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The Concentration of Pancreatic Enzymes in the Duodenum of Normal Persons 
and Persons With Disease of the Upper Part oF the Abdomen 
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O R D I N A R I L Y  when duodenal  contents  a re  removed 
wi th  a tube  f rom the  duodenum and the  enzy- 

ma t i c  ac t iv i ty  is s tud ied  the  s t imu lan t s  of ex t e rna l  
panc rea t i c  secre t ion  a r e :  (1) the  mechanica l  i r r i t a t i o n  
caused by  the  en t rance  of  the  tube  into the  duodenum,  
and (2) phys io logic  s t imu la t i on  by  the  acid g a s t r i c  
secre t ion  e n t e r i n g  the duodenum. The s t r e n g t h  of such 
s t imu lan t s  is uncont ro l lab le  and var iab le ,  and  the  con- 
cen t r a t i on  of  enzymes in the  duodenal  fluid ob ta ined  
u n d e r  t h e s e  c i r c u m s t a n c e s  consequent ly  will  v a r y  
g r e a t l y  f rom t ime  to  t ime.  Whi le  the  impor t ance  cf  
d a t a  ob ta ined  in th i s  m a n n e r  has  f r equen t ly  been 
minimized ,  and wi th  much reason,  we f r equen t ly  have 
fe l t  t h a t  we obta ined  i n f o r m a t i o n  which  was  of value 
in the  d i f fe ren t i a l  d iagnos i s  of va r ious  diseases .  We 
t h e r e f o r e  have not  been wi l l ing  to condemn the  method  
ent i re ly .  Ana lyse s  of  our  da ta  p re sen ted  in the  fol low- 
ing  pages  show t h a t  while  t he re  a re  defini te  l imi-  
t a t i ons  to  the  i n f o r m a t i o n  ob ta ined  in th is  manner ,  
the  method  is of  sufficient value to  w a r r a n t  i ts  con- 
t i nued  use unt i l  t he re  is avai lable  a s t i m u l a n t  which  
will  p roduce  a m a x i m a l  q u a n t i t y  of ex t e rna l  panc rea t i c  
secre t ion  a t  all t imes .  

M A T E R I A L  A N D  M E T H O D S  

The  concen t ra t ion  of  panc rea t i c  enzymes was  de- 
t e r m i n e d  in samples  of  duodenal  fluid t aken  f rom 111 
persons ,  seventeen of whom were  normal .  Duodenal  
d r a i n a g e  was p e r f o r m e d  once on e igh ty-n ine ,  or 80.2 
pe r  cent, twice on th i r t een ,  or 11.7 p e r  cent, t h r ee  
t imes  on seven, or  6.3 pe r  cent, fou r  t imes  on one, or  
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0.9 per  cent, and s ix  t imes  on one, or  0.9 pe r  cent  of  
the  111 persons .  Only one sample  of duodenal  conten ts  
was ob ta ined  f r o m  s ix ty - th ree ,  or  56.8 pe r  cent  o f  the  
111 persons ,  two  samples  were  ob ta ined  f rom t h i r t y -  
two, or 28.8 pe r  cent, t h r e e  samples  were  ob ta ined  
f rom ten, or  9 pe r  cent, f ou r  samples  were  ob ta ined  
f rom three ,  or  2.7 pe r  cent, five samples  were  ob ta ined  
f rom two, 1.8 p e r  cent, and  nine samples  were  ob- 
t a ined  f r o m  one or  0.9 pe r  cent. In  short ,  in more  t h a n  
85 per  cent  of  t h e  ins tances  only one o r  two samples  
were  obta ined .  

I t  has  been the  usual  cus tom in s tud ies  of the  con- 
cen t r a t i on  of  panc rea t i c  enzymes in t he  duodenal  con- 
t en t s  to choose samples  unmixed  wi th  ga s t r i c  conten ts  
and we fol lowed th i s  prac t ice .  When  we were  unable  
to secure  such specimens,  however ,  one as f r ee  of  
ga s t r i c  contents  as  possible  was  taken .  We soon found  
t h a t  most  samples  of bile conta ined  enzymes  bu t  t h a t  
th i s  was no t  a lways  t rue .  We also found t h a t  samples  
of duodenal  fluid which  were  f ree  of bile of ten  con- 
t a ined  panc rea t i c  enzymes in no rma l  concen t ra t ion .  

