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Partial small bowel resection causes mu- 
cosal hyperplasia of the intestinal remnant 
(1-3). Proximal enterectomy exposes the dis- 
tal small bowel more directly to bile and 
pancreatic secretions, which have been impli- 
cated as stimulators of the postresectional 
response (4). 

To test whether pancreaticobiliary secre- 
tions mediate postresectional distal hyperpla- 
sia and to obtain direct corroboration of ex- 
periments in which distal hyperplasia was 
observed after pancreaticobiliary diversion to 
the midgut (5), we examined the rat ileum 48 
hr after jejunectomy, with and without liga- 
tion of the pancreaticobiliary (PB) duct. 
Amounts of nucleic acid in the bowel at that 
time anticipate those at longer intervals (3). 
Compensatory hyperplasia occured despite a 
ligated PB duct, but the presence of bile and 
pancreatic juice seemed necessary for a full 
hyperplastic response. 

Experimental design. Male Sprague-Daw- 
ley rats (Charles River Breeding Laborato- 
ries, Inc., Wilmington, MA) weighing 
200-230 g were randomly assigned to four 
experimental groups: 

Ligation and transection (LT). Ligation of 
the PB duct immediately proximal to the 
papilla of Vater, with transection and end-to- 
end anastomosis of the jejunum 2 cm distal 
to the ligament of Treitz. 

Ligation and resection (LR). Ligation of the 
PB duct as above, with proximal resection of 
50% (45 cm) of the small bowel distal to the 
ligament of Treitz, followed by end-to-end 
anastomosis. 

Control and transection (CT). Transection 
of the small bowel as above, with operative 
exposure of the PB duct. 
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Control and resection (CR). Resection of 
the small bowel, with exposure of the PB 
duct. 

Operations were carried out between 0830 
and 1300 hr, under light ether anesthesia. 
After transection or resection, continuity was 
restored by single layer anastomosis with 6-0 
Tevdek. The PB duct was divided between 
two 5-0 silk ties. 

Animals were fed Purina Laboratory Chow 
until the time of operation. Afterward, food 
but not water was withheld for 24 hr. 

Rats were sacrificed 48 hr after operation 
by cervical dislocation between 0830 and 
1300 hr. One hr before death, each rat was 
given a subcutaneous injection of 50 pCi *’H- 
methyl-thymidine (6.7 Ci/mmole, New Eng- 
land Nuclear Corp., Boston, MA). 

Immediately after death, the small bowel 
was removed and flushed with ice cold iso- 
tonic NaCl solution. A 5-cm segment of 
bowel, measured under a constant tension of 
3 g over a single pulley, was cut from the 
center of the ileum. The segment was opened 
longitudinally over an ice cold plate, and the 
mucosa was scraped from the muscularis with 
a glass slide. The mucosa was then frozen in 
liquid nitrogen within 10 min of death. Scrap- 
ings were preserved’at -70°, until subsequent 
analysis. When examined by light micros- 
copy, representative specimens of intestinal 
wall revealed no crypts remaining after re- 
moval of the mucosa. 

Content of RNA and DNA in mucosal 
samples was determined by the method of 
Scott et al. (6) as modified by Hinrichs et al. 
(7). Radioactivity in DNA was assayed from 
aliquots of DNA containing supernatant 
counted by liquid scintillation spectrometry 
with an efficiency of 29%, corrected by inter- 
nal standardization. 

Statistics. Significance was tested by Stu- 
dent’s t test for unpaired data. 

Animals. Rats with ligation of the PB duct 
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tolerated the procedure well for 48 hr, al- 
though they became slightly icteric. Mortality 
rates were: 2/30 after ligation and transection 
(LT), 4/35 after ligation and resection (LR), 
0/27 after control and transection (CT), and 
1/28 after control and resection (CR). To see 
whether analysis of variance would identify 
relations not disclosed by Student's t test, 
results from random animals were discarded 
so that N for all groups would be identical. 

The cause of death was peritonitis from 
leakage at either the site of anastomosis or 
the point of ligation of the PB duct. In the 
first 24 hr after operation, all animals lost 
about 11% of body weight. During the second 
24 hr, rats with PB duct ligations lost another 
3% of initial body weight, while rats in the 
control groups regained 3% of initial body 
weight. 

Nucleic acid content. The rise in nucleic 
acids after proximal small bowel resection 
was less in animals with PB duct ligation than 
in those without. Compared with jejunal tran- 
section, resection increased midgut content of 
RNA 12% with PB duct ligation, but 44% 
without it, while DNA content rose 13% with 
PB duct ligation but 25% without it (Table I). 
Although ligation of the PB duct did not 
influence DNA or RNA contents after tran- 
section, ligation prevented much of the ex- 
pected increase in mucosal RNA and DNA 
contents after resection. 

