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Bainbridge (1) was the first to describe that the intravenous injection of secretin
enhanced the rate of secretion of pancreatic juice and thoracic duct lymph flow; he
found a close correlation between pancreatic secretion and the enhancement of lymph
flow. Razin, Feldman and Dreiling (2), also working on dogs, confirmed that secretin
augmented pancreatic secretion and lymph flow from the thoracic duct, and observed
that intravenous pancreozymin too increased lymph flow, however, neither secretin nor
pancreozymin augmented the activity of amylase in the lymph. Furthermore, lymph flow
was increased by secretin also in pancreatectomized dogs while it was not affected after
removal of the small intestine. From these observations it has been concluded that
enhanced lymph flow from the thoracic duct in response to secretin is derived from
the small intestine and not the pancreas.

In healthy human subjects, secretin was found to augment thoracic duct lymph flow
ard amylase and lipase activity in the lymph, whereas it failed to affect either lymph
flow or lipase activity in patients with chronic pancreatitis (3). On the other hand,
Bartos, Brzek, Groh and Keller (4) obtained no change in thoracic duct lymph flow in
response to secretin cither in healthy individuals or in patients with chronic pancreatitis
(5), however, secretin increased amylase activity in the lymph both in healthy subjects
and patients with chronic pancreatitis while having no appreciable effect on lipase
activity. Pancreozymin augmented thoracic duct lymph flow in healthy individuals and,
similarly to secretin, increased the activity of amylase in the lymph.

Since there is much controversy about the data pertaining to this question it seemed
worth to investigate whether
I. the flow of pancreaticoduodenal lymph and lipase activity in the lymph of the normal

pancreas are affected alone by secretin or only in combination with pancreozymin;
2. whether there is a difference in the secretin and pancreozymin-induced changes of

thoracic duct lymph flow and lipase activity in chronic pancreatitis as compared
to the normal pancreas.
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Material and Methods

)

1. Twenty-three mongrel dogs of either sex, weighing 16 kg on the average, were
anaesthetized with chloralose. Lymph was collected from the lymphatics draining the
pancreas and the duodenum. The technique of lymph collection and withdrawal of
pancreaticoduodenal venous blood has been described in a previous paper (6). Poly-
ethylene cannulas were inserted-into the duct of Santorini and the duodenal brandy
of the superior pancreaticoduodenal artery; the cannula left the blood flow in the artery
unaffected. Pancreatic juice was collected through the cannula inserted into Santorini’s
duct. Through the arterial cannula, physiological saline, or hormones stimulating pan-
creatic secretion were infused by a constant-rate pump over periods of 45 min. In 8 dogs,
the effect of physiological saline infused into the superior pancreaticoduodenal artery
at a rate of 1 ml/min for 45 min was studied on the amount of pancreaticoduodenal
lymph collected during this period from the intact pancreas. In 9 dogs with untreated
pancreas, the effect of 0.1 U/kg b.w./min of secretin infused in physiological saline at
a rate of 1 ml/min was tested using Sinbio (Nice, France) and Boots (Nottingham, Eng-
land) preparations in 5 and 4 animals, respectively. The effect of the above dose of
secretin and 0.1 U/kg b.w./min of pancreozymin (Boots, Nottingham, England) dissolved
in physiological saline and infused at a rate of 1 ml/min was also investigated in 6 dogs
after treatment with 1 ml/min of physiological saline infused into the superior pancrea-
ticoduodenal artery. Pancreaticoduodenal lymph was collected for 45 min periods in
heparinized tubes kept in an icy bath. At the end of each lymph collection period blood
was withdrawn into heparinized tubes from the superior pancreaticoduodenal vein. The
portion of the pancreas supplied by the superior pancreaticoduodenal artery and the
lymph vessels draining this portion were visualised at the end of the second lymph
collection period by injecting 19/¢ Evans blue solution into the artery.

The volume of the pancreaticoduodenal lymph samples was measured. Lipase activity
was determined in the lymph, blood plasma and pancreatic juice by the method of I
Weber (7). The effect of the various procedures was analysed by Student’s t-test, while
the effect of the various treatments was compared by analysis of variance.

