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The w r i t e r s  showed previously  [1] that the development  of a t rophy of the pancreas  is accompanied by a 
d e c r e a s e  in its s e c r e t o r y  act ivi ty and by cessa t ion  of the a r r i v a l  of pancrea t ic  juice in the duodenum. Sec re -  
tions of the digest ive glands, on enter ing the duodenum, including pancrea t ic  juice,  a re  known to have a t r o p h i c  
action on its mucosa  [2, 3]. It was accordingly decided to c a r r y  out a his tological  study of the duodenal mucosa  
during the development  of pancrea t ic  a t rophy.  

E X P E R I M E N T A L  M E T H O D  

Chronic exper imen t s  were  ca r r i ed  out on dogs (three groups of animals) .  In all  the an imals  the g rea t e r  
pancrea t ic  duct was ex te r io r ized  by means  of a cannula with a side tube, so that the s e c r e t o r y  act ivi ty of the 
pancreas  could be m e a s u r e d .  

Group 1 consis ted of four dogs with a normal ly  functioning pancreas  [1], group 2 of five dogs in which a 
model  of gradual  development  of pancrea t ic  a t rophy was c rea ted .  Atrophy developed as a r e su l t  of a r t i f ic ia l ly  
induced obs t ruc t ion  to the outflow of pancrea t ic  juice [1, 4]. Group 3 consis ted of three  dogs into which boiled 
pancrea t ic  juice was per iodical ly  injected subcutaneously during the development  of pancrea t ic  atrophy.  

The pancreas  was investigated his tological ly  in autopsy ma te r i a l ,  and the duodenal mucosa  on m a t e r i a l  
obtained by asp i ra t ion  biopsy.  Sections 5-7 p thick were  fixed with 10% neutral  fo rmal in  and embedded in 
paraff in  wax. They were  stained with hematoxyl in  and eosin, with Heidenhain 's  azan, and with a l i za r in  blue by 
Hotchkiss '  method.  

E X P E R I M E N T A L  R E S U L T S  

In the dogs of group 1 (period of observa t ion  8 yea r s )  the s e c r e t o r y  act ivi ty of the pancreas  was un- 
changed. The exocr ine  and endocrine pa renchyma  was normal  in appearance .  The ef ferent  ducts were  filled 
with secre t ion .  The duodenal m ucos a  was indistinguishable f rom normal  (Fig. la ) .  

The development  of pancrea t ic  a t rophy in the dogs of group 2 (period of observa t ion  13 months) was 
accompanied by a dec rea se  in the s e c r e t o r y  act ivi ty of the pancreas .  The volume of pancrea t ic  juice fell  
during the 6 h a f te r  feeding f rom 67.99 • 4.65 ml  during the f i r s t  months a f te r  the opera t ion  to 3.54~ 1.01 ml  
toward the end of the period of observa t ion .  The b icarbonate  concentra t ion fell  f rom 89.04~ 3.2 meq/ l i t e r  to 
0, and its output f rom 4.05 :~ 0.46 meq also to 0. The concentra t ion of proteolyt ic  act ivi ty fel l  f rom 3.12 :~ 0.18 
to 0.35 :e 0.1 peq ty ros ine /ml  pancrea t ic  juice/rain of incubation and its output f rom 175.71 ~: 16.35 to 3.11 • 1.01 
peq tyros ine ,  the concentra t ion of amylolyt ic  act ivi ty  fel l  f rom 0.43 • 0.04 g hydrolyzed s t a r ch /ml  pancrea t ic  
ju ice /min  of incubation to 0, and its output f rom 21.35 :L 3.6 g hydrolyzed s t a rch  to 0. 

During the f i r s t  month a f te r  the opera t ion  leading to the development  of pancrea t ic  atrophy,  when the 
level  of s e c r e t o r y  act ivi ty of the organ  was sti l l  high, the villi  and c rypts  of the duodenal mucosa  were  normal  
in appearance .  The goblet cel ls  were  filled with secre t ion,  containing acid and neutral  mucopo lysacchar ides .  
During the subsequent months,  with a decline in the s e c r e t o r y  act ivi ty of the panc reas ,  i n f l ammato ry  and 
atrophic  changes began to develop in the duodenal mucosa ,  leading to gradual  thinning of the mucosa ,  shortening 
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Fig. i. Duodenal mucosa of dogs. a) Mucosa of dogs of group 1 is normal in appearance; 
b) in dogs of group 2 it is atrophied; d) in dogs of group 3 it preserves its normal appear- 
ance; c) hyperplasia of Brunner's glands in dogs of group 2. Formalin. a, b, d) Stained 
with hematoxylin and eosin; c) stained by Hotchkiss' method. Magnification: a) 63; b, c, 
d) 112.5 x. 

