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onse t  of a r r h y t h m i a ,  v e n t r i c u l a r  f ib r i l Ia t ion  a n d  ca rd iac  
a r r e s t  p r o v o k e d  b y  a slow infus ion  of o u a b a i n  (8 /~g/kg 
eve ry  90 sec). 

I n  r abb i t s ,  t h e  c o m p o u n d  reduces  t h e  t a c h y c a r d i c  ef fec t  
of p ro longed  t h y r o x i n e  t r e a t m e n t  (0.2 m g / d a y / r a b b i t  for  
10 days) .  

The  pressor  a c t i v i t y  of a d r e n a l i n  a n d  of occlusion of t h e  
ca ro t ids  in  a n a e s t h e t i z e d  r a b b i t s  is n o t  modi f i ed  b y  t he  
c o m p o u n d  j u s t  as t h e  h y p o t e n s i v e  ac t ion  of ace ty l cho l ine  
r e m a i n s  u n c h a n g e d .  B y  con t r a s t ,  t h e  h y p o t e n s i v e  effect  
of t h e  s t i m u l a t i o n  of t h e  p e r i p h e r a l  s t u m p  of t he  v a g u s  
is reduced .  

I n  a n a e s t h e t i z e d  r a b b i t s ,  D A  1686 p rovokes  b r a d y -  
card ia ,  w iden ing  of t h e  Q R S  a n d  mi ld  h y p o t e n s i o n .  T h e  
effect  on  t h e  ca rd i ac  f r e q u e n c y  is g r ea t e r  t h a n  t h a t  
exe r t ed  b y  q u i n i d i n e  a n d  p r o c a i n a m i d e ,  whi le  t he  ef fec t  
on  t h e  Q R S  a n d  pressure  is minor .  

The  c o m p o u n d  is well  a b s o r b e d  a f t e r  b o t h  ora l  a n d  
i n t r a m u s c u l a r  a d m i n i s t r a t i o n  in  r a t s  a n d  r abb i t s ,  pro-  
duc ing  h i g h e r  b lood levels  t h a n  those  of qu in id ine  a n d  

p r o c a i n a m i d e  a d m i n i s t e r e d  a t  equa l  doses.  I n  r a t s  a n d  
r a b b i t s ,  t h e  c o m p o u n d  is e l i m i n a t e d  in  t h e  n o n - m e t a b o -  
l ized s t a t e  to  t h e  e x t e n t  of  5 0 - 6 0 %  d u r i n g  t h e  f i r s t  24 h 
a f t e r  t r e a t m e n t  a n d  t 5 - 2 0 %  in  t h e  fo l lowing 24 h.  

Riassunto. II D A  1686, c o r r i s p o n d e n t e  al  1, 5-dimorfo-  
l ino-3-(1-naft i l )  p e n t a n o ,  6 u n  d e r i v a t o  de l la  n a f t a l i n a  a d  
at t ivi tS,  a n t i a r i t m i c a  come r i su l t a  dal le  p r o v e  in v i t ro  
(orecchie t te  i so la te  di cavia)  e in  v ivo  (cant,  conigli ,  
cavie  e ra t t i ) .  I1 c o m p o s t o  ~ b e n  as so rb i to  dopo  som- 
m i n i s t r a z i o n e  orale  e v iene  escreto  nelle u r ine  n o n  m e t a -  
bol izzato .  
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Novobiocin and the Binding of Magnesium Ions 

I t  h a s  been  s h o w n  b y  WEINBERG 1 a n d  BROCK 2 t h a t  
Mg++ ions ove rcome  t h e  a n t i b a c t e r i a l  a c t i v i t y  of novo-  
b ioc in  a g a i n s t  G r a m - n e g a t i v e ,  b u t  n o t  Gram-pos i t i ve ,  
bac te r i a .  I n  add i t ion ,  ev idence  has  been  p re sen t ed  2 to  
d e m o n s t r a t e  t h a t  the  a n t i b i o t i c  a n d  ca t ion  fo rm a com- 
plex,  a l t h o u g h  more  r ecen t  s tud ies  8 m a y  sugges t  o the r -  
wise. T h i s  p r o b l e m  has  also been  u n d e r  s t u d y  in  our  
l abora to r ies .  

N o v o b i o c i n  m o n o s o d i u m  was a gif t  f rom Merck,  S h a r p e  
a n d  D o h m e  L td . ,  H o d d e s d o n  (Her ts ,  E n g l a n d ) .  M a g n e s i u m  
chlor ide ,  MgC12 • 6H,O,  a n d  s o d i u m  ch lor ide  were of 
' A n a l a r '  grade.  T h e  w a t e r  used  was o b t a i n e d  f rom a n  
ion -exchange  co lumn,  a n d  h a d  a specific c o n d u c t a n c e  of 
10 -e ohm-~  c m - L  The  spec t r a  of novob ioc in  a lone  a n d  
in t h e  p resence  of m a g n e s i u m  ch lor ide  were r eco rded  
over  t he  r ange  200-450 n m  in a U n i c a m  S P  800 spec t ro -  
p h o t o m e t e r ,  u s ing  1 cm cells (Table  I). I t  can  be  seen 
f rom the  r e su l t s  t h a t  t he re  is no  ev idence  for  t he  f o r m a t i o n  
of a c o m p l e x  b e t w e e n  n o v o b i o c i n  a n d  Mg ++. 

