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INTRODUCTION 

A method for measuring gastric activity without 

intubation ha.s long been desirable because gastric 

intubation is very distasteful to many patients. One 

answer seemed to be measurement of urinary pepsinogen 

levels which were shown to be elevated with duodenal 

ulcers and lowered in such conditions as carcinoma. of 

the stomach and pernic ous anemia. About 1950 Mirsky 

.tl li• 
3 adaJ)ted .lnson' s method of assay of :pepsin2 to

measure pepsinogen levels in serum in order to elimi­

nate kidney factors which sometimes falsely alter 

pepsinogen level :i.n the urine. This paper will re­

view all but threEf -.unaTailable articles (ineluding 

one in CzechosloTakian and one in Hwigarian) on various 

studies of blood levels o.f pepsinogen and will pre­

sent some origimn determinations and observations. 
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REV!JJW OF LI'TERATURE 

The follow:lng is the method of Mirsky for deter­

mining blood peisinogen4 • A11 other investigators 

either use this metl:).od or modify it slightly (the method 

used for the original work in this paper is a modifica­

tion). 

2 ml. plasma from oxalated blood is mixed with 
10 ml. of 2.5% hemoglobin substrate, and the mixture 
adjusted to the pH desired with 3N HCl. Dilute to 115- 
ml. !Tith water. Incubate a 6 ml ali­quot at 37° c.

for 24 hours; then add 10 ml. of .3N' trichloroacetic
acid and filter. Do the same with an unincu'ba.ted 6
ml. aliquot. A "blank" solution of distilled water
and hemoglobin is treated like the plasmawiemogl�bin
mixture and likewise in­cubated 24 hours. Color is
developed by adding
2 ml. of ea.eh filtrate (with its tyrosine�like
produets} to 3 ml •• 3N trichloroacetic acid, 10 ml.
0,5N:NaOH, and 3 ml. of diluted Folin�Cioealteu
reagehtl (one part reagent and two parts water). Read
o.D. on a spectrophotometer.

Although Mirsky uses a second blank composed of

hemoglobin solution and water incubated at 370 c.

(!.lli, su:pra) to take into account any increa-se in op­

tical density due to nonenzymatic splitting of the 

hemoglobin with the incubation, Hoar and Brown1ng2q, 

Hirschowitz10 , Chinn6 , and Spiro et al.9 do not do so.

Various authors r1ead optical density at 280 mu. 6, 

420 mu. 20 , and 560 mu. 10

Mirsky et al 4 state that there are at least three

enzymes with proteolytic activity assayed in normal 
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plasma.. The first is active at pH l.5-3.0. Most of 

this activity is lost after total gastrectomy or in the 

presence of pernicious anemia. This first one has the 

pr.Qperties ofpepsinogen which is autocata1ytically con­

verted to pepsin at pH 1.5. The second is active at 

pH 1.5 and is apparently derived from tissues other 

than the stomach. The third is active at pH 1.5.3.0. 

Evidence of the third 1s seen in the presence of a 

relatively small but persistent (15-30%) activity in 

:tllis pH range after gastrectomy or in the plasma of 

normal subjects after alkalinization of a previously 

acidified plasma, a treatment which destroys pepsino .. 

gen. The third was not further identified, but Mirsky 

thought that it must not have its source in the gastric 

mucosa. Spirol9 suggested that it might be due to 

gastric glands of the esophagus or cathepsin from the 

small intestine ('unlikel� as noted above) or other acid 

"proteases". 

HirsehowitzlO states that the third enzyme of 

Mirsky is really nonenzyrnatic splitting of proteins of 

the added plasma. by hy�ochloric acid used in the as­

say, however. He offers the following as proof: The 

hydrolysis of acidified hemoglobin substrate was taken 

into account with the blank. A sample with low activi-
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ty was activated at pH 1.5 and divided into three 

paTts--one was irradiated with ultraviolet light; one 

was aJ.kalinized to pl:{ 11, then reacidified (inactivated 

plasma); the third was analyzed as such. The three 

fractions were assayed for 24 hours 'by the standard 

procedure of Mirbky at oo, 100, 250, 37°, 420, 560, and 

?2° c. Simultaneously the hemoglobin substrate was 

incubated with one milliliter of water at the same 

temperatures and pH to provide a blank for the inacti­

vated plasma. whith would in turn serve as a blank for 

the activated pl.sma.. The proteolysis of the activated 

plasma from whici the J>roteolysis of the inactivated 

plasma is subtraeted reacts to telnJ)erature ch.antes as 

would be expected from a solution of pepsin. In the 

inactivated plasitia the increase of tyrosine.like pro­

ducts parallels that ot the nonenzyma.tic breakdown of 

the hemoglobin, and the difference in the two curves 

represents the nonenzymatic lysis of the protein in 

the plasma and tije activity ascribed by Mirsky to a 

second proteolytic enzyme in the pH 1.5-3.0 range. The 

ultraviolet light treated plasma. showed normal true 

peptic activity, but the protein was half a.gain as sus­

ceptible as pH inp.ctivated plasma to nonenzymatic acid 

hydrolysis at 700 c.
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}Iirsk;y!J further states that si�ce pepsin is in� 

a.etivated �-rapidly at e pH of blood and since intra-

venous administration bf pepsin in dogs does not in­

crease the proteolytic activity of urin at pH 1.5, 

probably the n;iajor portion of the proteolytic activity 

of the plasma at pH 1.�-3.0 is due to the autocataly­

tic conversion ot pepsinogen to pepsin at the low pH. 

Furthemore, intravenous administration of· pepsinogen 

in dogs produced an indreaaed proteolytic activity of 

the blood plasma at pH 1.5 and of urine at pH 1.5. 

