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a n d  a n  u n i d e n t i f i e d  a l i p h a t i c  u n s a t u r a t e d  h y d r o c a r b o n  
(b.p.  78 -80  ~ 

A c c o r d i n g  to  SANDRIS a n d  OIJRISSON2 i t  was  pos s i b l e  
t o  o b t a i n  t h e  1 - b e n z o y l - 2 , 2 , 5 , 5 - t e t r a m e t h y l - 3 - p y r r o -  
l i d i n o n e  (II) f r o m  2, 2, 5, 5 - t e t r a m e t h y l - 3 - p i r r o l i d i n o n e  (I), 
u s i n g  b e n z e n e ,  in  t h e  p r e s e n c e  of t r i e t h y l a m i n e  (Yield  
79% , b .p .  143-145~  m m  Hg,  m p  55 -57~  Ana l .  
Catc.  fo r  Cl~H19NO~ (245.3) C 73.44 H 7.80 N 5.71, 
F o u n d  C 72.93 H 7.68 N 5.69). 

Vco ketone = 1758 c m - l ;  VCO amide = 1628 cln -1 . 

1-benzoyl-2 ,  2, 5, 5 - t e t r a m e t h y l - 3 ,  4 - p y r r o l i d i n d i o n e  ( I I I )  
w a s  p r e p a r e d  b y  o x i d a t i o n  of  (II)  -using SeO~, in  a q u e o u s  
d i o x a n e ,  a t  80~ (Yield  58% ~, m p  1 1 2 - 1 1 4 ~  Anal .  
Calc.  for  C15H17NOa (259.3) C 69.48 H 6.60 N 5.40, 
F o u n d  C 68.88 H 6.69 N 5.37). 

~co ketone = 1782-1769 cm-1; VCO amide = 1640 cm -1 . 

1 - b e n z o y l  - 3 - h y d r o x y -  2, 2, 4, 4 ~ t e t r a m e t h y l  - 3 - a z e t i d i n -  
c a r b o x y l i c  ac id  (V) w a s  o b t a i n e d  b y  h e a t i n g  t h e  c o m p o u n d  

Chemical shifts, ppm (z) ~ 

r -CH a -CH 2 - N H -  - O H -  

II CCI a 2.70 8.50 b 7.5 - - 
s s s 

8.72 ~ 
s 

III CC14 2.68 8.52 a . . . .  
s s 

g DMSO(d6) 2.60 8.35 - - 3.00 ~ 
s b b 

8.78 
b 

VII CCI 4 2.62 8.52 - - - 
S S 

IX CC14 2.69 8.60 8.10 - 
5 b s 

X CC14 2.85 8.90 6.45 ~ - - 
m s s 

8.30g 
s 

XI CC14 - 8.80 8.10 7.53 h 
s s s 

The NMR-spectra were recorded on Perkin Ehner R 12, at 60 MHz. 
b 6 protons of methyl groups vieinal to - C O -  function, o 6 protons of 
methyl groups vicinal to -CH2-. a 12 protons of methyl groups 
vieinal to -CO-  function. ~ The assignement is uncertain, but the 
structure of the compound was confirmed by IR-spectra. f -CH 2- 
of benzylic group, g-CH 2- of heteroeyclic ring. h This signal is 
removed completely when few drops of D20 are added to CCI~. 
s, single; m, multiple; b, very broad peak. 

( I I I )  in a q u e o u s  s o l u t i o n  of  K O H  20~o, u n t i l  bo i l ing .  
(Yield  91~o, m p  2 5 3 - 2 5 5 ~  (dec. ) ;  Ana l .  Cale. fo r  
CI~H19NO4 (277.3) C 64.97 H 6.60 N 5.05, F o u n d  C 65.32 
H 7.01 N 5.05). 

vOH = 3419 cm-1; VCO ketone = 1690 cm-1; 

VCO amide= 1550 cm -1 . 

1 -benzoyl -2 ,  2, 4, 4 - t e t r a m e t h y l - 3 - a z e t i d i n o n e  (VII)  was  
p r e p a r e d  b y  o x i d a t i o n  of (V) w i t h  Pb(CH~COO)~ in 
CHC13 (Yield  9 7 % ,  b .p .  120 -123~  m m  H g ;  m p  
61-63  ~ Anal .  Calc. for  C14H17NO 2 (231.3) C 72.69 H 7.40 
N 6.05, F o u n d  C 73.11 H 7.38 N 6.07). 

