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The  i n c u b a t i o n  was t e r m i n a t e d  b y  a d d i n g  2 ml  ice-cold 
m e d i u m  a n d  cen t r i fug ing  t he  ceils a t  1600 •  for 1 rain.  
Cells and  s u p e r n a t a n t s  were s epa ra t ed  a n d  t he  h i s t a m i n e  
in t he  s u p e r n a t a n t  f r ac t ion  d e t e r m i n e d  b y  t he  f luoro- 
m e t r i c m e t h o d  of SHORE 15 as modif ied  b y  KRXMZLER and  
WILSON 1~ (15). U n l a b e l e d  c A M P  (3 mg) a n d  a t r ace r  
a m o u n t  of (14C) c A M P  in 3 ml  w a t e r  were added  to  the  
cell pellets.  The  t ubes  were t h e n  h e a t e d  in a boi l ing  w a t e r  
b a t h  for 3 ra in  a n d  a p o r t i o n  of t he  so lu t ion  e lu ted  f rom 
Dowex 50 co lumns  (0.6 • 3,0 cm) w i t h  water .  T he  c A M P  
c o n t a i n i n g  f r ac t ion  (6th a n d  7 th  ml) was  t r e a t e d  w i t h  a 
m i x t u r e  of b a r i u m  h y d r o x i d e  a n d  zinc su l fa te  3 t imes  14. 
Po r t i ons  of t he  f ina l  s u p e r n a t a n t s  were coun t ed  in a Pack -  
a rd  I n s t r u m e n t  C o m p a n y  l iquid  sc in t i l l a t ion  coun t e r  
us ing  s t a n d a r d  double - labe l  c o u n t i n g  techniques .  The  
recovery  of (3H)cAMP was d e t e r m i n e d  f rom t h e  k n o w n  
(x~C)cAMP recovery.  T he  convers ion  of i n c o r p o r a t e d  
r a d i o a c t i v i t y  to  c A M P  in con t ro l  f lasks was a p p r o x i m a t e l y  
0.5%. To ta l  r a d i o a c t i v i t y  r e t a i n e d  b y  t h e  cells was  
una f fec t ed  b y  c o m p o u n d  48/80. 

The  m e d i u m  used t h r o u g h o u t  was  composed  of (mM) : 
NaC1 --  139; KC1 --  6; MgSO 4 --  1.2; CaCI~ --  2; dex t rose  
--. 10; N-tris ( h y d r o x y m e t h y l )  m e t h y l  --  2 -ami l loe thane  
sulfonic acid (TES) --  10, p H  7.4 a n d  h u m a n  se rum 
a l b u m i n  -- 0.1~ . All  g lassware  t h a t  came  in to  c o n t a c t  
w i t h  t h e  cells was  si l iconized (sH) adenine ,  (62.1 mC/mg)  
a n d  (14C)cAMP, (0.11 mC/ml)  were o b t a i n e d  f rom New 
E n g l a n d  Nuc lea r  Corp.,  Bos ton ,  Mass: a n d  c o m p o u n d  
48/80 was t h e  gif t  of Bur roughs- 'Wel lcome Company .  

Results and discussion. C o m p o u n d  48/80 a t  a level  of 
1.0 y/ml i n h i b i t e d  t h e  f o r m a t i o n  of r ad ioac t ive  c A M P  
f rom precursor  aden ine  b y  a n  ave rage  of 56~o in 7 exper i -  
m e n t s  (15 observa t ion)  (Table).  The  degree of i n h i b i t i o n  
cor re la ted  w i t h  b o t h  t he  c o n c e n t r a t i o n  of 48/80 a n d  t he  
h i s t a m i n e  re leased (exp. 5 a n d  6, Table) .  A t t e m p t s  to  
d e m o n s t r a t e  t h a t  t he  decrease  in c A M P  f o r m a t i o n  
p receded ,  t h e  release of h i s t a m i n e  were unsuccessful .  
A t  t h e  ear l ies t  t i m e  i n t e r v a l  t h a t  could be  c o n v e n i e n t l y  
s tud ied  (5 see) h i s t a m i n e  release a n d  t he  change  in  c A M P  
levels h a d  b o t h  occurred.  (Table, exp. 7). 