BROCK~ ca r r i ed  o u t  d i f ference  s p e c t r a  w i t h  s t r o n g  
(10-2~I)  so lu t ions  of n o v o b i o c i n  s o d i u m  a n d  m a g n e s i u m  
chlor ide ,  a n d  o b t a i n e d  a p e a k  a t  360 r im;  he  t he r e fo re  
conc luded  t h a t  a comp l ex  was fo rmed  a t  h i g h  c o n c e n t r a -  
t ions .  Our  f ind ings  w i t h  d i f fe rence  s p e c t r a  (Tab le  I I ) ,  

w h i c h  are  qu i t e  d i f f e ren t  in  s h a p e  f rom the  o r d i n a r y  
s p e c t r u m  of novob ioc in ,  sugges t  t h a t  t he  p e a k  o b t a i n e d  
b y  BROCK * was on ly  a n  a p p a r e n t ,  a n d  n o t  a t r ue  one. 
T h e  resu l t s  p r e s e n t e d  in  T a b l e  I I  show t h a t  w h e n  so lu t ions  
of n o v o b i o c i n  s o d i u m  of d i f fe ren t  c o n c e n t r a t i o n s  are 
p laced  in t he  s ample  a n d  reference  cells, t h e  p e a k  o b t a i n e d  
for the dif ference  s p e c t r u m  is d isp laced  to  longer  wave-  
l e n g t h s ;  t h e  g r ea t e r  t h e  concen t r a t i ons ,  t h e  g r ea t e r  is t he  
shi f t .  T h i s  sh i f t  is a n  a p p a r e n t  one,  because  w h e n  t he  
s p e c t r u m  of an  8 • 10-42~I so lu t ion  of n o v o b i o c i n  s o d i u m  
(which  is h i g h e r  t h a n  t h e  c o n c e n t r a t i o n s  used in  some  of 
t h e  d i f ference  spec t ra )  was  r eco rded  a g a i n s t  wa te r ,  u s ing  
1 m m  cells, t h e  )'ms* was  s t i l l  a t  308 nm.  Thus ,  t h e  peaks  
o b t a i n e d  b y  d i f ference  s p e c t r a  are  false, s ince  t he  spec t ro -  
p h o t o m e t e r  is in sens i t ive  to  a b s o r b t i o n  di f ferences  be-  
t w e e n  t h e  s ample  a n d  reference  so lu t ions  w h e n  b o t h  are  
a b s o r b i n g  v e r y  s t rongly .  I n  t he  e x p e r i m e n t s  ca r r i ed  o u t  
b y  BROCK 2, a m i x t u r e  of 1 0 - * M  n o v o b i o c i n  s o d i u m  a n d  
1 0 - 2 M  m a g n e s i u m  ch lor ide  was p laced  in t he  s ample  cell 
a n d  a 1 0 - 2 M  so lu t ion  of n o v o b i o c i n  s o d i u m  in t h e  

* E. D. "vVgt~BERG, Bact. Rev. 21, 46 (1957). 
2 T. D. BROCK, Science, 136, 316 (1962). 
s p. j .  NIEBERGALL, D. A. HUSSAR, W. A. CRESSMA~, E. T. SUGITA 

and J. T. DOLmSIO, J. Pharm. Pharmac. 18, 729 (1966). 

Table I. Absorption spectra of novobiocin sodium in presence and absence of magnesium chloride 

Sample solution 

Concentration of 

Novobiocin sodium MgCI 2 

Reference solution ~.Zma x Absorbance at ~.2ma x Absorbance at 
~Ima x ~2max 

8 • 10-4M 
8 • 10-4M 
8 • 10-4M 

absent water 308 1.60 240 1.81 
8 ' t0-4M 8 • 10-*M MgCl 2 308 1.59 240 1,78 
8 • 10 -2 M 8 • 10 -~ M MgCI~ 308 1.61 240 1,80 

1 cm cells were used in all experiments. 
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reference cell; a peak  was ob t a ined  hav ing  a $.,a. a t  360 nm.  
In  s imilar  expe r imen t s ,  w i t h  s l ight ly  less c o n c e n t r a t e d  
solutions, we have  ob ta ined  a smal l  peak  wi th  a .tin. x a t  
346 nm (see Table  I I ) ;  however ,  w h e n  the  e x p e r i m e n t s  

Table II. Difference spectra 

Reference solution 

Concentration of 
novobiocin sodium 

Sample solution 

Concentration of novobiocin 
sodium 

10-4M ~ absent (water) 308 
10-4M 1 • 10-a/tl 323 
10-aM 6 '10-1M 333 
10-~M 9.6 " 10 -a M 351 
10-aM + 5 • 10-aM MgCl~ 5 .10-3M 346 
10-aM + 1.5.10-aM NaC1 5 • 10-3M 346 

1 mm cells used here; 1 cm cells in the other experiments. 