Vco ketone = 1825 era- l ;  VCO amide 1625 cm -1 . 

1 -benzoy l -2 ,  2, 4 , 4 - t e t r a m e t h y l - a z e t i d i n e  ( IX)  w a s  ob-  
t a i n e d  b y  a m e t h o d  s i m i l a r  to  t h a t  u s e d  for  (VI) (Yield 
6 4 % ,  m p  103 -105~  Ana l .  Calc. for  C14H19NO (217.3) 
C 77.49 H 8.82 N 6.45; F o u n d  C 76.36 H 8.68 N 6.48). 

V C O  a m i d e  = 1620 cm -1 . 

1 - b e n z y l - 2 , 2 , 4 , 4 - t e t r a m e t h y l - a z e t i d i n e  (X) p r e p a r e d  
b y  r e d u c t i o n  of  ( IX)  w i t h  LiA1H4, in e t h y l  e the r ,  w a s  
i so la ted ,  as  t h e  c h l o r h y d r a t e .  (Yield 96%,  m p  174-176 ~ 
Ana l .  Calc. for  C14H21N.HC1 (239.8) C 70.06 t t  9.40 N 5.83 
C1 14.77. F o u n d  C 70.54 t t  9.38 N 5.84 C1 14.63). 

2, 2, 4, 4 - t e t r a m e t h y t - a z e t i d i n e  (XI)  w a s  o b t a i n e d  b y  
h y d r o g e n o l y s i s  of  (X).  HC1, in e t h a n o l ,  in  t h e  p r e s e n c e  
of  P d / C  10%,  a n d  i so t a t ed  as  c h l o r h y d r a t e .  (Yield  8 2 % ,  
m p  198 -200~  Ana l .  Calc. for  C:H15N.HC1 (149.6) 
C 56.20 H 10.78 N 9.36 C1 23.68; F o u n d  C 56.41 H 10.66 
37 9.38 C1 23.65). 

Riassunto. L a  2, 2, 4, 4 - t e t r a m e t i l - a z e t i d i n a  (XI) ,  ~ s t a t a  
p r e p a r a t a  p e r  la  p r i m a  v o l t a  c o n  o t t i m e  rese,  a p a r t i r e  
d a  2 ,2 ,5 ,  5 - t e t r a m e t i l - 3 - p i r r o l i d o n e  (I), a t t r a v e r s o  i se- 
g u e n t i  i n t e r m e d i :  1-benzoi l -2 ,  2, 5, 5 - t e t r a m e t i l - 3 - p i r r o l i -  
d o n e  (II) ,  1-benzoi l -2 ,  2, 5, 5 - t e t r ame t i l - 3 ,  4 - p i r r o l i d i n d i o n e  
( I I I ) ,  a c ido  1-benzoi l -3- idross i -2 ,  2, 4, 4 - t e t r a m e t i l - 3 - a z e t i -  
d i n - ca rbos s i l i co  (V), 1-benzoi l -2 ,  2, 4, 4 - t e t r a m e t i l - 3 - a z e t i -  
d i n o n e  (VII) ,  1-benzoi l -2 ,  2, 4, 4 - t e t r a m e t i l - a z e t i d i n a  ( IX)  
e 1-benzi l -2 ,  2, 4, 4 - t e t r a m e t i l - a z e t i d i n a  (X).  
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M o d i f i c a t i o n  of  D i g i t a l i s  I n o t r o p i s m  b y  a L a c t a m  D e r i v a t i v e  

T h e  i m p o r t a n c e  of t h e  u n s a t u r a t e d  l a c t o n e  r i n g  for  
t y p i c a l  e f f ec t s  of  c a r d i o t o n i c  s t e ro id s  h a s  b e e n  wel l  
d o c u m e n t e d 1 ,  ~. R e c e n t l y ,  d e r i v a t i v e s  of  s u c h  s t e r o i d s  
h a v e  b e e n  s y n t h e s i z e d  w i t h  spec i f ic  c h a n g e s  in  t h e  g r o u p  
l o c a t e d  a t  t h e  C-17 p o s i t i o n S - L  O n e  of  t h e s e  c o m p o u n d s ,  
a c e t y l i s o d i g i t o x i g e n i n i c  t a c t a m ,  r e d u c e s  t h e  e f f ec t s  of  a 
s u b s e q u e n t  dose  of  a s t a n d a r d  c a r d e n o l i d e  l a c tone .  

