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l a t t e r  3. The  e x t e n t  to  which  the  e x p e r i m e n t a l  d a t a  f i t  t h e  
m a t h e m a t i c a l  model  of s t r ic t  a d d i t i v i t y  impl ied  in eq. (6) 
has  been  discussed 1. The  g rowth  r a t e  k'  and  t he  bac te r i -  
cidal  ra tes  c'1 and  c% are d e t e r m i n e d  expe r i m en t a l l y  b y  
t e s t i ng  in para l le l  assays,  respect ively ,  g r o w t h  in absence  
of drugs  and  in presence  of each  drug  of t he  pa i r  (see 
Table) .  Resul t s  are recorded  as t he  n u m b e r  of v iab le  
bac t e r i a  expressed as % of t he  i nocu lum size a f te r  24 h 
incuba t ion .  The  log response  is t h e n  p lo t ted .  

Graphic presentation. This  en ta i l s  t he  cons t r uc t i on  of 
3 g raphs  for each  c o m b i n a t i o n  tes ted .  The  d a t a  t h a t  are 
e s t ima ted  g raph ica l ly  f rom t he  f i rs t  a n d  second g r a p h  are 
used to cons t ruc t  t i le th i rd ,  wh ich  is t i le i sobologram.  
F igures  A - C  show t he  3 g raphs  for t he  novobioc in-  
t e t r acyc l ine  c o m b i n a t i o n  a t  lef t  and  those  for t h e  k a n a -  
m y c i n - c h l o r a m p h e n i c o l  c o m b i n a t i o n  a t  r i g h t  Exper i -  
m e n t a l  d a t a  and  e s t ima ted  values  are p re sen ted  in t i le 
Table.  I n  t he  f i rs t  2 g raphs  (Figures A a n d  B), t he  log 
response  of i nd iv idua l  s t r a ins  is p l o t t ed  on  an  a r i t h m e t i c  
scale as a func t ion  of v a r y i n g  a m o u n t s  of drugs, single 
(Figure A) a n d  c o m b i n e d  in f ixed p r o p o r t i o n  (Figure 
B). I n  b o t h  graphs ,  t he  dose t h a t  gives the  h ighes t  
kil l  is m e a s u r e d  as 5 un i t s  a long t he  abscissa  and  t he  
we igh t  e q u i v a l e n t  of 1 un i t  is ind ica ted .  The  dose t h a t  
p roduces  99% kill  (i.e. 1% v iab i l i ty ,  q = 2) is ob t a ined  
g raph ica l ly  and  is t he  s t a n d a r d  level of effect iveness  of 
drugs,  b o t h  s ingle and  mixed  in f ixed p ropor t ion .  In  t he  
case of single drugs,  th i s  dose is o b t a i n e d  f rom the  n u m b e r  
of d rug  un i t s  a n d  t he  weigh t  e q u i v a l e n t  of 1 un i t  (~xg/ml) ; 
whereas  in t he  case of d rug  combina t ions ,  t he  dose of each  
d rug  ill t h e  pa i r  is o b t a i n e d  f rom t he  n u m b e r  of un i t s  of 
c o m b i n a t i o n  a n d  t he  we igh t  equ iva l en t  of each  d rug  in 
1 un i t  (tzg/ml). The  dose t h a t  p roduces  99% kil l  (q = 2) 
can  also be  o b t a i n e d  b y  in ter -  or ex t r apo la t ion ,  us ing  t he  
basic,  s imple  a lgebra  of t he  i n t e r p o l a t i o n  formula ,  and  is 
ca lcu la ted  as 

(dl --  d2) (ql -- 2) (d 2 -- di) (2 -- ql) 
dl or d~ + 

qI -- q2 q2 -- ql 

where  d 1 a n d  d 3 are t he  doses t e s t ed  (~g/ml), and  ql and  q2 
are t he i r  log responses,  respect ively .  

