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THE GASTRIC ANALYSIS

The modern gastric analysis had ite origin
in the quaint experiments of Spailanzani(&@) (91) 4n
1780,although Reaumur (60),prior te 1757,had recovered
gastric contents from a pet kite and had dembnstrated
its solvent action on various articles of foed.
Spallanzani, f1729-99,carried his work much further and
- was the first to demonstrate the digestive action of sal-
iva,aeidity of the gastiriec Juice amd prevention of put-
refaction by gastrie juice. He also showed that gastrie
Julee would stop putrefaction and dissolve food psrticles .
outside of the body. Spallanzani concluded that gastrie
‘digestion depended partly on ochemisal ahéngee in the food
but he failed to recognize the cause of acidity of gms-
trie juice. While Spallanzani used vemited material in
some of his experiments,he usually employed other mesns.
"‘Fbr example he used a sponge attached to & string and
then pressed out the juioce thus obtained. Various types
of foods were placed in perforated wooden capsules and
these wefe recovered at;different times during the di-
gestive cyele by means of a string. Some capsules were al-
lowed to be eliminated with the feces and their contents
then examined. Spallanzani gained some knowledge of the
forge of eentraotions of the gastio~intestina1 tract by
feeding chickens glass balls from which needles protruded.
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He found that on being eliminated,the needle points were

always broken off,

The next development of significance was made
by Beaumont (60) (91),1785-1853,a French Medical Army
Offieer,who had the opportunity to observe ak accidental
gastrie fistula in Alexis St.Martin,a Canadien, Beaﬁnont
observed the nature of gastric juice,the process of di-
géstion in the stomach,and the early stages of gastritis.
He showed that secretion took place only when food was
present_in the stomach and that mechanical stimulstion
cansed.only a 8light local seoretion. Hi®s experiments with
gastrioAjuiee on differont foods form the basis of modern
diet tables and scaies. Beaumont susceeded in isolating
and recognizing free hydreehlorie acid from gastrie juiece.

While Von Leube (91) wes the first to introduce
a oatheter into fhe gtomach,it remained for Ewald,f 1845~
1915 (60) (91) and Beas (91) in 1855 (b67) to refine the
technique. They used a oonetant stimulus and withdrew the
entire contents of the stomach at the end of éne hour.
- This work was continued by Hayem (67) but he made no par-
ticular oantribution to it.

From this time on,developments came very rapidly.
In 1906 ,Edkins (BY) brought out his ideas on hormone con-
trol of gastrie‘seoretion'(46). He démonstrated that gastriec

secretion gould be produced by subcutaneous or intravenous
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injection of extract of pyloric mucous membrane, He deter~

mined that this substance was not present in the mucous .
membrane of the fundus and that atropine did not diminish
the effect of the pyloricleitract. He concluded that this
substsnee was not an enzyme becausé it was not found to be
thermolabile,

Puld (57) in 1908 was the first to introduee
cshromoscopy in the étudy of gﬁlﬁrie seeretion, He used such
dye8 as neutrasl red and methylene blue., At about this same
time,Meunier (57) applied oryoseopy to the analysis of
gastric segretions, He used the frastional type of analysis
and stated the biphasic theory of secretion,by which he
meant that there was a psyschic and later a gastric phase
in secretion., This same period is marked by the work of
Barbera & Bernard (57) who endeavored to show the specifioc
effects of various foods on the gastriec mucosa. They showed
that stimulation depends partially at least,on solubilify
or osmotie order and consequently fats inhibit while al-
oohol excites seoretion., Albuminoids,all substances containing
nitrogen and to a lesser degree,those containing sugar were
found to be gastric stimulants, Pactors of taste were found
to be 1mportant and purely mechanieal stimulation gave no
s8eaeretion,

The’renarkable work of Pavlev (111),published in
1910,8hed much light on the physiology of the stomach. By a

series of experiments on dogs,he showed that initial sece
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retion is caused by purely psychisc factors while later

SBecretion is under chemical eontrol by the stomach itself.
He ,with Heidenhain,developed the gastrie experimental pouch
Whick bears their name, Pavlov also demonstrated what he
calléd oonditioned reflexe8 by showing that dogs,acoustomed
to hear a bell ring at meal time,ocould finally be caused to
secrete gastric jJjuice by 8imply ringing the bell,although
no-fobd was presented to the animal,

Gross (91) in 1893 used a small flexible tube,
in contrast to the large Ewald tube but it was not until
1914 that Rehfuss (91) (122) (123) ,used & modified Einhorn
duodenal tube, The work of Rehfuse at this time firmly
es8tablished the fractional metdod of gastric analysis ;n
Englend and Ameriea. It ie interesting to note that Rehfuss
(122) end Einhorn:(47) (49) (60) (61) both revert to the
oeriginal work of Spallanzani in their use of gastriec cap-
sules and analytieal buckets, Einhorn (91) formerly used
two tubes,one im the duodenum with constant suction to .
prevent regurgitation,the other in the stomach and through
which the samples were withdrawn, Von Leube (91) attempted
a fractional examingtion but the iarge tube was too diffi-
eult to pass often and it could not be left 1n'plaoe long.

The original method of examination (91) coneisted
in oomplete withdrawal of gastriec gontents at the end of
ene hour after the 1nges?ion of the meal, This method,although

1t is still used somewhat,has aroused considerable con~
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troversy. The fractional method was evolved because of

8lowly elaborating stomschs whieh do not reach their peak
in one hour. Here,samples are taken at regular intervals
until no food particles remain or until the acidity has
returned to the fasting level, Ewsld (91) attempted frac;;
tional examination'of the gastrioc eontents by giving the
patient an identical meal on #ifferent days and then with-
drawing the contents at varieus times during the digestive
oycle. Thi® may yet be found to be the best method of frac-
tional analysis (139), Many authors (29) (55) (b4) (139)
(61) (74) (109) (130) (102) (133) (35) (68) (91) (12) (13)
(113) (31) prefer the Rehfuss fractional method and Hender-
son (68) enumerates the following advantages for this pro~
.cedure;l.The amount and c¢haracter of the fasting Juiee is
determlned 2.Acidity is determined at various periods thus
permitting the plotting of a curve of secretion 3.The time
of appearnaee of bile may be aceurstely noted. Mccraoken
(91) méntions these points and in addition he believes that
other advantages allowed by the fractional method are;
l.Determingtion of persistence of starch 2.0bservation of
such things as blood,bile,pus,chareosl and debris in the
Samples 3.Determination of the amount of two hour residue
4.0bservation of general appearance of samples, He(91)
criticises the Ewald method becsuge the fastingracidity

is not determined. The churning motion of the stomach does

not mix the contents and the solig particles tend to layer



dut of suspension., The megit of the fractional method rests
in the fixed position of the tube and not on the mixiné of
the contents, This fixity of position was demonstrated by
roentgenogram, Even so,the tip rests at various levels dn
different stomachs,so that the results are not strietly
comparable, Smirnoff and lLavsky (130) atate that the fracw
tional method gives a'better congception of the actual eon-
ditions in the stomach and they stress the faect that motor
activity may also be studied, Wills (142) goes fﬁrther and
states that fractional analysis gauges8 motor function more
accurately than seeretory function,altﬁough the motility
depends on the seeretion of hydroehlorie acid almost eh-
tirely, Andresen (3) says that too mueh emphasis is placed
&n secretion and not enough on‘motor function in the
‘ordinary analysis. Chemical,physiclogical and psychic fac-
tors may also be examined (91)., Smirnmoff and Laveky (130)
list the following advantages of the fractionsl method ;
psjchic and ehemical Phases are considerably influenced or _
disturbed because of 1,The indifferent character of thef - h
test meal 8. Introductlon of the meal by the tube aﬁd not

by the nprmal proeess 8. Unphysiological meals of substanoes
not usuaslly taken as foods 4.Amount offfeoevered contents
following a fluid meal is less tha“ggth the Ewald type
because of the loss of thd important physiologicel act of
mastication. They (150) believe with Garbat (59) that the
Ewald examingtion is g8imple ,physiological and easy for the
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general practitioner but state that it fails to give s

complete picture of the course of gastric Secretion and

does not give the méximnm acld values, Galli (57) found

that the fractional method during fasting was not re-

liable due to abnormal conditions,inhibitions and duedenal
reflux, Still other objections to the Ewald method sre
raised by Strauss and Steinitz (133) who mention opacity.
and irregular struecture of the contents,lumpe which confuse
the mioroscopic picture and the fact that the contents
contain albumin and chlorides. Petrowa (112) feele that an
examination of the fasting céntent is necessary whereas

this is not usually done in the Ewsald analysis. Germain ‘
(61) objects to the large tube, the mixture of gastric juice'
with food and the unphysiologieal aspects of the o0ld methods.
Ioffe (73) prefers the Ewald procedure,stating that it is
phyeiological snd execites profuse secretion. This preference
is also shown by Garbat (59) who ®ays that the 8ingle spe-
.¢imen gastric test fully suffices for general diagmestiac
purposes as an index of gastric secretion and digestion,

It may also be argued that the single specimen meal is not
subject to paychic inhibition begsuse Secretion has glready
~ taken place before the tube is introduced whereas fractional
analysis depends on gastric seeretion subse@uent to intu-
bation and the mere passage of the tube may inhibit this
secretion,psychically. Debenedetti (37) feels that due to
peychic factors,to the poor adsptation of test peals and
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to the faet that the stomach is continuous with the in-

testine, the fractional method is no improvement over the
original method of Ewald. thte (151) saye that the frac-
tional method is based on the fallaey $hat the gastric
contents is a homogeneous mixture, Carrega-Cassffousth (29)
and Frenkel (54) maintain that the Ewald type of analysis
may not show the‘sactual maximum since the oontents may not
be withdrawn at the peak of the secretlon whereas the
fractiongl examination will show the highest as well. as
the lowest levels, Friedrich (55) 8tates that-the frastional
method is of considerable theoretical and élinieal gig-
nificance in that it affords exact judgement of secretory
disturbances as well as dysfunotion of gastric motility,
Results by the two methods do not always coincide but
Lickﬁt (88) believes that this may be due to differences
in aspiration technique., Hess (69) indorses the fractional
méthod because he feels that the degree of acidity is not
80 important as the entire course of acid seeretion,
Frenkel (54) notes that in meny instances the large Ewald
tube fails to recover fasting Juice and may give diffi-
eulty in récovering the contents after s meal but he
rarely finds this difficulty with the small fractional
type of tube, Von Leube,Ewald ,Riegel,Rosenbach & Reichmann
(64) stated that the fasting stomach is always empty but

this was with the use of ghe large tube. In fifteen ceses
Liskint (88) found no fasting juice with the large tube
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but in each instance,he recovered fasting juice with the

small tube on the following day., Lesnik (87) states that
the small tube always gave a higher acid value and fewer
emply fasting stomachs., In their early work, Rehfuss,
Bergeim & Hawk (123) do not mentidn any apéoial points
of advantages not slready quntéd;au.

The sige of the tube has also been a matter of
congiderable debate and some authors refuse to aéeept(the
work of others who used the large tube and viee verea.
Knapp (8l) reflects that the small tube is swallowed,
wkereas the large tube must be introduced. The large tube
secures better mixture and glves a more homogenecus sample
Ihile tﬁe small tube shows an annoying tendency to elog.
The large tube often will be found %o coil around irn the
stomach 8o that the tip is abeve the fluid level, This may
eause the 1nféstigator to believe that the stomach is |
empty. The small tube does not show this tendency to such
a8 degree.‘The adcouracy of any gastric analysis is questioned
by various authors (139) on the ground that acid soneen-
tration varies at different levels in the stomach snd so
teste on different days may be from different levels and
80 are not comparable mor are those on différent indivi-
duals comparable,for the same reason. Garbat (59) in 1931,
nofed a atriking variation in acidity in the same indivi-
dualion different days and found this lack of agreement
maihly‘in the n&rmal and hyposacid patients. The results
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in hyperacid and anacid patients were more uniform.

Duthie (44) found a marked variation on different days
and he also noted considersble variation in free hydro-k
chloric acid in the different portions of the stomach. There
was also a marked variation in the time of appearance |
of free acid at the various levels. Using the xray to
determine the level of the tube,Ramond (120) took samples
of gastrie juice from the bottom, middle and top at fif-
teen minute intervals and found the gréatest acidity at

the top and along the lesser curvature. Bell & Macadam

(10) (11) also found a variafion in the same patient on
different days., MeCracken (91) points out that other glanés
are not absolutely eonstant in funetion bﬁt that in gastrié
analysis, this i® minimized by attempting to use the

~ Bame time,meal and method, Gorham (64) removed the entire
gasiric contents,forty-five minutes after the meal,in |
ten cubie centimeter samples,at different levela and

showed a definite variation in free acid. Butcher (25)
.obtained similar results and nﬁted a difference of tem
peints in acidity of pyloric and fundic regionms. Other'
writers do not agree on these results snd MeCracken (91)
getates that gastric analyses at different times on the
‘same individual show identieal curves except at the end

due to variations in duodenal regurgitation. He states,
however,that either the gastrie contents muat.be a homo~ -

geneous mixture of else tha samples must come from the
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same part of the mucosa, Different levels showed a variati?qwz//

in acidity of as much as 40%, the average variation being

' 17%. The lowest variation was in the fasting juice but this
inereased up to the height o@fﬁigestion. Mixture was secured
by suction and reinjection through the tube, This is a serious
eritieism of the fractional method wkigh has.notQa& yet

been answered. Fe (91) found the indiviqual emptying time
to be quite oonstanf. Porges (117) favors the Ewald @eal and
large tube,claiming good clinicsl results. He feels thet
8kill in passing the tube is an important factor in sucgess-
ful'analysis. Another investigetor who finds individual
difference on successive anglyses is Gukseian (éé);

Barkhask (7) and Andresen (3) agree and state that one
gastric analysis is ne moie‘oonclusive}than one temperature
reading in case of fever. Conflieting results were obtained
by Ehrenreich (6) who showed a definite ourve type in the
same patient at long intervals. Kopeloff (84) states that s
single determination ie insufficient &s = basis for con-
clusions,due to individual daily varistions. Bemnett and

Ryle (12) (15) succeeded in obtaining identical curves on
different days with slight variations toward the end,due

to duodenal reflux depending en qementary changes in pylorie
tonus which varied from day to day and meal to meal.

Garbet (59) also found that analyses on sudaeessive days
 gave results which coincided within ten points, The variation

in results of some suthors is explained by Korneef (85)
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on the hasis of differences in acid concentration in var-

ious portions of the stomach. Roberts (124). does not feel
that the daily veriation is of sufficient magnitude to
influence the results., He states that the samples cannot be
said to represent the acidity of the whole stomach content,
By whatever method the samples may be obtained,
there are certain determinations which are usually made,
chemically, and of these the quantitative estimation of
free and total hydrochloric acid is perhaps the most im-
portant and unédversally ﬁsed. The most common method is the
titration of & ten cubic centimeter sample against tenth
.normal sodium hydroxide,using Topfer's ieagent and phenol-
phthalein as indicators, Topfer's reagent indicates the
neutralization of all free aéid by & canarj yellow golor
and after continued addition of base,the phenolphthalein
turns pink,thus showing neutralization of the total acid
éontent (33) (91) (68) (128), There is some discussien of
the use of Topfer's reagent but this is not valld because
the organic acids are too dilute to affeot the test,
Other.methods of determination of hydrochloric acid have
been used but they are too complicated and involve the
use of highly specialiged laboratory equipment. Kahn & Stokes
(76) comparing electremetric and colorimetric me thods,
gtate that the colorimetric method ie accurate enough when
the Ph is less than 2.1 but above that point,fdislysis

must be used., They favor the elecirometrie method but
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caution against the loss of dissolved carbon dioxide if

the Ph is greater than 5.5. Barkhash (7) also favors col-
orimetry and elegtrometry in acid deternination. Taccone

(135) takes two oubioc centimeters of gastrie filtrate,

'adds one half g cubic centimetst:of hydrogen peroxide,

two cubio oentimeteré of sulphuric ether and three to six
dropa of potassium bichromate, Hydroohloric'aoid givés a
blue color and lactiec acid a greén'color.

