 of both substances. The calcula ted creatinjne 

clearance =128 ml./min. ( =clomerulnr f iltration rate), the 

pepsinogen clearance = B.25 ml./min. 

CSP 
Therefore percentage pepoinogen reabsorbeci= 100 - C8C x 100 

=· 100 - 1£E5x 100 
128 

In a second subject, a nomal control several consecutiVt? days 

were observed and gave the foll o~1ing r 1;sul t s ; 

Day of Creatinine Pe;isinogen ,; Peps.inogen 
obser1; a tion. clearance cleerence reabsorbed. 

GFR 

1 57 10,.4 66 

2 7S,5 9.:1 81.2 

5 88 1s.2 82.8 

4 99 ~2.7 77 

5 66.5 ,1. :? 95.7 

6 68 11.9 82.75 

T'iaba. e 2"4 ... Br:ldog enour, pep sinogen & creatinine clearances 
and calculation of tubular reabsorption of pep sinogen 
in n a norma l subject in 6 slil.cce.s sive days. 

These figure.e shof: a relative constancy from day to day and 

_amply confirm the modern vie t1i; on 1>rotein !'iltl:--.i.tion and rea.bsorption 

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. t hese experiments should be 

repeated using inulin clearances instead, However inaccurate the 

creatinine clearances, the pepsinogen clearances , as ~ill be shown, 

are relatively small, varyilng normally from 5 to 25 ml,/minute and if 

one assumes the G.F.R, to be about 120 ml. per minute, one can predict 

the percentage reabsorption of pepsinogen to be between 80 and 9S% 

of the amount filtered through the glomeruli, 

In attempting to place the site of pepsinoeen reabsorption, one 

has to go no further than the work of Peczenik (192"1) who pres1;,nted an 

exhaustive study of the relation between urinary pepsinogen and 

starvation and feeding. In attempting to confirm experimentally in 

animals the observations of an increase in urinary pepsinogen in human 

diabetes mellitus, Peczenik induced phloridzin glycosuria in r ats . 

Normal rats respond to 48 hours starvation by practically complete 

disappear ance of pepsinogen from the urine, but such a rat given phloridzin 

passes ~ the normal .amount of urinary pepsinogen. He wrongly 

concluded t hat 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 that small amounts caused an increase and 

large amounts a decrease of urinary pepsinogen excretion, 

Since phlorldzin poisoning is known to damage the proximal 

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

nthreshold" protein becomes stronger and places the site of tubular 
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reaboorpt:lon in the I.lroXiir,lll convQlute-,d tubules. 

Popsinogen cleu-ances were dotei·m;i,nod in 67 .1untunceLJ encl. the 

whereby t.~e reab11orption of popoinogen ia controlled according to 

blood level. This graph (Fig. 16 shows that post-operative 

clearances are different from ncrmal cl earances. 

UV 
p 

0 20 40 

2.0 

60 80 100 120 D//11/400 
PLASMA PEPSINOGEN P.U.1, 

Fig. 16. Relation betttoon pepGinogon cloarance by the ldclney 
.:llld pl.a!.;tID pepsinogon levels plotted on log probit paper. 
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The clearnncoa r epe.;,. t e<.1 i n pa tients r,hows a f ui r degree of 

constnncy, per haps more oo t han t he urinar y l evels of excretion. 

No relat.ion with disease or the s tomach or duodenum has been found. 

There were 6 patients with gastric ulcer, 4 with ~uodenlll ulcer 

and 6 controls. 

TABLE NO: 25 R'ElML C!.3Af-ulllCE OF PEP5I NOGW W !.U./min. 
(See ¼!t}. 

GASTRIC ULCER DUODENAL ULCER CONTROL 

7.5 16, 7 5.2 

12.4 6.9 9.5 

16.5 (6,6 (18. 5 
( ( 

12,9 (4.25 (22 

16.4 (20.6 { 7.4 

f 22.,s 
( 

(28.6 ( 7.7 
( 
(li,8 {19.4 

~16.8 
( 
~ 9.6 

(15.2 

(19.2 
( 
(21. 6 

nrac!.'.etod figures Q.ro conaecutive r eadings on the s ame 

patient. In addition, a number of serial observations vmre made 

on two patients who received A.c.T. EI. or cort;isone; one o-as later 

operated on (see below). 

The mean cle~rance for t hese 16 patients wafl 14.1 ml./minute and 
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on an assumed G.F.Ji. of 120 ml./min., reabsorption on the average 

would be 88. '7% 

These figures correspond fairly closely with pepsinogen 

clearances estimated from Gottlieb 1s (1924) figures of urine 

flow, plasma and 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 f igures are available in the literature as only Gottlieb 

(1924) estimated plasma and urine pepsinogen with any degree of 

reliability. 

Clearance studies under various physiological conditions and 

in renal disease complete the picture of the mechanism of excretion 

of pepsinogen by the kidney. 

uraemia. 

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 Rothschild 19 50) • 

In 6 patients with uraemia, the plasma pepsinogen was raised 

well above normal, which is 25 P. 0 .% The following table shows 

the results and confirms retention of pepsinogen in the plasma 

in uraemia. 
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Patient. Blood urea Plasm:1 pepsinogen 
mgp.% r,u.;r; 

c.1. 244 61 

I.P. 180 65.5 

R.P. 260 48 

J.H. 600 213 

A.Vi. 554 84 

c.o. 180 67.5 

Bean 305 mgm % 89.5 P.O.% 

TABLE NO: .26 PLASMA PEPSINOGEN IN URAEMIA 

Clearance studiea were done on 2 patients with teminal 

uraemia due to chronic nephritis, J.H. and A.w. 

The pep::Sinogen clem:·o.nce for J.H. ,ins 1.28 m.1./minute and 

for A•W• on two suDcessive days 0.066 and 0.250 ml./minute respectively. 

He1·e the mechanism is probably not an nlt:eration in reabsorption 

but a reduction in the filtering surface or the tubules to almost 

vanishing point. 

In conpensated uraCI:da (chronic ur-~mio.) v1hero t..h.e urine 

output is reacoMbly ell maintained and the excretion of viaste­

products maintained at equilibrium with the blood ure~ elevated to 

t t\lO to three times normal, pepsinogen clearance appears to be 

unaf'fected. One such patient uas studied (I.P.) o.nd the clearance 

in this Clltle was .1.7.9 IJ1l./minute. This reading is somewhat complicated 

by the coincident proteinuria (2 to 5 G./day). ihether t.ltl s 

indicates any general action by the tubules in rejecting protein is 
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dif'ficult t.o say and may account for the apparently normal clearance. 

one .ould have t.o observe a simultaneous G. F. R. t.o answer that 

question. 

Bephrosis 

One patient .as studied iti th an aoy_oid nephrosis. His 
f!b 

urinary pepsinogen was 557 P . U. fb:r and • s blood pepsinogen 
gb. 

2().5 P.O. ;; and the pepsinogen clearance 52.5 ml. per minute. 

This would seen t.o indicate a ai.ainished reabsorption of' pepsinogen 

and would confon:1 to the general pattern or a nephrosis. 

~crating 4 to 6 G. oi protein in the urine per 24 hours. 

Diabetes Insipidus. 

He was 

One patient studied was passing 6 litres of urine per day. 
Hb. 

The urinary pepsinogen was no=al in this patient. 286 ?.U. /hr. 

Diabetes Mel 1i tus , 

'!'he urinary excretion in 4 patiaits Tri. th this disease was 
Hb. 

normal and avers.gee. 194 P.O. fnr• 

fwced .Diuresis 

The ef'I'ect of mersalyl diu..-esis was studied in 5 patients 

and t.b.e ::'ollonn; r·cures o:f urinary areretioc. uppear to indicate 

t:':lat forced diuresis can increase the output of" pepsinogen. 
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T.If. na;;e. Urine w../hr. P,O./hr. 

l 130 216 

2 54 282 

3 39._5 516 

4 4l.5 580 

5 600 550 lot 4 hra. after 
lllOI'Ofllyl 

150 275 !lext. 00 hours. 

6 68 292 

7 100 2m 
..... FI""' ff 1(, 

J.P., l ~5 8$ 

2 s1~s ist 
'ersal.yl 

s 85 714 

In o. third pat.tent 111e1·anlyl ho.a no erroot on iop::inogen 

uecpite ll. normal diu1'eti.c et.fact, 

Ao ia pointe out la tar 1n this chapter (p. .201 ) 1mrt1;~1 

gABtrectoJ::ly h o tho effect of tomporari.17 incre(l;ainf; the output 

of pepsin en in tho urino bo level not inet W.: th undel' any other 

ocn"1.lti1orus. In other opcra.tione, this effo.: t in saldom seen. 

As is ofoted out in that soctic:m, 11b.en the pepeinopn excretion is 

incz:-oa.ao to U.\0110 lovels, pt\rt of tho r~cch:unien or that 1ncrn l-60 i-D 

tho increwied output fror1 the ruo.ch l !'ll!tlnUn or the c- tlOJ;ll."l.c:h, but the 

;n:tn I ciob.CiniCJO lo~ inc~·ooai :; tJ,io uriru:Lr.7 oxorction up, ,oara t.o be a 
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decreased tubular reabsorptj on of pepsinog~n and the pepsinogen 

clearance rises from the normal of about 14 ml./minute to 60 to 70 

ml./minute. Unfor-f:,Ullately G.li'i was not meusured post-operatively 

and no good reference to thi s study has been detected in the 

li terat,ure. If one assumes that the G.F.R. does decrease that 

is even more in support of an increased tubular reabsorption. 

The Effect of Cc:¢,isone and A.Q.T.g on renal excretion of pepsinogen. 

The effect of the adrenal steroids in pepsinogen excretion 

in this study has baen shown to be variable ( see later) contrary 

to the l'lork of Gray and his colleagues (1951) who claimed 

an inqrariable increase after administration .of these hormones. 

Of 4 patients studied under the inf'luence of these drugs 

(se p. ,201 ) one showed a slight increase in pepsinogen exc_retion 

without an increase in blood pepsinogen, and this was coup+ed with 

slight increase in pepsinogen clearance; partial gastrectomy l ater 

cause,d an excretion peak of 2460 P;U~/hr. and a clearance of 

6 7.2 ml./minute in this patient, 

(See Table No. 28 overleaf). 
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Days. 0rine pepsinogen l&s~a pepsinogen Pepainogen clearance 
IJb. P.O.% .Y:i 

P.O. /lit, B 

l 100 ZS 6 

,., 
555 31.5 19 .. 

50 mg.A.C.'.CH 
5 260 25 19.2 

4 545 zs.s £1.S 

5 187 21.8 l4.5 
200 og. Cortisone. 

6 251 18 24.l 

7 000 28 17.7 

e 000 

9 400 26.2 28.6 

10 4£0 26 28.0 

11 527 26 17.4 

TJlBLE NQ. lE EFFECT OF A.C. T.H. AND CORTISONE ON PEPSINOGEN CLEARANCE . 

Another pat:1.ent who lad 100 m&~ Cortisone pei· da.y for 5 days 

showed no increase in e:;::cretion or charieo in clearance. Two 

other patients \'/ho roccivcu. in 7 de.ya 5GO tJg. A.C.T. l-! ., and 1400 mg. 

Cortioone x-espoctivel::r showed no chmige in renal clearance as a 

rec;ul t of these homoner 

In the odd patient., therefore, who does ohow an incronoe of 

urinary pepsinogen, one night a.asUllle this to be an effect, on the 

re>.nal taechaniso of oxo1·eting thi fl ::iubatance and not on the production 

of pepsinog,m. Ao l'l:ill be shown l a t ez·, A.C.T.H. ~nd Cortisone in 

one pa.tiont hau no effect on gastric secretion. 
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SUMMARY 

Experimental evidence has been _p2sented which shows that 

pepsinogen, a protein with a molecular weight of 42,000, is fiitered 

through the glomerular membrane and largely reabsorbed in the 

tubule, probably the proximal convoluted tubule. This confirms 

the other evidence from t he literature suggesting that this is 

similar to what happens to most proteins in the kidney. Because 

of the simplicity and reliability of pepsinogen estimations, 

fu;r-ther st1.1dy of this substance 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 

should be evaluated vii th this fact in mind. 
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SECTION Vll. PEPSINOGFJl Itl THE UilINE. 

This section deals with pepsinogcn as it is fo1md in the 

urine 1mder the fol~oiling headings, 

l• Introduction. 

2. Comparative biology. 

5, Idootity of e:nz;yl!le. 

4. Origins 1:1nd source;of pepsinogen in the urine, 

(a ) Site of formation, 

(b ) Relation to gastric activity. 

(c) Stimulants of gaotric secr~tion . 

(d) Effects of' diet &nd stnrvo.tion, 

s. Relation to renal f1.tnction and to physical proportie,s of -urine. 

(a ) Renal function 

( b) Rel ation to volume and concentration of urine. 

(c) Rel ation t o Pll of urine 

(d) elation to chloride excretion. 

6. (a ) Patterns anu variations. 

(b ) Norrol11 levels; effcctt: of aee and sex, 
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INTRODUCTION 

In 1861 Brucke described the presence of an enzyme in the urine 

which was proteolytic in highly acid medium and he believed this to 

be pepsin absorbed from the gastric lumen. Until some years after 

t he discovet·y of pepsinogen (Langle;ir 1881) it was believed that 

ithe urinary enz:}T.le v,a:: pepsi n . Sclm1:.:1pauf (1888 ) however, believed 

that the enzyme wa::; not pGpsin, but pepsinogen, since it could be 

found in alkaline urines (of the horse) that would inactivate pepsin, 

Gehrig (1886) two years before postulated that pepsinogen uas absorbed 

directly from the peptic cells of the stomach into the bl,ood and 

reached the urine in that way. Benderskey (1890) was still uncertain 

of the identity of the enzyme and culled it "Oropepsin 11 , a misnomer 

wrdch has persisted to date, 

The German clinjcians of the l a te 19th and early 20th c·enturies 

saw in the estimation of urinary pepsinogen a new diagnostic method 

and investigated the variations in this enzyme in relation especially 

to achlorbydria and the diagnosis of cancer, Following Gottlieb 1s 

(1924) .fine :p_.per describing his" attempts to cor1•elate gastric activity 

with blood and urinary pepsinogen, a few sporadic papers on urinary 

pepsinogen were published in German till 1930, when Rothschild 

discredited the diagnostic significance of 110ropepsin11 , No further 

work was done until the publications of Farnsworth, Spee:£' and Alt 

(1946) and of Bucher (1947) reawakened interest in the subject 

and these were followed by a sez-ies of papers relating mainly to the 

diagnostic significance of urinary pepsinogen excretion in peptic 

ulcers. Part of this i·ecent 1vork related to t he physiology of this 
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en~o und broUSilt u tc th mint of knotline itc source, propc~ tJc,s 

ond i;ome of tho variat.ions in dioease. 

COHPAi,ATI'JE WOI&Ql 

lt ~ been abovm t hat. mule trypsin or trypsinogen u 
nomall;y ~baent fron1 the urine, it may appear in the uriihe of 

r,everely ill ani?..als but not in the dog or in mnn (klmon &nd 

Chytrek 19!9). Pef)Elinoten• however, i& olway& pro1rnnt in the 

urine of normu oon ond tuw,mJ.s ith a re\, oxcoptiona. The 

1'ollo~iD£ ~lo , .. :re !'ound to oXQrotG popl,j.inogen; t:tan (DrOcl:e 1861); 

dog and rabbit (Oohrig 1800)1 Horoe .(Schnep,1nuf 1880)J cnt 

(Frouin 1904); and in 1927 r>ecaan!l!k and K~wF-1·0. t·oin\i'ostigated 

the excretion or pepuinogen in animals. Tho folloinnc table 

ia ta.ken :ti-oo their >11pert 

TABLE tiO; 29 mu:1:A, • : .,...,,..,'!,tOOEH llI VAiUOOS Am;,~. 
I Poo'3Citlilt ~ Kr t/Wlln'Di 1027). 

.l\m,ool Urine renct1on Dilution or urine und tlegroe of 
to litmuo peptic act.iv1t.y. 

J.L! :.t2 Ut ve 1/18 

cat Acid ++ff ~ #+-+ +H-1- -lwl-t-t 

Guinc."'11 pig strons;ly +tt-t ++t--1- ++H- ++++ +I+ 
n11roline 

win '1eo.k acid +t-tt ++tt -H-1-1- +1-1- -+/" 

Dog i'ioak ucid +H-1- --++fT' -+++t- +H1 +1-1 

Ra1i Aciu tttt +t+r +H+ '1-i+ ± 
Hott:e AlkAline +tH- +ttt +H- + 
t.lou~e Strongl;r acid ++-H-- 44-1- +r 
f!odgehog{Hiber- Neutral +H- ti"' +,-
nuting & stamne) 
Pitieon -t++ # * 
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Orine reaction 
to litmus 

Dilution of urine nnd degree of 
peptic ac ti~;tty. 

1/1 1/2 1/ 4 1/8 1/,1.G 

PJll1tl. n.ooulcniA ) (w1.,ter con<li ti.ens) -
} oJ.lm.linc 

Rana tePl;lorario.} 

Salamander 

Key .,, No activity. 

-++tt ·cc !,!~mal digestion. 

The finding of rJ.gh urinary pepsinogen lin cats and moderate 

amounts in doge was latel' confirmed by Bucher (1947) and by l:liraky 

et al (1948) respectively, The absent excretion of pepainogen 

< in cold-blooded e.ni1UalS (frog and aalnmi:.nt1e17 in winto1; is rever:,ed 

in summer, and by .feeding these animals. lntraperi toneal injection 

of pepoin in the apeptio frog in wintet· will result in increase of 

urinary peptic notivi ty, inuic<1. tin& tho.t in the frog the enzyme cay 

circulate and be exc1·eted as such. 

Tho lc.--vel of urim1-y pe,piinogen in the frog parallels its peptic 

:;iecretion in the peptic: cells of the oeso,)hagus where the frog 

normally las peytic c<illls (Peczenik and Kawahara 1927). 

In addition -to their report on peptic activity in the urine, 

Peczenik ano. Kawahara (1927) found that. the se. a of all animals 

contained an r.nti ;:,e.isin para11al to the level of urina~· pepeinogen. 

!Ater work fuiled to confim this findir.,.g (see p. 158 ) • 
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THE IDENTITY OF "OROPEPSIN 11 

The term 11uropepsin 11 is used pro tem to describe the proteolytic 

enzyme in the urine active in a highly acid medium which was discovered 

by Brtlcke (1861) and named 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 (1881). Lengley had shown t hat pepsin was 

inactivated in alkaline medium, bt:1t that pepsinogen was not. Gehrig 

(1886) believed th.at the pepsi.nogen ,1as directly- absorbed from the pepti.c 

cells of the stomach. Schnappauf (1888) concluded that because the 

urine of the horse was alkaline and contained "pepsin 11 , it must 

exist in t he proenzyme form, i.e. pppsinogen. 

Later experimental evidence on t he inac tivation of the urinary 

enzyme did little to clarify its identity. ·Grober (1904 and 1905) 

and later El.linger and Scholz (1910) from al.kali and heat inactivation 

studies believed that the urinary enzyme was a mixture of pepsin and 

pepsinogen, Gottlieb (1924) knowing t~t pepsinogen was converted to 

_pepsin at 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 observation later to be confirmed again and again). 

More recent evidence on the identity of the urinary enzyme with 

pepsinogen is more valid since one has the absolute standards of 

· comparison witl1 the CI"Jstnlline pepsinogen isolated by Herriot (1958). 

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 l:L vii th HCl, NH40H, Na2C05 and H2D for 1 hour; 

tliese were then incubuted 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 inactiva tion began; thus a t pH 7.64 5% activity was lost, at 

pH B.5 76% activity was lost, at pH 9.0 90% activity vias lost, and 

at PH 9.4 and over all activity was lost. Comparing this to 

purified erck pepsin and gastric juice diluted in urine, she found 

that at pH 6.29, no loss of activity occurred and at pH 7.66 complete 

loss of acti vity of the pepsin occurred when the mixture was subsequently 

assayed at acid pH l hour later. This confirms that pepsin is 

destroyed at pH 7 .66 and not at 6 .29 and that the urinary enzyme 

behaves like crystalline pepsinogen ( see p. 2 2 ) and not like 

pepsin. 

