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Recently there has been a wide discussion on the character of the 
gastric and duodenal contents in sprue. I n reviewing th e litera­
ture, several investigators ar e found to hav e studied thi s problem. 
Bahr e), in his Ceylon cases, foun d either diminution in the amount, 
or entire absence of the pancreatic ferments. T. R. Brown (2) found 
entire absence, of pancreatic ferments or these existed in minimal 
amounts falling within the limits of experimental error in his two 
cases f rom Porto Rico and three from the Philippines. Silverman 
and Denis f") foun d the pancreatic enzymes to be present to a con­
siderab le extent in the duodenal contents. Pratt and Spooner(") at 
first r eported pancreatic insufficiency in sprue; later, in another 
case, they faile d to corroborate their first observations. Sokhey and 
Malandkar P ) came to the conclusion that there is no insufficiency of 
the pancreas. Ashford (6) and myself have found a r eduction in 
pancreatic ferments. 

These discord ant findings in many cases are due to the differences 
in the methods of analysis. Referring to Sokhey and Malandkar 's 
work let it be said that while they have used the same methods that 
we have used, they in troduce a modification which would seem to 
explain the difference in results, as will be describ ed later. These 
authors seem not to have taken into sufficient consideration the physi­
ology of the gastro-intestinal t ract and we should like to comment on 

. this phase of the subject, 
Dolinsky (1895) discovered that acids brought into contact with 

the mucous membrane of .the duodenum promptly set up a secretion 
of pancreatic juice. Since this discovery it has been believed that 
the acid gastric juice is what serves to init iat e the flow from the 
pancreas. A:!J soon as the acid contents of the stomach begin to pass 
through the pylorus this action commences. Assuming that the 
pancreatic gland possesses secretory nerve fibers, it was thought at 
first that the acid stimulates these fibers reflexly, that is, the acid in 
the duodenum, acting, upon sensory endings, causes a reflex stimu­
lation of the efferent secretory fibers. It has been shown that th e 

:leU 
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same effect takes place after section of the vagus and splanchnic 
nerves. But Bayliss and Starling have called attention to another 
and more probable explanation. These authors find that if the mu­
cous membrane of the duodenum is scraped off and treated with 0.4 
per cent hydrochlor ic acid, the ext ract thus made, when injected into 
the blood, sets up an active secret ion of pancre atic juice. Th ey have 
shown that this effect is due to a special substance, secretin, which 
is formed by the action of the acid upon some subs tance (prosecretine) 
present in t he mucous membrane. Secre tin is not an enzyme, since 
its activity is not destroyed by boiling nor by the action of alcohol. 
'I'he experimental evidence at present favors the view th at the normal 
sequence of events is as follows : The acid of the gastric juice upon 
reaching the duodenum brings about the product ion of secretin j tl~s 

in tu rn is absorbed by th e blood, car ried to the pancreas, and stimu­
lates this organ to activity. The pancrea tic secretion fu rnishes, 
th erefore, another example of the group of substances designated by 
Star ling as hormon es. According to the evidence at present, we 
must conclude that the pancreati c secretion, like the gastric juice, 
consists of two parts : First, a nervous secretion caused by the 
st imulation of th e secr etory fibers in the filaments of the vagus and 
splanchnic; second, a chemical secretion due to the action of secretin. 
These two secretions are said to present quite different characters. 
The for mer is thic k, opalescent, rich in ferments and proteins, but 
poor in alkalies. .The tryp sin contained in it may be secreted in 
active form, and the secretion is suspended by the action of atropine. 
Administration of pilocarpine, on the cont ra ry, excites th is secretion. 
The chemical secretion, on the other hand is thin and watery, con­
tains relatively littl e ferment or proteins and is ri ch in alkali. The 
trypsin in it is secreted in an inactive for m, and the secretion is not 
affected by the administration of atr opine. The normal relation of 
these two forms of secr etion in an ordinary meal is not so apparent 
as in th e case of the gastric secretion. Nothing is known of its 
nature or the point of departure of the afferent st imuli r esponsible 
for it, but assuming its existence as a part of the normal machinery 
We may infer that th e nervous reflex is preparato ry and provides 
for a flow of pancreatic juice in th e earlier stages of intestinal di­
gestion, while the action of the secr etin serves to maintain this flow 
until the stomach is completely emptied. 

