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A series of recent observations on different aspects of the chemistry and meta- 
bolic actions of bile have led us to investigate the possibility that bile may 
induce pancreatitis through the physicochemical detergent properties of its salts. 
To determine the relative importance of proteolytic enzymes on the one hand, 
and the detergent action of bile on the other, in the pathogenesis of bile-induced 
experimental pancreatitis in the dog, the early morphoiogic changes (1-30 min) 
produced by the intraductal injection of the following substances were investi- 
gated= (1) autogenous bile; (2) bile salt; (3) an anionic detergent, sodium lauryl 
sulfate (SLS); (4) trypsin; (5) a cationic detergent, cetrimide; (6) a neutralized 
mixture of SLS and cetrimide; and (7) saline solution. Autogenous bile, bile salts 
and SLS produce pancreatitis of similar morphologic appearance, characterized 
by punched-out areas of coagulation necrosis. Trypsin-induced pancreatitis was 
distinctly different from that produced by bile, bile salts and SLS. In trypsin 
pancreatitis, irregular areas of necrosis and hemorrhage were seen. Inactivation 
of the detergent activity of SLS by mixing it with the cationic detergent, cetri- 
mide, reduced the capacity of SLS to induce pancreatitis similar to that induced 
by bile and bile salts. These data seem to indicate that the early phases of bile- 
induced pancreatitis in our experiments are unlikely to result from the liberation 
of trypsin, but are related instead to the detergent activity of bile salts. 
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O t h e r  inves t iga tors  have  e m p h a s i z e d  tha t  
s u d d e n  l i b e r a t i o n  of a c t i va t ed  p ro t eo ly t i c  
enzymes causes this  c o n d i t i o n  to deve lop  
(4 -6 ) .  T i l e  u n i t a r i a n  concep t  t ha t  enzymat-  

ic at t tolysis causes a l l  panc rea t i t i s  has re- 
cen t ly  been  q u e s t i o n e d  on  b iochemica l ,  
p h a r m a c o l o g i c  a n d  m o r p h o l o g i c  g r o u n d s  

(7 -10) .  B i l e - induced  pancrea t i t i s ,  for in- 
stance,  exh ib i t s  m o r p h o l o g i c  fea tures  dis- 

t inc t ly  d i f ferent  f rom those e x h i b i t e d  by 

t r yps in - i nduc e d  pa nc re a t i t i s  (7, 1 I ) .  

A series of  r ecen t  obse rva t ions  d e a l i n g  

wi th  d i f fe ren t  aspects  of the  chemis t ry  a n d  
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metabolic actions of bile (12-15) have led 
us to investigate the possibility that bile 
may induce pancreatitis through the physi- 
cochemical detergent properties of bile 
salts. 

To test this hypothesis, we investigated 
the ability of a synthetic anionic detergent 
bile salt (Na taurocholate) and a simple 
anionic detergent sodiunl lauryl sulfate 
(SLS) to produce the ntorphologic chan- 

ges that develop when atttologous bile is 
injected into the pancreatic duct of dogs. 
To elucidate the possible role of trypsin- 
liberation in the pancreatitis produced by 
these agents, the histologic changes in- 
duced by them were compared to those 
seen after the injection of trypsin. 

In addition, we investigated whether 
morphologic changes induced by SLS 
could be prevented if its detergent action 
was inactivated by the admixtttre of a ca- 
tionic detergent (16) . 

MATERIALS AND METHODS 

Since the  p r i m a r y  morpho log ic  changes  p roduced  
by different  substances  may  be al tered by secondary 
events  such as h e m o r r h a g e  and  in f lammat ion ,  in 
o rder  to correlate closely the  p r imary  events,  it was 
decided to use a m e t h o d  tha t  provides immed ia t e  
and  u n i f o r m  histologic changes,  such as those  

produced  by inject ing test subs tances  u n d e r  pres- 
sure  into the  pancrea t ic  duc t  (8).  

Forty-two adu l t  mongre l  clogs of bo th  sexes, 
we igh ing  9-15 kg, were used. All an imals  were fed 
wi th  Rock land  Labora tory  An ima l  Diets Chow for 
2-3 days and  then  fasted for 24 h r  before the  
exper iments .  U n d e r  pen tobarb i t a l  anes thes ia  (60 
m g / k g  body we igh t ) ,  the  pancreas  was exposed.  
T h e  m a j o r  pancrea t ic  duc t  was isolated as it enters  
the  d u o d e n u m  and  cannu la t ed  with PE 50 polyethy- 
lene t u b i n g  connected  to a 23-gauge needle. T h i s  
t u b e  was advanced  4-5 cm into the  duct.  T h e  
different  solutions,  described below, were w a r m e d  
to body t empera tu re  and  injected into the  pan-  
creatic duct  t h r o u g h  the  po lye th} lene  catheter  
t inder  app rox ima te ly  250 m m H g  pressure• T h e  
a m o u n t  injected was 10 m l  for each so lu t ion .  