A Pepein {s seoreted in the inactive mother zym-
ogen form and this is activated by the free hydrechloric
acid (139). From this,it 1s assumed (79) (71) (116) (91)
(81) that the presence and amount of pepsin parallels the
free acid. However some authors (38) (55) (10f) (96) (53)
state that there 18 no parallelism and 1% is known thet
in achlorhydria the enzyme is usually (79)4(115) {81)
present, Xemper (79) states that the normal parallelism is
absent in disease, Methods of detefmining pepsin oontent
are complex and not freduently uged (52), Hirschberg (71)
tests the degree of digestion of a definite lengik of
macaroni by the colorimeter after a definite time of in-

cubation at a known temperature. Rennin and gastric;lipase

"are of no elinieal significancs and their determination

is rarely undertaken (139).

The determination of neutral chlorides 18 not
usually done (91) but may be sccomplished by precipitation
as an insoluble salt or by titrating,using an asppropriate
indicator.
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Teats for starch,bile,mucus and blood are not

‘m8ually run routinely but in most instsnces these-deter-
mingtions are rather important, Starch is indicated‘by a
dark'blue color with iodine (91),bile by a varigated
display of color2 with nitrie acid,mucus by viscosity,

- and blood by the benzidene or guiasc tests, Naked eye tests
of ten suffice for blood,bile,mucus and motor substances as
charcoal;raisins or rice.

lactic acid is a distinetly sbnormal constituent
(33) (81) (62) of gastriec juice and may be determined easily
with a solution of ferric shloride. The positive test is the
appearance of a lemon yellow color (139),

The determinatidn of gastric mucus is rather in-
frequently made. Simehowitz (129) determines mugus by ra-
pidity of filtration after & fluid meal,normally seven to
eleven cubic eentimeters of juice passing through the filter
in thirty minutes, éhis mucus serves to protesct the mucosa
from thermal,ekemical and mechanical injuries. Gastrio
mucus differs from other mucing in its poor ability to
take otain,its oecurence in small flosoules and its
greater fen#oity. Segretion of mucus is independent of acid
seoretion and occﬁrs at no definite rate. Gastritis with
kyperacidity is found more freguently than is supposed.
Determination of mucus is of value in diagnosing gastritis
but as gastritis accompanies both uleer and carcinoms,

it is not so valuable after all, Kelling (78) says that
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gastric mucus is found ususlly in the lower portion of the

Stomach and is closely mixed with the food. He precipitetes
the mucus by electrolysis and then measures it aftér fil-
tration,

The microssopie examination is of little value
except in eertain oases where debris,sarcinae,blood or
Oppler-Boas bacilli may bé found. The uwsual Ewald meal is
too lumpy and turbid to permit of & very satisfaofory ex-
amination, Pus,evenuif foind ,may be from the mouth oF
8inuses (91). |

| Certain other types of gastric examination,while
used by a limited number of investigators,must be mentioned
at this point. A purely motor investigation is oarried on
by means of Castle's capsules (138) and subsequent xray.
The capsules are opaque and one sinks to the dependent por-
tion of the stomach while the other floats. The smount of
Secretion may thus be roughly estimated and the proeess of
emptying may be more accurately followed. Rehfhss in 1914,
(122) harked back to the original wdrk of Spallanzani in
his use of a perferated capsule on a string. Rehfuss ob-
Jecsted to the use of a tube en the ground that esaphageai
irritation produced a fluid which interfered with accurate
results. The capsule was small and Rehfuss oclaimed that the
esophageal irritation was thus minimized. He claimed the
_ followingiadvantages;l.Any subs tance or medium could be

introduced at any stage of digestion and could be with-
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drawn when desired 2.Acid residue after or between meals

could be determined. The results were said to be comparable

to those obtained with the Rehfuss tube. Later,Einhorn in

1928 (47) (48) (49) (50) (51) used what he called a bucket

in gastric determinations. This small bucket contaimed in 1ts

walls, strips of paper soaked in substances which by color

changes would show the presence of blood, bile and acid.

He also worked out a mefhod whieh would show Ph by shades

of color en test papers. The quantitative method con-

sisted of the use of standardized drops of base on the

8trips after they had been soaked in gastric juice. Einhorn

gives as the drawbaeks to the usual methods;l.Frequent

" failgre of the tube‘to reach the lower level of the stomach

2.Insufficient fluid obtained for the tests necessary

3.Necessity of making many time-consuming teete 4.Inability

with blood in the gtool,to determine the origin of bleeding
by gastric-analysis.aIOne. Denis and Silverman (39) (40) (41)

also use' teat papers for gualitative determinations.

In 1929 Cohen and Broeck (34) brought out the idea
of determination of gastrlc acidity without the use of in-~
tuhatlon,but by utilization of changes in urinary Pph.

Their idea,later substantiated by Matzner & Gray in 1931,
(99) was.thaf acid seeretion in the stomach leaves less
acid to be secreted bj the kidney or stated in another

. '&F.Whén?%ﬁe stomach secretes acid,the kidneys must exerete .

. less ac¢id in order to maintain the scid-base equilibrium




¥

17
of the body. This has been found to be true and achlorhydria

gives a fixation of urinary reaction. It had been previously
stated that gastric acidity might be estimated fr&m a con-
sideration of Blood carbon dioxide tenmsion but Matzner -and
Gray (97) state that the method i® too complex and the re-
sults too variable to be reliable. '

The subject of an adequate test meal has probably
causded more controversy than. any other phase of the question
of gastric analysis and there are practically as many meals
or variations of'meals as‘there are 1nvéstigators. Meals may
be divided into two great groups - the liquid and the solid,
with firm supporters on each side,,The solid type of mesal is
the older of the two and it possesses the following advan-

tages;l,Psychic and mechanical factors are not sacrificed

2.The seoretory response is more constant and in highers
Ioffe (73) s8tates that a dry'meal shows slightly
increased total acid,increased secretion in the first hour,
and diminished emptying time. The disadvantages of the solid
meal are (102);l.Psyshic and mechanical factors vary with ‘

~ the individual and should be completely emcluded for the

sake of uniformity.2.Lumpy masses in the stomach seriously
interfere with extraction of samples and there is a tendency
to layer out. 3.Homogeneity of gastric contents is not ob-
tained. 4;Duodena1 regurgotation is often hard to recognize
5.Samplee_must bé filtered.

The 1iquid meél is said to have the following



points in its favor (109)1?102) (69) 1l.Variable psychic
and mechanical factors may be eliminated by injection of
tha meal through the fube.Z.The liqﬁid 1s easily recovered
as samples are needed 3.The mixture of gastric contents

is assured 4.Blood,bile mucus,debris and pus are easily
recognized and a good microscopic examination is possible
b.Filtering i3 unnecessary 6.There is minimal‘ﬁalival ad-~
mixtnie 7.H0 albuminoids or salts are present.

The disadvantages of the liquid meal are rela-
tively few (59) (130) 1.Liquids leave the stomach before
the teet 18 completed 2.Maximal secretory response is not
obtained dme to laek of peychiec stimulation.

A purely motor meal is rarely ueed-butnfor this
purpose s baiium meal follbwed by fluorescopic observgttﬁhf
is the most ascurate (91). MeCracken (91) stath”thét in
1914 the Xray showed 707 more retentiops than the gastric
analysis. Russell (91) states thd//ismuth or barium is
passed through the stomach socner than the ordinary meal,

It is usual to give some easily recognized substance (91)
sgeh a8 rice,raisins or chareoal;a number of hours before
the test and if any of this materisl is recovered,a .gastric
retention is indicated. This is rather a rough method but
is accurate enough for most purposes.

| Two other ﬁotor methods (91) depend on the ex-
eretion of by-products after the meal reaches the intestine.

By one method,sslol is given and then the time of appearsnce
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of sslieylic acid in the'izine is noted. The other method is
8imilar and cbnéists of giving iodoform with subsequent ex-
amination of the saliva fo; iodides.

\ Before discussing the various types of seaeretory |
meals,it would be wise to determine what factors are ne-
eessary to an adequate meal;l.The meal ﬁust not be disgust-
ing nor aistasteful to the patient (69) (92) (110) 2. Tt
must not be irritating to thé stomach (92) 3.The meal must
arauée strong secfetory response by ancing a load on the
secretory mechanism (69) (92) 4.The meal mast contain
gluoids, lipide,salts and water (92) 5.It must be out of the
stomach 1h one hour (92) . Barkhash (7) and Antoniak-
Csyzewska (4) g8tate that the meal must be free.ifiprotein,
Salt end acid if accurate results are to be obtained.

Hess (69) adds that the meal must not hinder titration.
Polland and Bloomfield (20) (116) state that in order to
be of vaiue,the gastric analysis must be l.applied under

" standard conditions 2.Must impose a lomd on the funetion
under consideration 3.Must be ocapable of identical repeti-
tion 4.,Must yleld information which experience shows to be
ugeful d.Must be complete enough so that conelusions can
be drawn, They give thé‘follewing critieisms of test meals
in general;l.Appetite or distaste for the meal is not con-
8ldered Z.Speed of eating and quantity of salfya are*nét
vegulateéd 3.The meal does not neéessarily give maximal

stimulation 4.The investigator is not dealing with pure
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gastric Juice 5.If the meal leaves the stomach rapidly,the

’ remaining juice has a high scid value,but if there is delay,
the buffer action of the food may mask the true acidify.
6. The 1nvastigator gets only a genersl idea as to the volume
of the juice.‘Bloomfield and Keefer (18) and Polland and
Bloomfield (116) stress the necessity for the establishing
of normal values for volume and acidity of secretioni

Some writers olaim that the mere presence of the
gastric tube will stimulate secretion as effectively as a
meal but there is mo general agreement om this point.
MeCracken (91) Pavlov (111) Carlson (28) Cannon (26) and
Orlowski (110) state that neither foreign bodies.nor the
tube will produce secretion,while Scimors & Riegel (57)
Tiefensee (136) Galambos (56) and Germain (61) maintain
that the tube is an adequate stimulus, Kehn & Stékes ()
earried on a very interesting experiment on a series of
patients having gastric fistulae. Gastric contents was ob-
tained through the esophagus by means of a tﬁbe and on
alternate days through the gastric fistulae. They showed
a marked decrecase of titratasble acidity with an increase .
in Ph due to the passage of the tube and this was most
marked in the fasting juice. For this reason they conclude
that no reliance can be placed on fasting juice findings,
but after a meal,resulté are more accurate.

Von Leube (69) first used ice water as é secre-~

tory stimulant and he felt that the coldness was an im-
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portant factor. According to Garbat,Heidenhain,Santotski,

Pavlov,Foster & Lambert,Bergeim,Rehfuss & Hawk,Sawitch &
Zeleony,Carlson & Orr,Brinkman (59) and Petrowich (113),
water is a gastric secretory stimulant. HOWever,Ivy,(Vﬁj.
and Moffatt, Mitchell & Powell (103) eite the following
objections to the use of water as a secretory stimulant;
1,Phere ié 8 notable variation from day tb day 2.Normal
patients frequently show achlorhydria 3.Regurgitation of
bile is more frequent 4.The rate of emptying‘is,moré-dif—
fioult to determine. Barkhash (7) states that water is not
a suitable meal for gastric analysis because there is no
psychic phase but Vandorfy & Varady;BorEely (141) state
that water,although a weak gastiric stimulant,has a definite
- f1eld of wsefulness and Garbat (59) goes even further,
gaying that wa?er ie the moét practical of the fﬂﬁid meals. 
Orlowski (110) got no stimulation of normal stomachs by |
distilled water dbut irritable stomachs would 565pond.
Tinker (138) noted‘that more water.wculd not enter the
dnodenum_un¥il the préviqua portion héd‘been neutrelized.
Normal saline left the stomach sooner than plein water

but hypertoniec solutions remained longer.

_ The Ewald meal, consisting of two slices of bread
or toast and threé hundred to four hundred cubic centimeters
of weak tea or water (91) (139) 18 one of the oldest in
use., A modern variation substitutes a shredded wheat bis-
cuit in place of the bread beaauée this eliminates the

presence of yeast cells and lactic acid. The Boas meal has



also been commonly used (9?? (139) and it is prepared by
boiling a tablespoon full of oats in a quart of water,
down to a pint of gruel, This meal also contains netther
yeast nor lactic acid. Riegel (91) (139) thought thét a
more balanced éeal should be used and so he advoocated a
meal consisting ef four hundred euhi§ eentimeters of
boullion,ene hundred fifty toltwo hnndred'grams.ef broiled
steak and one hundred fifty grams of mashed pofatoe; The
Fischer mesl (139) was also designed to give a more bal-
anced meal and it is the original Ewald-meal plus a quarter
of a pound of broiled hamburger. ﬂhese latter two meals,
like the modern Smithies balaneed meal,are witgifegnﬂ/n,//ﬂ//
three to four hours instedd of three duqﬁ;;;.to one hour,
Hcﬂraeken (91) medifges the Beas mesl by using double the |
amounj of oatmeal, In all the fractional meals, the oon-
tents ére withdrawn in ten to twenty cubie céntimeterb
samples at ten to twenty minute intervals and then at the
one and one half {0 two hour period, the remainder is with-
drawn, Madarisga (92) uses & milk mixture as follows: pul-
verized milk b grams,distilled water 250 grams,soft water
16 grams,sugar‘lﬁ gramg and five drops of vanilla, After
the analysis they introdwee #ixty cubic centimeters of
sedium biearbonate solution., They elaim that their meal is
eorreet physidlogically,chemically and psychiecally., They
farther maintain that it is practical and is given in
normal quantity,. Petrowa (112) in a series of experiments
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on dogs with HeidenhainePavlov fistulae,tested the stimu-

lating ability of a number of substances, Me found that
meat produces an unequal concentrstion and varied results.
Absinthe (herbs absinthii) gives a relatively slight stimu-
lating effect. The Russian Maggi preparation gives a very
small quantity of juice,but Hess (69) obtained higher
curves with it then with alcohol, To eontinue with the
resulte of Petrowa, A 5% decoetion of dried mushrooms gave
eonsidersble secretion but Petrowa found that a 7% decoe-
tion of dried cabbage gave the best ohemical and physiolé.
gioal stimulation. Orlowski (110) (109) found boullion and
meat extracts to be much better as gasiric stimulants, tham
the Ewald meél. Ee found that the vegetable juices were gfar
snpéribr to other forms of meal but beets,potatoss and
cauliflower had to be eliminated because of dimecoloration,
after ingestion. The most satisfactory meal was found to
oomsist of two hundred cubic centimeters of fresh ocrushed
oabbage. A fractional examirnation was carried out and an
Ewald examination was run in each éase ag8 a control.
Orlowski found the following points of preference for
~cabbage Juice;l.Clearness and facility of recovery 2.In-
oreased homogeneity and no layering 3.Easiness of fil- .
tration 4.Facility in recognizing muens,pué,blood,bile

and debris 5.Smallest residusl particles are eesily -
reoognizéd 6.Fasting juice is not necessary 7.This meal

is especially useful when the appetite is impagred,
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psychic factors of digestion being inactive and chemical

stimulation being necessary. He states that the results are
explained by the chemical stimulstion .of the stomach by the
nitrogenous substances in the vegetable julces. Accordihg to
Allodi (1),vegetable juices make a very satisfactory gas-
tric secretory meal, Antoniagk-Czyzewska (4) uses three hun-
dred cubic centiﬁeters of a strained barley gruel.>F

