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Inhibition of Respiration and of Respiratory Development by Different Doses of 
C h l o r a m p h e n i c o l  i n  F r o g  E m b r y o s  (Rana pipiens) 

The resp i ra tory  level in frog embryos  is l o w  dur ing  
cleavage and increases s t r ik ingly  dur ing la ter  embryonic  
deve lopment .  The same is t rue  of the  sens i t iv i ty  of devel-  
o p m e n t  to resp i ra to ry  inhibi tors  (see LAMu and MELTON 1). 
The ques t ion  arises as to the  role of resp i ra to ry  develop-  
ment ,  i.e., mi tochondr ia l  biogenesis,  in the  resp i ra to ry  
increase. We  have  made  a p re l iminary  app roach  to  th is  
ques t ion  by  util izing the  ant ib io t ic  chloramphenicol ,  
which  is well known as a specific inhibi tor  of mi tochondr ia l  
p ro te in  synthes is  and hence of mi tochondr ia l  biogenesis  
b u t  no t  of cy to r ibosomal  pro te in  synthesis2.  

We repor ted  previous ly  the  d iscovery  t h a t  h igh doses 
of ch loramphenicol  (4.5-18 raM) produced  a d ramat i c  and  
unusual  d i s tu rbance  of ve ry  early d e v e l o p m e n t  involving 
re-fusion of b las tomeres  dur ing  cleavage ~,a. This  effect  
was in t e rp re t ed  as being due to  direct  resp i ra to ry  inhibi-  
t ion  ra the r  t h a n  to inhib i t ion  of mi tochondr ia l  p ro te in  
synthes is ,  because of the  h igh  doses required plus the  
discovery4,5 t h a t  h igh doses of ch loramphenico l  d i rec t ly  
inh ib i t  respira t ion at  the  site 1 N A D H  dehydrogena t ion  
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Fig. 1. Oxygen uptake by cleaving embryos incubated in various 
doses of chloramphenicol, beginning about 2 h post-fertilization. 
Arrows on abscissa indicate beginning of blastomere refusion in 
embryos at 9 and 4.5 mM, respectively. O, O, ~), 9 mM (3 separate 
experiments and clutches); A, 4.5 mM; L:I, m, 2.1 raM; X, +,  
0.9 raM. 

step. Fur the rmore ,  two o the r  inhibi tors ,  ro tenone  and  the  
L-threo isomer of chloramphenicol ,  share w i th  (D-)chlor- 
amphenicol  t he  N A D H  dehydrogena t ion  effect*, 5 and  also 
the  b las tomere  fusion effect  1 b u t  ne i ther  of t h e m  inhib i t s  
mi tochondr ia l  p ro te in  synthes is  a t  lower doses as does 
chloramphenicol*,  5. 

We  now conf i rm t h a t  cleavage d i s tu rb ing  doses of 
ch loramphenicol  do d i rec t ly  inh ib i t  respira t ion in these  
embryos ,  while lower doses do not.  Lower  doses, however ,  
while no t  inhib i t ing  respi ra t ion  directly,  do even tua l ly  
produce  a p e r m a n e n t  depress ion of respi ra t ion  (relative 
to controls) in con t inuous ly  t r e a t ed  embryos ,  c o n c o m i t a n t  
wi th  appreciable  deve lopmen ta l  r e t a rda t ion  and  a cer ta in  
a m o u n t  of ar res t  in these  la ter  s tage (5-9 day) embryos .  

