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Summary 

Prostaglandin E release rates from isolated strips of guinea-pig taenia coli 
increased during exposure to zero K ÷ bathing fluid, from control values of 
0.78 + 0.11 ng/g per min to levels as high as 29.2 ng/per min. Release rates 
increased for 40--50 min and then remained constant or fell despite progressive 
increases in intracellular sodium [Na~] or fall in intracellular potassium [K~]. 
Readmittance of K ÷ to the bathing solution resulted in rapid reversal of 
elevated prostaglandin E release rates. [Na~] and [K~] were markedly more 
abnormal in strips exposed to zero K ÷ for 70--201 min compared to 30-min 
exposures. Upon the readdition of K ÷ after long zero K ÷ exposure, the rate of 
prostaglandin E release fell long before [Na~] and [K~] returned to control 
levels. After K ÷ was readded to the bathing solution, the ion concentration of 
tissues exposed to zero K ÷ for 30 min returned to normal much more quickly 
than did those of tissues exposed for the longer time periods, yet  the expo- 
nential rate constants for fall of prostaglandin E release rate after K ÷ was added 
were not  significantly different after short or long zero K ÷ exposure. Thus there 
was a dissociation between the return of [Na~] and [K~] and the fall of prosta- 
glandin E release rate to control levels. Ouabain augmented prostaglandin E 
release under conditions where [K~] could not  fall. Addition of  known neuro- 
transmitters present in this tissue to the bathing fluid did not  augment prosta- 
glandin E release. Guinea-pig taenia coli strips that  had been incubated with 
[3H]arachidonic acid, constantly released [3H]arachidonic acid and [3H]prosta- 
glandin E and a prostaglandin which cochromatographed with prostaglandin E 
but could not  be converted to prostaglandin B by alkali and was shown to be 
6-ketoprostaglandin F,~. Release of [3H]arachidonic acid and [3H]prostaglan- 
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din E plus 6-[aH]ketoprostaglandin F ~  was increased when strips were exposed 
to zero K ÷. Data obtained in this study suggest the augmented prostaglandin E 
release seen during zero K ÷ or ouabain is related to  increased availability of 
unbound  arachidonic acid at the site of cyclooxygenase in the cell. Augmented 
prostaglandin E release is apparently not  related to alterations in intracellular 
electrolyte concentrat ions or release of  known neurotransmitters.  

In t roduct ion  

Trea tment  of  isolated strips of guinea-pig taenia coli with ouabain, or zero 
extracellular K ÷ markedly augmented release of prostaglandin E from the strips 
into bathing solution [1].  This exper iment  was performed because application 
of  exogenous prostaglandin E in very small concentrat ions to isolated guinea 
pig taenia coli caused a plasma membrane effect ,  i.e. depolarization with 
increase in spontaneous action potentials, and decreased membrane resistance 
[2].  It seemed a likely possibility that  the effector  structure of the cell, the 
plasma membrane,  might exert  feedback control  on prostaglandin E synthesis 
and/or  release. 

Endogenous prostaglandin-like compounds  may modulate actions of  various 
neurotransmit ters  on some smooth muscle cells or may modulate  neurotrans- 
mit ter  release [3,4] and might be involved in the mechanisms controlling 
spontaneous myogenic contract ions or smooth muscle tone  [2,5].  A plasma 
membrane Na ÷ pump has been postulated to have a role in generation of  slow 
waves which control  the rate of spontaneous myogenic contractions [6].  
(Na++ K÷)-ATPase and the Na + pump may be involved in some effects of  
neurotransmit ters  on smooth muscle cells [7--9].  Ouabain and zero K ÷ alter 
responses of the smooth muscle to a number  of transmitters and agonists [10].  
Working out  the mechanism or mechanisms by which inhibition of  a plasma 
membrane (Na + + K+)-ATPase influences prostaglandin E release might relate to 
the above findings and add basic information about  the role of plasma mem- 
brane in control  of  prostaglandin E release from cells. 

Zero K ÷ or ouabain effects on prostaglandin E synthesis and release may not  
be directly coupled to  inhibition of the Na + pump in smooth muscle cells. 
Almost all of  the cells in this tissue are smooth muscle [11],  so it is likely that  
prostaglandin E synthesis occurs in smooth muscle cells; however, the possibil- 
ity that  neurotransmit ters  are released as a result of zero K + or ouabain treat- 
ment  and that  free neurotransmit ters  are involved in prostaglandin E release 
needs to be evaluated. Prostaglandin synthesis or release mechanism, or mecha- 
nisms, which are altered by zero K ÷ or ouabain might involve changes in intra- 
cellular electrolyte concentrat ions or membrane Na ÷ or K ÷ gradients rather than 
an effect  mediated directly by inhibition of  the plasma membrane Na+ pump or 
(Na + + K÷)-ATPase. 

In the present study we further  characterized temporal  relationships of  
exposure of strips to zero K ÷ and release of  prostaglandin E and the reversibil- 
i ty of this phenomenon.  We ' loaded'  muscle strips with [3H]arachidonic acid 
and studied effects of zero K + on release of  [3H]prostaglandin E and [3H]- 
arachidonic acid. We investigated whether  increases in prostaglandin E release 
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from strips of guinea-pig taenia coli on exposing them to zero K ÷ could be 
caused by an effect of an intracellular electrolyte on a rate-limiting process 
involved in prostaglandin E release. We also studied the possibility that  known 
neurotransmitters present in the guinea-pig taenia coli could be involved in 
augmented prostaglandin E release during zero K ÷. 

Methods 

Adult  white male guinea-pigs (600 g) were stunned on the back of the head 
and exsanguinated by cutting the jugulars and carotids. An incision was made 
in the abdomen and strips of taenia coli 15--25 mm in length were dissected 
out. Four or five strips with total mass 40--80 mg were mounted  in a 5 ml 
volume organ bath and 0.5 g tension was applied to each strip. The isometric 
tension of one strip in each bath was monitored with a strain gauge (Model 
F103C, Grass Instruments Co.). The strips were bathed in a modified Krebs' 
solution which contained (mM): Na ÷ 137; K ÷ 5.9; Mg 2+ 1.2; Ca 2÷ 2.5; C1- 134; 
H2POZ 1.2; HCO~ 15.4; glucose 11.5. In experiments involving Krebs' solution 
without  K ÷ (zero K + Krebs), K + was replaced by an equal molar quanti ty of 
Na ÷. The solutions were bubbled with a 3% CO2/97% O2 mixture which 
produced a pH of  7.33--7.38. All experiments were performed at 37 + 0.1°C. 