In sprue, it has been demonstrated that the ent ire nervous syste m, 
particularly the autonomic nervous system, is func tionally altered. 
and therefore the nervous reflexes that control the flow of pancreatic 
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juice are also probably al tered. If we have a diminution in 
quantity of pancreatic juice do we also have a diminution of 
the enzymes1 Let us consider first the enzyme action of the pan­
creatic ferments. Sherman an d Schlesinger (7) have demonstrated 
in their work on amylases, that 1 :100,000,000 in a one per cent starch 
solution converted 100,000 t imes its weight of starch to the erythro­
dextrin stage in th irty hours and within ninety-six hours had com­
pletely digested the starch an d intermediate dextrins to p roducts 
giving no reaction with iodin e and had formed over 500,000 times 
its weight of reducing sugar calculated as maltose. So when the 
relationship between the extent of transformation and the time which 
may chance to obta in in a given instance of an enzymic hydrolysis, 
one quantitat ive relationship remains invariably true, namely, th at 
tlie time required to attain a giv en amount of t ranejormation. of the 
substrate is inversely proportional to the concentration of the enzyme. 
There appears to be no deviation from thi s rule which is not immedi­
ately explicable by decomposit ion of the enzyme or such adventitious 
factors as fluctuation of temperature, reac t ion, et c. 

As t he digestion of the chyme in the duodenum persists for ap­
proximately one half hour, th at is why when testing the pancreatic 
enzymes in vitro, th e per iods of digestion must conform to the 
period of digestion in the human body . For this reason t he Gross 
method for det ermining the proteolytic enzymes, as well as the 
Wohlgemuth method for determining the diastase act ivity have been 
used. The Gross method reads as follows: 

Prepare a series of tubes contai ning 10 ce of a 0.1 per-cent solution of pure, 
fat-free casein which has been heated to a temperat ure of 40· C. Add to the 
cont ents of the series of tubes increasing amounts of pancreatic juice under ex­
amination and reave them at 40· 0 for 15 minutes. At t he end of this time 
rem ove the tubes and acidify th e contents of each wit h a few drops of diluted 
acetic acid (1 per-cent). The tubes in which the case in is completely digested 
w:ill remain clear when acidified, while tho se tubes which contain undigested casein 
will become more 0 1' less t urbid un der t hese conditions. Select the last t ube in 
the series which exhibits no tnrbidity upon acidification, thus indicating comple te 
dig estion of casein , and calculate activity of the enzyme solution under exami­
nation. 

CalC1l1ation: The unit of trypt ic activity is an expression of the power of 
1 ec of the fluid under examination, exert ed for a period of 15 min utes, to digest 
the casein in 10 ce. of 0.1 per -cent casein solution. l!'or example, if 0.5 ce of 
the pancreatic juice completely digests 10 ec of 0.1 per-cent casei n solu tion in 15 
minutes , th e activity of the solution would be exp resse d as f ollows: 

Tryptic activity = 1 +.5 = 2 
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Such a t rypsin solution or pancreatic juice wonld be said to pOBBeBS an activity 
of 2. ete., according to the dilution. 

Sokhey and Malandkar have modified this method, using 5 cc. of 
0.1 per -cent casein solution and an incub ation period of two hours. 
Of course, having one half the quantity of casein solution and an 
incubation period of two hours, any small quanti ty of the trypsin 
present will digest all the casein solution in any reasonable propor­
tion, as has been already demonstrated. 