Comparing the inactiva tion of t he urinary enzyme at only pH 9.4 

with that of crystalline pepsinogen a t about pH 10.0 a11d of pure 

pepsin or gastric juice at pH 7 .6, 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 tha t all that digests between pH 1.5 - 5.5 is pepsin either 

pre-existing as pepsin or as pepsinogen. In order to determine 

experimentally which it was, they r epeated 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 

-P.ostock) that intravenous administration of pepsin produced no 

increase in the "uropepsin 11 of the dog. (Voight (1925) also 

showed (msing the dog and guinea pig) that not only was there no 

increase in 11uropepsin 11 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 

"uropepsin 11 • This was repeated a few days later and sbwed the 

same effect. 

one may justifiably conclude therefore tbat 11uropepsin n is 

pepsinogen in the urine and that the term 11 uropepsin" should be 

dropped in favour of "urinary pepsinogen 11 • The term "uropepsinogen 11 

has been s~gested but the word is ugly and unnecessary. 

THE oro:GINS AND SOORCES OF PEPSINOGEN rn THE URINE. 

The origin of the urinary enzyme was considered to be the 

stomach by the man who discovered urinary pepsinogen (Brucke 1-861). 

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 from the stomach came from the 

work of Benderskey (1890) and later Matthes and Grohe (1905) and of 

Frouin (1904) who performed several similar experiments on dogs. 

Total gastrectomy caused complete loss of the enzyme from the urine; 

oesophago-duodenal anastomo::iis, leaving the stomach in situ and 

draining exteriorly produced no loss of urinary pepsinogen, v1hettier 

the pouch was drained continuously or only emptied once in 24 hours 

(Frouin 1904). Complete removal of the gastric mucosa, leaving the 

muscularis coats only, caused disappearance of the urinary enz-Jllle. 

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 

gastrectomy. 

Clinical observation on disease of the stomach supports the 

experimental evidence that the stomach is the source of the enl!;1!ile. 

There is a diminution or disappearance following widespread gastric 

carcinoma and pernicious anaemia (Podore et al 1948; Janowitz et al 

1950; Farnsworth et al 1946; Rothschild 1950). In pernicious 

anaemia, Strauss (1926) found some urinary pepsinogen present, a 

fact he could not relate to the acl;lylia and postulated a 11parasekretion 11 

- another ·source of pepsinogen. This view is dealt with in the 

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

other experimentai evidence relates partly to the source and 

nature of the enzyme a s well as to how it, is tiansferred 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 (Pechstein 1911, i"filenko 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 Voig1't 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 

adulterating proteins) · and Benderskey (1890) who f ound this so, believed 

that pepsin was poisonous and ended an otherwise good paper by warning 

against the indiscriminate use of this "poison" in elixirs, pastilles 

and mixtures. Apparently the patent medicine manufacturers had 

nothing to learn in 1890, even in Russia, 

Voight (1925) found, as did Mirsky et al (1948) that intravenous 

pepsin produced no increase in urinary pepsinogen. She also found 

that pepsin was destroyed a t ·the pH of the blood very rapidly. 

only in tne 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 enzyme 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 a most 

effective barrier to the transition of pepsin from the stomach to 

the kidneys as pepsin. 

Finally Mirsky et al (1948) showed that pepsinogen oz•ally 

had no effect on the urinary enzyme and that only intravenous 

pepsinogen protluoed a rise in urinary pepsinogen; this confirmed 

the opinion of Gebr~g (1886) that pepsinogen difused from the peptic 

cells to the blood ~here it circulated as pepsinogen and was 

excreted as such in the urine. 

I have avoided a detailed analysis of the various papers 

publish~d early in the century which purported to show an increase 

of urinary pepsinogen after feeding or injecting pepsin and the 

various t heories 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. inacl.missible on that score, and are only of limited 

historical interest. 



I 
-172-

THE iiELATION BET IEEN GASTRIC ACTIVITY AND URINA l PEPSINOGEN. 

The relation of urinary pepsinogen to gastric secretory 

activity has been and still is the most uncertain anC::. 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 probl01a is the renal mechanism of pepsinogen excretion, 

and all tru:..t has been written on tbe subject of the relation between 

pepsin in the stomach ancl pepsinogen in the urine has to be re­

examined and largely discarded on that score, 

A review of the literature on the subject of this relation 

only serves to emphasize this understandable confusion, and is 

merely quoted, brieily to serve as· an historical background, 

Brffcke (186l)and SShli (1885) believed that the, urinary enzyme 

was related to gastric contents, a view not held for ver-3 long. 

Some time later the clinicians tried to relate urinary pepsinogen 

to the secretary activity and the mass o:f stomach tis'sue destroyed 

or degenerated in carcinoma and "achylia". A few examples will 

show the contradictions - Tiilenko (1908} found a decrease of urinary 

pepsinogen associated with a decreased gastric pepsin; Ellinger 

and Scholz (1910) stated that a low urinary pepsinogen with 11achylia 11 

WAS more in favour of carcinoJll/l than of simple achylia; Teschendorf 

(1927) found that with carcinoma and depressed gastric secretion 

urine pep inogen could be either normal, diminished or absent, and 
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Rothschild (1950) in confirming this finally stopped the whole 

controversy and stated that there was no relationship between 

urinary pepsinogen and gastric activity, 

Gottlieb (1924) was one of the few authors who approached 

the subject with some semblance of l ogic, He correlated gastric 

acid and_ juice volume with serum pepsinogens and with urinary 

pepsinogen and shoy1ed th!lt there was some poai tive correlation 

between hypersecretors of volume and increased urinary pepsinogen 

excretion , While recognizing tha t norqjal -kidneys \'/ere necessary 

for accurate blood end urine level e, h~ <lid not r ealize that 

variations in renal function which occur normally and adjustTilents 

;•rhich occur constantly are the feLCtQrs to be taken into account. 

Consequently his results are no more th.an suggestive of a positive 

correlation and this correlation is valueless. 

Three recent papers deal with this attempt to correlate 

directly urine pepsinogcn vii th 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 f ood, Therefore the f actors which ce.use an increase of urinary 

pepsinogen act independently on the endocrine secretion of these 

ceµs. They go on further to discuss the relationship dth 

hyperacidity ana f ound that though ther e was a fiequent association, 

there is no causal relationship bet,,een the two factors and that 



-J,74-

the increa:,e of both in ulcers \'/as fortuitous a.no. may be a scribed 

to t..1'10 influence of unkno,m i'a ctc~·s which may act to increase either 

attd production in t he stomach and/or ur inary pepsinogen excretion. 

Mirsky (1950) stated that :.i. 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 

urinarJ pepsinogen excretion, 

The tro r eports of sicrultaneous gastric pepsin s ecretion and 

urinary pepsino,;em excretion (Janowi tz and Hollander 1951) and Varr o, 

Faredin and Novaszel (1952) h11ve ufometrically opposite results. 

Janowitz end Hollander (1951) studied 62 subjects comprising 

21 with duodenal ulcers, 4 with gastric ulcers , 5 tith pernicious 

anaemia, 5 with carcinoma of the stomach end 27 controls. All had 

been on liquid diet for 24 hours, fasting for another 16 hours . 

Simultaneous complete gastric emptying and tote.l urine secretions 

wc~e collected for 5 hours . They found .a high positive correlation 

(r = + 0.84, t =11.9, n = 60, p < .0001) throughout the whole range 

gf gastric secretion, valid for ulcers a~ well as. non-ulcers . 

They estimate the proportion moving in both directions from the 

peptic cells to be_ constant at about 99:l. Th6'.f ·conclude that 

urinary pepsinogen is a direct-l!leasure of gastric function. (See graphl7 ). 

As shown earlier {p.99 ) an attempt to repeat thi s work failed to 

corroborate t hese observations and explained why they were unlikely to 

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

on the other hand, Varro et al (1952) studied simultaneous 

12 hour secretion of gastric pepsin and urinary pepsinogen i n 28 

subjects ~omprisi ng 15 normals and 13 patients with ulcers . They 

.found no positive correlation bctweoo gastric pe;,dn antl urinary 

pepsinogen. I n the ulcers the gastric pepi:;in was Z. 25 times higher 

than the control:; and the urinary pepi;inogen 0.62 oi that i n the 

controls . They f ound that the gastric juice volume did not correlate 

eitter Tlith urinary pepsinogen as Gottlieb (1924) had. 

That, then, is the state of confusion ~hich exjsts at present 
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and the. knowleuge of t he relation ship between gastric activity 

a nd urinary pepsinogen is no clearer t han it ·;;as a t the turn 

of the century. 

Evidence presented earl ier i n this chapt er (p . 105 ) 

explains t hese incongruities and contradictions . 

One thing i s certain - ther e can be no direct mathematical 

rel a tion between gast.ric secretion and urinary pepsinogen tha t 

does not take into account the tubular r eabsorpt ion of pepsinogen, 

The es·t.imation of urinary pepsinogen can have little direct 

bearing on t he exact state of gastric secretion . That expl a ins 

why so many normal levels of urinary excretion are found with 

high gastric pepsin; thut, expla ins why there are so many 

apparently inexplicable antl unpredictable 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 eff ects of that 

stimulation and of the unnatural dehydration upon the renal 

clearance, p. 106) ; t hat explains why no direct corr ela tion 

has been found, or is indeed possi ble between urinary pepsinogen 

end gastric acid., and confirms the statements of Broh-Kabn et 

al (1948 ) that the association is purely fortuitous and probably 

dependent on simultaneousl y acting outside factors. 

Nevertheless, t he estimation of urinary pepsinogen may serve 

to indica te trends in groups of patients as sho"111 in the next 
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chapter. 

If pepsinogen estimations are to play any part in medicine, 

however, it will be the estimation of plasma pepsinogen whi ch is 

a more direct guide of gastric function, being independent 

of imponderable renal mechanisms. 

THE EFFECTS OF GASTRIC STIMULATION 

The effects of gastric stimulation on urinary pepsinogen, 

or rather the lack of effect found by many \'IOrkers, should also 

be re-evaluated ci. th the knowledge of' the renal mechanisms of 

pepsinogen excretion, a s one has to do v.dh the a_irect relationship 

between gastric secretion and pepsinogen in the urine. These 

observations are, af"ter all, simply an extension of those in 

the foreeoing section. 

Once again one ia faced i\ti th the mass of contradictory 

evidence on the effect of meals on urinary pepsinogmi. Von 

calcar (1910) ( sham feed.i.ng) Pechstein (1911) Loeper and Debray 

(19Zi) anct Gottiieb (1924) found a pihst-prandial rise ofurinary 

pepsincgen. Mirsky et al (1948) found by careful study that 

meals had no effect on urinary pepsincgen. These are but a 

fe~ of the many reports with confJ.wting views. It appears , 

houever, from more careful ·studies that meals have no effect 

on urinary pepsinogen. 

With regnr·d to gastric stimulation by ca..f'i'ein and by 



L 

r 

-178-

histamine, Bucher and Anderson (19'1.7 ) fot1nd that these 

stiuulants haJ no effict on the urinary excretion of pepsinogen 

in cat~; Gehrig (1886 ) founu p~locarpiue to have no effect 

and Peczenik (19.::7) that double vagotomy and sympathectomy 

had no effect, 

As shwn from experimental evidence earlier in this chapt er 

(p. 100 ) gastric stimulation by caff ein and histamine had a 

definite effect ·on pepsinogen in the stomach, the blood and t he 

urine. These effects, however, we~e not consistent - in some 

there was a definite l arge increase of gastl'ic pepsin, acid and 

juice voltnne \'lith a fall in plasma concentration of pepsinogen, 

a drop in urine p~inogen caused by a decreased renal clearance 
... 

of pepsinogen, In others , the renal clearance remained the 

same, as t he urine pepsinogen, It seems, therefore, that any 

effect t hese stimulants mi ght have on uri:J.ary pepsinogen will 

depend on the change~ produced in plasma concentration and 

in renal clearance of pepsinogen, which will in turn partly 

depend. on the aT!lount of fluid lest by gastric secretion. 

Once again, no direct consistent relationshi~ bet ween 

stimul ated gastric secretion and urinary pepsinogen seems 

possible, unless one t.."lkes into account the secondary e£ ects 

of those factors on renal mechanisms, 
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THE EFFECTS OF DIET AND TARVATION ON URINARY PEPSINOOEN. 

The effects of changes in J.iet (as op:i)osed to meals) 

and of starvation on urinaz7 pepsinogen have been reported in 

a number of careful studies in man and in animals. 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 prog1·essivel y increase gastric pepsin 

(Gottlj eb Ul24; Delhoueue 1927) though Smith anc Cowgi11(1955) 

found no ir,crea:;e of secretion in P.wlov pouch dogs under 

these conditions. 

With regard to the effects of diet on ur.l.nary pepinogen, 

-I believe that Hoffman (1887) was the first to show an 
increase in urin~ry pepsinogen in response to a high protein 

diet, This was later confirmed in man by Gottlieb (1924) 

arvl lPJ Bucher (1947) anQ in anioals by Pec~enik (1927) and 

Peczenik and K~wahara (1927). 

The followine table SUllllcarizes the evidence presented 

by Bucher (194 7) in support of these findings - on 50 normal 

women students fed on Z different diets for 2 days after control 

observations for ~ days on normal diet. 



Group 24 hr. urine pH urine pH digest Dietacy protein 
volume c. E. c. E c. E 

c. E 

High 
Protein 1191 1809 6 .25 580 :::.22 2.51 62 162 

12 oomen 

Hilk 820 1774 6 .09 6.27 2.22 2.05 76 97 
9 woaen 

Orange juice 
9 oomen 1440 2018 6.21 7.45 2.10 2. 21 62 27 

C =- 2 control days . 

E ::: ~ experimental days. 

TABLE NO: 50 EFFEGT OF DIETARY PROTEIN ON URINARY PEPSINOGEN 
(Bucher 1947) 

Orine N,, Urine pepsinogen 
c. E'" uni ts/24 hours. 

c. E. 

9.5 2l 24:: ~o 

8.7 12 ::05 204 

I 
I-' 
co 

10 5 400 159 0 
I 
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Other rather interesting facts have been recorded , 

(1914 ) found t hu t milk-feeding causeo. an increase of :, urinary 

enzyme a cting better on casein than on albumin; Pechstein (1911) 

found tha t inf..nts feo. on breast-milk excreted less urinary 

pepsinogen than infants f ed on cows milk or artificial diets . 

Peczenik and Kawahara (1927) found that in t,he frog only horse­

serum would ca use an increase in urinary pepsinogen - milk, meat, 

albumen, cow-thyroid and gastric mucosa had no effect; in guinea 

pigs carbohydrate ca used an incr';8.se of urinary pepsinogen, 

but not milk , the reverse being t ·ue in the vezy young , Mice 

behaved exactly opposite to guinea pigs; in rats meat and fat 

ca use an increase, but pure egg albumen and sugar cause a drop in 

urinary pepsinogen, 

STARVATION 

The effects of ~tarvation were studied by Peczenik (1927). 

111 man he found ·bhut 8 uays s'C.arvation cauosd no drQp in concentration 

of urine pepsinog ~ wuich fell to half :!:.n 16 days and was then 

restored to normal 2 hours .after the first meal. 

The effects of starvation in aminaJ.s were shown by Peczenik 

to depend on the diet betl<6re starvation. 3 days starvt::.ti.on after 

carbohydrate reduced urinary pepsinogen to less than half; 4 days 

sta1-vation after 9 days meat diet produced no change. The rats 

were stl:rved to dea th after various diets end showed no drop after 

protein feeding till just before they died from inani ticn. Fat 
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produce<i -results midvm,y between carboLydra·t;e and protein. The same 

holds for the cat as for the rat, but in t ',e euinea pig the reverse 

is true. 

He found also that t.hyroid feeding caused a progressive rise 

in urinary pepsinogen, even in t..11e fasting state. 

Bucher and Ivy (1947) found that r(efusal of food by cat:; 

caused a diminution but not a disappearance a.~d that in prolonged 

fasts there was a. decreased total output of pepsinogen in man and 

animals. They comment that the concent-ration of enzyme may ei,en 

rise due to oliguria, 

This later statement is the main criticism one can lay against 

peczenik's \vork, since all hie results are expressed as concentrations 

of enzyme and not total amounts ( see also p . 73 

observations by Merten (1948 ) done during. the World War II in 

Germany showed that in 1945-4<1 there was a general decline of urinary 

pepsinogen duento food shortage . In malnutrition oedema, 

pepsinogen is absent from the urine. 

It appears agreed, therefore, t..l1a t swrvation vaill cause a 

decrease in pepsinog en in the urine and protein feeding some 

increase, independent of the actual meals. Whether either of these 

conditions produces t.~e -results by action on renal function or by 

primary action on the stomach, would be difficult to say without 

caref'ul investigation. 
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THE ELATION OF Ofilr'Ai,Y PEPSINOGEN . TO RENAL FONCTION 

As has ben shown ·earlier in this chapter (p. 150 et seq,) 

pepsinogen is r eabsorbed to the extent of 60 to 98% in the prorirj.al 

tubules after being filtered t hrough the glomerull, and various 

conditions may exert, an influence on the concentra tion or rate of 

excretion of ta urina ry enzyme. 

section. 

These have been dia:ussed in that 

However,. certain facts may best be dealt with in thi s section 

since t hey relate mpre _particularly to pepsinogen as it is found 

in the urine; these are the relation of urine pepsinogen to urine 

volume and concentration, to t he pH of the urine and to chlodde 

excretion in the urine. 

( a ) WE RELATION BETWEEN l'lEPSINOGEN AND THE OL!JhlE AND CONCENTRATION 
OF 'rHE ORlr:JE. 

The importance of thi·s connection lies mainly in the evaluation 

of published results of urinary pepsinogeu estimations. Before a 

truly quantitatige method came into use, it was possible only 

to estimate ti1e concentration of pepsinogen in the urine - this 

was done by the diges tion of solid media (Mettis method) or by the 

dilution technique (see Chapter II). In order to do sc, thes e 

workers, relying on crude methods, had to use the most ~oncen·~rat,ed 

urines which contained the maximum concentratiofu f pepsinogen. 

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 



of pepsinogen but not in assessing true differences of pepsinogen 

excretio.n. 

Wilenko (1908 ) firs t stressed that t he es timation of rate of 

excretion was a mor·e accurate way of determining the excretion of 

pepsinogen than the concentra tion. Th'is was l ater s tressed again 

by Gottlieb (1924) and by Bucher (1947) . Mirsky et al (1948) 

pai d special a ttention to this .problem and studied t he daily 

excretion o.f 13 patients from 11 to 190 days and showed that the 

enzyme excretion does not depend on normal vari a tions in urine 

volume. "Variations i n urine vol ume in the overnhelming majority 

of subjects play no si gnificant pai•t in the t·egulation of uropepsin 

exci·etion. 11 l'.o,1evcr, as shol'l!l previouply forceC: di ure:::is may 

inci·ease the urincry excretion of pepsi nogen (p. 157) and dehydration 

may diminish the e,.cretion, 

It was felt that t ho necessity f or es tim~ti ng popsinogen 

e:wretion as a rate per unit tilile rather t han as concent :r.ation has 

been so i.dequatel y proved by the work of •Mirsky et al (1948) that 

no further onalysis of my material on this subject \ias 

necessary, 
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(b) RELATION BETWEEN URINARY PEPSINOGEN AND THE pH OF THE URINE 

It has been proved that the urinary 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 piilinters to its identity (Gehrig 1886) and the stability 

was shown by Bucher (1947) (see P•l67 ). 

The independence of urinary pepsinogen of urine pH has been 

shown by Gottlieb (1924) by Farnsworth et al (1946), by Bucher (1947) 

and by Mirsky et al (1948). 

Bucher (1947) analyzed the frequency distribution in 159 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 diet and it is probably the protein 

which accounts for the more acid pH rather than the low pH accounting 

for the high pepsinogen - in fact, a chance associa tion. 

Once more, no analysis will be made of the data in this 

study relating to this subject, since previous work is quite 

clear and unequivocal in denying any relation between urine pH 

and pepsinogen,. 
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(c) BEI:A'UON BETWEEN URINARY PJ;;PSINQGEN AND CHLQRIDE EXCRifTION 

E,Xperimental observations. 

In order to examine any possible relation between chl9ride 

excretion and pepsinogen excretion, the two were detl!rmined in 104 

specimens of urine from 34 consecutive patients studied, As shown 

in the following table, no constf!nt association between urine 

chloride, pepsinogen or volume was detected in these 104 urines 

from 14 controls, ll gastric ulcers and 9 duodenal ulcers. 

GROUP No. of No. of volume Pepsinogen Chloride 
cases. Urines, of urine p.u.% P.U./Hr. mgm.% mgm./hr, 

r 

n.u. 9 28 66.8 125 848 570 380 

a.u. ll 35 65 120 780 492 520 

Control 14 51 52.3 64.5 540 660 545 

TABLE NO: 31 RELATION BETWEEN URINE VOLUME, PEPSINOGEN AND 
CHLORIDE IN 104 UBINES. 

