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The  p re sen t  resu l t s  con f i rm  p e n e t r a t i o n  of R i f a m p i c i n  
in to  t he  s u b s t a n c e  of pe r iphe ra l  nerve ,  i n t e rna l  to  t he  
ep ineur ia l  covering.  A search  of the  l i t e r a tu re  h a s  fai led 
to  revea l  o the r  s tudies  on  t he  p e n e t r a t i o n  of an t i - l ep rosy  
drugs  in to  p r i m a t e  nerve .  However ,  a p r e l i m i n a r y  com- 
m u n i c a t i o n  9, us ing  a chemica l  m e t h o d  of analys is  in  t he  
dog a n d  sheep, has  ind ica t ed  good p e n e t r a t i o n  in to  sciatic 
nerve ,  and  KEBERLIg 10 r epo r t ed  the  presence  of C 14- 
label led  R i m a c t a n e  in whole mouse  sciatic nerve.  A l t h o u g h  
R i f ampic in  has  a cons iderab le  degree of l ipid solubi l i ty ,  
a n d  has  no t  in fac t  been  r epo r t ed  as exc luded  f rom a n y  
t i ssue  or b o d y  fluid so far  analyzed,  a n d  ha s  a u n i q u e  
ab i l i ty  to p e n e t r a t e  p o l y m o r p h s  and  kill  i n t r ace l lu la r  
s taphylococc i  u,  i ts  exac t  s i te  of p e n e t r a t i o n  in to  peri-  
a n d  endo-neur ium,  and  in to  S c h w a n n  cell, mye l in  a n d  
a x o n  of m a m m a l i a n  ne rve  - e i the r  n o r m a l  or diseased - 
ha s  sti l l  to  be  es tabl i shed.  

I n  m a k i n g  a n y  c o m m e n t  on l ikely bac te r ic ida l  levels of 
th i s  d rug  in ne rve  one m u s t  bea r  in m i n d  t h a t  i ts  m i n i m a l  
i n h i b i t o r y  concen t r a t i ons  aga ins t  the  leprosy baci l lus  in  
a n y  t issue c a n n o t  as ye t  be d e t e r m i n e d  all t h a t  accura te ly .  
However ,  f rom prev ious  resul t s  in  b lood  12,~3, t he re  are 
g rounds  for be l iev ing  (Dr. C. C. SHEPARD, persona l  
commun ica t i on )  t h a t  t he  levels here  recorded  in ne rve  
m a y  indeed  be  bac te r ic ida l  for M. leprae. 

Summary. The  p e n e t r a t i o n  of C 14 R i f ampic in  in to  
var ious  t issues,  b u t  p a r t i c u l a r l y  pe r iphe ra l  nerve ,  has  
been  s tud ied  in t he  monkey .  P e n e t r a t i o n  in to  t he  sub-  

s t ance  of pe r iphe ra l  n e r v e  i n t e r n a l  to  t i le ep ineur ia l  
cover ing  was d e m o n s t r a t e d  a n d  t he  s igni f icance  of th i s  
in  r e l a t i on  to t he  t r e a t m e n t  of leprosy  is discussed.  
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Effect of A l b u m i n  on U n c o u p l i n g  of Ox ida t ive  P h o s p h o r y l a t i o n  by C h i n o f o r m  in 
Rat  Liver  M i t o c h o n d r i a  