A m m o n o l y s i s  of  d i g i t o x i g e n i n  1 in  m e t h a n o l  s o l u t i o n  
a f fo rd s  l ac to l  a m i d e  2 a  s (55%) m p  271-273  ~ [~]~0 _ 5 o 
(c 1, p y r i d i n e )  a n d  l ac to l  2 b ,  m p  201-203 ~ Ee]~ ~ + 4 4  ~ 
(c, 1, p y r i d i n e ) ,  c o n c o m i t a n t l y  f o r m e d  in  14% yie ld .  T h a t  
:2a a n d  2 b  d i f f e r  o n l y  in  t h e  o r i e n t a t i o n  of  t h e  h y d r o x y l  
g r o u p  a t  C-21 is s h o w n  b y  o x i d a t i o n  (CrO3-pyr id ine)  of  
e i t h e r  l ac to l  o 20 to  t h e  s a m e  l a c t o n e  5, m p  284-286  , ~ ] D  - -  3~ 
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(c, 1, pyridine) .  Molecular models  show t h a t  the  lactol  
r ings of these  compounds  assume the  more  s table  chair  
conformat ion  and t h a t  in the  m o s t  s table  isomer (2a), 
t he  amide  chain a t  C-20 and  the  hyd roxy l  group a t  C-21 
are tmns-diequatoriaI. In  t h e  second, less stable,  i somer  
(2b), the  amide  chain  a t  C-20 is still equatorial ,  bu t  the  
hyd roxy l  group at  C-21 is axial.  Hea t ing  2 a  to 200 ~ or 
t r e a t m e n t  w i th  w a r m  glacial acet ic  acid causes rap id  
cycl izat ion to l ac tam 3a ,  m p  275-277 ~ [~]~0 _ 19 ~ (c, 1, 
pyridine) .  Ace ty la t ion  of 3 a (A%O-pyridine) yields ace ta te  
3b ,  m p  273-275 ~ [~]~)0 _ 39 ~ (c, 1, chloroform).  Similar 
t r e a t m e n t  of lactol  2 b  gives t he  epimeric  l ac tam 4a ,  
mp  266-268 ~ [~]~0 _ 62 ~ (c, 1, pyridine).  Ace ty l a t ion  as 
before yields ace ta t e  4b ,  mp  241-243 ~ [~]})0 _ 25 ~ (c, 1, 
chloroform).  We  have  given 4 b  the  t r iv ia l  name  acetyl-  
isodigitoxigeninic lac tam.  Lactol  2 a  cyclizes to give 
diequator ia l ly  fused l ac t am 3 a, whereas  lactol  2 b cyclizes 
to form the  equator ia l -axia l  l ac t am 4a .  In  suppor t  of 
this, l ac tam 3 a is s table  in warm,  di lute solut ion of aqueous 
d ioxane conta in ing  0.5 % of p- toluenesulfonic  acid, whereas  
l ac tam 4 a under  t he  same condi t ions  opens to form lactol  
2 b  wi th  par t ia l  concomi t an t  i somerizat ion to t he  more  
s table  lactol  2a .  (20S, 21S)-3f l -Hydroxy-21-amino-]4f i ,  
21-oxidonorcholan-23-oic acid l ac tam t r id ig i toxoside  (tri- 
oside of 3a ,  mp  269-272 ~ was p repa red  f rom digi toxin  

by  ammonolys i s  ill me t h an o l  solut ion followed by  cycliza- 
t ion  in acetic acid. The conf igurat ion at  C-21 was  deduced  
f rom the  N M R - s p e c t r u m  9. 