I n  cons t ruc t i ng  i sobolograms for 2 drugs  (Figure C), 
t he  dose of each  d rug  needed  for i ts  i n d e p e n d e n t  effect, 
i.e. 99% kill, is measu red  re spec t ive ly  as 1 u n i t  a long each  
of t he  2 axes  on an  a r i t h m e t i c  scale, and  t he  we igh t  
e q u i v a l e n t  Of 1 u n i t  is ind ica ted .  The  re la t ive  dose of each  

d rug  in t he  pa i r  is p lo t t ed ;  t h i s  is ob t a ined  b y  d iv id ing  
t he  dose of each  drug  t h a t  in  c o m b i n a t i o n  gives 99% kil l  
b y  t h a t  of the  same d rug  ac t ing  alone. I n  the  p r e sen t  
s tudy,  a synerg is t ic  effect  is o b t a i n e d  and  is a s sumed  to 
w a r r a n t  cl inical  cons ide ra t ion  w h e n  t he  c o n c e n t r a t i o n  of 
each  drug  in t h e  pa i r  is 0.2 u n i t  or less. Accordingly ,  t he  
co r re spond ing  isobole is m a r k e d l y  convex.  

Results and discussion. D u r i n g  t h e  las t  3 decades  several  
m a t h e m a t i c a l  models  h a v e  been  p u t  fo rward  for re- 
p r e sen t ing  t he  r e l a t ion  be tween  t he  dose of d rug  combina -  
t ion  and  the  level  of response  3, 3. The  model  p re sen ted  here  
has  c o m p u t a t i o n a l  conven ience ;  i ts  g raph ic  p r e s e n t a t i o n  
allows to  compa re  the  bac te r i c ida l  a c t i v i t y  of drugs,  
single or in  combina t ion ,  be tween  b a c t e r i a  and  bac te r i a l  
s t ra ins ,  a n d  t h e i r  synerg is t ic  effect, if present .  Tile use of a 
biological  u n i t  scale is essent ia l  in c o m p a r i n g  the  re la t ive  
effect  of d i f fe ren t  pa i r s  a n d  ind ica tes  more  c lear ly  t he  
u p p e r  l imi t  of syne rg i sm for a pa i r  of d rugs  (see Table) .  
I t  can  be  seen t h a t  t he  k a n a m y c i n - c h l o r a m p h e n i c o l  
c o m b i n a t i o n  is 100- to  1000-folds more  bac te r i c ida l  t h a n  
t h a t  of novob ioc in  w i t h  t e t r acyc l ine  (see Tab le  and  
F igure  B). However ,  only  t he  l a t t e r  is synergist ic ,  a n d  
h igh ly  so, since as l i t t l e  as 0.003 u n i t  of novob ioc in  is 
needed  for t he  bac te r i c ida l  effect  of t he  c o m b i n a t i o n  
(see Tab le  a n d  F igu re  C, left) ; accordingly ,  th i s  isobole is 
sha rp ly  convex.  W h e r e a s  c o n c e n t r a t i o n s  of k a n a m y c i n  as 
h igh  as 0.59 uni t ,  or over  one ha l f  of t he  c o n c e n t r a t i o n  for 
i ts  i n d e p e n d e n t  effect, are needed  for t he  bac te r i c ida l  
ac t ion  of t he  k a m a n y c i n - c h l o r a m p h e n i c o l  c o m b i n a t i o n  
th i s  isobole is s o m e w h a t  convex  and  suggests  an  add i t i ve  
effect only, accord ing  to t he  c r i t e r ia  used in th i s  s tudy .  

Rdsumd. On pr6sente  u n  module  m a t h 6 m a t i q u e  sur  la 
r e l a t ion  en t re  le dosage des a n t i b i o t i q u e s  en c o m b i n a t i o n  
et  le n i v e a u  de r6ponse  des bact6r ies .  On d6cri t  la pr6sen- 
t a t i o n  g r a p h i q u e  du  modgle  et  une  m 6 t h o d e  6 tabl ie  pour  
l ' i n t e r p r 6 t a t i o n  du  synergisme.  
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T e m p e r a t u r e  D e p e n d e n t  A q u e o u s  S o l u b i l i t y  o f  A c t i n o m y c i n  D 

