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SUMMARY 

I. Elect r ica l  po ten t i a l  differences (PD's) have been measured  between the 
maj~r  pancrea t ic  duct  and  blood of anes the t ized  cats dur ing free flow of pancrea t ic  
juice and dur ing  perfusion of the duct  with simple salt  solutions.  The measured  
PI ) ' s  were correc ted  for junct ion potent ia ls .  

2. Dur ing  free flow the hormone secret in shifts the duct  po ten t ia l  in the  negat ive  
direct ion by  7 mV, a p p r o x i m a t e l y  in phase with the sec re t in - s t imula ted  juice flow. 

3. Dur ing  perfusion secretin shifts the  duc t  PD in the negat ive  direct ion by  
about  3 mV, independen t  of the composi t ion  of the  perfusion solut ion used. 

4. Re la t ive  ionic pe rmeab i l i t y  coefficients for Na +, K+, CI-, and  HCO a in 
pancrea t ic  duc t  have been ca lcu la ted  from diffusion potent ia l s  and  are unaffected 
by  secretin. 

5. The ion fluxes s t imu la t ed  bv secret in are up the e lect rochemical  g rad ien t  for 
H('O:~ , down the g rad ien t  for Na ~, K , and C1 . 

0. I t  is concluded t ha t  the  effect of secret in on the pancreas  is to s t inmla te  
ac t ive  HCO:~ secretion,  as in the  l iver;  and  tha t  the secre t in- induced PD dur ing  free 
flow is due pa r t l y  to a change in diffusion potent ia l ,  p a r t l y  to the  direct  effect of 
act ive ion t ranspor t .  

INTI~O1)U(TFION 

"file pancreas  secretes a HCO a -rich juice in response to the hormone secretin. 
Al though  knowledge of electr ical  po ten t i a l  differences (PD's) across pancrea t ic  
ep i the l ia  is essent ial  to ident i fy ing the secre tory  mechanisms and de te rmin ing  
whe ther  a given ion is d i s t r ibu ted  pass ive ly  or t r anspo r t ed  act ively ,  few measurements  
of P I ) ' s  have been repor ted  for the  pancreas1, 2. Recent  analysis  of PD 's  in the  duct  
sys tem of the  liver a, which also responds  to secret in by  producing  a HCO a -rich 
fluid, has shown tha t  secret in affects the  l iver by s t inmla t ing  act ive anion secretion. 

Abbreviation: PD, electrical potential difference. 
* Present address: Departnlent of Surgery, School of Medicine, Universitx of California, 

San l:rancisco, ('alif. 94r22, U. S. A. 
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P O T E N T I A L  DIFFERI~NCES IN P A N C R E A T [ C  DUCT 2()0  

The present study analvzes PD's measured in the main pancreatic duct of the anesthe- 
tized cat during free flow or during perfusion, and indicates that secretin also stimu- 
lates active anion secretion in the pancreas. 

As background, the basic facts of pancreatic secretion may be brieflv summar- 
ized. The blind proximal ends of the smallest pancreatic ducts join blind spaces that 
are called the acini, from which fluid passes via the intercalated ductules to the main 
duct, but direct approaches to localizing transport functions in the acini or ducts 
1) 5, micropuncture methods have just begun~, 4. Regarding the composition of the 
final juice collected at the end of the main duct, its osmolaritv is the same as that of 
plasma or of fluid perfused through the blood vessels~,G; Na~] and K ~ in juice 
are constant at near-plasma levels, independent of the flow rate; HCO 3 and 
CI-[ vary with rate in reciprocal fashion, such that HCOa ] asymptotically ap- 

proaches a concentration several times that of plasma and rC1 approaches a con- 
centration a fraction that of plasma with increasing flow rate; fluid secretion nearly 
ceases in the absence of secretin in the cat (though not in the rabbit) ; and the hormone 
pancreozymin controls the release of pancreatic digestive enzymes but has little 
effect on juice volume. Two hypotheses have been advanced to explain the variation 
in anion concentrations with flow rate: that a primary HCO a -rich fluid is secreted 
proximally and that HCO 3- diffuses at a more distal site down its concentration 
gradient from juice to blood in exchange for C1 , the exchange being more complete 
at lower flow rates; or that two primary fluids, one C1 -rich and the other HCO:v- 
rich, are formed at separate sites at varying rates. Recent work~, 7 suggests that both 
these factors contribute. 