Ramond (120) uses & meal consisting of ten grams of peptone
in five hundred cubic centimeters of water. Mirkin (102)
experimented with a 5% lipoid mixture and while he secured
adequate secretion,he objected to the opacity of the mix-
ture and to the buffer suhéténcea_whioh hindered titration.,
Prenkel (54) wsed a fish broth prepared without salt,pepper
or onion bﬁt‘thimvwould'be rather distasteful to the or-
dinary individual. Strauss (133) in 1922 used three hundred
cubie centimeters of mildly sweetened tea., He stated that it
was physiological,easily digested, excited 8egretion and was
distinguishable from gastric juice. Some liquid meals he
Aaffirmed;have a Weak stimulating power due to lack of mas-
tication and psychic stimulstion. Barkhash (7) feels that
tea is not suitable for gastriec snalysis, Sechaverin and
Ostrovida (155) investigated variations in secretion by
minor changes in thé method of preparation of. food énd
variations In sense of taste gnd lack of taste; They reached

no gonaslusions,
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Another type of liquid meal is the caffein solu-

tion of Katoh-Kalk (59) which is two tenthé of & gram of
caffedtn in three hundred cubic sentimeters of water. Var-
iations in results are reported in the ﬁSe of caffein.
Petrowa (112) olaims that it gave no more stimulation then
distilled water while Smirnaff (130) published results
after caffein as identical with those after the Twald meal,
Mirkih (102j used intravenoue caffein snd found i+ very

: satisfactéfy;bringing on a.profuse secretion even after
small deses., Eﬁptying time was shortened and the ferments
were not destroyed., In only one hslf the cases was the Ewald
stimulus stronger than the caffein. Mirkin therefore accepts
caffein as a good standard fluid test meal whose action is
not directly on the muceous membrane but after absorption ,
directly through the blood siream. Antonisk-Czyzewska (4)
and Barkhash (¥) objest to oaffein on the ground that it
is not physiological, Lickint (88) used Ewald meals and

 Katch-Kalk meals on succescive days in one hundred pé-
tients,He found agreemenf of resulis in one third of tesses,
a Eifference of ten points up or down in ome third and

§' incomparable differences in the other third, Tiefensee (137)

; also uses the Katch-Kalk solution. Garbat (59)»states,that

eoffee can not be used because it probably contains higpga-

mine in sddition %e gaffein.

The Ehrmann slcohol test meal is advocated by

& number of ‘experimentors,Petrowa (112) Antoniak-Czyzewdka




(4) and Barkhash (7) agregethat it is a strong stimulant
but state that alcohol is not a normal physiological
8timulant. Cheney (321) uses fifty cubic centimeters of a
7% alooholi¢ solution instead of the original one hundred
cubic centimeters amd finds if quite suffieient, He uses
the fractional method and believes that the results are
quite comparable to those obtained by other test meals.
There is a greater ease of examination and interpretation
of results,he says, Ishikawa (74) found ten cubic centimeters
of ‘alecohol to be more than éuffioient to intoxicate some
Japanese. He highiy regommends this type of meal dut says
that 1t does not reveal the relation between moidity of
gastric jﬁice and the time of excretion. Senders (130)
found lower results with aleohol than with the Ewald meal
but Roetschild and Seddeg were not able to sheck his
findings. Smirneff (130) got a rapid rise in acidity but
the peak was not as high as with the REwald meal, Galli
(67) believes that Ehrmann's meal is practical,simple,
accurate and complete, Markoff (94) favors the use of the
alcehol test meal, Friedrich (566) states that it makes
little difference what stimul@nt is used but he feels that
alaeokol is best because of its trahsparenoy and absence

of chlorides,ascids and proteims, He uses the RKhrmann solu-

tisn for wuniformity snd comparability,the only variable

- factors being introduction and depth of the tube, Vandorfy

and Varady-Borbely (i@l) ran’a éeries of experiments com-

paring the efficieney of water and alcohol as gastric
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gcoretory agents and they foundjl,All cases of hyperacidity

showed a higher curve with aleohol Z.Normal cgses showed a
higher free and tetal acid with aleochol 3,Hypoacidity cases
gave higher values with alcohol, Tiefensee (137) found that
aleohol could not ﬁe used in women and children beoau;e of
the resulting intoxication. He states that the pleasantness
of alecohol to men patients eaused stimulation wherese the
unpleasant sensations experiensed by women caused secretory
inhibition, Garbat (59) recognizes the advantages already
mnntiqned for aleohol and in addition he mentions the re-
latively sterile aspest of the solution. He found duodenal
regurgitation to be more frequent with alcohol than with
the Ewald or water meal. Aleohol was found to be a stronger
stimulant than caffein but Garbat (59) declares that alecohol
i1s non-physiological,is irritating to the stomach and.may
cause intoxication. Orlowski (110) states that aleohol is.
not a suitable meal, MeLean & Griffiths (90),Franks (53),
and Delhougne (38) staté that peptic activity is greatly
stimulated by aleohol and thaf this is not necessarily
parallel with the degree of stimulation of acid seeretion,
Kohn (83) believes that aleohol is superior to the Ewald
megl except in men who habitually use alcohol.

The use of histamine,intravenously or intramus-
cularly, has attracted much attention and considerable in-

vestigation has been done,using it as a gastric secretory

agent.Drouet (43) got no effect when the drug was given
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by mouth,but after subcutaneous injection there was a pro-

fuse secretion in‘ten minutes,reaching a maximum in thirty
minutes and then persisting for from one to 6ne and one
half hours. Mbya (108) noted that the viscera and partiocu-

larly $he stomach showed marked vascular congestion after

injection of histamine. He observed macroseopic blood in

i one case and therfore states that histamine 4s apt to

é inerease the aﬁount of hemorrhage in ulcer patients. He got

E a much grester stimulation from histamine than from the

Ewald meal, A number of men (119) (20) (2) (63) (3) (1160

E (138) (17) (61) (140) (83) (62) feel that histamine is

 the best secretory stimulant mow available. Kohn (83) says

i that histamine is used to test the maximum secretory ability
Qf the stomach and that the resulte,reaching a maximum in
thirtyhminutes,aré higher than with any other form of
stimulant, The drug acts by paralyzing the inhibitor fibers
of the sympathetics, Gompertz (62) feels that as little as

twenty-five humdredths of a milligram is sufficient and

this quantity caus®es no undesirable results, Bloomfield

and Polland (20) had been using one tenth of & milligram

per ten kilograms of body wtighf and Andresen (2) used

one eubic centimeter of a ome to onme thousand solution,

Ragle (119) states that histamine 41s the only positive

8timulant to gastric eells,that the results are sonstant

and give the truf oondition of gastric funetion at the

time of examination., Cheney (52) believes that histamine is

gﬁ éﬁnormally powerful gastric stimulant but he states
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that the increase in acid values is usually proportional. -

to the acid values obtained by other metheds of testing.

- Babkin (5) says that histamine inereases volume and acidity

of seoretion but he state® that the enzyme content is not
increased, The general goncensus of opinion (63) (21) (83)
(140) (36) (32) (35) seems to be that the‘host important
use of histamine is in the differéntiation of the achylias.
True achylia does not respond to hiétamine while pseundo-
achylia gives s mild respenge. Boockus (21) states that his;
tamine gives increased secretion in normale but that
hyperacidity cases do not respond. He does not feel that
histamine will supplant the Ewald fractional method now

in use. One important point in favor of histamine is the
fact that the investigator is dealing with pufe gastrie
Juice and not with a diluted mixtute. This may account for
the higher values obtained by the use of histamine.

Matheson & Ammon (96) found that histamine stimulstes

- the peptic activity earlier and to a more marked degree

than the acid formation. Mogene (105) obtained similar

- results and states that there is no parsllelism between

the acid and peptic curves. Kemper (79) also found histamine
to be an intense peptic stimulant. Cohen & Broock (34) believe
that histamine secures maximsl secretion by mobilizing all
of the reserves of the stomach. The iatest and most complete
investigation with'histamine.is that of Comfort & QOsterberg
(36) who formulate the following questions;l.I® histamine
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go much more helpful in diagnosis that it should replace

the Ewald meal? 2.Is there any field of gqstroenterology
in which histamine gives:information of outstanding value
other than in the differentiation of true and falée achy-
liag? 3.Are volume and acidity important emough to be made
the basis for distinguishing between benign and malignant
lesions? They reached the following ceonclusions;l.With
histamine it is possible to,distinguish transitory sec-~
retory disturbénoes but it does not alwéys give conclusive
information as to the lesion or the‘prognosis;z.Histamine
does not slways give meximal response and its constancy
nsy be questionedQ 2.It is not apparent that the response
of.gastric Secretion to histamine is of greater value than
the response to the Twald meal in differentisl diagnosis.
4,There is a significant relationship between volume of
seoretion and free acid eonfent._Volumq varies widely in
all types of lesions but the diagnostic value is limited
and possible errors inestimation are too great. 5.Histamine
is not of sufficient value to replace the Ewald meal. '
6.The value of hiétamine after surgery lies in the dis-
ciosing of free acid masked by regurgitation. 7.There is
evidence of the non-impostance of the hormonal influence
of the antral portion of the stomach.in mgintaining the
secretory ocapacity of the stomach. Polland and Bloomfield
(116) using hietamin;,attempted to set a normal standard
from which deductions might be drawn. They found that if

the total secretionnwag collected at successive ten min-
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ute periods,the greatest volume was obtained twenty to

thirty minutes after stimulation. Half of the cases féll
within the limits of twenty-one to twenty-five oubic cen-
timeters,most of the larger volumes being in young people
and .the small volumes in people over fifty years éf age.
The upper limit of acidity was found to be in- the vieinity
of one hundred and fifty and this was approached by his-
tamine.

A sﬁall group of invasfigators (69) (136) (5b5)
(109) £ind that so long as there is stimulation of the
stomach, the exact type of stimulant is not important and
the results are comparable by any method. Orlowski (109)
finds that the different test meals stimulate gastriec
function primarily by méans of pasychie factors and then
by ohemical stimuli, namely, by water,products of digestion
and in the use of meat snd boullion'- by extractive sub-
stances. He feels that the ﬁsychic factor is most important
and so any méal is suitable if it is not repulsive to the
patient, Friedrieh (55) believes that it makes little dif-
ference what secretory stimulant is used but that it is
desirable to use verious meals in various cases due to
individual differences in reaction to stimuli, Tiefensgee
(136) used various meals or mére mechanical stimulation
and found that the nature of the stimulant hasd no influence
on the ourves obtained. Hess (69) used Ewald meel,Fhrmann
meal,maggl oubes,Chinese tea,tincturg of quinine and

mgtard water in his experiments and in 80% he obtained
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- the same curve despite the difference in stimuli.

Various other substances and drugs have been
used in attempting to stimulate the gmstrie meossa.
Plersol & his co-workers (114) following the method of
Finklestein,injected four cubic centimeters of a 17
golution of neutral red intramscularly and then noted
the changes in gastrie function. Finklestein found that
the dye appeared in the gastric juice as follows;in hy-
peraaidity;seven to eight minutes,in the normal in ten
to fifteen minutes and in hypoascidity in twenty to sixty
minutewn, The stain was deepest around the pylorus and so
Finklestein conceluded that the &acid secreting cells were
mainly concerned in the excretion of the dye. Phersol (114)
confirmed these results but felt that a quantitative de-
termination was of no value, He states that neutralmred may
be used to differentiate between true and false achylia,
Animal experimentation showed;l.Heutral red given intra-
muscularly,was eliminated by thé entire gastric mcoss
and the whole small intestine down to the caecum.2/Elimin-
ation by bile and urine showed & greater concentration.
3.No0 dye was found in the saliva.4.Lymph nodes took up the
pigment,b,The central portion of the stomach dyed most

deeply but a4ll the mmcosa was colored somewhat.6.A rela-

tiveiy small percent of neutral red was eliminated by
the stomach.7.There was a rough relationship between amount

of dye secreted,time of appearance and degree of acidity.
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Ko dye was excreted in true achylias.8.Neutral red is an im-

perfect gastric secretory test and it gives no evidence as
to motor function.Streicher (134) gave forty milligrams of
neutral red intramuscularly and eight ounces of strained
oatmeal gruel by mouth. He found that neutral red aids in the
differentiation of the achylias not because of the dye but
because of the long'time needed to perform the test., The
neutral red test may be used as any fragtional test but
the dye has no property of stimulating gastric secretion.
Cheney (32) says that the beautifully shifting curves Ob-
tained over & two or thfee hour period represent changes
in dilution more then in moid Secretion. Clear solutions are
preferable but the factor of dilution is still present., He
believes that the best method is the use of dyes snd de-
termination by the colorimeter. Kohn (83) believes thset
.(findings with nelttral red agree with results obtained by
the use of histamine. Bockus (21) states that the fallure
of the stanach to secrete neutral red after intravenous
injection,makes a reliable diagnosis of achylia.
| Moffatt,Mitehell & Powell (104) obtained the
following information with the use of atropine and pilo-
carpine, Atropine,hypedermiocally,in full doses,gave a dim-
inished gastrie seeretion and by mouth it had a powerful
local effect on the nerve endings. Diminution of aeid by

this means lasted longer than neutralization by alkalies.

Atropine facilitated and speeded up the rate of emptying
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of the stomach. Pilocarpine gave no marked increase in

gastric acidity but this may have -been due to the profuse
Salivation. Pilocarpine retarded the emptying of the stom-
ach. Kerpola (80) gave one hundredth of a gram of pilocar-

Pine hypodermically and noted an inerease of secietion in

“the fasting:stomach., Epinephrine was not found to be ef-

fectively in altering secretion but it caused the stomach

to contract. This observation is also borne out bbeinker

(138) who also noted that stimulation of the vagus nerve
caused vigorous peristalsis,opening of the pylorus aﬁd
inerease in secretion. Sympathetic stimulation gave eppos-
ing results. No direct relationship between secretion and
motility could ve demonstrated. Atropine,pilosarpine andv
adrenalin gave results comparable to those obtained‘by
Moffatt,Mitchell & Powell. Tinker (138) found that pituitrin
incoreased ﬁeristalsis,ingreased Pyloric tone and diminished

gsecretion, Ergotamine paralyzed the sympathetic fibers

- and gave results opposite to those obtained by adrénalin.