HirschowitzlD also offers certain experiments 

showing that the enzyme ass�yed for has an activity 

like pepsinogen and hence is almost certainly this en­

zyme precursor and not pepsin or any other proteolyt.ic 

enzyme. No decrease in assayable peptic activity was 

produced by first alkal:inizing to pH 11 and then re­

turning the solution to pH 2 for assay; pepsin would 

have been destroyed by this procedure. While boiling 

destroyed all acti"lity, 70° c. for 10 minutes did not 

destroy any. Ultraviolet light (3660 i) did not de­

crease the :peptic activity. Acidified (activated) 

:plasma. snowed decreased t,eptic activity between 42° c.

and 56 ° c. and no activity above 56° c. and also after 

alkalinization aboie pH a. All of these charaoteris-
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tics are consistent with the known behavior of pepsino. 

gen. 

Euglobulin was extracted from plas:ma6. In con­

trast to its kno"n proteolytic activity at a higher pH 

it produced no hydrolydis of protein at pH 2.0. Eu� 

globulin neither added to nor detracted from the pro­

teolytic activity of whole serum at pH 2.0. 

To determine if an inhibitor of pepsin might play 

a role in the activity of l)lasma at pH 1.5, Mirsky4 

added crystalline pepsin to acidified plasmas of known 

activity. 90% of the added pepsin was recovered, in­

dicating that inh"bitors play an insignificant role. 

Pepsinogen w,as found in the white blood cells, 

red blood cells, and se�umlO, with concentrations de­

creasing in that order. Serum concentration was the 

same as plasma concentr&ion6, lO. The absolute amounts 

in white and red blood cells are small, and the stoma.ch 

is responsible for all buta minute fraction in plasma. 

and urine. One should be careful not to hemolyze the 

blood, however. 

There was a significant correlation between mean 

hourly gastric pei,sin output and the plasma peJ;>sinogen 

concentration in 18 patients who were studied with si­

multaneous intubation and plasma peJ;>sinogen determina-
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tiona lO. No correlation with the concentration of 

gastric pepsin ,\'as obtained, however, because pepsin 

in gastric juice never exceeds a certain maximal con­

centration. Statistiaal studies of the correlation 

between plasma pepsinogen and mean hourly gastric pep� 

sin showed that r:+.603, P:less than .001. 

At this point it should be noted that actual 

figures given by the various authors for plasma or serum 

pepsinogen ievels will not be given. Each laboratory 

has different normal values. Also, the pepsinogen levels 

are reported in several different units which are de­

rived by differe·nt calculations from the optical densi­

ty of the solutions. In several cases, however, the 

statistical correlations will be given because these 

figures do not dtpen.d on the type of units but rather 

on the differences between the groups. 

The coefficient of variation in this procedure as 

shown QY simulta•eously running duplicated procedures 

on the same serwn samples is 4�9%10, 20 • The coefficient

o'f var.iation of aily determinations on the serum of 

the same :person is 10-18%5 ' 9, 191 20• One author23

had one patient who had a much greater variation over 

a seven day peric1d. The coefficient of variation of 

determinations ddne on serum of the same person at 
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various times dul-ing a single day is 8-10%5, 20• Vari­

ations during the day tere completely unrelated to 

meals. Good reproducibility was obtained after re­

frigerating the �lasma for two da,y:s9 or after freezing 

it for up to one year�0•

In Mirsky's series of normal patients5 the plasma 

pepsinogen increased slightly with increasing age, but 

Spiro's smaller series9 showed a slight decrease with 

inereasing age after age 30. Although the concentra­

tion of pepsinogen in he male tended to be greater 

than the female this was not statistically significant 

except in the 70�79 age group (P::.02 •• 05)5. 

Plasma pepsinogen determinations were first done 

to study various clinioal conditions in which gastric· 

secretion had been known to be altered and which are 

commonly studied by tube gastric analysis. Some of 

the results of the various authors are listed in Table 

I. In addition, it is interesting to note that Mirsky

has shown3 that patients with ulcerlike symptoms but

without demonstra�le duodenal or gastric ulcer by X-ray

have pepsinogen levels in their serum similar to those

found in patients with duodenal ulcers; whereas Meena

et a1.23 state t�t these patients have plasma pepaino­

gen levels slightly below normal. All gastric ulcers in

Table I are benign.
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t 

c•gi§,QD ade ;tui,ut�. 
duodenal ·ulcer grotp hl� 
than control group

gastric ulcer grouJ higher 
than control group 

duodenal ulcer group hig'ler 
than gastric ulcer group 

duodenal ulcer groap approx. 
same as gastric uloer gr�up 

Both duodenal ulcer and gastric 
ulcer groups highe� than gastric 
carcinoma group 

o. 0
reference 

20 
5 

6 

7 

9 

10 

3 

9 

10 

20 

3 

9 

10 

20 

9 

11 

20 

massive gastrointe�tinal hemorrhage 9 

with duodenal ulcer higher than 
without duodenal ulcer 

esopha,geai st·rie.tm:e with duodenal uJ.... 9 
cer higher thari 'di hout uodenal ulcer 

hiatus hernia witn duodenal ulcer 9 
higher than without duod�ria.l ulcer 

Subto."Dal gastrectollW with. duodenal u1- 9 
cer higher than without duodenal ulcer 

control group highdr than both 
subtotal and total gastrectomy groups 

20 

control gr01,.1:p high�r than gastric carcinoma 
group 20 

control group lower than gastric 
carcinoma group 

control grou:P higher than pernicious 
anemia group 

9 

3 

5 

6 

20 

rela.;ti0n..(autho· 
Pless than .01 
Pleas than .01 

p::.001-.0001 

Pless than .001 

Pless than .01 

Pless than .om
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A� noted in Table I the:re is good statistical sel)• 

aration of most bf the various groups. This does not 

answer the question whether the test is a useful one, 

however. The st,a.ndard deviation of the various groups 

is generally quite large so that there is a considerable 

degree of overlapping of individual values of the dif­

ferent groupe. For instance, in Mirsky's series11 a1 .. 

tbough 5()% of gastric carcinoma cases had plasma. pep­

sinogen values lewer than the lowest ulcer patient, 

15% had values apove the mean of the ulcer group. This 

test may be an aijunctive aid in differentiating gastric 

carcinoma from gastric ulcer in the 50%, however. 