of the villi and, in some plaees, obli terat ion of the rel ief .  A sharp decrease  was observed in the number of 
crypts  and connective t issue developed in their  plaee (Fig. lb); the number of goblet cells also was appreciably 
reduced. It is important to note that in dogs with pancreat ic  atrophy hyperplasia  of Brunner ' s  glands was 
observed.  A high proport ion of their  te rminal  segments  was found to be located not only in the submucosa,  but 
also in the layer of the mueous membrane  proper .  In sections stained by Hotehkiss'  method, neutral mueopoly- 
sacchar ides  filling their s ec re to ry  portions appeared bright c r imson  in color (Fig. lc). At autopsy marked 
atrophy of the pancreas  was found maeroseopica l ly .  Histologically, atrophy of the exocrine parenchyma and its 
replaeement  by connective and adipose t issues  were observed.  The efferent duets were dilated and their  epi- 
thelial lining disturbed in places.  

In the dogs of group 3 (maximal period of observat ion 4 years) ,  into which boiled pancreat ic  juice was 
injected subcutaneously during the development of pancreat ic  atrophy, the pancreas  functioned longer and its 
atrophy developed more  slowly. The duodenal mucosa in two dogs of this group remained unchanged for 2 
yea r s  and its villi and crypts  were normal in appearance.  Only dilatation of the lymphatics and lymphoid infil- 
t rat ion were observed.  At the beginning of the 3rd year  both these dogs died from accidental causes.  In the 
third dog 1.5 yea r s  after  the operat ion a decrease  in the number of crypts  was observed,  with their  rep lace-  
ment by connective t issue and lymphoid infiltration. The goblet eells were normal in appearance.  After 2.5-3 
yea r s  the histological  picture of the mueosa was somewhat res to red  to normal,  but the lymphoid infiltration 
continued throughout the period of observat ion (Fig. ld). Hyperplasia of Brunner ' s  glands in the dogs of this 
group also was distinct.  At autopsy, 4 years  af ter  the operation the pancreas  was macroseopica l ly  close to 
normal  in appearance.  Histologically, the exocrine and endocrine parenchyma of the pancreas  and the ducts 
showed no significant changes, The duodenal mucosa  had no visible abnormality;  hyperplasia  of the Brunner ' s  
glands was preserved.  

The r e s u g s  indicate that the development of atrophy of the pancreas  and a decline in its s ec re to ry  act iv-  
ity are  accompanied by atrophic changes in the duodenal mucosa,  which resemble  the picture of chronic duo- 
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denitis [5]. Attention is drawn to the presence of hyperplasia  of Brunner ' s  glands, which is here descr ibed for 
the f i r s t  t ime during the development of pancreatic atrophy. We know that secre t ion of Brunner ' s  glands is 
alkaline in charac te r ,  with a pH between 8.2 and 9.3 [8]. Mueoproteins are  the chief component of their s ec r e -  
tion. It is considered that the secre t ion of Brunner ' s  glands protects  the duodenal mucosa  against ulceration 
which could ar ise  on the ar r iva l  of acid gast r ic  contents, with high peptic activity, in the duodenum [5, 8, 9]. 
Hyperplasia  of 13runner' s glar/ds during the development of pancreat ic  atrophy can evidently be regarded as a 
compensatory  and adaptive react ion aimed at maintaining the pH and mucoprotein  concentrat ion in the duo- 
denum. Indirect  confirmation of this suggestion, on the one hand, is given by maintenance of the basal  concen- 
t rat ion of motil in in the blood plasma, despite cessat ion of the a r r iva l  of pancreatic juice in the duodenum [10], 
for motilin is l iberated in dogs only if the react ion in the intestine is alkaline [11]. On the other hand, with a 
considerable decrease  in the number of goblet cells and, consequently, in the volume of their  secret ion,  in the 
presence of normal acidity and peptic activity of the gas t r ic  juice [12] ulcers  were never found in the duodenum. 

Injection of boiled pancreatic juice delayed the development of pancreat ic  atrophy and the duodenal mucosa  
remained near to normal  in appearance.  We have no information as yet on the nature of the factor  contained in 
boiled pancreat ic  juice which exer ts  a t r o p h i c  action on the pancreas  and duodenal mucosa.  This is a topic for 
future r e sea rch .  All that can be asser ted  is that this factor  is not a protein and that its action is evidently not 
confined to the digestive system [6, 7]. 
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