Butcher (26) confirme the results ohtained with atropine.
Ivy & Javois (172) found that hydrolyzed proteins
had no effect when given suboutaneoﬁsly but by mouth they
gave a secretory stimulus which could be inhibited by
atropine. Amino acids by mouth acted as secretory stimuli as
did various amines,histamipé being the strongest.
Ivy,MoCarthy & Orndoff (173),1n studying the

effects of the roentgen ray on glandular Ssecretion,reached
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the following conclusions. Exposure of the thorax of Pavlov

dogs to Xray sufficient to’produce a first degree burn,gave
no effectsbn gagtrio secretion and there were no symptoms,
The same dosage over the lower abdomen gave temporary an-
acidity or hypoacidity with anorexia. There was & gradual
return to normal with progressive loss of weight and oca-
chexia. Autopsy showed chronic mleeration of the intestine.
A human erythems dose over the lower abdomen gave hyper-
ae¢ldity for one or two days,followed by anorexia, hypo-
acidity and sometimes diarrhea with a return to normal by
the fifth day. Seventy-five fercent of the human erythema
dose,used in the therapy of a malignaht tumor,gave mild
acute symptoms of the intoxication with anorexia, anacidity and
hyposecretion. The intestinal mucosa was found to be twiee
as sensitive as the fundal musose of the stomach, The oon-
clusion was that the Xray could not be used in the therapy
of conditions needing a temporary reduétion in gastrie
-agidity. ‘

Before discussing the various phases of the
Pphysiology arid tshemistry of the stomach,it might be well
to briefly review the anstomy and more particularly the
y histology of this organ. The stomach serves a“double pur-
pose in mammais,aoting both as & reservoir and as a-pre-.
liminary agent in digestion. Here,food is thoroughly moist-
ened,softened and partly dissolved by the gastric juice,

sominuted by the contractions of the muscular wall and
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transformed into a doughy mass called chyme. When a certain

'state of softness or acidity has been attained,the chyme is
transferred to the duodenum in small portions (26) and thus
the function of the stomach is in part mechanical and in
part chemiocal, The first is tsken care of by the muscular
coat and the second by the #arious glande of the mucous
membrane,lIn addition,special glands provide for the lub-
rication of the mucosa, The stomach is one of the most
difficult organs of the body to preserve for post-mortem
study,for as soon as circulation ceases,autolysis of the
wall begins. Tven the true macroscopical form of the stome
ach is not known exactly because at autopsy it is seen to
be a large,flattened,curved sac whose shape does not agree
with thé J or hook shgpe so clesarly shdwn by Xray exame
ination of the stomach during life. The gastric cavity,
especially in the empty state is hardly larger than that
of the intestine, The conical opening from the esophagus
is called the cardia and just to the left,the wall bulges
upward and forms a pouch known as the fundus. Here gases
tend to collect, The transition of the stomach into the-
duodenun is cslled the pylorus and it is guarded by a
muscular sphingter. The incisura or isthmus tends to con-
gtriect the stomach at its mid-portion. Macroscopiéally,

the surface of the filled stomach is stretched evenly,

the empty,cbntracted state,it forms numerous

but i
high,mogtly longitudinal folds,made possible by the

very lodse consistency of the submucous layer and the
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muscularis mucosae, The whole thickness of the mucous mem-

brane of all parts of the stomach is occupied by a multi-
tude of glands,which open into the bottom of depressions
in the mucosa,called gastric pits. The gastric glande sre
of different character im different regions of the stomach
and on this basis the stomach is divided into three zones.
The first zone,a narrow,irregular,ring-shéped area around
the cardia,ls called the cardiac &resa and contains glands
of the same name._ The second zone,the largest and most im-
portant,comprises the fundus and the proximal two thirds of
thé stomach and is called the fundic portion. The third or
pylori¢ region ococupies the distal third of the stomach.
These regions vary with the individual and.are never sharp-
ly delimited., |

The surface epithelium of the stomach is made up
of tall,very regular,simple,columnar cel}s.FThese cells are
very diffieult to study but in the superfiecial portionms,
abo#e the nuclei,pale round'granules are closely packed.
These granules are & particular kind of mucin and after
having left the cells,these granules furnish the alkaline
1ayer of mucus which lubricates the surface of the mucosa.
Thin,thread~-like mitochondria,the basis of all cellular
activity,are prominently present in the basal portions
of the cells. The outermost cells do not reproduce but
mitosis takes place in the gastric pits and new cells are

pushed out to the surface by growth pressure. The gastriec
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glands are of the simple,branched, tubular type and are

densely arranged,perpendicular‘to the surface of the mucosa,
The total number of these glands is estimated at thirty-
fiye millione.

There are four types of glandular cells found in
these glands and many names have been applied to them. The
zymogenice or chief cells are arianged in a single layer on
the lnner surface of the basement membrane and line the:
lumen of the lower hsalf or third of the glandular tubule.
They have the usual pyramidal form of glandular cells and
disintegrate almost immediately after death. In the résting
condition,the inner parts of these cells are full of coarse,
brilliant granules but aftef intense secretory activity,
the cells are smaller and contain but few grahules. The
granules are pepsinogen,the antecedent of the enzyme pepsin,
Terminal bars protect the free surfaces and sometimes the
lumen gsends out short,conical proloﬁgatioﬁs between the
cell bodies, Mitosis is never found and it is possible thsat
the zymogenic cells arise from differentiastion of the
mucous neck cells,as described later. The périetal cells

- are scattered singly between the zymogenic cells through-

out the whole length of the gland but more numerous toward
the neck. These cells are spherieal or triangular and occupy
a more periphéral position between the zymogemic cells snd

| the basement membrane, The cells contain many mitochondria

but no distinct granulese. Canaliculi are characteristically
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present intracellularly,connecting externally with branches

of the glandular lumen. llitosis is common in these pariesal
cells whose function is the production of hydrochlorie

acid or its vorecursor - probably sn unstable organie chlor-
ide, Mucous neck cells are found in the necks of the glands,
arranged in one ;ayer,filling the spaces between the par-
ietal cells. They abfuptly give way to zymogenic eells at
an inconstant level. These cells are filled with very pale
transparent granules which stain as mucin,different from
that of the surface epithelium, llitosis does not tske place,
Aigentaffine cells are occasionally obsBerved scattered

singly and without visible order. Their function is unkmo

The fyloric glands open into verw deep pits
have more branches than in the body of the stomachs The
glands here are also of the simple,branched,tubular type

but the divisions are more numer ous,the lumen is larger

and the tubules more coiled. Pyloric glands contain only
cells resembling mucous neck cells with very occasional

parietal or argentaffine cells. Cardiac glands are compound

tubulsr glands and open into very shallow pits, Clear glande
ular cells sre usually found but there may be parietal

cells slso. In the pyloriec region,spherical accumulations

" of lymphoid tissue,called lenticular g.ands,occur nor-
mally. Under the mucoss lies the muscularis mucosae which
consists of an inner circular and an outer longitudinal

iayer of smooth muscle, From the inner layer,smooth muscle
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cells run between the glands toward .the surface. Contraction

of these strands compresses the mucous membrane and prob-
" ably facilitates emptying of the glands, The submucous layer
congists of loose,irregularly arranged connective tissue,
which contains fat cells,basophiles,wandering lymphoid cells
and eosinophiles. This layer contains the large blood and
lymph vessels and venous plexuses, The muscularis externsa
congists of three layers - an oﬁter longitudinal,a middle
c¢ircular and an inner oblique. The outer layer is found only
along the greater and lesser curvatures. The middle layer
forms the pyloric sphincter which is open when the stomach
is emptys The serossa is a thin layer of irregularly arranged
comnective tissue tightly attached to the muscularis ex-
terns and covered by mesothelium, On both curvatures of the
-8tomach it is continuous with the large and small omenta.
In the stomach the arteries arise from the two big arter-
ial arches slong the greater and lesser curvatures and pass
to the dorsal and vehtral gurfaces. They pierce the muse
cularils and enter the submucosa where they form a large
long;tﬁdinal plexus which supplies the muscularis and mu-
c08a by capillary networks. Venous vessels follow a similar :
Plan and are provided with valves in the submucosa. \
Tymphatics of the stomach begin as well devel~
oped blind or looped capillafies in -the submucosa,lying
deep to the blood vessels;vThéy anagstomose freely snd sur=-

round the glandular tubules, The innervation of the stomach
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is by vagal and syupathetiec fibers, The latter form the

myenteric plexus of Auerbach between the muscular layers,
and the submucous plexus of Meissner within the submucosa.
Vagal fibers enter these pléexuses and terminate in srbor-
izations. Both motor and sensory element®s are present but
their distribution and relationship is indefinitely lmown.
After the fractional analysis began to be prac-

tised rather generally,many types of curves were described
by different investigastors. Rehfuss (6) in 1915 differen-
tiated the following so-called normal types of curves;
l.The peak is reached in one hour,the level then descends
~and reaches the fasting/level by the end of the second
hour,2,Continuous hypersecretion in the form of a uniform
Plateau.3,A steep rise for thirty minutes is followéd by
a gradual fall.4.A slowly rising curve.b.The step-ladder
type of curve; Bennett (12) and McCracken (91) state that
the curve depends on the améunt of saliva swallowed, the
amount of pyloric mucus secreted and the degree of duod-

enal regurgitation, McCracken (91) 6riticizes gastric anal-

yeis curves by saying that the curve for free hydrochlorie

acid leaves out the protein acid sglts and the neutralized

acid whereas the curve of total acid takes in.the organic
acids and dissolved carbon dioxide,so neither is strictly
‘accurate. Two serious hinderances to accuracy are food con~
tamingtion and duodenal regurgitation. He groups gastric

curves into four large divisionsj;achlorhydria means no trace
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of free hydrochloric acid,hyposecretion does not exceed

ten percent free acid,normal shows high,medium and low .
values but does not go under ten nor over sixty percent,i -
hypersecretion goes above sixty percent at one or more
period during the examination. HMcCracken (91) holds that
eighty percent of people fall into the so-called normal
group. He sSays that the resting content of thé stomach is
very important and normally varies between twenty and one
hundred cubic centimeters. Secretion is constant but varies
from time to time, Variation in resting content may be due
%o variation in tonus and motility as well as in secretion.:
The compoéition of the fasting juice 'is more impor tant
than the quantity. A merked difference between the free and
: total'acidity may mean & high organic scid content (91)
because Fleischer (52) states that thé presence of lactie
'acid is inversely prcportional to the amount of hydro-
chloric acid. McCracken (91) states that the investigator
mus t knOW the volume of secretion as well as the true
percent acidity because there may bé an increase in fluid
content without a corresponding inerease in acid although
- thé two factors are usually comparable. In the usual an-
alysis,the volume is diluted by food,saliva and regur-
gitated duodenal juice, AlsS0 an unknown amount of gastric
Juice may pass into the duodenum and the real acidity is

masked by neutralization,by qud,saliva,duodenal Juice and

pyloric antrum secretion, However,in digestion these factors
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are normally present. Henderson (68) gives twelve to forty-

nine cubic centimeters as the normal fasting content,with
normal acid varying in the cycle from none to forty for the
free and ten to fifty-five for the total, The usuel result
was free apid thirty-five and total fifty. The fasting level
was regained at the two and one half hour period and the
greatest motility was from the one and three quarter to the
two and one quarter hour period. Bennett (13) feels that
gastric analﬁges are inexact because of the normal variation
in chemical éomposition of etomachs. This variation depends
on the foilowing serieg of factors which change from déy to
dayj;extrinsiec-1,Composition of the meal 2.,Fasting content -
intrinsic-l.3tomach content is a mixture of foéd,gastric
secretion,saliva and duodenal juice 2.Psychiec factdrs such
ags difficulty with the tube,fear and initial inhibition
3.Errors in sampling resulting from lack of homogeneity.
Close to the mucosa and close to the pylorus,the acid con=-
centration is greater, The normai fasting juice varies
between ten and one hundred cubis centimeters and averages
about fifty-four, There is no free acid immediately after
the meal but it usually rises to nearly fifty and then

goes down again, Total acid is roughly parallel but ten to
twenty points higher, Paraliélism is never exact due to //
dﬁodénal regurgitation, Orlowski (110) Petrowich (113)
Ishikawa (74) Ioffe (73) and Barkhash (7) find that the
actdity has reached its ﬁaximum,one hour after the in

troduction of the meal and tube., Ishikawa (74),using
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alcohol,gives the normal free acid value as fifteen to

thirty and that for the total as twenty to forty. He states
that secretion declines after three hours regardless of

the condition of the stomach and that excretion of the test
breakfast begins after two hours normally,when tested by
the salicylate method, Smirnoff (130) gives the time of
maximum secretion as one hundred thirty minutes,one hun-
dred three minutes and seventy-six minutes with the Twalad,
Katoh-Kalk and Fhrmann meals respectively, Andresen (2)
feels fhat the acid curve is not the most important thing
to be deferminéd but rather the motility and admixtures
with such substances as blood,mucus,bile and pus. Ioffe
(73) states that the amount of secretion depends on the
"amount of water in the body and when the blood is poor in
water or when water 18 prevented from passing from the
blood-vessels of the stomach into the glands,secretion is
diminished., Intake of water increases gastric secretion only
if the amount taken exceeds six hundred cubic centimeters.
Casaffousth (29) believes that nothing standard has been
established a8 yet and feels that the fractional merely
allows the explanation of psin according to the time of
highest acidity. Antoniak-Czyzewska (4) states that certain
curves are repeatedly obseived in various individual®s and
he differentisates the following secretory types;l.A
steadily increasing secretion 2,An abrupt increase foll-
owed by a plateau 3.Gradual increase and decline 4,Step-

i;dder increase bH.,Rapid increase and step-~-ladder decline,
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He states that traces of blood are normal but signiflcance

1s attached to muous and blood. Baxkhash (7) says“that,there
is no single normal type of curve but that after any stim-
ulus,gastric secretion continues for from two to three |
hours, He ssys that investigators must ascertain the adidity,
amount of fasting Juice,amount after stimulation,amount:
after elimingtion of the stimulus and the emptying time of
the stomach. Vandorfy & Varady-Borbely (141),in theilr com-
parison of results by stimulation with water and alecohol,

got norma; values as follows;water ,free fifteen to thirty,
total twenty to forty;alcohol,free twenfy and total thirty.
Their hypoacidity eises ran;water ,free ten and totsl twenty,
aloohol, free £ifteen to twenty and total twenty-five %o
thirty. They believed that an anacidity with the water tést
might show fres acid after a stronger stimulue., Hese (69)
noted that the maximum vilgues varied with the type of meal
used., Kohiyar (82) believes that women run lower normal curves
than men while Marriott gnd Davidson-(gﬁ) and Polland and
‘Bloomfield (116) have shown that ochildren,and especially
infants,may not have sufficient free acid to give a red
reaction to Tepfer's reagent, Wright (191) found some free

acid in the gastric contents of children aged six to fif-

teen and the total acidity was the same as that for adultis,
The position,size and shape of the stomash as determined.

by Xray,varied widely ahd more 8o toward puberty. There were

no sex characteristics except after the age of eleven,
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when the.stomach tended to be lower in the female. Motility

wag uniformly greater than thet seen in the adult stomachs.