The concen t ra t ion  of amylase  and t r y p s i n  was  de- 
t e r m i n e d  by  the  method of  McClure,  W e t m o r e  and 
Reynolds.  The c~ncent ra t ion  of amylase  is expressed  
in t e r m s  of g r a m s  of  d-glucose l i be ra t ed  for  each 100 
cc. of duodena l  contents .  The  concen t ra t ion  of t r y p s i n  
is  expressed  in t e r m s  of g r a m s  of nonpro t e in  n i t r o g e n  
l i be ra t ed  fo r  each 100 cc. of duodenal  contents .  The 
concen t ra t ion  of l ipase  was de t e rmined  by the  method  
of  Cranda l l  and  C h e r r y  and is expressed  in t e r m s  of 
t he  n u m b e r  of  cubic cen t ime te r s  of  t w e n t i e t h - n o r m a l  
solut ion of  sod ium hyd rox ide  necessa ry  to neu t r a l i ze  
the  f a t t y  ac ids  l i be ra t ed  by 1 cc. of  duodena l  contents .  
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T H E  V A L U E  OF T H E  C O N C E N T R A T I O N  OF 
ENZYMES IN ONE SAMPLE OF DUODENAL 

CONTENTS AS AN I N D E X  OF THE 
FUNCTIONAL CAPACITY OF 

THE PANCREAS 
Wide variations occurred in the concentrations of 

enzymes in different samples of duodenal contents ob- 
tained from the same person. Thus, in the duodenal 
contents of one person who did not have any abdominal 
disease the concentration of amylase varied from 6.1 
to 11.5 gin. of d-glucose per 100 cc. In another case 
the concentration of amylase was 0 in the first sample 
and 6.5 gm. of d-glucose per 100 cc. of duodenal con- 
tents in the second sample. In the same case the con- 
centration of trypsin varied from 1.4 to 5.0 gm. of 
nonprotein nitrogen per 100 cc. of duodenal contents, 
and the concentration of lipase varied from 15 to 179 
cc. of twentieth-normal solution of sodium hydroxide 
per 1 cc. of duodenal contents. Many similar examples 
may be cited in cases of organic disease of the liver 
or biliary tract. Fur ther  proof of the variability of 
the concentration of enzymes in the different samples 
may be found in the fact that  in ten instances the con- 
centration of amylase was 0 in the first sample and 
well within normal limits in the second sample ex- 
amined while in six instances it was well within the 
range of normal in the first sample and 0 in the second 
sample. Similar behavior was noted in the concentra- 
tion of trypsin and lipase. 

A single determination merely indicates the enzy- 
matic activity of the particular sample and does not 

give reliable information regarding the secretory ac- 
tivity of the pancreas nor does the concentration in 
two or four samples necessarily give reliable infor- 
mation. When the concentration in the first, or the 
first few, samples is high, the ability of the pancreas 
to secrete normal amounts of enzymes is obviously 
normal, but if the concentration is low or absent, no 
statement should be made regarding the degree of 
pancreatic function until the concentration of enzymes 
in many samples has been determined. 

T H E  R E L A T I V E  A M O U N T S  OF THE THREE 
ENZYMES IN THE DUODENAL CONTENTS 
In most instances comparable amounts of the three 

enzymes are present. In some instances it was obvious 
that  this was not the case. In a sample taken from a 
normal person the concentration of amylase was high 
(14 gin. of d-glucose per 100 cc. of duodenal contents) 
and the concentration of lipase was low (3 cc. of 
twentieth-normal solution of sodium hydroxide per 1 
cc. of duodenal contents) while in another instance 
the amylolytic activity was low (1.3 gin. of d-glucose 
per 100 cc.) and the activity of lipase was high (148 
cc. of twentieth-normal solution of sodium hydroxide 
per 1 cc. of duodenal contents). Such lack of paral- 
lelism in the concentration of pancreatic enzymes in 
duodenal fluid deserves fur ther  investigation. 

