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antihypertensive effect. Illoreover, a prelim- 
inary experiment with the dog lung extract in 
rats likewise indicated no prophylaxis against 
experimental renal hypertension.1° However, 
antihypertensive substances not obtained by 
this method of extraction may be present in 
lung. 

reduction in the amount of functioning 
lung tissue was shown to be without effect 
on the systemic blood pressure of moderately 
hypertensive animals. KO regeneration of 
lung tissue was found in these dogs on sacri- 
fice, and it seems likely that sufficient tissue 
was removed to demonstrate some effect if 
the lung plays an  active antipressor role in 
experimental renal hypertension. 

Sumnzury. 1 .  Daily intramuscular injections 
of lung extract for two months preceding and 
following clamping of the renal artery and 
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contralateral nephrectomy failed to prevent 
the development of hypertension in two dogs. 
2. Pneumonectomy performed on 2 renal 
hypertensive dogs and pneumonectomy plus 
contralateral lobectomy on 2 other hyper- 
tensive animals did not alter their pressure 
levels. 3.  The pressures of 2 normotensive dogs 
were not influenced by pneumonectomy, nor 
were the hypertensions subsequently pro- 
duced by renal artery constriction and contra- 
lateral nephrectomy. 4. The results of these 
experiments suggest, but do not prove, that 
the lungs do not elaborate an  antihypertensive 
substance and do not inactivate the pressor 
agent of experimental renal hypertension. 
5. Further work is necessary to explain the 
pulmonary normotension of renal hypertensive 
dogs. 

We arc grateful  to Dr. 11. Joaiinides for  per- 
10 Kl:itcIi, B. Z., unlublisliril data. for~iiiiig the piieumoiicetoniics and lobcctomies. 

Relationship Between the pH of the Duodenal Content and Pancreatic 
Secretion.” 

I. J. PINCUS, J. E. THOMAS, D. HAUSMAN, AND P. 0. LACHMAN. 
From the Department  of Physiology of the Jefferson Xdical  College of Philndelphia. 

Bayliss and Starling1 demonstrated the 
mechanism whereby acid introduced into the 
intestine provoked a flow of pancreatic secre- 
tion. With increasing interest in the role of 
the endocrine glands in the regulation of 
bodily function it has been widely assumed 
that the secretin mechanism largely deter- 
mined the volume of pancreatic secretion.2 
Farrell and Ivy,:i who feel the secretin mech- 

+ The w-ork was supported in  p a r t  by a gr:iiit 
fro111 tlie Committee on Food Rcscarch of tlic 
Quarteriiinstw Food and Container Inst i tute  for 
the Armed E’orccs. The opinions a n d  coiiclusio~is 
coiit:iincd in this  report arc those of the autliors. 
They a w  not  to  be construed as ~ i c c c s s : i r i l ~  Icflcct- 
iiig tlic view or mtlorsc.inrnt of tlie W:i I’ 1)qxirt- 
Il lCll  t . 

1 B:iyliss, W. M., and Starling, E. II., Am. J .  
Plrysiol . ,  1902, 28, 32.5. 

anism is the most important, found that a 
denervated pancreas failed to secrete as  much 
as expected. R l ~ C l u r e , ~  on the basis of his 
determination of enzyme in the duodenal 
content, stated that “stimulation of the ex- 
ternal enzymic function of the pancreas is 
dependent on some factor or factors unrelated 
to acidity of intestinal contents.” Thomas 

2 Itorcc 11’s Text Book of Physiology, 15th Edi- 
tioii, 1946, 11. 1064, W. B. Saunders Co., Philadcl- 
1)lii:i ; Pli?ysiolog?y in Health and Dise(iw, C. S. 
Wiggcrs, 4th Edition, 1947, p. 809, Lea  and  
Feb:ger, I’liiladelphia. 