Methods. Inh ib i to r  and  frog (Rana pipiens) sources and  
embryological  me t h o d s  were as detai led previous ly  1, ex- 
cept  t h a t  all embryos  were chemical ly  dejell ied a t  t he  
beginning of deve lopmen t  6. Resp i ra t ion  of embryos  was  
measured  at  23.0 o w i th  a Clark type  polarographic  elec- 
t rode (Yellow Springs I n s t r u m e n t  Co. Biological Oxygen  
Monitor,  Model 53) in 3 ml  of 10% Hol t f re te r ' s  solut ion 
agi ta ted  by  a 6 m m  plast ic  coa ted  bar  m a g n e t  ro t a t i ng  a t  
abou t  80 rev/min.  The vol tage signal was recorded unt i l  
a s t eady  t race  was ma in t a ined  for 10 to 15 min.  The 
n u mb er  of embryos  per  de t e rmina t ion  was 20 on the  1st 
and  2nd days  of deve lopment ,  10 embryos  on the  3rd 
th rough  5th days,  and  5 embryos  thereaf ter .  

Results. Figure 1 shows the  respira t ion of embryos  
placed in ch loramphenico l  a round  2 h af ter  fer t i l izat ion 
(prior to  first  cleavage) a t  concen t ra t ions  which  do (4.5 
and 9 mM) and do no t  (0.9 and  2.1 mM) br ing abou t  t he  
cleavage anomaly  previous ly  described1, 3. At  the  two  
lower doses respi ra t ion  was normal ,  differing f rom t h a t  of 
controls  by  no more  t h a n  9% (average 1.4%). 

Chloramphenicol  a t  9 m M  (3 mg/ml) elicited a p rofound  
d i s tu rbance  of respirat ion.  W i t h i n  2 h af ter  t r e a t m e n t  was 
begun oxygen  consumpt ion  declined and  reached  83% 
inhibi t ion in abou t  3 h. Oxygen up take  then  rose sha rp ly  
over t he  n e x t  2 h to  well above the  control  level. Dur ing  
this  rapid rise the  earl iest  visible signs of b las tomere  fusion 
appeared  (arrows in Figure  1) and increased in sever i ty  as 

1 L. LAMY and C. G. MELTON, J. exp. Zool. 180, 319 (1972). 
2 A. 3/[. KROON, Biochim. biophys. Acta 108, 275 (1965). 
3 p. MOUNTS and C. G. ~/[ELTON, Experientia 37, 000 (1975). 
4 K. B. FREEMAN and D. HALDAR, Can. J. Biochem. d6, 1003 (1968). 
5 D. HALDAR and K. B. FREEMAN, Can. J. Biochem. 46, 1009 (1968). 
6 C. G. ~ELTON and R. P. SMORUL, J .  exp. Zool. 787, 239 (1974). 

Table I. Effect on respiration of late additions of chloramphenicol at 
doses which do not affect development within 24 h 

Table II. Effects on embryonic development of continuous incuba- 
tion in doses of chloramphenicol which do not affect respiration 
directly 

Dose Time of addition (h post-fertilization) Dose No. of 
(mM) (mM) embryos 

48 73 123 169 198 

0 1.5 3.2 6.6 11.4 9.3 0 167 
0.9 - 3.2 7.0 11.6 9.4 0.9 228 
2.1 - 3.2 6.9 11.8 9.5 2.1 105 
3.0 1.6 - - - 9.2 3.0 185 

Each value (#1 O2/h/embryo 1 day after drug addition) is the average 
of 3 to 5 determinations; data from 3 different experiments on 
separate clutches of eggs (48 h, 73 169 h, and 198 h). 

Percent retarded ~ at day 

1 2 3 4 5 6 7 8 9 

0 0 1 2 6 3 4 3 3 
0 1 2 2 2 2 2 3 3 
2 36 69 6 5 47 50 52 52 
4 100 62 17 12 38 56 60 61 

aincluding a few totally arrested embryos, especially at 3 mM on 
days 6-9 when about 1/10 of all embryos were arrested or dead. 
Retarded and arrested embryos were not removed but were scored 
each day. 
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oxygen  c o n s u m p t i o n  peaked  and  b e g a n  to decl ine again.  
E m b r y o s  in 4.5 m M  seemed to  follow a para l le l  p a t t e r n  
of r e s p i r a t o r y  d i s tu rbance ,  b u t  w i t h  a lag of a b o u t  1 h in  
onse t  re la t ive  to 9 m M  e m b r y o s  and  a lower m a x i m u m  
i n h i b i t i o n  (abou t  67%).  Aga in  the  in i t ia l  i nd ica t ions  of 
b l a s t o m e r e  fus ion a p p e a r e d  d u r i n g  t h e  s teep  increase  in 
oxygen  c o n s u m p t i o n  fol lowing m a x i m a l  inh ib i t ion .  