Zero K ÷ experiments: measurement o f  prostaglandin E release. After an 
equilibration period in the organ bath with fresh warmed Krebs' solution for at 
least 1 h, control measurements of prostaglandin E release were made by mea- 
suring the increase in bathing solution prostaglandin E over a 60 min period. 
The bathing solution was then switched to zero K ÷ Krebs for periods of time 
varying from 27 to 201 min and effects on prostaglandin E release into the 
bathing solution determined. K ÷ was then readmitted into the bathing solu- 
tion and several 5--10-min fluid samples were collected, followed by a final 
collection for about 1 h. We usually paired a 'long' (70--201 min) and 'short '  
(27--31 min) zero K ÷ exposure in each experiment by using two organ baths 
each containing a set of  muscle strips from the same animals. 

Effects of  neurotransmitters known to be present in taenia coll. Control 
prostaglandin E release rates were determined over a 60 min period and acetyl- 
choline (10 -6 g/ml) or norepinephrine (10 -7 g/ml) were injected into the organ 
bath fluid and the prostaglandin release measurement repeated. We also deter- 
mined effects of zero K ÷ on prostaglandin E release, as described above, under 
conditions where atropine (10 -6 g/ml) was present in the bathing solution. 

Measurement of  prostaglandin E release rate. In most of the experiments we 
assayed bathing solution samples directly on rat fundus [2] and gave the data 
in terms of prostaglandin E-like activity. With this method we can detect 
release of 0.5 ng into the bathing solution. Precision of  the prostaglandin E 
release rate measurement depends on sampling time; for a 60 min collection we 
can detect  ±0.1 ng/min per g wet wt.; for a 5 min collection ±1 ng/min per g. 

In some of the experiments bathing fluid samples were acidified to a pH of  
3.0, extracted with ethylacetate, which was then evaporated at reduced 
pressure. The residual was redissolved in Krebs' solution and assayed on rat 
fundus. Results were similar to those seen with direct assay. 

It is established that  release of contractile activity by isolated guinea pig 
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taenia coli strips in bathing solution, as measured on rat fundus, is entirely 
abolished by t rea tment  of guinea-pig taenia coli with several different  prosta- 
glandin synthetase inhibitors [1,2].  'Prostaglandin E activity'  cochroma- 
tographs with prostaglandin E~ [1].  In a subsequent study in our laboratory 
we utilized radioimmunoassay as well as biological assay found no difference in 
increases in prostaglandin E release during zero K ÷. Thus specificity of  biolog- 
ical assay for prostaglandin E appears to be satisfactory. 

Measurement of  tissue ion content. The extracellular fluid space was deter- 
mined using [1,2-3H]polyethylene glycol, mol. wt. 900 (New England Nuclear 
Corp.). Strips were exposed to the extracellular marker  (approximately 1 pCi/ 
ml bathing solution) for a 10--12 rain period. They were then removed from 
the bath. The strip ends were transected and removed with the thread. The 
strips were blot ted on Whatman 541 filter paper and placed on No. 5 glassine 
powder  paper. Wet and dry weight were determined using standard methods.  
The extracellular marker and the tissue ion content  were extracted from the 
tissue by immersing the muscle strips in 5 ml of 0.1 N HNO~ for at least 20 h at 
room tempera ture  (21°C). At tempts  at solubilizing the residue resulted in 
fur ther  recovery of less thai: 3% of the total extracted radioactivity. After 
extract ion a 0.5 ml aliquot uf the sample was added to 4.5 ml Hydromix  
scintillation fluid (Yorktowr~ Research) and the isotope activity was counted 
using a Packard TriCarb Liquid Scintillator Counter  (Packard Instruments) and 
corrected for quenching. The extracellular space (ml of  extracellular volume} 
and intracellular space were computed  from these data [12].  The remainder of 
the sample was used to measure the Na ÷ and K ÷ conten t  using an EEL spectro- 
pho tomete r  (Evans Electroselenium Ltd.,  Halstead-Essex, U.K.) with a Na÷-K ÷ 
hollow cathode lamp (Jarrell Ash Fisher Scientific Company).  Aliquots of  the 
tissue extract ion samples and of the bathing solutions were diluted with 0.1 N 
HNO3 to concentrat ions ranging between 0.01 and 0.15 mM Na ÷ or K + and 
were compared to standards. [K~] and [Na~] were computed  by dividing total  
mmol of  ions minus extracellular ions, by the cell water volume. 

Determinat ion of the K ÷ content  by spec t ropho tomet ry  resulted in arti- 
factually elevated values due to the presence of Na ÷ and undefined ions in the 
solution. The artifact was removed by adding relatively large amounts  of  Na ÷ 
(2 g/l) to both the sample and the K ÷ standards so that  the Na ÷ content  
originally in the sample was insignificant compared to that  added. A separate 
aliquot of each sample was analyzed for Na ÷ and an aliquot used for measure- 
ment  of  K ÷ after addition of Na +. The K + conten t  of extract ion samples which 
were analyzed in this manner were lower by approximately 4% as compared to 
samples diluted only with HNO3 and analyzed using K ÷ standards wi thout  
benefi t  of  added Na ÷. For  those measurements of tissue K ÷ content  which had 
been measured wi thout  the added Na ÷ procedure,  a correct ion curve was made 
as a funct ion of the Na ÷ conten t  and the values were adjusted accordingly. 

Nine experiments were per formed to assess the use of polyethylene  glycol- 
900 as an extracellular marker  in guinea pig taenia coli. In four experiments 
there was no significant difference in the computed  extracellular space between 
runs where the polyethylene  glycol incubation was 10 min and runs where the 
incubation time was 16, 32 or 60 min. This suggested equilibrium between the 
bathing fluid and extracellular space is achieved within 10 min and that  the 
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marker does not  leave the extracellular compar tment  in as long a time as 
60 min. We compared polyethylene glycol and sorbital spaces in five experi- 
ments. Sorbital runs gave data which averaged 115 + 8% of polyethylene glycol 
values. 