THE INCIDENCE OF D I F F E R E N T  CONCEN- 
TRATIONS OF PANCREATIC ENZYMES 

IN THE DUODENAL FLUID 
The incidence of different concentrations of the 

TABLE I 
Concentration of amylase ~ in the duodenal contents of normal persons and patients wi th  various diseases of the 

biliary tract and pancreas 

P h y s i c a l  Condi t ion  

Normal subjects 

Intrahepatic jaundice 
resulting from cirrhosis 
of the liver or hepatitis 

Obstructive jaundice 
r e s u l t i n g  f r o m  a stone 
in, or a s t r i c t u r e  of ,  
t h e  c o m m o n  bile duct 

Obstructive jaundice 
r e s u l t i n g  f r o m  carc i -  
n o m a  (15  c a s e s )  

C o m p l e t e  biliary ob- 
struction ; c a r c i n o m a  
o f  t h e  head  o f  t h e  
pancreas or ampulla 
of  Vater  

Complete biliary ob- 
struction ; c a r c i n o m a  
o f  t h e  c o m m o n  bile 
duct 

Incomplete biliary 
obs truc t ion  ; carci- 
noma of  t h e  h e a d  of  
t h e  p a n c r e a s  or  t h e  
a m p u l l a  of  V a t c r  

Biliary disease and  
subacute interstitial 
p a n c r e a t l t i s  

Chronic  panereatit is 
w i t h  s t ca torrhea  

Nontropical sprue 

N u m -  
be o _ _  

17 0 

131 /  4 

25 4 

6 4 

3 1 

6 1 

10 2 

7 7 

6 0 

0.1-2 

2 

3 

G r a m s  o f  d-glucose liberated for each 100 cc. of duodenal contents 

2.1-4 

2 

9 

4.1-6 

1 

7 

6. 8 8.1 LO [0.1-12 

2 

1 

12.1-14 

3 

~ 16.1-18 18.1-20 20.1-22 

Low 
C o n c e n -  
t r a t i o n *  

1.3 

0 

0 

1.3 

*Expressed as grams of d-glucose liberated for each 100 cc. of duodenal contents. 
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three enzymes observed in the duodenal contents of 
the 111 persons are given in Tables I, I I  and III .  When 
the concentrations were determined in more than one 
sample obtained from one person, only the highest 
concentrations encountered have been included in the 
tables. 

N o r m a l  p e r s o n s .  Among the seventeen normal 
persons, the concentration of amylase varied from 1.3 
to 15 gm. of d-glucose per 100 cc. of duodenal contents 
(Table 1), the concentration of trypsin varied from 
1.3 to 11.5 gm. of nitrogen per 100 cc. of duodenal 
contents (Table II)  and the concentration of lipase 
varied from 3 to 179 cc. of twentieth-normal solution 
of sodium hydroxide per 1 cc. of duodenal contents 
(Table I I I ) .  

The variability of the concentration of enzymes is 
thus seen to be extremely wide in samples of duodenal 
fluid taken from normal persons under the conditions 
described. Our attention has previously been called to 
this wide variability in the range of concentration of 
pancreatic enzymes in the duodenal fluid obtained 
from normal persons, by the report of the Special 
Committee on Enzymes of the American Gastro-Enter- 
ological Association for 1935. When material is col- 
lected under the conditions described the complete ab- 
sence of enzymes in the duodenal fluid alone points to 
a pathologic alteration in the capacity of the pancreas 
to secrete enzymes, but only when a complete absence 
of the enzymes is found at repeated examinations. 

Patients  wi th  intrahepatic jaundice caused by cir- 
rhosis or hepatitis. Since we had no reason for 
believing that the pathologic process involved the 
pancreas as well as the liver in the thirty-one cases in 
which intrahepatic jaundice was due to cirrhosis or 
hepatitis, we expected to find pancreatic enzymes 
present in the same amounts found in the duodenal 
contents of persons who did not have any disease of 
the pancreas or liver. This proved to be the case, for 

the values varied through about the same range found 
in the duodenal contents of normal persons. Thus, the 
concentrations of amylase varied from 0 to 12.5 gm. 
of d-glucose per 100 cc. (Table I) ,  the concentration 
of trypsin varied from 0 to 6.7 gm. of nitrogen per 
100 cc. of duodenal contents (Table II)  and the con- 
centration of lipase varied from 2 to 115 cc. of 
twentieth-normal solution of sodium hydroxide per 1 
cc. of the duodenal contents (Table I I I ) .  Amylase and 
trypsin were absent in single samples taken from five 
of the thirty-one patients in this group but other 
specimens showed that amylase or trypsin, or both 
were present in two of the five cases. If  additional 
samples of duodenal contents had been examined, it is 
probable that the enzymes also would have been found 
in the remaining three cases. Again it is to be empha- 
sized that many samples must be examined before de- 
ciding that  pancreatic function is low or absent. 