The RNA/DNA ratio rose after resection 
in control animals, but not in rats with PB 
duct ligation. The ratio of the content of 

RNA to DNA is an estimate of the amount 
of RNA per average diploid cell (8). 

DNA radioactivity. When corrected for the 
radioactivity of the acid soluble pool (DNA 
dpm per mg DNA per acid soluble dpm), 
DNA specific activity did not change after 
resection in either rats with PB duct ligation 
or those without it. Uncorrected measure- 
ments of specific activity paralleled those of 
DNA content. The amount of radioactivity 
in DNA, expressed per mg of DNA present 
(DNA specific activity), is an estimate of the 
proportion of proliferating cells (9). 

Discussion. Some degree of hyperplasia in 
the rat ileum 48 hr after jejunal resection can 
occur without bile and pancreatic juice in the 
lumen of the bowel. Increased height of ileal 
villi is also observed after proximal intestinal 
bypass in the absence of pancre'atic and bili- 
ary secretions (10). 

Exocrine secretions seem to be necessary 
for the optimal proliferative response of the 
small bowel after proximal resection, how- 
ever. Adaptive hyperplasia is reduced in rats 
with ligated ducts compared with animals 
with normal ducts. Both the average cellular 
content of RNA (RNA/DNA) and the num- 
ber of cells (DNA content) are diminished. 
When pancreaticobiliary secretions are sup- 
plied to ectopic portions of the small intestine 
by transplantation or by infusion, they pro- 
duce distal hyperplasia (4). Furthermore, ileal 
hyperplasia after jejunectomy is enhanced by 
distal transplantation of the papilla of Vater 
(11, 12). As this enhanced response is also 

TABLE I .  EFFECT OF J E J U N A L  RESECTION A N D  PBD LIGATION UPON ILEAL MUCOSA NUCLEIC ACID 
CONTENT. 

pg Nucleic acid/5 cm Mucosal Scraping f SE1 

Experimental group N RNA DNA RNA/DNA~ 
PB Duct ligation and SB transection (LT) 27 
PB Duct ligation and Jejunectomy (LR) 27 
SB transection (CT) 27 
Jejunectomy (CR) 27 

Significance 
RNA LT vs. LR: P < 0.02 

CT vs. CR: P < 0.001 
LR vs. CR: P < 0.001 
LT VS. CT: P = 0.14 
LT VS. LR: P = 0.94 
CT vs. CR: P < 0.001 
LR VS. CR: P = 0.20 
LT vs. CT: P < 0.01 

RNA/DNA 

2920 * 95.5 2290 f 59.1 1.28 f 0.027 
3280 f 99.4 2590 f 76.5 1.27 f 0.028 
2720 f 89.6 2380 f 80.3 1.16 f 0.032 
3910 f 93.8 2970 f 80.0 1.33 f 0.030 

DNA LT vs. LR: P < 0.01 
CT vs. CR: P < 0.001 
LR vs. CR: P < 0.01 
LT VS. CT: P = 0.39 

'' All numbers are rounded to three significant digits. 
RNA/DNA are calculated from the original data, not the means given here. 



PANCREATICOBILIARY LIGATION AND GUT 103 

observed in animals fed elemental diets, the 
stimulatory effect of bile and pancreatic juice 
probably is not due to their digestive action 
alone (1  1). The identity of the active compo- 
nent(s) of pancreaticobiliary secretions is dis- 
putable (1, 4, 13-16). 

The diminished postresectional response in 
the absence of bile and pancreatic juice prob- 
ably is not a result of jaundice and weight 
loss following PB duct ligation. In our exper- 
iments, tying the PB duct blunted the ex- 
pected rise in nucleic acid content only 
among animals with small bowel resection; it 
did not influence the mucosal DNA and 
RNA of rats with jejunal transection. Unless 
there is an unrecognized nutritional problem 
peculiar to rats with both jejunectomy and 
PB duct ligation, differences in diet cannot 
explain the results. Alterations in the physical 
and chemical characteristics of chyme itself 
as a result of PB duct ligation may not be 
separable from the effects of withholding PB 
secretions from the mucosal cells. Suppressive 
effects of ligation of the common bile ducts 
in rats on angiogenesis and wound strength 
are not observable as early as 48 hr (17). 

Small bowel resection does not change the 
corrected DNA specific activity. Specific ac- 
tivity in any event is a poor index of enteric 
proliferative activity in this experiment, be- 
cause the DNA content is not constant. If in 
the formula for specific activity both the nu- 
merator (DNA radioactivity) and the denom- 
inator (DNA content) demonstrate a similar 
rise, the ratio is unchanged. If one adopts the 
common viewpoint that no corrections for 
acid soluble radioactivity should have been 
necessary because the pools were swamped, 
parallel changes in DNA specific activity and 
DNA content would make our evidence even 
stronger. 