Pancreat ic  biopsies were taken for histologic sec- 
tions immed ia t e ly  before inject ion (to serve as 

ind iv idua l  controls) and  biopsies of the most 
involved par t  were taken at l, 5, 10, 20 and 30 rain 
after pancreat i t i s  was induced.  All specimens were 
tixed in formol and  in Zenker-formol  and embedded  
in paraffin. Sections were s ta ined with tmmatoxyt in ,  
ph lox ine  and saffron (HP5) and  with Masson's 
t r ichrome.  

Dogs were d is t r ibu ted  into 7 groups  according to 

the  solut ion each had  received. 

Group I: bile (6 dogs). Autogenous  bile col- 

lected f rom the gal lbladder .  

Group 2: bile salt (6 dogs). Synthetic sodium 
taurochola te*  in 2% aqueous  solution (w/v) .  

Group 3: anionic detergent (6 dogs). Sodium 
lauryl  sulfate t in a 0.5% aqueous  solution (w/v) .  

Group 4: trypsin (6 dogs). Fifty mi l l igram of 
crystall ine trypsin+ + in 10 ml  of soh 'ent  conta in ing  
5 ~ dena tu red  gelat in and  0.09% propylparabene  in 
• / O  

distil led water.  I t  was shown previously tha t  in the 
absence of trypsin this  solvent  does  not  in jure  the 
pancreas  (7). 

Group 5: cationic detergent (6 dogs). Cctri- 
mide,  c e t y l t r i m e t h y l a m m o n i u m  bromide  t was used 
in a 0.5% a q u e o u s  s o l u t i o n  (w/v) .  

Group 6: mixture of anionic and cationic deter- 
gent (6 dogs). A m i x t n r e  of SLS and cetrimide,  
bo th  in a 1% aqueous  w/v  solut ion was used. The}, 
were m i x e d  in equal  a m o u n t s  to give a final 
concent ra t ion  of 0.5% for each. T h e  mix tu re  was 
prepared  drop by drop while it was agitated con- 
s tant ly  un t i l  a whi t i sh  opalescent  emuls ion  was 
formed.  T b i s  mate r ia l  was always prepared  immedi-  
ately before inject ion.  

Group 7: saline controls (6 dogs). 0.9% of 
aqueous  sod ium chloride.  

Numerical evaluation of results. Once  the  his- 
tologie characteris t ics  p roduced  by the  different 
substances  were establ ished,  new sections were cut  
f rom the original  blocks which  were prepared  from 
spec imens  ob ta ined  i m in  after  pancreat i t i s  was 
induced.  T h e  slides (six for each group) were 
coded, mixed  and  in te rpre ted  independen t ly  by two 

different  observers. 

RESULTS 

G r o u p  I : bile.  A s  previously d e s c r i b e d  

(7), bile-induced pancreatitis is macroscop- 
ically characterized by the immediate ap- 
pearance of diffuse swelling in the involved 

*K & K Laboratories ,  Plainview, NY. 
J-British Drug  Houses,  Toron to ,  Canada.  
+Frank W. Horner ,  Montreal ,  Canada.  
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part. At first it is streaky, but  within a 
minute, diffuse blackish discoloration of 
the injected area occurs. 

Within the first minute, the interstitial 
tissue demonstrates the presence of abun- 
dant diffuse acidophilic and homogenous 
material. At that time, there is no inflam- 
matory cell infiltration nor significant ab- 
normality of vessels and ducts. In the par- 
enchyma, there are sharply defined loci of 
coagulative necrosis involving all tissue ele- 
ments (Fig 1A and 1B). T h e  acini in the 
necrotic area can still be recognized, and 
the nuclei of these acinar cells are pyknotic 
or karyorrhectic. Zymogen.  granules are 
usually not seen in necrotic cells although 
they are occasionally present. Adjacent to 
these necrotic areas, a certain number  of 
acinar cells show different degrees of cellu- 

lar degeneration indicated by nuclear 
changes, such as reduction in size, irregu- 
larity of their borders, hyperchromatisnl 
and considerable reduction in the number  
of zymogen granules. Heal thy cells ad- 
jacent to these cells, however, have their 
full complement  of zymogen granules. Ne- 
crosis of the parenchyma becomes more 
extensive and confluent as time progresses. 
Necrosis equally involves the acinar and 
islet tissue. 