Patients  wi th  surgically verified obstructive jaundice 
caused by a stone in, or a stricture of, the common 
bile duct. In twenty-five cases in which obstructive 
jaundice was due to a stone in, or a stricture of, the 
common bile duct, and in which the surgeon found no 
evidence of pancreatitis, we found that the range of 
concentration of pancreatic enzymes was as wide as it 
was among normal persons. The concentration of 
amylase varied from 0 to 20.5 gm. of d-glucose per 100 
cc. of duodenal contents (Table I) ,  the concentration 
of trypsin varied from 0 to 9 gm. of nitrogen per 100 
cc. of duodenal contents (Table I I )  and the concen- 
tration of lipase varied from 1 to 172 cc. of twentieth- 
normal solution of sodium hydroxide per 1 cc. of duo- 
denal contents (Table I I I ) .  In two cases amylase and 
trypsin were both absent. In both of these cases only 
one specimen was examined and it should not be con- 
cluded that obstructive jaundice which is the result of 
stone or stricture and which is not associated with 

TABLE I I  
Concentration of trypsin* in the duodenal contents of normal persons and patients with various diseases of the 

biliary tract and pancreas 

P h y s i c a n  Condition 

N o r m a l  subjec ts  

I n t r a h e p a t i c  j a u n d l c e  resul t ing  f rom cir -  
rhos i s  of  the  l iver or  h e p a t i t i s  

Obstruct ive  j a u n d i c e  r e s u l t i n g  f r o m  a s tone  
in, o r  a str icture  of,  the c o m m o n  bile duc t  

O b s t r u c t i v e  j a u n d i c e  r e s u l t i n g  f r o m  carc i -  
n o m a  (15 cases )  

Comple te  b i l i a ry  o b s t r u c t i o n ;  c a r c i n o m a  
of  the  head of  the  p a n c r e a s  or  ampu l l a  of  
V a t e r  

Comple te  b i l i a ry  o b s t r u c t i o n ;  c a r c i n o m a  
of  t he  c o m m o n  bile duc t  

I ncom ple t e  b i l i a ry  o b s t r u c t i o n ;  c a r c i n o m a  
of  the  head of  t he  p a n c r e a s  or  the  ampu l l a  
of  V a t e r  

Bi l i a ry  disease  and  subacu te  i n t e r s t i t i a l  
p a n c r e a t i t i s  

Chronic  p a n c r e a t i t i s  w i t h  s t e a t e r r h e a  

N o n t r o p i c a l  sprue  

17 

31 

2 

6 

3 

6 

10 

7 

6 

G r a m s  of  nonprote in  n i trogen  l iberated for  each 100 cc. o f  duodenal  contents  

0.1-2 

0 I 2 

5 3 

3 3 

I 

5 1 

1 

1 3 

2 3 

6 I 1 

0 1 

2.1-4 

5 

9 

11 

4.1-6 

5 

11 

7 

i 

1 

2 

3 1 

1 1 

6.1-8 

4 

8.1-10 

1 I 

H i g h  

14.1-16/I tc~,~i%%~; 