Since adaptive hyperplasia can occur with- 
out pancreatic and biliary secretions, at least 
one other factor must mediate the phenome- 
non. In addition to bile and pancreatic juice 
(14), previous investigations have most often 
emphasized the importance of “topical” or 
“luminal” nutrition (1, 10, 12, 18, 19), and 
hormones (2, 20) as mediators of the postre- 
section response. It is likely that both blood- 
borne factors and local mediators are in- 
volved (1, 3, 13, 19-25). 

Summary. To assess the role of pancreati- 

cobiliary secretions in mediating adaptive hy- 
perplasia of the small intestine, rats with li- 
gation of the pancreaticobiliary duct were 
studied 48 hr after jejunectomy. After liga- 
tion, the rise in ileal RNA content was only 
12% as compared with 44% control (P < 0.02) 
and the rise in DNA content was only 13% as 
compared with 25% control (P < 0.01). Some 
adaptive hyperplasia can occur after pancrea- 
ticobiliary ligation, but the hyperplastic re- 
sponse is potentiated by pancreaticobiliary 
exocrine secretion. 

We thank Drs. Daniel Malamud and Robin C.N. 
Williamson for helpful discussions, Mrs. Rebecca R. 
Adjoyan for assistance, and Dr. Robert A. Lew for 
statistical advice. 

1. Dowling, R. H., in “Intestinal Adaptation” (R. H. 
Dowling and E. 0. Riecken, eds.), p. 35, F. K. 
Schattauer Verlag, New York (1974). 

2. Loran, M. R., and Althausen, T. L., J. Biophys. 
Biochern. Cytol. 7, 667 (1960). 

3. Obertop, H., Nundy, S., Malamud, D., et al., Gas- 
troenterology 72,267 ( 1977). 

4. Altrnann, G .  G., in “Intestinal Adaptation” (R. H. 
Dowling and E. 0. Riecken, eds.), p. 75. F. K. 
Schattauer Verlag, New York (1974). 

5. Williamson, R. C. N., Bauer, F. L. R., Ross, J. S., et 
al., Surgery, in press. 

6. Scott, J. F., Fraccastoro, A. P., and Taft, E. B., Jr., 
J. Histochem. Cytochern. 4, I (1956). 

7. Hinrichs, H. R., Petersen, R. O., and Basrerga, R., 
Arch. Pathol. 78, 245 (1964). 

8. Vendrely, R., in “The Nucleic Acids” (E. Chargaff 
and J.  N. Davidson, eds.), p. 155 (1955). 

9. Baserga, R., and Malamud, D., “Autoradiography: 
techniques and applications,” Paul Hoeber, New 
York (1969). 

10. Tilson, M. D., Sweeney, T., and Wright, H. K. Arch. 
Surg. 110, 309, (1975). 

11. Weser, E., Heller, R., Tawil, T., Gastroenterology 
73,524 (1977). 

12. Levine, G. M., Deren, J. J., Steiger, E., et al., Gas- 
troenterology 67, 975 (1974). 

13. Bloch, R., Menge, H., Lorenz-Meyer, H., et al., in 
“Intestinal Adaptation” (R. H. Dowling and E. 0. 
Reicken, eds.), p. 87, F. K. Schattauer Verlag, New 
York (1974). 

14. Roy, C. C., Laurendeau, G., Doyon, G., et al., Proc. 
SOC. Exp. Biol. Med. 149, lo00 (1975). 

15. Altrnan, G.  G., Amer. J. Anat. 132, 167 (1971). 
16. Teem, M. V., and Phillips, S. F., Gastroenterology 

17. Bayer, I., and Ellis, H., Brit. J. Surg. 63, 392 (1976). 
18. Levine, G. M., Deren, J. J., and Yezdimir, E., Dig. 

19. Tilson, M. D., Arch. Surg. 104, 69 (1972). 

62,26 1 ( 1972). 

Dis. 21, 542 (1976). 



104 PANCREATICOBILIARY LIGATION AND GUT 

20. Elias, E., and Dowling, R. H., in “Intestinal Adap- 
tation” (R. H. Dowling and E. 0. Recken, eds.), p. 
94, F. K. Schattauer Verlag, New York (1974). 

21. Tilson, M. D., and Livstone, G. M., Surg. Forum 26, 
393 (1975). 

22. Weser, E., and Hernandez, M. H., Gastroenterology 
60,69 (1971). 

23. Loran, M. R., and Carbone, J. V., in “Gastrointes- 

tinal Radiation Injury’’ (M. F. Sullivan, ed.), p. 127. 
Excerpta Medica, Amsterdam ( 1963). 

24. Fenyo, G., and Hallberg, D., Acta Chir. Scand. 142, 
270 ( 1976). 

25. Dworkin, L. D., Levine, G. M., Farber, N. J., et al., 
Gastroenterology 71,626 (1976). 

Received July 29, 1977. P.S.E.B.M. 1978, Vol. 158. 