A d d i t i o n  of 9 m M  ch l o r am phen i co l  a t  2 or 3 days  of 
d e v e l o p m e n t  also i n h i b i t e d  r e sp i ra t ion  (40-50~o, aga in  
fol lowed b y  a rise above  controls) .  A d d e d  a t  4 days  i t  
r esu l ted  in d e a t h  a n d  cytolys is  w i t h i n  24 h. I n  con t ras t ,  
l a t e r  add i t ions  of 3, 2.1, or 0.9 m M  has  no  no t ab l e  effect  
on  d e v e l o p m e n t  w i t h i n  24 h a n d  did  no t  i n h i b i t  respi ra-  
t ion  (Table I). 

Con t inuous  i n c u b a t i o n  of em br yos  in 2.1 a n d  3 m M  
ch lo r amphen i co l  f rom t he  b e g i n n i n g  of deve lopmen t ,  on 
t he  o the r  h a n d ,  d id  resu l t  in  e v e n t u a l  r e t a r d a t i o n  of devel-  
o p m e n t  (Table  II) .  There  was a t r a n s i e n t  r e t a r d a t i o n  of 
d e v e l o p m e n t  du r ing  day  2 or 3, f rom wh ich  t he  e m b r y o s  
recovered  b y  d a y  4. B y  d a y  6 a b o u t  ha l f  of t he  e m b r y o s  
h a d  aga in  become  r e t a r d e d  a n d  in severa l  cases p e r m a -  
n e n t l y  a r res ted .  These  d e v e l o p m e n t a l  effects were ac- 
c o m p a n i e d  b y  a depress ion  of r e sp i r a t ion  in t he  non-  
r e t a r d e d  e m b r y o s  re la t ive  to  cont ro l s  (Figure 2). The  
r e sp i r a to ry  resu l t s  are typ i f ied  r a t h e r  t h a n  s u m m a r i z e d  
in F igure  2, s ince  d i f fe ren t  con t ro l  series gave u p t a k e  
curves  of d i f fer ing abso lu te  m a g n i t u d e :  a g iven  exper i -  
m e n t a l  series is m e a n i n g f u l  on ly  in r e l a t ion  to  con t ro l  
resu l t s  f rom the  same c lu tch  Of eggs. E x p e r i m e n t a l  
u p t a k e  in d i f fe ren t  series r eached  20 to  50~o depress ion  
re la t ive  to  t he  s am e- c l u t ch  controls .  This  depress ion  
s o m e t i m e s  b e g a n  g radua l l y  a t  day  4 to  6 of deve lopmen t ,  
b u t  b e c a m  e u n a m b i g u o u s  b y  d a y  6 or 7 in m o s t  cases as 
in  F igure  2, c o n c o m i t a n t  w i t h  t h e  d e v e l o p m e n t a l  r e t a r -  
da t ion .  M a x i m u m  inh ib i t i on  was usua l ly  r eached  b y  d a y  
8 or 9. This  depress ion  in genera l  d id  no t  resu l t  in  a n  
a c t u a l  decrease  in r e sp i ra t ion  re la t ive  to  ear l ier  stages,  
mere ly  a cu r t a i l ed  increase  re la t ive  to  controls .  The  con-  
t ro ls  b y  d a y  9 h a d  increased  oxygen  u p t a k e  b y  2-3 fold 
r e l a t ive  to d a y  5 cont ro l s  and  20-25 fold re la t ive  to  d a y  1 
controls .  
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Cont inuous  i n c u b a t i o n  in 0.9 m M  ch lo r amphen i co l  
af fected n e i t h e r  d e v e l o p m e n t  (Table  II)  no r  resp i ra t ion .  
Two series were  measu red  da i ly  f rom day  1 to d a y  8 o r  
10 of deve lopmen t ,  w i th  da i ly  renewal  of 0.9 m M  chlor-  
amphenico l .  Resp i r a t i on  of t r e a t e d  e m b r y o s  differed f rom 
t h a t  of t h e  con t lo l s  b y  an  ave rage  of only  0.1~o. Af te r  
t he  noisy  f i rs t  d a y  (9~o) i t  was neve r  more  t h a n  5~o below 
the  con t ro l  va lue  on a n y  one day.  