Incubation of  strips with [3H]arachidonic acid. Strips of  guinea-pig taenia 
coli were prepared as above and after equilibration in 37°C Krebs'  solution for 
at least 60 min transferred to a flask containing [3H]arachidonic acid in Krebs/ 
albumin solution. This solution was prepared by slowly adding [3H]arachidonic 
acid (greater than 98% purity, New England Nuclear, Boston, MA, 61 Ci/mmol) 
dissolved in hexane to a solution of  fat ty acid-free bovine serum albumin 
(Sigma Chemical Co., St. Louis, MO) at 60°C. Albumin-[3H]arachidonic acid 
was then added to normal Krebs'  solution giving an albumin concentration of  
2.05 • 10 -~ M and radioactivity of 1.5 • 10 -4 dpm/ml.  Strips were incubated in 
this solution for 30 min and then washed by transferring to flasks containing 
Krebs/albumin solution. After release of 3H from tissue became constant, half 
of  the strips were placed for 30 min in zero K ÷ Krebs/albumin solutions and 
half in normal Krebs/albumin solution. These solutions were extracted in acid 
ethylacetate,  dried with MgSO4, evaporated to dryness, redissolved in chloro- 
form and plated on silica gel 'H'  plates (Analtech, Newark, DE). Plates were 
developed in chloroform/methanol/acet ic  acid (16 : 1 : 1, v/v/v) or diethyl 
ether~methanol~acidic acid (90 : 1 : 2, v/v/v). Zones corresponding to 
arachidonic acid and prostaglandin E2 were scraped, extracted and counted in 
Hydromix in a liquid scintillation counter,  correcting for quenching. 

We characterized compounds  which cochromatographed with prostaglandin 
E: with this system, by boiling with NaOH at pH 12.5 for 20 min, followed by 
acidification, extraction and thin-layer chromatography on 'G' plates using the 
same developing solutions as above. This procedure stoichiometrically con- 
verted prostaglandin Ez to prostaglandin B2. [3H]Arachidonic acid taken from 
thin-layer plates was further studied by  incubation with methanolic HC1, there- 
by converting arachidonic acid to its methyl ester, extraction in hexane and 
then injection into a gas chromatograph utilizing a stream splitter (Perkins 
Elmer Sigma III with 10% EGSS-X column). The relationship of  peaks deter- 
mined on the gas chromatograph and radioactivity was determined. 

Results 

Effect of  zero IC on prostaglandin E release rate and mechanical tension 
Baseline prostaglandin E release rate averaged 0.78 ng/g per min. ±0.11 

(11 experiments).  Fig. 1 shows some typical data obtained in experiments 
where strips of  guinea-pig taenia coli were exposed to zero K ÷ for the time 
periods of  27--200 min. In all experiments, prostaglandin E release rate 
increased progressively over the first 30--50 min of  zero K ÷ exposure. As 
described in a previous publication [ 1], increases in prostaglandin E release rate 
were impressive, frequently reaching peak values 50 times baseline rate 
(Table I). With more prolonged exposure,  the results were variable in different 
experiments. In some preparations, prostaglandin E release rates continued to 
increase with time; in others it became constant, or peaked and fell spontane- 
ously during the zero K ÷ stimulus {Fig. 1). 



2 2 2  

.E 
E 

c 22- 

20- 
~ 18- 

16- 
14- 
12- 
I0 -  

8-  
6 -  
4 -  
2 -  

16- A 
14- 
12- 
I0- OK* . 

6- 
4-  
2- 

C 

OK ÷ 

1 

0 60 

K ÷ 

B 

,o+ o I, 

L... ,; 
, ' ' , I 

I ' 
120 

3o~ 

16 
14 
12 
I0 

k 
I i i i , 

I80 Z40 0 

OK + K ÷ 

'6'o' ',to' 

OK+ ~. ~ K÷ 

Is'0 240 iO0 560 

TIME (MIN) 

Fig.  1. E f f e c t  o f  zero  ex t r aeeUula r  K + on  p r o s t a g l a n d i n  re lease .  Typ i c a l  d a t a  f r o m  four  d i f f e r e n t  exper i -  

m e n t s .  P rogress ive  inc reases  in  p r o s t a g l a n d i n  E re lease  ra te  d u r i n g  zero K + e x p o s u r e  and  r ap id  fall on  
r e a d m i t t i n g  K ÷ to  the  b a t h i n g  so lu t ion .  B. A n  e x p e r i m e n t  where  s p o n t a n e o u s  fall in  p r o s t a g l a n d i n  E 

re lease  ra te  o c c u r r e d  d u r i n g  zero  K ÷. C. An  e x p e r i m e n t  whe re  r e a d m i t t a n c e  of  K + in to  the  b a t h i n g  solu- 
t i o n  c a u s e d  t r a n s i e n t  inc rease  in p r o s t a g l a n d i n  E re lease  ra te  pr ior  to  fall to  c on t ro l  level. D. A sho r t  

(27 ra in)  zero  K + e x p o s u r e  and  r e c o v e r y  a n d  a long  (72 ra in)  zero  K + e x p o s u r e ,  p e r f o r m e d  on the  s a m e  

p r e p a r a t i o n .  S a m p l e s  were  n o t  co l lec ted  d u r i n g  t i m e  in te rva l s  whe re  the re  are no bars .  

T A B L E  I 

F A L L  IN P R O S T A G L A N D I N  R E L E A S E  A F T E R  K + WAS R E A D M I T T E D  TO B A T H I N G  F L U I D  

I s o l a t e d  gu inea -p ig  t aen i a  coli  s t r ips  were  e x p o s e d  to zero  K + fo r  e i t he r  2 7 - - 3 2  ra in  ( shor t )  or  70 - -201  ra in  
( long)  a n d  t h e n  K + was  r e a d m i t t e d  to  the  b a t h i n g  f luid.  Ba th ing  f lu id  s a mp le s  were  t a k e n  every  5 - -10  ra in  
a n d  p r o s t a g l a n d i n  E c o n c e n t r a t i o n s  d e t e r m i n e d .  R a t e s  of  p r o s t a g l a n d i n  E re lease  were  c o m p u t e d  f r o m  the  
m e a s u r e m e n t .  In i t ia l  ra te  c o n s t a n t s  axe the  fall in p ro s t a~ l and in  re lease  r a t e s  (1)pG E) d e t e r m i n e d  d u r i n g  
the  f i rs t  10 r a in  f o l l o w i n g  p e a k  V p G E .  M e t h o d  of  c o m p u t i n g  th is  c o n s t a n t  is i l l u s t r a t ed  in Fig.  1. Con t ro l  

p r o s t a g l a n d i n  E release r a t e s  in these  e x p e r i m e n t s  ave raged  0 .78  n g / g  w e t  wt .  pe r  m i n .  