Group 2: bi le  sa l t .  T h e  changes in- 
duced are similar to those induced by autog- 
enous bile (Fig 2).  

Group 3: anionic detergent. SLS- 
induced pancreatitis, grossly and microscop- 
ically, appears similar to that induced by 
bile and bile salt (Fig. 3A and 3B).  

Group 4: trypsin. Macroscopically, the 

Fig 1A (left) and 1B (right). Bile-induced pancreatitis 1 rain after intraductal injection. In Fig 1A, note 
focal character of coagulation necrosis of parenchyma. (HPS, X 125) In Fig 1B, same necrotic area is 
shown at higher magnification. (HPS, X 312) 
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Fig 2. Sodium taurocholate-induced pancreatitis 1 rain 
after intraductal injection. Portion of focus of coagulation 
necrosis similar to that produced by autogenous bile occu- 
pies right side of micrograph. On left, edge of rim of 
normal tissue is seen. (HPS, X 312) 

involved part  o[ the pancreas immediately 
appears pink and swollen but, in contrast 
to the changes induced after the injection o[ 
bile, 5-10 rain elapse before it becomes a 
dark brown-red. Grossly, after 30 min, the 
pancreas resembles that of Groups 1, 2 and 
3. Histologically, however, in contrast to 
Groups 1, 2 and 3, at 1 rain, the vessels of 
the interstitial tissue appear  to be dilated 
and show min imal  to marked  perivascular 
edema and hemorrhage.  Wi th in  1 min  the 
parenchyma shows a wlriegated pat tern  due 
to the presence of extensive areas of necros~s 
with cells in different stages of disintegra- 
tion, intermingled with relatively well pre- 
served acinar tissue (Fig 4A and 4B). In  
some of the less involved areas, lighter 
stained necrotic acinar cells with nuclei in 
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karyolysis are seen. Although karyolysis is 
the p redominant  feature, occasional pyk- 
notic nuclei are seen. In  some of the necrot- 
ic cells, the zymogen granules are consider- 
ably reduced, whereas the remaining cells 
are well granulated. As tile lesion progresses, 
complete disintegration ol: tile aciJ;ar tissue 
occurs so that large areas are occupied by 
cellular debris. T h e  pan(reas becomes 
more extensively involved but the pattern 
remains basically unchanged until  the end 
of the experiment.  Punched-out areas of 
coagulative necrosis with pyknotic nuclei, 
as seen in Groups 1, 2 and 3 are not a 
feature of this pancreatitis. At 30 rain, 
po lymorphonuclear  leukocytic infiltration 
is seen. Some of the cellular debris is re- 
moved and the space between the necrotic 
acini appears  wider. 

Group 5: cationic detergent. Macro- 
scopically, the lesion induced by cetrimide 
resembles that  produced by trypsin, but it 
appears to develop more slowly and is less 
severe. Histologically, the cetrimide- 
induced lesion is distinctly dit[erent from 
that  induced by bile, bile salt or SI,S. 
Although cetrimide-induce(l pancreatitis 
nlay have some features in connnon with 
tile trypsin-induced disease, the two are 
easily distinguishal)le. At first there is mini- 
mal  hyperemia  of parenchymal  capillaries 
and at 30 nlin, there are small foci of 
hemorrhage.  T h e  number  of necrotic and 
disintegrating acinar cells is smaller than in 
Group  1-4. T h e  less affected cells show 
diminished basophilia, marked reduction 
of their zymogen content, and hyperchro- 
mat ic  nuclei (Fig 5A and 5B). 