M E T H O D S  

Surgical techniques 
Mongrel cats weighing 1.8-4.8 kg were deprived of food but not of water for I8 h 

prior to an experiment and were anesthetized intraperitoneally with sodium pento- 
barbital. Via a midline upper abdominal incision the common bile duct was ligated, 
a short incision was made in the duodenal wall opposite the common entry point of 
the pancreatic and bile ducts, and a PE-6o polyethylene catheter was threaded 
several millimeters into the pancreatic duct. A suture placed in the wall of the duo- 
denum and then tied around the intranmral portion of the duct secured the catheter. 
A fine (PE-Io) polyethylene catheter placed in one femoral vein was used as a conduit 
for administration of secretin and further anesthetic, while a larger (PE-26o) catheter 
inserted into the opposite fenloral vein and intermittently flushed with 154 mM 
NaC1 to maintain patency served to accommodate one of the salt bridges for PD 
measurements. 

Electrical measurements 
PD's were measured with a Keithley 600A electrometer connected through 

calomel half-cells to finely-tapered polyethylene bridges containing z54 mM NaC1 
in 4 % agar. The fine end of one bridge was advanced into the pancreatic duct catheter 
to a position near the intrapancreatie end of the catheter, while the other bridge 
was passed into the iliac vein through the large catheter in the femoral vein. Pairs 
of bridges were selected that gave asymmetry potentials (the PD when both bridges 
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dipped into the same solution) of less than o. 5 m\;. Asymmetry potentials were 
measured at 5-rain intervals throughout an experiment, were always constant 
within at least o.z mV over this interval, and were subtracted from all experimental 
PD measurements, The cat was electrically shielded by a grounded cage of aluminum 
foil. All PD's are given as the potential of the duct lumen with respect to that of 
the bloodstream. 

Pe@tsion techniques 
The following procedure permitted measurement of PD's while the main pancreatic 

duct was being perfused with experimental solutions rather than during free flow of 
pancreatic juice. After the duodenal end of the pancreatic duct had been catheterized, 
a piece of fine (PE-Io) polyethylene tubing was passed through the catheter down the 
length of the main duct, brought through the wall of the duct proximally so that a 
length of only a few millimeters remained within the duct lumen, and then sutured 
in place. Perfusion of a length of Io - i2  cm of the main duct via this tubing was 
carried out in the proximal-to-distal direction (the direction for natural flow of pan- 
creatic juice) under gravity at a flow rate of o.33 inl/min, which is several times 
higher than the maximal rate of juice flow in response to secretin. Controls showed 
that PI)'s remained the same when the perfusion rate was increased to 2. 4 ml/min, 
implying that over this range of high flow rates the changes in perfusate composition 
due to diffusional exchanges and to fluid entering from some small ducts were neglig- 
ible during the brief transit time down the duct. The perfusion solutions used were 
preheated to 37 '  and had the composition: I54 mM NaC1; I54 ln~.I NaHCO.~; 77 mM 
NaC1 - 77 mM KC1; and 77 mM NaCl ~ I5o mM inannitol. The PD with I54 mM 
NaCI as the perfusate was measured before and after measuring the PD with each 
other solution. 

Analytical mclhods 
Na ÷] and [K=~ were determined bv flame photometry, ('1 by electrometric 

titration on a Buchler chloridometer, and osmolalities by freezing-point depression 
on an Advanced Instrument nsmometer, i H('O:~ i was measured by adding o.2 ml 
of pancreatic juice to I.o ml of o.I M HC1, heating the mixture to boiling, cooling 
to room temperature, and backtitrating to pH 7.o with o.2 M NaOH using a Radio- 
meter titrator and glass electrode. Protein concentration was determined by trans- 
mission at 28o m# on the Beckman DB spectrophotometer by comparison with 
bovine serum albumin as a standard. 