Bennett (12) and Friedrich (66) found that &
bighly acid resting juice meant &i.high aoidity to follow.
Bennett (12) noted & marked absence of uniformity as to
motility but ninety—fou: percent of patients showed a
gradual climb—graduai decline type of acid curve, With
eabbage_juiee,Oriowski (110) got normal values of free,
forty-nine,total sixty-eight and combined eighteen,which
are higher than with other types of stimuli, Hg 8tateg that
one of tbé most frequent disorders was a prolonged secretion
for three'to four hours and in all cases,with marked dis-
turbance ,he used several different types of meal to rule
out errdnéous conclusiongs Bolton & Goodhért (2¢) say that
HC1l rises to a certain height during digestion and then
falla. The height of the curve varies with the individual
and ih normals due to regurgitation, This is said to be
physiologieal., They belleve that the curve is merely an
index of behavior of the pyloric sphincter,

There are & number of variable factors which
affect the type of curve which is fo be obtained, Petrowich
(113) declares that the funetion of the gastric glands may
be differentiated into two phases. The first\phase is reflex
and 1s aroused by sight,smell,taste,chewing and swallowing.
The seoond phass is chemiocal and is due to the stimulsation

of the gastric mucosa by protein salte,extracts aﬁd other
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produocts of_partial digestion. These faotors are thought to

act on the pyleric part of the stomach and they continue to
ast even after complete section of the nerves to the stom
ach. The importance of the nervous plexuses found in the
stomach walls is not known. Petrowich assumes that all‘stinu
ulation in the chemical phase is transmitted from the
pyloric portion to the glands by means of the blood stream,
He feels that both phases are olbsely related, This biﬁhasic
idea of secretion is rather generally &ccepted (113) (b7)
(91)'(13). Mahier & Stgry‘(93) find these two phases and in
‘addition,a third or intestinal phase. They state that there
is an unknown latent period before the manifestation of
the stimﬁlua. Pavlov4(93) says that appéreﬁt feeding causes
secretion in four and one half td teﬁ minutes while psycho-
genic stimuli give secretion in six to ten minutes. Seeé‘
retion 18 later following injection than after ingestion,
Babkin (6) states that the humoral stimuli seem to wash
out the secretion already present and then their‘aotivity
ceases8 whereas the neurogénic stimmli cause actual seo-
retion which continues for & longer peribd. MeCracken (91)
say$ that the vaiying rate of emptying causes a vayying
amount of stimlation in sifférent easeé.

The problem of sﬁperposition of gastrioc stimuli
lead Mshler & Stary (93) to formulate the question ~ does
- superposition of stimuli lead to gimple summétion poten~

tiation,or dearesse in effect. They obtained the feollowing
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resulis, Repetition of the meal immediately after analysis

was followed by & stationary eondition of the stomach which
was definite and characteristic for each stomach. The stomach
tended to reach a certain volﬁme as soon és possible and 80
emptied after the second meal ,within the firsf few minutes,
Water secretion was increased after the second mesl. This
rise in water secretion lead to a decrease in concentration'
of acid so that consecutive tests could not be run. A neg-
ative chloride wave appesred after each mesgl and as the
course became more protracted,the wave became deeper. Moretti
(106),after giving two hundred cubic centimeters of meat
broth and two tablespoons of bread orumbs,followed by hie-
tahine,found that a summation of stimali leadsvto decreased
g8ecretion, Galambos (56) showed that from one half to one
hour after intubstion without a test meal,there was & phase
of exhaustion of the mechanism of gastric seoretion,char-'
adterized'by a reduction of volume ahd concentration of
secretion., There was secretion of a heavy'mnous‘and bile was
regurgitated., This first phase of exhaustion lasted for ten
to fifteen mimutes and then after twenty to thirty minutes,
there was 8 second phase of exhaustion which lasted for
many hours following. Barkhash (7) feels,however,that sec-
retion continues even after elimination of the atimulus,
Psychic and emotional factors have been found to
rlay a profoundly important role in gastric analysis (37).
MaoCracken (91) found that the first analysis frequently
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gave lower gurves than subsequent ones (139) (87) and that

.& patient who took the tube easily Wasﬂapt to show a higher
acidity than one in whom the tube was passed with diffi-
culty. Consecutive analyses were found to be most nearly
comparable at the one and one half hour period. He (91) |
states that psychlioc factors are aroused by seeing,smelling,
tasting and chewing and weré largely eliminated in his series
by the use of an insipid meal and by its injéction through
the tube. There is no psychiec stimulation after the first
fifteen minutes so that only the first sample would have
been affected, Emotions such as fear and anger were found
to inhibit secretion but pleasurable emotions gave no
increase. This is ruled out in practice by using & meal
which is neither pleasfgt nor unpleasant. Hypnosis (91)
(137) was the mode of investigation of this phase of the
- subject, Tiefensee (137) records that the promise of a good
meal or the telling of the patient of the importance of .
gecretion of saliva,was followed by an increase in gastriec
secretion whereas if the patient was left alone,a scanty
seoretion with low acidity resulted. Carlson (28) feels
that seeing,smelling and tasting'are very impor tant factors
lin influencing gastric secretion. Cannon (26) caused a dog
to become angry by bringing a cat into 1ts presence and
at once the gastric secretion in the dog ceaseds Bennett
&Venables (16) noted that nausea,anxiety and hypnosis
caused secretory inhibition but they could not demonstrate

that pleasant sensations produced increased secretion.
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Butcher (25) passed the tube and removed fasting juice in

his series for ten days before theggnalysis“tb pver¢ome
the psychiq»inflnences. He then obtained.oonstant normel

' curfes. Paychice stimulation by chewing gave & rapid increase
and high acid level with a rapid fall after the first
half hour. 5ight and smell weie also found to be effective.
Fleischer (b2) agrees that psychic influenees produce
eongiderable quantitative and qﬁalitative changes.

Chemical factors causing variations in gastrie

secretion have not been very extensively investigated.
Ryle (128) found that a decreased 9alt intake had no effect
on secretion after & stand&rd.test meal but it caused &
diminution in fasting juice. Hoelzei (72) investigated the
effects of varistion in protein intake and found that
exceggive Quantities of piotein ecaused a décrease 1n-aci&-
ity of gastric fasting juice. Meat,fish,egg white,egg yolk,
vegetable ggétaiausnﬁiéasgfn#wéreufbundftb;héveffseﬁive.
This decrease was explained on the basis of fatigue of the
gastric secretory mechanism or to a limited but modifiable
secretory capascity. Funotional rest by fasting or by protein
restriction raised the acidity again. It was suggested that
the fatiguability of the gastric secretory mechanism might
be a factor in regulating natural or instinctive intake

vof proteins by determining its limits. Various othe® types

of foods hgve been found to influence gastric secretion,

Ioffe (73) noted that bread exerted a stimulating effect,
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between that of meat and milk but digestion with bread.

lasted 1onger~than with either milk or meat. Carbohydrates
were found to leave the stomach first,followed by a mix-
turq_of oarbqhy@rates and proteins,then proteins,fats and
last ;s mixturé of f@#t'and'proteins. Proteine left sooner
in the presence of water ,but when csrbohyirates were pres-
ent,no such effect of water on protein was noticed. According
to Allodi (1) protéin stimulation is due to sbsorption of
extractive substances. Fats are said to depress (Cohnheim)
at first and stimulate later but’fats differ in their
degree of action. Carbohydrates stimulate in an irregular
manner, |

Mechanical factors exert a definite influence. The}
work of Hamburger & Sperk (66) must be mentioned here in
order to get some necessary definitions before eonsidering
the mechanical factors. They stated that‘peptic digestion
gould not take place until the protein had become satursted
with hydrochloric scid. They the;efore\added HCl to gastric
contents until some free acid appesred and this added al-
ount they oalled the "smoid deficit", This acid deflcit plus
the total acid,equals the “aéid binding power™,if no free
acid was present, If free acid was present,the total acid
minus the free acid equals the scid binding power. This
8c¢id binding power is also called the buffer value or
buffer eapacity. Miles & Shohl (101) investigated the ef-

fects of dilution;Ph and buffer’capacity on gastric sec=-
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retion, Dilute feeding mixtures were found to leave the

stpmach.more rapi@ly‘thgn others“and‘the.zh'of the stomgch_
vincreased‘more‘rapidly with‘dilute_qontents. There was slso
& decrease in total buffer capacity. Buffer capacity remsin-
ed high until digestion was nearly completed and the stom-
ach'contents with high buffer #alqe was found to have a

low Ph and vice versa. Ph was relatively low when there was
a short digestive period,slow digestion,large feeding or
ooﬁcenfrated mixture. When large smounts of gastric contents
were found to be asgociatéd with high buffér eapacity,
digestion was found to be inoqmplete. Standish,Cowgill and
Shohl (132) oarried out investigations of similar nature

and found ¥Mat the amount of gastric juice secreted was
suffioient to inorease the Ph between 4.1 and 3.9 for all
meals. Therefore,the amount of,gCl secrefed depends dir-
ectly on the volume and concentration of the meal. The Ph

of the stomach tended to remain noarly'cohstant until the
end of digestion, Concentrated meals an& meals of large
volume tobk‘longer for digestion than small or dilute meals.
The motility of thenstomach therefore varies directly with
the volume and concentration of thevmeal. A given meal was
most rapidly digested when it was coneentratéd and of small
volume. The buffer capacity,after an initial increase,
8tayed fairly constant, Large buffer capacity sssociated with
relatively large volume indiocates the beginning of digestion

and conversely,small buffer capacity in small volume in-
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dicates the end of digestion. The effect of concentration en

gastrioc secretion is important_and was quantitatively meas-
urable on both secretion and motility.
| ‘According to Bloomfield & Keefer (18) (19) and
Bloomfield & Polland (20),volume of gsecretion and acidity
decreage with age. State of health is aglso found to be a
factore. |
Considerable investigation has been carried om
with regard to the chloride content of the gastrie jﬁice.
Probably the most complete and plausible work so far is
that of Maolean & Griffiths (90) ,whose results follow,
The gastric glands secrete sodium ehloride and the concenw .
tration of this salt unﬂergoes considerable change at var-
ious times in the digestive cycle., Duodenal regurgitation
is hot the prime factor in regulating the gastric acidity
but there is evidence that the chlorjfn,brought to the
‘ gaetric glands by the blood as sodiuﬁ chloride,is secreted
at 8 definite and fixed cbhcéﬁtration,partly unchanged and
partly aschl,the extent of this ohange‘governing the
acidity of the gastric juices Thus,early in digestion,there
18 much acid and 1little NaCl but later and at & point
varying in different individusls,the degree of transfor-
mation diminishes until more or less all of the salt 18

secreted unchanged. This gives a fall in acid and s rise

in chlorides which corresponds to findings on resting .

juice which shows slight acidity with high chlorides.



iR

Secret1on from the 1solat2§ pouch of a dog'’ 8 stomach durlng
digestlon is assumed to behave . -88 a normal human ‘stomach,
Here,there is first a rise in‘aeid‘concentrgtion,fol}owed
by a definite\fa;;. The total chloride value in the pouch
remains approximately constant during the whole period of
digestions NO regurgitation is possible and since there is
a @ecrease in HCl and an iﬁcrease in FacCl,it follows that
regurgitation is not neceasary to being about reduced ascid-
ity in the normal stomsch in the later stages ofkdigestion
but that the changes are due to altered transformation of
blood sodium chloride, The total chlorides vary between the
narrow limits of 11 and .12 N‘in fasting juice.and rise

to this level at the end of digestion. After the ingestion
of a meal, the stomach strives by motor aetiviéy to empty
1tself and by secretory activity to bring the fluid eontents
back to the resting condition where there 18 1ittle or no
soid but a large amount of negfral chlorides, The admin-
istration of acid ocause® the segretion of a neutral fluid
sentaining NaCl and @e¢ réduetien of aoid is mainly by dilu-
tion and not by noutraliza?ion. Peptis aotivity ef the
stomach rises parallel to the inerease in meutral ehlorides
which ocoure with diminished acidity. The peptic activity
of the resting stomach has a high value eomparable to that
at the end of digestion. The association of peptic aetivity
and neutral ghloride oonfent lies in the faot that the

fluid whieh oontaine the enzyme al®o contains the neutral
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alt and- this -ageounts for the incfease of pept&e -80tivity

- v

after introduction of aeids into the stomach. Femper - (79)
bears out this work in general &nd states that peptio
aotivity is. 1nfluenced by age and type of food but usually
re&ghingvits_paximum in thirty minutes after the meal,
before the acid peak and showing en averasge sonsentration
of 1:160 or 1:320. Duthie (45) noted that the increase in
HOCl after histamine toekAplaao at the oxpenlé of the neu- -
tral ohlorides, Roberts (124) feels that the total ohloride
value is a better guide of secretion than HC1l because ;t
includes the neutralized aei‘;also. Matheson & Ammon (96)
working with histamine,notedgthat veptic activity reached
1t8 peak before the acid and thereafter peptic aotivity
was maintained at & falrly high level with but & slight _
tendency to fall. Rudd (126) while comparing gastric sec~-
retory response to meals of gruel and cream,came to sim-
1larvconclusiens, He found that the total chloride value
’was practically constant wheress the total aeid and neutral
ohloride values varied widely, He states that the theory

Qf formation of neutral chloride by neutralization of
~gastric acid by duodenairjuioe is incapable of explaining
results and he,also,explaing the variation in composition'
of gastric contents on the basis of changes in the amounts
of HCl and neutral chloride secreted by the gastrie mucosa.
He feels that the total chloride value is the most 8ige
- nificant finding. Bugler (36) found that the total chlorides



before’andﬁafﬁer stimulat?gn by the water,mgal remained
praetical}y oonstant and so he arguod that the seoretign
of HC1 depended on the inhibition of secretion of base,
rather than on an incresse in secretion of chlorides.
comfort & Osterberg (35) howefer,say that there is such
a high correlation bhetween the total chloride value and
Athé free HC1l,that there is no need to run a chloride
determingtion. Portis (118) uging Pavlov pouch dogs af ter
partial gastreotomy,showed the absence of free HCl but a
high total chloride,whereas the secretion in}the pouch,
representing a similsr part of the stomach,sontinued to
show free acid, From this he reasgsoned that the factor of
neutralization plays the most importent role in explaining
the presence of free hydrooh}oiic acid. Gukacian (65), o
uging the common bile duct-ligation doge as prepared by
Symnuitzky,found that a gimul taneous examination of acidity
and chlorides showed no parallelism, Roberts (124) states
that achylia often follows partial gastrectomy. |
This work brings up the question of the importance
of duodenal regurgitation which ascording to Leemik (87)
é;’: is always present,and to Bennett (12) is present in 40% of
cased. Markoff (9&) approached the problem by a simultane
eous fractional examination of the stomach and duodenun,
His results-follOWg 4 gsimple gastric study was deemed in-
sufficient due to regurgitation, Total chlorides of the

stomach contained sodium gnd potassium salts from the duo-
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denwm. Occadionally there were more chlorides :oupd in the.

duodenum than in the Stomach and the ohloride value was not
found to be en absolute index to HC1 seeretion, The curve of
neutral ohlorides was thought to be & relative index of the
entrence of duodenal contents. The less th@uwélume of duo-
denal sesretion,the more concentrated the ohlorides.

the two tubes made possible the determination of the open-
;ngvof tMe pylorus,expressed by the crossing of the ourves
of chlorides and acidity. The pylorus opened thirty,forty-
five and seventy-five minutes after 8timulation and the
aoidity was considerably decreased by the regurgitation.
Two typee of subacidity were differentiated - the actual,