I somet r ic  con t rac t i l i ty  of isolated guinea-pig and  r abb i t  
left  a t r ia  was s tudied  using a posi t ive  inot ropic  Iactone, 
3-acetyldigi toxigenin,  and the  lac tam (4b). Because the  
dura t ion  of l ac tam effects is short ,  we chose a s t a n d a r d  
dose of ace ty ld ig i toxigenin  which  p roduced  a large ino- 
t ropic  response  in t he  first  10 rain and excluded mu s c l e s  
(about 10%) which showed toxic  effects dur ing the  first  
20 rain of exposure.  The results  are shown in Table  I. 
The degree of inhibit ion,  calcula ted as a pe rcen tage  ,is 
shown in Table  fI .  Compound  3 b  and its t r id ig i toxyl  
glycoside appeared  devoid  of inh ib i to ry  effects  in pre-  
l iminary  exper iments .  Other  expe r imen t s  suggested t h a t  
increasing the  dose of lactone decreases tile degree of 
inhibi t ion p roduced  by  a given concen t ra t ion  of lac tam.  
The l ac tam (1 • 10-4M) had  no effect  on the  inotropic  
response  to increasing the  Ca++ concen t ra t ion  f rom 2 to  
4 m M  (2 muscles).  I n  p re l iminary  exper imen t s  in cats, 
the  l ac tam had  no effect  on the  E K G  and did no t  inf luence 
the  toxic  effects of t he  lactone.  

Lubrol  ex t r ac t s  con ta in ing  lXTa+-K+-ATPase ac t iv i ty  
were p repared  f rom guinea-pig cardiac microsomal  frac- 
t ions  ~~ The l ac tam at  concen t ra t ions  be tween  10 -6 and  

l i O ~  OH 

H 

~ G--NH z 

0 0 il II -NH  

+ OH 

HO~"-.,//~V (20S)/Zl,S) HO~V {ZOS)(Z1P-,) 

~,a Zb 

I) AcOH, A I) AGI]H, A 
S Z ACtO Z) At20 

C=O , ~ , H  C=0 

~O, R=H 4& R=H 
~b. R=Ac 4b. R=Ac 

1 F. G. HENDERSON, in Digitalis (Eds. C. FISCH and B. SlmAWlCZ; 
Grune and Stratton, NewYork 1969), p. 3. 
K. RE~KE, in Prec. Second Intern. Pharmacological Congress, 
Drugs and Enzymes (Eds. B. B. BRODIE and J. R. GILLETTE; 
Pergamon Press, NewYork 1965), vol. 4, p. 65. 
M. E. WOLFF, W. He and B. KATZUNO, Chemy Ind. 7955, 1976. 

4M. E. WOLFF and W. H o, J. Pharm. Sci. 56, 705 (1967). 
5 M. E. WOLFF and W. He, J. orB. Chem. 32, 1839 (1967). 
6 M. E. WOLFF, W. He and H.-H. CHANG, J. Pharm. Sei. 57, 1450 

(1968). 
7 M. R. WOLFF, H.-H. C~AN• and W. He, J. med: Chem. 73, in 

press (1970). 

s Satisfactory elemental analyses were obtained for all new com- 
pounds. Confirmatory high resolution mass spectra were deter- 
mined on compound 3b, db, and 5. Structures assigned are con- 
sistent with NMR-spectra and homogeneity was established by 
TLC. Melting points were obtained using a corrected thermo- 
meter. 

9 The preparation of 3a, 3b and $b in another way has been claimed 
in a recent patent (J.-H, FERLAND and Y. LEFE~VI~E, US-Patent 
3,462,413 through Chem. Abstr. 71, 113228 (1969) but the melting 
points differ widely from those reported here. 

10 D. Y. SHIRACHI, A. A. ALLARD and A. J. TREVOR, Biochem. 
Pharmae. (in press). 
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1 0 - 4 M  had n o  s i g n i f i c a n t  e f f e c t  o n  N a + - K + - A T P a s e  
a c t i v i t y  a n d  d i d  n o t  i n f l u e n c e  t h e  i n h i b i t o r y  a c t i o n  of t h e  
l a c t o n e  w h e n  b o t h  c o m p o u n d s  w e r e  a d d e d  t o  t h e  r e a c t i o n  
m e d i a  a t  t h e  s a m e  t i m e  ( T a b l e  I I I ) .  I n  o t h e r  e x p e r i m e n t s ,  

Table I. Isometric contractile force of guinea-pig left atria 

Conditions Time (min) 

10 13 15 20 30 
(%) (%) (%) (%1 (%) 

A. Laetone 98=z4 1294-7 1 4 7 ~ 8  185 4- 14 243 4- 25 
B. L a c t a m +  94 4-5 103 4-5  115 4-5 151 4- 8 214 4- 17 

lactone 
C. Lactam 108 4-4 - - 9 6 ~  5 83 4- 5 
D. No t reatment  94 4-2  - - 89 4- 4 84 4- 4 
E. DMSO 98 4- 3 . . . .  