All errors are expressed as standard errors of the mean, with the nmnber 
of determinations given in parentheses, 

Julzction DotcJ~tial corrections 
The PD measured directly in these experiments consists of the sum of the PD 

across the pancreatic duct itself lOlus two liquid junction potentials, between one 
salt bridge and blood and between the other salt bridge and pancreatic juice (or 
perfusi(m fluid). Since the PD's across the duct are small (up to 8 mV) and comparable 
in size to the liquid junction potentials, careful correction for junction potentials is 
necessary. The common procedure of eliminating junction potentials by using satura- 
ted K('I bridges is unsatisfactory for accurate measurement of small PD's, because 
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POTENTIAL DIFFERENCES IN PANCREATIC DUCT 3OI 

the potentials of the resulting junctions are dependent  upon the junctional  profile 
and hence t ime-dependent,  are several millivolts in value rather  than zero, and are 
difficult to estimate theoretically. In the present s tudy  154 mM NaC1 bridges were 
chosen because the junctions between these bridges and the experimental  solutions 
used are of either the so-called biionic or else the so-called dilution type  and hence 
the junction potentials are constant  with time, well-defined, and calculable from a 
modified Henderson formula:  

R T  ( U " - -  [ ' " ) - - ( U ' - - [ " ~ ]  
E " - - E '  F [ ( U " +  I ' " ) - - ( U ' +  i :  log . . . . . . .  

U" + V" 

U ' +  1" 

where superscripts " and ' refer to the two solutions on opposite sides of the junction, 
E is the electrical potential,  U ~ INa+~TNa+U~a + + ,K+]TK+UK+, V ~ [C1-]7c l- ucl-  + 
IHCO3-!7ICCOa- UHeoa-, u's are mobilities (not limiting mobilities at infinite dilution), 
7's are act ivi ty  coefficients, and the factor RT/F is 61.6 mV at 37 °. Mobility ratios 
at 3 7  and at the ionic s trength of the experimental solutions were taken from the 
tables of PARSONS 8, ~'S at 37 ° from ROBINSON ANt) STOKES 9. The calculated junct ion 
potentials are given in Table I, and all P D ' s  reported in this paper have been corrected 
for these junction potentials. Detailed discussion of how to obtain t ime-independent  
junct ion potentials and how to determine their values will be found in a paper by 
BARRY AND DIAMOND TM. 

"FABLI: I 

j u x c ' r l o x  POTENTIALS 

The  junc t ion  poten t ia l s  are those  ob ta ined  wi th  154 mM NaCl bridges a t  37 °. T h e y  were ca lcula ted  
f rom Eqn.  I of the  tex t .  See Tab le  II  for the  compos i t ion  of ca t  se rum,  sec re t in - s t imula ted  juice,  
and  res t ing  juice. 

5,'oltttio~ Potential qf sohttion 
with respect to r54 m M  NaCI 
(mV) 

77 mM NaC1 ~ 15o hiM m a n n i t o l  3-9 
154 mM NaHC():~ 7.9 
77 m M N a C I  - 77 m M  KC1 2. 5 
Cat  s e rum 3.2 
Sec re t in - s t imula ted  juice - -4 .6  
R e s t i n -  juice +-o.5 

RESULTS 

Juice compositio~z 
l:ollowing a rapid intravenous injection of pure natural  secretin (purchased 

from GIH Research Unit,  Karolinska Inst i tute,  Stockholm, Sweden) a flow of 
pancreatic juice appeared within less than I rain, remained maximal  for about  15 rain, 
and subsided within 3 ° 4o min. Dose-response curves were determined for seven 
cats, by giving each cat  six different doses of secretin (o.o625, o.I25, o.25, o.5, i.o, 
and 2.o units/kg), the order of administrat ion corresponding to a Latin square 
design. Maximal flow rates (1. 7 3- o.i  ml (n = 17) in the first 15 rain) were a t ta ined 
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at  o.5, I .o ,  or  2.o un i t s /kg ,  while  o.o625 u n i t / k g  y ie lded  o. 7 ~ o.2 ml  (n 4) in the  
first 15 rain. A t  t he  dose of I.O u n i t / k g  se lec ted  for use in t he  su t )sequent  e lect r ica l  

e x p e r i m e n t s ,  p a n c r e a t i c  ju ice  poo led  ove r  the  first 15 rain had  the  comp~s i t ion  

g iven  in Tab le  I i  ' s e c r e t i n - s t i m u l a t e d  juice ' ) .  These  figures are  close to those  o b t a i n e d  

by  CASt~: ctaI. 7 for a n e s t h e t i z e d  cats  r e spond ing  to m a x i m a l  doses of secre t in  ( N a  