The only relation between urinary pepsinogen and chloride is an 

inverse one arid has been found post-operatively in partial gastrectomy 

where salt is retained and pepsinogen not. After 5 days or so, 

both return to normal levels (see p. 195 ) . This is probably simply 

due to altered renal dynamics r13sul ting from changes after 

gastrectomy superimposed on altered gastric product.ion of pepsinogen, 

and not to a stress effect. 
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PATAERN AND VAfllATIONS 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, al though these same authors attempted to show variations 

in relation to time of dey, to food and other variables.. 

It was not until recently ·that Broil-Kahn et al (1948) 

investigated the problem statistically. The first problem 

they investigated was the diurnal variation of which Gottlieb(l924) 

was convinceA 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 sleeping versus waking urines. They f ound 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 against probits did not produce a straight line. 

They therefore go further them simply expressing their results 

as total amounts and recommend that they should be expressed as 

log uni ts per unit of time. 

The next point investigated by Broh Kahn et al (1948) was whether 

there ;1as a constancy of formation of urinary pepsinogen throughout 

the 24 hours, on which depended the validity of expressing 

excretion as a rate per unit of time. This constancy was measured 
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in two ways, ·(a:) compari•ng· in the same subject night versus day 

urines for several consecut~ve days in 5 subjeits, chosen at random 
test 

from 9 to 55 days (average 51 days). The 11 t 11 /applied to this 

investigation did not even approach significance in 4 cases at a 

5% level, this being indep~ndent of the sub jects• chara~teristic 

level of excretion which varied from Oto 1.01 log units per 

hour;: that is, throughout the whole range of normal excretion. 

The nm:t 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 frpm 2 to 24 hours and no effect of duration 

of collection was found, ·and they-conclude ''that fluctuations in 

uropepsin excretion per-hour are not affected appreciably 
' 

by the time of day during which the urine ie c.: Ue~ted or by the 

duration of the . collection period. 11 Therefore it is practical 

and permissible to collect only night urines to represent the true 

24 hom; excretion. 

Despite this evidence, Broh Kahn et al found, as I have, 

that there may be sometimes fairly large fluctuations of excretion 

fro,a day to day. • 6.95 urines from 27 heal thy men from l to 127 

days were analysed both by averages and by an analysis of variance 

to determine the number of specimens needed to overcome statistically 

this fluctuation from day to day. They conclude that since the 

mean vaziance within the subjects in the. rate of "uropepsinn 
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(0.0474) is :mailer t han t he mean variance &mong all the subjects 

(0.0929) (the ra tio of these too variances is greater (F,. 1.96) 

than oould be atpected by chance in 95/100) t hat most differ 

significantly from each other in t he rate of 11uropepsin 11 excretion 

and that there is no first or subsequent sampling effect. They 

also compared 4 against 10 sampl es in individuals in whom 10 or 

more ·samples were estimated and show that the variation in the 

individuals was less than between the individual 6 

They finally conclude t hat t he ,Patt ern of pepsinoge:n excretion 

i s constant for healthy men from day to day, secondly that small 

fractional samples during the day are representational. (S.D.j: 62%) 

for the individual. 

In discussing the cause of this constancy they remark that 

it is independent of sleep or wakefulness, work, exer tion, 

r ecreation, foo d or neals, seasons, rat,e of urine formation and iihe 

time of dey-. They further point out that w.tlh the lack of 

co.rrelation with gastric jui ce that they believe that dif'i!erent 

factors control the endocrine and exocrine patt ern of pepsinogen· 

metabolism, antl finally, t hat no single f actor had been discovered 

17hich controls this pattern of urinary pepsinogen excretion. 

Other work on the relative constancy on successive days 

has confirmed or rather preceded the work of Brah Kahn et al (1948) 

and that was the simple results of Bucher (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 da;;r to day of total urinary· 

pepsinogen excretion .'.file! Bucher (1947) confirmed these findings 

and extended them to observations which showed constancy from 

month to month, They believed that there was a diurnal 

variation, 

Broh-Kahll et al (1948) investigated individual patterns of 

excretion and found that, though there was some daily variation 

that ti1ere was no significant variation during the day and that 

any variations found could not be causally related to sleep, 

waking, act.i vi\r , recreation, food and meals, the time of day or 

the pH and volume of t.11e urine, and if dependent on any one other 

thing, that factor Vias unknown and was not responsible for t he 

fluctua·t;ions of secretion of the stomach into it,s lumen. 

The factor which they do not consider and which obviously 

plays a major part in r egula tion of urinary pepsincgen excretion 

is the kidney, but whether it does so in response to one 

controlling factor, such as adrenal or posterior pituitary; or 

whether it does so simply as an incidental to its major work of 

regulating the milieu interieur, is not quite clear. To believe 

the former one would have to postulate a physiological significance 

to the endocrine secretion of pepsinogen, and I admit one is 

unable to do so. 
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NORMAL LEVELS A~ 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 of uniformity 

·of methods employed. 

Prior to the use of the haemog"lobin method of peptic 

assay (Anson and Mirsky 1932) and its use £or urinary peptic 

assey (Bucher 1947) qian;r different methods were employed. The 

earliest investigations simply estimated the concentration of 

enzyme in the early lllQl'lrl.ng specimen • and sometimes even compared 

this to a ncontrol11 urine as a standard. Gottlieb (1924) alone, 

attempt,ed to do away with pseudo-quantitative studies and set up 

as a standard Armour scal e pepsin. He expressed results in 
t hat 

equivalent peptic power to/ of pepsin. This was an admirable 

and ver<J sound piece of work, though one cannot be certain that 

the Armour pepsin was always standard. 

However, the introduction of a comparative technique (haemoglobin) 

(see p. 5b ) did awey with the need for the tedious comparison 

with 11standard11 pepsin and the necessity for depending on a 

commercial firm to produce an arzy- more reproducible standard by 

the universaJ. methods in use for peptic asSlcy'. 

It seems a p'ity that since a standard comparative method 

capable of reproducibility undeF varying condit,ions has been 

int:roduced, that a standard form of' reporting results has not been 
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adeli>tad. This p:robloo iS diaeussed in detail in ~ho chapt,er 

on. ;aethod (see P• 78 ), 

'!'ha onzy agreement reached bas been ~e wiprees:J.on or 

resulto in uniti; (whathu ... • J.:.,n. t;yroair,e,, or mEq• tyrosine or 

log units) per unit of t1 e (l, l-2, o.r 24 hOUl'S) . 

m@TS oo ,AAE AI:JP Wi op UR!JiiW PEPSif~EN 

'l'he .only f!Y$,t(lll)8.tic \olOrk on pq,six1Qgen c:,orotion in ini'aney 

\,a$ done by Peebstein (l9U) t-lho determiued the CQneentratlon of 

pepsil'IOg.en in the urine by tha odes¾n, me od (see P• 44 ). 

Jle found that the avera,go eQncentd:'atioo !n the infant -was 1/20tb. 

tbn.t of the o.dUlt.. In .3 ;lnf'ant~ on the 1'lx'St day of life he 

.f'O\Uld pep13iPOgen pz•esent in the urine ·e.s Well ae rennet ( 11:14~gen11 ). 

This rlses rapidly to e. lovel. ubieh reroa.ins c011S·tant for the i'irat 

yell:r and ii, higher in a:rtil'ioi.al.q fed than in breast-fed children. 

Famswortn et ol (191.~) who al.1;10 detei'toined oniv the 

c<>noentt'e.ti<m of ~ f.QlJ11d somlfl decline it) <t!l.d sse o.nd Bucho.t' 

(1947) believed that this UBS euggesti'O'E) bnt ~ in i,;tq' WI.\\' 

ciei'ini~. She appears to argue ll!Ol'e frOlil the know decline in 

old age or the gaEJtrie hydrochl.or-J.o e.cj,d secrot.iOn. 

In tlds o~ OO!llprisitlg .36 malee aoo 24 1'emcles no 

ai.gnU'ica.nt differences rel.a.ting either to age or to sex could be 

detected. (pp. 217 ff}.. Thero was a.1GO no rolation betvoen 

pspainogen O'X(lret:J.on ru:ld age in tho uloer pa.tients, though a~ 

ditterenoas were llla,l?kacl in the pyloro..dtlodonal ulcer group (p. 227 ). 

Normal control levels -rilAY' be taken as 194 S.D. :. l.32 P.U.;Hr for 
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males and 244 S.D. :!:. 154 P.U./br. for the f emales. 

SECTION VIII 

' 
THE Rfil..ATION TO STRESS. 

A. MENTAL STRESS \ 
\ 

I 
Only one paper on the relat,ion between urinary pepsinogen 

and mental stress has appeared, Mirsky, Caplan and Broh-Kabn 

(19/f9) who S1,udied 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 events and emotions. 

Other material used was from other psychotherapists without 

prior knowledge of the case material. A few cases are 

discussed in detail and are in swnmary as follows: 

Case (1). A 28 year old male, apparently normal but with 

many compulsive traits whose excretion was steady for 36 days~ 

then showed a 20 day marked increase after a decision tohhave 

a child and the discontinuance of the use of contraceptives. 

No obvioui; a?Ldety or tension could be detected by the ordinary 

anamnestic approach. 

Cll,Se (2), A 29 year old male showed a rise for, 10 days follcn.ing 

a similar experience as that of case (1), a 5 day rise foll.owing 

the positive Friedmann test and a third rise at the time of the 

child's birth. 
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Case (3). was a. 28 year old male who showed several rd.sea in 

response to resentment, anger, the pleasure of an official 

engagement and subsequent . fruatration with his prospective 

pa.rents in law. 

Case (4) was a .30 year old female with a duodenal ulcer who 

apparently excreted an increased amount of pepsinogen and showed 

further rises when faced with a jealousy situation comparable 

to her unhappy childhood. 

Gase (5) was a 44 yes:r old nan 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 

excretion. 

Other cases are quoted in whom values similar to peptic 

ulcer values were found in a few controls who were then found 

to have an oral-receptive personality, without conflict howevei,. 

One such patient, 4 months after an incr91ilse of urinary 

pepsinogen, developed c. peptic ulcer 1-lhich disappeared on treatment 

but with the persistence of high urinary pepsinogen. Mirsky 

concludes that it is not meant as a pointer to the aetiology of 

ulcer but an increase of the urinary pepsinogen resulted from 

a si.tua tion threatening or mobilising the individual I s unconscious 

wish for love and being taken care of and was ~the conscious 

knowledge of conflict. He reco!lllllends that this method should 

be used in.. .the long term study of the relation of the psyche to 

gastric dysfunction. }lirsky goes on further in the discussion 

\ 
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to say. that 11dramatic situations such as those produced by 

surgical operations alW!ey's produce a marked tise in urinary 

pepsinogen, also A.C.T.E. Consequently it is possible that 

any stimulus which is sufficiently stressful. may produce an 

increase oi' uropepsin by the stomach and an increased urinary 

excretion, presumably as a result of hypothalamic and pituitary 

stimulus. 11 One small point added to t his question of mental 

stress is that in a group of females studied by Bucher (1947) 

there vas an increase of urinary pepsinogen on 2 days, 3 weeks 

apart, during the control period, which occurred at the time of 

exa.:ninations . She wi·ongly, I believe,- attributes this to 

l ack of sleep sip.ce it has been shown that walcei'ulness does 

not influence urinary peps:l.nogen,and one must assume 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 .Sr.eh-Kahn (1950), nor 

with the conclusions that it was an unkno.m psycho-endocrine set 

of conditions which was r eflected by urinary pepsinogen changes. 

The. next section will show that the statements by Miilsky 

of an increase of excretion after operations doea 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, tile oral-receptive 

dependent personality e.s shown by Mirsky and the fact that it is 

an unconscious con:f'lict which produces these changes is 1ilortey 

of further investigation along these lines. In one subject 

whom I investigated from thii:i point of view, 4 observations 
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during a non-stress period were 26, 0, ~ and sometime later 

87. Shortly after that, undergoing c. etress period related 

to examinations, the subject's output in the day awaiting 

re6Ults was 256 unite/hour. This dil'i'erencc is within 

the normal 1·ang'" of fluctuation. Nevertheless, this is 

only one observation en,1 cannot be used to comment on 

Mirsky1 s observations and conclusions. 

EXCRETION OF PEPSINOGEN IN THE URillE FOLIDWING OPERATIONS. 

Investigatioru: into the source of the ur-inary CDZ:J!lle 

led one to the e:Jtimation or urin:i.ry and in some instances 

blood pepdn0Je11 .follow1.ne; operations on the stomach. 

Previous uorkcrs had sbmro. the disappearance o:: pepsinogen 

from the urine after total gastrectomy in dcgs (Frouin 1904, 

Matthes _,__ 1So3, and Von Calcar 1910); in cats by 

Bucher and Ivy (1947) and by Balfour, Preston and Bollman (1948) 

in re:ts, and the mention of this fact in humans by various 

other authors (Bucher 1947, Uirsky '-'t al 1948, and Janowitz, 

Levy and Hollander 1950) • 

Experimental observations . 

I found a persistence of a small amount of pepsinogen 

in the urine ai'tcr total gastrectonw in some cases, the 

levels never exceeding 100 uni ts/hour, but in some the urine 

was comp1hetely free of pepsinogen. This would suggest that 

what little pepsinogen is found in the urine in these 

circ:umstances probably arises from the leucocytes, since 

the plasm.:. is free of pepsinogen {p. 1 24 ) • 
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Going' on further to invest_iga.'te 'the e:ffect·'or partier 

removal of the stomach, interesting and surprising results 

were found. In both lesser-curve and prepyloric gastric 

and in duodenal or stomal ulcers, part$,al gastrectorcy- either 

Polya-Hoffmeister or Bilroth, there was a great increase of 

pepsinogen in the urine f.or the first 3 or 4 deys after the · 

operation, reaching in some instances levels not seen at any 

other time (see table). This study comprised 15 patients 

with ulcers (3 female, 12 ma.le) and 1 female with carcinoma. 

The poet-operative rise could not be correlated in any way ,lith 

the sex of the patient, the site, the duration of the ulcer, 

or the type of partial gastrectomy. Of the 16 peptic 

ulcers, 15 had a partial gastrectomy, one a sutured perforation; 

of these 12 had a distinct 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 gastrectoroy showed a 

decrease for two days and a return to her highest pre-operative 

level on the third day. (see al so graph.Qfig 18.) 



. Dayse before op. ~I Days after operation. 
OPERATION GRODI' tm~ OF PRlOCJP . 3 2 l l 2 3 4 5 6 7 8 9 10 

CASES MEAN 
0 

Various Cont1-ol 8 228 117· 250 266 1-1 153. 185 101 191 171 .. - ..,, 

,~ 

~ P .. Ga.st-r. G.U. 6 635 534 799 557 < 919 1375 959 501 118 228 - 174 - 4l3 
CJ'\ 
rl 

I 

P. Gastr. D .. U .. 10 674 732 704 630 ~I 1033 1069 1070 629 332 165 142 671 486 29.3 

t:4 

Total Ca. 3 207 120 330 
17011 

62 l~ - - 75 0 62 -Gastr. 

TABLE NO:~ EFFECT OF OPERATION - PARTIAL AND TOTAL GASTRECTOt.fY AND VARIOUS NON-GASTRIC 
OPERATIONS - 27 GASF.S . ( See also gr aph 18 ) . 
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EFFECT OF OPERATIONS ON URINE' PEPSlNCXiEN, 

~-
' ' I ' I • 

/ \ 

~7', 
G,u. • 

I" , ' 
cJ:,i: / /" • -s· ,~- :~::=::::~:.::::::i.-

, , 
DAYS . 

Fig. 18. Effects of various operations on urinary pepsincgen 
excretion (see text and Table No. 32) 

machBnisma could be eporative ... eit her tho monipulatiQD 

o£ tho o to13!.1.eh mochanically &..'!l)clled p.opsinogcn into the 

ciroulc.tio~1 Q:t' there 1,,a:3 come post..operativo dim:ir.ution in 

the reabaoi'ption of popeinosen in the tubules ot t he kidney. 

Th1racy-~ mndling ·the otomch llligkt cauoe irr.:.tability 

of the stel.ilach uitb !:\,vpersecretion of the rc:ana:l nfog £'undal. 

portion. Finally, all th.t'ee oohenians might opm"!l.t o in 

causing thie phen01aanon. 

To !nvoatigato these lzy-potheses J severa.J. elll)...d.manta were done. 
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IJn the first, tho effect of total gastrector;zy- on plasme. pep13inogen 

was studied in three patients with carcinoma of the stomaeh. 

In the first patient~ (A.B.) plastlll. pepsinogen at the start 

of the operation 1ias 20.,3 P.U.%; at the end 0, Simultaneous:cy 

with the first, blood [!rom the gastric vein contained 46 P.U.%. 

Iu another (D.C,) the pre-operative plasma level was 16 P.U. %; 

2 hours after operation J2 P.U.?~ enc1 20 hours after operqtion 6.1 

P.U.%. 1 week after the operation - o. 

In a third patient the pre-operative level of plasma pepsinogen 

w.s 19 P.U.% which ~ell too, 24 hours after operation and resained 

so for the next 5 deys. 

'.l.'hese figures suggest that no great amount of enzyme is 

ext:ruded into the circulation by the J:;iandlini; oi' the stomach 

during the operat.i.on, and . that increased bloou levels during 

the first few days i'ollmdng partial gastrectomy (see below) 

depends en the continued secretion by tho i'u,.".\dal remnant of the 

stomach. It further suggests that the stomach secnes pepsi nogen 

contimlous:cy (or rather that there is e. continu.ous diffusion of 

pepsinogen from the stomach) .into the blood stream, and that it 

takes tram 2 to JJ3 hours to excrete what there is in the bloc;>d 

into the urine. If one assumes the extracellular volume of fluid 

in ,the body to be 15 litres and the average concentration of pepsin­

ogen in this 'i'luid to be 20 P-.U. per 100 ml. (pepsinogen is 

diffused equally throughout the body - see P• 136 ) making a total 

content of !. 3 ,ooo P. U. in the extracellular f'luid of the body. 
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The excretion of this afuount after total removal of the gastric 

source, at say 200 P.lJ. per hour should take no more than 24 hours. 

What re-appears in the urin~ several c1ays after total gastro~tomy 

could be due to some of th., pepsinogen from the leucocy-ces 

being ro:creted. 

II. In a patient with a duodenal ulcer (W • '1.'.) the blood and urine 

pepsinogen were estimated before and after par.tial gastrectomy 

and. the renal clearance of pepsinogen (CSp) calculated from 

these figures. These figures are:-

Days before Days after operation. 
onerat-1on. 

I,_ 3 l 1 2 ~ I. 'i 
I<!. 

Urine pepsinogen ,300 400 32:l 0 7€/J 1510 2/.;£0 1220 640 
(P.u;per hr.) H 

E-< 

Plasma pepsinogen 28. 26 21 .,ot 26 63 61 31 47 
(P .U.%) ~ 

r.:i 

CSp ml./minute 17. 7 28.6 17.4 p., 48 36.5 67.2 66 22. 6 
0 

TABLE NO: ~5 Tifr: EFFECTS OF PARTIAL GASTRBCTOMY (see text 

. ' and graph) 
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P\'-J 

• .il.lf~ ~;,l .. ~ ., .... " "" 

Effects of A.C. T. H., Cor tisone and partial 
gastrectomy in one patient (Vf.T.) on urine pepsinogin 
pepsinogen clearance, plasma pepsinogen and amylase. 

'Xhcso i'~ clearly sh1',w tJw. blood and urim.r7 le,.· 

e.nd el~ f'igureo O JIO!)S en by tbo kidney- are fa.irl.f 

e tant pl'eC>pl! :'(lliV~, wherfilaO postoperatively tho t nt 

(le,y thoro 1D mer 

~~ 
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These figures seeo. to indico.te that the handling of the 

stomach during operations does not cause aey increase in plasma 

levels or account for a.n;v- increase in urine lev~l s - further 

_confirming the studies on total gastr ectomy. The increase of 

plasma levels in the next four deys has to be explained by an 

increase of diffusion from the stoma.ch - possibly by reactive 

hyperaemia and an aJ.:t;eration of the gastric haemodynamics since 

none i s being held back by the kidney - infoct, the reverse 

occurs. 

We have to look elsewhere, therefore, for the explanation 

of this increase in urinary pepsinogen following part ial 

gastrectomy. The increase of the urinary enzyme is out o:f 

proportion to the increase in plasma level and this can be 

explained by the increase in r Emal clearance of pepsinogen. 