Discussion.  The  f i rs t  d a y  resul t s  accord  w i th  our  ear l ier  
i n t e r p r e t a t i o n  of t he  b l a s t o m e r e  fusion effect of h igh  doses 
of ch lo ramphen ico l ,  t h a t  i t  is due to d i rec t  in te r fe rence  
w i t h  resp i ra t ion  r a t h e r  t h a n  to i nh ib i t i on  of m i t o c h o n d r i a l  
p ro t e in  syn thes i s  1, a: on ly  fus ion-produc ing  does af fec ted  
ear ly  resp i ra t ion .  F u r t h e r m o r e ,  on ly  inh ib i to r s  of t he  
N A D H  b r a n c h  of the  r e s p i r a t o r y  cha in  (D- a n d  L-chlor- 
amphen ico l  and  ro tenone)  p roduce  b l a s tomere  fusion 1, 
while  t o t a l  r e sp i r a to ry  inh ib i to r s  (cyanide) and  uncoup le r s  
(d in i t rophenol)  do not1,  no r  does a succ ina te  b r a n c h  in- 
h i b i t o r  ( thenoyl t r i f luoroace tone)a .  This  specif ici ty is in- 
t e res t ing  in v iew of t h e  f ind ing  t h a t  ch lo ramphen ieo l  d id  
n o t  t o t a l l y  i n h i b i t  r e sp i ra t ion  a t  fusion doses. E v e n  more  
in t e re s t ing  was  the  seconda ry  re -e leva t ion  of r e sp i r a t ion  
a lmos t  exac t ly  c o n c o m i t a n t  w i t h  t he  beg inn ing  of b las to -  
mere  fusion a t  b o t h  doses (Figure 1). I t  is unclear ,  how- 
ever,  w h e t h e r  th i s  rise is e i t he r  a cause  or effect  of t he  
fusion, since i t  also occur red  a t  l a te r  s tages  where  fusion 
was no t  p roduced .  R e s p i r a t o r y  s tudies  w i th  o the r  inh ib i -  
t o t s  are in progress  to  he lp  e luc ida te  th i s  point .  

On t he  o t h e r  hand ,  t h e  chronic  effects of the  lower doses 
of c h l o r a m p h e n i c o l  (2.1 a n d  3 m M )  on b o t h  d e v e l o p m e n t  
and  r e sp i r a t ion  a t  l a te r  s tages  are t e n t a t i v e l y  i n t e r p r e t e d  
as be ing  m e d i a t e d  b y  m i t o c h o n d r i a l  p ro te in  syn thes i s  im- 
p a i r m e n t  r e su l t ing  in impa i r ed  m i t o c h o n d r i a l  biogenesis ,  
s ince these  doses did n o t  i nh ib i t  resp i ra t ion  direct ly.  I n  
t u r n  we i n t e r p r e t  t h e  r e t a r d a t i o n  of d e v e l o p m e n t  as a 
consequence  of the  m i t o c h o n d r i a l  impa i rmen t ,  since a 
s l ight ly  lower dose (0.9 m M )  n o t  af fec t ing r e sp i r a to ry  
d e v e l o p m e n t  also did  n o t  affect  e m b r y o n i c  deve lopmen t .  
This  impl ies  a dependence  of d e v e l o p m e n t a l  progress  on 
th i s  h y p o t h e s i z e d  m i t o c h o n d r i a l  biogenesis.  The  e x t e n t  of 
r e sp i r a to ry  depress ion  (mi tochondr i a l  def ic iency?)  re- 