A d m i n i s t r a t i o n  of mass ive  doses of ch ino fo rm (5- 
chloro-7-iodo-8-quinol inol)  has  been  cons idered  in J a p a n  
to cause a n e u r o p a t h y ,  called SMON (subacute  myelo-  
optico neu ropa thy ) .  The  tox ic i ty  of th i s  d rug  ha s  been  
inves t iga t ed  b y  a v a r i e t y  of me thods .  I t  was found  recen t ly  
in  th i s  l a b o r a t o r y  t h a t  ch ino fo rm is an  uncoup le r  of 
ox ida t ive  phospho r y l a t i on ,  and  t h a t  ca t ions  such  as 
m a g n e s i u m  or ferric ions are necessary  for th i s  uncoup l ing  
action1. On t h e  o the r  h a n d ,  i t  was shown  t h a t  ch ino fo rm 
ci rcula tes  in t he  b lood as i ts  a b l u m i n  complex  2. This  
p a p e r  deals  w i t h  t he  t ox i c i t y  of c h i n o f o r m - a l b u m i n  
complex  as ref lected b y  its uncoup l ing  ac t ion  on  i so la ted  
r a t  l iver  m i tochondr i a .  

Ch ino fo rm was recrys ta l l ized  f rom e t h a n o l  before  use;  
A D P  and  b o v i n e  se rum a l b u m i n  were p u r c h a s e d  f rom 
S igma  Chemica l  Co., St. Louis.  R a t  l iver  m i t o c h o n d r i a  
were isola ted essent ia l ly  accord ing  to  t he  m e t h o d  of 
HOGEBOOM a, us ing  a m e d i u m  con ta in ing  0.21 M mann i to l ,  
0.07 M sucrose, and  0.1 m M  E D T A  4. Three  add i t i ona l  
wash ings  were pe r fo rmed  to reduce  t he  a m o u n t  of l igh t  
m i t o c h o n d r i a  a n d  o t h e r  c o n t a m i n a n t s .  Mi tochondr i a l  
p ro t e in  was d e t e r m i n e d  b y  t he  b i u r e t  m e t h o d  5. Oxygen  
u p t a k e  a t  20~ was m e a s u r e d  us ing  a B e c k m a n  Oxygen  
Sensor.  The  s t a n d a r d  r eac t ion  m i x t u r e  (2.5 ml) c o n t a i n e d  
0.3 M mann i to l ,  10 m M  KC1, 10 m M  K H 2 P O  4, 5 m M  
Tris-HC1 (pH 7.4), 2.5 m M  MgC12, and  0.25 m M  E D T A .  
The  reac t ion  was s t a r t e d  b y  the  add i t i on  of m i t o c h o n d r i a  
(mi tochondr i a l  pro te in ,  2 mg/ml)  followed b y  succ ina te  
(8 vmoles/ml) .  Ch inofo rm dissolved in d i m e t h y l  sulfoxide 
was  added  to t he  r eac t ion  med ium.  D i m e t h y l  sulfoxide 
a t  t he  c o n c e n t r a t i o n s  employed  h a d  no  effect  on  oxygen  
up take .  S t a t e s  3 and  4 of t i le  re leased re sp i ra t ion  are 
def ined accord ing  to CHANCE and  WILLIAMS% 

