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b o n y l  c o m p o u n d  1~ F u r t h e r  ev idence  for the  p r o x i m i t y  
of the  non-ox id izab le  h y d r o x y l  g roup  to  t he  l ac tone  car-  
b o n y l  was  o b t a i n e d  w h e n  t he  I R - s p e c t r a  of t he  di- 
h y d r o x y  c o m p o u n d  5a and  t he  h y d r o x y k e t o n e  6a were 
recorded  in v e r y  d i lu te  c a r b o n  t e t r ach lo r ide  solut ions .  
The  s p e c t r u m  of t he  k e t o n e  6a showed  only  t he  absorp-  
t i on  of t he  i n t r a m o l e c u l a r l y  b o n d e d  h y d r o x y l  (Vma x 3 5 7 3  
cm-1), whi le  t he  s p e c t r u m  of the  alcohol  5a revea led  
abso rp t ions  for b o t h  t h e  free and  t he  i n t r a m o l e c u l a r l y  
b o n d e d  h y d r o x y l  (Vma x 3620, 3575 cm 1)11. 

Final ly ,  i t  was  found  t h a t  t he  ox ida t ion  p r o d u c t  6a 
could be  c o n v e r t e d  t o t h e  co r r e spond ing  ace t a t e  6b, wh ich  
exh ib i t ed  t he  fol lowing phys ica l  c o n s t a n t s  : m.p.  176-178 ~ ; 
[~)6 _ 97 ~ (c, 0.896); Vma x 1770, 1750 shoulder ,  1738 a n d  
1700 c m - L  I n  the  mass  s p e c t r u m  of 6b the  a b s o r p t i o n  of 
t he  molecu la r  ion a t  m/e  360 as well  as t he  p r o m i n e n t  
peaks  a t  M-60  a n d  M-(60  + 70) were obse rved  12,13. 

Zusammen/assung. Die B i l dung  v o n  l l f l -Carboxy-  
3~, 11~, 17f l - t r ihydroxy-13~-C-nor-5f l -andros tan  l l a , 1 7 -  
L a k t o n  aus  3~, 17t3- D i a c e t o x y - 1 1 - h y d r o x y -  12-oxo- 5/3- 

A9(n) -andros ten  wird  beschr ieben .  Der  Mechan i smus  u n d  
die S te reochemie  dieser  U m w a n d l u n g  (Re t ro-Aldo lkon-  
d e n s a t i o n  u n d  Benz i l s~ureumlagerung)  wird d i sku t ie r t .  
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T h e  Effect  of N i c o t i n a m i d e  A d e n i n e  D i n u c l e o t i d e  
on  L i p o l y s i s  in  A d i p o s e  T i s s u e  in  v i t r o  

Lipolysis  in  ad ipose  t i ssue  in v i t ro  has  been  s h o w n  to 
be  s t i m u l a t e d  b y  a v a r i e t y  of s y m p a t h o m i m e t i c  amines  
a n d  pep t ide  h o r m o n e s  1,2. There  is ev idence  t h a t  these  
effects are m e d i a t e d  b y  t he  a c t i v a t i o n  of a d e n y l  cyclase, 
p r o d u c t i o n  of cyclic-3' ,  5 ' -AMP 3, a c t i v a t i o n  of a n  adipose  
t i ssue  l ipase 4,5, h y d r o l y t i c  c leavage  of adipose  t issue t r i -  
g lycer ides  and  s u b s e q u e n t  release of f a t t y  acids a n d  
glycerol.  I n h i b i t i o n  of l ipolysis i nduced  b y  t he  s y m p a t h o -  
mime t i c  amines  or pep t ide  h o r m o n e s  has  been  d e m o n -  
s t r a t e d  w i t h  a n u m b e r  of c o m p o u n d s ,  inc lud ing  n ico t in ic  
acid e and  va r ious  me t abo l i t e s  of nucleic  acids 7. Nicot in ic  
acid has  been  d e m o n s t r a t e d  to be  a p o t e n t  l ipolysis 
i n h i b i t o r  in  v i t ro  a n d  th i s  effect  can  be  observed  in v ivo  
in t he  fo rm of a p r o n o u n c e d  depress ion  of p l a s m a  non-  
es ter i f ied f a t t y  acids (NEFA)s .  DOLE 7 has  r epo r t ed  t h a t  
ATt ' ,  5 ' -AMP a n d  adenos ine  i n h i b i t e d  lipolysis, whereas  
t h e  pur ines ,  aden ine  a n d  guanine ,  a n d  t he  pyr imid ines ,  
urac i l  a n d  cytosine ,  increased  lipolysis.  More recent ly ,  
MATSUZAKI and  RABEN 9, differ ing f rom D O L E ,  found  t h a t  
guan ine  i n h i b i t e d  t he  l ipolyt ic  ac t ion  of ep inephr ine .  T h e y  
also r epo r t ed  t h a t  aden ine  s t i m u l a t e d  lipolysis a t  h igh  
con cen t r a t i ons  b u t  h a d  no  s ign i f ican t  effect  a t  lower levels. 