Spir�, on the other hand concludes that this test is 

of no help in distingutshing these two entities be­

cause his series had slightly more overlap�ing9 • 

Also, 8?% ot patients with duodenal ulcer have 

plasma pepsinoge& levels above the mean of values found 

in subjects wttheut duodenal ulcers or other gastro­

intestinal distu:tbances5. These values persist after 

the ulcer has hea�led. 14% of patients without gastro­

intestinal distu%bances have values above mean values 

for patients wi U duodenal ulcers. When these "normal" 

patients develop a duodenal ulcer the plasma pepsinogen 

does not rise futther. Note that mean values are men-

9



tioned rather ttian the top or bottom values. The de­

termination of pJ.asma pepsinogen is, therefore, more 

helpfq.J. in the exclusion of a duodenal ulcer than the 

�rov,ing of one19 • Although a tendency for higher values

was noted among patients with active lesion, it was 

not statisticallt significant5
•

'fhe level of blood pepsinogen helps in the dif­

ferentiation of cause of massive hematemesis, i.e., 

duodenal ulcer from other causes (e.g., esophageal 

varices} 9 ' 19 • Also, if anacidity is found in gastric

juice, a high blobd pepsinogen suggests acid will be 

found on careful search, or this is a tem�orary case 

of anacidity. In some patients with a lot of mucus 

and bile buffering the gastric contents blood :pepsino .. 

gen may be a better measure than free acid or a fall 

in -pH. 

Though there seems to be some doubt as to the use­

fulness of this test for the individual case under most 

circumstances, there is good agreement that the test is 

u�efu1 as a screening procedure and as a research tool

for measuring gast�ic secretory activity in various 

groups or in the se.me group before and af'ter a given 

procedure. Several. such research studies will be re .. 

viewed below. 
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Sievers and Fischer29 have compared tubeless gas­

tric analy'sis (use of cation excha.nge resin with an 

indicator substance which is measured in the urine) 

and plasma pepsinogen determinations as screening pro-

cedures. Azure resin method took 1½�4 minutes per 

test, and quinium resin method took 8 minutes per test. 

Though they did not say how long the plasma pepsino-
I 

gen test took, t�is author's own experience indicated 

that time per test would depend somewhat upon the num­

ber of determinations 1 •rhich could be run simultaneously 

but would probab y be slightly longer tha.n the resin 

tests in any case. 217 patients were used in the com­

parative study. The results are not strictly compa.�­

able, however, because the resin tests are on an all 

or none basis whereas the pepsinogen tests represent 

a continuum; also, the resins measure the acid pro­

duction of.the parietal cells wnereas pepsinogen levels 

measure the production of the chief cells. Those with 

initially negative tubeless gastric analysis also proved 

achlorhydric with intubation and histamine in 56% and 

hYPochlorhydric in an additional 25%. Usually a.chlor­

hydric patients h�d low plasma. pepsinogen, and those 

with high plasma pepsinogen secreted free acid; but the 

deviation from 11 n1ormal" of the acid and pepsinogen re-

11



sults was not necessarily in the same direction as is 

consistent with the fact that different cells are re­

sponsible for each secretion. About 80% of the achlor­

hydrics were below the mean of the controls for :plasma. 

pepsinogen. No conclusions were drawn as to which is 

a better test. rhe authors merely stated that these 

'tvio ir,.direct tests of gastric secretory function com­

plement each othier. Meena tl ai. 23 found no correla­

tion between free or total acid and pepsinogen (plasma} 

vi.hen determined simultaneously. 

A number of factors have been noted to affect· 

plasn1& pepsinogen levels in addition to the gastric 

conditions listec above. There is an elevation of 

pl�sma pepsinogen levels in azotemia due to lack of 

normal kidney exdretion of the pepsinogen (15 pa­

tients} 19 . E:phe�rine (6 patients) caused a mean de­

crease in plasma J;)epsinogen while pilocarpine (5 pa. 

tients) and chlorpromazine (2 patients) caused an in­

crease23 . Diabetic patients using depot insulin have 

higher levels of plasma pepsin-0gen than norma119 , 29

except in the presence of anacid�ty29 • Patients (6)

with acute myoca�aial infarction also had increased 

plasma pepsinogen levels19 • 

Varro tl ai. 15 experimented with adrenalin and

12



eincopl'l.en. Adre,:ialin injection did not change -plasma. 

pepsino:gen levels. It has been shown that long term 

admiriistt'ation o cincophen produces peptic ulcers in 

dogs by an unknaun mechanism in about 20 days. In 11 

dogs there was a gradual increase in plas:na pepsinogen 

to a peak at 14•15 daYJ:3 and then a decrease until it 

was back to norm lat 21 days. The levels decreased 

for 10 days afte. cincbphen was stopped followed by a 

rise to normal. 17-ketosteroids roughly paralleled 

the plasma pepsi�ogen which may indicate that the changes 

which occurred reflected changes in the functional ca­

pacity of the adtenal cortex during cincophen treatment. 