- -  - -  11.5 

6.7 

9 

1.1 

8.3 

3.2 

6.3 

1.5 

9.4 

L o w  
Concen-  
trat ion*  

1.3 

0 

0 

0 

1 

0 

0 

0 

1.7 

* E x p r e s s e d  as g r a m s  of  nonp ro t e in  ni trogen  l iberated for  each 100 cc. o f  duodenal  contents .  
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pancreatic disease leads to loss of pancreatic function. 
Surgically verified obstructive jaundice res~dting 

from carcinoma of the head of the pancreas and the 
ampulla of Vater or common duct. Carcinoma of the 
head of the pancreas or carcinoma of the ampulla of 
Vater produced incomplete obstruction of the common 
bile duct (bile in the duodenum) in six instances and 
complete obstruction (no bile in the duodenum) in 
six cases. Amylase, trypsin and lipase (Tables I, I [  
and I I I )  were usually absent, or when they were 
present the concentration was low in the cases in 
which obstruction was complete; on the other hand, 
the enzymes were present in low moderate concentra- 
tion in the cases in which obstruction was incomplete. 
In other words, when the obstruction of the common 
bile duct that  is caused by carcinoma of the head of 
the pancreas or of the ampulla of Vater is complete, 
the obstruction of the pancreatic duct, as a rule, is also 
complete, and vice versa. However, the common bile 
duct may be completely obstructed and the pancreatic 
duct patent, as occurred in one case. 

In the three cases of carcinoma of the common bile 
duct, the lesion produced complete obstruction of the 
common bile duct above the juncture of the pancreatic 
duct and common bile duct. In each case the enzymes 
were present in normal amounts, as one would expect. 

When bile and pancreatic enzymes are both repeat- 
edly absent from the duodenal contents, it may be as- 
sumed that both the common bile duct and pancreatic 
duct are obstructed. The carcinoma in such cases must 
be situated at the head of the pancreas or at the 
ampulla of Vater in order to obstruct both the common 
bile duct and the pancreatic duct. When bile is re- 
peatedly absent and pancreatic enzymes are present in 

the duodenal contents, the lesion may be situated in 
the head of the pancreas, at the papilla of Vater or in 
the common bile duet. The demonstration of enzymes 
in the duodenal contents will aid in the localization of 
the malignant lesion obstructing the common bile duet 
only when b o t h  bile and pancreatic enzymes are 
absent. The repeated absence of bile from the duo- 
denum of a jaundiced patient is usually proof that the 
jaundice is obstructive. The malignant nature of the 
obstruction must be determined from the clinical 
history, by the palpation of a distended gall bladder 
and by the behavior of the concentration of bilirubin. 
The demonstration of the absence of pancreatic fer- 
ments in the duodenum may be important confirma- 
tory evidence of the malignant nature of the obstruc- 
tion and may be important in eases in which the 
abdomen is difficult to palpate. 

Both bile and enzymes are usually present sooner 
or later in the duodenal contents of patients who have 
both intrahepatie jaundice and jaundice that is due to 
incomplete obstruction of the common bile duct by 
carcinoma; therefore, the demonstration of enzymes 
in the duodenal fluid will not aid in the differentiation 
of intrahepatic jaundice and jaundice caused by in- 
complete malignant obstruction. Crohn (2, 3, 4) has 
pointed out the value of the determination of the duo- 
denal enzymes in the differential diagnosis of the types 
of jaundice and in the diagnosis of the situation of 
the obstruction. 

Biliary disease associated with subacute interstitial 
(edematous) pancreatitis. In each of the ten eases in 
which biliary disease was associated with pancreatitis 
the surgeon described the pancreas as being enlarged, 

TABLE I I I  
Concentration of lipase ~ in the duodenal contents of normal persons and patients with various diseases of the 

biliary tract and pancreas 

Physical  Condition 

Normal subjects 

Intrahepatic jaundice resulting 
from cirrhosis of the liver or 
hepatitis 

Obstructive jaundice resulting 
from a stone in, or a stricture 
of, the common bile duct 

Obstructive jaundice resulting 
from carcinoma 

Complete bi l iary obs t ruc t ion;  
carc inoma of  the  head of  the 
pancreas  or  ampul la  o f  V a t e r  

Complete  bi l iary obs truct ion;  
carc inoma of the common bile 
duct  

Incomplete bi l iary obstruc-  
t i on ;  carc inoma of the  head 
of the  pancreas  or  the 
ampulla of Vater 

Biliary disease and subacute 
interstitial pancreatitis 

Chronic pancreatitis with 
steatorrhea 

Nontropical sprue 

Num- 
ber 

11 

14 

I I 

Cubic centimeters  of twent ie th -normal  solution of sodium hydroxide necessary to neutral ize  the f a t t y  
acids l iberated by 1 cc. o f  duodenal  contents  

61-80 

1 

81-100 

I 

1 

3 

10; 120 __1-20 21-40 __41i60 

2 0 

4 3 1 

3 3 

3 

2 

2 

I 
120-1401141-1601161-1801181-200 

- -  ; 1 1 

1 1 

i 
5 

1 I 1 1 I 
[ 

*Expressed as cubic cent imeters  of twent ie th -normal  solution of sodium hydroxide necessary to neutral ize the f a t ty  acids l iberated by 1 cc. of 
duodenal contents .  