Nicot in ic  acid h a s  been  s h o w n  to be  an  effect ive pre-  
cursor  for  n i c o t i n a m i d e  aden ine  d inuc leo t ide  (NAD) syn-  
thes is  10. The  poss ib i l i ty  exis ts  t h a t  adenos ine  m i g h t  also 
c o n t r i b u t e  to  N A D  synthes is .  I n  v iew of the  fac t  t h a t  
b o t h  n ico t in ic  acid and  adenos ine  h a v e  been  shown  to 
i nh ib i t  l ipolysis in  v i t ro ,  i t  was  of i n t e r e s t  to  i nves t i ga t e  
t he  an t i l ipo ly t ic  effects of N A D  and  re la ted  compounds .  

I n  o rder  to  define t he  l ipolysis i n h i b i t o r y  effects of 
N A D  and  re l a t ed  compounds ,  e p i d i d y m a l  adipose  t i ssue  
was t a k e n  f rom male  Sp rague -Dawley  rats ,  180-240 g, 
fed ad  l ib i tum.  The  t i ssue  was p laced  in f reshly  ae ra t ed  
K r e b s - R i n g e r  b i c a r b o n a t e  buffer ,  p H  7.4, a n d  minced  
w i t h  scissors in to  pieces weighing  a p p r o x i m a t e l y  10  mg. 
200 • 3 (mean  4- s t a n d a r d  dev ia t ion)  mg  of t i ssue  were 
p laced  in each  e x p e r i m e n t a l  f lask c o n t a i n i n g  3 ml  of 
f resh ly  ae ra t ed  (95% O~-5% COs) K r e b s - R i n g e r  b icar-  

b o n a t e  buffer ,  p H  7.4. Bov ine  p l a s m a  a lbumin ,  f r ac t ion  
IV, 1%,  was used as a f a t t y  acid accep to r  in th i s  i ncuba -  
t ion  med ium.  Suff ic ient  no rep ineph r ine  (20-30 ng/ml)  to  
cause  50% of m a x i m u m  f a t t y  acid release was added  to 
the  i n c u b a t i o n  mix ture .  The  c o m p o u n d s  u n d e r  inves t iga -  
t i on  were t h e n  added  a t  app rop r i a t e  concen t ra t ions .  The  
e x p e r i m e n t a l  f lasks were s toppered ,  ae ra ted  w i t h  95% 
02-5% COs for 10 min  and  i n c u b a t e d  a t  37 ~ for 3 h on  
a D u b n o f f  me tabo l i c  shaker .  Af te r  i ncuba t ion ,  a l iquo t s  
were r e m o v e d  and  ana lyzed  for f a t t y  acid c o n t e n t  b y  t he  
m e t h o d  of DOLE 11. The  f a t t y  ac id s . r e l ea sed  in to  t he  
m e d i u m  b y  no rep ineph r ine  were compared  w i t h  t he  re- 
lease of f a t t y  acids in  f lasks  c o n t a i n i n g  no rep ineph r ine  
a n d  t he  t e s t  compound .  The  effect  of t he  i nh ib i t o r  was  
expressed  in t e r m s  of % inh ib i t ion .  