E x p e r i m e n t  D u r a t i o n  zero  K ÷ P e a k  V p G E  Ini t ia l  ra te  c o n s t a n t  T 1 / 2  
( ra in)  (ng]g  pe r  ra in)  (%/ra in)  ( ra in)  

S h o r t  L o n g  S h o r t  L o n g  Shor t  L o n g  Shor t  L o n g  

1 27 72 13.2  29 .2  8.3 7 .5  1.8 3.6 

2 31 91 1.6 2.4 9.1 9.1 1.6 1.6 
3 31 75 5.4 8,4 7.6 7.3 4 .2  4.7 
4 31 91 4.3 11,0  6 .5  6 .0  6 .2  7.0 
5 32 78 4.7 12 .5  3.3 7.4 25 .0  4 .5  
6 31 201 5.5 11.9 10.7 9.6 2,3 3.5 
7 30  70 1.7 18 .0  4 .9  8.1 10 .0  4 .2  

Mean  30 .4  96 .9  5.2 13.3  * 7 .2  7.9 7.3 4 .2  
± S.E. 1.5 3 .2  0 .9  0 .5  3 .2  0.6 

* P < 0 .05 .  
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T A B L E  I I  

G U I N E A * P I G  T A E N I A  C O L I  K + A N D  N a  + M E A S U R E M E N T S  

All  data  are m e a n s  + S .E .  N u m b e r s  in p a r e n t h e s e s  ind ica te  n u m b e r  o f  m e a s u r e m e n t s .  P E G ,  p o l y e t h y l e n e  
g lyco l .  

( A )  A t  e n d  o f  z e r o  K + Contro l  3 0  rain 9 0  rain 

N a  + c o n t e n t  ( m m o l / k g  w e t  w t . )  

K + c o n t e n t  ( m m o l / k g  w e t  w t . )  
[ 3 H / P E G  s p a c e  ( m l ] k g  w e t  w t . )  

Intracel lu lar  space  ( m l / k g  w e t  w t . )  
D r y / w e t  (%)  

A p p a r e n t  [ N a i l  ( m M )  
A p p a r e n t  [K~] ( r a M )  

8 5 . 9  -+ 9 . 3  (4)  1 1 6 , 6  ,+ 6 , 6  * ( 3 )  1 4 8 , 9  ± 3 , 5  * (4)  
9 3 , 0  ± 1 .9  (4} 6 7 , 1  ± 1 . 4 "  (3 )  2 4 . 0  ± 5 .3  * (4 )  

3 4 8 . 0  ,+ 1 9 . 1  (4 )  3 8 3 . 2 - +  1 3 . 1  (2 )  3 8 9 . 6  ,+ 8 . 5  (4 )  

4 6 1 . 7  ,+ 1 7 . 2  (4 )  4 1 8 . 7  ± 17 .1  * (2 )  3 9 7 . 6  -+ 5 .6  (4 )  
1 9 . 0  ± 0 . 9  (4 )  2 0 . 5  ± 1 . 0  (3 )  2 1 . 3  -+ 0 . 8  (4 )  

8 0 . 8  ± 2 0 . 2  (4 )  1 3 0 . 8  ,+ 2 8 . 1  * (2 )  2 3 7 . 9  ± 1 3 . 4  * (4 )  

1 9 6 . 7  ,+ 9 .4  (4 )  1 5 1 . 1  ,+ 7 .8  * (2 )  5 3 . 3  ± 1 4 . 4  * (4 )  

( B )  10  rain af ter  K* 

is r e a d m i t t e d  
Contro l  L e n g t h  o f  e x p o s u r e  to  zero  K + Krebs '  s o l u t i o n  

3 0  m i n  7 5  m i n  9 0  m i n  

N a  ÷ c o n t e n t  7 9 . 2  ,+ 2 .8  ( 2 1 )  8 5 , 4  ± 4 , 3  (5 )  1 1 7 , 3  -+ 3 . 1  * (4} 1 6 6 . 1  ± 2 .6  * ( 5 )  

K ÷ c o n t e n t  9 0 . 2 , +  1 . 0  ( 2 1 )  8 7 . 0  ± 2 . 4  (5 )  6 3 . 1  ,+ 1 . 0 "  (4 )  5 8 . 9 - +  1 . 4 "  (5 )  
[ 3 H ] P E G s p a c e  3 1 8 . 7  ± 8 .1  ( 2 1 )  3 4 0 . 9  ± 1 8 . 4  (4 )  3 7 0 . 8  • 5 . 3 "  (4)  3 5 3 .  1± 1 4 . 0  (5 )  

Intrace l lu lar  4 9 2 . 0  ,+ 1 4 . 0  ( 2 1 )  4 6 4 . 5  ± 1 9 . 8  (4 )  4 1 5 . 0  + 8 . 5  * (4)  4 4 0 . 5  ,+ 8 .9  (5 )  

D r y / w e t  1 9 . 3  ± 0 , 2  ( 2 1 )  1 9 . 9  ± 0 . 5  (5 )  2 1 . 4  ± 0 . 8  (4)  2 0 . 7  ,+ 0 . 3  (6 )  

A p p a r e n t  [Na~]  ( m M )  7 4 . 0  ± 5 ,4  ( 2 1 )  8 7 . 4  ,+ 8 . 8  (5 )  1 6 1 . 8  ± 9 .6  * (4)  1 5 0 . 6  ± 7 .8  * ( 4 )  

A p p a r e n t  [K~] ( m M )  1 8 1 , 0  ± 3 . 4  ( 2 1 )  1 8 3 . 3  ± 4 . 2  (5 )  1 4 8 . 0  -+ 5 .9  * (4 )  1 2 8 . 2  ± 2 .6  * (4 )  

* P ~ 0 . 0 5  c o m p a r e d  to  c o n t r o l  data.  

S p o n t a n e o u s  contract ions  were always seen in our preparations under  con-  
trol condi t ions ,  which  were identical  to  those  described previously  in many  
laboratories which  have used this muscle .  With zero K ÷ treatment  there was an 
initial exc i ta tory  response fo l l owed  by cessation o f  active tens ion  and sponta-  
n eous  mechanical  act ivity,  as i l lustrated previously [1 ]. 

Changes in tota l  tissue Na ÷ and K ÷ conten t  as a func t ion  o f  exposure  t ime to  
zero K ÷ Krebs' buffer are listed in Table II. The values after 'short'  and 'long' 
exposure  to  zero K ÷ are markedly different  from one  another  and from contro l  
levels. 