Low 
Concen- 
tration* 

3 

2 

1 

3.6 

0 

1.5 

6 
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edematous or indurated.  The degree of abnormal i ty  
was grade 2, on the basis of 4, in two cases, grade 3 
in six cases and grade 4 in two cases. In these cases 
the range of concentration of duodenal contents was 
almost as wide as it  was among the normal persons 
(Tables I, II  and I I I ) .  Lit t le can be said about low 
values for  only one specimen was examined in all cases 
in which such values were obtained. On the contrary,  
the high values obtained in certain cases showed that  
the changes found by the surgeon do not necessarily 
mean that  such changes are associated with dis turb-  
ance of external pancreat ic  secretion. 

In eight  of the cases the value for  the serum lipase 
was normal. In the remaining two cases the value was 
high;  in one case 3.5 cc. and in another case 8.3 cc. of 
twentieth-normal solution sodium hydroxide was re- 
quired to neutral ize the f a t t y  acids l iberated by 1 cc. 
of serum. I t  may be assumed from these values that  
any disturbance of pancreat ic  function secondary to 
the changes found by the surgeon had disappeared in 
eight  cases but had persisted in two cases. I t  is inter- 
esting that  in one of the two cases in which a dis- 
turbance of pancreat ic  function persisted, the duo- 
denal contents contained no pancreat ic  enzymes, while 
in the other case the enzymes were present  in normal 
amounts. In the last  case, an acute dis turbance of the 
pancreat ic  function (acute edematous pancreat i t i s )  
did not prevent the secretion of enzymes. 

Chronic atrophic pa~wreatitis with steatorrhea. The 
concentration of pancreat ic  enzymes in the duodenal 
contents was studied in seven cases of chronic atrophic 
pancreat i t is  with steatorrhea.  Pancreat ic  stones or 
pancreatic calcification was demonstrated roentgenolo- 
gically in five of the seven cases. A pancreat ic  cyst 
was present  in one case while diabetes mellitus was a 
complicating fac tor  in two of the seven cases. Amylase 
was not demonstrated in the duodenal contents in 
any of the seven cases, al though fifteen specimens 
were examined (Table I ) .  Tryps in  was demonstrated 
in only one case of the seven cases, in which fifteen 
specimens were tested (Table I I )  and in this  case 
the concentration of t ryps in  in terms of grams of 
ni trogen per 100 cc. of duodenal contents was only 
1.5 and 1.4 gm. Lipase was present,  but  only in 
very small quanti t ies in the four cases in which 
the concentration of this enzyme was determined. 
Certainly there is a marked tendency to complete 
absence of enzymes in the duodenal contents in cases 
of chronic atrophic pancreat i t i s  with s teatorrhea.  On 
the other hand, enzymes may be present  in an adequate 
amount in cases of chronic pancreat i t i s  with pancreat ic  
stone but wi thout  s teatorrhea.  In one case not included 
in the tables the value for  amylase was 4 gm. of 
d-glucose and the value for  t ryps in  was 3.6 gm. of 
ni trogen per 100 cc. of duodenal contents. 