The  ac t ion  of c o m p o u n d  48/80 on  r a t  pe r i tonea l  m a s t  
cells has  been  s tud ied  ex tens ive ly .  I t  is k n o w n  to  release 
t he  h i s t a m i n e  c o n t a i n i n g  granules  w i t h i n  seconds  b y  a 
n o n - c y t o t o x i c  m e c h a n i s m .  The  release process  can  be  
i n h i b i t e d  b y  me tabo l i c  i nh ib i t o r s  17 b u t  does no t  a l t e r  A T P  
levels w i t h i n  t he  cells is, is. The  molecu la r  m e c h a n i s m  of 
t he  ac t ion  of c o m p o u n d  48/80 is nuclear .  I n  t he  p r e sen t  
s t u d y  c o m p o u n d  48/80 was found  to  decrease  t he  f o r m a t i o n  
of c A M P  f rom aden ine  in  pur i f ied  r a t  pe r i tonea l  m a s t  cells. 
The  decrease  para l le led  t he  48/80 c o n c e n t r a t i o n  a n d  oc- 
cu r red  a t  leas t  as r ap id ly  as d id  h i s t a m i n e  release. Since 
increased  c A M P  levels i n h i b i t  h i s t a m i n e  release f rom 
m a s t  ceils i t  is r easonab le  to  suppose  t h a t  decreased  
levels in i t i a t e  t h e  release process.  N u m e r o u s  re leas ing 
agen ts  ra ise  c A M P  levels (see above) .  The  p r e sen t  f ind ings  
a p p e a r  to  r ep re sen t  t he  f i rs t  case in  w h i c h  a re leas ing 
a g e n t  lowers c A M P  f o r m a t i o n  in i ts  t a r g e t  cells. 

Zusammen/assung. P r ~ p a r a t  48/80 u n t e r d r i i c k t  die 
B i l dung  y o n  3', Y-AMP aus  A d e n i n  in i sol ier ten  pe r i tone-  
a len Mastzel len.  Es  k o n n t e  ke ine  zei t l iche Ve r sch i ebung  
zwjschen dieser  U n t e r d r i i c k u n g  u n d  de r  H i s t a m i n  frei- 
s e t zenden  W i r k u n g  yon  Pr~tParat  48/80 fes tges te l l t  wer-  
den. 
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Renal Tubular Reabsorption of Acetaminophen after Vasopressin Administration in Man 

I n  t he  dog vasopress in  has  been  s h o w n  to increase  the  
r ena l  t u b u l a r  r e a b s o r p t i o n  of a c e t a m i n o p h e n  (parace ta -  
tool) 1, t he  m a j o r  m e t a b o l i t e  of phenace t in .  Since t he  
l a t t e r  has  for long  been  i n c r i m i n a t e d  ill t h e  genesis of 
analgesic  n e p h r o p a t h y  2, we h a v e  e x a m i n e d  t he  effect  of 
vasopress in  on  t h e  r e a b s o r p t i o n  of a c e t a m i n o p h e n  f rom 
t h e  t u b u l a r  f luid ill man .  

E x p e r i m e n t s  were pe r fo rmed  in 4 n o r m a l  subjects ,  who  
were g iven  a w a t e r  load of 20 m l / k g  a t  09.00 h on t he  day  
of t he  e x p e r i m e n t  t o g e t h e r  w i t h  a c e t a m i n o p h e n  30 mg/kg.  
The rea f t e r  t he  s t a t e  of o v e r h y d r a t i o n  was m a i n t a i n e d  
c o n s t a n t  b y  g iv ing  w a t e r  equa l  in  vo lume  to ur ine  passed.  
A b o u t  11/2 h a f te r  t h e  w a t e r  load, u r ine  col lect ions were 
m a d e  a t  5-10 mil l  i n t e rva l s  a n d  w h e n  ur ine  f low was con- 
s t a n t  vasopress in  0.7 m un i t s / kg  was g iven  i.v. Because  of 
m a r k e d  changes  ill u r ine  flow, i t  is imposs ib le  d u r i n g  t he  
resu l t ing  an t id iu res i s  to  measu re  s t a n d a r d  rena l  c learances  
due to errors  of dead  space and  flow. These  errors,  however ,  
are iden t i ca l  for all  u r i n a r y  solutes  and  changes  in t h e  
compos i t i on  of t h e  ur ine  due  solely to  t h e  r e m o v a l  of w a t e r  
should  affect  all solute  concen t r a t i ons  to  the  same ex ten t .  
Thus  if, as u r ine  flow falls t h e  c o n c e n t r a t i o n  of a u r i n a r y  
solute  rises less t h a n  t h a t  of a g lomeru la r  s u b s t a n c e ;  in  
t h i s  case crea t in ine ,  theI1 t he  t u b u l a r  r e abs o r p t i on  of t h a t  

so lute  m u s t  h a v e  increased  d u r i n g  t he  per iod  of vaso-  
press in  ac t iv i ty .  