Cooper tl y.24 tested both uropepsinogen and

plasma pepsinogen in a group of 20 males, aged 22-65 

(average34), all cigarttte smokers who were free of 

gastrointestinal disease and had a normal urinalysis 

and blood urea nitrogen. They were tested aga'in a 

week after they quit s�oking. Stopping smoking pro­

duced a slight decrease in urinary pepsinogen which was 

not statistically significant; however, there was also 

a slight decrease in plasma pepsinogen which was statis­

tically significant (P:.003) 

Cro<>e:25 dete·rmined :plasma pepsinogen in 1016 army 

ind'\.lctees of ave:i,·age age 21, 42% from New York City, 

13



and less than 2'1 from rural areas. The Irish had sig-" 

nificantly higher serum pepsinogen levels than Germans, 

ltalian8, and Jews (all of whom were approximately the 

same). Negroes fell in between these two groups (some­

what closer to t.he latter) but were not statistically 

significant-ly below the Irish. Among the Irish there 

was no difference between those with four grandparents 

from Ireland and those with one or more grandparents 

born in a countr other than Ireland. Also, there was 

no difference between those with both parents from 

Ireland compared with those with both p�rents from the 

United States. ]o sig.aificant relation was found be� 

tween blood pepsinogen and occupation, education, oc­

cupation of' fathdr, social class of father, or occupa.. 

tional ambitions. He concluded that the Irish have 

certain traits in common more than any other group in

the sample which caused an increased serum pepsinogen. 

The relation between plasma. pepsinogen leve1s and 

stress or treatment with ACTH or adrenal corticoids is 

of great interest because of the occasional production 

of »eptic ulcers with these _factors. Hoar and Browning 

found a 25% i�c-rease in :plasma pe:psinogen in 10 patients. 

after treatment w .. th ACTH or cortisone for one week20• 

Kowalewski tl al.17 experimented with 20 dogs--5

14



contro?s, 5 hypophysectomized, 5 thyroidectomized, and 

5 bilat�rlill� ad enalectomized and maintained on cor­

tisone. ACTH was given after the dogs had all stabilized; 

plasma pepsinogel was mar�edlt increased in all but 

the adrenaJ.ectomized dogs. This paper v·ill be dis .. 

cussed further wlten· the effects of histamine are dis­

cussed. 

Varro et al 15 determined plasma pepeinogen be­

fore and 1, 2, 5, and 6 hours after an ACTH injection 

in 24 normal :patients and in 7 Addisonians. In 23 of 

the normals the single dose of ACTH produced a 14-49% 

increase in plasma pepsinogen at the peak (generally 

in tlle f'irst 120 minutes and returned to the original 

level at the siXt!l hour. In the Addisonians there was 

no increase in the pepsinogen, and 4 had a significant 

decrease through an unknown mechanism. 

Hirschowitz il ai. 12 studied 5 normal male

stu­dents, 19.25, witJ. ne{"r.:ive upper gastrointestinal X• 

rays who were given 25 u. ACTH every 12 hours for 6 

days. An adequate adrenal response was indicated in 

all PY increased ?-hydroxysteroid excretion and a 

de­crease in the tot�hl eostnoJ)hil count. In all of them 

there was an increase in urinary :pepsinogen but no 

change in plasma �epsinogen. They also had one :patient 

15



with a chronic duodena,]. ulcer who developed an acute 

ulcer in the second pa,rt of the duodenum. The plasma 

pepsinogen,which had been low, increased five times on 

the fi!th day a�er sy;nptoms started (the eighth day 

after ACTH thera�y had been started). Plasma pepsino� 

gen only gradually declined and was still in the ulcer 

range 34 days after X-rays showed healing. After nine 

months ;lasma pepsinogen was normal. 

In another study Hirschowitz tl il• 2? studied the 

effect of eitht hour i nfusions of ACTH, hyarocortisone, 

corticosterone, Drednisolone, aldosterone, and histamine. 

ACTR, 4:14rocortiBone, corticosterone produced an in­

crease in urinar� pepsinogen but no change in plasma 

pepsinogen. Aldosterone decrease urinary but not plasma 

pe:psinogen. Cha?Jges in urinary pepsinogen corresponded 

to �ha:g.ges in urinary alearance of pepsinogen; these 

che.i'lges did not �enect similar oha:nges in gastric se­

cretion of :pepsin. The authors concluded tha.t ACTH work� 

on the �idney via glueocoTticoids which regulate uri­

na:ry �el'sinogen e:iccretion (17-hydroxysteroids in the 

urine varies directl,y with urin,ary pepainogen). 

Shapiro il �. 21 determined blood pepsinogen be­

f.ore and after g1 ing ACTH to 3 cats, 3 dogs, 10 rats, 

9 healthy humane, l patient wlth pernicious anemia, and

16



l patient v:i th re�.l disease in an acute study. There

was no rise or fall in any of them of significance. Also, 

'i:loo1 pep�in gen was determined following chronic therapy 

in one pat.:.ent 'rith an inactive J)eptic ulcer and severe 

pulllona.i-y disease and in four without u1 ... cers. Thei-e 

waa no significant change in any of them except that th� 

ulcer patient had a transient rise for the first week. 

�hey concluded that in instances of adrenal. hormone 

ulcers tl:e hormone probably :plays a JU:lr�ssive rather 

than a causal role and operates by inereasing. the 

sensitivity of the gut to stimuli pre-. viously not 

de.ritag�ng, �assibly due to direct tissue cllanges, vascular 

disturbances, or changes in the char­acter of the mucus 

secretion of the stoma.ch. 

Belkin and Shapiro 6 exposed rats to a stressful

situ�tion which had been :previously shown to produce 

behavioral distur1bances. One group got distilled water, 

the other 1.5� saline to drink. There was no signifi­

cant difference in plastia. pepsinogen in either group as 

conipared with nonstressed controls after ten weeks. Also, 

no ulcers were prodUG.ed · in stomach or duodenum. 