Elsewhere it has been shown that from 60 - 98% of pepsir.ogen, 

which is freely filtered through the glomerulus, is reabsorbed 

in the tubules. The increase in cle:i.rance, there.fore, indicates 

that less is being r eabsorbed in the tut-ules and therefore 

appearing in the urine . Whether this is due to altered 1•enal 

haemoclynamics or to the effect of adrenal steroids on the renal 

mechwti.sm is difficult to sa;y. 

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-gastric opera,tio.1s. 
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III. Having fount the increase of pepsinogen dii'fusion 

ti.nd secretion in partial gastrectomy, the next step was obviously, 

to see whether the same increase occurs with operations other 

than gastrect•Jmy. The urina.ry pepsinogen excretion was 

determined in 8 patients in whom the operations were 

cholecysteetomies on 2, splenectomy, • m.eniscec·t;omy, arthrodesis 

of hip, amputation of an arm, e::ccision of Dupuytrons cont.-acture 

soar and the insertion of a tibial traction pin respectively 

on the other 6. All ,ere performed unde1· general anaesthesia. 

As will be seen from the graph and ... ables the overall 

tendency was .a fall from the pre-operative levels and in no 

instance did the post-operative levels rise above 422 P.U./hr. 

and all elicept one were below 310 P. U. /hr. At least half 

these operations were as long and traUllllltically as sever<'- as 

partial gastrectomy. One thm:·t:l'ox·e has to a.13SUllle that 

the essential component of the group of factors causing the 

rise of excretion of popsi.i."1.ogeu after partial gastrectol!\Y 

is the presence of the f"uudal remnant of the stomach which 

has been irritated by handling and in which there is an increased 

blood flot-J f'or several days. The :canal fac·t;or might be 

secondary to an abnon:ially high level of plasma pepsinogen 

together with some change in reabsorptive capacity for pepsinogen 

caused by the ope..:•ation. Expression of pepsinogen from the 

stomach by handling has alree.cly been excluded, a s explained above. 
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SECTION IX 

THE ADRENAL AND PEPSINOGEN 

A number of recent reports by Gray, Benson, Spiro and 

Reifenstein (1950a, 1950b, 1951a, 1951b) has dealt with 

investigations into t he effect of adrenocortical hormones 

on gastric secretion and urinary pepsinogen excretion. 

They showed that A.C,T,H, (with a 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 a normal amount in response to 

cortisone, but not in response to A,C.T.H. They showed that 

a pernicious anaemia and a total gastrectomy excreted no 

pepsinogen before or af t er A,C,T.H. or cortisone. 

They state that A,C.T.H. 100 mg./day will produce a 

l arge response within 24 - 36 hours and a return to normal 

vii thin 7 days. All their cases showed this large response, 

averaging an i ncrease of 1~'6%. 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. 11th case received 2770 mg. over 36 days. 

With cortisone the response was slower; it was also 

delayed in patients with peptic ulcers. 

This work was partly repeated in this study and their 

results could not be confirmed. 
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nt . e time this stud-.r 1n e undertaken , thiv Ptudy is not ao 

co1:1plete or e.c cotll:re1·,on1:1ive U" i;ould tie desired. The l~edical 

ao:·eareh Council kin1.1ly nupplied me ni th 1.0 Cl. of i .C.T .H. Emd 

::.o G. or cortisone acot!l.to for this pur,xrne. 

It '"lo.f' ½o. icv1,,' t: :1L C::\,.f et :u (1950 a . am b,) drev1 

r ... tber ::meep1ni:: COl!clu::iion!l fro::i one cneo of Addison's uiceuae; 

accordingly, s evaro.1 cuses of eaoh of Addison I e and of Sitlr..ond I e 

indic~te-t.i bolow, 

P~di8on 1s Irleoo.se1 
Cuse l. 

caae 2. 

CtJ.i:;e o. 
Cnsc I. 

~tn~ong'~ Din~~~~-

CH::10 1, 

caeo 2. 

BEFORE COll1.'If-Offi:: Li.iSE OF ::--"'::a cmmsom: 
P,0./Hr. 

175 

100 tluily 
X 65 

:358 lOO once 

71 100 b.d. 
x2 

[00 100 once 

l•l4 

0f-.IN Y PEP:'! lOGEH Il PITUIT;,R7- ADRENAL 
rnso.FF!CIFNCY. 

P.O./Hrs. 

213 

5ll 

280 
m.o 

550 
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Proo t,bese retultL (Table no.1 34 ) it "lri.11 be seen 

tat 5 untrou.tc<l c 0013 o: .. ~ddison1s and :: of :::ir.l.;ion1.:.'s di case 

excreted norm' 1 w::iount i; of j)ei)oinogen anu. tlmt cortisone 

adoinistered to £ or tbr:re pt1ticmt s .;:,rotiuced o. ootler:..ie inoroo:;e 

of excretion, not inconsistent •,;i t!i tt e nimul t:u1eoua increase 

o f urinarf volume. 

normal amounts. 

cusc on :::aintcnance do•·oc m,ro excrot.iog 

<lo.,e (.25 anu 50 lil · • res1Joc-Wvel1) ruui 5 had ;,rolonued courao11 . 

ODSE,.V.i..IOJ! DA:lS ,.C.T.li. DAYS .~ "TA. 'T or ,i.e. t .H 
Cruie l ~ .,, 

Dose Da.yse • l 2 5 4, 5 .. ., 
~/'' 

l. 725 322 758 25 Onoe 155 146 an 685 

2. 355 190 Z55 50 Once 260 345 187 ::.51 

.,. 
$18 ,:3 15 100 15 ...,. 

0 o (Do.ya 15 ancl 16) 

4. 256- 42 260 75 7 492 ~40 225 87 23:5 

A. 44 28 0 60 7 415 686 S-15 
195 (8 months ) 

TABLE NOC ~5 EFFECT OF A.c.r.H. Ofl URJ.iURY PEPSI lOGEll 

6 

202 
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Table No. 55 shows that of the 5 cases, only one 

responded by an increase in urinary pepsinogen, while 2 

showed a marked drop and 2, no change . There is certainly 

not the uncanny consistency shown in t he papers o.f Gray et al. 

C. THE EFFECTS OF CORTISONE ON uarnARY PEPSINOGEN. 

5 cases were studied - they received doses from 50 to 

'I- 1400 mg. corti!3one in from l to 20 days. 

Case DAYS BEFORE CORTISO~"E DAYS AFTER 
l 2 5 Dose/ Days 1 2 B 4 5 

dav 

1 6.54 690 695 ~OOi;ig. 7 - - - 653 625 

6 7 

442 

2 570 552 696 50mg. 20 --12,6 27 292 (Days 16,17,18) 

3 355 260 545 200mg. 1 251 500 500 400 4:20 527 

4 200 518 145 100mg 5 160 250 46 100 184 252 

5 - 551 420 :i:OOmg, 7 298 200 540 59 258 274 

TABLE NO: Z6 THE EFFECT OF CORTISONE ON URINARY -PEPSINOGEN 

The 5 caset shown in Table 56 above are different from 

the cases of Addisonrs and Simmond1 s disease mentioned earlier. 

Case 2 in Table .lS and 5 in -Table ?.e was a duodenal ulcer; the 

others had neither endocrine nor gastric disease and can be taken 

as normal controls . 

260 

200 
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'J:uble No: 36 show:; th,, t. of t,. "'1 5 ctv cc, tho only 011~ to 

In oaao 4 of' 

Table No. is urnl Ou"e 5 of Table No , ~ lo there -,as a t emi,orw·,, 

increase of urin.."U';y ,:iepn:lnoecn on the, L'iri,;t t Yo ·ay: .. ftt;r 

i;topning the <i:'ug, p;,.r;;..lleling u Ill rked d.ioreaic t1nd accounted 

for by an increased i.lo,:sinoge:n cha.ranee (i.e. tli::iitiisbeJ tubuLJ.r 

•l oasez ,rere studied to observe tie cf.'eot::; of .. uremU 

ll'U'"oiua on pl as::m po,1:,i nogtm, :,i ill.ulta.noouolJ ;;:1 th urinc.ry 

dnyG l nter :..oo m.,. of cortisone by intI' mui.;cul!.i.r injection. 

Another hall 75 llli:; • A, C.T.n. u.!ily b:r injection !'o- 7 dayo; 

t he thii h!'.d lOO D;. • CO':."'tioono t1u.il;r ~or 5 l.1::-.ft nnc tho 

rourth :-.oo n.:;. cort.loono r-. c. ;J for 1 c.ii<.f!). 

:rn thti 4 c!l.ses nentioned in pm·at:ra,ph D, ,·bovc, neithc1· 

ho:i:•mon.e pi•o~.uce<i ;my er ect on t he cle"1·anc of pe;iduoecn, 

except in the seconi.: an.u fO!ll'th caseri r1ho ahom:.<l ,, u.i u:·etio 

response in tho £ire t, two 1 .. iuys u!'ter clscontinuing tho dz-uga 

with a ::sioultanaouo inor-em,e in urinary pei,s.inogcn o.nu re:ool 

clearance. 
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Contrary to the rer;ul t& of Orn./' et o.1 (1950, 1951,) 1 

ha.ve been corapletely unable to produce a consistent risB with 

ei that' A.c.'.l'.R. or cortiflone; popsinogcm hus been present in 

cn.oes of Addison I n und Sl~~onu • s di r;ease . In fact in some 

cctscs e:x:icUy tho o~ osite renultri have boon. foun<l, i.e. a oh "'P 

drop in ur.in . .cy v9:.,:.;inor..;oo. :no . .:; i no c:onoi' ten, err0ct on 

the ,llno~ ;;,opcinosen. 

One ic forced to conclude th.<J.t Gr.:i.y ot al were too keen to 

try unrl subotnnti te a theory nm.l thcit theii· resul. ttJ nro too 

good· to be true. 
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CHAPTER V. 

DISTU.RBJI.NCES OF PEPbINOG:i:N !'!ETA.BOLI S!J IN DISl<jSE. 

!,_s; r.ith lilml/ othc::: bod;{ con:;tituents, pcpsinogc.n v.::.:; 

discovnred 'md investig11ted 1.w a _;h7dologic 1 :,unst·n<'•3 for 

becai:to recoi,nised, .. ..;creupon the .ihyslologic .1 ospect ~;as 

subnterged in a cass of in,,c::,t:'g,?.tion into its clinic·•l 

possibilities, a pe.':.du:.; only as a b.f- protluct of that .Jcriod 

of r ase .. r ch. 

Fror:i t.11_ fir::. t <.:::.scoverJ· of c. ,;,e;n:i"-likc .,uuctencc in 

t he urine bJ BrUcke in le61 W1d t.1'1c jn•ct:ictior, oI' t:ic 

e:.d.t:.;<..'llU'- o.'.: .. 1c,,urc:,_,•-1 ,.::. u. n;cur.:ol· cf i•C, -i, b/ Sc:...iff 

(1' 7~) it ·.n,.., c SLl!ll ::, t.e,) to it::. pod ti ve ic.cntifica tio=i 

b.7 1an.,leJ in 18tl h t e gw;tric . ucoaa. 

sugi;este· t hllt lli enzr::ie ,.c.c cecrcted uirectly ir.to the blooa 

( Gehrig 1886 ) u1i not rcc.bsorbe..i froi;. t~le g ... stro-in Lestinal 

lumen us s upjJOseu b¥ BrUcke . 

The aubal'l .uent in...-ei;tii;~tion into the clinical uses of 

urinary pepsinogen estioations px·oduced a spate of papers 
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from the Germen clinicians of the late 19th and early 20th 

centu:rieo 1vhich c!id little to elucidate the physiology and 

ended in confudon as to i ts true value in clinical medicine, 

a state somewhat, rescued by the rotcellent ";'i()rk of Gottlieb 

(1924). 

The discovery of the haemoglobin method of pepsin :2ssay 

by Jns0n i-,nd :_,fr::,k.,· ( 0::::::) an<l the e:;cce.1lent work: of Northrop 

(1919 et seq.) in establishing comparable r.iethotl.s of determina tion. 

of peptic activity merely served to empht, ::ize that the ear lier 

Gerri,m workere: had fu.i.led, not beer.use of lack of origin111i ty 

or o.:' thoroughnesr, but becaus'- of t !-,e it,adec:ua.c✓- of their 

methods, an ,all too common cause of failure in m&.n.y fi elds of 

research, -

The i so!aticn of crystalline pepzinofien bJ Herriot (1958) 

..nci tlle sub::.o ,iumt :Ji./sioloi,iccl i:. tudies of Bucbcr c.--id !:ler 

co- workers (l 46 - 1947) an of Mirsky et al {1948 ), placed 

the tud;r of this subs tunce on c. &oun<l scientific basis and 

_pa.vecl the way for the clos er inveHtigntion into the disturbances 

or pe1,sinogen excretion in the urine by Mirsky and his co­

workers (1948) and by Janoy;i tz, Levy anc. ncllandel· (1950, 1951) • 

:rn the pedod before Roen·l,g\Jll .1iagnosis oi gc1stric leaious 

became unive:::·i;~ , c,c.l.rcinora:;. of the sto!!lacil was the ma.jar di88nostic 

problem of the ga.stro-en tez·ologiet. It is not surprising, 

t herefore, that the bulk of the litera ture dealing with urinat",Y 
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pep Bi no gen bet,.,een 1885 and 1930 s-hou d be conce-med ,d t th.ii; 

problem. ~ince the results em."lot be :icceptcd in a:ny quuntitative 

'i18.y by l!lodein standa.rdc, it ,;ould seNe littJ.e purpose to 

review this lmrk in detail. A fevt reference:; r.ill E<how how 

contused the rosul ts and conclusions were . In 1893 Van Noorden 

afa1teo. t hat, ju hi;;tamine :f'aet achlorh;rr.lri:i., littl& urinazy 

,iepsin,,r;en :;poke for cu.x·cinot,:!-1 Ful<l ,md mrc .. .)'t1:11u. (191;;.) 

that in curcinor.w. there i::; ' ucfinl t0 C.ecrca:.;e of pepiiinog,m, 

Ellinger ane Scholz (1910) u.if:.'.'£centh1teu 1,iu.1lc achJ :1.i~.i:; 

from c· rcinom, si<'h;rli (mu th<..t a no ~,ul ur.i.n:..r:r ,eyl.no.,cn 

poke fer cc.:·cil omc.; tt,ey l;ri1:1<.i VJ ,_;o .:urthcr on c:evii;cd. 

u. ::icheroe o.r: pro,i;noui depending on the pro,ioz•tion between 

ga::;t.dc su"K urin,·.r:r e dJ:Jogen. TE.kecu:. (1 lC) -bree 1,i th 

these i-eeults; Biding (1 11) foun that in c"'rcinoma the 

urinary pe~1dnogen Y:as usually '"'bsent and ;:,.si:;erteo that the 

c,u::mti t;.,tivo e:..timo.tion ,,Cf.: im.,iorknt 5.n the eud:,r c;.i~ o&is 

of cm:cinor.;c .• 

cLl..fJ:e1·cn tia:t.e ach,:,rli.::. of cc;.rcino:n ( whore urinary pepsinogen 

is depros~ed) from true ~ch,rlia where urinary pepsinogen ie 

normal, but as di<l Roi.hochil (1930 ) concluded that the estimation 

of uri nary pepsino en ha.d no value in the dia!nosis of carcinoma 

or i n ~he differenti~tion oE achylias and t he latter p~per seemed 

to cl ose t he chapter of attempting t he use of ,iepcjnogen in 

clinicul medicine un til the ne:,t pai:ier o.n tho i;ubjec t 16 year s 

l ater wh::m !i':ttn:iwc;:-th, Speer wiu Alt (1946 ) reported their 

resul ts i n the investication of >ernici ous anD.emia, a!ld Bucher(l94 7) 

r eviewed t ha li ter a ture anct described some basic experiments . 
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Investig~tion of :.irina.ry pepf;inog,.n e:>.c1•eW.011 in rela tion 

to f;'\!'.' tro-duod'!:nal ulco::-ation is ~•elat:ively rccP.nt. The oor k 

ol' !iir3ky .:lll<l hiB oollaboratot·s e.t Philo.tielphia published in 

1048 ser,ed to place this st,udy on a sound footing. They 

established the relative stability oi' urina ry pepeinogen 

excretion r a tes in normal raen, and helped to establish the 

identity or t he urim.'.r.f e."'l Z:,'ine u.i; pepdnogen by f eeding and 

injection mefuods (see Cha.,Jt er IV) , the techniques of estimation 

end more r ecently (1,liri;ky et al 1952) t he sane for ;;iepsinogen 

in t1::!e blcod. They th~ cetcrnineC t he ,listurb1l.11cos of 

eYcretion of ;epdnogGn in g-o.r, tric a.nu <i.uooenai. ulcer a tion, 

findine an increase over norrM,l ,1;hich mu, s·t/ t i i:;tic,9lly sig­

nii'ico.n t. 'l.'llece :,;tude~ we,-e follol'led by· t.¾oe6 of Hanowitz 

LOV'.{ and TTollande1· {1950) 11ho det,e' m:iutid the relation between 

urino.~y 1leprino , c,n 2tn<l L~~ tr:i c pcaj)dn, .. ::icl ti,-"1. found· tha t 

<,uoden« ... 1. \l eel's c:;.c:·e Le about i'oui· t i Lei:. norm,,l ,iep;;:inogen as 

controls ruid !;ha\. c~s trj c ulcc::-·" f 1 in the non"..::,.l r-ona;e. 

iiir::1lcy ct eJ. (10<,1,(lc) l'oun~ in the normal group t hat sai of 

cas~s e:xcreteei le&:; than 0,88 log uni ts per hour, mid 51% of 

all ulcers excreted more ; in nor.nals less t..':ian a;.; excrete more 

than O, 76 loe uni tr .)er· hour , whereas 50% of ulcer:.; excrete more; 

50;1; of uor.m,..J.s e):c:r&to leti,, ·, an 0,47 log units per hour, whereas 

only a;~ of ulcers excre t e; le; i:. t ;l;m O. 47 +og uni t1, per hour. 

It i s there.:ore only of lirai teu pr a ctic 1 v:;.lue in differentiating 

norm:.ils frora ulcer:.-:, but nevert :ieless atnti::;ticeJ..ly quite clearly 

significant. 
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Jen~wjtz, evy end Eollentler (1250) !c~nd lecc ovGrla.p 

betv,ec., uuoctennl i,lce:.:: and controli::. The fol lowing table 

s\llillI!.ut·izes tbcir rezult,c . 

c;ON'fillL 

v.u . or s.u. 

o.u. 

TABLE t'O: ~] 

18 ulcers 

No. RAHGE U/Hr. 

44. 0 - H.6 

B5 114 - 375 

5 45 - 125 

Ur·.INAitY PE?~INOG Ei'.CR'nIC.1 
(Ja11,:,witz et d 1950). 

50 - ::Sl 

125 - 4:::1 

147 

ma 

Q•.l"ii.RY _·2s: •. OG'--I =·c,.:-:r:rq 
( ~ =;.;.ri ;;ed i'ro?oI 7-rro et c.l 195t) 

IBAN 

47 

180 

55 

e.na conclm,e th:,:':. thec1:; figures slJ.017 no significant 

difference. They tr m ~.o on to detnr-.m.inP t':e "pe,;>!!in secretion 

r.uotient" _b7 diviain;; gastric e:;;sin by udn:u--.1 pepsinogen and 
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find the Pquotient0 higher in ulcers than in normals - which is 

simply another way of saying thtt gastric pepsin is hieher in 

ulcers than in controls. 

Other roferencen 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 distinguishtng 

ulcers from normals and the statements made 65 years ago by 

B~derskey are as true toda,y (and perhaps more so today) as 

when he made tam in 1890. He concluded that the variations 

of urinary pepsinogm were so great that its estimation had 

no diagnostic siE;Dificance but he wuves th.ia aside with no 

regret &nd 'Iii th the hope t h.at "Viel.lllehr mag es eine grosse 

physiologische Bedeutung haben". (Much more, it might have 

great physiological significance.). 

It was ith the f'oilure of t he Gerwm clinioi:ms to apply 

this test to clinical medicine, and with the cautious inter­

pretations of the more recent American authors in relation to 

ulcers in mind that I re-inve~tignted the proble.!n, guided 

by the rords of Banderekey (1890) and planned the investigation 

from the view or possible physiological significance of 

disturbances or pepsinogen in ga.stro-duodenal ulceration, and 

in other disea:Jes. 
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The main observations in this investigation were done on 

the disturbances of urinary pepsinogen excretion and only 

secondu.ri.17 to that wer e the disturbanceD or blood pepsinogen 

investi gated. These latter observations are far less complete 

and only capable or partial analysis. Most or this chapter 

will therefore deal with urinary pepsinogen excretion, expressed 

as rate of excretion in units per hour. 