Muscles were st imulated at 1/sec in Krebs-Henseleit solution con- 
taining 2 m M  Ca + at 35.5 ~ Dimethylsulfoxide (DMSO) 0.42 ml or 
lactam (1 • 10-4M final concentration) in 0.42 ml DMSO was added 
to the 50 ml ba th  at time zero. 3-acetyldigitoxigenin (3 •  
final concentration) in 12.5 ~xl DMSO was added at 10 min. Data 
are expressed as percent of contractility at zero time :k s tandard 
error of the mean. Each condition was studied in each muscle and 
the order of t reatments  was systematically varied (N = 6). 

Table If. Inhibition of guinea-pig left atrial inotropie response to 
lactone (3•  SM) caused by prior administration of lactam 
(1 • 10-*M) 

Statistic 

Time Mean inhibition SEM Probability 
(miI1) (%) (%) 

13 87.2 7.4 < 0.001 
15 80.3 6.6 < 0.001 
20 35.7 11.1 < 0.02 
25 19.2 13.6 > 0.1 
30 11.2 14.0 > 0.1 

Lactam added at zero time, lactone at 10 min. The percentage inhibi- 
tion was calculated for each muscle and then averaged. SEM, 
standard error of the mean. Probability of no significant inhibition 
(null hypothesis) was calculated by s tudent  t-test (N = 6). 

Table IfI.  Sensitivity of Na+-K + ATPase preparations of guinea-pig 
heart  to lactone and lactam 

Conditions Na +- K+-ATPase Inhibition 
activity (%) 
(~zmoles Pi/mg 
protein/h) 

p r e p a r a t i o n s  w e r e  p r e i n c u b a t e d  fo r  10 m i n  w i t h  t h e  I a c t a m  
( 1 0 - ~ M )  b e f o r e  a d d i t i o n  o f  t h e  l a c t o n e .  T h e  d e g r e e  of  
t a c t o n e  i n h i b i t i o n  (60%)  of  t h e  N a + - K + - A T P a s e  a c t i v i t y  
w a s  t h e  s a m e  w h e t h e r  o r  n o t  t h e  l a c t a m  w a s  p r e s e n t .  I n  
s i m i l a r  e x p e r i m e n t s  u s i n g  l u b r o l  e x t r a c t s  of  r a t  b r a i n  
m i c r o s o m a l  f r a c t i o n s  ~~ a n d  c o n v e n t i o n a l  r a t  c a r d i a c  
m i c r o s o m a l  p r e p a r a t i o n s  11 t h e  i a c t a m  h a d  no  e f f ec t  o n  
N a + - K + - A T P a s e  a c t i v i t i e s  a n d  no  i n f l u e n c e  o n  t h e  s ens i -  
t i v i t y  of  s u c h  p r e p a r a t i o n s  t o  e i t h e r  3 - a c e t y l d i g i t o x i g e n i n  
or  o u a b a i n .  

Discussion. T h e  p h y s i o l o g i c a l  e x p e r i m e n t s  s u g g e s t  t h a t  
t h e  l a c t a m  c a n  d e l a y  o r  i n h i b i t  c a r d e n o l i d e  ( l ac tone )  
i n o t r o p i s m .  O t h e r  a g e n t s  w h i c h  h a v e  b e e n  r e p o r t e d  t o  
d e l a y  o r  i n h i b i t  c a r d e n o l i d e  i n o t r o p i s m  i n c l u d e  t e t r o -  
d o t o x i n  ~2, a l d o s t e r o n e  ~3, a n d  m a n g a n e s e  ~4 I n  t h e  p r e s e n c e  
of  t h e  l a c t a m ,  t h e  i n h i b i t o r y  e f f ec t  of  3 - a c e t y l d i g i t o x i g e n i n  
on  N a + - K + - A T P a s e  s y s t e m  is u n i m p a i r e d  w h i l e  t h e  e a r l y  
i n o t r o p i c  a c t i o n  is m a r k e d l y  r e d u c e d .  T h e s e  d a t a  a n d  t h e  
l a c k  of  e f f ec t  of  t h e  l a c t a m  o n  t h e  t o x i c  E K G  m a n i f e s t a -  
t i o n s  of  s u b s e q u e n t  d o s e s  of  t h e  l a c t o n e  a r e  c o n s i s t e n t  w i t h  
t h e  h y p o t h e s i s  t h a t  t h e  t o x i c  e f f ec t  of  c a r d e n o l i d e s  m a y  
be  r e l a t e d  t o  i n h i b i t i o n  of  c a t i o n  t r a n s p o r t  A T P a s e  2. T h e  
d a t a  a l so  s u g g e s t  t h a t  d i g i t a l i s  s t e r o i d s  m a y  p r o d u c e  
N a + = K + - A T P a s e  i n h i b i t i o n  in  i s o l a t e d  m y o c a r d i u m  w i t h -  
o u t  a c o n c u r r e n t  p o s i t i v e  i n o t r o p i c  r e s p o n s e .  