0 

12 

11 

ml 0.1fl NaOH 

Potentiometric titration curves for 20 ml of a solution of a mixture 
5 '10-aM novobiocin sodium and 5-10-aM magnesium chloride 

(e); summation curve (see text) (o). 
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were r e p e a t e d  wi th  an equa l  ionic s t r e n g t h  so lu t ion  of 
s o d i u m chlor ide  ins t ead  of magnes ium chloride,  t he  same 
smal l  peak  h a v i n g  a ,tma x a t  346 n m  was obta ined ,  which  
is f u r t h e r  evidence  t h a t  no c o mp l e x  fo rma t ion  is t ak ing  
place b e t w e e n  novobioc in  and  Mg++ ions. 

I n  add i t ion ,  p o t e n t i o m e t r i c  t i t r a t i o n  curves  have  been  
recorded,  using 0.1 N N a O H  as t i t r a n t ,  for  20 ml  solut ions  
of (a) 5 • 1 0 - a M  novobioc in  sodium,  (b) 5 .  10 -aM 
m a g n e s i u m  chloride,  and  (c) a m i x t u r e  of 5 . 1 0 - ~ M  
novobioc in  sod ium and  5 .  10-~M m a g n e s i u m  chloride.  
I t  was  found  t h a t  on s u m m a t i o n  of t h e  t i t r a t i o n  curves  
(a) and  (b), an  ident ica l  curve  was o b t a i n e d  to  t h a t  
o b t a i n e d  w i t h  t he  mi x t u r e  (c) (Figure).  This  f inding 
conf i rms  the  resul ts  r ecen t ly  r epo r t ed  by  INTIEBERGALL 
et  al. a. 

Our  resul ts  are n o t  i n t e n d e d  to  t h r o w  l ight  on the  exac t  
mode  of ac t ion  of novobiocin .  W h e t h e r  the  p r i m a r y  
effect  of t h e  an t ib io t i c  is on t h e  bac te r ia l  cy top la smic  
m e m b r a n e  4 or on deoxyr ibonuc le ic  acid syn thes i s  s is no t  
ye t  known.  However ,  t he  resul ts  p r e s e n t e d  here  d e m o n -  
s t r a t e  c lear ly  t h a t  novob ioc in  and  Mg ++ do no t  fo rm a 
complex ;  i t  is t hus  e x t r e m e l y  unl ikely  t h a t  novobioc in  
acts  by  induc ing  an in t race l lu lar  def ic iency of Mg++. 

Rdsumd. La novobioc inc  e t  les ions de magn6s ium ne 
f e r m e n t  pas  un  ,complexe,~. De ce fair, il e s t  tr~s peu 
p robab le  qu 'e l le  occas ionne une d$fieience des ions de 
magn6s ium dans  la cellule bac t6r ienne .  

A. MORRIS, A. D. RUSSELL 
and  I. L. THOMAS 

Departments o] Pharmaceutics and Pharmaceutical 
Chemistry, Welsh School o /Pharmacy,  Welsh 
College o[ Advanced Technology, Cardi[[ (Wales, U.K.), 
13th January 1967. 

T. D. BROCK and M. L. BROCK, Archs Biocbem. Biophys. 85, 176 
(1939). 
D. H. SMITH and B. D, DAws, Biochem. hiophys. Res. CoInmun. 
18, 796 (1965). 

F l u o r e s c e n c e  o f  B l o o d  C e l l s  o f  t h e  T u n i c a t e s  

P h a l l u s i a  m a m i l l a t a  a n d  C i o n a  i n t e s t i n a l i s  ~ 

The ascidiaceae Phallusia mamillata Cuvier  ( family  
Ascidiidae) and  Ciona intestinalis L. (family Cionidae) 
Possess d i f fe ren t  t ypes  of b lood cells*-% Most  of these  
cells are vanadocy t e s ,  t h a t  con ta in  in e lec t ronmicroscopic -  
atly dense  areas  (vanadophores  s) v a n a d i u m  of low va lency  
( reduct ion of osmic acid) and  an acid ( indicator  reac t ion  
wi th  m e t h y l  red),  f i rs t  obse rved  wi th  Ph. mamillata 7 and  
la ter  wi th  C. intestinalis s. The  presence  of d isu l fa to-  
v a n a d i u m ( I I I )  acid and  of a yel low acid reduc tone- l ike  
subs tance ,  be long ing  to  t he  h e m o v a n a d i n  sys tem,  has  
been p roved  in t he  h e m o l y s a t e  of the  v a n a d o c y t e s  of 
Ph. mamillata D. A second cell t y p e  of b o t h  species are 
vacuol ized c o m p a r t m e n t  cells, t h a t  in the  case of Ph. 
mamitlata have  been  cons idered  as d i rec t  p recursors  of  
the  v a n a d o c y t e s  4. F u r t h e r  b lood cells, wh ich  have  also 
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