A c t i n o m y c i n  D (act-D) or dac t i nomyc in ,  an  an t ineo-  
p las t ic  drug,  is k n o w n  to be  soluble  in 95% e thanol ,  
p ropy lene  glycol, a n d  wate r /g lyco l  m i x t u r e s  1. A n  
ei fect ive  tool,  t h i s  c o m p o u n d  is employed  qui te  f r e q u e n t l y  
in t he  e luc ida t ion  of va r ious  biological  processes a n d  t he  
m e c h a n i s m  of ac t ion  of a whole  hos t  of drugs2,K W e  
c u r r e n t l y  use ac t -D  w i t h  g rea t  success to  induce  experi-  
m e n t a l  asci t ies a n d  pleurisy*,  s in a n i m a l  models .  A 
p r o b l e m  associa ted  w i t h  t he  use of ac t -D  has  been  t he  
impress ion  t h a t  i t  is inso luble  in an  aqueous  m e d i u m .  I n  
t he  course of our  s t u d y  a rec iprocal  r e l a t i onsh ip  be tween  
t h e  so lub i l i ty  of ac t -D  in a n  aqueous  m e d i u m  and  t e m p e r -  
a tu re  was se rend ip i tous ly  observed .  This  p r o m p t e d  ti le 
i nves t i ga t i on  of t he  t e m p e r a t u r e  d e p e n d e n t  so lub i l i ty  of 
ac t -D  a t  3 concen t r a t i ons .  

A e t i n o m y c i n  D was o b t a i n e d  ill 5 m g  via ls  f rom Sigma 
Chemical  Company ,  St. Louis,  Missouri.  A smal l  a m o u n t  

(0.5 ml) of PO~ buffer  (0.155 WI, p H  7.4) was a d d e d  to  t he  
v ia l  so as to  suspend  t he  drug.  The  suspens ion  was t h e n  
t rozen and,  w h e n  l a t t e r  t hawed ,  t he  d rug  passed  in to  
solut ion.  Whi l e  st i l l  cold t h i s  so lu t ion  was t r ans fe r r ed  to 
a n o t h e r  vessel. The  v ia l  was  t h e n  washed  severa l  t i m e s  
w i t h  cold buffer  u n t i l  all  t h e  d rug  was removed .  F ina l  
concen t r a t i ons  of t he  d rug  were 0.25, 0.5, and  1.0 mg/ml .  
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"With an increase in t e m p e r a t u r e  t he  drug  came out  of 
solut ion and the  resul t ing t u r b i d i t y  was read at  540 n m  
on a Beckman  S p e c t r o p h o t o m e t e r  wi th  an a t t a ch ed  
Haake  Cons tan t  Tempera tu r e  Circulator.  Readings  were 
t aken  while the  solut ions were ma in t a ined  at  4 ~ , 21 22 ~ 
(room tempera tu re ) ,  and  37 ~ 

The results  of th is  s tudy  are summar ized  ill the  Figure.  
Optical  dens i ty  was par t i a l ly  due t o  the  yel low-orange 
color of t he  drug. At  4~ each concen t ra t ion  was clear 
and free f rom tu rb id i ty .  I t  was obvious the  drug  was 
comple te ly  in solut ion and opt ical  dens i ty  was wholly 
concen t ra t ion  d e p e n d e n t  a t  th is  t empera tu re .  At  room 
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The turbidity of actinomycin D at different temperatures. 3 con- 
centrations of the drug in phosphate buffer (0.25, 0.5, 1.0 mg/ml) 
were maintained at 4 ~ 21-22 ~ (room temperature), and 37~ 
Turbidity was measured, (as a change in optical denstiy), spectro- 
photometrically at 540 rim. Optical density was partially due to the 
color of the drug. The variation in optical density at 4 ~ was wholly 
concentration dependent; the drug was completely in solution at this 
temperature. 

t e m p e r a t u r e  only the  h ighes t  concent ra t ion  of ac t -D 
(1.0 mg/ml) began to  come out  of solut ion and  thus  
regis tered an increased tu rb id i ty .  This  insolubi l i ty  was 
he igh tened  3-fold a t  37~ Ac t inomyc in  D at  the  lower 
concen t r a t ions  of 0.25 and 0.5 mg /ml  s t ayed  in solut ion 
at  room tempera tu re .  At  37~ 0.5 mg /ml  became 
insoluble w i th  a 4-fold increase in t u rb id i t y ;  0.25 mg/ inl  
r emained  in solution. 