U n d e r  t h e  cond i t ions  of t he  s tudy,  N A D  was shown  to  
be a p o t e n t  i nh ib i t o r  of the  n o r e p i n e p h r i n e - i n d u c e d  f a t t y  
acid release f rom adipose  t i ssue  (Table  I). This  i n h i b i t i o n  
was p r o p o r t i o n a l  to  c o n c e n t r a t i o n  o v e r a  range  of 10 4 to  
10 7M. N A D  is composed  of n i co t i namide  mononuc leo -  
t ide  (NMN) a n d  Y - A M P  jo ined  t h r o u g h  a p y r o p h o s p h a t e  
bridge.  N M N  itself  was a c o m p a r a t i v e l y  weak  i n h i b i t o r  
of f a t t y  acid release as was n ico t inamide .  Nicot in ic  acid, 
on  t he  o t h e r  hand ,  was a v e r y  p o t e n t  inh ib i tor .  The  
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Table I. Inhibitory effects of various NAD-related compounds on the norepinephrine-indueed release of fatty acids from rat adipose tissue 
in vitro 

% inhibition of norepinephrine-induced release of fatty acids in vitro. 

Molar Nicotinamide Nicotinamide Nicotinamide Nicotinic 5'-AMP Adenosine Adenine 
concentrations adenine mono- acid 

dinueleotide nueleotide 

10 -4 96 4- 5.6 ~ 40 4- 4.3 27 • 3.9 68 4- 3.3 97 4- 6.1 96 4- 7.2 25 4- 4.4 
10 -5 75 4- 6.1 4 4- 2.2 12 4- 3.1 68 • 4.9 76 4- 5.7 88 4- 5.8 27 4- 4.8 
10 -~ 25 4- 3.2 0 0 66 4- 5.0 39 4- 4.6 44 4- 6.3 2 4- 1.7 
10 -7 19 4- 2.8 0 0 28 4- 4.1 2 4- 1.4 19 4- 4.4 0 

Mean 4- standard deviation; n = 5, 

relat ive inac t iv i ty  of NMN and n ico t inamide  suggests  
t h a t  ne i ther  compound  is effect ively conver ted  to nico- 
tinic acid by  adipose t issue in vitro.  

5 '-AMP, the o ther  half  of the  dinucleotide,  was a ve ry  
po t en t  inhibi tor  of the  l ipolytic effects of norepinephr ine .  
The inh ib i to ry  po tency  of 5 ' -AMP appeared  to be identi-  
cal wi th  t h a t  of NAD. Adenosine  , the  cor responding  
nucleoside, also exhib i ted  inh iMtory  proper t ies  similar to 
those of NAD. The resul ts  ob ta ined  wi th  5 ' -AMP and 
adenosine are in ag reemen t  wi th  those  repor ted  by  
DOLZL On the  o ther  hand ,  the  results  ob ta ined  wi th  
adenine,  indica t ing  t h a t  i t  is a weak lipolysis inhibi tor ,  
appear  to differ  f rom those  repor ted  by  DOLE 7 and 
MATSUZAKI and RABEN 9. They  found t h a t  adenine caused 
an increased lipolytic effect  in wt ro .  I t  should be borne 
in mind,  however ,  t h a t  the  concen t ra t ions  of adenine 
used in those s tudies  (300-500 /~g/ml" or 1000 #g/mU) 
were very  much  greater  t h a n  those used in the  p resen t  
work (1 3.5 /~g/ml). 

The f indings repor ted  here indicate  t h a t  NAI)  is a 
po ten t  lipolysis inhibi tor  in vitro.  In  addit ion,  a number  
of NAD hydrolys is  p roduc t s  are as po t en t  as NAD in 
ant i l ipolyt ic  act ivi ty .  The s imilar i ty  of the  inh ib i tory  
effects of NAD, Y-AMP, and  adenosine and the  relat ive 
inac t iv i ty  of NMN and  nicot inamide,  suggest  t h a t  the  
antagonis t ic  act ion of NA1) is d e p e n d e n t  upon the  
presence of the  adenosine  r a the r  t han  the  nicotinic acid 
moiety.  In  addi t ion,  the  results  p resen ted  in Table II  
indicate  t h a t  ADP,  ATP,  and N A D P  are also as p o t e n t  
as NAD, suggest ing a similar  dependence  upon the  pres- 
ence of the  adenosine  moie ty .  