I58 , K '  I - - 3 . 8 , [ C 1  i; 24, i H ( ' O  a j I 4 2 m M  ). Na  ~ a n d l K  w e r e i n d e p e n d c n t  
of dose or  flow ra te ,  while  i('l inc reased  t{} 5{} ~ 4 m M  (n 2) and  'H{'(} a 

dec l ined  to I I  5 !7 4 m M  (tz 3) in ju ice  sainples  poo led  ove r  t he  first ~5 rain at a 

dose of {}.o625 un i t /kg .  

TA BLI¢ 11 

IONIC COI~IPOSIT1ON OF CAT S E R U M  ANI)  P A N C R E A T I C  J U I C E  

The table gives average values (in raM) 2t S. E. ,with the number of determinations in parentheses. 
The values for iNa+i], [1( + , and !C1 j in resting juice are assumed, not measured, values: [Na  and 
[i<~ were taken as equal to the values in secretin-stimulated juice, and [C1-- i was taken as 
([C1 ~j q- IHCO a ]) in secretin-stinmlated juice minus [HCO a ~ in resting juice, since the valueg 
of [Na+], I N  , a n d  ([CI-~ + [H('Oa ~) in pancreatic juice are independent of flowrate 7. 

[ Na + ] [ Ix'+[] (71 " -HCO a- 

Seruin 149 : i (27) 3.6 { o.1 (27) ~J3 d 3 (~7) 24 3 t7> 
Secretin-stimulated juice I5S : -' (7) 3.3 ~ o.l (7) 4 ° -- 3 (7) 137 7 (7) 
Resting juice ~5 s 3.3 14S 29 7:: 3 (25) 

Compar i son  wi th  the  ion c o n c e n t r a t i o n s  d e t e r m i n e d  for ca t  s e rum and  also 

l i s ted  in T a b l e  i I  shows t h a t  s e c r e t i n - s t i n m l a t e d  ju ice  has  m u c h  h ighe r  !H( 'O  a , 

m u c h  lower  ('1 1, v e r y  s l igh t ly  h igher  [ N a + ,  and  n e a r l y  the  same  i K~! as se rum.  

T h e  osmola l i t i es  of s e rum (3o 4 -::: I mos~'[ (II 5)) and  of s e c r e t i n - s t i m u l a t e d  ju ice  

(3o2 ~- 5 m o s M  (n - -  I2) ) were  the  same.  The  p ro te in  c o n c e n t r a t i o n  was 98 -}: 3 m g m l  

(n 8) in se rum,  6 ~ I l n g / m l  (n 18) in s e c r e t i n - s t i n m l a t e d  juice.  

A few smal l  s amples  (approx.  o. x ml) of r e s t ing  ju ice  r e c o v e r e d  froxn the  c a n n u l a  

before  secre t in  a d m i n i s t r a t i o n  were  found  to h a v e  =HCO 3 of 4 ° m M  or  less. In 

consc ious  ca ts  wi th  a chron ic  p a n c r e a t i c  f is tula  an a v e r a g e  va lue  of 29 ~ 3 mM 
(n 25) was o b t a i n e d  for i H( 'Oa  ] in res t ing  ju ice  no t  s t i m u l a t e d  by  secre t in  

(l,. \VAv, u n p u b l i s h e d  obse rva t ion ) .  

