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Stening and Grossman (1) have demon- 
strated that both natural and synthetic secre- 
tin stimulate secretion from Brunner’s gland 
pouches in dogs and cats. Secretin’s other 
actions on the gastrointestinal tract include 
inhibition of gastric acid secretion (2) ,  inhi- 
bition of gastric motility (3),  and stimulation 
of bile flow (4 ) .  Glucagon has been shown 
to share these actions on the gastrointestinal 
tract and to inhibit secretin stimulated pan- 
creatic secretion as well (5-8). Secretin has 
2 7  amino acid residues and a molecular 
weight of 3056 (9),  while glucagon has 29 
amino acid residues and a molecular weight 
of 3482 (10). The structures of secretin and 
glucagon are similar having identical amino 
acid residues at  14 positions. 

Jones and Hall (8) have recently shown 
that glucagon stimulates volume secretion in 
canine Brunner’s gland pouches. The present 
study was carried out to determine the effect 
of glucagon on the secretion of enterokinase 
[ enteropeptidase (EC 3.4.4.8) ] by Brunner’s 
gland pouches, an action that has not previ- 
ously been studied. 

Methods. Three mongrel dogs, weighing 
14.5 to 18.2 kg, were prepared with duodenal 
pouches (Fig. 1 )  by constructing a double 
mucosal septum at  the pylorus. The duo- 
denum was transected proximal to the entry 
of the common bile duct and the proximal 
end was brought through an abdominal stab 
wound and sutured to the skin. The distal cut 
end was joined to the stomach by a side-to- 
end gas t roduodenos t omy . 
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Experiments were begun 3 weeks following 
surgery. After an 18 hr fast the dogs were 
placed in sling harnesses and 0.15 M NaCl 
was infused through a polyethylene tube (PE 
50) in a leg vein at  66 ml/hr with a cali- 
brated peristaltic pump, (Harvard Apparatus 
Co., Millis, Mass.). After NaCI has been 
infused for four 15 min periods, glucagon 
(Eli Lilly, Indianapolis, Ind.) was added to 
the NaCl and infused at  64 pg/kg hr for 
eight 15 min periods. Glucagon was followed 
by four 15 min periods of NaCl infusion. 
Pouch secretion was collected in calibrated 
centrifuge tubes through plastic funnels 
strapped to the ventral surfaces of the dog 
abdomen. Care was taken to avoid contact 
between the funnel and the pouch mucosa. 
Volumes of secretion were measured to the 
nearest 0.1 ml. Specimens with volume less 
than 0.5 ml were diluted with known volume 
of distilled water. All specimens were then 
centrifuged at  27,OOOg at  4 O  for 20 min and 
the supernatants were frozen until assayed. 

Enterokinase was assayed by a modifica- 
tion of the method of Kunitz ( 11). One half 
milliliter samples were incubated at  25’ with 
0.1 ml of bovine trypsinogen (1 mg/ml in 
0.001 N HCl),  and 3.8 ml of buffer (0.01 M 
Tris maleate, pH 5.8). After 15 rnin incu- 
bation, a 0.1 ml aliquot was taken and imme- 
diately assayed for tryptic activity using the 
method of Hummel (12). The aliquot was 
rapidly added to a spectrophotometric 
cuvette containing 0.3 ml of substrate (0.01 
M p-toluene-sulfonyl-L-methyl ester) and 2.7 
ml of buffer (0.046 M Tris maleate, pH 8.1, 
containing 0.0115 M CaC12). The rate of 
change in absorbance was recorded on a Gil- 
ford recording spectrophotometer at  240 mp. 
Enterokinase activity was expressed as 1 unit 
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trypsinogen to trypsin/min at  25". Protein 5 4 -  

was assayed with the method of Lowry et at?. 
(13). A linear relationship was observed be- 3- 

tween the increasing amount of enterokinase 2 -  
and the rate of change of absorbance when 
duoden'al juice was used as a source of the 2 I - 
enzyme. No free trypsin activity could be t- 
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FIG. 1. A schematic drawing of duodenal pouches with double mucosal septum in dogs. 

ing the 2 hr of glucagon infusion. The mean 

1.64 I- GLUCAGON --l - I  1.2 

0 ' 0.4 

2 4 6 8 10 12 14 16 

FRACTION (15 MIN DURATION) 
FIG. 2. Volume response of Brunner's gland 

pouches to glucagon infusion. Each point in Figs. 
2-5 represents the mean of eight experhents in 3 
dogs; the vertical bars are the standard errors of the 
mean. 

volume during glucagon infusion was 1.2 
ml/l5 min. During NaCl infusion following 
glucagon, volume returned to the preglucagon 
1 eve1 . 

Protein output before glucagon infusion 
averaged 0.9 mg/15 min. During glucagon 
infusion, protein output rose to a peak of 3.9 
mg/15 min, 30 min after starting glucagon 
(Fig. 3 ) .  Total protein output remained ele- 
vated above the NaCl control level through- 
out glucagon infusion, although later values 
were significantly less than the peak value. 
Protein output returned to control level dur- 
ing postglucagon NaC1 infusion. 