F igu re  1-A shows t he  t race  of oxygen  c o n s u m p t i o n  
d u r i n g  a t yp i ca l  expe r imen t .  On add i t i on  of A D P  (200 
nmoles /ml) ,  t h e  resp i ra t ion  showed cha rac t e r i s t i c  s t a t e  
3-4-3 cycle, A D P / O  ra t io  and  r e sp i r a to ry  con t ro l  i ndex  
(RCI) be ing  1.9 and  4.2, respect ively .  On s u b s e q u e n t  addi-  
t ion  of ch ino fo rm (200 nmoles /ml) ,  t he  s t a t e  4 r e sp i ra t ion  
r a t e  reversed  to s t a t e  3 resp i ra t ion .  As s h o w n  in F igure  
l -B ,  t h i s  uncoup l ing  ac t ion  of ch ino fo rm was no t  obse rved  
if b o v i n e  s e rum a l b u m i n  (4 mg/ml)  was  a d d e d  pr io r  to  t h e  
a d d i t i o n  of ch inoform.  Th i s  resu l t  ind ica tes  t h a t  e i the r  
t h e  c h i n o f o r m - a l b u m i n  complex  is i ne r t  as an  uncoup le r  
or a l b u m i n  p ro t ec t s  t he  m i t o c h o n d r i a  f rom t h e  uncoup l ing  
ac t ion  of ch inoform.  To d i s t ingu i sh  b e t w e e n  these  two  
possibi l i t ies ,  a f u r t h e r  a m o u n t  of c h i n o f o r m  was added.  
Th i s  was  found  to  release t he  con t ro l l ed  resp i ra t ion .  I t  
was  f u r t h e r  revea led  t h a t  4 m g  b o v i n e  s e rum a l b u m i n  
( abou t  58 nmoles)  was  requ i red  to abo l i sh  t he  uncoup l ing  
ac t ion  of 200 nmoles  of ch ino fo rm (molar  rat io,  a b o u t  1 : 4). 
These  resu l t s  ind ica te  t h a t  b o v i n e  s e rum a l b u m i n  forms a 
complex  w i t h  ch ino fo rm and  t h e  complex  is i nac t ive  as 
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Fig. 1. Effect of albumin on un- 
coupling action of chinoform on 
oxidative phosphorylation of rat 
liver initochondria. Reaction mix- 
ture (2.5 ml) contained 0.3 M 
mannitol, 10 inM KC1, 10 mM 
KH2PO4, 5 mM Tris-HC1 (pH 7.4), 
2.5 mM MgC12, and 0.25 mM 
EDTA. The reaction was started 
by the addition of mitochondria 
(mitochondrial protein, 2 mg/ml) 
followed by suceinate (8 ~tmoles/ 
ml). Further additions were made 
as shown in the figure. Amounts 
indicated are per ml of reaction 
mixture. Reaction temperature 
was 20~ The amounts of addi- 
tions for B-D are the same as those 
for A, unless otherwise mentioned. 
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Fig. 2. Interaction between mag- 
nesium ions and albumin on un- 
coupling of oxidative phosphoryla- 
tion by ehinoform in rat liver 
mitochondria. Reaction mixture 
and other experimental conditions 
arc the same as those in Figure 1. 
*Showing the duration of 15 
rain. 

a n  uncoupler .  This  obs e r va t i on  is s imi lar  to  t h a t  on  t h e  
effects of o t h e r  uncoup l ing  agen ts  r epor t ed  b y  ~vVEINBACH 
a n d  GARBUS 7. F u r t h e r m o r e ,  i t  was  revea led  b y  t he  exper -  
i m e n t  shown  in F igure  1-C t h a t  the  uncoup l ing  ac t ion  
of ch ino fo rm can  be  reversed  b y  t he  add i t i on  of a lbumin ,  
if a l b u m i n  was added  soon a f te r  ch inoform.  This  reversa l  
of i n h i b i t i o n  b y  a lbumin ,  however ,  could no t  be expec ted  
a f te r  release of t he  cont ro l led  resp i ra t ion  b y  ch ino fo rm 
was comple t ed  (Figure I-D). The  resul t s  r ep resen ted  in 
F igure  1 could be r ep roduced  in 5 i n d e p e n d e n t  experi-  
m e n t s  w i t h o u t  a n y  except ion.  The  benef ic ia l  effect  of 
s e rum a l b u m i n  on  m i t o c h o n d r i a  was cons idered  to  be 
specific for s e rum a lbumin ,  since i t  was  n o t  obse rved  
w i t h  l ac toa lbumin ,  l ac tog lobul in  and  beef haemoglob in .  