- where the amount of chlorides was small and theiupparent, |
where slighf acldity 18 aoqompanied'by considerable neutral
chlorides. Bolton & Goodhart (24) and Spencer with his 00~
workers (131) state that duodenal regurgitation is a part
of the normal sequencé of_eients in the digestive oyecle.
MoCracken (91) and Boldyreff (23) feel that duodeﬁal re-
gurgiyation is an important faotor in the self-reguiating
mechanism of gastrie aeidity. Beldyreff says that pgn-
oreatio segretion im the most important but saliva,bile,
sucouns enteriocus and pylorie antrum seoretion are of seo-
endary importanae. Iyon,Bartle & Ellison (89) state that
frank maoroaaapie'regurgitétion of bile is abnormal except
with retohing or hyperacidity. Spencer ,Meyer ,Rehfuse & Hawk

(131) say that there 18 an almost sonetant presence of
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trypsin in the normal fasting juice. This wag also noted by

Beldyreff,Pavlev,and Thrmann (131). This trypsin is highly
resistent ?bwac;dxand pepsin and is highesi in cbnditions.
of low gasirie acidity. A solution of F/ eodium bicarbonate
wag(hqld in the stomach till neutralization to prevent
;:r;tatipn of the duodenum and was accompanied by & high
tryptic value. Weak sodium bicarbonate speeded emptying and
d1d not inhibit seeretion. Free HCl was not neeessary to open '
the pylorus. Regurgitation was thought to be & protective
mechanism to apare the small gut frém ir:itation.ﬁy acids,
Garbat (69) stated that duodenal regurgitation was a fastor
of importance. He added a fow dropse of methylene blue to
all meais and got a green golor even if the regurgitation
was not maoroscopioc. Régurgit&tion was gseen twiage ﬁs of ten
with fluid meals as'with the Boas meal,probably due to the
inereaged diffioulty in recognizing it. Boldyreff (22),
Cathoart (30) and Carlson (27) agree that the introduotion
of oii into the sfoméoh causes regurgitation of bile and
that the intreduction of mineral acids eauses regurgitation
and neutralization until the fluid is not irritating to

the intestine, Debenedettl (37) feels that regurgitation
negatives resulte. Bagshenow (8) found that duodenal re-
gurgitasion took place if the stomach esontents became %00
aeid but there was no regurgitation in the normal or hypo-
aaid 8tomach, Patients who usually showed regurgitation

414 not do s0,if given NAaHCO3 with the mesl., Hyperehlor-




hydria‘may<¢ausema cplﬁtagg regurgitation which will. show
anjathprhydrianqn analysis.but all the symptoms.wil;bye
aggravated by adminisiration of hydroéhloric acid. Knapp (81)
feels that bile i3 normally present and is a physiélogio&l
buffer. Stenosis causes a high acid value due to lack of re-
gurgitation.

Theeretically,there are three types of seoretory
abnermality possible in the stomach ~ hyperacidity, hypo-
acidity and anacidity. These types will be considered in
general before eliniecal entities'are discussed,

‘ Hyperseosretion is usually assumed to mean hyper-
aoidity but 1t is possible to have ineremsed volume of
8ecretion without inereased acid aoncentration. Hewlett (70)
8ays that a vigious oirole tends to form becaﬁse inoreased
acidity eaumes pyloric spasm with delayéd empﬁying and
there 18 then a greater acoumulation of moid seoretion,
Lanz,Pavlov and Kleemann (6) found that the hyperacid stom-
ach emptied more sléwly than the subaoidrtygnacnyger&oidity
(70) outs short the galivary glueid—aplitting aclivity and
by digesting the proteins more tho#sughly than usual,may
play s roie in chronic constipation., This ingreased acid
content is of elinical importange beaguse of its relative
freqﬁenoy in oertain organic diseases an&-ita direct or
indgrect production of gastric symptoms, Ezgleston (161)
feels that hyperacidity is due to a greater degree of aeid

georetion but Carlson (28) presupposes pylorioc obetruetion
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gastrio retention and a prolonged secretory response .o

fpeda. He spates thgt.hype:aaidity.is,never-demonstrable
in épy Qisggssmgndlphat‘pathologiéal deviation 1S-aiways
towerd an anaeldity, Imermsn (171) gives the following
| ggpgesrof“hgpgygeidity;.gastritia,gastric ulqer,obst:uction,
duodenal ulcer,gall bladder disease,c0litis,constipation,
migraine,tabes dorsalis and abuse of tea,soffee,tobacco
and aleohol. Barkhash (7) states that delayed emptying with
cons8equent high acidity may be caused by perigaestric ad-
hesions,pylorospasm or gastroptosis with sluggish peris;
talsis, Boldyreff (161) states thaf the normal .2% free
acld is seoreted as .4% anﬁ then is neutralized and diluted.
He states that in hyperacidi ty,there has been & fatilure of
dilution and’neutralizatibn becsuse of obatruction. His
method‘was by total chloride determination. Fggleston (151)
by Xray,éould always demonstrate obstruction in cases of
hyperacidity, He,with Carlson (28),8ays that hypersecretion
with normal acidity is of motor origin, ,having = nervous -
basis. Immermsan (171) 4insistes on differentiating hyper-
secretion from hyperacidity and gives the following reasons
for stating that pyloriec obstruction is not essential to
these conditions;l.There is a oontinuous flow of juice
2.Food disappears from the stomach during fractional an-
alysais 3.Bloomfield & Xeefer introduced fifty cubie cen-
timetérs of aleoholic golution and five milligrams of
‘phenolphthalein and oould show dilution and diminution’¢f
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qu&ntityfwby‘~emp.tying-4.Iv36718h0wed hyperseeretion in a...
anoyfdpg-withfpylorio spasm due tpnthe presence of:fooa
Qpﬁ products of digestion in tbemstomach and the contact
of acid and- digested food products in the intestine,
Hypoaoidity is congidered by some to be mergly
a step tpward achlorhydria but this view is not generally
held, The obndition is discussed more fully later.
Formerly true and false achlorhydria were not
differentiated and all conditions of anacidity were spoken
of as achylia,implying absence of enzyme also. We now know
thét the acid secreting ceells are injured morec easily than
the zymogenic cells and so enzymes are found long after
the stomach has ceased to produce acid (171) (169). False
achlorhydria is a condition in whieh the stomaeh usually
does not produca HCl,due to parietal oell injury but the
mueoss 18 capable of forming some acid,under maximal
stimulation as by histamine, True achlorhydria,as the name
implies,refers to a ocondition in which thé'muQOSa is not
capable of producing HGl,regardless of the tyre of stimu-~
lation (83), Considering these new facts,and the variation
reported in the percentage of achlorhydrias by the uses of
the large as ocompared to the small tube ,it will be seen:
that the conelusions of the older writers are of little
value along this line. Ascording to Fohiyar (82) achlor-
hydrig 18 a frequent cause of an irritative form of

d;arrhea. Disintegration of food in the stomach is incom-



plete and thils c¢auses entgﬁooolic irritation-whigh--is re~ .
lieved by administration of HCl. Wilkinson (190) feels that
aahlorhydriaumay be due to. the p;rsistenee.of the“int&ntile
glandular state, Portis (118) states that achlorhydria may
egtablish a different and}possibly harmful bacterial florae
of the gastrointestinal tract and with aonéequently greéter
ahnormality but Deschiens (48) and Denis & Silvermsn (39)
(40) (41) find that gastric hydrochloric aeid is not béct-
eriasidal. Deschiens (42} found equal numbérs of perdeitic
infeetions in hypoacid and hyperacid e&tomachs, Bacteria
‘1lived in different concemtrastons of gastrie juice in the
inoubator whthout any inhibition being shown. Boskus (21)
states that 637 of the achlerhydrias by the Rehfdss method
also show lack of &cid by the histamine test. He and others
(151) (182) feel that a diagnosis of aohjlia is impossible
by the single extraction method. nTggleston (168) says that
10% of patients with digestive troubles have achlorhydria
aﬁd that 18/ of peéple show anacidity at the one hour per-
icd. He and others (28) (184) state that achlorhydria 1is
not uncommon in normal individuals;at least these people
are aymptom free., The idea nsualiy advanced (1562) is that
aahlorhydria is due to 2 low grade ehronic gastritis., The
1nfeotion.méy be by means of food but is more usually
hemﬁtogenoua eand is secondary to disease of some other

part of the body. Achlorhydris is rresent Gefore the glands

are sompletely atrophic and this agoounts fer the false
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achylia. Aetive treatment should be instituted at. this

stage in an attempt to ptevent.the patient from slipping
over into the true type. It has been suggested that small
stimulating deses of histamine might be of therapeutio
value. In pdtientavwsxhﬁa total .aoid under sixteen and no
free acid,there is little if any response to histamine.
Hoschaowitz (184) states that the percent of individuals
showing an anacidity igereases with each decade, Hamriok
(67) found achlorhydris iwloe &s commonly in women &s in
men (28) and twice as ocommonly in whites as in negroes.
?he_optimum age séems to be from forty to sixty years of
age. Strangely enough, he finds that achylie& may be oharaoc-
terized by epigastrie distress,aoudgéruat&tiona‘and i
;elieved by soda.Achlorhydria is found in such conditions
a8;alooholism (67) (83);tubercolusis (67) (83);diabet93
mellitus (67) (83);nephritis (67) (83) (171);gastric lues
(67) (83) (171);c0mbined sclerceis (162) (190) (147);
secondary anemia (1652) (171) (184);gastrogenous diarrhea
(162) (171) (190):ch§onic rheumatoid arthritis (162) (147)
(190) ;ohronic gall bladder disease (171) (162);c0litis
(190) (165) (147);acne rosacea (147) (lQO):urtiparia (190}
angioneurotic edema (190);aore'tbngue,11ps and gums (190);
acute infections (190) (171) (162), carison (28) quotes the
‘followins auihdrs in connection with oonditione found with
gg@lgﬁ@iﬁ&;’QQInfantile andrexia and atrophy-Wentwosth,
Sauéré gaii.bl&dder disease~Behm,Rydgard,Rhode,Blackford;
chronio oolitis-Bodnheim; prellagra and beriberi-Xitamura,

LaRue; aoute fevers-Meyer,Cohn,Carlson.




B - -The-alkaline tig:.noted.post-prandiélly»in;thea»«
urine 1a;elo§ely»aonnectedvwith‘gastr;cﬂaei@itymandlaohlo:-
hydria-and has reeeitgd increasing attention lateiy. Cohen
gndfﬁxéck_(zé) aimuténdonsly.awakéned stimulation of _
Vgasfrié seorstion by Sfrauss"tea whioh gives off no minerals
or products of digestion to the blood,and subeutaneous
histemine., They produced a very uniform initial Ph of the
n:ine by an evenly prepafed diet for several days. Deter-
minationa of the urinary Ph were by the Michaelis indi-
cator method. On the evening before the tést,at 7 P.M. the
patient was given one egg,four 7weibacha with butter and
two hundred cubic centimeters of Strauss tea, The next
morning,in the fasting condition,urine was ocollected at
‘lix and eeven o'eslosk. After the a@cond voiding,the patient
was given thfee hundred oubic centimeters of unsweeten-
ed Strauss tea and a subcutaneous injection of five tenths
milligram of histamine. Urine was colleocted every thirty
wBinuted for|three hours,the seven o0'clock sample serving aé
a basis for comparison. The normal and hyperacid oasee
averaged sixteen deoimals difference,the maximum difference
being noted in two hours. Fal®e achylia gave a difference
of thirtéen,with the maximum in one and ome hsalf hours
while true achylta gave & differenade of g#ix maximum in
two and onehbhalf hours. The authors concluded that an
inoreasse in Ph by twelve de.imals indicated the presence

of some free hydroohloric acid,'matzner‘&,eray (98) ,ueing



twentyntivewpgtients.andmggogt-the~8ame progedure .as. that
Just outlined;found an alkaline tide.in-only 50% of .pa-
tients ehowing free. HCl. This wad adoribed to the use of
@;qt#minq because it stimulateg bile and dupden&l,juioe

and because % gives a maximél but short etimulation which
may not by long enough to shange the urinary reaction. The
authors noted that the test oould not Be run for aeveral
hours after awakening,to avoid disorepancies caused by
carbon dioxide stored during the night. It was concluded
that histamine could not be used in the study of alkaline
tide in urine g0 the authors (99) eonduscted another series
of experiments ueing a Steero bouillon sube in s cup of
warm water. The method and resulte follow. Urine was oollected
at 6:30 and 8:30 A.M. and the Ph was determined. The
patientvwaa intybated at 9:00 A.M. and the fasting juice was
remo;ed,after whigk the stomach was thoroughly waeshed. Two
cups of nheimeal were then given and samples were taken
every twenty to thirty minutes for three to five hours,
urine'being dolleoted each time and msking sure that the
bladder was completely emptied each time. Cne duodenal ulcer
patient with a high free acid did not show an alkalide

tide but this may have been due to the constant meximal
gsecretion of the stomach. Other factors were found to be
impaired rengl function and previous diet. All other cases

except two,showed an alkaline tide. True achlorhydria

showed & fixed urinary reaction, The authors feel that this

ecombined test may be of value after gastrectomy or in
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cases where the imbe camnot be satisfactery pesged. They

‘ooncluded that an alkaline t1§e'coulg_be demongﬁ;&tqd‘in. )
85%,°f,99999‘ Eauders,Porges and Essen (175) 8tate that a t
hyperacidity oase is less apt %o have an alkaline tide
ygpange ﬁhq gggtriq acid value 18 at a maximum thronghont
tpe dgy and does not rise after a ipg;. This gives a fixed
urinary reaction Jjust as an achlorhydria. They used the
‘method of determination of oarbon dioxide tension of ex-
pired air but could not get satisfactory results.

The exact mechanism of pyloric sphineter control
has been the subject of much theorizing but as yet there
is8 no generally acéepted hypothesié. The older idea was that
the presence of acld on the pyloris side and base on the
duodenal side kept the sphinoter tightly closed. Then ,when

- the gastric oontents reached & certeain degree of acidity,
the sphinoter opened,chyme spurted into the duodenum,neunt-
ralization tookyplace,again the duodenum was. alkaline and
the sphincter olosed. Another ideas was based on motor act-.
ivity and here it wae thought that when waves of peristalu
gis from the gtomach and ducdenum met at the pylorus sim-
ult&neously.the aphinctér relaxed momentarily and chyme was
discharged into the duodenum in a small spurt. Other ideas
were based on the fluid consistency of the chyme or the
fatigue of the sphincter but none of these theories ex-
plaln all of the phenomena and this probably means that

no single theory is wholly correet.