3 Fnrrell :inn Ivy,  A m .  J .  Pliylsio7., 1926, 58, 32.5. 
4 Jlc(‘lurc, C. JV., Functional ;1cticitics of the 

1’n 11 c r u t  s (1 11 (7 1, iz; Cr, 31 cd ic :i 1 Au t 1 1  0 rs I’ubli sl I i ng 
Co., 1937. 

5 Tlioni;is, J. E., and Cridcr, J .  O., A! ) t i .  J .  
P h , l J S i O l . ,  1$)40, 131, 349. 
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and Crider.? fouiid that acid, as a stimulant 
for pancreatic secretion was effective when 
the pH was about 4; however, a copious flow 
of pancreatic juice was produced only when 
the pH was reduced to 3 or less. The latter 
investigators also'; found that, in the dog, 
after a meat meal, the pH of the duodenal 
content generally hovered around 4. a t  which 
level. a threshold response only would be 
expec t ed. 

Since pancreatic juice with a p H  of about 
8 is secreted into a vulnerable part of the 
duodenum, and is an excellent buffer, it is 
generally believed that this secretion plays 
a decisive role in the neutralization of acid 
chyme.; Hoerner' showed that even kvheii 
the pancreatic juice was excluded from the 
duodenum, :I significant degree of neu traliza- 
tion of the acid gastric contents occurred. On 
the other hand, DeBakey9 felt that the pan- 
creatic juice played a lesser role than did 
bile in the prevention of ulcer in the intestinal 
tract. 

In the course of study undertaken to deter- 
mine the normal secretion of the pancreas 
after the ingestion of various foodstuffs, ob- 
servations were made which yielded informa- 
tion pertaining to both of these problems. 

Jlcf lzods.  Healthy adult dogs were pro- 
\%led with gastric and duodenal tubulated 
fistulae as has been described elsewhere."-' 
The  accessory pancreatic duct was doubly 
ligated and severed; the duodenal fistula was 
placed opposite the ostium of the main pan- 
creatic duct. (Fig. 1) .  *After complete re- 
covery from the above operation, the animal 
was placed in a standing position on a table 
by means of a comfortable muslin harness. 
-A glass cannula was introduced into the main 
pancreatic duct; two tubes were placed into 

the stomach and then through the pylorus 
into the duodenum, the shorter tube being 
so placed that its end was in the region of 
the orifice of the main pancreatic duct while 
the end of the longer tube was placed 3 
inches b e j m d  this point. The  gastric fistula 
was stoppered and the duodenal fistula was 
covered with a rubber dam which was pierced 
to permit the small pancreatic cannula to 
protrude to the outside. 

Observations were made on 3 dogs so 
prepared. The pancreatic juice was collected 
and the volume measured every 10 minutes. 
I n  one series of experiments, each 10-minute 
specimen was introduced into the duodenum 
throuph the proximal tube: in a second group 
the pancreatic juice was excluded from the 
intestilie during the period of observation. 
Saninles of duodenal content were withdrawn 
from the longer tube a t  intervals and the 
pH determined electrometrically, using a glass 
electrode. These samples were then promptly 
returned to the duodenum. Preliminary ob- 
servations were made in the fasting state for 
one hour, after which the animal was fed 
small amounts of different foodstuffs and 
observations were continued for five hours. 
I n  a few experiments large meals were fed, 
and observations continued for a longer period 
of time. 

ResuZts. -\ comparison of the pH deter- 
minations of the duodenal contents made 
when the pancreatic juice was excluded from 
the intestine with the observations made when 
it was reintroduced, reveals that although, 
in general, the pH is lower when the juice 
is not present, the acidity did not exceed that 
observed when the juice was replaced into 
the duodenum. The  difference between the 2 
groups of experiments is evident when in- 
dividual foodstuffs are considered separately. 
There is a tendency for the pH to be higher 
when the pancreatic juice is present. 