Group 6: mixture o f  anionic and cati- 
onic detergents. Macroscopically, there 
is only a moderate  degree of swelling in the 
inter lobular  space, I)egitming soon after 
injection of the solution containing the 
mixture  of detergents. No (liscoloration of 
the pancreas is seen throughout  the experi- 
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Fig 3A (left) and 3B (right). Sodium lauryl sulfate-induced pancreatitis 1 rain after intraductal injec- 
tion. In Fig 3A, several foci of coagulative necrosis similar to those of Fig 1A are seen. (NPS, X 125) 
Fig 3B shows one of these areas at higher magnification. (HPS, X 312) 

Fig 4A (left) and 4B (right). Trypsin-induced pancreatitis ] rain after intraductal injection. In Fig 4A 
note irregular distribution of necrotic areas. Most of field is occupied by necrotic acinar tissue where 
individual cells are in different stages of separation and lysis. Necrotic cells are intermingled with few 
well preserved ones. (HPS, X ]25) Fig 4B is higher magnification of area of necrosis where most cells have 
karyolytic nuclei. (HPS, X 312) 
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Fig 5A (left) and 5B (right). Cetrimide-induced pancreatitis 1 min after intraductal injection. In Fig 5A, 
acinar tissue in lower left third of photomicrograph appears normal. Rest of photomicrograph appears 
considerably paler due to marked reduction of zymogen granules. (HPS, X 125) Fig 5B shows center of 
Fig 5A at higher magnification. Most of cells in this area show degranulation. Some show hyperchmmatic 
nuclei and few exhibit darkening of cytoplasm. These latter cells are probably necrotic. (HPS, X 312) 

ment. Microscopically, in 3 animals, n o  

change can be seen at l min. In the other  3 
dogs, even in the most severely affected, the 
interstitial tissue is normal. With  diligent 
search, one finds in the parenchyma groups 
of a few acinar cells with irregularly 
shaped and hyperchromatic  nuclei (Fig 6), 
possibly undergoing necrosis. At no time 
during these experiments were large focal 
areas of coagulative necrosis similar to 
those seen in bile, bile salt and SLS- 
induced pancreatitis observed. 

Group 7: saline controls. Macroscop- 
ically, the injected part of the pancreas 
shows slight swelling but  no discoloration. 
No appreciable damage is seen microscopi- 
cally when compared with the biopsy taken 
before injection (Fig 7). 

N u m e r i c a l  E v a l u a t i o n  of R e s u l t s  
( T a b l e  1) 

Groups I ,  2 and 3 (bile type p a n c r e a -  
titis. When" the coded slides were re- 
viewed, it was not  possible to distinguish 
between the lesions induced by bile, sodi- 
um taurocholate and SLS. All 18 slides 
were, however, diagnosed by both observers 
as a bile type pancreatitis. 

Group 4 (trypsin pancreatltis). All 
six slides were recognized by both observers 
as trypsin pancreatitis. 

Group 5 (cetrimide pancreatitis). O [  
the six, five slides were recognized as cet- 
r imide pancreatitis by both observers, but  
one observer called one of the slides "mix- 
ttlre." 
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Fig 6 (left). Mixture of SLS and cetrimide 1 rain after intraductal injection. Photomicrograph demon- 
strates most severely affected area in animal which showed greatest amount of damage. Upper two-thirds 
of photomicrograph shows normal pancreas with different degrees of degranulation. There is portion of islet 
in left upper corner. Lower third shows admixture of normal and several degenerated acinar ceils. On 
photomicrograph, nuclei of these appear pyknotic, but under microscope nuclear structures can still be 
recognized. (HPS, X 312) Fig 7 (fight). Saline control 1 rain after intraductal injection. Pancreas appears 
normal. (HPS, X 312) 

Group 6 (mixture).  Three  slides of 
tile mixture could not be differentiated 
from tile saline controls by either observer 
and were called "normal."  Two  slides were 
incorrectly interpreted as "mixture"  by 
both observers, but  one was called "mix- 
ture" by one and "cetrimide" by the other. 

Group 7 (saline controls). These 
slides all appeared normal. It  was impos- 
sible to tell whether they came from Group 
7 or from the normal-appearing specimens 
of Group 6. 

D I S C U S S I O N  

The  early histologic changes produced in 
dog pancreas by intraductal  injection of 

autogenous bile, bile salt, trypsin, an an- 
ionic detergent (sodium lauryl sulfate), 
and a cationic detergent (cetrimide) were 
studied. T h e  injection of bile, bile salt and 
sodium lauryl sulfate (SLS) produced 
cases of pancreatitis which were grossly and 
microscopically alike. On the other hand, 
the pancreatitis induced by trypsin was 
different from tile type produced by bile, 
bile salt and SLS. T h e  differences found 
in this study between bile and trypsin 
pancreatitis were similar to those described 
previously (7). When SLS and cetrimide 
were mixed in equal amounts, a whitish 
opalescent emulsion was obtained. We do 
not know the exact physicochemical ha- 

Digestive Diseases, Vol. 15, No. 7 (July 1970) 643 



Table  1, Numer ica l  Evaluation of Results 
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Group No. 