PD's during free jtow 
In  the  r e s t ing  panc rea s  before  in j ec t ion  of secre t in  or  at  6o I3o  rain a f te r  

in jec t ion ,  n i n e t e e n  m e a s u r e m e n t s  in ten  cats  y ie lded  a P D  of t 2.o ± o.3 mV, 

i.e. d u c t  l u m e n  pos i t i ve  to the  b loods t r eam.  All  va lues  fell b e t w e e n  o.5 and  + 4 . 5  inV. 
\Vhen I .o  u n i t / k g  of secre t in  was r ap id ly  i n j ec t ed  i n t r a v e n o u s l y ,  the  PI)  

w e n t  m o r e  n e g a t i v e  in the  course  of I rain b y  a b o u t  7 mV and  d e c a y e d  again  wi th  
a p p r o x i m a t e l y  the  s a m e  t ime-cou r se  as t he  s t i m u l a t e d  flow of juice,  i.e. in 3o 4 ° min.  
B y  wa i t i ng  I h be tween  in j ec t ions  of secre t in ,  i t  p r o v e d  pa rc t i ea l  to m e a s u r e  the  
s e c r e t i n - s t i m u l a t e d  P D  up  to  3 t imes  in some  cats.  In  f i f teen d e t e r m i n a t i o n s  on n ine  
ca ts  this  m a x i m a l l y  n e g a t i v e  va lue  of t he  P I )  a f t e r  secre t in  in jec t ion  was 4.9 o.z 

mV, wi th  a r ange  of -3-5 to - 7-3 mV. 
I t  is wor th  r e s t a t i n g  exp l i c i t l y  tha t ,  of t h e  7-mV shif t  in PI)  caused  by  sec re t in ,  

13iochim. 14iophys. Acla, 2o 3 (~97 o) 298 307 



POTENTIAL D I F F E R E N C E S  IN PANCREATIC DUCT 303 

only 1.8 mV is recorded directly (i.e. before correction for tim junction potentials 
at the NaC1 bridges). The larger part of the secretin-induced PD shift is obscured 
by a shift in the junction potential between juice and the NaC1 bridge by 5.1 reX: 
in the opposite direction, due to the change in juice composition produced by secretin. 
Thus, disregard of junction potentials could easily cause the shift in PD after secretin 
to be overlooked. As will be discussed (p. 3o6), an estimate of the secretin-induced 
PD can also be obtained under conditions involving no shift of junction potential 
and agrees well with the corrected value during free flow. 

PD's during perfusion with i54 ~nM NaCl 
The secretin-stimulated PD during free flow might represent in part a change 

in diffusion potential between duct and blood, since resting juice and secretin- 
stinmlated juice differ in ionic composition. In order to eliminate a possible contri- 
bution from a change in ion concentration gradients, the effect of secretin was deter- 
mined during rapid perfusion of the duct with 154 mM NaC1. Before injection of 
secretin twenty-nine determinations in seven cats yielded a PD of + 2.5 ± 0.2 inV. 
Upon injection of I.O unit/kg of secretin, the PD went more negative by about 
3 mV within I rain, remained at this level for about io min, and gradually decayed 
again over the course of 3o min. In five cats the average PD at the height of this 
negative-going phase was 0.2 2~ o.7 mV, i.e. an average change of -2.7 mV from 
the unstinmlated condition. 

D(ff)tsion potentials in perfused ducts 
In order to determine the relative permeabilities of the pancreatic duct to 

N a - - ,  :l(+!, [CI-~, and IHCO 3 ~ and to examine whether secretin altered these 
relative permeabilities, PD's were measured during perfusion of the duct with 77 re.X,[ 
Na('l _ I5O mM mannitol (to create a blood-to-duct gradient of NaC1), with 154 mM 
NaHCO 3 (to create gradients of C1- and HCO 3 ), and with 77 mM KC1 + 77 mM NaC1 
(to create gradients of K-  and Na+). PD's were first determined with all three solutions 
in random order before injection of secretin, and then again at 2 -5 rain after injection 
of secretin, when the secretin-stimulated PD during free flow or during 154 mM 
NaC1 perfusion was at its maximally negative value. Table I I I  summarizes the 
results from seven cats. The signs of the PD's, or the shifts in PD's from the value 
observed during 154 mM NaC1 perfusion, indicate that the duct is more permeable 
to ('1 than to NaG more permeable to C1 than to HCO 3 , and more pernmable 

T A  I-IL It, I I I  

D I F F U S I O N  P O T E N T I A L S  A C R O S S  P E R F U S E D  P A N C R E A T I C  D U C T  \VITH A N D  \ V I T H O U T  S E C R E T I N  

T h e  t a b l e  g i v e s  a v e r a g e  v a l u e s  ± S . E . ,  w i t h  t h e  n u n l b e r  of d e t e r m i n a t i o n s  in  p a r e n t h e s e s .  

