
stimulated in the hypothalamus to 0 to 
11 percent of normal (Fig. 1 ) .  The  re- 
sponse rates of two rats stimulated in the 
imygdala were depressed to 1 and 17 
percent of normal. With the same dose, 
the response rates of six rats stimulated 
in the septum were depressed to a mean 
of 38 percent of normal (range, 0 to 77 
percent). Three of the animals had 
scores of 50 percent or higher following 
administration of the drug. Thus, chlor- 
promazine appears to have selective ef- 
fects similar to those of reserpine, but 
the effects are more variable. 

Smaller doses of reserpine and chlor- 
promazine depressed the response rates 
of rats stimulated in the hypothalamus 
but rarely altered response rates in rats 
stimulated in the septa1 region. 

Pentobarbital a t  doses of 10 mg/kg did 
not have similar selective depressant 
effects, although one aberrant animal 
showed a depressant effect. At doses of 
15 mg/kg, marked motor depression 
made it difficult to assess the data; ani- 
mals stimulated in the hypothalamus, 
however, have been seen to give high re- 
sponse rates even with this extreme dose. 

Increasing sensitivity to reserpine on 
successive administrations a t  1 or 0.5 
mg/kg was also found in these experi- 
ments. This is illustrated in Fig. 1 by the 
greater depression caused by the second 
1-mg and the second 0.5-mg dose for the 
rat stimulated in the hypothalamus. 

From these preliminary studies i t  ap- 
pears that, in the rat, the rate of self-
stimulation through electrodes implanted 
deep in the brain may be used as a be- 
havioral screening method to distinguish 
tranquilizing agents from other central 
nervous system depressants, and possibly 
also from each other. Reserpine and 
chlorpromazine, a t  doses without observ- 
able side effects, have been shown to de- 
press selectively at certain brain sites, 
thus distinguishing them from pentobar- 
bital, which has no selective effects. At 
doses of the tranquilizing agents large 
enough to produce gross changes in spon- 
taneous motor activity, selectivity be-
twcLen animals stimulated in the s e ~ t a l  
region and the hypothalamus is no longer 
observed. 

These observations are being extended 
by the use of other electrode placements 
and a wider dose rancze of these and n 

other agents. Such techniques should 
lend insight into selective sites of action 
of tranquilizing agents. Studies now in 
progress relating primary drives to the 
various parts of the "rewarding" system 
may provide a basis for interpreting the 
differential drug effects. 

J. OLDS 
I<. F. KILLAM 

P. BACH-Y-RITA 
School of Medicine 
University of California, Los Angeles 
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Heat Denaturation of Serum 
Albumin in Presence of 
Perfluorooctanoic Acid 

Based on studies of the interaction 
between bovine serum albumin (BSA) 
and perfluorooctanoic acid ( P F )  
(C,F, ,COOH) (1) and the initial ob- 
servation that P F  may prevent the heat 
coagulation of BSA ( 2 )  similar to the 
studies of Ballou et al. ( 3 ) ,an investlga- 
tion was undertaken of the physical-
chemical and immunochemical propertir? 
of BSA-PF complexes heated under con- 
trolled conditions ( 4 ) .  

Solutions of 0.33-percent BSA in the 
presence of varying amounts of P F  in 
acetate buffers of 0.1-ionic strength at ~ 1 3  
5.44 or  5.72 were autoclaved a t  105'C 
and 15-lb pressure in thin-.ivalled, sealed, 
10-ml ampoules for 20, 30, 40, 50, 60, 
and 120 minutes, respectively. T h e  solu- 
tions were stored in a refrigerator for 1 
week, after which it \\,as observed that 
only those systems composed of a mini- 
mum of 266 moles of P F  per mole of BSA 
remained clear. For the immunochemi- 
cal reactions with calibrated rabbit anti- 

BSA sera, the various solutions were ad- 
iusted to pH 7 to 7.5 without aDDre-

A. 


ciable change in protein concentration. 
Sedimentation patterns were obtained 

a t  two rotor speeds-namely, 42,040 and 
56,100 rev/min. Typical sedimentatior~ 
constants, corrected for adiabatic expan- 
sion of the rotor, are assembeld in Table 
1. From the variation of the sedimenta- 
tion constants as a function of the gravi- 
tational field and of heating time, i t  may 
be concluded that heated BSA and P F  
form complexes of micellar nature. Be- 
cause many types of micelles could exist 
-each with its own critical micelle con- 
centration-onr would expect that the 
area under each sedimenting peak would 
decrease with increasing sedimentation 
time and with change of concentration 
across the boundary. These area losses 
are different from those observed by 
Brand ( 5 ) , inasmuch as they cannot be 
accounted for by the sedimentation of 
large aggregates a t  low speeds, and in- 
asmuch as they become more pronounced 
as heating time is increased. 