Fig. 2. Oxygen uptake by embryos 
from a single clutch incubated at 
18 ~ in the continuous presence of: 
0, 2.1, or 3 mM chloramphenicol, 
renewed daily. Measurements were 
made on the least abnormal 
looking embryos at a given stage. 
Days 0-2 and 11-12 points, single 
determinations; days 3-10, aver- 
age of duplicates; O, untreated 
controls; Q,  2.1 raM; It, 3 raM. 
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q u i r e d  to r e t a r d  d e v e l o p m e n t  m a y  be g rea te r  t h a n  t he  
2 0 - 2 5 %  obse rved  in F igure  2 a n d  rep l ica te  expe r imen t s ,  
since those  m e a s u r e m e n t s  were m a d e  on  t he  n o n - r e t a r d e d  
e m b r y o s  in the  t r e a t e d  dishes. In  e i the r  case, b y  t he  s imple  
c r i t e r ion  of ongoing  d e v e l o p m e n t  the  a m o u n t  of respi ra-  
t i o n  n o r m a l l y  found  in these  em br yos  would  seem to  be  
g rea te r  t h a n  t h e y  ac tua l l y  require .  

The  obse rved  25-fold rise in cont ro l  e m b r y o n i c  oxygen  
c o n s u m p t i o n  m a y  be due  to m i t o c h o n d r i a l  g r o w t h  or to  
e n h a n c e d  ac t i v i t y  of p re -ex i s t ing  mi tochondr i a ,  or bo th .  
The  re la t ive  c o n t r i b u t i o n  of these  two m e c h a n i s m s  re- 
ma ins  to  be clarif ied b y  fu tu re  exper iments ,  inc lud ing  
d i rec t  m e a s u r e m e n t s  of m i t o c h o n d r i a l  t i t res .  Since there  
is r o u g h l y  a 3-fold increase  in the  e m b r y o ' s  t o t a l  ' non-  
yolk '  cy top l a smic  vo lume  by  th i s  t ime  (day 9)6, a n  a t  
least  c o m p a r a b l e  3-fold increase  of m i t o c h o n d r i a l  t i t r e  
(or size) m i g h t  be  expected .  Mi tochondr i a l  concen t r a t i on ,  
or  specific mass,  m a y  also increase  du r ing  deve lopmen t .  
I f  not ,  t h e  m i t o c h o n d r i a  m u s t  be a b o u t  7- to  8-fold more  
ac t ive  a t  these  l a t e r  stages.  The  l a t t e r  resu l t  would no t  

7 S. SPIEGELMAN and H. B. STEINBACH, Bid. Bull. 88, 254 (1945). 
8 Present address: Champlain College, Lennoxville, Quebec, Canada. 

To whom reprint requests should be sent, at the Perth address. 
Research Fellow of the Raine Medical Research Foundation. 

be  surpr iz ing,  however ,  in v iew of  the  r e sp i r a to ry  ac t iva -  
t i o n - b y - h o m o g e n i z a t i o n  resu l t  of SPIEGELMAN and  STEIN- 
BACH 7 on  ea r ly  e m b r y o s  of t h i s  species, a l t h o u g h  t h a t  ob- 
s e r v a t i o n  m a y  be an  a r t i f a c t  of increased  oxygen  access. 