Reversal  o f  zero  K ÷ e f fec t s  
In Table II are also listed the  Na ÷ and K ÷ total  tissue ion  content s  and other  

data observed after the  addit ion o f  K ÷ to  the bathing so lut ion.  Data are listed 
for a t ime 10 min after K ÷ readmittance  to  the organ bath,  since at this t ime 
[Na~] and [K~] have returned to contro l  levels in 'short'  zero K ÷ experiments .  
The ' long' values were still markedly  abnormal  i l lustrating the  differences seen 
in recovery in the  'short' and 'long' experiments .  The  return o f  c o m p u t e d  
[K~] toward normal  levels after the  addit ion o f  K ÷ is also s h o w n  in Fig. 2 for 
preparations exposed  to zero K ÷ Krebs. Recovery  o f  mechanica l  act ivity o f  
guinea pig taenia coli  after K ÷ was added to the  bathing so lu t ion  was also 
markedly pro longed  after ' long' zero K ÷ exposure ,  compared to 30-min 
exposures ,  probably  reflect ing a longer period of  abnormal  intracellular elec- 
tro lyte  concentrat ions .  

On returning K ÷ to  the  bathing so lut ion ,  prostaglandin E release rate fre- 
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Fig. 2. R e t u r n  of [K +] and  p ros t ag l and in  E release ra te  V p G E  t o w a r d  co n t ro l  levels a f te r  add i t ion  of  K + to 
the  ba th ing  solu t ion .  (K + was a dde d  at t i m e  zero, )  [K +] da t a  are given in p e r c e n t  of  p e a k  change  dur ing  
zero K + and  p ros t ag land in  E release ra te  in p e r c e n t  of p e a k  increase.  Average  changes  in [K +] and  prosta-  
g iandin  E release ra te  arc c o m p a r e d  in shor t  a nd  long zero K + runs  in five e x p e r i m e n t s .  No te  t h a t  peak  
p ros tag land in  E release occu r r ed  on the  average  3.5 rain af ter  K + was ad d ed  to the ba th ing  solu t ion ,  
re f lec t ing  the  f inding tha t  p ros tag land in  E release was initially s t imu la t ed  in s o m e  e x p e r i m e n t s  by  K + 
add i t ion .  Pros tag landin  E release ra te  plots  were  d e t e r m i n e d  f r o m  the  init ial  ra te  c o n s t a n t  assuming  fall is 
exponen t i a l .  Howeve r ,  falls in p ros t ag land in  E release ra tes  f r o m  m e a s u r e d  poin ts  w i t h o u t  the  ex p o n en t i a l  
a s s u m p t i o n  give s imilar  plots .  Bars ind ica te  ± S.E. 

quently increased during the next 5 rain and then fell rapidly to control levels 
(Fig. 1). It is not  clear if this initial rise on adding K * was reflecting progressive 
increase during zero K * and time delay prior to reversal effect of  K ÷, or another 
process. In computing falls in prostaglandin E release rate, we plotted average 
values for the 5 or 10-min collection periods. The 'rate'  change for the initial 
fall was determined from the slope of the plot drawn from peak prostaglandin 
release rate, as illustrated in Fig. 1. 

Table I gives data in ' long' and 'short '  experiments. Initial falls in prostaglan- 
din E release rate in ng/g per rain were much larger after 'long' zero K ÷ exposure 
than after 'short '  exposure. Calculating the data in terms of percent fall/min 
(i.e. a rate constant) or half-times indicated there was no difference in 'long' 
and 'short '  data {Table I). The 201 min zero K + experiment gave data which 
most impressively showed no change in the rate constant compared to 'short '  
data since changes in [Na~] and [K~] were the most extreme (should have 
become nearly equal to [Na~] and [K~]) [14]. In some of the 'long' experi- 
ments, K ÷ was introduced at a time when prostaglandin E release rate was 
falling spontaneously. The rate constant for spontaneous fall was very small 
compared to that  measured following addition of  K ÷, and if the processes were 
additive it would have only a small effect on the overall rate constant. 

In comparing the fall in prostaglandin E release rate to [K~] measurements 
we selected data from five experiments where we either monitored prostaglan- 
din E release during exposure to zero K* and knew that  it was either still 
increasing or had reached a constant state, or where peak prostaglandin E 
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T A B L E  I I I  

A C E T Y L C H O L I N E ,  N O R E P I N E P H R I N E  A N D  ' H I G H '  K ÷ E X P E R I M E N T S  

S t r ips  of  i so la t ed  gu inea-p ig  t aen ia  coil were  m o u n t e d  in  o rgan  ba ths .  Re lease  o f  p r o s t a g l a n d i n  E in to  

b a t h i n g  s o l u t i o n  was  d e t e r m i n e d  by  b io logica l  assay .  In a ce ty l c ho l l ne  (ACh)  a n d  n o r e p i n e p h r i n e  ( N O R )  

e x p e r i m e n t s ,  c o n t r o l  m e a s u r e m e n t s  were  m a d e  over  a 4 0 - - 6 0  r a in  pe r iod ,  A C h  or  n o r e p i n e p h r i n e  i n j ec t ed  
i n t o  the  b a t h i n g  so lu t ion ,  and  the  m e a s u r e m e n t  o f  p r o s t a g l a n d i n  E re lease  d e t e r m i n e d  aga in  over  the  suc- 

c eed ing  30  ra in .  In  the  h igh  K ÷ e x p e r i m e n t s ,  con t ro l  p r o s t a g i a n d i n  E release was  d e t e r m i n e d  wi th  K r e b s '  
so lu t i on  in  pa i r ed  e x p e r i m e n t s .  So lu t ions  were  t h e n  c h a n g e d  to 140  m M  K +, 1.4 m M  Na + in  one  o rgan  
b a t h  and  140  m M  K +, 1.4 m M  Na ÷, 10 -5 M ouaba in  in the  o t h e r  o rgan  ba th .  