The  resul t s  are  shown in t he  Table .  Changes  in t h e  U / P  
c o n c e n t r a t i o n  of a u r i n a r y  solute  du r ing  t he  an t id iu re t i c  
per iod  w h e n  u r i n a r y  c rea t in ine  c o n c e n t r a t i o n  was m a x i m a l  
are re la ted  to  the  m e a n  of t he  U / P  concen t r a t i ons  of t h a t  
solute  in t he  per iod  i m m e d i a t e l y  before  g iv ing vasopress in  
and  in t he  per iod  80-120 mill  a f te rwards ,  w h e n  ur ine  f low 
h a d  r e t u r n e d  to  w i t h i n  70~ of control .  This  m e t h o d  of 
express ion  min imizes  s p o n t a n e o u s  changes  in solute  
c o n c e n t r a t i o n  u n r e l a t e d  to  a c t i v i t y  of t he  hormone .  I n  all  
ins tances  a f t e r  g iv ing vasopress in  t h e  U / P  c o n c e n t r a t i o n  
of a c e t a m i n o p h e n  rose less t h a n  t h a t  of c rea t in ine ,  w i t h  a 
m e a n  increase  of 4 4 ~  (99~o conf idence  l imi t s  22% to  
83%) t h a t  of c rea t in ine .  This  increase  was closely s imi la r  
to  t h a t  of u rea  (mean  39%) whose  r e a b s o r p t i o n  is well  
k n o w n  to increase  du r ing  vasopress in  ac t i v i t y  z. 
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Subject Experi- Urine Flow Creatinine U/P concentrations 
ment 

C a V c C V Urea Acetaminophen 
C V C V 

U/P concentration ratios 

v/c urea v/c acetaminophen 
v/c creatinine v/c creatinine 

M.B. 1 8.0 0.39 16.8 409.1 8.1 46.2 2.10 12.10 
M.B. 2 10.2 0.70 13.0 212.5 7.7 62.5 0.58 6.85 
J.F. 1 " 8.6 0.43 13.7 203.2 6.7 24.9 1.82 8.73 
J.F. 2 9.7 0.61 12.1 143.2 7.0 18.8 0.82 4.12 
P 1 9.0 1.25 13.0 104.2 9.0 46.3 1.45 8.0 
P 2 11.9 2.56 12.6 83.7 7.6 38.2 1.23 5.20 
F.N. 1 8.7 0.66 14.2 315.8 7.2 69.0 3.02 17.60 
mean b 
99% confidence limits 

0.23 0.23 
0.45 0.72 
0.25 0.32 
0.25 0.42 
0.65 0.69 
0.75 0.64 
0.43 0.26 
0.39 0.44 
0.20-0.78 0.22-0.83 

Abbreviations: a C, control period data derived from the mean of the period immediately before giving vasopressin and in the period 80-120 
rain afterwards when urine flow had returned to within 70% of control, b V, vasopressin period when urinary ereatinine concentration was 
maximal, o Meai1 and confidence limits derived from the lOgl0 distribution. 

The  resu l t s  i n d i c a t e  t h a t  vasopress in  increases  the  
t u b u l a r  r e a b s o r p t i o n  of a c e t a m i n o p h e n  in m a n  a n d  wou!d 
l e a d  to  i t s  s e q u e s t r a t i o n  a t  h i g h  c o n c e n t r a t i o n  in t he  r ena l  
pap i l l a  4. I t  is possible  t h a t  a c e t a m i l l o p h e n  a t  a suff ic ient ly  
h i g h  c o n c e n t r a t i o n  m a y  i tself  h a v e  a d i rec t  toxic  effect  on 
t h e  papi l la .  A l t e r n a t i v e l y  i t  m a y  p l a y  a p a r t  in  t h e  nephro -  
t ox i c i t y  of p h e n a c e t i n  b y  i ts  ab i l i t y  to  p o t e n t i a t e  t he  
ac t ion  of vasopress in  5 a n d  t h e r e b y  t he  t ox i c i t y  of o the r  
m e t a b o l i t e s  of t h i s  drug,  such  as p -phen i t id ine .  

Rdsumd. Nous  avons  compar6  !es c o n c e n t r a t i o n s  U / P  
d ' a c 6 t a m i n o p h ~ n e  e t  de c r6a t in ine  a v a n t  et  apr~s l ' admi -  
n i s t r a t i o n  de vasopress ine/~ l ' h o m m e .  Nous  avons  cons ta t6  

que  l ' h o r m o n e  a u g m e n t e  la r 6abso rp t i on  t u b u l a i r e  
d ' a c6 t aminoph~ne ,  ce qui  p e u t  6tre  i m p o r t a n t  dans  la 
p r o d u c t i o n  de la n @ h r o p a t h i e  du  t y p e  analg6sique.  

M. A. BARRACLOUGH a n d  F. ~ILAM 

Department o/Medicine, St. Thomas' Hospital, 
London SEI  7EH (England), 29 September 1972. 

4 L.W. BLUEMLE and M. GOLDBERG, J .  clin. Invest. Z7, 2507 (1968). 
5 M. L. Nvsvsowlwz and P. H. FORSHAM, Am. J. reed. Sci. 352, 429 

(1966). 