The first step r.as to establish normal levels of excretion 

of urinary pepsinogen and to determine tho relation to sex and 

age. Having established that these f,1ictors do not influence 

excrstion o-f pepsinoeen in nomal cont:rols (~ee below) the 

distu1•bances of excretion could be andyzed in gastric and 

duodenal ulcers (Hit'schowi tz 19S5). Other diseases were 

studied to a lesse1· extent, some only to elucidate physiological 

proble~s, e.g. rern,.l diseruie. 

S'ince it was obvious from previous p11,ie1·s and fl:'Om early 

results t hat a simple analy:,is on conventional lines was not 

likely to yield any new information, mt became necessary to 

subdivide material and results nl.01113 slightly different lines. 

None of the previous authors hall analyzed results by sex or 

the pa tient or by situation of the ulcer, though Jonowitz, 

Levy and Hollander (1950) di<i separate their 5 gastric ulcers 

from the duodenal ulcers . They did not separate, aa they should 

have, stomal ulcers from duodenal ulcers. Mirsky et al (1948) 

studied only males and did not specify the typo of ulcer; nor 
did varro e~ al (1952) but in any event their work can be discounted. 
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It was clear that ulce1·s excreted more urin4ry pepsinogen than 

controls but no hint of rlbethcr any factor could be responsible 

could !xi gle:med from the~o public~tiona. 

Aa will be seen later, the division of cases by se:x and 

by site of the ulcer, and the later grouping of results by 

length of dyspeptic history held the clue to th..; .t·eel differences 

between ulcers and controls and mlJ,f point the WIJ,f to the grosse 

physiologische Bedeutung 0 of disturbed urinary pepsinogen 

excretion ·predicted by Belierskey in 1890. 

llESQLTS. 

Urinary pepsinogen excretion was studied in 201 s ubjects 

and the figures givenare the_ mean of at least 2 separate 

sample of urine in each. 

I· Control Qrogp 

This group aonpr:tsed 60 persons, W r.iale ·, 24 fcmaleo, 

rru'.lging in age i'rom 15 to 76 years, and chosen from hospital 

staff and ambulant patients without gastric or duodenal ulcers 

or sympto111s, to correspond appro:xi!il!itely to the ulcer groups 

in age and sex dir;tribution. The followine tables show 

the information relevant to controls. 



TABLE 1qo: 390.. MALE COHTliOLS. 

illlllURY PEPSINOGEn AGE I N YEARS 
gb 

(P.O.) /hr- 15-19 20-29 50-39 40-49 50-59 60 -69 70 - Total No. 

o- 99 - l l l 4 2 l 10 

100 - 199 1 1 2 5 5 · l - 11 

200 - 299 - 5 l 2 l - 1 8 

300 - 599 1 - - 1 - 2 1 5 

400 - 499 - - l - - - - 1 

500 - - - 1 - - - - l 

I 
co 
rl Total No. 2 5 6 7 8 5 3 !.6 C\I 

I 

CONTROLS SUBDIVIDED BI SEX, AGE A?lD. LE"lEL OF URINARY PEPSINOG EN EXCRETION. 



TABLE NO: 3q b FEMALE C0NTEOLS. 

tilUN!iEY ?EPSINOOEU AGE I N YEARS 
Hb. 

(P.O.) /hr· 15-19 ro-29 Z0-39 40-49 50-59 60-69 70 - Total Mo. 

o- 99 - - l 1 l - l 4 

100 - 199 - l - 3 1 2 - 7 

200 - 299 - - 2 2 1 - - 5 
I 

(J'\ 
500 - 599 2 l 1 l 5 r-l - - -

C\J 
I 

1 400 - 499 .... - - - - - 1 

500 - 1 - - l ... - - 2 

Total No. 1 l 5 8 4 4 l 24 

CONTROLS SUBDIVIDED BY AGE" SEX MID LEVEL OF URINARY PEPSI?lOC!.N EXCRETION. 
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AGE I N YE AR S 
15-29 ~-59 ~-49 §.Q-59 60 - To~ 

No. of M. 7 6 7 8 8 re 
Cases. 

F. 2 5 8 4 5 24 

Hb. Mean. 
Ueati ?.U./ /'nr . 2l.6 277 185 105 205 195 

F. ::60 215 245 267 256 244 

TABLE NO: 40 CONTnDLS: AGE DISTRIBUTIO ~ AND MEAN 
URINARY PEPSINOG:fill EXCRETION. 

The average excretion levels of the 56 males in 195 P.0./hr, 

s.D. ;t 15' and the 24 females 24•! P.o./hr S.D. ± 154. This 

dif£erence is not significant at the si level ("t11 = .514, 

V= 58, p 7 5'.£). 

The age distribution f/US also compared statistically between 

the sexes and was sbo1m to be comparable (t = .6, n= 2, p > . 70). 

By inspection it can be seen that age ha$ no aons.i a tent effect on 

urinary pepsinogen excretion, The onl~ t;roup the. t fa.lls l>elow 

tle merui is t;he age group SO -59 in ma.le controls who excrete a 

mean urinary pepsinogen level of 10"' P.O,/hr., which is, hov1ever, 

within the range of the s.n. 

Having shown tha t age und sex do not influence t he excretion 

levels of pepsinogen in controls , the o.ge r.!istribution of the 

ulcer groups was compared to thri.t in the con .. rols. This showed 

t hat the group \'tere comparable by age and sex (Table No. 41 ) 



,~ 

!Jl 
::l 
0 AGE I N YEARS 

•rl 
H 1. l,fales 15-19 20-29 5()- 59 40--49 50-59 60~9 70 - Total no. Mean age 
('j of cases. in years. > 
Ql 
,q 
.p 

Control a . 2 5 6 7 8 6 2 53 46.3 

Q G.D. b. •rl - l l 5 9 5 2 19 54..0 

Q D.O. c. l 4 9 10 12 7 2 IS 46 .6 0 • 
·rl ,0 
.p (l) 

::l ·rl 
.C<O 
·rl ::l 
H+=' Z.Feoalea -+" !Jl 
!Jl 
·rl !Jl Control d. l. l 5 8 4 4 l 24 47.0 ,0 P< 

I ::l 
rl (l) 0 

5 2 5 1 C\J qOH G• U. e. - - - 9 55.0 
C\J < q!) 
I 

rl D.O. r. - 5 5 5 5 1 l 16 44.4 
tj-

. 
0 z 

rx:l 
H 
p'.l 
< 
E-i 
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By inspection the age d:latribution v,ill be s een to be 

similar and by statistical tests thece are sho1m to be 

strictly compe.ral>h. 

a cf. b fl-= .102 n= 1 p ), .70 

a cf. c j..l.• ,460 n= 2 p ) .70 

a cf. d t'-= ,600 n = 2 p ) .70 

d cf. e f/'= Z.25 n = l p > .20 

d cf. f ~1.- = .164 n = l p > .so 

n. onst:r.-ic end DuodmaJ. Oleg s. 

Thi& group comprises 61 pa tionts with duodauu. ulcers 

and 28 with gastric ulcero, vdth a mean excretion of 577 P.0./hr. 

A. Tue duodenal ulcers Vlill be dealt with first because they 

comprise a more homogeneous group with regard to the si t9 of the 

ulcer. There we.·e 46 male:. mid 16 fernulee in this group, ranging 

in uge from l5 to 88 y~r::. All ~o-c patientc under the c~re 

of t..i.e de.;n~--1:Llont .o.i." Gastro-c,nt~ , o:J.oQ", umi llll hc:.u hid recent 

.U:. ti.a ulcers oere active in that the patients 

complul.ned of pain or <iyi:;pepaia or ha.d t:u...d recent bleeding or 

perforation of the ulcer treated by suture only. Presence of a 

coincident gastric ulcer or of renal disea ,e excluded any put ent 

from t his group. For ago dii:itribution oee table No. It-I 

'l."ne female excretion levo1s ranged froo 58 to 594 P. 0./hr and 
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75% of this group of 16 excreted less than 400 P.O./hr., and all 

less thliil 600 P.o./hr., the mean excretion level being Z8l P.U./hr. 

s.D. ,;: 156. This rrn.s not different from the normal eiicretion 

levels for fenales. 

The ma.le excretion levels ranged from 56 to 1405 P.U./hr. and 

s2i of this group excreted under 400 P.U./hr., the me&'l being 

435 P.u./hr. G.D. t 579. Thi!.l level wls significantly higher 

than tllat iu norm-.'1.l contl'-OlG ("t11 = 5.57, V = 79, p < 0.1%). 

B. Gastric ulcers, There were 19 males and 9 females in 

this category ell of whom had active ulcers (as defined above) 

and all hall been diagnosed by recent barium meal, gastroscopy 

or at ojJor.ation. Presence of healed or active duodenal ulcers 

excluded any patient from this group. The ID<cretion levels for 

the O females rauged_ from 94 to 660 P. 0./hr. and all except_ one were 

below 4.50 P.u.,lhr. The oean excretion level for thio g--oup was 

282 P. o./hr S,D, .± 211.8. TW.s ir. not significantly difiere.nt 

from that of female control:s. The 19 male patiants with 

gastric ulcers excreted between 41 and 912 P.U,/hr., the mean 

excretion being S67.S p.O./hr. S.D. ± 224, This level is 

nearer the duodmal ulcer level and significantly gre&tor 

than for nomal iaale11. ( uio 3. 2, p <. 01 ) • 
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POSSIBLE FAC'l'ORS lNFLU.8-jCING PEPSINOGFli ElO0ll.Efl0N IN PEPTIC OLCEf!.S. 

It W<tS ap,:,arent even on simyle inspection that the 

excretion levels for ulcers were different from those of 

controls but that the individual variations 8lllong t he ulcers 

groups were very great and that ~any excretion levels were in 

the normul i:-ange. It then became pertinent to inquire i nto 

the possible factors within this group o f' ulcers tho.t might 

reasonably divide these cases and allow of a satisfactory 

g1·ouping. 

The fac tors to be cotiridered in evalua·bir .' thi (.I g1-ouping 

were sex, age, activity of the ulcer, si to of the ulcer, length 

of' his tory and e.ge at onset of i'.ymptoms . 

It was found ihat of all these, only sex of the patient, site 

of the ulcel' and leng t h of dyspepti c hi.s tory could be correl ated 

with C'1l altered level of .pepsinogen excretion. 

Let us firs t conoidex· the factors that play no part in 

this disturb>.mce. 

(a) ~- As will be aeon .from Table 41 , the mean age 

of the duodenal ulcer groups ~as very clo e to that of the 

controls and that. of the gastl'ic ulcer groups c. litf;le higher 

(about 8 years ), Neverthel ess the groups were cotpur~bl e (Table 41 ). 

In the group that shovw the greatest inclividuu.l variation within 

the group, the male (llJOdenal ulcers, a partial oorrolation 

between uge and pepsino,:.:en e:r.oretJ.o;n ::ibo~1cd thu.t if t,he length 
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of history wore ECrnlu: ec.1 us e. f .J.ctor, there wa.e a negative 

correla tion ( ru,c. h =- -0 .0296, o.s <. p). The same lack of 

correlation can therefore be assllllled for the other sub-croups 

and the group ~s a whole. To confirm this, the following 

table shows an irreeular di&tribut5.on wheri age and excretion 

levels are compared. 

A C E f N YEARS 
0-19 l?Q-&fl i()-t39 40:;19 50-59 GQ-69 70 - Totals, 

0 - 99 l 2 2 5 2 2 14 

100 - 199 l 2 2 6 4 5 18 

200 - 299 5 5 4 2 f 15 

roo - 599 l 2 2 l 4 10 

400 - 499 1 l 2 

500 - 749 l l l 5 

750 ... 900 

1000 -

Totals B 6 ll 15 12 10 l5 60 

TABLE NO, 4-2. CONTP.OLS (DOTH SEXES) 
AGE v ·• UiU NARY PEPSlNOOEU 
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AG .E I II YEARS 
0-1$ ~-0-29 ::; B9 t!Q-49 50-59 60-69 

o- 99 l 

100 - 199 l 

200 - 299 l l 

300 - 599 5 

400 - 499 

500 - 749 l 

750 - 999 

1000 + l 

Totals l 8 

TABLE NO: i;-3 

4 5 5 

4 5 8 l 

5 2 13 l . 

2 2 5 4 

2 l 5 2 

l 3 2 2 

5 5 

2 2 

l5 19 27 15 

PEPTIC ULCERS (BOTH SEXES) 
.AGE vz. U!Ull ARY PEPSINOG.:N 

'it>- Totals. 

2 13 

l 20 

l 12 

14 

8 

l 10 

s 

l 6 

s 89 

(b) Acti:vj.:f+Y or ti;!§ _y~~ It, is conceivable t.llilt an :ictive 

ulcer (a.s tlefi 1:--<l_ a.bc-;e) clght c~uJ;e more 3ecretion of gc.etric 

secretions than an i.no.ctive ulcer, This was suggested by 

Professor C, Robb of St, Mar71 s Hospi tru., Lendon, f;-om his 

iuvecti ~tion into this subject (personal collll!lunicution), 

H01'ievcr, none of this study .;:,.i;; designed to enable one to 

determine this point, One can sim,,ly say- thc..t o.11 the ulcers 

studied were o.ctive uncl doepite • .!.ctivit.Y much v"'riution, shown 

to depend on other '.:'· cto,-s, was shown. 
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Activity. as defined above, included bleedinr. :'ror:1 the 

ulcer. Of 46 mi.lee \'lith duodenal ulcers, 111 ,,ere ~aoitted 

Ii th ho.ematemesis or melaena., 4 .:1th historiec under 5 years 

and the other 9 with tu•· tori e.u longer than 5 yen rs. The 

overtll mean for t'ne 15 Cc!S0"' was 481 P.O./hr; that for the 

4 with histories uncier S 7e rs 21:l :?.u./hr,, and for the other 

9, 6O2.t P.U./hr. The £1.ea."l fo1· the remaining Bl: duodenal 

ulcer• ·uho had pa.in for ,rhich they -z,s:;:e bdni; tre.c,ted at the 

ti0e of the 1--1-.o'>t:\gation (i.G. theJ all ~d some si1;-n of ulcer 

acti'l'l t,r) wa~ 4,13 P.U./hr. These figures would indicate a 

small increase due to haemorrhuge, or associated with the 

haemorrhage. The overall picture of a normal pepsinogen 

excretion ni th hi tort of leos• _than 5 years and a.n increuse, 

irrespective of other f actors except sex (see below) is still 

valid. 

(c) Age of onset of S'/'llli;? tome. As with the age of the 

patient, thic 11lls found to ave no constant relation to 

the increase in pepsinogen excretion in ulcero • 

.:i:,n coru:idering the f<!ot1Jrs thQt do play e. p,rt in pepeinogen 

excret:J.on in ulcer:,, sex of the patient, ::;i tt or. the ulcer Md 

the length of dyspeptic hj story .vere w.l found to be important 

in the order mootioned. 

(d) SW- o,f yie i?fitignt. Tb.e usual practice in evaluating 

results in &i.y clinical mu wriul is to e>:runine the l!lll.t •rial for 
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uny ae:x differences. _This bccoJ:Jes even more im;iort..'<nt 

in dealing with peptic ulcers . It iJ3 ,,all known t~t tile 

incitlen<;e or tluoden!l.l ulcer i:a hieher i.(l mule::: und tbc.t the 

cou;;ose o: the d;i.scmse is o.'.:t<m different between the tvro 

soxe;;. 

marked. 

In f; i:.trlc ulcer1c1 thcue ili.ffcrencea are less 11011 

When pep11ino€:en excretion \1as analyzed by sex, striking 

differences warG found. or the 16 frnn~le duodenal ulcers 

all excreted less then 500 P. o.,lhr., 'and only 2 over 450 P .ll/hr.; 

of the •lS mal<ob l'li th duodenal ulcer.s , 13 excreted more thnn 

450 P•U•/ru-'• and 10 ,aore t h.:in 500 P.U./hr . The mean levels 

for the 16 f c,talei:; w..1s noi"lll'-'l (ZSl P.U./hr) anu for the 45 

males significa.nt.lJ higher t han no:rmcl (45!3 P.U./hr.) 

( see also fig 21 ) . 

of the 9 females with gastric ulcers , only one excreted 

mo-re than 450 P .U,/hr.; of the 19 tnnl oll with g .stric ulco::·s, 

O ~:crete<1 more than 4.50 P. O./li..; t:1c mean value:; for 

fcn:,J.0::1 an,1 for males nas £8£ P.U./hr . us against 1':67.5 P.D./hr. 

(see ulso gJ'IJ.vh ). The 1,ni.!'orml.,r norm:!IJ. l evds in fems.lea are 

not capuble of' f urt.'lt!r analysis and ·,,ill be co=ented on h:ter. 

Further observatio~o, therefore, deal ui th tw.le patients only . 
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CONTROLS GASTRIC ULCER DUODENAL ULCER 
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Amount of pepsi nogen excreted in urine of females according to age. 

Fig, 20, Excretion in females. (H:irschowitz, 1953) 
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Amount of pepsino1e n e:,c.c r e ted in urin e of males with differen t kinds of peptic 
ulcer a nd o f contr o ls, 

Excretion in males. (Hirschowi tz, 1953) 
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(e) Site of tho ulcer: This factor vrus usGd to t.m&lyze 

furthe!' t :ic figurei, for e:xcr ti.on levels in me.le p. ti ents w:i th 

ulcers . The onl.r k,roupint; · of sl t o ,ios:iible was to tlifferentia te 

uuodeno.1 f ron gastric ulcers and to separate gastric ulcers 

into t hose of t he lesser curve m1ti the pyloric ulcer~. To 

separate the l atte1·, :·a ·010;.;icul uml £:uStroscopic evidence 

uas assessed and the aneulua 11as found to be a useful dividing 

point.. In this v1a1 , of too 19 patients with gastric ulcers, 

ll:. had ulcers of the les t.er cux-ve above the angulus and 7 had 

ulcero beyonu the ru1gulus in the pyloric portion of the stomach. 

The 1r:. patients wi th lesser curve ulcon: had ,~ r3.rtee 

of pcoo.inogon c:;.c.ation i'roo 41 to 515 P.O./lu: •• (o,.un 2!:4 I',U./1:,) 

S.D,;t 155) and :.:ero found b otatistical test to be no different 

froi;, ill'.U.e controls. c..:c .830, 0.05 <:: p < 0.10 ) . 

The 7 patients ,;i th pfloric ulcers excreted consider ... bl:, 

more than no1•mal umountc 01' pepsinogen, the runge being from 

255 to 912 P.O.jhr, riean 596 P.U,/llr., S.D. ± 294 and this 

1111s found to be oienificantl1 higher than noroal ( 11 tn 5.06, 

p < 0.001) . 

Tl1e 45 oal.es ,-:i th duodenal. ulcers could not be further 

subdivLed by site. The.r excreted from 56 to l-105 P.O./hr., 

mean 455 . 5 p. u./hr., and this i'igure too ;m:; statistically higher 

thon th...t of controls ( "t" B.57, p < Q. 001 ) . 

Further a.nal,y~is wong these subgroUlJS showt tha t t he 
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lesser curve ulcer .. oo:cr-eta :;ji~!'icr.,-itl:, ~.e;;:,; t. •1 tile 

;,:,"lo.1.c or '· 10 u1loderu:.."l. u:co-..,, <l 1·at t.ho ;;rlonc ulc'-' •:, 

c.rr not L:ic,'Ili ic..nt.l.j uHferent from the duotiemu. ulcers 

(eee tnu:e No . 44 ) • 

GROU? NO • OF c,.~xs 1'r !,lUOQEN f . D. 
P,O,/l1r, 

A, Controls SG 194 .± 1:2 

B. i:.en~er curve G.D. 12 [M ± 155 

c. ''/loric G,lJ, 7 597 .± 295 

D. Duodenul. ulc~·:, 45 4Z5 ± 573 

By "t" te~t difference betaoen A & B "t" 0,830 0.05<: p<. 0.10 

A f.. C "t" 5,oa p <. o. l 

At: D "t" :3 ,57 .~ <. O, OOl 

BC;C flt~' 1.05 _.) <. 0 .01 

B f. D "t" Z. 20 O,Ot<'. p i 0 ,05 

C l: D "t" 1. 7'7 0.05 ( p <: 0.10 

T.\BLE 0: 44 t.~.N OR.!llARY ~'EI'CTNCOJ::l EXCR:TIO!I rn 1.;.Lrr 
SOBDIVWED BY SITE (llirschowi t:;; 1953) 
O:' OLCER. 