Summary, H i g h  doses of c h l o r a m p h e n i c o l  (4.5 and  
9 raM) d i rec t ly  i n h i b i t e d  r e sp i ra t ion  in con junc t i on  w i th  
a n  u n u s u a l  c leavage  a n o m a l y  (b las tomere  refusion) in  
e m b r y o s  of the  frog, Rana pipiens. Lower  doses (2.1-3 raM)  
did  n o t  af fec t  r esp i ra t ion  or  c leavage  and,  when  added  
later ,  d id  n o t  d i rec t ly  affect  r e sp i r a t ion  or d e v e l o p m e n t  
a t  a n y  t e s t ed  stage.  Con t inuous  i n c u b a t i o n  in t he  l a t t e r  
doses, however ,  d id  even tua l ly ,  b y  d a y  6 or  7, p roduce  a 
para l le l  r e t a r d a t i o n  of e m b r y o n i c  d e v e l o p m e n t  and  of 
r e s p i r a t o r y  d e v e l o p m e n t  r e l a t ive  to  controls ,  sugges t ive  
of impa i r ed  m i t o c h o n d r i a l  biogenesis.  A lower  con t inuous  
dose (0.9 raM) affected n e i t h e r  r e sp i ra t ion  nor  develop-  
m e n t  a t  a n y  stage.  

L. LAMv s and  C. G. MELTON 9 

Department el Biology, Bishops University, 
Lennoxville (Qudbec, Canada), 
and Department o/Biochemistry, 
University o/ Western Australia, 
Perth 6009 (A~tstralia), 9 April 1975. 

R e s p i r a t o r y  Inhib i t ion  and Revers ib le  F u s i o n  of 

Cleaving  embryos  of Rana pipiens can  be  induced  to  
undergo  b l a s tomere  refus ion  by  t r e a t m e n t  w i th  chlor-  
a m p h e n i c o l  or rotenoneX, 2 As obse rved  ex te rna l ly ,  
b l a s tomere s  of 16 32 cell e m b r y o s  reun i te  in to  unc leaved  
m o u n d s  of i r regular  size and  r a n d o m  d i s t r ibu t ion ,  usua l ly  
connec t ed  b y  br idges  of va r ious  sizes. The  br idges  are 
unde r l a in  b y  surface coa t  l ined tunne ls ,  seen in his tological  
sect ions  as p i g m e n t e d  eyelets,  sugges t ing  t h a t  the  br idges  
arose b y  ex te rna l  fus ion of adjacenk b las tomeres .  The  
whole ne twork  of ex t e rna l ly  obse rved  unc l eaved  m o u n d s  
t ends  to form a single c o n t i n u u m  in severe cases, a l t h o u g h  
ch lo r amphen i co l  s tops shor t  of ob l i t e r a t ing  all cleawLge 
furrows.  W i t h  ro tenone ,  m e m b r a n e  b r e a k d o w n  is m u c h  
more  extens ive ,  usua l ly  r e t u r n i n g  the  e m b r y o  to a one- 
cell appearance ,  and  the  effect  is i r revers ib le  excep t  
occas ional ly  a t  the  lowest  doses. W i t h  ch lo ramphen ico l ,  
on t he  o the r  hand ,  d rug  r e m o v a l  al lows t he  m o u n d s  to 
rec leave and  tile e m b r y o s  to  resume normal - look ing  devel-  
o p m e n t  to  h a t c h i n g  and  beyond .  

The  c o n t r i b u t i o n  of t he  p resen t  i nves t iga t ion  is to  
a sce r t a in  b y  h is to logica l  ana lys is  t h a t  the  inh ib i to r -  
t r e a t e d  b l a s tomeres  do indeed  re-fuse, r a t h e r  t h a n  s imp ly  
fail t o  fuse in t he  f i rs t  place deeper  inside the  e m b r y o  
followed b y  regress ion or r e l axa t ion  of incomple te  
c leavage  furrows. W e  conf i rm t h a t  t rue  r e fus ion  - r eun ion  
of comple t e ly  s epa ra t ed  b l a s tomeres  - does a c c o m p a n y  
the  ful ly  revers ib le  effect  of ch lo ramphen ico l ,  as was  
a l r eady  ind ica ted  p re l imina r i l y  for the  i r revers ib le  effect  
of r o t e n o n e  ~, 2. We  t h u s  ver i fy  t h a t  t he  two  drugs  p roduce  
iden t ica l  effects as regards  b o t h  i n t e rna l  m o r p h o l o g y  and  
t he  course of t he i r  et iology.  In  addi t ion ,  we h a v e  sough t  
to  f u r t h e r  t he  e luc ida t ion  of t h e  b iochemica l  m e c h a n i s m  
of refus ion b y  assessing the  d e v e l o p m e n t a l  effects of two 
o the r  p e r t i n e n t  inh ib i tors ,  t henoy l t r i f l uo r ace t one  and  
cyc loheximide .  