Nontropical sprue. In the six cases of nontropical 
sprue, the concentration of amylase varied f rom 1.3 
to 14 gin. of d-glucose per 100 cc. of duodenal contents 
(Table I ) ,  the concentration of t ryps in  varied f rom 
1.7 to 9.4 gin. of ni trogen per 100 cc. of duodenal con- 
tents  (Table I I )  and the concentration of lipase varied 
from 6 to 163 cc. of twent ie th-normal  solution of 
sodium hydroxide per 1 cc. of duodenal contents 
(Table I I I ) .  In every case of nontropical sprue in this  
series, the duodenal contents contained enzymes in 
apparent ly  adequate amounts. The constant  presence 
of enzymes in these six cases was in contras t  with the 
impression tha t  enzymes are  often absent  in non- 

tropical sprue. The regula r i ty  of occurrence of ap- 
parent ly  adequate amounts of enzymes in the duodenal 
contents of pat ients  with nontropical sprue also was 
in contras t  with the regular i ty  of thei r  absence f rom 
the duodenal contents in cases of chronic pancrea t i t i s  
with s teatorrhea.  Contrary to the opinions of some 
investigators,  the examination of duodenal contents 
for  pancreatic enzymes may be an impor tan t  step 
in the differentiat ion of s tea torrhea  due to chronic 
atrophic pancreat i t i s  and the s tea torrhea  of sprue, the 
two most impor tant  causes of s teatorrhea.  

SUMMARY AND CONCLUSIONS 

The determinat ion of the concentration of pancreat ic  
enzymes in one or two samples of duodenal contents 
obtained in the m~nner described does not always give 
a sa t i s fac tory  idea of the secretory capacity of the 
pancreas. In order to secure a sa t i s fac tory  idea of 
secretory capacity of the pancreas, it is often neces- 
sary to examine not one but many samples. 

The sample of duodenal contents chosen for  analysis  
should probably be one as free as possible of gas t r ic  
contents, but  it need not contain bile. The concentra- 
tions of amylase, t rypsin,  and lipase in the duodenal 
contents usually run parallel, but this  is not always 
the case. 

Methods described by McClure, Wetmore and Reyn- 
olds for determinat ion of the concentration of amylase 
and t ryps in  and the method of Crandall and Cherry 
for  the determinat ion of the concentration of lipase 
appeared to give results  constant enough for  clinical 
purposes. Among normal persons, the concentration 
of amylase varied from 1.3 to 15 gm. of d-glucose per 
100 cc. of duodenal contents, the concentration of 
t ryps in  varied from 1.3 to 11.5 gm. of ni trogen per 
100 cc. of duodenal contents, and the concentration of 
lipase varied f rom 3 to 179 cc. of twent ie th-normal  
solution of sodium hydroxide per 1 cc. of duodenal 
contents. The range of concentration of pancreat ic  
enzymes in the duodenal contents of normal persons is 
so wide tha t  total absence of pancreat ic  enzymes alone 
may be taken as evidence of abnormal pancreat ic  
function if pancreat ic  enzymes are absent from more 
than one specimen. The repeated finding of low con- 
centrat ions may in all probabi l i ty  likewise be taken as 
evidence of diminished pancreat ic  function. 

The range of the concentration of amylase, t ryps in  
and lipase was pract ical ly  normal in the presence of 
the following condit ions:  in t rahepat ic  jaundice caused 
by cirrhosis  or hepati t is ,  obstructive jaundice caused 
by a stone in, or a s t r ic ture  of, the common bile duct, 
b i l ia ry  disease which is associated with or a residuum 
of acute edematous pancreat i t is ,  and nontropical  sprue. 

A marked contraction of the range of concentra- 
tions of amylase, t rypsin,  and lipase in the duodenal 
contents was found only in samples of duodenal con- 
tents  taken f rom pat ients  with carcinoma of the head 
of the pancreas, carcinoma of the ampulla of Vater,  
and chronic atrophic pancreat i t i s  with s teatorrhea.  In 
cases of chronic pancreat i t i s  without  s tea tor rhea  there 
was no remarkable  contraction of the range of con- 
centration. 

The determinat ion of the concentration of enzymes 
in the duodenal contents will aid in the localization of 
carcinoma obst ruct ing the common bile duct when bile 
is not present  in the duodenal contents. Absence of 
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both bile and enzymes f rom the duodenal contents nontropical sprue and their  almost constant absence in 
localizes the carcinoma in the head of the pancreas or cases of chronic atrophic pancreat i t is  with s tea torrhea  
in the ampulla of Vater.  is of considerable importance because it  can help in 

The constant finding of pancreatic enzymes in the differentiation of these two most common types of 
normal amounts in the duodenal contents in cases of steatorrhea.  
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Relation of Constipation to Cancer 
By 