The Wohlgemuth method for diastase activity r eads as follows : 

Arrange a series of test tubes with dimlnishing quantities of the enzyme 
solution under examination. Introduce into each tub e 5 cc of 1 per· cent solution 
of soluble st arch' and pla ce each tube at once in a bath of ice-water. When all 
the tubes have been prepared in this way and placed in the ice-water bath, they 
are transferred to a water-bath or incubator and kept at 3S" 0 for 30 minutes. 
At the end of this digestion period the tubes are again removed to the bath of 
ice-wate r in ord er that the action of the enzyme may be stopped. 

Dilute the conten ts of each tube with wate r to within a half inch of the top, 
add a drop of N/IO solut ion of iodine and shake the tu be and contents thoroughly. 
A series of colors ranging from dark blue through bluish-violet and reddish­
yellow will be formed. The dark bfue color shows the presence of unchanged 
starch, the bluish -violet indicates a mixture of starch and erythrodextrin; whereaa 
the reddish yellow signifies that erythrodextrin and maltose are present, and the 
yellow solution denotes the complete t ransformation of starch to maltose. .Ex­
amine the tubes carefully before a white background and select the last tube 
in the series which shows the entire absenc e of al] blue color, thus indicating that 
the starch has been completely transformed into dextrin and sugar . 

Calculat ioll: The amylolytic activity of a given solution is expresse d in terms 
of the activity of 1 cc of such a solution. For example, if it is found tha t 0.02 
cc of an amylolyt ic solut ion, acting at 3S" 0, completely transformed the starch 
in 5 ee of a 1 per-cent solution in thirty minutes, t he amylolytie activity of BUch 

a .OIUtiOD would be expressed as follows: 

D X 38" 
- = 250 
30 

This indieates that 1 ee of the solution under examination possesses the power 
at completely digesting 250 ce of 1 per-cent solution in thirty minutes a t 3S". 

Sokhey and Malandkar have used these methods with the excep­
tion that they incubate for a period of two hours, thus giving ample 
time for digestion in vitro of any r easonable quantity of starch, as 
has already been demonstrated. 

F or lipas e we have used the ethylbutyrate method. This method 
reads as follows : 

Place 1 cc of alkalinized duodenal contents in each of two large test tubes. 
Boll the contents of one, and cool. To each tube now add 1 ce of ethylbutyrate, 
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10 lie ol water and 1 ec of toluene. Shake well, and incubate at 31° C lor 24 
hours; shaking several t imes in the interval. Then titrate acidity, using N/10 
NaOH and phenolphthalein. The difference ( in cubic centimeters) between the 
results of the two tit rations represents the lipase. The normal being considered 
to be 0.2 - 2.0. 

Sokhey and Malandkar employ the Kanitz method of using olive 
oil. This method r eads as follows: 

Fiv e ec of olive oil (Heinz ) with 2 cc ot duodenal contents were ineubated for 
2 hours. Fatty acids produced were titrated with N/IO Na OH usin g phenolph· 
tbalein ae indicator. 

In order to illustrate our thesis we shall give the ana lyses of 
normal duodenal contents as well as of duodenal contents of sprue 
patients which have been worked out by the two methods. 

HEALTH Y INDIV IDUALS 

DUOD.NAL ANALYSES-T RYPSIN A CTI\'ITY 

GROSS WRTHOD 

Case Name 1 CC 0 .5 cc 0.25 cc 0.1 co o.es ee e.oos ee 

I. .. . .. ..... .... ... J .A. L .. ... clear .. .. clear . . .. clear ... . clear . . . • clear . . . . clear
 
2 . . .. . . .. . . ... . . .. .. H.D.. .. . . . . :: : : : : clear .. .. clear .. .. clear . .. . clear . .. . clear .. .. clear
 
3 ...... .. . .. . . . . . ... A . F ... . ... ..... ... clear . ... clear .. • . clear .. .. clear.. .. clear .. . . clear
 
. ....... .. ..... . .... R. L. I . .. . . . ... . .. clear .. .. clear .... clear.. . . clear . . .. clear .. . . clear
 