ACh  N O R  140 m M  K ÷, 140  m M  K +, 
(10 -7 g /ml ,  (10 -7 g /ml ,  1.4 m M  Na  ÷ 1.4 m M  Na + 

N =  5) N =  3) ( N =  3) ( N =  3) 

V p G E  ( n g ] g p e r m i n )  0 .34  • 0 .18  0 .78  • 0 .22  0 .53 + 0 .12  1.7 ± 0 .30  

% con t r o l  88 • 32 121 ± 21 333  + 102  * 731 ± 151 * 

• P ( 0 .05.  

release rate was very high suggesting that spontaneous fall had not  occurred. The 
plot of these data is shown in Fig. 2. It was not possible to compare time for 
complete reversal of elevated prostaglandin E release rates in the 'long' and 
'short '  experiments since as prostaglandin E release rate falls to near normal it 
is necessary to collect bathing fluid samples for long time periods in order to be 
able to detect prostaglandin E activity on assay. Our comparison is limited to 
initial rate constants and the early part of the fall in prostaglandin E release 
rate after adding K ÷. 

High extracellular IC experiments: Na ÷ pump inhibition under conditions 
where K~ could not increase 

Data from experiments where ouabain was added to the bathing solution 
under conditions where bathing fluid K ÷ was 140 mM are shown in Table III. In 
experiments where the strips were exposed to 140 mM K ÷ without  ouabain 
there was augmented prostaglandin E release, but release rates were signifi- 
cantly higher when ouabain was included in the high K ÷, low Na ÷ bathing solu- 
tion. 

Prostaglandin E release during acetylcholine and norepinephrine 
Data are shown in Table III which indicate that  neither of these transmitters 

caused an increase in prostaglandin E release from isolated guinea-pig taenia 
coli strips. Mechanical effects of acetylcholine and norepinephrine were as 
expected; acetylcholine caused a phasic contraction and norepinephrine 
inhibited spontaneous mechanical activity. 

[aH]Arachidonic acid and [aH]prostaglandin E release from loaded strips 
Table IV compares release of [aH]prostaglandin E and [aH]arachidonic acid 

with the strips in Krebs/albumin and zero K ÷ Krebs/albumin solutions. In these 
experiments between 30 and 50% of [aH]arachidonic acid originally in the 
incubating solution was incorporated into the tissue. In every experiment, 
strips in zero K ÷ Krebs/albumin solution showed an increased release of both 
compounds compared to control strips in Krebs/albumin. Indomethacin treat- 
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T A B L E  I V  

[ 3 H ] A R A C H I D O N I C  A C I D  L O A D I N G  E X P E R I M E N T S  

G u i n e a - p i g  t a e n i a  co l i  s t r i p s  w e r e  i n c u b a t e d  w i t h  [ 3 H ] a r a c h i d o n i c  a c i d  in  K r e b s / a l b u m i n  s o l u t i o n  f o r  3 0  
r a i n .  F o l l o w i n g  t h i s ,  t h e  s t r i p s  w e r e  p l a c e d  i n  K r e b s / a l b u m i n  s o l u t i o n s  u n t i l  r e l e a s e  o f  3 H  w a s  c o n s t a n t .  

H a l f  o f  t h e  s t r i p s  w e r e  t h e n  p l a c e d  in  z e r o  K + K r e b s l a l b u m i n  s o l u t i o n  a n d  t h e  o t h e r  h a l f  in  K* K r e b s /  
a l b u m i n  s o l u t i o n ,  f o r  3 0  r a i n .  T h e  s o l u t i o n s  w e r e  t h e n  a n a l y z e d  f o r  [ 3 H ] a r a c h i d o n i c  a c i d  a n d  [ 3 H ] p r o -  

s t a g l a n d i n  E a s  d e s c r i b e d  in  t h e  t e x t .  D a t a  b e l o w  a rc  m e a n s  f r o m  11 e x p e r i m e n t s .  F o l l o w i n g  e x p o s u r e  t o  

z e r o  K ÷ K r e b s / a i b u m i n ,  t h e  s t r i p s  w e r e  i n c u b a t e d  w i t h  i n d o m e t h a c i n  5 • 10  -6  g / m l  f o r  20  r a i n  a f t e r  w h i c h  
r e l e a s e  o f  [ 3 H ] a r a c h i d o n i c  a c i d  a n d  [ 3 H ] p r o s t a g l a n d i n  E w a s  d e t e r m i n e d .  D a t a  a re  g i v e n  as  p e r c e n t  o f  

d p m  f o u n d  in  c o n t r o l  i n c u b a t i o n  s o l u t i o n s  -+ S .E .  T h e  l a rge  S .E .  r e f l e c t s  t h e  l a rge  v a r i a t i o n  in  t o t a l  [ 3 t t ] -  

a r a c h i d o n i c  a c i d  u s e d  f o r  l o a d i n g .  ' [  3 H ] P r o s t a g l a n d i n  E '  a l so  i n c l u d e s  6-[  3 H ] kc  t o p r o s t a g l a n d i n  F 1 ~. 

% c o n t r o l  

Z e r o  K + I n d o m e t h a c i n  

[ 3 H ] A r a c h i d o n i c  a c i d  1 4 5  +- 27  * 1 9 3  -+ 73  * 
[ 3 H ] P r o s t a g l a n d i n  E 2 9 7  +- 4 5  * 6 0  +- 15  * 

• M e a n s  a re  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  c o n t r o l  as  d e t e r m i n e d  b y  p a i r e d  t - t e s t  (P  ~ 0 . 0 5 ) .  

ment had no effect on the arachidonic acid increase seen with zero K ÷ but 
markedly decreased release of [3H]prostaglandin E. The finding that  indo- 
methacin did not  completely abolish release of radioactivity in compounds 
which cochromatographed with prostaglandin E2 suggests the presence of radio- 
active non-prostaglandin-like compounds which cochromatograph with prosta- 
glandin E2. The amount  of 3H release in the 30 min collection period was, for 
the case of arachidonic acid, 4--5% of total tissue radioactivity and for prosta- 
glandin E, approximately 0.3--0.5% of total tissue radioactivity. Large amounts 
of [3H]prostaglandin E were released during the incubation with [3H]- 
arachidonic acid. Over 95% of 3H radioactivity which cochromatographed with 
arachidonic acid on thin-layer chromatography was associated with arachidonic 
acid ester peaks measured with gas chromatography. An average of 32.8-+ 
7.62% of the [3H]prostaglandin E recovered on the H plates in zero K ÷ experi- 
ments was converted by alkali to a compound which cochromatographed with 
prostaglandin B2 (seven experiments). Similar findings were seen in three con- 
trol (Krebs) experiments. However, there was complete conversion of authentic 
prostaglandin E2. Dr. Pace-Asciak studied the nature of prostaglandin com- 
pounds in our organ bath fluid, using gas chromatography-mass spectrometry 
[13]. In each of two experiments organ bath fluid collected during zero K ÷ 
runs contained two principal compounds. Of these, 86 and 84% were 6-keto- 
prostaglandin FI~ and 14 and 16% prostaglandin E2. There was no evidence of 
thromboxane B2 and prostaglandin Fz~ was not measured. Thus it appears that  
the fraction of chromatographed 'prostaglandin E' that  was not converted to 
prostaglandin B by alkali may be 6-ketoprostaglandin FI~ which is known to 
cochromatograph with prostaglandin E in our system. These data suggest that  
zero K ÷ appears to augment prostacyclin release as well as prostaglandin E 
release. 

