
EXPERIMENTAL BIOLOGY 

R E G E N E R A T I V E  A N D  C O M P E N S A T O R Y  P H E N O M E N A  

IN T H E  P A N C R E A S  A F T E R  I T S  R E S E C T I O N  

R. I .  P o l y a k  UDC 616.37-089.873-07 : 616.37-003.9 

The special  course of regenerat ive  processes in the pancreas and the inconstancy of its regenerat ive  reactions 

have been reported in the l i terature  [1-11]. 

The ob jec t  of this invest igat ion was to determine  the influence of the character  of the operat ion on the r e -  

generat ive processes in the pancreas. 

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

The invest igat ion was conducted on 63 dogs from which certain portions of the pancreas were removed in 
aseptic conditions. Different  methods were used for dea l ing  with the stump of the gland, with the objec t  of exc lnd-  

ing or re ta ining the externa l  secretion. 

After the operat ion the functional  state of the incretory apparatus and of the exocrine part of the gland was 
studied. For this purpose, the bIood sugar concentrat ion was es t imated  in a fasting state and after double loading 
with glucose, the amytase  and sugar in the urine were determined and the presence of neutra l  fat  and undigested 

muscle fibers in the stools was sought. At  the end of the period of observation, the microstructure of the part of the 

pancreas remaining  after resect ion was investigated. Preparations were stained with hematoxyl in -eos in  and by 

Van Oieson's method. 

Depending on the type of resection,  the operations performed were distributed among the following groups 
(Fig. 1): 1) resection of the te rmina l  portion of the pancreas (16 cases); 2) removal  of the centra l  portion, ana l -  
ogous to the head of the human pancreas, with l iga t ion and division of the efferent ducts (12 cases); 3) resect ion 

of the centra l  and one te rminal  portion (9 cases); 4) removal  of the gland with preservat ion of the part near the 
duct (12 cases); 5) resection of the gland and subsequent suture of the stump into the je junum (14 cases). 

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

Analysis of the results obtained showed that  in a l l  the animals  immedia t e ly  after the operat ion the blood sugar 
l eve l  rose to 160-200 rag% as a result  of the operat ion trauma. From the 3rd-4th day the blood sugar l e v e l f e l l  to 
120-140 rng%. Later, in the animals  undergoing resect ion of the pancreas, the fasting blood indices were within 
normal  l imits .  

Meanwhile, the results of the exper iments  with double sugar loading (2 g glucose/kg body weight) showed that 
after resect ion of the pancreas, the sugar curve did not always follows its or iginal  course. Whereas on the day before 
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Fig. 1. Scheme of different  types of resect ion of ' the pancreas. I--Resection of the 
t e rmina l  part of the gland, I I - r e s e c t i o n  of the centra l  part  (body) of the gland, 
I I I - r e s e c t i o n  of the te rmina l  part and body of the gland; I V - r e s e c t i o n  of the gland 
with preservation of a smal l  part  around the duct, V - r e s e c t i o n  of the gland with suture 
of the t e rmina l  portion into the lumen of the je junum. 

Department  of  Operative Surgery and Topographical  Anatomy, Chernovtsy Medica l  Institute (Presented by 
Academic ian  A. N. Bakulev). Translated from Byulleten' ~ksper imental 'noi  Biologii i Meditsiny, Vol. 62, No. 12, 
pp. 95-99, December ,  1966. Original  ar t ic le  submitted Apri l  23, 1968. 
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Fig. 2. Remits of double glucose loading 
test before and after resection of the pan- 
creas. Along the axis of ordinates-blood 
sugar (in rag%), along the axis of abscissas 
- t i m e  (in rain); 1 before operation, 2-4) 
on the 4th, 20th, and 150th days respective- 
ly after operation. 