The phys ico-chemica l  p ro p e r t y  o5 increased solubil i ty 
wi th  decreasing t e m p e r a t u r e  is not  unique to  ac t -D bu t  has 
been observed wi th  o ther  compounds6.  By  a f reeze- thaw 
technique  concen t ra t ions  of ac t -D in aqueous med ium can 
be realized as h igh  as 0.5 mg /ml  a t  room tempera tu re .  For  
rapid  bioavailabi l i ty,  however,  we suggest  the  adminis t ra -  
t ion of ac t -D at  0.25 mg/ml.  Solut ions conta in ing  0.5 mg/  
ml are l iable to precipi ta te ,  a t  body  t empera tu re ,  a t  the  
site of injection.  This, then,  e l iminates  t he  necess i ty  of 
using foreign vehicles to dissolve ac t -D and thus  t he  
possibi l i ty  of the i r  effects 7 

Rdsumd. L 'ac t inomyc ine  D est  solubilis6e dans  un 
milieu aqueux  par  une t echn ique  de cong61ation suivie de 
d6gel, ce qui p e rme t  d ' a t t e i n d r e  des concen t ra t ions  de 
1 mg /ml  & 4~ et  de 0.5 mg /ml  & la t emp6ra tu re  du 
laboratoire.  Pour  ob ten i r  une absorp t ion  rapide  de 
l ' ac t inomyc ine  D les concen t ra t ions  ne do iven t  pas 
d6passer  0.25 mg/ml.  
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Vesiculat ion of the Nuclear  Envelope  of the Liver 

The d e v e l o p m e n t  of vesicle s t ruc tures  f rom the  nuclear  
envelope has been descr ibed in var ious  species of oocytes  1-4 
and in the  gas g land  cells f rom Perca /luviatilis s, the  
deve lopmen t  of such s t ruc tures  f rom the  nuclear  envelope 
of a m a m m a l i a n  somat ic  cell has  no t  been observed.  We 
here r epor t  the  d e v e l o p m e n t  of small,  single membrane -  
bounded  vesicles f rom the  ou te r  e lenlent  of the  nuclear  
envelope of bo th  the  l iver and k idney  cells of the  mouse  
and  large nuclear  envelope pro t rus ions  in p rox imal  
convolu ted  tubule  ceils of the  kidney.  

In  cells of b o t h  liver and k idney  p rox imal  tubules  the  
con tour  of the  outer  nuclear  m e m b r a n e  was f r equen t ly  
irregular  and puckered.  Finger l ike  pro jec t ions  and pockets  
were p inched-of f  to  form small,  e lectron t r a n s p a r e n t  
vesicles, 50-100 n m  in d iameter .  A comple te  develop- 
men ta l  series has been t raced  ill bo th  l iver and  kidney,  as 
is shown in Figures  i and  2. There was no evidence t h a t  
the  vesicle profiles r epresen ted  sect ions of microtubules  or 
lamellae der ived f rom the  nuclear  envelope.  

Al though  there  was no a p p a r e n t  associat ion be tween  
the  posi t ion of the  nucleolus wi th in  the  nucleus or wi th  

and Kidney of the Mouse  

mitochondr i a  or Golgi appa ra tus  wi th  sites of small  
vesicle product ion ,  there  was all associat ion wittl  t he  
endoplasmic  ret iculum. Especial ly  in the  liver, rows of 
small  vesicles occurred be tween  the  p a r en t  nuclear  
envelope and ad jacen t  lamellae of endoplasmic  ret iculum. 
Such vesicles were of ten  f la t tened,  suggest ing the i r  
convers ion into e lements  of endoplasmic  re t icu lum bu t  
no evidence was found of the i r  fusion wi th  lamellae. 

Nuclear  envelopes  of some 15% of k idney  cells were 
also observed wi th  large local p ro t rus ions  which were 
a p p a r e n t l y  associa ted wi th  the  p roduc t ion  of double  
m e m b r a n e  bound  vesicles conta in ing  mater ia l  of appa ren t ly  
nuclear  origin. These pro t rus ions  were a lmos t  a lways 
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