JOHN L. KANTOR, M.D. 
:NEW YORK, N E W  YORK 

S OME time ago Dr. Frederick L. Hoffman, the noted 
medical statistician, pointed out to me the con- 

fused state of the l i tera ture  regarding the possible 
par t  played by constipation in the causation of cancer. 
His far - reaching studies and his wide experience 
showed how difficult i t  was to reach a sat isfying con- 
clusion on the basis of the exist ing statistics. With 
his cooperation, a g ran t  was secured through the 
generosity of Mr. Samuel S. Fels of Philadelphia, for  
the purpose of s tudying this question by a critical re- 
view of personally controlled clinical material .  The 
present report  is the result  of this study. I t  is a grea t  
pleasure, therefore,  to acknowledge my appreciation 
of Dr. Hoffman's  s t imulat ing encouragement which 
made possible the investigation here presented. 

OBJECT 

The purpose of this s tudy is to determine the re- 
lation of cancer and constipation, and part icularly 
whether  constipation plays a demonstrable role in the 
etiology of cancer. 

MATERIAL,  METHODS,  C R I T E R I A  

The mater ial  used is an unselected list of 4,700 
pr ivate  patients  complaining of digestive symptoms. 
These constitute a homogeneous g r o u p  uniformly 
studied according to a s tandard routine procedure de- 
veloped by the wri ter .  The mater ial  is the same as 
tha t  used for  other clinical and statistical studies 
already published. 

Constipation was diagnosed clinically according to 
the following cr i ter ia  obtained f rom the his tory:  

1. Complete fai lure  of spontaneous bowel move- 
ments. 

2. Laxation ra te  less than 6 stools per week. 
3. Severe cathartic,  enema, or i r r igat ion habit. 
4. Pers is tent  difficulty in rectal emptying as evi- 

denced by marked suppository or enema habit. 
In many  cases where o p p o r t u n i t y  offered, the 

history was supplemented by roentgen determination 
of the total colon emptying time. The technic and 
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cri teria of this part icular  type of observation have 
been published elsewhere (2).  

In the general (unselected) series of 4,700 patients,  
the incidence of constipation was est imated at  54.2%. ~ 
I t  was considered important  to separate  f rom the total 
group of the constipation cases those recent cases 
which might  have developed during the course of the 
malignant  disease. Since it has been shown by Heft- 
man (3) that  the "average"  duration of carcinoma 
before the patient  seeks medical advice may be set at  
18 months, the line between long and short  t e rm 
constipation was drawn at this point. In other words, 
3 groups of constipated p a t i e n t s  were considered 
throughout  this study, as follows: 

Group 1. Constipation of all durations. 
Group 2. Constipation of 1 ~  years durat ion or 

less. 
Group 3. Constipation over 1 ~  years  in duration 

(1 minus 2). 
In order to determine the incidence of "recent  

constipation," i.e. constipation last ing 1 ~  years or  
less, 200 consecutive cases of constipation were ana- 
lyzed. In this group there were found 13 "recent"  
cases, an incidence of 6.5%. I t  was next necessary to 
calculate the incidence of "recent constipation" in the 
general or unselected series. This was done by multi- 
plying the general incidence of constipation (54.2) by 
the factor  6.5 which gives the incidence of "recent  
constipation" in general as 3.5%. Conversely, the 
general incidence of constipation lasting over 1�89 
years was found to be almost 51% (100 - -  6.5, or 93.5, 

"~Before beginning  the present  s tudy the general  incidence of consti-  
pation was actually determined in 4,443 histories. There were  found 
to be 1,963 cases of constipation, an incidence of 44.2%, In  the course 
of the s tudy there were  added as a result  of intensive review of the 
case histories : 

To 13 esophagus cases 1 ea~e of  constipation 
To 20 rectal cases 4 cases of constipation 
To 101 stomach cases 9 cases of constipation 
To 45 colon cases 5 cases of constipation 

179 
Thus there were  added 19 cases of  constipation to the 179 cancer  

cases, an increase of about 10%. Maintaining this increase for the 
unselected list of 4,700 cases, the general  incidence of  constipation 
becomes 54.2%. This f igure is, therefore,  adopted as  the corrected 
general incidence of  constipation in the present  study. 