T h e  reversibility of P F  binding in 
heated samples was investigated by ex-
haustively dialyzing these solutions 
against 20 volumes of buffer and follow- 
ing their behavior a t  periodic intervals, 
both in the ultracentrifuge and by im- 
munochemical analysis. T h e  ultracentrif- 
ugation study (Table 1 )  indicated that 
micelles still remained, for area losses 
were observed in all dialyzed heated solu- 
tions. T h e  p H  of the dialyzates was raised 
to 7.4 in order to utilize electrostatic re- 
pulsion to dissociate complexes, but even 
this procedure did not reduce area losses, 
nor did we observe a component the sedi- 
mentation of which was equal to that of 
native BSA at  the same concentration. 
\\!hen the p H  of the dialyzates was low- 

Table 1. Sedimentation constants of BSA-PF complexes. Area losses were observed in 
autoclaved samples. The numbers in parentheses represent average relative proportions 
(percentage) of total schlieren areas. 

Experimental conditions Sedimentation constants, Sm,,, 

pH 5.44, mole ratio PF to BSA = 293/1 
Unheated, 56,100 

rev/min 14.50 (84.3) 17.81 (15.7) 
Autoclaved 20 min, 

56,100 rev/min 15.58 (37.5) 27.79 (50.0) 82.5 (12.5) 
Autoclavcd 20 min, 

42,040 rev/min 16.46 (36.6) 23.78 (63.4) 

pH 5.72, mole ratio = 168/1, 56,100 rev/min 
Unheated 10.47 (32.5) 13.95 (67.5) 
Autoclaved 30 min 7.35 (9 .0)  10.98 (50.4) 14.74 (32.3) 20.82 (8 .3)  
Autoclaved 60 min 10.69 (57.6) 14.64 (42.4) 

pH 5.72, mole ratio = 366/1, 56,100 rev/min 
Autoclaved 120 min 11.13 (39.2) 15.14 (45.9) 18.95 (14.9) 
Autoclaved 120 min, 

dialyzed 3 times, pH 5.72 5.76 (44.4) 14.60 (55.6) 
Autoclaved 120 min, dia- 

lyzed 5 times, pH 7.41 4.55 (67.2) 10.72 (32.8) 
BSA control 4.05 (100) 
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Table  2. Immunochemical reaction o f  
autoclaved BSA-PF complexes, wi th  rabbit 
anti-BSA serum. 

pH at heating Denatur-
heating t ime ation 

time ratio ( m i n )  ( % )  

5.72 366/1 120 100 
5.72 293/1 20 73 
5.44 293/1 2 0 7 3 

* 5.72 293/1 20 87 

t 5.44 293/1 2 0 6 7 

-

* Dialyzed five times against pH 7.5 bu f fer .  
t Dialyzed against b u f f e r  o f  pH 4.9, pre- 

cipitate removed, supernatant redia-
lyzed against b u f f e r  o f  pH 7.5. 

ered t o  5.2, a sizable precipitate appeared. 
T h i s  property, as well as the  general kip-
pearance o f  t h e  exhaustively dialyzed so-
lutions i n  the  ultracentrifuge, resemblrsd 
observations reported o n  heat-denatured 
B S A  ( 6 ) .  

T h e  aggregation phenomenon i n  un-
heated samples is strikingly d i f f eren t  f r o m  
that  i n  autoclaved ones. N o  physical-
chemical or immunochemical  evidence o f  
denaturation is observed provided that  
heating is el iminated.  Even  i n  t h e  pres- 
ence o f  large amounts o f  PF, where ag- 
gregation is very pronounced, t h e  follow- 
ing properties o f  B S A  remain unchanged : 
partial specific vo lume at 25.0 t 0.03OC 
at 0.734, intrinsic viscosity at 0.0414. 
U n d e r  the  same conditions, t h e  partial 
specific vo lume o f  PF was 0.401 and its 
intrinsic viscosity 0.0108. T h i s  might  in-  
dicate that  the  over-all hydrodynamic 
shape o f  the  unheated aggregates is  no t  
markedly d i f f eren t  f r o m  tha t  o f  t h e  na- 
t ive B S A  molecule.  

A mechanism o f  BSA-PF complex  for- 
mat ion  at l o w  temperatures was previ-
ously proposed ( 7 )  b y  postulating that  
the  fluorine atoms interact w i t h  protein 
hydrogen bonds. T h i s  interaction could 
b e  reversible as long as t h e  water layer 
surrounding t h e  protein remains essen-
tially undisturbed. A t  h igh  temperatures, 
where t h e  configuration is k n o w n  t o  b e  
disrupted, i t  is conceivable that  PF mole-  
cules could penetrate t h e  water layer, 
f o r m  some "direct" hydrogen bonds,  and 
thus  solubilize t h e  denatured protein near 
its isoelectric point (pH 5 . 2 ) .  Exhaus- 
t ive dialysis at tha t  pH, however,  pre- 
cipitates the  heat-denatured protein. 