Fig. 2 presents this data in to to .  The ordi- 
nates represent the pH determined after the 
ingestion of food, the abscissae denote the 
volume of pancreatic juice secreted in the 
ensuing 10-minute period. Entirely similar 
results were obtained when the volume of 
pancreatic juice secreted during the same ten- 
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I’IG. 1 .  
Diagram shoving rclationsli i~~s of tlic gastric and t1uodcii;il fistu1:is and  t l i c  pancreatic 

c:innul:i ; :t1so9 t l i ~  1~ositioii of tlic two tulws iiitrocluc*ocl into tlir tluotlriiuiii. 
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Scnttcrgrnm sliowing the relntionsliip between the pH of the duode~ial  contmit and  t l i ~  
\~olume of p:iiicreatic juice secreted during thc ensuing 10-1ninutc period. 

minute period was plotted against the pH. erate effect on the p H  of the intestinal con- 
Dots represent determinations made when tent. 
the pancreatic juice was returned to the duo- The same data may be used to study the 
denum, crosses represent similar determina- effect of acid in the intestine on the volume 
tions made when the juice was withheld for of pancreatic secretions. I t  is evident from 
the entire period of observation. The range a glance a t  this graph that no clear correla- 
of the pH was lower, but did not exceed the tions between the volume of pancreatic se- 
limits observed when the pancreatic juice cretion and the p H  of the duodenal content 
was present in the duodenum. I t  is evident existed in these experiments. This is rather 
that the pancreatic juice exerts only a mod- strikingly illustrated by individual experi- 
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FIG. 3. 
Curves of a t!-pical cspcriiiieiit after the feeding of :I lurge meal of ineat, sho~ving tlic 

i*el:itiwly coiistaiit p H  of tlic duodcii:il conteiit in rclntioii to the marked vnriatioii iii tlic 
stac.rc>tioii of pancreatic juice at 10-minute intervals. 

~ i i e n ~ .  I:ig. 3 illustrates the results obtained 
~ v h e n  :I large meal of meat was fed. I t  will 
I;e i?otcc! the pH of the duodenal content 
throiigL’hoiit the period of ohervation hovered 
a!iout 3 .  whereas, the volume of pancreatic 
juice varied considerably. Fig. 4 represents 
data obtained after a small feeding of bread. 
It does not seem likely that the fluctuations 
in the volume of the pancreatic juice were 
related to the differences in pH observed. 
Comnicnt. Our observations are in con- 

formity with those of Hoerner: namely, that 
some neutralization of the acid chyme is 
attained by the action of bile. succus eiitericus 
and other secretions of the small intestine and 
its appendages, but that generally more coni- 
plete neutralization results when pancreatic 
juice is present in the intestine. 

In  addition, our findings would suggest that 
during digestion, the volume of pancreatic 

juice secreted is determined by other factors 
than the acidity of the duodenal content 
alone. I t  would seem plausible that the se- 
cretin mechanism may “prime the pancreatic 
pump,” since the duodenal acidity is at, or 
may exceed, the threshold value. However, 
other factors must play a determining role. 
Thus Crider and Thomasll found that, after 
section of the vagus nerves, the introduction 
of acid into the intestine was less effective 
in promoting pancreatic secretion than pre- 
viously. Possibly two or more different stimuli 
must be active a t  any ope time to evoke a 
copious pancreatic secretion, as does occur 
during the digestive period. However, it 
would seem t,hat when the duodenal acidity 
exceeds a given threshold value, as d,oes oc- 

11 Crider aiid Thomas, Am. J .  PhysioZ., 1944, 
141, i 3 0 .  
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Curve showing a typical experiment after small feeding of bread, demonstrating the lack 
of  relationship between the pH of the duodenal contcnt aiid the secretion of pancreatic juice 
a t  any given time,. Determinations were made at 10-minute intervals. 

casionally occur, the secretin mechanism may 
call forth a larger volume of neutralizing pan- 
crea tic juice, pendages. 

Conclusions. 1. Pancreatic juice provides 
buffering material which serves to neutralize 
gastric content more effectively, but some ume of pancreatic secretion. 

degree of neutralization is attained from other 
secretions of the small intestine and its ap- 

2. No correlation is evident between the 
acidity of the duodenal content and the vol- 