the operation the blood sugar concentration of the animal aft~ the 
first administration of glucose was 118 rag% and after the second it 
fell to 110 mg%, the same test repeated on the dogs after resection 
of large areas of the pancreas (up to 2/3 of the organ) was accom-  
panied by changes differing from those observed before the operation. 
On the 4th, 20th, and 150th days, 30 rain after the first load, the 
blood sugar reached 178, 142, and 140 rag% respectively. Although 
in the later stages after the operation, the rise of the curves was less 
marked, they remained high, and the decrease in the blood sugar 
level took place very slowly. In the last test (2.5 h after the first 
load), the blood sugar was 100-120 mg%, i.e., 40-20 mg more than 
before the operation (Fig. 2). In general, the blood sugar curves ob- 
tained in the postoperative period differed from the background pat-  
tern by their higher rise, which was increased after the second dose 
of glucose, and their slower fall. These results demonstrate the 
functional insufficiency of the insular apparatus when presented with 
increased demands (glucose loading, high carbohydrate diet). How- 
ever, as the time after the operation increased, the blood sugar curves 
returned to their initial pattern, reflecting the compensatory and re- 
generative powers of the islet-cell  tissue of the residual portion of 
the gland. Removal of the various parts of the pancreas caused dif- 
ferent effects on the regenerative changes and compensatory powers 
of the residual part of the organ. After resection of the terminal 
portions of the pancreas, as before the operation, the pancreatic juice 
flowed into the duodenum because the principal efferent ducts re- 

mained intact. However, removal  of the central portion, like resection of the head of the human pancreas, led to 
mechanical  closure of the efferent ducts of the pancreas, to an increase in the pressure of the secretion accumulating 
in them, and to various detrimental  effects associated with this. 

Ligation of the efferent ducts, and also division of the large and small ducts in different directions led to the 
development of immediate pos~toperative complications (pancreatic necrosis, peritonitis), and these later adversely 
affected the regeneration of the organ, so that in the study of the compensatory and regenerative reactions of this 
unique organ, the operations artificially combined under the heading of "resection of the pancreas" cannot be re-  
garded as analogous. 

Investigation of the external secretion of the pancreas after resection showed that removal  of the terminal por- 
tion of the organ was not accompanied by disturbance of the processes of absorption and assimilation of lipids and 
proteins. After such operations little or no neutral fat (staining with Sudan III) or undigested muscle fibers were 
found in the stool. 

In the animals undergoing resection of the central part of the gland with ligation and division of the principal 
ducts, and also removal  of the central portion and one of the terminal portion of the pancreas, the stools showed 
marked changes. Throughout the period of observation, many drops of neutral fat and many undigested muscle fibers 
were excreted with the stools. The degree of the observed disturbances varied (in 18 of 21 animals +++ for lipids, 
and ++ for muscle fibers), i.e., despite the fact that large areas of pancreatic tissue remained behind in the dogs, 
the changes in the stools indicated disturbances of the digestion and absorption of proteins and lipids. 

In the dogs in which the stump of the gland was sutured into the lumen of the jejunum in the early period 
proteins and lipids taken with the diet were badly assimilated. The external appearance of the stools was consider- 
ably changed. Whereas, before the operation the stools were formed and dark colored, and on investigation usually 
no neutral fat and few or no undigested muscle fibers could be found, after the operation the appearance was differ- 
ent. The stools became pale, liquid, and copious. Investigation of the stools during the first months and later re- 
vealed many undigested muscle fibers and large quantities of droplets of fat, mainly large. 

After two months the stools became more formed, and from liquid their consistency changed to porridge-like. 
The number of undigested muscle fibers fell considerably, and in occasional fields of vision badly digested fibers 
with persistent cross-striation could still be seen. For a long period small scattered droplets of neutral fat could be 
seen. However, unlike the animals of the preceding group, these dogs gained weight and their condition was similar 
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Fig. 3. Pancreas of a dog after resect ion and formation of a pancrea t i co -  
je junostomy.  Increase in thickness of the interlobular  connect ive- t issue 
septa. Hematoxyl in-eos in .  Object ive 20, ocular 9. 

to what i t  had been before the operation.  Hence, general  observations on the animals and the results of function 
tests suggest the existence of compensatory and regenerat ive  processes in dogs undergoing resect ion of the pancreas 
followed by suture of the te rmina l  portion into the lumen of the je junum. 