Since our  p rev ious  d a t a  1 ind ica te  t h a t  t he  uncoup l ing  
ac t ion  of ch ino fo rm requi res  ca t ions  such  as m a g n e s i u m  
ions, t he  effect  of m a g n e s i u m  ions in t he  presence  of 
a l b u m i n  was s tudied.  As shown in F igure  2-A, the  chino-  
f o r m - a l b u m i n  complex  revea led  no  uncoup l ing  effect  
upon  add i t i on  of 1.0 fzmole/ml of m a g n e s i u m  ions. 
However ,  f u r t h e r  increase  in m a g n e s i u m  ions p rovoked  
t he  uncoup l ing  ac t ion  (Figure 2-t3). This  resu l t  suggests  
t h a t  m a g n e s i u m  ions combine  w i t h  ch ino fo rm in com- 
pe t i t i on  w i t h  a l b u m i n  to form a c h i n o f o r m - m a g n e s i u m  
che la te  t h a t  is ac t ive  as an  uncoupler .  This  v iew is suppor t -  
ed b y  t he  e x p e r i m e n t a l  d a t a  shown in F igure  2-C and  
I). The  uncoup l ing  ac t ion  of c h i n o f o r m - m a g n e s i u m  che la te  
was  no t  d imin i shed  b y  pr io r  add i t i on  of a lbumin .  However ,  
w h e n  c h i n o f o r m - m a g n e s i u m  che la te  was i n c u b a t e d  w i t h  
a l b u m i n  for 15 min,  t he  uncoup l ing  ac t ion  was d iminished .  
F ive  i n d e p e n d e n t  e x p e r i m e n t s  gave  resul t s  s imi lar  to  those  
of F igure  2. These  resu l t s  can  be  i n t e r p r e t e d  to  m e a n  t h a t  
a l b u m i n  combines  w i t h  ch ino fo rm in c o m p e t i t i o n  w i t h  
m a g n e s i u m  ions a nd  t he  equ i l ib r ium of these  molecu la r  
i n t e r ac t i ons  is e s t ab l i shed  v e r y  slowly. 

In  our  p rev ious  pape r  1, i t  was  r epo r t ed  t h a t  t he  un-  
coupl ing  effect  of ch ino fo rm is no t  obse rved  if m a g n e s i u m  
ions are  added  a f t e r  ch inoform.  The  p re sen t  obse rva t ion  
t h a t  m a g n e s i u m  ions added  a f t e r  the  add i t i on  of chino-  
fo rm are effective,  shou ld  be ascr ibed  to  t he  presence of 
a lbumin .  I t  can  be r e a s o n a b l y  a rgued  t h a t  chinoform,  
added  to  the  r eac t ion  m i x t u r e  in  t he  absence  of b o t h  
m a g n e s i u m  ions a n d  a lbumin ,  p rec ip i t a t e s  in  i ts free fo rm 
because  of i ts  low so lubi l i ty  in  t he  med ium,  while  i t  
fo rms  a che la te  or a l b u m i n  complex  in t h e  presence of 
m a g n e s i u m  ions or a lbumin .  Therefore,  i t  can  be con- 
c luded  t h a t  m a g n e s i u m  ions can  combine  w i t h  ch inofo rm 
solubi l ized b y  fo rming  a complex  w i t h  a lbumin ,  b u t  no t  
w i t h  p red ip i t a t ed  ch inoform.  

F r o m  the  p r e sen t  results ,  i t  is cons idered  t h a t  chino-  
form abso rbed  is t r ans fe r r ed  to t i ssues  in t he  form of i t s  
complex  w i t h  s e rum a l b u m i n  a n d  depos i t ed  in t issues b y  
some m e c h a n i s m ,  in  which  che la te  f o r m a t i o n  would be  an  
i m p o r t a n t  event .  

Summary. A d d i t i o n  of s e rum a l b u m i n  d imin i shed  t he  
u n c o u p l i n g  effect  of ch ino fo rm on ox ida t ive  phosphory l a -  
t ion  in r a t  l iver  mi tochondr i a .  U p o n  increas ing  the  con-  
c e n t r a t i o n  of m a g n e s i u m  ions in t he  med ium,  the  ac t ion  
of s e rum a l b u m i n  was d imin ished .  These  resul t s  ind ica te  
t h a t  s e rum a l b u m i n  combines  w i t h  ch ino fo rm in compet i -  
t i on  w i t h  m a g n e s i u m  ions. 
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