5. . . . .. . . . . . .. ... . .. A . D.. . .. .. .. . . .. . clear .... clear . ... clear . .. . clear . .. . clear ... . clear 

BOII:H. Y AND M ALANDKAR'S MODInCUION 

CIlS6 Name 1 cc 0.5 cC 0.25 cc 0.1 co o cscc 0 ocs ee 

I. . .. . . . .... . . . ... . J . A. L.. .... .. .. . . clear . .. . clear.. .. clcar . .. . clnar . . . . clear .... clear
 
:I... ... ... . . . . . . . .. . H.D.. . .. .. . .. .. .. clear .. .. clear .... clear .... clear . . .. clear .... clear
 
3 .. .. ... .. . .. . . . .... A. F. .... .. ... .. . .. clear .... clear . .. . clear . ... clear . . .. clear.... clesr
 
t . .... .. .. ... .. .. . .. R. L. I .. . . . .. . .. .. eteer . ... clear .. .. clear .. • . clear . . .. clear . . .. clear
 
5 .. .. .. ... .. .. . ... .. A .B.. . . .. . .. .. .. . cleBr.... clear . .. . clear . .. . clear .. . . clear .. .. clear
 

SPRUE PATIENTS 

DUODENAL ANALYSIS- T RYPSIN ACTIVITY 

OROea KETHOD 

Qusntlties or D uodenal Contents 
CIlS8 Name - - ­

Ice 0.5co 0 .25 co 0.1 cc O .~cc 0 .006cc 
I--. 

I. .. ...... ... ...... . A. M .. ... .. ... .. .. clear . . .. clear . . . . clear . . .. clear . . . . opaque. . opaque
 
2. . .~ . .. .. . . . .. . . . . . D . G........ ..... . clear . . .. clear . .. . clear .... °feaQue opaque.. opaque
 ..3........ ..... .. .... J . H . P.. .. . .. . .. .. clear .. .. clear .. .. clear . . .. c ear .... opaque.. opaque
 
. ................... B.H...... .. .. .. .. elear . .. . clear . . . . clear .. .. clear .. .. opaque.. opaque
 
5.... .. . . .... . .. .. . J . O.... .. .. . .. .... clear .. .. clear . . • . opa que . opaque. . opaque.. opaque
 
8 ... .. . .. .. . .. .. . .. M .O.. .... .. .. .. .. clear .... elear .... clear . . .. opa que.. opaq ue.. opaque
 
7.. .. ..... ..... .. P.V.. .. .. .. .. .. ... clear .... clear .. . . clear . . .. opaque.. opaque.. opa que 

http:clear..�
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DUODENAL ANALYSIs 

BOKHXY AND MALANDIt AR 's MODIFICATION 

Quantities ot Du odenal Oont ents 

Case Name 
1 ce 0.5 co O.25cc 0.1 co 0 05CC O.005co 

1•. . •• . . . . . . . . . . . . . . A.M.. . . . . . . ... . . . clear . .. . clear.. . . elear . . . . clear . .. . clear . . .. etear
 
2. . . . . . . .. .. . . .. . . . . D.O.... ... . . .. . .. clear .... clear ... . clear. clear .. . . c1elll' clear
 
3 .. . . . . . . . . . ... . . . • J.R.P... . .. .. .. ,' dear .... clear . . . . clear.: : : clear .. . clear . . . . clear
 
oI . . . . . .. . . . .. . . . . . . . B.R... .. . . .. .. . .. clear .. . . clear . . . . clear .... clear .. . . clear . .. . clear
 
.s... .. .......... .... J. 0 ....... .. ... . . clear .. . . clear .. . . clear. . .. clear .. .. clear . . . . clear
 
8 ..... .. .. .. .. .... .. M. C.... .. .. .. .. . clear . . .. clear .. .. clear .... clear .. .. clear .... clear
 
7.. ... .. .... .... . .. • P .V.. .. .... .. .. .. . clear . . .. clear .... clear . . . . clear . ... clear . . .. clear
 