Shapiro and riorn14 produced an experimental neuro­ 

sis in cats with the Masserman techniques, A hunger­ 

fear confliet was induced. The large majority of the 

17



ca.ts did not develop a significant change in blood pres­

sure. Changes in blood pepsinogen were of meager sig­

_nifica.noe and showed a downward tr·end. There was an 

inverse relationahip between blood pressure and pepsin­

ogen level in the blood. No ulcerations were noted in 

sto�ach or duodenum of sacrificied cats. 

:Because of the known effects of histamine on gas­

tric secretion a uumber of experiments have been done 

investigating it 3 ef'fec� on plasma pepsinog_en. Hoar 

and �rowniag20 did not find increased plasma pepsino­

gen in doge in wl1om ulcers were created with histamine 

ir in 1Vy pouches with antral transplants. This finding 

is in marked con'l;rast to those to be reviewed below. 

Kowalewski and co.workers have conducted several 

studies with his .amine8 , 13, l?, 18• 28• In the first

of these8 ten guinea pigs reueived very high doses of 

histamine with p:rometh.Czine (to permit giving a dose of 

histamine 1000 times the normal lethal dose). Gastric 

Ulcers were prod ced as was shown when they were sacri­

ficied four hours later. There was a significant in­

crease in plasma pepsinogen as compared with ten non­

treated animals which served as controls. In later 

studies with guinea piga28 gastric juice pepsin and pep­

sinogen in homogenized gastric tissue as well as plasma 
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:aepsinogen were measured. Histamine was given as be­

fore (75 mg. pe� kg. body weight), and the animals we�e 

sacrifieied 1, �, 3, and 4 hours later (12 guinea pigs 

in each group). Hist::Ll?line produced a significant rise 

of peps�noge� f astric tissue and blood) and pepsin 

(gastric Juice) in all animals. Though the experiments 

J;>ermit this conclusion only for exogenous histamine, 

it is known that gastric mucosa is rich in histamine 

wb.ich may be ext�acted and used as a gastric stimulant. 

In further expe�imentsl3 dogs were treated with 

promethazine and histamine. Plasma pepsinogen was mea­

sured before and 90 and 180 minutes after histamine and 

before histamine but after anesthesia. Anesthesia with 

�entobarbital pr duced a sligl1tdecrease in plasma pep­

sinogen as is consistent with the slightly reduced gas­

tric activity ge4erally produced by barbiturates. 

Three dogs which received 2.0 mg. histamine per kg. body 

weight had 32-72� increase in plasma pepsinogen. Three 

dogs receiving 4.0 mg. per kg. has 74-124% increase in 

plasma pepsinogen. Six doge receiving 5.0 mg. per kg. 

�d 142-223% increase in plasma pepsinogen. 

Eight dogs were given 5 mg. histamine per kg. and 

an antihistaminic as in other experimentsl8 • Plasma 

pepsinogen determlnations were done on specimens from 
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gastric vein, gastric artery, and cephalic vein. Blood 

was te;I<:en after la:parotomy by eannulatiori, one hour 

la­ter when an antihista.minic was injected, followed in 

30 minutes by hist��ine, and 1, 2, 3, and 4 hours after 

histamine. Gast ic juice was aspirated at intervals by 

a Levine tube. No cha.tlge was noted before and after 

operation before histattine was given. Histamine pro� 

duced a significant increase in plasma pepsinogen in 

all animals with a maxlmal rise 3-4 hours after the ad• 

ministration of the histamine. The ratios of plasma 

pe�si�ogen concentrations noted were as follows: 

gastric vein:gastric artery;l.20-1.27 before histamine 
gastric vein:gastric artery:rl.35-1.44 after histamine 
gastric artery:cel)halic �ein:1.14 before histamine 
gastric arteTy:cei,halic vein;l.07-1.09 after histamine 

In three dogs in il'hom li.parotomy was done 3¼ hours af­ter 

histamine the following ratios of concentrations 

of plasma pepsinolten we:re obtained: 

portal vein:hel)tl.tic vein;l.10 
hepatic vein:gastric artery:1.11 
gastric vein:gast�ic artery-:1.7 

The increase in plasma pepsinogen roughly paralleled 

the increase in gastric �e�sin during the first two h6urs 

after histamine after which plasma pepsinogen continued 

increasing and gastric pepsin decreased. It was con-
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eluded that the liver does not alter pepsinogen because 

the differences between hepatic and portal veins are no 

greater than ca11 reas11nably be e.xpl,e.ined on the basis 

of dilution by load tram the hepatic artery. 

Using the same dags as were used in determining 

the effects of ACTH(� supra), Kowalewski et al,.17 

determined the effects of histamine. All dogs had a 

significant inc�ease in plasma pepsinogen with hista­

mine. Control dogs responded better than hypophysec­

tomized and thyroidectomized dogs, butJt the most marked 

increase was in the adrenalectomized dogs (four of who� 

died and had erosions of the gastric mucosa). Th�y 

concluded that histamine raises plasma pepsinogen by 

acting directly on zymogenic cells and not via ACTH. 

They also sugges�ed that adrenalectomized animals may 

have decreased tissue histaminase. These results in 

adrenalectomized dogs are opposite to those listed pre­

viously for Addiaonian patients15 ; the reason is unclear. 