Discussion 

The Na ÷ and K ÷ contents found in the present study are larger than found by 
Casteels and coworkers [12,14,15] and by Brading and Jones [16] (although 
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some earlier studies gave Na ÷ or K ÷ content  values similar to ours [17--20]. 
This 10--15% discrepancy results in a more than doubling of calculated [Na~] 
and also higher calculated [K[]. Using the higher sorbital extracellular space 
determined in our laboratory in this calculation resulted in a lower computed 
[Na~] than found using polyethylene glycol data, but  this produced an increase 
in calculated [K~]. 

A high [Na~] might be explained by deterioration, however the high com- 
puted [K~] could not  be explained on this basis. Our preparation appeared nor- 
mal in terms of mechanical activity under control conditions. Practically all 
published measurements of [Na~] and [K~] give much higher sums than 
expected by osmotic considerations and commonly used activity coefficients, 
so our high [Na~] + [K~] sum is not  unusual in this sense. We could find no 
technical error in the Na ÷ and K ÷ analyses of our tissue. Our guinea-pigs were 
larger and probably older than those used by previous investigators, but 
whether this is a factor is unknown. Assuming our values are 10--15% in error, 
this would not have significant effects on our conclusions since measured 
changes in [Na~] and [K~] during zero K ÷ were very similar to those found by 
other workers. Previous data on effects of zero K ÷ on intracellular electrolytes 
[14] and our present data are in agreement about the magnitude of differences 
in [N~]  and [K~] after 30 and after 90 min zero K ÷ exposure. 

The present data show dissociation between [Na[] and [K~] and prostaglan- 
din release under conditions where we were looking at reversal after readmit- 
tance of K ÷ to the bathing solution. There was no relationship between [NAT] 
and [K~] at the time of K* replacement on the exponential rate constant for 
fall of prostaglandin E release. Initial decreases in prostaglandin E release rate 
(in ng/g per min) were actually greater in strips where [N~]  and [K~] were much 
more abnormal. Measurements of [K~] and [Na~], of  course, reflect all cells in 
the tissue. There is probably heterogeneity of [Na~] and [K~] in different cells 
in smooth muscle and heterogeneity in changes under conditions of  zero K ÷. 
There may have been heterogeneity of  K ÷ in extracellular fluid in intercellular 
clefts. Certainly K ÷ did not  fall to zero in clefts since K ÷ was steadily lost out of 
cells. Despite heterogeneity it seems safe to conclude that  with long duration of 
exposure to zero K ÷, [Na~] and [K[] were more abnormal in most cells in the 
tissue that  have plasma membrane bound (Na ÷ + K÷)-ATPase which is driven by 
extracellular [K÷], than with short zero K ÷ exposure. This should be true in 
prostaglandin E-synthesizing cells as well as cells which did not synthesize this 
compound.  We conclude that  it is very unlikely that  changes in intracellular 
Na ÷ or K ÷ were related to the augmented prostaglandin E release seen during 
zero K ÷. 

We have previously discussed evidence against a role of intracellular H ÷ or 
Ca 2÷ in augmented prostaglandin E release during ouabaln or zero K ÷ [1]. The 
most likely intracellular electrolyte which might alter a rate-limiting step during 
prostaglandin E synthesis is K ÷. There is abundant  evidence that  K ÷ in intra- 
cellular compartments can influence cell metabolism [21--25]. Our evidence 
that  K~ was not  involved in augmented prostaglandin E release was strenghth- 
ened by experiments which showed that  ouabain augmented prostaglandin E 
release under conditions where extracellular K ÷ was elevated and presumably 
K~ could not  fall. Prostaglandin E release rate was increased in the control runs 
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where extracellular K ÷ was 140 mM and Na ÷ 1.4 mM, in the absence of  
ouabain. This could be due to fall in [Na~ ] resulting from low extracellular Na ÷ 
causing partial inhibition of the pump [26] or an effect  on Ca 2÷ binding. But 
regardless of  the mechanism this increase was augmented by ouabain under 
condit ions where [K~] should not  fall. 

The finding that  known neurotransmit ters  present in this tissue did not  cause 
augmented prostaglandin E release makes it less likely that  the zero K ÷ effect  
is on a nerve cell. In addition, it is shown in the present study that  augmented 
prostaglandin E release persists for 50 to as long as 200 min during zero K ÷ and 
it seems unlikely that  neurotransmit ters  would be constantly released over this 
time period. 

The finding that  arachidonic acid is released at a higher rate f rom tissue 
exposed to  zero K ~ than in control  strips is strong evidence that prostaglandin 
E release is controlled by prostaglandin synthesis, as is currently accepted in 
the prostaglandin field [27,28].  Apparent ly zero K ÷ has an effect  on the cell 
which leads to increases in free cellular arachidonic acid, possibly by stim- 
ulating phospholipid hydrolysis. If arachidonic acid availability is the rate- 
limiting step, an increase in this compound  would lead to an increase in synthe- 
sis of  prostaglandin compounds.  The finding that  arachidonic acid release is 
increased in zero K ÷ does not  give evidence for or against the possibility that  
the zero K ÷ effect  is mediated at the level of  the plasma membrane versus 
effects of intracellular electrolytes on this process. 