Diagnosis 

Observer 1 Observer 2 

Group 1 1 
2 

Bile 3 
4 
5 
6 

Bile type* Bile Type* 
Bile type* Bile type* 
Bile type* Bile type* 
Bile type* Bile type* 
Bile type* Bile type* 
Bile type* Bile type* 

Group 2 1 
2 

Bile salt 3 
4 
5 
6 

Bile type* Bite type* 
Bile type* Bile type* 
Bile type* Bile type* 
Bile type* Bile type* 
Bile type* Bile type* 
Bile type* Bile type* 

Group 3 1 
2 

Anionic detergent 3 
(sodium lauryl sulfate) 4 

5 
6 

Bile type* Bile type* 
Bile type* Bile type* 
Bile type* Bile type* 
Bile type* Bile type* 
Bile type* Bile type* 
Bile type* Bile type* 

Group 4 1 Trypsin Trypsin 
2 Trypsin Trypsin 

Trypsin 3 Trypsin Trypsin 
4 Trypsin Trypsin 
5 Trypsin Trypsin 
6 Trypsin Trypsin 

Group 5 1 
2 

Cationic detergent 3 
(cetr imide) 4 

5 
6 

Cetrimide Cetrimide 
Cetrimide Cetrimide 
Cetrimide Mixture 
Cetrimide Cetr imide 
Cetrimide Cetrimide 
Cetrimide Cetrimide 

Group 6 1 Normal Normal 
2 Normal Normal 

Mixture of anionic 3 Mixture Mixture 
and cationic detergent 4 Mixture Cetrimide 

5 Normal Normal 
6 Mixture Mixture 

Group 7 1 Normal Normal 
2 Normal Normal 

Saline 3 Normal Normal 
4 Normal Normal 
5 Normal Normal 
6 Normal Normal 

* Since the lesions found in Groups ], 2, and 3 could 
other they were all diagnosed as bile type. 

not be distinguished histologically from each 
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ture o[ this mixture ,  but  whatexer  it may 
be, the experi lnents demons t ra t ed  that  the 
same a m o u n t  of  SLS which causes severe 
pancreati t is  when injected as a free anionic  
detergent  no longer  induces the same type 
of lesion once it has been neutra l ized (16) 
by mixing  it with a cationic detergent.  

Puhlished data on biochemical  studies 
on the act ivat ion o1 proteolyt ic  enzymes in 
the course o[ bi le- induced pancreat i t is  have 
yiehled controversial  results (5-10, 17-19).  
Our  studies show that  bile and  SLS- 
induced pancreati t is  not  only (lifter in their 
early stages from the one b rough t  about  by 
trypsin but that, at no time was the exten- 
sion of bile or anionic  de tergent - induced 
(lisease accompanied  by lesions resembling 
the enzyme-indtlced pancreati t is .  There-  
fore, on the basis of this study, it seems 
unlikely that  ini t ia t ion and early propaga-  
t ion of bile and anionic de tergent - induced 
pancreatit is are media ted  by act ivat ion of 
trypsin. I t  is more  likely that  bile, bile salts 
and SLS in(luce the lesion on the basis of 
direct cytotoxicity. 

Bile is chemically a complex  nl ixture  
which contains several COlllpotnlds Stlch as 
cholesterol, lecithin, bite pigments  and bile 
salts. Of these substances, bile salts possess 
physicochemical propert ies similar to those 
of anionic  detergents (14, 15, 20).  T h e  tox- 
ic action of bile salts and SLS was recently 
demonst ra ted  by Davenpor t  (12) to be 
associated with increased flux of ions across 
the canine gastric mucosa. Lee and  White-  
house (21) theorize that  bile salts, by vir- 
tue of their detergent  action, inhibi t  oxida- 
tive phosphory la t ion  by d is rupt ing  spatial  
organizat ion of enzymes in mi tochondr ia .  

T h e  similarity in morpho log i c  appear-  
ance of the lesions induced by bile, bile salt 
and SLS suggests that  the mechan i sm of 
action of  these three substances is similar. 
~Ve would  like to suggest tbat  the toxic 
action is related to their c o m m o n  anionic  

detergent  property.  This  suggestion is [ur- 
ther suppor ted  by the fact that  when SI.S 
was mixed  with cetrimide,  the changes pro- 
duced in the pancreas by this mix tu re  were 
not  only minimal ,  bu t  were unl ike the 
pancreat i t is  induced  by bile, bile salt and 
SLS alone. 
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