NORMAL I N DIVID UAL S
 
DU 6T .~8E A CTIV1Ty-WOHLGEIoIUTII's M ETHOD
 

Case Name Icc 0.5co 0.25 co 0 1 cc o.osee 0 00500 

I ... . . . ... .... .. . .. . J.A. L .. .. .. . ... .. clear . . .. clear .. .. clcar . ... clear .... clear . . . . clear
 
2... .. .... . ... .. . . .. R .D.... .. , . .. .. .. clear .. . . clear ... . clear .. . . clear . . . . clear . . . . clear
 
3 .. .. .. ...... . .. . .. . A.F.. .. .. .. . .. . .. . clear . . . . clear .. . . clear .. . . clear ... . clear . . . . clear
 
oI .... . .. .... ... .. .. . R. 1•. 1. . .. . . .. .. .. clear . . . . clear .... clear . . . . clear . . . . clear .. .. clear
 
5..... . .. . .. . .. ..... A. B... . . . .. .. . . . clear . . .. clear .. . . clear.. . . clear . . .. clear .. .. clear
 

SOItHEY AND M ALANDKAR ' . :M ODIFICATION 

Cas e Na me 1 ec 0 .5 ce 0 25 cc o.r ee 0 05cc 0 .005co 

, 
1. . . .. . .. . . .. . . . .. .. J.A. L .. ..... .. ... clear . . . . clear . . . . clear .. .. clear. '" clear .... clear
 
2. .. . . . ... . . . ... . .. . R.D.. .. . . .. .. . .. . clear .. . . clear . . . . clear . . . . clear . .. . cleat .. . . clear
 
3 .. . .. . .. . ... . .. .. . . A. F .. clear .. . . clear . . .. clear . . . . clear .. .. clear . .. . clear
 
... .. . . .. .. .. .. . . .. R . L. C ::: :::::: clear . .. . clear . . . . clear ... . clear • . . . clear .. . . clear
 

5... . ... . . . .. . .. . .. . A. B ... .. ...... . .. clear .... clear .. .. clear .. .. clear . . . . clear . . . . clear
 

SP RUE PATIENTS 
DI.UTASE ACTIVITy-WOHLGEMUTH'a METHOD 

Quanti ties of Duodensl Content' 

Oue Name 
1 co 0.6co 0.25 co o. f ee 0.06 CO 00005 co 

- - - --- - 1--- - - ---- ----­
... .. . . .. . .. ... .. . . M . A... . .. .. . . .. .. clear ... . clear .. . . clear ... . bluish- bluish­

vIolet violet blue 
2................... D.G. .. .. . .. . .. .. clear . ... clear .. . . clear .. .. cl8lll .. . . clear .. . . blulah. 

.Iolet 
3 ... .. . . . ... . .. . ... . 1. H. P ... .. .. . .. .. clear ... . clear . . .. clear ... . clear .. .. clear .. .. clear
,.. . . .. . .. ... .. . . .. B.n..... ........ clear .. . . clear .. . . clear . . . blue blue blue
 
5................... J .O..... .. . . ... .. clear .... clear . . . . clear ... . vtolat- violet· blue
 

blue bl ue 
8 . .. .. .. ... ...... . .. M .O.. .. .. .. ... . .. clear . ... clear .. . . clear . . . . violet- viole t· Violet-

blue blue blue 
7 .... .. .... ..... . . .. P. V.. .. . .. . .. .... clear . . . . clear ... . clear . ... clear... . clear ... . cleat 

SOKHEY AND MALAliDK AR 'S MO DIFICATION 

Quantities ot Duodenal Contents 

Case Name 
1 ce 0.5 cc 0.25 ee 0 .1 cc 0. 05 co 0.005 co 

I ..... ... .... . .. . .. . A. ~f.. .......... .. clear . .. . clear . . . . clear . ... clear . . .. clear .. .. cl6lll"
 