Earle tl .sa:1.26 demonstrated the effect of gluca­gon 

and glucose on platma pepsinogen. In five dogs in­jected 

with 200 microg�ams of glucagon intravenously a peak 

elevation in blood sugar was noted in 15-30 minutes. A 

fall in blood pepsinogen levels was noted in all cases 

which was significant (Pless than .02). Five other dogs 

given a slow intravenous glucagon infusion over 
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2-4 hours at 2. -3.3 micrograms per minute showed a sig­

nificant fall in blood pepsinogen in every case during 

the period of glucagoa induced hypoglycemia and for an 

h�ur after the load sugar was back to normal. Three 

animale given an intra�enous infusion of glucose showed 

a significant fall in blood pepsinogen comparable to 

that seen with glueag·on administration. Two of the 

t}lree humans given glucagon had a significant decrease 

in blood pepsinogen. These results and the observa­

tions that insul n increases blood pepsinogenl9, 29 

indicate that the blood glucose is an important factor 

in the secretion of plisma pepsinogen. Also, the above 

experiments refute glueagon as the cause of a recently 

described clinical triad of duodenal ulcer, gastric 

hypersecretion, and pancreatic islet cell tumor (Zol• 

linger and Ellison, Ann. Surg., 142:?09, 1955) and sugw 

gest insulin as the possible pancreatic ulcerogenic 

factor. 

Weiner, Mirsky, et il. 22 state that there are three

parameters which '18.Y contribute to the precipitation 

of a duo.denal ulcer: a physiological parameter, which 

determines the susceptability of the duodenum to ulcer­

ation; a specific psych!c conflict that induces psychic 

tension; and a social p2rameter, which determines the 

environmental event that will prove noxious to the 
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particular indifidual. They determined blood pepsino­

gen on 20?3 draftees, 17.5-29.2 years old, from north­

eastern United States. 63 of the top 15% and 5? of the 

lowest� were given a battery of psychological tests 

without the examiners knowing their l)epsinogen level, 

and an uppe� gastrointestinal X-ray series was run. 

All but 1·3 were �gain given psychological tests and 

X"raye after 8-16 weeks of basic training. The first 

X•rays showed three healed duodenal ulcers and one ac- 

tive duodenal ulcer, all among the gastric hypersecre­

tors as measured "by plasma pepsinogen. The second X­

rays sh,owed aoti e ulcers in five more, all }?.ype1:secre­

tors. Criteria ¥rere looked for in the psychological 

tests which nave been Elhown to be common in patients 

with duodenal ulcers, e. g., intense infantile oral de­

pendent ii'liehes, "immaturity", tendency to please and 

placate, and difficulties revolving particularly around 

management of oral. impulses and hostility. Other cri­

teria were looked for which were found in hyposecre­

tors. A psycholo&ist and two psychiatrists independ­

ently rated the test records using these criteria. on 

the basis of majority oJinion ?1% of the hypersecre­

tors and 51% of the hypdsecretors were correctly desig­

nated. Using a cluster of 20 criteria, each of which 
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had been shown o be accurate to the 5% level of con­

fidence, it was possible to distinguish the two groups 

to the extent that 85% of the 120 could be accurately 

assigned. to their grou:p at a • 001 level of confidence 

(no individual criteria were greater than 65% accurate). 

It was impossible to determine why only some of the 

byperseoretors r�acted as they did to the social sit• 

uation or developed the duodenal lesion. The study 

indicates that neitt:er a high rate of gastric secretion 

as measured ey pla�ma pepsinogen nor a specific psycho­

dynamic constell tion is independently responsible for 

the develoJ)?Dent ·Df a peptic ulcer. 

The following is a discussion of the author's own ex­

perience and dettrminations with the blood pepainogen 

test. 

METHOD 

I. l. Place 1 ml. serum in a calibrated test tube.

2. Add 5 ml. of 2.5% aqueous bovine hemoglobin
solution.

3. Adjust mlixture to pH of approximately 2.0 (1.5 ...
2.5) by adding an appropriate amount of l.5N
HCl (generally about .3 ml.)

4. Dilute to 7.5 ml. by addition of an appro­
priate ru�ount of water •
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II. l. Prepare a blallk by ta.lcing a 3 ml. aliquot from
I. 

2. Add 5 ml • •  3N trichloroacetic acid.

3. Filter through Wha.tma.n No. 3 filter paper.

4. Freeze 2 ml. of the filtrate in a test tube
large en��gh to hold at least 16 ml.

III. 1. Incu"ba.te the r-tl!laining mixture from I. at 37 ° C.
for 24 hlurs as the unknown sample. 

2. After 24 �ours take a 3 ml. aliquot.

3. Add 5 ml • •  3N trichloroacetic acid.

4. Filter ttirough 'Whatma.n No. 3 filter paper.

5. Place 2 ml. of the filtrate in a test tube as
was done �ith the blank.

IV. 1. To 2 ml. of each filtrate {unknown and blank)
add the following: 

a. 3 ml • •  3N trichloroacetic acid

b. 10 111 • •  5W NaOH

c. 1 ml. undiluted Folin-Ciocalteu Phenol
Reagent

v. 1. Read optichl density of the unknown sample at
310 mu. on a Beclcman du Spectrophotometer with 
the machine set at O with the blank after the 
mixtures have been sitting for 5-10 minutes. 

For the sake bf convenience serum samples were 

frozen until time could be found to run them. As noted 

in the pTevious discussion there is good reproducibility 

after being frozen for as long as one year. In addi­

tion, a large amount of serum was obtained from one pa­

tient, and serum pepsinogen was determined immediately. 
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Other aliquots of the same serum were frozen, and 

de­terminations were made at six different times over 

the fellowing month. The �ptical density of the 

various determinations only varied from .160 to .169. 

The chemical. rationale of the test is as follows. 

The J>epsinogen is a.utocatalytica.l.l y converted to 

pepsin at pH 2.0. The cat�epsin type. of plasma. 

protease is inactive at this pH. The hemoglobin 

provides a pro­tei� substrate for the pepsin to digest 

to release tyrosine-like prDducts. Maximal digestion 

occurs at 

approximately 37° c. Trichloroacetic acid is used to 

prepare a protei.1-:f'ree filtrate. Sodium hydroxide pro­

duces a markedly basic solution,which is necessary for 

the reaction of �he Folin-Ciocalteu reagent which 

re­acts with the ty·osine-li):e products released upon 

the digestiol!, of the bemoglo'bin to form a bluish 

complex which can be qua4titated by the use of a 

spectrophoto­nieter. 