T h e  p r i m a r y  e f f ec t  of  t h e  l a c t a m  m a y  be  t o  d e l a y  t h e  
o n s e t  r a t h e r  t h a n  t o  i n h i b i t  t h e  f i n a l  i n o t r o p i c  a c t i o n  o f  
t h e  l a c t o n e .  DUTTA e t  al.  ~5 h a v e  p o s t u l a t e d  a m e c h a n i s m  
r e s p o n s i b l e  for  t r a n s p o r t  of  c a r d i o t o n i c  s t e r o i d s  a c r o s s  
t h e  cell m e m b r a n e .  WASSERMAN a n d  HOLLAND 12 s h o w e d  
t h a t  t e t r o d o t o x i n  c a n  p r o d u c e  a d e l a y  o f  o n s e t  of  o u a b a i n  
i n o t r o p i s m .  T h e s e  r e p o r t s  a n d  o u r  e v i d e n c e  s u p p o r t  t h e  
c o n c e p t  of  a c a r r i e r  m e c h a n i s m  for  c a r d i o t o n i c  s t e r o i d s  
w h i c h  m a y  be  l i n k e d  to  p a s s i v e  a n d / o r  a c t i v e  c a t i o n  f lux .  
I n h i b i t i o n  of s u c h  a m e c h a n i s m  b y  t h e  l a c t a m  c o u l d  p r o -  
l o n g  t h e  t i m e  r e q u i r e d  for  c a r d e n o l i d e s  t o  r e a c h  o p t i m a l  
c o n c e n t r a t i o n s  a t  t h e  i n o t r o p i c  r e c e p t o r  x6. 

N o t e  a d d e d  in  p r o o f :  R e c e n t  e x p e r i m e n t s  s h o w  t h a t  
a c e t y l i s o d i g i t o x i g e n i n ,  l ike  a c e t y l i s o d i g i t o x i g e n i n i c  l a c t a m  
s i g n i f i c a n t l y  i n h i b i t s  t h e  e a r l y  i n o t r o p i c  r e s p o n s e  of  
g u i n e a - p i g  a t r i a  t o  c a r d e n o l i d e s .  

Resumen. Se d e s c r i b e  la  s l n t e s i s  y p r u e b a  de  e s t r u c t u r a  
de l  3 - a c e t a t o  de  (20 S, 21 R ) - 3 f l - h i d r o x i - 2 1 - a m i n o - 1 4 f l ,  21- 
o x i d o n o r c o l a n - 2 3 - o i c o  dc ido  l a c t a m a ,  el c d a l  es el d e r i v a -  
t i v o  l a c t a m a  de  d i g i t o x i g e n i n a .  D i c h o  c o m p u e s t o  pos6 e  
i n s i g n i f i c a n t e s  e f e c t o s  i n o t r d p i c o s ,  p e r o  i n h i b e  o r e t a r d s  
l a  a c c i d n  i n o t r d p i c a  p o s i t i v a  de l  3 - a c e t a t o  de  d i g i t o x i g e -  
n i n a  c u a n d o  se e n s a y a  en  a t r i a  i z q u i e r d a  a i s l a d a  de  coch i -  
n i l lo  de  I n d i a s  o cone jo .  
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Control 20.3 4- 1.6 - 
Lactone (10-~M) 7.3 4- 0.5 64.4 
Lactam (10-4M) 19.8 4- 1.0 3.1 
Lactone (10-5M) 6.8 4- 0.1 64.9 
+ laetam (10-~M) 

Total Na+-K+-Mg++-ATPase activity was measured by conventional 
orthophosphate release methods n during incubation at 37~ for 
10 rain. Mg++-ATPase activity determined in the absence of Na+ 
and K + gave values for Na+-K+-ATPase by subtraction. 
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