The·, result::; mccluded leaser curve ulcer:• fro:: further 

aual,rsic :;ince thcv mrc found to £',;,;crate normal lcvoL. That 

left the 45 wee 1¥1 duoaena.l ulcer~ ana the 7 !!! u.ei:: , t h 

prepyloric ulcers who resembled each other in cretion levels of 
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uritllll7 pepoinogen, sot1e of whom e:xcretet. nori:ml (unounts or 

pcpainogcn und othet·~J i. gre1~t deal more th.n normlll, 

Fr001 T:ible No. 44 it c.ppears permissible to group 

P/loric ga.stric ulcen; with duodenal ulcei· • as a functional 

group with flimili:.ct· e,,cretion levels within the grou,i. 

(f} The length of d.yseewtic hh;torz: This f actor was 

the next that .1a:.1 ap;:,lied to further. analysis of pyloro-duo<len:u 

ulccx·c in rutle•· [1ll(l 's will be shom bclo,:, one -:7hich bringi:: 

out t.1-io clearest • ffe1·enccs bet-.,ecn ulcc • patic.utc .,'i tl, o. 

hif;h o.n<l ;ti, th e. lo:: urinury )Oi)dnogen , 

Length of ciys;.,eptic history is taken as the continued 

presence of syuptoms, i .e, pain or significant ,,7:::peµsi:i, or of 

comrlic:i.tions of peptic ulcer or ruG:iological or- gaetroscopic 

evioence of an ulcr-r without com_lete intermission of lonte1· than 

5 year:; (Hir~choTTi tz 1953). Ao an rumm.}le of thi definition, 

u patient who hr.d constant d;rslieµsiu from 19:;_7 culminating in a 

h...ei:.u temesis in 1937, with a com_?lete freedom of symptotis or 

co!'.l;Jlications until 1945, ·A'i th u recurrence of pe.in imd 

dysvepsiu, ~ould in 1951 have hud u six year history only, 

because or the eight yenr interval from 1937 to 1945, 

Thi: annly~is reved that there 1ms ;;, d.efini te and 

ouctclned increase in urinary pepsinogen in co.le patients ·.-d th 

pyloro-duodenru. ulcern ~it.~ hir.tories o~ lo~cr tli.u!l 5 yo,r~, 

For convenience, the ,:ial;,icnt:; \'/Ol'C :itill kept <liviueci into 

,JY~oric n.n<l C.:uotlcnnl. 'rhe following t,ro tables plainly show 
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this increase related to length of history. 

Urina17 DOODENAL OLCEftS 
E:xcre.tion • D-Jspe.:,tic hi tory- (yr.) 
oi' pepsin- <: 2-, ~-4,5-9 ,10-14 ,15-19, :i.O-M, 25 or 
ogen 
P.U,/hr, 

1000 - 1500 

750 - 999 

500 - 749 

400 - 499 

300 - 599 

200 - 200 

100 - 199 

~ - 99 

-

-

3 

:! 

5 

5 

more. 

2 1 1 2 

2 1 

1 2 1 

1 1 2 

1 J. l l 

1 1 l 1 

5 

1 1 

PiIBPYLOIUC ULCERS. 
DyG,JO!ltiC hi~tory (;r- ,) 

< 5 "5 

5 

1 

1 

2 

TABLE NO, 45 PYL080uUODENAL ULCERS IN 't!ALES ARRANGED ACCORDING 
TO LE!-lGTH OF HISTORY (NUMBER OF CASES) 
(Hir"chowi t:. 1955) 

LENGTH OF No. of r-ean length Mean age l,\ean urinary 
HISTORY(yr.) casee. of history (yr.) excretion of 

(yr.) pe oinogen 
. o. hr. 

Duodenal ullEtS 
0 - 4 r2 1.34 45.t 186 a 

5 - 9 4 6.7 34.0 594 b 

10 - 19 9 15.9 47.7 694 C 

kO or more lQ £5.5 5912 688 d 
IQt:<l 45 10.52 4616 455 i 

Prepyloric 
gastric ulcer 

60,5 257 0 - 4 2 0.15 f 
5 or more 5 Z1!! 4.6 .2 Z41 f 

Totlll 7 513 §!2,Q 507 h 

TABLE NO, 46 ANALYSIS OP P..::r,ULTS IN PYLOf..ODOODEHAL ULCERS ACCORDING TO 
LENGTi OF HI::TORX (!.II.LES) Hirrnhowitz 1953) 
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BY "t" tet t: differonce bet ween a and b p < 0.001 

a and c p < 0.001 

u and d p < o.OOl 

h and e 0.02~p<. 0.10 

rand g 0.2<:p<.0.5 

It will be seen from T.iblo No. 45 that the trend 

is from t.he lol"1er left hand corner ( :;hort his tory with low 

urinary pepsinogen) to the upper right l t1 comer (long 

hi;; tory \7i th high urinary- pepsinogen) . Thie is further 

clarified wi confirmed by To.blo No. 46 which puts this 

into actual figures showing that. the pa tients ro. t.}i histories 

of under 5 year:; foll into the normal range (e,1cr0tion levels 

are between 59 and 420 P. U.(hr. in this eroup) and that the 

differences between this group and thooe wi tbhistories of 

over 5 years are significantly different by "t" test v.t 

the 0.1% level. 

noco.u~o or tho succ;:iction in Table No. 4 6 that the 

ages or the patients in successive history groups was - ""-,, 
increaoi ng , it beclll!le necesr,ary to determine the effect of 

age in this p6.rticular group of p11tients. 

The duodenal ulcer group of ·.l,5 17ae analyzed separately 

to keep to a homogeneous group a.nd a particl correl ation 

was employed to test this aspect. 

This showed three things - firs tly th<.1. t age and lmgth 

of history were clo ~ely linked . This correla tion ic obvious. 
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As huu been anticipated the increase or pepsinogen, leaving 

ugc out of account, strongly correlated with length or histor-1, 

am.I. thirdly, that tho correlation between age and level of 

pepsinogen excretion in the ur.ine, le, vint: length of hil:tory 

out of accoµnt, is a negative one. 

The figures are us rollo s1 

Correlation coef.ilcient 

r 

r 
ua .h= -0.0£96 , 0.5 < p 

:r 
h1-. u = 0.445 J p < .001 (Hirr,chowi tz 1953)·. 

-.vhere u = urin rJ pe sinogen, a = age, h =lel'l{;th of history. 

·l'hese figures prove boyonu doubt that the increase ol,servcd 

in urinary pepsinog en excretion with an incroooing length of 

history is a true one (Ulu. is completely independent of the age 

of the patient. This is assumed to be tt,ue for the 9 pyloric 

ulcers as well. 

This analysis by length of history was applied to the othe.r 

groups nnt! none of thcoe ,1u:i found to be related in any way. 
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tmGTH OF rIWl'OR.Y 
Undor 5 Yl3m'6 5 ye.:u·s or more 

P. 0. / hr. P. O./hr. 

Hale duodenal 1Jlcers 186 678 

Male pyloric ulcers 257 741 

Female duodenal ulcers 284 277 

Feoale gastric ulcers 287 276 

Male lesaer curve G.u. 294 152 

T/l.!3LE NO: 4 7 URINA.qy PEPSINOGEN BELATED TO . L~GTH 
OF HISTORY {ALL GROUPS) 

(g ) The ,;:elation bety;~m1 gastric acid and length or history: 

T~is .relation between length of hi~tory and Ui'inary 

pepsinogen was found to be vet"J interesting and felt to . be 

of some impol·tance. Accordingly fructionru. test ocals of 

60 nales r,'i th gastric ulcer3 and 14-1 04es ,tl th p;,loroduotle~ 

ulcei·:, ~oro analysed fron .:. sitiili.r point of view. This 

investigation into the gastric acid \71ls on 20•1 male patiento 

who were undergoing gastrectomy and in whom the ulcer 7/G.S found 

at operation. The highest free hydrodloric acid of any of 

the speciraenLJ taken at 15 minute intervals in a. gruel test 

meal lasting a.t leaG t 2 hour·::; wns taken. (Hirschowi tz and Kellock -

unpublished observations). 



1-3 Length of GMJ:TfllC aLCE;R DOODENAL ULCER :,,,. 
b:J history No. of HCl cl.N/10 % Ho. of HCL ml.N/10 % 
t-1 (yrs.) cases. Lowest Highest t!e&l. cases. Loviest Highest Llean. t,:j 

~ 
CP .. 

0 - 4 15 0 56 54.9 51 22 82 56.8 ;i;: 
t=;~ 
H t-1 

5 - 9 6 10 62 59.-5 58 26 100 57.8 t:lll> 
1-3 

HH 
!2:0 10 - 14 10 14 55 55 50 51 100 57.4 !2: 
c;:, 
:,,,. b:J 
en tr.1 15 - 19 17 15 60 41.6 21 50 152 70.5 
1-3 1-3 

~~ 20 - 24 8 18 70 49.8 10 40 92 67.5 
I 
I\) 

Qtrj v.J 
!2: ....::i 

;; t-1 25 or more 6 22 60 40 14 51 92 75.-5 * I 

t::t ~ 
;;~ Total or 60 15 60.5 41.1 144 Z5 99 61 
1-3 ::r: 
:::cJ 
?o 
s: 

The difference between the duodeni:q. ulcer grou:;is O - 4 years owl over 25 years en OH 
* (1) t::t en is sto.tistically si t-ni f ic:.mt ( ~ x s.E.) (1) 

~~ 
c:+ ~~ 'MDLE NO: (1) 

~ 
c:+ 8~ 
Pl' Ot::t 

H, ~::r: 
t-'• enH 

(Jq ~ c;:, . 
~ I\) 

I\) en 
1-3 .._, 
r.tj 

~ 
t,:j 
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I 
I 

I 
I 

I 

QUOOENAL ULC ER d' 

!"IP 9' ~u,Gf • o, "ll'P"T ON 9UJOIS ,sis 
•,eo• u•••u•HH!•99!• 

, , , 
,,, MC.L[" • ~ .... ] 

I 

Relation of gastric HCl and urinary pepsinogen 
to length of dyspeptic history in i,tears . 

These figures i.nd t)le graph ::ihor. that leceer curve 

gastric ulcers, • .,,het.lter measured by urinary pcpdnogen or 

by gastric acid, excrete nornal amounts ot en~yme and 

ecrete normal amounts of hyd ochloric acid. unini'luenced 

by the length of dyspeptic histoiy. 

Pyloroduodenal ulcers, on the other hand, show in both 

urinary pe cino en and in gastric hydrochloric acid an 

increQse dth aovancing duration of d~speptic history. It 

is interacting to note that ,1hercc.r:i the urinu.ry pt,;plllinogcn is 

5 700.ro, g~stric hyurochloric acid is slightly above normal 

to start 'Iii t h but rices steeply after 15 years to abnormal 
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The lo;1cs L fl'eu acid in both gastric and duodenal 

ulcers rises steudily. 

This similarity between urinary pepsinor.cn oxcrotion 

and gastric acid in rela.tion to the length of dyopeptic 

hiatory in males with duodenal ulcers is not only interes ting 

but extiiemely iti;lOrtoo t. It s ows tha t gastric activity 

is probably normal ut the time of the genesis of a duodenal 

ulcer and that the disturbances twit have so commonly 

been associated l'lith auodennl ulcers and which h~ve been 

so very thoroughly investiga ted may merely be the result 

of the l ong-continued presence of the ulcer. 

It has been shol'ltl in relation to urinary pepsinogen 

that sex and si ta or the ulcer arc alc;o foirlJ i::1,porto.nt. 

Thero ·;;o.·c insufticicnt feoe.1.c patients for a. rea&onable 

analysis, but the Gimilarity in finding normal gastric acid, 

unaffected by the length of history adequately confirms 

the findings of lesser curve gastric ulce1· excretion of 

pepsinogen and further tends to confirn clinical differences 

betT1een ulcers by. site. 

IN SUMMARY 

.._ Urinary; .,.ir.minogen G{' tirou.tions in 60 controls o.nd 89 

patients w.i th 1>cptic ulcei·•· tho;;;od that ulcen .. as 1t group 

differed from eontrolo in their _evels of urinary pepsinoc;en 

e::,creW..on an1A tha t cuch ctiffercncco, uc were found vrere 

rtlute:d to fue SEU". of the J:'--tient (femul<;s excretecl normal 
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ai::ounts i::-rcopecti vc of othm· tw:torc), r;i to o,!' the ulc..:r 

(lcccor cur?c i;.:1str·.l.c ulcc::-c c:.cr..i ~..;<i normal amounts of 

,:,epsiuogen) unc.. to th e duration of dyspeptic history (putients 

1"Ti th histories of less than 5 yeurs excreted nor.t1al ulllounts.) 

Ther efore the only pa ti eo ts \",ho excr-,ted abnorno.lly high 

a.ciounts of pepsinoi;;en were those vii th pyloric or uuoclenul 

ulcers ,Ii th clyspeytic hiG tori e:; of over 5 year • 

lLASLl# PEPSIROGI:N 

bper·iI:lentul evidence t•elatinc; to di"tui:-bimces in pl u.s= 

pepsinogen is gi vcn else\"1l:1eI·e in detail {p. 13O ) . It sho· s 

tllat in m.u.es the nonnul ran,.;e i: ' 0 - 45 P.u.~; gus tric ulcers 

h.:;.ve ii similar r unge and in <.iuodenul ulcei·s the range i • r.iuch 

greater - from 10 to 150 P.U.%; mean val'teo .iteo sho,1 this 
• ' 

difference .und for 15 controlo ic 18.46 p.u.%;· for 11 e~~t~ic 

ulccr·s 27.6 P.u. ·' but in 27 duoden~ ulccro 5().u :> , o.~:. 

The ov0rlo.p bct,10en dooderu:J. ulcors e.nc. controln ,m0. gastric 

ulcer:, is onl;:r 5::;; of duodenal ulcr-rs; this ouggests thnt 

.>l nsoa pepd110gen e" ti,uu t.ions might be of oort> vclue clinically 

than urinuX"J pepsin~n. 
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Ill• Uiillll,I'.7 Pl!;;.~[;! "'G:r:N BXCRtTION IN DISEASFS OTHER TRiUl 
GASTRIC Ol. UUODENAL ULCEP~.TION 0£ RE!IAL DISEASE. 

This section ealr:: with the rosul ts in 52 pc.ti!.",.,>tts COP;:il'icir'..g 

12 :r.;:th pe1meious :!11:tcmia, 6 m.th i.UlCOCliuo othe1· than perniciou,i, 

7 ro. t1;l o l;o:ual 1:ilco~·s, 7 tti. th carcinoma of the stonach, 12 r;i th 

ubr-like dyspepsias without demonstrable ulcerv, 5 patients with 

exfolia.ti ve dermatitis~ 2 pe. tients ,Ii th tta:itric atrophy und 1 with 

.::,eptic oesophagi tis and c:.;rdiospo.am. 

THE A.llAlliIAC. 

lt h.r.s been repeatedly swted tl:m.t in pernicious anae::lia the 

urine.r-,1 e:xe!l"eticn of popsinci;cn is zoro or ne.!l' zero, and these 

fir.ill.rigs ru'e in q;ree1:1e1~t ir.i ~J.i the ab~ence ,:Jf ee.stric juice eydro­

chloric acid und pe;n:in, trough llel.'!lel·, Fouts and Zcrf .... s (19E4) 

state tho.t in _ilerniciou:; anaamiu, g::!etric juice pepsin may not be 

entirely absent i:.:.nd rmy incl:'e1.1~0 ..tl'ter c.d.ec;ua.te liver therapy. 

'l'he early :iut: ors, notably Dielir~ (1911) found papsinoeen 

in tho urine in pP,rnicious encemic.. 

rc:::ul to,, lll.:nco tl:c i:;.;i:nods .i'or. fil,.cp.c;;1::; oi' purniciou • anaouia 

wcrs cll;;.os t ~;; crude as fot· ,leterminine, urinm:y pepsinogen. or 

the l•.ter v;orkero, onlJ Straus:.: (1928 ) found ,..J epsinogen in the 

urine in :,'Uch csses, des;.li te the absence of gastric pepsin. He 

,:,ostula.teti the 01-igin ot this enzyme .:is some·.vhere other than the 

stoJlli:tch ,:.ntl cclled it a 11pnr ,u1ekretion11 • As I hope to :.:how 

lat<;r, I ,.gree ~tl th this vier .• or lu.ter ;;orker::;, ?.othrch:i.ld 

(1950) rarnsm>rt: ,, Speer and Alt {1916) quoti11g '1.1 case , 
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Poctore ot al (194:8 ) t:uotiug 11 cuses , and Janovritz, Levy and 

!iollanti.or (1950) quotinc: 7 ouseo, all found R verynlori or 

absent urinary pepsinogen. F· rns1,orth et '11 (1946 ) investigated 

tbe anaemias only and found tur~t of their 4l pGrnicious anaamias, 
\ 

the concentra~ion oi' urina y 1epsincgen 'l!a:;; O - 1.0 L,g . (uver1:1ge 

o.s mgm) tyrosine equivalent per ml.; only 5 of 82 control:::, excreted 

l ess t.han l.O mg;:1 . per llll., an of M, true ucl:.J.orhydrias , due to 

iron deficiency anaemi::-. in femc.les, 8 lli.d V"'...l.ues above 1.0 L1f;;; , 

The oclliouc eu,,lo;rocl in tl-!~t ;paper m•~ not entircl:,r o.ccuru.tc, 

-U,ouc:, one cannot, uisposo of tlioiz· results. They recoIJll!end the 

s ubstitution oi the gastric t es t nenl. by tho estimation of uriMry 

pepcinogen. 

Of other mno1-ocJtic a.m:.emias, only Ja.nowi tz ct al (1950) 

inveotig,1ted 2 patients with sprue und f ound noi,nal levels, 

BF.SOLT&. 

Of the 1.:2 patient:. with pornicio?t• anaemia studied, 9 v,ere 

mules c.nd 3 femuec, z·angine in age frolil 45 to 88 years. Pepsinogen 

e~:crction varied fro~ 15 to 150 P,o./hr. (moan 82.5 P.o.fbr.) and 

only 5 e. crated l!lore than 90 p.U,/hr. Of t he 8 with anaemi as 

other thqn pernicious, 7 were females !illd 1 male , 

levels ranged .f1•om 105 to 570 p.U./hr. (moan 240 P.O, /hr.), Only 

2 excretea less than 150 P,U,/hr., CJ'll.: none lens t!;;;.n ::.os P.U./. ·• 
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PATIENT 'rYPE OF CAO .<. OF JJJAf.1.fIA HIGP.E"T FREE URINARY 
ANAITl1IA GASTRIC HCl :'EPSINOGEN 

P.0,/Hr. 

D,C. !jacrocytic ?ost::;n.strectcmy 0 105 
ste!l.torrhoei!!. 

J .L. (t.!u.le )J.tegalo- Stea torr ho ea 20 329 
blastic 

E. P .. blegalo- !'lot ?,J..., 0 248 
bla.stic 

s.s. Megalo- St ea. tot•rhoea 52 212 
blas·l;ic 

K,T. Uacrocy tic l.lyxoedema und 0 184 
s t ea torr ho ea 

I , H, P, • crocytic Iron tloficiency 0 1 .,. _iJ. 

F , J . L;..c,-::ol,rt:.c iJa-r•c;1i<.fa.vc.-".lci.cli tlot clone 041 

z,s. l;icroc.;tic lron ueficiency Not done 3'70 

TABLE NO: 49. Urinary Pepsinogen in non-pernicious 
anaemia. 

It cill bo hoted that there 11erc 5 mac1•oc;rti c une.emias , 5 of ~1hor.1 

had. megulobla~ti c marrows an~ 2 hisromine fast achlorhJdria, All 

re' nd ... d -1ell to folic e.ciu but ouly partially or not ::i.t all to 

vitarain B, l::., 4 of the 5 (ezcluding the post-gustrectol:!y a.n~'.ernh) 

c;;)(creteu 184 P,U,f.1r. or mo1·e . 
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.Froo thece f.i.gui•c:c .:t -;1ou:lid ap;oar that pernicious .maezlin 

u. u:.lly r e ult:; in i:. lov. or nearly .. boent urinury pcptlnogi;n , h. ch 

ia no t, f ound in other ro:icroc,1tic anaanins. 