Pc@l,,A,J~ soh*tion PD (mV) 

154 m M  NaC1 
77 m M  NaC1 + 15o m M  m a n n i t o l  
154 mM N a H C O  a 
77 m M  NaC1 + 77 m M  KCI  

Secretin No secretin 

- -0 .2  ± 0. 7 (5) + 2 - 5  ~- 0.2 (29) 
3.8 ~ 0.2 (4) - - I . O  i 0.3 (6) 
8.o ~- 0.2 (6) 5.0 ~ 0. 3 (6) 

- -2 .  4 (I) - - o . I  ~ 0. 4 (3) 
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to K~ than  to Na - .  Secretin shifts the PD by about  the same amount  (2. 3 3.o mV) 
in each of the four perfusion solutions,  ineaning tha t  secretin causes no change in 
re la t ive  ionic permeabi l i t ies  and tha t  the secre t in-s t imula ted  Pl )  s imply add< to 
any  diffusion po ten t ia l  resul t ing from ion c~mcentration gradients .  

I)I%CUSSION 

Locus of  the PI) ' s  
All P l ) ' s  descr ibed here were measured  in the main collecting duct  (,f the  

pancreas.  On ana tomica l  grounds  it seems likely, though unproved,  tha t  . , imilar 
PD ' s  exist  in the d is ta l  par t s  of the  in te rca la ted  ducts ,  since the  resistance ~f the  
in te rvening  solut ion is slight,  but  there  would be no just i f icat ion for assmning the 
PD's  in the  more p rox imal  par t s  of the  pancreas  (e.g. the acini) to be the same. 
On opera t iona l  grounds  one can say tha t  the measured  PD's  refer to at  least  pa r t  of 
the site of sec re t in -ac t iva ted  t ranspor t ,  wherever  tha t  m a y  be located,  since t r a l>p~r t  
P I ) ' s  a c t i va t ed  by  secretin were recorded (see p. 3o6 for discussion).  In  the r abb i t  
pancreas ,  which unlike the cat  t)ancreas produces  juice at  modera te  rates  even in the  
absence of secretin,  Scnt:I.z ct al. ~ showed b\ '  mic ropunc tu re  techniques tha t  the 
ent i re  duet  svstein pa r t i c ipa tes  in secre t in-s t imula ted  H( 'O a t r anspor t  and is 
e lectr ical ly  negat ive  to blood by  several  mil l ivol ts ,  as in the secret ing cat pancreas.  
RI~BI..I¢ c t a l . "  s ta te  ill a p re l iminary  repor t  t ha t  secret in causes the  PI)  rec, , rded 
in the  main duct  of r abb i t  pancreas  to go more negat ive  by  several  mil l ivolts ,  as in 
the cat.  

.4 cli~'c and passi~,c ion moo'crochets 
From knowledge of the  PD ( 4.9 mV), serum composi t ion  ( N a  I49, ! K 