The  si te  of ac t ion  of t he  inh ib i to r s  p roduc ing  b l a s t o m e r e  
fusion is suggested b y  t he  h i g h  dose of ch l o r am phen i co l  
r equ i red  (above 3 m M )  and  b y  the  s imu la t i on  of t he  
effect  b y  ro t enone  and  b y  t he  L-three i somer  of chlor-  

Frog  B l a s t o m e r e s  

a m p h e n i c o l  1. D- b u t  no t  L-ch loramphenico l  a t  low doses 
(10 aM)  inh ib i t s  m i t o c h o n d r i a l  p ro t e in  syn thes i s  in 
e u k a r y o t e s  3,4, A t  ove r  100-fold h ighe r  concen t ra t ions ,  
b o t h  D- and  L-ch loramphenico l  d i rec t ly  i nh ib i t  r e sp i ra t ion  
a t  t he  level of s tep  1 N A D H  dehyd rogena t i on ,  w i t h  a 
c o n c o m i t a n t  i nh ib i t i on  of n o n - m i t o c h o n d r i a l  p ro t e in  syn-  
thesis4-% Only  these  h igher  doses p roduce  b l a s tomere  
fusion and  only  those  doses of ch lo r amphen i co l  (4.5 m M  
and  higher)  p roduc ing  b l a s t o m e r e  fusion inf luence res- 
p i r a t i o n  du r ing  cleavage,  while  s h g h t l y  lower doses 
(3 m2Vl and  less) do n e i t h e r L  R o t e n o n e  also specif ical ly 
inh ib i t s  r esp i ra t ion  be tween  N A D H  and  f lavoproteinS,  a t  
doses c o m p a r a b l e  to  those  p roduc ing  b l a s tomere  fusion 1 
F u r t h e r m o r e ,  r o t enone  b inds  to m i t o c h o n d r i a  i r rever-  
s ibly s, which  would  expla in  t he  fac t  t h a t  i ts  c leavage  
effect  is no t  revers ib le  while  t h a t  of ch lo ramphen ico l  is 
revers ible .  

"When N A D H  ox ida t ion  is i n h i b i t e d  b y  ch lo ramphen ico l  
or ro tenone ,  t he  o the r  b r a n c h  Of t he  r e sp i r a to ry  cha in  
(succinate  p a t h w a y )  is p r e s u m a b l y  sti l l  func t iona l .  Th i s  
p r e s u m p t i o n  is re inforced b y  the  f ind ing  t h a t  the  genera l  
c leavage  r e t a r d i n g / a r r e s t i n g  effects  of r o t e n o n e  were 
pa r t i a l l y  a l l ev ia ted  b y  s i m u l t a n e o u s  add i t i on  of sod ium 
succinate~.  The  b l a s t o m e r e  fusion effect, however ,  was  
n o t  p r e v e n t e d  b y  succinate .  This  d i s c r epancy  agrees w i t h  
expec t a t i on  in v iew of t he  fac t  t h a t  a comple te  r e sp i r a to ry  
i n h i b i t o r  (cyanide) and  an  uncoup le r  (d in i t rophenol )  
p roduced  c leavage r e t a r d a t i o n  or a r re s t  b u t  d id  no t  a t  
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