ThE"> ,iingl.; reatlingi; in ::;ouin of the patients \7i th pernicious 

anaemia., ho~1ever , have not been unj formly lov; a.nu n few ioola. t oo 

re:ll•ing~ rmll in the normul rnnge have been found in the: .e 12 cases 

ro.:,orted here, One patient in purticul:i.r 11ho he.cl. an undoubted 

pernicious ::maemio. th ;;\t res.mndeu to Vitamin B,12, an abfolute 

....chlorh;;dria {both on histara:lne t estinc; nn<l on Z4 hour pH test 

meal) and had o mar.imurn or 760 P.O. % pepsin in hist gastric juice, 

gave tJ.1e following results on 6 coni;ecutive 24 hourly urines , st!lrting 

on the 4th day of trea t~ent. 27, 260, 422, 86, 45, and 34 P.U./hr. 

1'lhether thi s pepsinogen coulc. ha•re arisen from 1 pint of :.eked 

cell:i \'Ut.h ,1hich the put ie-nt •~· •· tr, .• nsfusol on th~ !'L·ct. ®Y :.G 

on;.,; u po::mi bill t-.r. Thc:::c ro:;ul ts i/BI'iil cl.l i.:.oubl ci.cc ... eu i:.nd 

gu:vc identi&u rc:::ults. ln one other patient, 5 consecutive 

l::4 hourl; ut·lnes ho\-:ed w:cr·otion levels of 345 , 0, ~-mo •18 P.U./hr. 

This patient did not ho.ve 1.1. tr.:i.nnfusion. 

-:lhile t hese isola ted normr.1 reacing' are e:xao,itional, they 

cannot be ai~regarded llll<l ·.ioulcl a.p,_,e:,,u t.o invalldute the ectir.~tion 

of urinary pe,)sinogcn ::a.s an u..,ic;olute test for pernicioun annaj,. , 

Tha e:xplrmation of these high readines (for pernicious cmacoia.) mieht 

lie in thu "para tikru tion 11 t heory of Strauss (1920 ) untl perhu;,s 

t he enzyme found arises from tbe white cellti , 1Thich, (:s shol'Jll in 

Chuptor III , form enuogc.nous pepsinogen. 
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ANASTOUOTIC ULCEP..B. 

7 patients viith anastomotic ulcers -,ere ::;tudied. All 

v,erc admitted because of 1·ecurrent bleeding and opera.tr.id on. 

PATIENT SEX ORIGINAL PRESENT HISTORY 
LEf.IO!I L!..~!O!! 

c.o,n. ti D.O, s.u. 

J,R. l.i D.O, s.u. 

p " ..... . v. i; n. □. s.o. .:.nu c.o . 

1-1.B. M D.U. s.u. 

c.D. F D,O. s,u. ll.Ull G,U. 

E,c. F D,U, J. o. e.n<.i D,0. 

C,B. F D,0. 

D.u. Duodenal ulcer . 
s.u. Storacl ulcer 
G.0, Gestric ulcGr 
J,U. Jejunal ulcer 

J.U, 

(yr:; .), 

20 

15 

ll 

20 

20 

20 

40 

GASTROCliT-
EG.OSTOL.'Y 

(y1·a.) 

15 

10 

10 

12 

12 

12 

12 

TABLE NO:50 UHlNilRY PEPSIHOGEN AND CASE DBTAILS 
Ill .rllASTOIJOTIC ULCf S. 

u .. II:Mcr 
.,r;1cmoorn 

P.U,/Hre. 

320 

292 

305 

541 

200 

830 

245 

These figure shm1 tba t do::;::,it! t\e lon_; t.1:rs. e)tiC !li:rtoey, 

urinsr-J pc;,;sinogcn 1:u::; not ,.Jno.'lll..lly raiceu (eJ(cept t he one 

femul e E,c.) This noultl suggest tba t it is the ,tctual 

presence or a ductlen..:.l ulcer for a long time which causes the 

rice in urinary pe,>oinogen excrstion unci t ba.t nnaotoooti.c 

ulcers &hould be grouped w:i. th r;astric ulcer · r,lthor thlln v;i th 

duodenal ulcer in their effect on the urim.r7 pepsinogen. 
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CJi,.CI!mU.~ F TH;:: }~'£01,\AC[ 

7 p,1t:ientr:: ;7i fa cai·cinomu or 'ti1e 0to1.1::..ch ,;:-ere studied, ?i m,J.es 

a.nu 4 f a'lla.leo . 

group average of 18~. This Dhows that there is probably litle 

or no tlepre:::sion in the pepsinoeen e>tcretion ·ao a result of 

gastric carcinoma, Thece re~ultEJ tend to oonfirm the ract 

tha t the gastric e.cid io not ul ;\aya deprom:ied in curcinoria 

In ~;a.y 1951 lie he...: t... Gi.-1. tl'ic ulc.,r imd an average ro.cretion 

or 78'/ P.U,/hr , rn JUne 1951 be hacl deep X-re.y therapy to 

destroy r;ai:;tric necretion, tihich it did, In November 1951 

he ha<l no free cid and urinn1y pepsinC@Il e:i:cretion wuz 49 P, U. / hr . 

Because or persicting pain, fJ4\::.trcctoiny was _pe ·forw:itl - section 

X- W NZG..lTI'iE D'.::S!'E.PSI:, ... . 

In t!iis g1'0Uv who ,,ore co::ii.Jlaillit"I!'; of lll.cer-liko tlyspEl';>sia 

but in whom one or inore bi1.rium meals had failed t o reveal o. peptic 

ulcer, the1•e we.·e 7 males and ~ f'eualas . 

ranged from S to 26 years . 

The d;iwpc Jtic history 
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PATIENT UiUN.MtY PEPSlHOGEN HISTORY l}UGGESTIVE OF 
P.U./lir. {yro.) • 

1. H.G,. 595 5 ll{J. 

2. F•H• :$6 z n.u. 

5 s.K. 454 m H.H. an<l G • □. 

.1l_ . R.P. 548 8 n.u .. 

5. D.Pe 367 10 D.a. 

6. D.Po 268 =o P.U. 

7. J.S. 285 ::. 5 p.u. 

Average 586 

D.U. Duod0!'131 ulcer 
11. H~ Li.1tu~ Jon.tia 
G. U.. Gc.r1 ta."'lie ulcc:: 
?.u. Peptic ulcer 

'f.ABLE lT0: 51a. UtiINAIIT PE?SIMOGEN IN X-RAY llFGATIVE DY",,E?SIA 
(Uale:.:;). 

PATIENT GRINARY PEPSINOOEN 
P.O./Hr. 

1. K.G. 2!:i2 

. E.J • S9 

5. G,t. 590 

Avernt;e 000 

llISTORY 
{yrs.) 

12 

25 

8 

SUGCI:STIVE OF 

n.o. 

? n.o. 
Hystel'ia 

TABLE NO: 51b. URINARY PEPSHlOGEN IN X-RAY NEGATIVF, DYSPEPSIA 
(Females) 
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rt is interriat:J.ng to note that in this group there is 

some suggestion ·of an increasetl. excr1Jtion of pepsiuogen in the 

urine, al t hough no ulcer could be dcnonstl'«ted, ei tb.er on bo.rium 

mcul or en gastroscopy. Seve:rcl. hnd melaena or haeme.teoesis . 

It is quite likely that thes!' :::,aticmt:: c.ctuall~r hue: ulcc•re , 

:ind ::11 ,1erc a t one tine or another clinically diaL-nosed l...'-6 

hnvine some form of pepM.c ulc i::-r . ..~ost of them improved on an 

ulcer :recir~e antl one is thcrefo!t'c left to conclude that most 

so-cal.led Y.-ray r.egntiv0 dyr:Je eias ar<', in t ct, sufferini; from 

a poptic ulcer . 

En'OLIAIIVE DEf~iATITI§. 

This group ;J,'Oviclcu :::omc i 1torccting ;r sulk. There 11ol·c 

5 patients in thln C't1up, 4 c!' ;·1:10::? were of unknown aetiolocy 

unu one the recul t of u eenerali zed severe seborrhoeic dermatitis. 

The 4 idiopathic exfoliat.i.ve dermatitis c.,.ses TTere in e. 

st..1te o:::' c::acerbl!tion of this <liseace; 2 were studied in 

remis::;icn us ,:all as in re-lapse. 

TABLE 52: URINARY PEPSINOGEN IN EXFOLIATI VE DERMATITIS, 

P/,TIENT 

w.s. 

UIHIU,f:Y PE?DINOOEN P, 0. / HR. 
Ill RELAPSE IN P.EMISSIOH, 

86 

24 

B9 

121. 

259 

198 

w. D. (sebori-hic tlermati tis 116 
Uean 77 
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Patients r . H, and 1J , 2 . were treut2d with A.C. T.fi.; Vi . H. in a 

qu iescent phlise i n Sept ember 1951 e:tcretcd 2513 P.U .Jh:'. A.C, T.J: . 

(1300 Of..7.l • in 15 t.:uyr:, ) cau:sed a d:..·o:i- !'I'Oil prc- trc::i.t:iont le·,-els to 

15 antl O P,U,/llr. 011 the 15tti day- e.n..t 17th day af'ter the start of 

The deroati tis was little i mproved. Patient , , S. 

during hi" severest relapse in i.:t~rch 1951 excret ed ::24 p .O,/hr. He 

vms given A,C,T. !1 , , 15 l!tgm . 6 hour l y for 5 dayr; with signs of 

rapid i mprove:nont and on the 4t h day e' creted 415 p ,U,/ht•,, on t.'le 

5U; day 686 P,O . /hr . and on t h0 7th day 34.5 p. u.jhr . I n October, 

7 r,1onths l ater, he was ulmos t normtl a.nu his pepsinogen ~ cretion 

was then 198 P,O, / hr , 

The meatt level in 5 patients i'dth s evere exfolia tive dermatitis 

was found to be 77 P.U,/hr, and in ::: in remis::;ion, 228 P,U,/hr, 

GASTRIC ATfi.OPfIY 

One p~tient with gi.stric a trophy shown by histal!lit1c fnst 

uchlorhydria m. t hout ai,s sizns of )c:-nidouc a'lu.s:1ic. i)ut ,ii th a nomal 

:,l;oonch en mu-ium. uec.1 unu r;xo1;1c mucoscl a trophy on gustroscopy, 

cxcretetl 14 ?.o./hr . ~thic!i is a negligible W!..'Ount. The other 

pati ent wi th gastric a tropr.y caused by deep X-ray t hm.·o.py excreted 

49 p.o./hr. 

These f'l .. idingn sugaest that the stoMach is t he origin of mo s t 

urinary peri,si1iogon, 

CARDIOSPASM UTH ?E?TIO OE.SO?Ii.AGl'tI§ 

One p.~tient (a female) studied, excret e<l a subnormal runount of 

pepsinogen (43 P.o./m:·. } 



TH fHG''Of'T' ' fIG.UFl ;:·Ne - p '{'s:rnoG :N r.:sTI VTIONS. 

Following th report, ,">f Podor ·')t al .. (1941) :m•1 of 

Jrno;d t:z et ol. (lS,'.30) 1 t "S ho d t1v1t th stinmtion of 

tn•inl'.lry pcpninoe , :iight rov"' to be, of nomt> ::11 gnost c V:<iluo 

in gn "tro-duod n< l u mJr;itlon. 

Th' fin·'int:,. of normr l l >',.V,.i.S in ~-L : oUetltl'I e·. ,-rt 

6O,.i of m· l s "1th nt!'o-:3uo:fon"l ulcers f long r th:m 5 

y rs stanrl ng., _11~k ·s this t ,,:;t of onl: lir.iit0.:: v:-i ue . 

T:1" follo ine teble, 1{(>.53 shows tln ext!rP.tion l v lg i.,1 

d -enostie vnlue of estirn~ting r psinosen in th1,. urine . 



Urin~ry pepsinogcn Control ,[ales Fe:'malns 
P.U./hr. L.C.G.U. .11.ntro-duodenal Control G.U . D.U. 

ulcers 
5-

O - 99 10 3 6 1 4 l 2 
100 - 199 11 4 8 - 7 4 4 
200 - 299 8 1 5 3 5 - 3 
300 - 399 5 2 4 4 5 1 3 
400 -499 1 - 1 3 1 2 2 
500 -749 l 2 - ~ 2 1 2 
750 -999 - - -

1000-1500 - - - 6 

Total No . of pati~nts 36 12 24 28 24 9 16 

L. C. = Lessnr curve 

TABLE NO: 53. CASJ•'S SUBCIVIr2D BY SEX, SITS AND LENG1'H OF HISTORY .ll.ND ARRANGli!D 
.ACCORDING TO EXCR TION 1s;v r,.Ls. 

N 
\J1 
l-' 
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P·lasma pepsinogen, hor.1ev,=,r, rnfl"'c t s much mor' c '.osf'ly 

the ac t ual activity of the. stomach Rnd <ilso sho•--s less ovr-rlnr. 

b0tv•<?F>n duodenal ulcers "n" control;;, suggestinp; t.hl"t t.ri.is test 

might bn o" some di;;gnostic velue in ::luod".lnel ulc<~rs, ni-p,.,c:!11lly 

sinc0 the test is so "asy to perforr'1 c1:no fsr l'.:!ss un~omfor-+.:=!ble 

thrn gastric analysis r.nd less tPdious than ?4 hou~ urire 

coll0ction. It might be of definit"' value> in th" prti~nt who 

h~s be<?.n bl0eding nd jn whom it is undr'sireble to do a b;,rium 

mP.•l. Blood ur<=-a e~ti mi:ition~ should. be simultan0ously pP.rformed 

to oxclude high plasma pepsinoeP.n due to r nnal disP.ase . The 

follo1."ing tebl<' shows th?. cl0Ar distinct ion between most of tne 

duoden~l ulcers ~nj th~ controls . 

'l'ABL'S NO : 54. PLASM! PEPSINOCEN L';:V'!:LS IN CONTROLS , G.?.STPIC JIND 
DUODf"N!L ULCP.RJ!TION fr,JD IN P~'.RNICIOUS M-,r"IA (iJO. or C, sr.;•s) . 

P.U. , Qontr ol c.u. p.u. PPrn.icious r>n"ftmj? 

0 - 9 1 1 l 
10 - 19 8 2 2 2 
?0 - 29 6 5 4 
30 - 39 3 3 4 
40 - 49 2 1 
50 - 59 l ; 
60 - 79 6 
80 - 99 6 

100 - 150 2 

Tot2l no . 
of cases 20 13 27 3 

Mean P .U.% 23.2 26. 3 60 . 4 16.3 
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w:_ th regard to th~ diegnosis of oth"'r ::!iSe-!,"~eP-, it is fP.lt 

that neither urinary nor plasmr-i p;:1psinogen an b P. us'9d .. ,ith any 

measure of certainty. 

The pepsinogen in tho urine is occ';Jsionally us-:if'u.1.. in 

distinguishing a macrocytic or non-pe,..1i;ious negalobl~st i~ 

anaemia ( especially if liver or vitamin B12 therapy has ~lrBady 

been commenced) from a tru~ pernicious a.11~emia . 

Carcinoma of the stom;,ch, :<lS shom1 many yei>rs ago (Rothcichild 

1930)" cannot be diagnosej by urinary pepsinogen . 

It is of no valu :, in X-ray ·negative dyspepsi, r.?nd exfoliative 

derm2titis in relapse c,m t •. di agnosed without the ei J of urin-:.ry 

pe~sinogen ~stima tions . 

LIGHT TJ:IROV,' ON TH~ r TIOLOQY: OF PEPTIC ULc~·Rs . 

The universal use of ant?cids and of drugs, diets ~nd 

operations designed to lov·0r or elii. in~te gastric st?cr tion in 

patients ti th i::eptic ulcers woul::l sPem to indic~te a universal 

be1.ief in t.'1e dictum that 11 acid ~nd pepsi n cause ulcrrs" . The 

v r,riety of treatments a.n:i the number of quacks mer,?ly un::lPrline 

the extremely poor x·esults of tr,3atm:mt long these lines and 

emphasise thr-> need to ch~nge the approech to th~ probl~m .of 

peptic ulcers . Tho tim~ h1s come to r econsider thry vnluq of 

the often misleading fraction 1 tes t meal. 

Very few people have seriously consi::l,,.re::i t hP possibility 

that pert1c ulcers P.nd hyp"'r<iecrntion may b(' only partly rP.l<ited , 

perheps through a common 11 pa r ent 11 or 11grand- p?r8nt11 stimulus. 
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The r '"'!'Ults obtained. in this study l e:>d onr- in,.,vitably to 

believ~ that the latter possibility needs much closer attention . 

Let us see wna t these r esults ar0 ~md t1e:m. !!' one takes 

urinary pepsinogen to in~lca te some P.sr,ect of pistri: ac.:._vity , 

plasma J;ep,oinog::n a :.imilnr on"' and gast ... ic hydrochloric acid 

anoth~r, one is struck by th'? similarity b~tWP<'n p 0 psinogen 

:md hydro chloric: acid in ul :ers. 

11e fin" thet both '-'r"' norm1:1l in th,,, following "roups of 

p!'ltients: 

(a) F,:,m~lPs p1th gastric ulc ~rs1 

(b) Meles with lesser curv~ g<istric ulcn·s, 

( c) Mcst fc,m:>lr•s ··it ~1 ~uodi:>"~ l ulc<'rs ., 

( d) Some 'llalf":- "it:1 ::i~tro- .. uo-1 ... n..,l ulc rs, 

~n:! that both "Ni :Jrfini t @ly abnormril in u,ost .11e l~s vi th 

antrojuod0nal ulcers ,, 1th !lis t ories of longPr th3n 5 years . 

In the tn'3l.;;s ··ith antroduod<>n<>l ulcers of lers th n 5 ye rs 

standing, none hi:ive <ibnorm"l pt>psinog ,..n excr etion, though some 

have abnorm~l gastric aci5 and th,, m~?n gastric Gci~ is a t the 

upper limit of normal. 

On thRt basis one m~y group pPftic ulcers on g f unctional 

b<>sis into 

( a) lesser curv" g stric ulc ,.. rs, 

(b) antroduoden~l ulrr rs. 
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(c) Does the normally secreting stomach which is inflicted with 

a gaztric or duodenal ul<>'-?r ev,ntu:,.lly h~rpr'rsecr·,te (we have no 

evidence of any hypertrophy othl?r than of Brunner I s glands in 

duodenal ulcers) in responsr:i t o the ulcPr,; or oo both ulcer and 

hypersecrPtiori follow th~ action of the unkno1m ;:1etiological 

agr~nt?,; in either case, thn l:1g of at le:1st 5 ye<>rs t;ctv1een 

ulcer ~nd hypcrsecr~tion is a long time. 

(d} Ono possibility , .. hicl1 shoul:! be inv<?stig:=!t.-:j is .,h,...,ther 

th<: rise oi: urinary p<?psinogen and gestric 11.cid with i.eng h of 

history may not be tht" rPsult of· alkal:i.ne treat1.t,ent of the ulcer 

over the years . One would hav0 to repeat ttF'! observ"'tions on 

pl?.smo pr>psinogen and invf'>stigate ren:.>l funct:l.on in long- st,2nding 

ulc,.,rs before being ?.bl" to giv~ A a~fini tt.> anqwer on these 

points. 

(e ) Is this unknown aetiologic~l agent one thing or is it a 

combination of various psycJ:10- P.ndocrin<J factors and en abnorma!.ly 

r 0 acting stom ch or nuodenurn? 

In concluding with thflse questions it is hoped that the 

nc•ed for a reorientetion of thought towe,rds the prnbl"m of the 

aetiology and behaviour of peptic ulcors will b0come more 

universal. 
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Clift PT Ef, VI • 

ru ~·- P.1 /iNr CONCLUSIOHS. 

This s tn dy Wes und rt- •Ci'n to imrost.;,t;Rt,; th., 

o.· pcpsinogen i r hr, · lt.'. en,] in ::l. isea2e . 

ic nee 

Per,sinogr•n, t h • in"'ctive p!'<.;cursor o;·. p, :i:s_n, 1 •• fc,T'llJ d 

:: , th~ : rtic cells or t1< ntom~ch . It is rn~ i r,ly secrete-' into 

t.1P stom'lch, whP,rr.i it is "utocptalyticEtlly and irr- v rsibly 

c., nged to J ,·r ~'in ~qd .. ot 1· abzor bed . Fro'l! th-; • 1s·.l en~1s oi 

t r- p ptic c·, Ls "' srr.'111 a .. :mnt of p:=>r,sinogf'n ( ~bou t l;o) 

c:,r-strntly dif i us<.s into t .'1 bloo,;-str, ccill , wh or"' it -"'Y be 

i'oun-i {-i th(" pl1ssm"' (-1 riv·:.; from t he ~tom-?ch) ~-.1::1 i11 th" 

.L ,Jcocytes (for.::ir-•n ~ndogi?nously) . 