While the minutg,?details of the chemistry of dig-
estioen do not‘segm to be pert;nent to“ardigcusaion ofhthe
gastric énalysis,nevertheiess,in order to bring out certain
points in the olinical applications which are to follow,it
was deemed necesgary to present this phase of gastric act-
ivity (139) (180). Pats are not chemically changed by gas-
tric juioe but the acid may break down the protein cover-
ing the droplets and so destroy the emulsions. Muscular
aéfion tends to cause mixing of the fats aﬁd gastric lipase
may begin the hydrolysis of simple fats as oream and butter,
Carbohydrates undergo no change usually but there may be
some hydrolysis of complex glucids by the hydroehloric acid.
The most important chemical activity in the stomach is that
on proteins which first feaet with the free acid to form
acid metaproteins, Pepsinogen is activated by free acid and
as pepsin,it begins hydrolysis of the metaproteins,known as
acid albumin or syntonin. The next product is a primary pro-
tecse,then secondary proteose,peptones and aminesgsoids. '
Other terma for these midpreduota are used buf they are 2
becomes smaller and smaller,it reaches ﬁﬂsféée where 1t
can be absorbed by the musosa and th f% local secretory
stimulsting effect follows, This dﬁ::fbed substance is the
go-called hormone,gastrin,described by Fdkins (46) and
&ccording to Berri (17) it is histamine or a histamine-
like substance, The importance of the normal completion of
this digestive process will be considered with the dis-

gussion of perniecious anemia,
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The relation of gastrie acidity to pernicious

snemia 18 worked out more thoroughly than for any other
6linjcal condition and for that reasom,pernicious anemia
will be dieeuesea firet. There 15 gtneral agreement (162)
(184) (171) (161) (150) (148) (154) (147) (169) (137) (67)
(140) (83) that pernicious anemis 1is accompanled by a true
achlorhydria;that is,no free acid can be demonstrated'even.
after such stimuli as histamine. Further than this,there is
consideradble evidence to ghow that the achlorhydris may
precedie the development of pernioious anemia by & number
of years (189) (145) (168) (179) (169) (184) (158) (150)
(154) (185). Fenwiok (150) in 1877 first discovered gastria
atrophy in associastion with severe anemia and Csbn & Von
Mering first noted the absence of free HCl in cases of
pernicious anemia. Hurst (169) says that achlorhydria is
the essential predisposing cause of pernicious anemis and
following the work of Bartle and Harkins (143) on the bact-
eriacidal actien of gastriec Juice he scocepts the idea of
idfection with absorption of toxins as the direot csuss of
the anemia, ?einberg (180) states that the relatives of a
prernicious anemis patient may show a blood picture regem-
bling the latent stage of the disease and Conner (150)
cites a list of thirty-eight authors (28) who show a fame
1lial tendeney in the disease. The familial tendenoy is slso
noted by Mosehaowitz (184). The present concept ef pernic-

ious anemia began te be evoived after the work of Minot
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and Murphy (183) wko found that all pernicious snemis

patienis improved on & diet of liver,fruite,vegetables and
low fata. They aseribed this improvement to the presence of
considerable iron and protein im the diet, Sharp (186) =and
Sturgis & Isaase® (188) showed that by the use of dessieated
whole @tomach or dessicated stomach defatted by petroleum
benzene ,a somplete remission aeould be braught.ahaut. They
felt that either tﬁere was an enzyme in the mucosa of the
g@tomach which acted on the gastrie protein during the.dry-
ing proeess or else,the gasiric mucosa,like the liver and
kidney,aont&ined“a Supply of aqtivevhgnopb&qtio.substanoe.
This dessicated material was found to be mbre asgtive than
liver, Castle, Townsend & Heath (148) eorrelated and ex-
Plained all these observations, They showed that the normal
human stomach,by virtue of its eontent of seoretions,

could produce ,by interaction with beef muscle,a substance
effeative in similar faéhion to liier,in yromoting prompt
bloecod regencration and olinieal improvement in perniaiogs
anemia. The patient was not able to form this substance.
The validity of the hypothesis that the geneeis of perni-
olous anemia 19 dependent on an inadequate gastrio digestion
of protein,thus permitiing the development of 2 viriual

: dﬁfioionay in the presence of g diet adequate for the normal
individual ,was further examined and the natuge of this
pos8tulated gastric defect was defined. The authors tﬁok

two hundred gyamscef beef,incubated it for twe hours with
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geventy-five to one hundred and fifty cubic centimeters of

fasting juibe obtainedAafter histamine ,used thias gubstance
in treatment and got olinical improvement with blood re-
generation 1n\t§n days. Pig gastric mucosa was found to be
effective alone; From these results,the authors (148) ar-
rived at the following conclusiong. The active constituent
or intrinsiq!faetor of the normal humasn fasting gastrie
eontent is probably secreted by the mucossg of the stomach
and is not present in the galiva or puro duodenal Juige,

- This substanee 18 probadbly organieicin nature,ie thermo-
labile,pogsibly an enzyme and is capable of.intgraotion‘_
with protein,the intrinsio factor,or & closely related
fubstance in neutral solution,resulting in the production ,
of a material having & marked hemopoietic effeot, This aub;
g@tance 18 not peps#in or rennin. The lask of this 1ntr1nsic
factor is probably the’ essential defect in pernieious anemia,
It is very interesting to note that Alledi (1) in his
investigations of posi-prandisl leuooqyfasia,made some oh-
servations whigh fit in very well at this point., He stated
that lsuaooytesié was caused by the stimulation of the
hemopoietic organs by the absorption of products of diges-
tion. He found the greatest lemsocytosis after the inges-
tion of albuminoids and could get noIVariations with
payobio stimulation. He got an increased white blood asell
sount after ingestion of HCL or injection of histamine and

explained it on the basis of inereased formation of this
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hemepoietic substance, Eggleston (168) bears out the work

of Castle but states tha achlorhydria is not always fol-
lowed by pernicious anemias. He al80 ocites cases which re-
semble pernicious anemia;fo}lowing subtotal gaétrectomy.
Aehlorhydris may éause a Secondary anemia which possibly
18 an early stage of pernicious anemia. Heath (162} feels
that there méy_be 8 typiecal pernioioué anemia in the
presence of free acid and explains this on the &absence of
the hemopoietie substance'from the gastric juice.

Gastric carcinoma is the only other eondition,
asige from obronie gastritis,whish is accompamied by &
true achlorhydria (67) (120) (83) (162) (170) (147) (140)
(161) (171) (28) (eB) (14) (139) (137). Hurst (170) never
saw a case of carcinoma in which free HCl was present early,
disappesaring as the discasge ptogressed. He 8tates that aar~
oinoma always ahows ohrenie gastri®is and he ie upheld in
this by others (137) (162). He says that carcinomatas tend to
dévelOp in areas of friction aé the pylorus. He gives the
following figures as to &#felogy;ehronic atrophic gastrits
76%,hypertrophic gastritis 1{2%,ohrohic gastric ulcer 20%,
gimple adeoma 4%%;fﬁonderson (68) 1n investigating gastrie
careinoma,recovered tiﬁ to eighty-seven cubic centimeters
of h&lodorous,blaedy fluid ocontaining much mucus, Bile was
present in 50% due to an inecomplete pylorus. All findings

were those of mechanical obstruotion and retarded aotivity.

There was an absehse of free scid and only traces of total
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acid (ten to twenty-five) later, but proportionately large

amounts of laetie'acid. Bennett (14) says that the gastrie
piocture depeﬁdé on the losation of the tumor but that the
gastrio analysis is glmost as diagnostic as the Xray. There
may be some Hci and lactic acid is not invarigbly present..
He differentiates three general types of chart which may be
shown in gastric carcinoma.'The benign achylia differs from
pernicious anemia in that there is profuse mﬁcus and blood

‘ in evéry sample and in that there is delayed emptying. wWith
mbderate pyloric obstruction there is low or absent free

acid but moderate total HCl. An early case may show free

acid and rapid emptying but the fasting juice showé no frese
and a high total acid. Wills (142) says that a diagnosis of
carcinbma may be made on the analysis of the resting juice
which is'foul-smeilmg,thiak and contain® retained food,
altered hiood,pus,mucus and orgénic acid. Knapp (81)‘states
that enzymes may be present but HC1 is absent. Eggleston (162)
statés that the malignant growth is rarely so extensive as

to give achlorhjdria by actual destruction of glandular
tissue. It may be due (152) fo ahronic gastritis, Immerman

S (171) found HCL in oarcimoma cases as follows;inoperable nd.,
resected group 51%,and‘malign§nt uléer 82%. Hartman (164)
(26b) and Priedenwald (158) (159) found HC1 in 60% of gas-
tric carcinomata. Friedenwald (158) analyzed one thousand
cases qf gastric malignaney and reports the folloﬁing datag

L

of gaS%%ie disturbances,9.6% are carcinoma and 7.8% ulcer.
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Carcinoma has its greatest incidence between the ages of

forty and sixty and ulcer between twenty and fifty. Carcin-
omé is most freqpent in the male and 9,4% show a hereditary
taint for oanéer. Aighty-two percent of the patients show
anemia. In gastric analysis 89% showed anacidity,3’ were
normal,4% were hyperacid and 3% subacid, Lactic acid was
present in 81%,0ppler~Boss bacilli in 79%,3arcinae in 327
and old blood in 61%. Duration of 1life was greater than one
year in 66} but all died within three yesrs. Pain was present
in 93%,anorexia and vomiting in 6%%, Rinety-nine percent were
primary in the stomach and 92.5% showed occult blood.

Chronie gastritis (139) is characterized by an
early inereased HCl and later by hyporor snacidity (83)
(140), There may be traces of lactic acid and muous in large
anounts. There is also decregsed motility and absorptioﬁ.
Hess (69) discovered that chromic gastritis gave the most
1nstru;tive and distinetive curves, Eggleston (1562) warns
of the dangerous aftermaths of chronic gastfitis and advo-

cates vigorous treatment before the glands are completely

- destroyed. He advocates removal of foci,administration of

dilute HCl and regulation of diet as to irritation,vitamins,
alaohol,tobacao,drugs,speed of eating,heat of foods,sweeté,
and soda fountain products. He Sees no rationale in giving
repsin or bitters but advocates & hot pad to the epigas-
trium for pain and gastric lavage for excessive mucus,

Immerman $171) found chronic gastritis in all achylias,.
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Huret (169) to be different,maintains that the gastritis is

seoondary to the achylia, Rehfuss (152) thinks chronic gas-~
tritis may result from opntinﬁ§1 swallowing of ﬁucppus in
cases of chrgpig.sinusitis.

Peptic ulcer,including the gastric and duodenal
types,is characterized by hyperacidity (80) (8) (177) (176)
(171) (1561) (68) (14) (139) (85) (69) (142) (107) (20).
Kérpola (80) expdaine all gastric pathology on the same

bagis;a spastic ocondition or parslysis of the blood vessels

‘of the stomach, According to him,mild pathology céuses the

'so-called nervous dyspepsia while stronger contraction gives

subacidity or anacidity. The parslysis gives hyperacidity and
hypersecretion. Spastiocity and parslysis together,sccodring
to.this theory,produce ulcer. Bashenow (8) feels that ulcers

form as a result of high acidity with & failure of duodensal

regurgitation to neutralize it, This explains the benefits of

an alkall regime, The gall bladder_is the safety valve to
keep the duod enum alkaline and ulcers may be produced ex-
perimentally (8) by ligation of the cystic duct. Morton (107)
found free acid in the duodenum only in cases of ulcer. He
beiieves that chroniecity 1s due to an imbalance between the

acids from the stomash aﬁd the alkalies of the duodenum,

- This may depend on a faulty action of the pylorus. Carlsom

(£28) (1B1) says that duodenal ulcer with no pyloric ob-

structlion gives a normal acidity and Meynihan (161) found

'60% of gastric ulcers showed subacidity while 727 of duod-
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enal ulcers showed hyperacidity. Eggleston (151) substan-

tiates these figures. Henderson (68) attempted to differ-
entiate between‘duodenal and gastric ulcers by the results
of gastrie analysis., In duédenal ulcer ,he found twenty-one
to ninety-two cubic oenfimeters of fasting juice,due to
retention and hypersecretion. Muous was small in amount and
fhe acidity was on an average,free thirty-five and total
#ixty. After the meal,tﬁe curve showed the peak or plateaun
type,depending on pylorie relaxation. The high point was
reached and then bile began to mnter, graduslly reducing

the acidity. Probab)y the high acid is the antecedent of

the ulceration. The stomachs emptied in one and one quarter
to three and one quarter hours., Gastric uloer showed twenty-
four to seventy-nine cubic centimeters of fasting juice,
with ah sverage acidity of free twenty and total forty.
There is leas spasm if the uleer 18 on the lesser vur-
vature and the whole pisture is interpreted in terms of

a disordered pylorus. The nearer the ulcer 18 to the pylorus,
the greater the spasm and the higher the acidity. The stom-
aohs emptied in one and three quarters to two and one half
hours. Bennett (14) feels that an acidity above fifty means
definite pathology and probably ulecer. Rapid rise in acidity
with rapid emptying usually means duedensl ulcer while he
finds that a slow rise with high acid and spasm eof the
pylorus,indicates gastric ulcer. The platean type of curve

indicates ebstruetion., Friedrich (65) carried on some ex-
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haustive investigation on ulcer patients and his results
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follow. The ocurve type was not pathognomonies for ulcer but
was usually of tﬂe climbing type. The location of the ulcer
modified the curve and it was possible to differentiaté
between gastric and duodenal ulcers. There were five sec-
retory types associgted with ulcer;l.Ascending and descend-
ing with méximum at various times Z.Rapidly riging curve
and plateau formation 3.Low ascending and desoending-curve
4,CQnstantly ascending b.Climbing or ladder type of curve.
Duodenal ulcers most often showed the platesu or ladder
curves or combinations of them,whereas ulcers of the legser
gurvature shdwedvthe ascending-descending type and never a ‘
1adder1formétion. Prépylorio and double ulcerg gave non-
uniform results. Gastric and duodenal ulcers could not be
differentiated as to emptying time but those on the lesser
curvature emptied most rapidly. Maximum acidity was higher
in duodenal than in gastric ulcers, Fifty percént of duod-
enasl ulcers ghowed no regurgitation and it was always after
gseventy-five minutes. In gastric ulcers,regurgitatiqn was
abgent in thirty percent and in the others,regurgitation

took place within sixty minutes, Neutral red was founf in the
‘stomaéh fifteen minutes after injecfion and appeared ea&arlier
with duodenal ulcers. It did not always parallel the aéid
secretions Chloride exoretion was slso independent of HCl:
and wag highér with duocdenal uleer, This was not patho-

gnomonic but definite types were found and regurgitation
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played a great part. There was no relation betwecn the type

of test breakfast and the type of curve or its acid value.
There was no definite relation between the secretory type
and symptoms and so the study of the curve is of no value

in estimating the progress under therapy. Ramond (120) states
that normally,there is free acid iﬁ the first samples but
that in ulcer cases,free acid does not appear until after
the second or third sample. ILeriche (177) and Gosset (161)
feel that hyperscidity is the cause of ulcers'gnﬁ state that
post-0perative ulcer is esgsentially a disea;e';esulting from
the anastomosis 6f a hyperacid stomach,buthardt (163) got
no hyperacidity of gastric juice aftér experimental PY O~
duction of ulcers, Post—operative'ulogrs follow gastro-
enterostomy in 1,5 to 5% of cases but rarely occur (177)
(161) after excision followed by gastroenferostomy. They

are particularly frequent (26%) after sntral exclusions

and are frequent after pyloric and trans-antral resestion,
which is often followed by hyperacidity and hypersecretion,
Ulcers are rare following extensive pylorogastrectomies and
are never found after operating on an achlorhydric stomach.
Medical treatment of These ulcers is unceriain because of
the tendency to perforation. Fogelson (157) found that from
gastric mucus,he could prepare & neutral mucin having a
high eombining power for free HCl. This was found to be an
idesl antacid because it did not excite secretioh,was

gsoothing ,was protective and did not alter the body chem-
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igtry nor disturb the gastrointestinal tract. It gave ex-

cellent therapeutlic results, Now,it had been shown (174)
that exclusion of bile from the intestine lead to spon-
ﬁaneous development of single or multiple duodenal or
gasgtric ulcers in the dog. Kapsinow 6i74) diverted bi}e to
the kidney pelves and got ulcers in 40% of cases, Berg &
Jobling (1l44) obtained ulcers in 60%., Fauley & Ivy (1b56)

- got ulcers in 10% with common duct ligation,and 10% after
pancreatic duct occlusion, They found also that ligastion

of the pancreatip duct in the Pavlov dog gave a temporary
decrease in gastric secretion for a few days,followed by

a hypernormal secretion for as long as six month®,al though
~ occasionally i1t declined to normal in three or four weeks.
_The ¥ypersecretion was due to an unexplained increase in
the intestinal phase of gastric secretion. The empiying time
of the stomach was found to be decreased and hunger was the
main factor. They showed that acid in the duodenum is &
minor factor in contrelling rate of emptying., Mann and
williamson (181) diverted bile from the duodenum by var-
ious types of operation and got acute ulcers in 307 with
ehronic ulcers in 16%. Still and Carlson (187) working with
obstructive jaundice,found that the rate of hunger con-
traction was diminished,the hunger periods were"shortened,
magnitude of individuel hunger contractions was diminished,
volume of secretion was diminished and concentration of

acid in the gastric juice was inereased, Iim & Ivy (176)
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using all the facts just mentioned,believed that these

ulcers could be prevented by the feeding of the muein
~described by Pogelson. One gram of the mucin would combine
with fifteen to eighteenxeubio centimeters of tenth normsl
hydrochloilo acid and each dog in the series received
fifteen grame of mucin in each meal. The dogs did well on
the muein and after a month of obgservation,none had dev~
eloped ulcers whereas the controls showed & 60% incidence
of ulcer and some dogs had multiple uleers. They concluded
that"the acid was & factor in ulcer formation and that
mucin was ﬁ_preventative.