RESULTS 

The patients in this stu�y are divided into an 

adult group with the youngest adult being 19 and into a 

childhood group with the oldest child being 16. Scatter 

diagrams ahow tne results graphicallY�-see Fig-
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ure 1 for adults and Figure 2 for children. In addition, 

Tables II iilld II summarize adults and children  respectively 

and the results of the statistical analysis of the figures 

obte.ined30, 31, 32•    For all groups the mean, standa1�d 

deviation, and standard error of the group will be given. The 

means of the groups will be compared by use of Fisher's 

calculations and Table oft. It is eap♦cially desirable and 

significant to use Fisher's t when cor11parin.g small 

groups (less than 50). Also, the varianees of the 

groul)s will be copared by use of Gnedecor's 

calculations and Table of F. The differenoes in 

variances is a less illll>ortant test and me�ely measures a 

difference in homogeneity of groups. 

It is noted that the gastric ulcer group and per. 

nicious anemia g�oup differ from the adult controls in 

the direction that would be consistent with the re. 

sults found by other investigators as listed previously 

in Table I. The results were not significant statisti­

cally, however, :probab).'y because the groups are so 

small. The gastric carcinoma group is also equivocal as 

is also consistent with reports in the literature. 

Aa was noted previously, there is disagreement 

concerning the effect of age on pepsinogen levels. In 
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p:ptica1 d·tiodenal gastric pernicious gastric 
dens1,:r OQntrQlg_ ulgtr Ulf.=�I �emi§c carcin2ma 

' 

.875 •

• 750 
.735 • 

• 720 
.705 • 

• 690 • 

• 675 
.660 
.645 • 

• 6:30 
.615 
.600 
.585 
.570 
.555 • 

• 540 • 

• 525 
-�10
.495 • 

• 480 • 

• 465 •• 

• 450
.435 • • 

• 420 •• • 

• 405
.390 • • 

• 3'75 • • • • 

• 360 • • 

• 345 •• 

• 530 •• 

• 31.5 •• • • 

• 300 •• ••• 

• 285 •• • 

• 270 • 

• 255 • 

• 240 • • 

• 225 •• 

• 210 •• 

,195 ••• 

,180 ••••• • 

.165 •••• 

,150 • • 

,135 • 

• 120 •• • 

.105 •••• • 

,090 •• • 

,075 •• 

• 060 • 

• 045 • 

,030 • 

- -�1ff: I 'II II 

:p\;J)s"i n'ogen 
' •

Fl�\ife 1--serum levels in adults 
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O)ltica.J. duodenal 
4,ensit;y; 
';500 

controls .ulq,er postgastrectontt 

.490 

.480 

.4'10 • 

• 460 
.450 
.440 
.430 
.420 
.410 
.400 • 

• 390 
.380 • • 

• :3?0
.360
.:550 • 

• 340 
.330 
.320 
.310 •• • 

• 300 ••• 

• 290 , .. 

• 280 •••• 

• 270 ••••• 

,260 •• 

• 250
.240 • • 

.230 •••••• -·

• 220 ••• •

• 210 ••• 

• 200 •••• 

• 190 •• 

• 180 •• 

• 170 ••• 

• 160 •• 
• 150 •• 

• 140 ••• 

• 1:30 • 

• 120 • 

• 110 • 

• 100
.090 • 

• oao • 

• 070 
,060 
0 

Figure 2 ... serum pe::psinogen levels in children 
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v1 
1--' 
I 

std. std • 
.illail.-.A•· l.li ... �.._-·_....,..;,: __ ™ � error oc;um§&re to L- I . · 
odntrofa • 222 ,f.158 • 024 --- ---

duodenal Ulcer .422 ½:l-.132 .026 controls 
controls 

gastric oarcinoma .204 ,:l:.138 .062 contra a 
controls 

gastric ulcer .313 -!,.124 .072 controls 
control:s 

�ernicious anemia .115¾.036 .025 controls 
s;,o�:r.Plsa ...... '..it;;' 4 

---

5.8 leas than .001 

15 

1.43 g�eater than .05 

ter "-

.?6 greater than .ov

greater than .05 
1.6 gre ter than .Ou 

greater than .o5 
gre,ug;r :than,, ,Cle 

UPJJ III--aermn �e�sLnogen 1n children, statistical oorrelat+Qn 
std. std • 

.aaG .. Q ... �-------· -· - ™ dey, error CQJJll)are to 1--- -i-- ., ..... --· ___ ....,........,_
controls .224 4:.063 .ooa --- --- ---

duodenal uloer 
� 

• 321 *· 097 • 037

,E' ff I 

controls 
oontroJ.g 

less than .001 
, g,35 J.ess �nan ,01, 
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this series controls were the same in adults and child"!' 

ren. 

Duodenal ulcer grpups were higher than controls in 

both adults and children, The differences were statis­

tically significant. fhere was a certain degree of 

over�a:pplng of grou�s as has been noted by all otner 

investigators. 

Several isolated cases of interest were obtained. 
I 

One steroid induced Ul�er had o. n.:.370, which falls 

within the duodenal ulcer range. One marginal ulcer 

following a Bill oth I partial gastrectomy had o. n.:

.305. A patient with a lYlDI)homa of the stoma.ch had 

O. D.:.030, a very low value. No statistical correla­

tions can be done with single cases. 