2. In the second set of experiments, male albino rats of the CFE strain, weighing
200 to 250 g, were anacsthetized with sodium pentobarbital (4 mg/100 g b.w.) given
intraperitoneally. Pancreatitis was induced by sunflower oil or 2.5 mg of trypsin (Richter,
Budapest). These substances were injected into the pancreas in a volume of 0.2 ml,
according to the technique of Heinkel (8). Six rats treated with trypsin and 9 sunflower
oil treated rats which survived by the 14th to 18th day, and 8 intact CFE male rats
weighing 200 to 250 g were anaesthetized with sodium pentobarbital. Pancreatic juice
was collected by a polyethylene cannula inserted into the common bile duct via the
duodenum. The common bile duct was dissected in the liver porta, and the duodenal |
stump was ligated; bile was drained through the central stump of the common bile duct.
Lymph was collected through a polyethylene tubing introduced into the thoracic duct
by the method of Bollman. Cain and Grindlay (9). The femoral vein was also cannulated,
and 4 U/kg b.w. of secretin and pancreozymin (Boots, Nottingham, England) dissolved
in 1 ml of physiological saline were infused at a constant rate within 45 min. Pancreatic
juice and thoracic duct lymph were collected continuously into tubes kept in an icy bath )
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over a period of 45 min. At the end of the collection period, blood was withdrawn from
the femoral artery, then the animals were killed and their pancreas removed and fixated
in 6% formalin. Lipase activity was determined in the lymph, blood plasma and pan-
crealic juice using the method of Weber (7). The removed pancreas was embedded in
paraffin; the 5-u sections were stained with haematoxylin-cosin and examined under the
light microscope.

Results -

L. Both physiological saline and secretin enhanced the rate of pancreaticoduodenal
lymph flow in the untreated pancreas in dogs (p < 0.05); there was no subitantial dif-
ference between the efficiency of treatments (Fig. 1). Secretin and pancreozymin, when
given together, significantly increased the rate of pancrcaticoduodenal lymph flow fro;n
the par:creas pretreated with physiological saline (p < 0.05). Secretin et puncicuty e
failed to produce a greater effect on pancreaticoduodenal lymph flow than cither physio-
logical aline or secretin given alone (Fig. 1).

Lipase activity in pancreaticoduodenal lymph and in superior p;mcrcaticoduc'flcnal
venous blood was increased only when secretin and pancreozymin were v et
h tancously (p < 0.01; Fig. 2).
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Fig.3a Histological appearance of the pancreas in rat 14 days after the intraductal injection
of sunflower oil. The structure of the gland is hardly recognizable. The excretory ducts are
dilated, the remaining acini are dedifferentiated. Interlobular and intralobular connective tissue
shows proliferation and inflammatory reaction. The islets of Langerhans are normal. (Haema-
toxylin-eosin; x 52.)

Fig. 3b Histological appearance of the pancreas in rat 14 days after the intralobular injection
of trypsin. Focal damage of the gland is well recognizable, intact acini are seen also. Proliferation
of intralobular and interlobular connective tissue, Marked inflammatory reaction. The islets of
Langerhans are normal. (Haematoxylin-eosin; x 52.)

The amount of pancreatic juice and its lipase activity were according to expectation,
significantly augmented by secretin alone and in association with pancreozymin.

2. Sunflower oil as well as trypsin, when injected into the pancreas of rats, gave rise
within 14 to 18 days to histological alterations that are characteristic to chronic pan-
creatitis. The structure of the pancreas treated with sunflower oil was hardly recogniz-
able, groups of dedifferentiated acini with a broad lumen and lined with cubic epithelium ?
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predominating the microscopic picture, with proliferation of intralobular and partic-
ularly of interlobular connective tissue which was invaded by lymphocytes, monocytes
and eosinophyl leucocytes (Fig. 3 a). In the pancreas treated with trypsin, completely
damaged areas were seen besides relatively intact regions. Besides the obstructed acini
lined with flattened epithelium there were also groups of lobules with a preserved struc-
ture and morphologically normal acini. In the proliferating intralobular and interlobular
connective tissue there was a marked-inflammatory reaction (Fig. 3 b). The histological
finding was similar to that seen in chronic pancreatitis of the human. Remarkably enough,
the islets of Langerhans were apparently intact, despite the severe damage seen in
the acini.

Fig. 3¢ Histological appearance of the pancreas and that of an islet of Langerhans in untreated
rat. (Haematoxylin-eosin; x 52.)

Lipase activity in the pancreatic juice following stimulation with secretin and pan-
creozymin was about thousand times higher in the normal controls than in the rats treated
with sunflower oil, and approximately ten times higher than in the trypsin-treated ani-
mals (Table 1). In thoracic duct lymph, lipase activity attained measurable levels only
when the secretion of the intact pancreas was stimulated. The amount of lymph collected
from the thoracic duct, however, was practically the same irrespective of whether the
normal or the sunflower oil treated or trypsin treated pancreas was stimulated by secre-
tin and pancreomyzin. Lipase activity was undetectably low in the blood plasma of the
rats previously treated with sunflower oil and stimulated by secretin and pancreozymin.