Mean enterokinase output was 0.9 
units/l5 min during NaCl infusion (Fig. 4).  
During the first 15 min of glucagon infusion 
enterokinase output rose to a peak value of 
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TABLE I. Comparison of Total Volume Output  and Coilcentrations of Proteiu aud  Entero-  
kinase i n  Brunner  's Gland Pouch Secretion Dur ing  the Periods of Glucagon Administration 

and of Pre-  ar,d Postglucagon Administration. 

Mean f SE (15 min fract ions)  

P rcgl iic agon Gluc a go11 Postgluca.gon 
~~ ~~~~ ~~ ~ 

Vol ( m l )  0.2 f 0.0 1.3 k 0.1 0.4 & 0.1 
Total  enterokinase (uni ts)  0.9 & 0.3 11.6 2 1.5 0.8 f 0.3 

protein (mg)  0.9 f 0.2 2.4 2 0.2 0.9 2 0.3 

Enterokinase sp ac t  (units/nig) 2.3 & 0.2 8.3 & 1.1 1.8 f 0.3 

Protein conc (nig/ml) 3.9 & 0.3 2.1 & 0.2 2.4 2 0.3 

conc (units/nil) 6.1 & 1.6 8.6 f 1.1 2.1 & 0.4 

21.6 units/l5 min. A second, though lesser 
peak, occurred in fraction 11. Mean output 
during glucagon infusion was 11.6 units/lS 
min. Output returned to control level during 
postglucagon NaCl infusion. During NaCl in- 
fusion, mean enterokinase specific activity 
was 2.3 units/mg of protein. Specific activity 
reached its initial peak in the first 15 min of 
glucagon infusion, then rose to a second 
larger peak in fraction 11 (Fig. 5) .  Mean 
specific activity during glucagon infusion was 
8.3 units/mg of protein. Specific activity 
returned to the control level during the NaCl 
infusion following glucagon. These results 
are summarized in Table I. 

Discussion. Duodenal secretion is influ- 
enced by various stimuli. Wright and his co- 
workers (14) increased duodenal secretion in 
decerebrate and decapitated cats by stimulat- 
ing the vagus nerve. They also observed that 
atropine abolished the secretory response to 
vagal stimulation. Ponomarew (15) first ob- 
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FIG. 4. Total  enterokinase output in  Brunner's 
gland pouch secretion during glucagon infusion. 

Q 
w I 
v, 

+GLUCAGON 4 

" 
2 4 6 8 10 12 14 16 

FRACTION (15 MIN DURATION) 

z 
W 

FIG. 5 .  Specific activity (sp act) of enterokinase in 
Brunner's gland pouch secretion during glucagon 
infusion. 

served that feeding stimulated duodenal 
secretion and produced increased duodenal 
secretion by acidification of the duodenum. 
Florey and Harding (16) further demonstrat- 
ed that a humoral agent, possibly secretin, 
was involved in Brunner's gland secretion by 
showing that feeding stimulated both dener- 
vated and transplanted cat duodenal 
pouches. Recently Stening and Grossman (1) 
have stimulated secretion from isolated duo- 
denal pouches with histamine, gastrin 11, 
cholecystokinin-pancreozymin, and cerulein, 
as well as with secretin. The results of the 
present experiment confirms our previous re- 
port that glucagon is also a stimulant of duo- 
denal secretion (8).  However, it cannot be 
stated from this study whether endogenously 
released glucagon will stimulate duodenal 
secretion or whether the response observed in 
this study is a pharmacologic effect. The 
dose of glucagon used in this experiment, 64 
pg/kg hr, was chosen because a previous 
study (8) showed that it was the maximal 
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dose for Brunner’s gland secretion in dogs. 
Ponomarew ( 15) found protease, lipase, 

amylase, sucrase, and enterokinase activities 
in duodenal secretion. Wright et al. (14) 
proposed that only amylase and enterokinase 
were secreted, while the other enzymes were 
present from autolyzed and desquamated 
cells. Recently enterokinase activity was re- 
ported to be localized in the surface epitheli- 
al cells but not in the crypt cells or in the 
cells of the Brunner’s gland in the rat ( 1 7 ) .  
Furthermore, it has also been reported that a 
significant amount of enterokinase activity 
was present in the purified brush border 
membranes of the guinea pig small intestinal 
mucosa (18). It has yet to be established, 
however, that enterokinase is exclusively lo- 
calized in the brush border membrane. The 
increased enterokinase activity in the duo- 
denal pouch secretion following glucagon ad- 
ministration observed in this study may be 
due to either the direct release by glucagon 
of membrane bound enterokinase into the 
lumen or the increased volume output in- 
duced by glucagon washing out the enzyme 
from the membrane or from the surface mu- 
cus coatings. The pattern of glucagon stimu- 
lated output of enterokinase, a double-peaked 
response (Fig. 4) ,  resembles the duodenal 
output of pepsin as measured by Cooke and 
Grossman (19). 

Conclusion. The effects of glucagon on 
Brunner’s gland secretion were studied in 
three mongrel dogs with pouches of the prox- 
imal duodenum. A continuous intravenous in- 
jection of glucagon given in a dose that pro- 
duced maximal volume output caused sus- 
tained increases in volume, total protein, and 
enteropeptidase secretion from the pouches. 
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