2.. .. .. . .. . . .. . . . ... D. G. . . . .. . . .. . .. . clear ... . clear .. .. clear . clear . .. . clear . ... clear
 
a.. .. . .. .. ... . ... .. J .R. P..... .. .. . .. clear . clesr . .. . clear . . : . clear . . . . clear .. .. clear
 
4 ... .. . .. . .. .. . . .. . . B. 8 .. .. . .. .. . . . .. cleur .. : : clear . ... clear ... . clear . . .. clear . . . . clear
 
s.... . ...... ........ 1. 0 .. .. . . .. ... , .. . elear . . . clear . ... clear . .. . clear ... . clear . . .. clear
 
6 . . .. ..... . .. .. . ... . ~l. 0 ..... . .. .... .. clear . . . clear . . .. clear .... clear . ... clear .. .. clear
 
7... .. ... .. . .. .. .. .. P . V.. .. .. . .. . . .. .. clear .. .. clear .... clear . .. . clear . . . . clear . ... clesr
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N ORM AL PERSONS 
L IPASB 

EITBYLBUTYRATE METR OD 

Case Nom e Quanti ty 

I. J . A . L . . . . '.' 2.2 
2 H . D .. .. ... . . .. .. . .. .. 1.9 
3 A. L .. 2.7 
L 
~ 

R . L. I. 
'-.R . . " 

_.. .. 
.. 

1.8 
0 .9 

/ SPR UE l'.-I.TIENTS 
I,JPASE 

ETBYLBt:tTIIATE lIETROD 

Cnse Name Quan ti ty 

1.. . .... ~f. A .. 0 11 
2 . . .. .. . . D. M . . ·.: : : : ::: : : : : : : : 0 .48
 
3 J . H. P... . .. .... ...... 0 .24
 
4..... ... D.R .. . ...- ........ I.~
 
~ J . 0 .. .. .. ... .. 0 .1
 
6. . . .... . 1\1. C .. . : .:: : : . .... .. 1.2
 
7•.. . . ... P.\" . ... ..... - ........ 0 2
 I
 

SOKSE Y Asn :'1ALAsnKAR '~ 

OLIV E OIL ),IU1I01>. 

IQua ntIty 
of co of 

CMe ~ s1D e N /lO
No OH to 
neut ra liu 

I. .. .... 1\1. 11. . . . .. ___ .. .. .. .. 27.3 
2 D. 1\1. .. . ... 19.6 
3.. .. . .. . J .H. P... . :::: ::: : . .. 0 .7 
4... . .. .. D. II . . . . . . .. .. . .. .. .. 2 . ~ 

L .. .. .. J . 0 4 .7 
6 .. .. .... 6.7 1\1. 0'::.::::::::::: :: : 
i ... ... . P . V .. . ............ 6.2
 

Sprue is said by Ashford to be an exhaustive process and he has 
produced evidence of physiologic exhaustion of the bone marrow, 
corroborated by pathologic sections. He believes that th is physio­
logic exhaustion involves the pancreas and that the function of 
enzyme production is reduced an d in termi ttent. In this case, the 
presence of even a normal amount of the enzymes at any given 
time might be followed by much longer periods of lessened amounts 
or even tot-al absence. Such abrogation of function is profoundly 
affected by psychic conditions working th rough a disordered au to­
nomic nervous system and the same statement may be applied to 
other organs of digestion. For these reasons one analysis of duodenal 
contents would not seem to be enough to determine the integrity of 
the pancreatic function, and only a large number of cases will ever 
establish the average value of pancreatic secretions in sprue. 
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SUMMARY AND CONCLUSIONS 

A review of the pancreatic digestion is made. The mechanics of 
enzyme action is taken in to consideration. Comparison i made of 
the digestion, in vivo, and in vitro. The methods used are described. 
Comparison is made of the Gross and Wohlegemuth 's Methods with 
modification made by Sokhey and Malandkar in which they do not 
take into consideration the enzyme activity and periods of digest ion. 
Sokhey and Malandkar prove the enzyme activity, and not the amount 
of enzyme present. 
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