3.(~, HCO a - 24, j CI - -  I13 raM), and juice composi t ion  ( N a  158 , ! K 3.3, 
H( 'Oa -~ 137, C1-  4 ° raM) dur ing  max ima l  seeretin s t imulat ion,  one may  

iden t i fy  which ion fluxes are ac t ive  d i s ta l ly  by  app ly ing  the Nerns t  equat ion.  Sub- 
s t i tu t ion  of the above-ment ioned  values yields the  conclusion tha t  the  eoncentrati~ms 
of Na ~, I( ~, and  C1 are below, H( 'Oa above,  e lect rochemical  equi l ibr imn in pan- 
creat ic  juice. Since secret in causes an increased o u t p u t  of all four ions, the horm~,ne's 
effect nmst  depend  upon act ive HCO a t ranspor t ,  and N a ,  K , ,  and (21 could all 
diffuse into the  juice pass ively  down thei r  e lect rochemical  grad ien ts  (this d(~es not 
preclude the poss ib i l i ty  tha t  the nmchanism of HCO a secret ion ac tua l ly  depends  
upon H or OH t ranspor t ,  or t ha t  o ther  ions are sub jec t  to ac t ive  t r anspor t  pr()xi- 
mally) .  A fur ther  conclusion concerns the exper imen ta l  demons t r a t ion  r of a prl loess 
whose existence had  f requent ly  been pos tu la ted  to exp la in  the ra te  dependence  of 
anion concent ra t ions  in juice, namely ,  the  diffusion of HCO a at  low flow rates  d,)xvn 
its concent ra t ion  grad ien t  from juice to blood and of ('1 down its concent ra t ion  
grad ien t  from blood to juice. The Nernst  calculat ion implies tha t  these anion exchange 
fluxes are down electrochemical  grad ien ts  and p re sumab ly  passive. 

Act ive  N a  t r anspor t  was proposed  as a dr iv ing  force for pancrea t ic  secretion 
by ROTHMAN AND BROOKS H on the grounds  tha t  rep lacement  of N a  1)\ L i  inhibi ts  
secretion,  and by  I¢II)I)ICRSTAI'  AND I{()N'I 'ING le Ol1 the grounds  tha t  pancreas  t)~)ssesses 
a (Na : -I< ) - a c t i v a t e d  ouaba in - inh ib i t ed  ATPase  and tha t  juice secret ion is inhibi ted 
1)v ouabain.  Nei ther  line of evidem:e seems compel l ing:  a lmost  all mammal i an  cells 
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possess an ouabain-inhibited, Li+-rejecting, (Na+-K ~) pump to regulate cell volume 
and intracellular ion concentrations, and disruption of this pump might well cause 
failure of other cell functions. The Nernst calculation provides no evidence for active 
Na + transport distally. A possible indication of active Na = transport is the observation 6 
that isosmotic partial replacement of NaC1 with sucrose in a vascular perfusate 
yields values of ~Na ~] in juice double those in the perfusate, but the bearing of this 
finding on the question of active versus passive transport cannot be evaluated until 
PI)'s have been measured under the same conditions. 

Passive permeability ratios 
Relative ionic permeability ratios may be calculated from the diffusion poten- 

tials measured during perfusion of pancreatic duct with solutions of known compo- 
sition. These permeability ratios will then be used in the remainder of this discussion 
to evaluate the origin of the secretin-induced PD. 

The equation used is the so-called constant-field equationaa, '4, which reads at 

37°: 

C'Na=~/'Na:PNa + @ C ' K + ~ ' K : P K  ~ - -  C'Cl ~ ' c I - P c l -  @ C'HCO 3 ~'I~IC() 3 P H C O  3 
--61.6 log (-,! 

C ' N a : ) P ' N a ' P N a  + - - C ' K + y ' K = P K  + -~ C"CI ~"CI P c 1 - @ - C " H ¢ ' O  3 T ' H ( ' o 3 - P t t c o  3- 

where AE is the potential (in mV) of the juice with ~espect to blood, superscript " 
refers to juice and ' to blood, c's are concentrations, 7's activity coefficients estimated 
from ROBINSON AND STOKES 9, and P's the relative permeability coefficients. Into 
this equation were inserted the PD's measured during perfusion in the absence of 
secretin and listed in Table I I I ,  plus the ion concentrations in cat serum and the 
perfusion solutions. The procedure was to assume values for Pi(+/Pct- and PHCOa-/Pcl- 
in order to evahiate PNa+/Pct- from the PD during perfusion with 77 mM NaC1 
mannitol, then to calculate PKco.~-/PcI- from the PD with I54 mM NaHCO 3 and 
PK+/Pcl- from the PD with 77 mM NaC1 + 77 mM KC1, and finally to repeat the 
calculations using these first estimates of the ratios. The permeability ratios thus 
arrived at were: 

P c ] -  : P K  + : PHCO 3-  : P N a  + = I .oo  : 0 . 9 0  : O.59 : O.52 

These values are similar to the ratios of the free-solution mobilities in solutions of 
comparable ionic strength at the same temperature (I:OO:O.95 :o .58 :o .63)  , 
implying that the main pancreatic duct discriminates only to a limited extent between 
passively permeating ions. 