Discussion

I. Since the rate of pancreaticoduodenal lymph flow in the dog varies between 0.01
and 0.03 ml/min as shown in the present and previous experiments (6) the 50% increase
caused by secretin cannot appreciably affect the rate of lymph flow in the thoracic duct
which has been found 0.2 to 0.6 ml/min (10, 11). Similar conclusions were drawn by
Razin, Feldman and Dreiling (2) who suggested that the increased thoracic duct lymph
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Table 1 The effect of secretin and pancreozymin on lipase activity in blood plasma, thoracic
duct lymph and pancreatic juice, and on thoracic duct lymph flow in rats with chronic
pancreatitis. In paraentheses, the number of rats.

Blood plasma Thoracic duct lymph Pancreatic juice
Lipase activity Flow rate Lipase activity ~ Lipase activity
IU/1,000ml  ° =ml/45 min 1U/1,000 ml 1U/1,000 ml
Intact pancreas (8)
Mean*S.E. 232+76.9 0.60£0.11 5512306  5.05x10°E£1.14x10%
Range 0-563 0.20-1.10 0-2,400 2.10x10%-9.50x 108
Pancreatitis induced
by sunflower oil (9)
MeantS.E. 0 0.44£0.06 2.22x10°£1.78x 102
Range 0.10-0.70 0 0-16.0x102
Pancreatitis induced
by trypsin (6)
Mean+S.E. 38%19 0.48%0.11 2.46x 104 = 1.04x 104
Range 0—-104 0.20 - 0.90 0 2.60x10%—-7.40x10*

flow in response to secretin originated in the small intestine and not the pancreas. The
present findings unequivocally demonstrate that neither secretin nor secretin in combi-
nation with pancreozymin produce a signilicantly greater effect on pancreatico-
duodenal lymph flow than physiological saline alone. Lipase activity of the pancreatico-
duodenal lymph was augmented by secretin only when given in association with pan-
creozymin. It is likely that during “maximal stimulation” of the pancreas some lipase
passes from the excretory ducts into the interstitial space and then into the lymph of
the pancreas, presumably by the mechanism suggested by Duprez, Godart, Plattenborse
and Dupont (12).

2. Bernard (13), when failing to remove surgically the pancreas, attempted to “dis-
solve® the gland by injecting edible oil into the gland of dogs. The small amount of
tallow when injected into the pancreas of dogs, in fact caused atrophy of the exocrine
portion of the gland. In the present experiments edible oil caused parenchymal atrophy
of the exocrine pancreas in rats, while trypsin gave rise to histological changes closely-
resembling those seen in chronic pancreatitis of man. The activity of lipase in the pan-
creatic juice of rats following the administration of secretin and pancreozymin was less
by orders of magnitude than the activity found in the similarly stimulated normal pan-
creas. During “maximal stimulation” of the previously trypsin or oil treated pancreas
in rats there was no detectable lipase activity in the lymph draining from the thoracc
duct. This observation indicates that, in chronic pancreatitis, the transport of lipase from
the pancreas is impeded by obstruction of the lymph vessels in and around the pancreas:
Similar conclusions can be drawn from the observations made by Sarles (14) and Rey-
nolds (15) in chronic human pancreatitis.
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The present experiments show that the “maximal stimulation” of the pancreatic secre-
tion failed to enhance thoracic duct flow either in intact rats or in rats with chronic
pancreatitis. The rate of thoracic duct lymph flow in rats used in the present experiments
are corresponding to the published data (9, 16).

Summary

Pancreaticoduodenal lymph flow in andesthetized normal dogs was enhanced to the same
extent by the infusion over 45 min into the superior pancreaticoduodenal artery of physiological
saline (1 ml/min), 0.1 U/kg b.w./min of secretin dissolved in physiological saline (1 ml/min) and
after pretreatment with physiological saline (I ml/min) 0.1 U/kg b.w./min of secretin and
0.1 U/kg b.w./min of panereozymin dissolved in physiological saline and infused at a rate of
I ml/min. Lipase activity in the lymph was augmented only by the combined administration of
secretin and pancreozymin.

Sunflower oil injected into the pancreas of rats caused severe damage to the acinar parenchyma,
while the injection of 2.5 mg trypsin gave rise to changes characteristic to human chronic pan-
creatitis, 14 to 18 days after the intraductal injection of these substances. Lipase activity in the
pancreatic juice following the intravenous injection of 4 U/kg b.w. of secretin and 4 Urkg b.w.
of pancreozymin dissolved in 1 ml of saline and infused over a period of 45 min was less by
orders of magnitude in the rats with histologically feasible damage to the pancreas. Secretin and
pancreozymin failed to affect the rate of thoracic duct lymph flow, however, lipase activity in
thoracic duct lymph could not be detected during stimulation of the histologically damaged
pancreas.

The authors are indebted to Mr. G. Folly for the performance of mathematical-statistical
analysis.
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