Thé prévious discusgion has thrown some light
on the relation of the gall bladder to gastric function
but there has been additional work of a more direct char-
acter. Henderson (68) found thaf chronic cholecystitis gave
an abnormally high volume of gastric juice with a slowly
increasing acidity,rising to a hyperacid peak,late in the
sourse. He found the same condition with a chronic appendix,
Ballowitzs (6) and Immerman (171) found & hyperacidity in
aocute cholecystitis and Aldor ,Hohlueg and Ohly (6) found a
low\acidify in chronio gall bladder disease. Eggleston (162)
found gall bladder disease frequently associated with hypo-
acidity and he felt that chronic gastritie was a frequent
cause of cholecystitéds. This would explain the lowered acild-
itye It is possible that imperfect gastric digestion of pro-

tein with low acidity might favor biliary stasis and thus
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cause gall stone formation.

According to Henderson (68) gastric neuroses or
funetional dyspepasias are oharaotefized hj 2 hypoacidity
of the slowly asseending-desscending type.

Other investigators mention & variety of oclindoeal
oonditions which tend to cause a variation from the normsl
picture of gastric function. Bowen (1#6) states that dia-
betes mellitua,in long standing a&aes,causés aypoaeidity
or achlorhydria, Hardt (163),Green (162) and Chang (149)
agree that 2 condition of hypbrthyrpidisﬁ is8 accompanied
by hypoacidity whereas hypothyroidism or cretinism showe
no definite ohange., This experimentation was carried on by
foroed thyroid feedirg in pouch dogs,rabbits and in thyroid-
ectomized rabbite. Dr., Alfred J.Brown (personal communigstion¥
after a careful eonsideration of the case records at the

Univergity Hospital,states very definitely that conditions

=T

of hyperthyroidism are aocompanied by diminished or sbsent

HC1l in the stomach. Hypothyroidism shgwed no definite changes.
The findings on gastriec analysis sre not in any

way diagnostie as yet,with but few exceptions. "arcinoma and

pernicious anemiaAmay be fairly definitely diagnosed by a

gastric analysis but in all other cdnditions,the results gre

merely ad juvant (6) (68) to other findings. The examination,

due to the many varigble factors as previously explained,‘

due to the variety of methods used and due to the lack of

knowledge of standard normal values,ﬁust,as yet,be clasced

a3 a clinical snd not as an exact laboratory determination.



Typical Case Records of Various Clinical Conditions

Showing Their Effectig on Gagiric Function.



The Gastric Anslysis in Gasstric Carcinoma

William Henry Siwrell,a colored,divorced,farmer,
aged fifty-one,came into the University Hospital on Nov.2,
1930 complaining of;l.a dull pain in the epigastrium,
aggravated by eating. Sometimes this pain did not eome on
forcone to one and mne half hours after meals,f,Vomiting

of a greenish to coffee colored material.3.Constipation

with tarry,black stools.4.loega of about forty pounds in
weight in the last two months,b.Marked loss of strength.

The appetite had always been good and constipation
was only occasional up un%il two months ago,when thé pa-
tient began to feel ill,having vomiting spells which were
sometimes immediately after meals or after several hours,
This latter was especially true of the evening meal. After
about six such spells,he began to haﬁe pain with the vom-
iting and he noted some hematemesie, Soon a constant dull
ache began in the epigastrium and one month ago the stools
began to be dark. The rapid 1los8 in weight had been acconm-
panied bj a marked weakness in the last two months so that
the patient was unable to work. The pain was chiefly in the
epigastrium but occasionally radisted to the lower right
eabdomen, Pain was relieved by vomiting and the quantity wss
often greater than the amount of food just eaten., Starohy
foods seemed to cause the most pain and vomiting and@ as the
appetifé»fcr meat had been lost,this was also excluded from

the diet.




Gastric Carcinoma
Inspection showed s profoundly emacigted man
with an emesis hasih at hand,containing a coffee ground
material. The mugous membranes were pale but not Jaundiced.
‘The examination revealed no masses but the epigastrium
was tender, Therapy was iﬁstituted a8 follows;bed rest,
morphine to splint the bowel,fluid diet in small feedings,

normal saline solution by hypod ermoclysis,intravenous
glucos_e and calcium chloride, X

A roentgenogram showed an inoperable garcinoma
of the lower stomach,along both curvatures,and with an
extreme degree of retentioﬁ even after twenty-four hours.
The erythrocyte count was slightly above two million and
two transfusions were given. 3tool examinations weie always
poéitive for ocoult blood and a gastric analysis gave the
following information;

R.J. 1 2 3. 4 b 6

Free O 0 0 0 0 0 0

Total b ) 1 1. 1.0 105 1

10 20 30 40 50 60 70 80 90 100
ﬂ ;| 80( .327)
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r A 60(.219)
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Af:w>¥ 40(.146) !
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Gastric Carcinoma
All of the gastric samples were positive for
occult blood,

Surgical laparotdmy was deemed advisable and

revealed an extensive carcinomatosis, Anterior gastro~

enterostomy was performed and the patient died the same
day.
Hecropsy showed oatcinomatous infiltration of

the mesentery,gall bladder,liver and pancreas. The primary

lesion was an ulcerated scirrhous type of csrcinoma st

the pjlorus of the stomach,



The éastric Analysis in Gastric Ulcer

Edwin G.Hunnel an American,white,single,car-
penter aged fifty-nine,éame:intO'the University Hospital
on Sept.26,1931690mp1aining of ;1.Nausea 2.Pain in the
epigastrium 3,Burning sensation in the chest 4.,A yellow
color of the skin 5.Burning on urination 6,Urinary
frequenocy,

About seven years ago the patient became sick
at the stomach and vomited a considerable quantity of
bloed. Sinoe that time he has noticed a rather constant
gnawing pain in the epigastrium,often becoming worse,one
to two hours af ter megls and sometimes being rélieved by
taking food. Three years ago there was another similar
attack of severe pain with nausea and vomiting but no
hematemesis, For the past few months the patient has been
living on erackers and milke. Six weeks ago a third attack
came on and considerable green material was vomited but
there was no hemorrhage. Jaundice began to appear about
two weeks sago,

Physical examination showed eonsiderable emacis-
tion., The epigastrium was rigid,tender and an indefinite mass -
was yalpated.

A roentgen film showed poor filling in the pre-
pPylorio and duodenal regions. The appesrance was that of
neoplasm and from this and the history,a diagmosis of early

carcinomg on an 0ld ulcer base was msde,



Gast?ip Uleer
The stools were tarry and pogitive for bloed.
The Van Den Bergh reaction showed a direct positive im-
mediately. A gastric analysis by the Rehfuss method showed;
Rede 1 2 3 4 b 6

Free 0 12 42 BO 65 48 37
Total 32 40 84 109 114 92 86
7y )
s Dispensary ‘
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20(,073) |
. ]10(:036)

i |

Surgical reseation was advised but the patient
refused and was dismissed on Oct,9,1931,slightly improved.



The Gastric Analysis iﬁ Duodenal Ulcer

Lorenzo Lingle,a single,American,white,farm-
hand ,aged twenty-three,came into the University Hospital
on Feb,11,1931 having. had no complaints for the previ&us
five days. | _

Four years ago in June,he had noted an unusual '
amount of distention of the upper abdomen after meals,
relieved by belching or by soda. Thie distress was worst
after eatiﬁg cabbage or fat meats. He had never been nau-
seated nor had he vomited. This condition persisted for three
years when the patient went to South Dakota and was relieved
for four months, He osme back to Nebrasks and eight months
later the same distress reappeared ,followed in about s
week by a burning sensation in the epigastrium, Thies burn-
ing came on one to two hours after every meal but was
especially noticed while working. A doctor gave him =ome
powders and put him on a diet but without results. ILater.
the patient was on a diet of raw eggs and milk for ten
days and was relieved for a short period, The recurrence
was not so severe and now he is bothered by gas and an
occasional sharp pain in the epigastrium,

Physical examination revealed slight tenderness
pver the epigastrium. A gastric analysis showed;

Rede 1 2 3 4 b 6
Free 86 14 30 66 92 78 50
Total 100 28 42 84 112 90 60



Duodenal Ulcer
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The gastric samples as‘well as the stools were
always positive for ocoult blood. A roentgen film at this
time showed the duodenal bulb to be large,with e relatiVeiy
congtant outpoeketing on the lesser curvature just distal
to the pyloius.'

Sippy diet was instituted and gastric lavage was
uged at bed-time. The patient soon became symptom free and
on Ma:.l?,lgzi the patient was discharged and referred %o

the home doctor for continued ambulant management,



The Gastrie Analysis in Cholecystitis

Mree.Alma Martinm,a married,Ameriocan,white house-
wife,aged fifty-one,entersd the University Hbapital on
Aug.4,1951’beoaﬁse of & very severe chronic oonstipation.

She was quite well until about ten years ago
when 8he had to quit eating cabbage, beanw ,and fat pork
because of the belching and flatulense produced. Abqut
five years ago,congtipation gradually became worse snd
in July of 15929 she had to be operated on for & fecal im-
paction, The eonstipation has continued since that time
in gpite of the use of Epsom salts mineral oil and fre-
quent enemas, Pain in the back and right side-gradually
developed and became moderately severe,often awakening
her at night and requiring soda for relief. There were
frequent cramps,gas pains and néusea but no vomiting.

Physiocal examination revealed tenderness over
the epigastrium and Graham-Cole test failed to show qnj
evidence of a normally functioning gall-bladder. A Rehfuss
type of gastric analysis at this time showed:

R.J. 1 | e 3 4 b 6

Free O 16 42 19 17 31 53
Total 73 3e e 48 43 b8 84



Cholecystitis
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Cholecysteoctomy and appendectomy were done and

on Sept.17,1931‘the patient was diamissed,cxoh improved.



The Gastric Analysis in Pernicious Anemis

EéﬁtﬁfR.W&l&en,a wﬁita,married,painter,aged fifty-
five,entered the University Hospital on Jan.7,1931 com-
plaining of:l,Progressive weakness-of four years duration
2.Dizzy s8pells for the paet_four years 3.Pain in the ab-
domen,extending around to the back,especially en the left,
and of & duration of two years 4.Numbness of the legs,feet
and hands 5.shortness of breath 6.Neoturia three or four
times 7.Gas on the stomach.

In March of 1927 the patient had an attack of
pa2in in the abdomen and soon became comatose  remaining
uncondeious for three days. He recovered after two monthe
but was weak,had pain in the gbdomen and a persistent
diarrhea., He was fairly well until March of 1928 and then
got gradually weaker ,developed shortness of breath and
lost his appetite. In September of that year, he noticed more
ebdominal soreness and more severe attacks of diarrhea.
'This persisted for two and one half years with remigsions
and exaeerhatﬁons. Paresthesiss of the hands and feet have
developed in the past three months and are noticed most
when the extremities have been kept quiet for a while.

The nesturia developed in 1928 and got progressively more
troublesome,

The gastrointegtinal history revealed that he
hadcnot eaten beans, cabbage or egge for the past twenty



Pernicecious Anemis
years becguse of the gas formation. Por the past three yearé
he had little appetite and so ate very.little. He would
often start to eat and would then become nauseated,
Inspection showed a lemon-yellow tint td the
8kin and palpation revealed a tender epigastrium, The
tongue was smooth, The knee jerks were retarded snd the
vibratory sense was diminished. The patient was emaciated,
listless and dyspneic. Blood counts were as follows:
1/18/51 1/15/31 1/22/51
Hem  68% 85% 86%
RBC 2,880,000 3,640,000 3,790,000
WBC 8,400 6,400 5,800
Blood smears showed aniscoytosis,poikiloasytosis and re t-
1oulocytosia. A gastric analysis by the Ewald method on
Jan,13 showed at the end of one hour,no free aoid with

& total acidity of twenty-four.

40(,146)
30(,109)’
20(.073)

. ]10(.036)
il

The patient was put on dilute HC1 and Ventrie-
ulin, He was dismissed on Feb.3,1931,with instriotions
to oontinmwe this therapy indefinitely,




The Gastric Analysis in Hyperthyroidism

Mre. Sars Higgins,a widowed,Irish house-wife,
aged éixtgathree,eame into the University Hospital on
Deoe,19,1929 complaining of:1.4 smothering sensation around
the heart 2.Censiderable loss of weight 3.Pain ahd swelling
of the lega 4.Increasing nervousness 5.Progressive weakness
é.Voracious aﬁpétite 7.5mall mass in the neck.

About elghteen years ago the patient had noticed
a4 small mass in the neck and about the size of a pea.
This Yery slowly grew larger but caused no symptoms until
about five years ago when the patient moted that she was
getting weaker and was always tired. Then she began to
have painful swellings of the legs and feet. During thie
‘time there had been an inereasing tendency toward belehing,
acoompanied by sour eructations. There were oscasional
attacks of nangea with vomiting., Several of these attacks
oscured during the last winter and were accompahied by
8harp pain in the epigastrium,relieved by vomiting.

. A diagnosis of toxic adenoma of the thyroid with
nyocarditis was made. The heart was fibrillating but the
pafient wa8 at least thought to be in suitable condition
for operation. A Rehfuss type of gastric snalysis &t this
time ahowed:

R.J. 1. 2 3 4 b5 6
Free 0 0 0 0
Total 0 7 8 9 7 12 14

o
<



- Hyperthyroidism
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Thyroidectomy was performed and the patient
‘recovered uneventfully., She went home on Feb.4,1930,much

improved but died the following September of heart failure,
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