Pepsinogfl, :iii f uses r .' dily tl1rou;;r110uf th~ ':,o ~• nnd is fr ·ely 

filt ,r ,1;:, !1,,.ough th g lomerul.i , nJ partly r 0 absorbAd in the 

tu',ules . It ?' P-"I'S .i.•1 tn urin"' a t :::ll .,g •s "'n::1 is e l~t:,;.vf"ly 

const~nt irom d2y to day u. ,r v <>ryinb di,=.t..-ry con:.'jtions . 

Th estiraetion or urin.?ry 

f ~!rly rwli·Ll~ 1Ui A t o~- stet of gratric socr ti men{ it 

i~ four.:i to be rbnor ,'illy r·,ised ir, t .. A urinr only 1r. m•:m , ith 

:mtro-duo:lcm1.l uluers .i. t.1 uist-.1ri•··s or more than 5 vr ers 

::uration • . 

Tr ~·or· going eh pt•n·s ur es-·nt h ne- or: n t ~tio, to tile 

t o t.t10 sicnificimc" 0f its 
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.IHE Pi:iYSI CO - Cf-i ~EI C!-1 PRC.PFRTI S OF P 'Ffll.OG-N. 

>.)psinog€!l is:... JrtJLi·i (mo •• v•t. 4?,000 ± 3, 00'J), .. ich js 

enzymatic::-ll~, in- ctivE. ut in .'.l,.id ... e:::iuro it is r·q:i:l 'I 

nutocatt>lytically :in' irr"'Vt.:rsibly •;onv rt ,, t pPJ s•i'l tnith 

the l.oss o7 ")OUt L5,~ o:: L nitro~"n of the 01·igin::il '101 cule . 

P 0 1,sinogen is r v.~rsi.,l/ d ,:,tu nd :'..i1 ver;1 -- ·r-i :~n 

<-t t • .p~ratures of up to ooilinr, point. 

J.:. fer :l.1 tnosc physi;:)- ::n 1ic'c?.l l'ror.-rti-r -:-n '.ii h P"'.t.:.c 

" . ..:ti vi ty Gf pe•rs to _, .,p, ... nt; t.lH· -re. 'l.LSO iral:.UJlC.1.0 ·2. ~ly 

:istinct • 

. T!-IO.C :.,r Af.S/..1. 

P ps:lnog- n ,::a;-, only b, ;1ssryF5 Pft 'T' it h-.s b<> ,fl conv~rt e:: 

t0 :repsi,1, qnci ti'1l'l te-chnic-u -s ,m1ployeS in p~ptic ass"J h;,vf' 

b -~.n r.)Vi'-""'3d and criticis :J from bot11 ti1e theor•ti,~:: im-J 

T:1n hr-i :.-,uoglobin metho.; of An.son and ~irsky ( 19%) wa s 

c1osen for use in this stu~J bAC?u~e of its re:1anility , its 

esi.sy ~r,J.'.,lic~bili ty to al l J "3ptic solutions -.nd ,,eC"ll'· "l it 

r .rr·~sents tuost n•.2rly t n trua e-::11m tic action of p~rsi;1 . 

S·verel modifi cations o.c t.1 m~tho2 n.:ive b, en intro-ic1ced t o 

m"'.:1... t 10 t:ecnnioue "'"' s:, "n, pr;:ictic.a." for r)utin 1~ 0r"tory 

use . ThesG ,n.oj:i.,'icati.ons s:-r.: ;,l: .supporte::l by i:>x • r·u1ental 

ob sc rv." tions . 
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D":: fly, t l mn :10:'l '!:1'1"irt:> of' t:1 

h~ ··int .obin substr~t 

tri~hloro!'l"~tic ,1:::. ·-im:!.ub_ t~•r0;:iin°-1-u~ r-mbst:-in~~a . 0· -

unlt s thP. r;p~<.:trophotomr:::tri ·: e u.i v '.'!l"lnt of 1 x 10-4 mi o.f 

1.- yr 9i1," ·tt 560,r,,u . 

n c ... c1r;'1l !I •t'10.., no !J ... '-toual;1 ➔ '1scribcd h s '1"an 

v,,lve~ to mf'r\"'t:r r,l<"z>!!l· 'ps.i.11og~-n :m·i p~ sino,,,m 5.•1 s n~' nr 

r • :.as. 

TH NOG,,:~ PliYSiaLJL.1 'JP P ·e□:iNOOfN. 

h si:-,-~r, t· on o,.. c:":-:t ·ic r "1 ~'.i.n;.1 

P". !1111ogr-m in t h b_oo·1 "I'' n tll ur-i.i. ''n"' 1.. 1 •• 3.l s, of 

or,n-.•crtion •th k:1n1•"''f:'•rt1..•1 nr~-t · - to 

t h,., n:> - 1 rhysio1 01y of! ·ps. noi;en . 

~. ~~s rif: n~rsl o• 

·:s t n~ish d, th 

c- 1c •nt.:-·ttion end p3 in hy:i;o~c•c r r•tors, th r<1corid 3 

cl~~ r 1~t1on bet ~n t h ~ t o: secr~tion of nrr.t. 0n· 

hy-·roc, _01·ic ncid l'n tl t h t! 1 rd aho· ,inr, no r "'l t.: t he 

se"'t' tion of pepoin .i.md t h voluMu or pH r t h-. g:- st ic juice . 

Th,., s t imul,.. tion of g"·•t ic 9 r •.,ti<m b}1 i t h r c ffein,.., or 

s .• l !.n ,.,, . se of . e sin , but tL'3 t wo 

t oG t hor C3U!"e:'l • mark~:1 E'U ,tnin •d in rNii-: : of per s n seer t ion 

fo r somo hours , indic t ing - tr.ui'.l s t:hubti on of popsi ~ rind 

not simpl e ,·ashing-out o p .in s h• s b en Jr v::.ously "' ssumoa . 



- 260 -

Correlation of simult<eneous meo.suremcnts of gr;stric pepsin 

imd plasma and urinary pepsinogcn r•'veal..-d :, fairly clo s e dir"'c:t 

rel?tion betY:Pen gE'stric and pl.:.sma pe~sinogen, but. not b,•twecn 

g;:ist ri c nnd urin°'1'Y 1:e_ sinogen. 

b . Pl smP peusinogen. 

A proteolyt <.: enzyme- rr0scnt in both the pl::.sri1<' and in 

ti.1e blood cells was identified a.s pepsino-:f'n . Pl" sm~ pe.psinogen 

d-~ri v ·•s from t ho peptic cells of t_A s t ouach b~, cont:l.nuous 

diffusion, th,t o.f the leucocy t es is :;- rob ably pertly formed 

endog~nously. 

The pepsinogen iv\ th-, plasm2 is rclatj v9ly constant unBer 

a v~riP.ty of conditions &n~ from day to day ~n~ th~ reng~ in 

20 normal controls ._. • .,,s sm.?11 ( 23 . 2 .:!: 10. 8 P . o.,,); '27 males 'ith 

duodenal ulcers sho"7ed incre11sed :rl<>sm<i l.,.v.,,,ls (60.4 ± 31 P.U . ;,,) 

P-nd 13 gastric ulc;c-rs f!'!ll slmost 1:ii thin th,., l'Ol"!llal r"'ngf' 

('26 . 3 ± 10.6 P.u.; ) . 

Th::: estirurtion of plD!'tr.:1 pepdnog'-'n off0rs a simple and 

frirly rclis-bl• guide to t,l1e st1-1t. of ge'-'tric i:-ecrrtion . 

c. Distribution of ~0rsinoi"Ar.. in t he 12,Qg[. 

P0psinog1?n he,is b":?<m a'"'tActed in C"'rr,brosp:in£1 fluid , in 

swP.<Jt, in rlr-u r al trrmsu''['tc,: "nd in pus. Th,. conc<'•ntr?tion in 

the c !"reb rosr i nr.l flu i d is aLout thP sarn0 £S that of pl~sma., 

indic'lting that pepsinogen is f r eely diffusribl,.., throut;hout the 
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body flui::s , and suggostine that it has FL mol.c•cul-=-r shape -.,hich 

lends i tsel.f to cF-sy iif'fusion. 

d . Th e> r en'-'l lll'~ch"lni sm~ l.:.'=£!!inogen 0xcretion. 

Results o f thi s s tudy sho· dc~ rly that peFsinogAn i s not 

simply "freely excr·~ted as 2re the r ,"~s t r.., pr oduc ts", but th:1t it 

is filt er 0 d through the glomerular nembr~ne and r•R, sorb 0 d in the 

tubul~s to th e extent of 60 - 98~. Thi s is in accoriance ~i th 

th?. modern vi e"1s on t.ri<? r en1l exc r ~tion of oth,~r proteins . This 

conc<>pt of filtr,,tion- r eabsori:;tion of p-!Jifdnog .". m0~:>ns th;;; t the 

ev~luation of urinr>.ry p0psinogen is not coroi,lete unl'ss ono 

t okes into account th•> rol0 of th" kidn<1y ns w0 11 as th~ state 

of gastric function, ;-nd v-:-ri~tions in th" inc'ivi::lu::_ of urinary 

pe:i:sinog <>n cf'n oft'"!n. b<.? shown to. be the. r esult of ch.,nges in 

p~:psino6\'en clmirn'CSl by th k i :1m~y. 

The significenc0 of i'ldivi-,uel fiffer:::nces in urin;;ry 

p'ipsinOg"m Rn "' e}( ctly <RhPt asr,..i:- t <>f g":=>tric .function it does 

mf'Psur~, is by no mei:ns dP"' r. Th"t J.+ does r:-fl<>ct, l"ith 

r,'l".ti v ;;:. conrtnncy, som1; " :'"'"'c t of th<' functior. of trw '"tomach , 

if: ci>rtt.in , rnd on0 hr>s mcr"'ly to b"' r in inin4 1 ts limit. tions 

tci be able to t~kc full a~vPnt"ge of its usPfulnR~! . 

e. Thr-, eff,,£t...Q_£ op0r e tionc:; on pcusipoa:en . 

Pc1't'ti "' l gastr ectorr.y pr:rform ·' on 16 pati ents ... i t:1 g;:istric 

or ,,,i th duod~m,l ulc-:rs C"US~d an °nor".llous incr'?;:;ss of' urinary 
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p~ps~nog 0 n for thr0~ to four d"YS post - opcr"ti v0ly - lr-v0ll'J not 

SO<;n in c.ny other c:.rc1$s' • nc,-; this s p;::rtly ::iccounted for by 

increas,:,d seer ·tion· o" th fundP.l rPmni:>nt of th stom:och ~md 

Frtly by th<' dimini$.h-~d r :".lbsorption in th~i kidn~iy c0used by 

Pltere' ha~modyn~mics. 

Oper,itions other th.:m p.?rti,:,l gi:,str.,ctomy c;:iu;:;c1cl no 

postopr>rativ ~ incrl3::is _ of J:'"PSiY,.Pf"~n in th~ urin-1 . 

f. Th~) anren l :>nd pepsinoc HU • 

The effi•cts of A.C.T . H. irnd ~>i' corrisori"l ·''l'P. studied in 

10 cas~s "nd no consist ent pffr;ct on th'c p,·rsi:10;;,;?n lr- th"" pl.., sma 

or in th" urine t';es no•·~~, 1:ontr2ry to th0 p•,-viour rnports . 

,B-iitson ' s :<>nd Simr~ond'" diS""S"' "'lso "1TP"'"r"'c· to h:,ve no 

cf f;'ct 011 urin;:iry J orsino1:"'n. 

It; Ppperrn th"lrefor0 tn,0 t tfl" adr~nals nl"'Y little p rt 

in t:1.:, r"'guh,tion of ~ strie s1;:cr"'tion. 

DISTURBftNCr,'i v, Pr'.PSINOG~J Ill DIS•:P.SE. 

( a ) Peptic ulcers. 

(i) Gastrit: e.!.1d duoden"'l ulc.-,rs. 

Urinary p<'psinoeen exo·Ption rs Me?sured in 149 persons , 

60 controls, 61 patients l"it.n duodenal end 28 "1ith gas tri c ulcers . 

All fi.•r. ~l •s , \"i th or • .i. thout an ulc-er, ""X<:r,,.t,'-''1 normal 

amount~ of p .psinog,::,n ~r: th' urin1:1. 

All m;.,11, patitmts 'l'"i tr1 lrass<:-r curv" gnfltric ulcr-rs e:·cr•<>tqd 

normol amount s o • urinary P"'Psinogen . 
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ThG! remaining 11 • ,1 pati~nts hith ule;ers bHyon6 the gastric 

,mgulus .r.nd in the duodenum ex_r0t,..,d, "S a group, significAntly 

more than normal amounts of' pepsinogen in the urin0. 1tithin 

this group of antro- -:'.uoden°,l ulcPrs, all those wi t:1 :: dysp<->ptic 

history of less th 0 n 5 ye"rs excr~t-a:i noiw,-1 amounts of 

pepsinogen, wher0&s ths r-'"'st X..!r0tc,d rm abnor;::ia.1. "'rr.ount v. ich 

inc r"'•· sed progressi v- ly • i th @, inc:reasing J.cngi:h o: :li sto1•y to 

~;l:'10s t thr,,, tim"'s normal figures . This 1;;is foun::. to be similar 

in h0 high<>st free HCl of 144 9.ntro-duod 0 nal m-1" u_<..er-, but 

60 g"' stric ulcer test me~lfl resembl ~a th•.c pepsinog n figures 

fo r lesser curve ulc-'rs in 'Il''lles. 

( ii) Stomr-tl ulcers. 

7 p3tients in this group 1'r•se'"bl ·d gor-tric ulc rs . 

( iii) 10 patients 1;it11 '-r" v nog.tive ulcr;r-li!,,;-:. dyspepsi"' 

excrr.ited sl :i.ghtly incr'.:lPf>"t "'r.iounts of pepsinogen . 

(t) DiseGs•~S oth "r th'-'n f'P-: 1-ric or duod n<i. ulc,"rs. 

(5.) 12 ppti ntt \,ith r W•icious n1i;. •mio "x~r- t ::; abou t 

o . ., tnirn normal :-r:iou 1t of urin, ry v·p~inot, n; \'h re·· q 8 

p"'tir-nts ,··itn othnr ;:m• c,rui,'' ('.; \ itn no11- p"rnh:ious r:,;,crocy tic 

fT,c, •,ru::.<>) 1:,xcr0t1:;d rio:rm,l n:n0m1ts. 

(ii) 6 p~tj nts ,-•i th c" rcinom;:i o • trw ston1c ch e:i<. reted 

lm norm"'l Pmounts of l'"F"inov:n. 

( iii) 5 Jetjrnts ,·ith c~·folietive c-:>rn1c:>ti tis nnreted very 

smPll ~mounts of p fSinoecn. 2 ver"' ~tu·i "in rtr::ission, ,;hen 

they excreted normc>l amounts . 
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It rill bP notP::! th->t on::.y "n··r:i-ouod8nc.1 ul..! 1rs v,it 

hiR torir-s ()f over 5 y-:::nrs r:?-::!r ,t,c.o incr:::- sc-" "'mounts oi 

pepsinoi;en i11 t. urin" ~-nd thr t this s,.:iour1 t ris<1s r rogr 0 ssi v,.,1y 

, _;_ th the lr,ngth of history. ThA same won ·"oun-1 tr1.w 1.'f the 

hi6lrnst frAe HCl of J.44 test me ls in ml'l les ... itJ:1 :int,.o- :iuodenal 

ulcers . 

It v.-as originnllv . op d t!1~t th" "'stim"tion o urin;,ry 

pepsinog"'n '"f!ight rrov~ to b·, of som·, dii:>gro:::tic v,.,l•i'" in 

g~stro-duod0 nAl uLcerp.tion~. Dn~ortun~t ly, thP fin 4 ing of 

normr-1 levnJ.s in all pati'lnts cxce1 t 60,, of mrl-,s ;; i th ntro­

duoocn,,l ulcers of longer Uwn 5 ye--,rs st:,nd.ing, mnk",s this 

t~s t of only lirnit?d VAlur- . 

On the basis of findin:s 1n p~ptic ul~err it is sugg, stAd 

t h:>t further r"s 0 arch "ight be useful into the sev: iiffer .ncns , 

th, effects of site of thn ulc~r- and into th"' c::ms, '1 of t he 

progr::.ssiv" increase in gt'l'ltric aci 4 nd urin,,ry P"P"'.nogen 

,dth inc r e:-ising length of history in ·mtr·o-,,uoD.,.,n-1 ulc rs in 

m?les . 
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APPENDIX 

•IISCELLANEOUS OBSERVATIONS ON THE ACTION OF PEPSIN ON HAEr-KJGLOBIN 

(a) The txrosine content of haemouobin 

Complete digestion of O.l G. oi' haemoglobin by crystalline 

pepsin yields the marlmum of 286 x 10-4 m.Eq. tyrosine and the mean 

for 7 observations is 275 x 10-4 m.Eq. 5 mg. tyrosine per 100 mg. 

haemoglobin. 

This .figurG of 5% agrees well 'With the figures for tyrosine 

content of haemoglobin obtained by other methods. 

(b) Solubi;l4-tx of tyrosine in the tricli;!,oraoetie filtrate. 
In digesting haemoglobin at pH:!;. 2 with strong concentrations 

of pepsin (1 mg. pepsin/0.l G. Hb.) the filtrate after 5 minutes is 

opalescent and becomes progressively more opalescent up to a. maxirrniro 

a:fter 60 minutes which appears to be crystalline tyi•osine, which as 

we !mow is very insoluble, especially in stromg 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 4,000 r.p.m. The tyrosine is immediately 

dissolved in alkaline solution (pH 7.5). It is uncertain whether 

a:ay of this crystalline tyrosine is carried down with the precipitate. 

In a:ay event, this is a further point in favour of mt digesting 

haemoglobin with strong solutions of pepsin e.g. undiluted gastric · 

juice. 

(c) The production of haematin c, 
When 0.1 G. haemoglobin is digefted by l mg. pepsin as in {b) 
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above, a brown colour a:1pears in the filtrate at 10 minutes ahd when 

digestion is continued at J7°C. this brown colour becomes progressively 

deeper in linear proportion to time as f'ar as I have tested it 

(26 hours). This pigment nocculates on long standing in the cold 

and eventually settles to the bottom. It is insoluble in 

chloroform, ether or 20% HCl but precipitates at the separation ].eyer 

in flakes. 

Spectroscopic identification of' the pigment showed a maximum 

absorption in the visual area of' the spectrum at 560 mu, and some 

absorption in the ultraviolet range at 420 mu. The pigment 

obtained a,t over 20 hours contained a small amount of' porphyrin. 

The pigment is not nuorescent. 

A very similar if not identical pigment was made by mixing 

0£ acid haematin with cysteine. Tyrosi ne and tryptopha.ne mixed 

with acid haematin did not reproduce the pigment. 

In mixing cysteili,e and acid haematin, the colour ofnthe latter 

changes from a reddish brown to the g-.ceenish brown colour of the 

pigment produced, In pyridine-sodium acetate solution this colour 

is even more pronounc::ed. 

'rhis is one example of' the production of haematin C. , a term 

which <f!enotes a number 0£ loosely related compounds, studied in 

relation to cytoc,1rome C., having in common the transformation of 

protohaematin into uater-soluble, ether-insoluble compounds. 

Dw."ing peptic ili.gestion oi' haemoglobin; the addition of amino­

acids to the vieyl side .chains (usuaily sulphur-containg amino-acids) 



■ 
- 267 -

may occur, giving artifacts which on acid t reatment yield a 

haematin C .and porphyrin c. In this instance a special type 

of haematin C is produced whare the combination i s with cysteine. 

The linkage, then, is through the sulphur and not the nitrogen. 

This sulphur-containing compound is the oncy type of haematin C 

( orpporphyrin C) which closely resembles the corresponding products 

from cytochrome O (Lemberg and Legge 1949). 

The uddition of serum to the digest mixture (1 ml.) in four 

instances produced no change in the production of the ha.emitin C. 

but in one instance the serum from a patient with a gastric carcinoma 

after totaJ.. gastrectonw prevented the formation of about JO% of the 

haematin c. This reaction is not understood. 
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