DISCUSSION 

The primary purpose of this paper is to present 

serum pepsinogen levels in children in oTder to deter­

mine if they are eleva,ed in the presence of duodenal 

ulcer as had been previously noted in adults. Only one 

other case of duodenal ulcer in childhood has been re­

ported5. Seven �dditi�nal cases are·presented. The 

results are high:&,y sigaificant c.:tatistically {see Table 

III). This may •e evidence for a common etiology for 
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duodenal ulcers in both adults and children at least 

in so far as gastric 'Ph&"siology is the determining fac­

tor of ulceration. The fact that adult ulcer patients 

produced results similar to those reported in the lit .. 

erature adds weigl�t to the results herein reported for 

the child ulcer p tients because it shows that the test 

was performed �roferly. 

It should be noted that t''e gr9ups in childhood 

are much more homogeneous in me,keu:p than in adults, i.e., 

the standard devi'b.tion is much smaller. This can prol>­

ably be explained by at least two factors associated 

·,1i th aging. Some of the lower values in adult s may be

due to diminished gastric secretory function which has 

been noted with a�ing, e.g., the per cent of patients 

with achlorhyd'ria increases with increasing age; these 

patients are inclllded in the control serie� if tlley do 

not have any othe1 proven gastric disease. Also, there 

may have been pat;ents included in the control series 

of adults 'i.-iho had ol'la.ng� s in their kidneys associated 

with aging and afJecting renal clearance of pepsinogen 

but who did not yE!t have· clinical uremia. Neither gas­

tric analysis nor '.N.P.N. were determined in the control 

series. Nor was it considered desirable to do so. In 

order to have grea�er clinical significance the control 
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series should include a normal hospital population. Not 

even :patient::: '.:ith gastrointestinal diseases other than 

1;hose studied weire eliminated from_ the studies though 

most other authors l)Jlve done so. The only patients not 

included in the control series were those in uremia and 

those who used insu11n 'because of the·marked effects 

which these faet�rs may have on the blood pepsinogen as 

has been shown b othe� authors. 

The use of this test as a diagnostic procedure is 

somewhat limited as can 'be seen by ins];)ection o.f Fig­

ures 1 and 2. Tl:ie higl'lest value obtained was in one of 

the control patients, who had toxemia of pregnanc:r-r:un ... 

fortunate;J.y an N.P.N. was not obtained on her. In the

upper ulcer rang�·s the test is fai:!'.'ly specific, but at 

least one authbr·t has :raoted that patients with ulcer 

symptoms but without an ulcer will have blood pepsino­

gen levels within the ulcer range. Thus, in patients 

with symptoms this is not a good test for differential 

diagnosis. This can be a good test for the exclusion 

of an ulcer, howe'Ver, if the level is low·, at least in 

adults. The same is �robably true in children, but 

the series was sm�ll for children so that dogma.tic 

statements should be avoided. 

As a screening :procedure this would probab),.y be an 
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adequate test. !rhe author's experience Fould indicate 

that it \ ould t.s..,<:e sli�!:tly longer per test the.n the 

lengt� of time others no�ed for the quinium resin me­

thod and considekably longer than the ti.me for the Azure 

A resin test29 • It wo ud have the advantage that sam­

�les could be ob1ained on an assemblyline basis but the 

diaad'ri.ntage that spec.al personnel would be needed to 

collect the sa.mp�,es. rt · ·ould also be advantageous in 

that there would be no problem of having the patients 

take the resin at the :p,roper time before specimens were 

obtained. J?i"obabO.y the bala.noe would weigh against se­

rum pepsinogena. 

Th� -test is perfectly a.dequate as a research tool. 

as a measure of gastric activity. Individual values may 

not al,..,a;y's be hel})ful, but groups of values can be com­

pared with signif ... cance by the use of the proper statis­

tical tests. 

SUMMARY 

1. Mir5ky's nethod for determining plasma or serum

�epsinogen is presented. 

2. This method is s�own to measure pepeinogen and

possibly a second blood protease, although values for 

the latter may be simply nonenzyinatic acid hyd�olysis 
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of the plasma . 

3. r~ean hourly gastric pepsin output and plasma 

eps inogen concentrati0ns were correlated. 

4. Normal varictions in plasma pepsinogen are pre­

sented. Variatipns ·were small. 

5. Various authors have shmm elevated levels in 

duodenal and gastric peptic ulcers and decreased levels 

follo1:1ing gastrectomy and with pernicious anemia. There 

1.vere eq_uivocal results in gastric carcinoma. 

6 •. This metr od is compared with the use of tubeless 

gastric analysis without a ny definite conclusions being 

reached. 

7. Cigarette s:rioking ·was shown to elevate plasma 

pepsinogen. 

8. Ethnic bac1fground was of signific!lnce in the 

Irish who had hig}1er levels than Gern::2,ns, Itc-lians, and 

Jews. 

9. Effects rif ACTH on plasma ~epsinogen were equi­

vocal, some reporting an elevation and some no change. 

10. Stress di<l not significantly change the plasma 

pepsinogen. 

11. Histanine was an effective stimulus for increased 

plasr.1a peps inogcn in all e::cce11t one paper . 

12. The liver did not a ffPct plasma pepsinogen . 
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13. Glucagan was noted to decrease plasma pepsino­

gen asdid intra.venous glucose. 

14. An over�ll co�cept of duodenal ulcerogenesis

w:1,th the si,gnificance of ;physiological factors is pre­

sented. 

1e. A modi:r·cation of Mir(:Jky 1 s method of ana:Lysis 

is presented which was used in determining original data 

presented. 

i6. Chemistry involved in the test is discussed. 

1'7. Data for adults is shown to be comparable to 

th-at obtained by other authors. 

18. Original data concerning children with duoden­

al ulcers is presented, and significant elevation of 

serum pepsinogen is 5hGwn. 

19. An evalttation of the test from the practical

sta'nd:p.oint is :pre,sented. Its main use will probably re­

main in the field of research • 
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