When tile duct was perfused with isotonic NaC1 in the absence of secretin, a 
PD of -- 2.5 mV was recorded (Table III).  SmaU concentration differences of ('1- 
and HCOa- were present between duct and serum in this situation. When the per- 
meability ratios calculated above and the ionic concentrations of serum and 154 m~[ 
NaC1 are inserted into Eqn. 2, a PD of -b 3.5 mV is predicted, close to the experimental 
value. Similarly, from the compositions of serum and resting juice a PD of 3.o mV 
is predicted for the resting duct during free flow, close to the experimental value of 
q- 2.o inV. Thus, in the absence of secretin the small PD's may be accounted for as 
diffusion potentials, and there is no need to postulate active transport process,:-. 
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The secretin-induced PI)  
Tile most unequivocal evidence for a PD arising directly from secretin-induced 

active t ransport  of ions comes from the perfusion experiments. When the duct was 
perfused with solutions of constant  ionic composition, at rates sufficiently high 
that  there was no change in PD (hence in perfusate composition) with flow rate, 
secretin established a negative-going PD shift of 2. 7 mV in phase with the secretin- 
induced juice production. This value is not subject to any uncer ta in ty  associated 
with junction potentials at the bridges, since there is no change in the junction 
potentials during perfusion with an unchanging solution. The magnitude of tiffs 
PD was independent of the ionic composition of the perfusate; or, expressed alter- 
natively, a given change in ionic composition caused the same change in PD before 
and after secretin. Since secretin causes no change in permeabili ty and produces a 
PD in the absence of any change in ion concentrat ion gradients, the secretin-induced 
PI) during duct  perfusion cannot  represent a change in diffusion potential but  must  
be due directly to active ion transport .  

An alternative estimate of the secretin-induced PD comes from the free-flow 
experiments. In non-perfused ducts secretin shifted the PD in the negative direction 
by 7 mV, considerably larger than the value recorded during perfusion. However, 
resting juice and secretin-stimulated juice differ considerably in ionic composition, 
so that  par t  of the PD change must  represent a change in diffusion potential across the 
duct  wall. If the ion concentrat ions of serum and secretin-stimulated juice plus the 
relative permeabili ty ratios listed on p. 305 are inserted into Eqn. 2, a diffusion po- 
tential of 1.2 mV during free flow st imulated bv secretin is predicted, i.e., a shift 
of several mV from the wdue in the absence of secretin (p. 3o5). Since the measured 
PI), 4-9 mV, is considerably larger, the difference of--3-7 mV must  be due directly to 
secretin-stimulated active ion transport .  This calculated estimate of -3.7 mV is in 
reasonable agreement with the value of 2. 7 mV obtained directly from perfusion 
experiments.  Thus, the secretin-induced PD during free flow represents in part  a 
change in diffusion potential  due to the change in the HCO a and C1 gradients, 
in par t  a direct manifestat ion of active ion transport .  

The sign of the secretin-induced P1), duct-negative,  implies tha t  secretin 
causes the active secretion of anions rather  than of cations. From the Nernst equation 
calculations, which showed that  the ion influxes caused by secretin are against the 
electrochemical gradient for H( 'O a but  down the gradient for C1 , Na- ,  and K +, 
one can say more specifically tha t  secretin causes active H(;() a transport .  

In the liver as in the pancreas, secretin causes an outpouring of a HCO a -rich 
juice, and establishes a duct-negat ive PD which cannot  be explained as a diffusion 
potential  a. Thus, the mechanism of secretin action in the liver and in the pancreas 
is probably similar. 
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