Conclusive evidence  on this point was obtained by microscopic  invest igat ion of the portion of the pancreas 

remain ing  after resection.  These results showed that removal  of the te rminal  portions of the gland, while retaining 
the potency of the efferent  ducts, was accompanied  by prol iferat ion of the connect ive tissue mainly in the zone of 
resect ion of the gland. No appreciable  atrophy of the parenchymatous e lements  could be found in the residual part 
of the organ. 

The least  favorable as regards outcome was subtotal resect ion of the pancreas.  After the almost comple te  r e -  
moval  of the pancreas, leaving behind smal l  areas near the ducts, in three cases the deve lopment  of fat ty necrosis 
was observed, and this caused the animals '  death. Suppurative inf lammat ion  of the surrounding ce l lu la r  tissue was 

observed in the lobules of the pancreas remain ing  near the efferent  ducts. On the surface smal l  foci of fatty necrosis 
were found, al ternat ing with foci of suppurative inf lammat ion.  Areas of fatty necrosis were also seen in the sub- 
stance of the glandular tissue. In the surviving animals cys t - l ike  cavit ies  were found in the region of the foci of 
destruction. 

Removal of the centra l  portion of the gland, or of the centra l  portion together with a t e rmina l  portion, was 
accompanied  by the deve lopment  of atrophic changes and prol i ferat ion of the connective tissue in the residual  por-  
tion of the pancreas. Fibrous connect ive tissue extended in broad bands between the lobules of the glands, and in 
some places surrounded them in a ring. With an increase in the period of observation the atrophic changes became 
more marked and the amount of connect ive tissue increased. From 3 to ? months after resection of the c e n ~ a l  por-  
t ion some areas of the pancreas became surrounded by a thick connect ive- t issue capsuie. Because of prol iferat ion 
of the connect ive tissue the walls of the blood vessels became  thicker. In these experiments,  no restoration of the 

function of the gland took place ,  and on microscopic examinat ion  the acinar cei ls  showed no signs of regenerat ion.  

When communica t ion  between the pancreas and the intest inal  lumen was preserved by formation of a pan-  
c rea t ico- je junos tomy,  the prol i ferat ion of the connective tissue in the part of the gland near the anastomosis was 
less marked, and the atrophy of the parenchyma of the gland was very slight. In some preparations an efferent duct 
with a wide, free lumen lined with cub ica l  ep i the l ium could be seen among the parenchyma subdivided into 
lobules. 

In the exper iment  in which the stump of the gIand was per i tonized with omentum and, consequently, isolated 
from the lumen of the bowel, the results obtained were different from those described in the animals  with panerea-  
t i co- je junos tomy even when the extent  of  the resection was the same. From 2 to 3 months after the operation,  
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marked atrophy of the acinar tissue and intensive prol i ferat ion of the connect ive tissue between the lobules and on 

the surface of the t e rmina l  portion of the gland were found in the pancreas of the dogs of group 1. At the same t ime,  

and also much later ,  in the animals  of group 2, only Very slight thickening of the interlobular connect ive tissue septa 
was observed, and instead of atrophy, a marked increase in the size of the acini  was seen (Fig. 3). 

I t  may be concluded from these results that anastomosis of the residual portion of the gland with the lumen of 
the digestive canal  fac i l i ta tes  the deve lopment  of the compensatory powers of the pancreas. 

The part of the organ isolated from the bowel was converted into a c ica t r ized  formation in which it was dif-  
f icult  to distinguish the dissociated and atrophied glandular e lements ,  and the external  secretory function gradually 
disappeared. The creat ion of conditions for drainage of the pancreat ic  ju ice  was thus of great importance to the 
regenerat ion of the pancreas and compensat ion of the functions disturbed by resection of the organ. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 
tions of the abbreviations as given in the original Russian journal. Some  or al l  o f  t h i s  per i -  

od ica l  l i t e ra ture  m a y  w e l l  be a v a i l a b l e  in E n g l i s h  t rans la t ion .  A complete l ist  of the cover-to- 
cover English translations appears at the back of the first issue of this year. 
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