In more recent  studies [29,30] performed in our laboratory it was found 
that  greater than 95% of taenia coli arachidonic acid is found in membrane 
phospholipid fractions and other  prostaglandin precursors are practically 
absent. [3H]Arachidonic acid that  is released during zero K ÷ originates in phos- 
pholipids [29].  This is consistent with a large body of evidence which has indi- 
cated that  membrane  phospholipids are the source of activating arachidonic 
acid in o ther  tissues [31--33] .  Ca 2÷ in extracellular fluid, but  not  the cytoplasm 
can fur ther  activate prostaglandin E release, suggesting phospholipid in the 
plasma membrane may be the source of activating arachidonic acid [30].  These 
data are consistent with the finding in the present study that  changes in intra- 
cellular electrolyte  concentrat ions resulting from inhibition of  the Na ÷ pump 
are not  involved but  that  it is more likely an effect  of inhibiting the pump 
mediated at the level of  the plasma membrane.  However, the link between 
activity of (Na ÷ + K÷)-ATPase, or the Na ÷ pump,  and arachidonic acid relesase 
has no t  been established. A clue to this coupling mechanism could be the 
recent  finding in heart  cells that  ouabain t rea tment  alters Ca 2÷ binding to mem- 
brane phospholipid [34].  It is already known that  interactions between phos- 
pholipids and (Na ÷ + K*)-ATPase activity occur in the plasma membrane.  Phos- 
phatidylinositol  or phosphatidylserine can alter the activity of  (Na t+  K÷) - 
ATPase in isolated membrane  preparations [35,36].  

In conclusion, the present experiments  have fur ther  characterized the aug- 
mented prostaglandin E release that  is seen on exposing strips of  guinea pig 
taenia coli to zero K ÷ solutions. It is shown that  prostacyclin release is also 
augmented during zero K ÷. Evidence is obtained that  augmented prostaglandin 
E release during zero K ÷ may be related to increases in unbound  arachidonic 
acid in the smooth  muscle cell. Comparison of changes in intracellular [Na ÷] 
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and [K ÷] and prostaglandin E release rates during recovery from zero K ÷ leads 
us to conclude that augmented arachidonic acid and prostaglandin E release is 
not related to alteration in intracellular electrolyte concentrations but more 
likely is linked at the level of the plasma membrane. Augmented prostaglandin 
E release with zero K + is not due to release of known neurotransmitters in the 
guinea-pig taenia coli. 

Acknowledgements 

We are indebted to Dr. Pace-Asciak for performing gas chromatography- 
mass spectrometry on our samples. Prostaglandins were a generous gift of  Dr. 
John Pike, Upjohn Company. 

References 

1 Coburn, R.F. and Soltoff, S. (1977) Am. J. Physiol. 232, C191--195 
2 Yamaguchi,  T., Hitzig, B. and Coburn, R.F. (1976) Am. J. Physiol. 230, 149--157 
3 Hedqvist, P. and Brundin, J. (1969) Life Sci. 8, 389--395 
4 Ferreira, S.H., Herman, A.G. and Vane, J.R. (1976) Br. J. Pharmacol. 56, 469--477 
5 Orehek, J., Douglas, J.S., Lewis, A.J. and Bouhuys, A. (1973) Nat. New Biol. 245, 84--85 
6 Connor, J.A., Prosser, C.L. and Weems, W.A. (1974) J. Physiol. 240 ,671- -701  
7 Scheid, C.R., Honeyman,  T.W. and Fay, F.S. (1978) Biophys. J. 21, 61a 
8 Limas, C.J. and Cohn, J.N. (1974) Circ. Res. 35, 601---607 
9 Lockette,  W.E., Webb, R.C. and Bob-r, D.F. (1978) Fed. Proc. 3 7 , 8 2 2  

10 Griffin, J.D., Szaro, R.P. and  Weltman, J.K. (1972) J. Pharmaeol.  Exp. Ther. 182 ,378- -387  
11 Gabella, G. (1976) Cell Tissue Res. 170, 161--186 
12 Casteels, R. (1966) J. Physiol, 184, 131--142 
13 Pace-Asciak, C.R. and Rangaraji, G. (1977) Biochim. Biophys. Acta  486, 579--582 
14 Casteels, R., Droogmans, G. and Hendrickx,  H. (1971) J. Physiol. 217 ,281- -295  
15 Casteels, R., Droogmans, G. and Hendrickx,  H. (1973) J. Physiol. 228 ,733- -748  
16 Brading, A.F. and Jones, A.W. (1969) J. Physiol. 200, 387--401 
17 Casteels, R. and Kuriyama, H. (1966) J. Physiol. 184, 120--130 
18 Freeman-Narrod, M. and Goodford° P,/.  (1962) J. Physiol. 163, 399--410 
19 Goodford,  P J .  and Hermansen, K. (1961) J. Physiol. 158,426---448 
20 Goodford,  P,I. (1964) J, Physiol. 170, 227--237 
21 Conway, T.W. (1964) Proc. Natl. Acad. Sei. U,S. 51, 1216--1220 
22 Lubin, M. (1967) Nature 213, 451---453 
23 Quastel,  M.R. and Kaplan, J.G. (1970) Exp. Cell Res. 62, 407--420 
24 Rot i  Rot i ,  L.W. and Rothstein,  A. (1973) Exp. Cell Res. 79, 295--310 
25 Tupper,  J.T. (1973) Dev. Biol, 32, 140--154 
26 Eilarn, Y. and Stein, W.D. (1973) Biochim. Biophys, Acta 323° 606---618 
27 Flower, R J .  and Blackwell,  G~I. (1976) Biochem. Pharmacol. 25 ,285- -291  
28 Samuelsson, B., Granstx~m, E., Green, K., Hamberg, M. and Hammazstr6m, S. (1975) Annu.  Rev. 

Biochem. 44 ,669- -695  
29 Coburn, R.F., Cunningham, M., Diegel, J., Strauss, J. and Carcillo, J. (1979) Proc. Int.  Prostag/andin 

Congzess, Raven Press, New York, in  the press 
30 Diegel, J. and Coburn, R.F. (1979) Fed. Proc. 38, 260 
31 Bills, T.K., Smith,  J.B. and Silver, M J .  (1976) Biochim. Biophys. Acta 424, 303--314 
32 Isakson, P.C., Raz, A. and Needleman, P. (1976) Prostaglandins 12, 739--748 
33 Schoene, N.W. and lacono,  J.M. (1975) Fed. Proc. 34, 257 
34 Ge~rais, A., Lane, L.K., Anner,  B.M., Lindenmayer ,  G.E. and Schwartz, A. (1977) Circ. Res. 40, 8--14 
35 Manderedoot, J.G., Roelofsen, B. and DeGier, J. (1978) Bioehim. Biophys. Acta  508 ,478- -485  
36 Roelofsen, B. and van Deenen, L.L.M. (1973) Eur. J. Biochem. 40, 245--257 