KAPLAN et al. 12 have  d e m o n s t r a t e d  t h a t  bo th  nicotinic 
acid and n ico t inamide  can be incorpora ted  into mouse 
liver NAD. However ,  n ico t inamide  appears  to be approxi -  
ma te ly  five t imes  as effect ive as nicotinic acid in e levat ing  

"Fable lI. Inhibitory effects of ADP, ATP and NADP on the nor- 
epinephrine-induced release of fatty acids from adipose tissue in vitro 

Molar 
concen- 
tration 

% inhibition of norepinephrine-induced release 
of fatty acids in vitro 

ATP ADP NADP 

10 ~ 93 ~ 6.2 ~ 96 • 5.6 87 • 6.4 
10 5 77 4- 5.7 63 a 7.1 7 2 ~ 4 . 8  
10 -~ 36 i 4.3 29 3_ 4.2 44 4- 5.3 
10 7 22 i 3.7 16 -t- 3.1 18 ~ 4.7 

Mean ~ standard deviation. 

l iver NAD.  If  the  effect iveness of nicot inic  acid as a lipo- 
lysis inhib i tor  were d e p e n d e n t  upon  its incorpora t ion  into 
NAD,  it would be expec ted  to be a less p o t e n t  in- 
h ib i tor  t h a n  nicot inamide.  The re la t ive lack of ant i -  
l ipolytic p o t en cy  of n icot inamide,  in spi te  of its superior  
abiI i ty to e levate  t issue NAD levels, argues agains t  the  
mechan i sm of act ion requir ing increased NAD synthesis .  
Such an a rg u men t  is based upon the  incorpora t ion  of 
these compounds  into liver NAD bu t  it  m u s t  be borne  in 
mind t h a t  nicot inic  acid m a y  be the  more  effective pre- 
cursor in adipose tissue, the  site of its inh ib i to ry  action.  

On the  basis of these  data,  it  is no t  possible to dis- 
t inguish  be tween  a di rect  ac t ion of NAD and an act ion 
d e p e n d e n t  upon the  produc t ion  of an ant i l ipolyt ic  me tabo-  
lite of NAD, e.g. adenosine.  WlNnURY et  al. 13 demon-  
s t r a t ed  increasing coronary  di la tor  ac t iv i ty  in the  series: 
adenosine,  AMP, ADP,  and ATP.  They  suggested t h a t  
the  adenosine moiety ,  bu t  not  degrada t ion  of the  nucleo- 
t ides to adenosine,  is required for coronary  di la tor  ac- 
t ivi ty .  On the  o the r  hand ,  ANC;F.LAt~OS and GLASSMAN 14 
found t h a t  adenosine,  AMP, ADP,  and  A T P  were equi- 
p o t e n t  in decreasing hea r t  rate,  myocard ia l  tension,  and 
blood pressure  in a t ropinized dogs. They  concluded t h a t  
adenosine,  r a the r  t h a n  the  in tac t  nucleotides,  was the  
effective agent  under  in vivo condi t ions .  

The results  repor ted  here do no t  es tabl ish  a physio-  
logical role for adenosine  (and phospha tes ) .  However ,  the  
wel l -known modula t ing  effects of nucleot ides  on meta-  
bolism leaves open the  possibi l i ty  t h a t  these  compounds  
m a y  p lay  a s ignif icant  pa r t  in control l ing the  ra te  of 
intracel lular  lipolysis. 

Zusammen[assung. Es wird gezeigt, dass Niko t inamid  
Adenin Dinnkleot id  (NAD) eine s ta rke  I t e m l n u n g  auf die 
Lipolyse der  Fe t t gewebe  in vi t ro  austibt .  Un te r suchung  
der  ant i l ipoly t i schen Wirkung  versch iedener  Bes tandte i le  
des NAD ergab, dass fiir die H e m m u n g s w i r k u n g  die 
Gegenwar t  des Adenosins,  n ich t  aber  die der  Nikot ins~ure 
no twend ig  ist. 
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