Structure-Activity Relationship of the Cardenolide, with Special Reference to the Substituents  and 
Configurations at C-14 and C-15 

I n  p rev ious  c o m m u n i c a t i o n s ,  we r e p o r t e d :  1. 14- 
Deoxy-14 f lH-uza r igen in  was  a b o u t  one - th i rd  as ac t ive  as 
uzar igenin ,  i n d i c a t i n g  t h a t  t h e  presence  of 14f l -hydroxyl  
g roup  is n o t  i nd i spensab le  for  t h e  pos i t ive  ino t rop ic  
a c t i v i t y  of cardenol ides ,  2. t he  i n t r o d u c t i o n  of an  oxygen  
f u n c t i o n  to  C-15 of d ig i tox igen in  p r o f o u n d l y  affected t he  
ino t rop ic  a c t i v i t y  in  t he  fol lowing order :  d ig i tox igen in  
(I) > 15f l -hydroxyd ig i tox igen in  (II) > 15-oxodigi toxige-  
n in  (III) > 15cr  (IV) t he  las t  be ing  
p rac t i ca l ly  i nac t i ve  1. E x t e n d i n g  these  obse rva t ions ,  six 
d e r i v a t i v e s  of 14-deoxy-14f lH-d ig i tox igen in  (V) and  
14-deoxy-14f l -chloro-digi toxigenin  w i t h  oxygen  func t ions  
a t  C-15 were e x a m i n e d  a n d  compared .  

The  c o m p o u n d s  used in  th i s  e x p e r i m e n t  were digi- 
t o x i g e n i n  (I), 3fl, 15f l -dihydroxy-5f l ,  14fl-card-20 (22)- 
enol ide  (VI)~, 3f l -hydroxy-15-oxo-5fl ,  14fl-card-20 (22)- 
enol ide  (VII)  3, 3/5, 15e-dihydroxy-5/5 ,  14/5-card-20 (22)- 
enol ide  (VII I )  z, 3/5, 15 /5-dihydroxy-14-chloro-5 /5, 14/5- 
card-20 (22)-enolide ( IX) ~, 3/5-hydroxy-15-oxo-14-chloro-  
5/5, 14fl-card-20 (22)-enolide (X)2 and  3/5, 15e - d i hyd r oxy -  
14-chloro-5/5, 14/5-card-20 (22)-enolide (XI) 8. S tock  
so lu t ions  were p r e p a r e d  w i t h  each  c o m p o u n d  dissolved in 
70% e t h a n o l  in  c o n c e n t r a t i o n  of 1 mg/ml .  

The  ino t rop ic  ac t iv i t i es  of these  c o m p o u n d s  were t e s t ed  
w i t h  t he  i so la ted  frog 's  h e a r t  ( S t r a u b ' s  p repa ra t ion ) ,  b y  
t he  same  m e t h o d  used  in t he  p rev ious  pape r s  1,4. The  
S t r a u b ' s  c a n n u l a  c o n t a i n e d  2 ml  of R inge r ' s  solut ion,  t he  

compos i t i on  of which  was :  NaC1 111 m M ,  KC1 2.7 m M ,  
CaC12 1.8 raM,  N a H C O  3 1.2 or 18 m M  a n d  glucose 2.7 m M .  
W h e n  t he  so lu t ion  c o n t a i n e d  1.2 m M  NaHCOs,  i t  was  
ae r a t ed  w i t h  air. W h e n  i t  c o n t a i n e d  18 m M  NaHCOa,  
ae r a t i on  was m a d e  w i t h  95% O2 + 5% CO v The  con t rac -  
t i on  of t he  h e a r t  was  recorded  w i t h  a n  isotonic  lever.  The  
h e a r t  was  f i rs t  m a d e  h y p o d y n a m i c  b y  reduc ing  t he  con- 
c e n t r a t i o n  of ca lc ium to  0.6 m M ,  1/3 of t he  normal ,  a n d  
t h e n  t he  effect  of one of t he  c o m p o u n d s  was t e s t ed  in 
t he  fol lowing way.  

The  s tock  so lu t ions  were d i lu t ed  w i t h  e i the r  dis t i l led 
w a t e r  or w i t h  t he  low Ca R i n g e r  to  desired c o n c e n t r a t i o n s  
before expe r imen t .  S t a r t i n g  f rom a s u b t h r e s h o l d  dose, a 
smal l  a m o u n t  (0.02-0.14 ml) of a d i lu t ed  so lu t ion  was  
added  to t he  c a n n u l a  eve ry  f i f teen  minu tes ,  so t h a t  a 
s tepwise  increase  in  t he  c u m u l a t i v e  c o n c e n t r a t i o n  of t he  
t e s t  c o m p o u n d  was achieved,  u n t i l  t h e  h e a r t  w e n t  in to  
systol ic  con t r ac tu re .  The  way  of increase  in t he  c u m u l a t i v e  
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