Immunochemical  studies w i t h  BSA-PF 
complexes corroborated t h e  physical-
chemical findings that  PF does no t  pro- 
tect  B S A  f r o m  heat  denaturation. Al-
though quantitative immunochemical  
techniques were employed i n  these stud- 
ies, t h e  results obtained can only b e  inter- 
preted qualitatively. Results obtained i n  
t h e  region o f  antibody excess through t h e  
equivalence zone indicated tha t  signifi- 
cant changes had occurred i n  B S A .  T h e  
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figures i n  the  last co lumn o f  T a b l e  2 refer 
t o  t h e  amount  o f  t h e  protein relative t o  
native B S A  which  did no t  precipitate w i t h  
an t i -BSA.  T h i s  does no t  i m p l y  that  the  
heated complex  tha t  did precipitate w i t h  
an t i -BSA was completely unaltered, as 
shown b y  t h e  following. ( i )  I f  t h e  B S A -  
PF complexes are no t  fractionated b y  d i f -  
ferential dialysis, the  m a x i m u m  amount  
o f  total nitrogen could never b e  precipi- 
tated.  ( i i )  Even  a f ter  dialysis at $1-1 5.6 
and 4.9, w h i c h  led t o  the  removal o f  
appreciable amounts o f  insoluble ( d e -
natured)  material, t h e  soluble protein did 
not  react l ike native B S A .  I n  some cases 
its behavior resembled tha t  o f  a n  aggre- 
gated molecule as evidenced b y  a broad 
equivalence zone. 

From the  results presented here ( 8 )  i t  
would appear tha t  B S A  cannot be pro- 
tected against heat denaturation at 
175 OC. Furthermore, f r o m  viscosity 
and partial specific vo lume studies alone, 
n o  deduction can b e  m a d e  concerning th? 
interaction o f  unheated BSA-PF c o m -
plexes. A serious discrepancy therefore 
exists be tween  our findings and results 
previously published ( 9 ) .  

ERIC ELLENBOGEN 
PAUL H .  M A U R E R  

Department of Biochemistry and 
Nutrition, Graduate School of Public 
Health, and Department of Pathology, 
School of Medicine, University of 
Pittsburgh, Pittsburgh, Pennsylvania 
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On Respiratory Impairment 

in Cancer Cells 


S o m e  years ago O t t o  Warburg  ( I )  
enunciated a theory o f  cancer which ,  
briefly summarized,  proposed that  can-
cer originates w h e n  a nonneoplastic cell 
adopts a n  anaerobic metabolism as a 
means  o f  survival a f t e r  injury t o  i ts  re- 
spiratory system. According t o  Warburg ,  
the  t u m o r  is initiated b y  a damaged 

respiration, w h i c h  persists as a charac-
teristic feature o f  the  neoplastic condi- 
t ion.  I n  a recent paper, entitled " O n  the  
origin o f  cancer cells," originally pub- 
lished i n  G e r m a n  ( 2 )and t h e n  translated 
into English ( 3 ) ,Warburg  reiterates this 
hypothesis and claims further support for 
it o n  t h e  basis o f  experiments w i t h  ascites 
t u m o r  cells. I recognize t h e  great debt  
tha t  biochemists onre this illustrious in-  
vestigator and regret t h e  necessity o f  tak-  
ing issue w i t h  his basic biochemical 
premise, namely ,  tha t  cancer cells have 
a n  impaired respiration. 

I n  a comprchensive review o f  this sub- 
ject i n  1939, Burk ( 4 )  first pointed ou t  
the  essentially fallacious reasoning be-
hind this hypothesis. More  recently, 
Schmidt  ( 5 )  and I ( 6 )  reviewed this 
topic independently i n  t h e  light o f  m o d -  
ern  findings and concluded similarly tha t  
there is n o  sound experimental  basis for  
the  bel ief  tha t  oxidative metabolism i n  
tumors  is impaired.  I t  is recognized b y  
all, including IVarburg, tha t  despite their 
high glycolysis, oxygen consumption is 
no t  quantitatively diminished; b y  and 
large, a representative group o f  tumors  
absorb oxygen about as rapidly as a c o m -  
parable group o f  nonneoplastic tissues 
( see ,  for example ,  Burk's extensive tables, 
4 ) .  A n  early s tatement b y  Warburg ,  
illustrative o f  his views concerning t h e  
relationship be tween  the  h igh  aerobic 
and anaerobic glycolysis o f  t u m o r  cells 
and their oxygen cofisumption,  is t h e  fol-  
lowing ( I ,  pp. 139-141). 

" W e  determined the  Meyerhof  quo-
t ient  for carcinoma tissue, lactic acid bac- 
teria, embryonic tissue and a number  o f  
other glycolyzing tissues, and as a rule 
obtained t h e  same m e a n  values as M e y -  
erhof .  As a rule 1 mol .  o f  breathed oxy-  
gen, just as i n  muscle,  causes the  disap- 
Dearance o f  1-2 mol .  lactic acid. T h i s  
result . . . proves tha t  the  inf luence o f  
t h e  respiration o n  t h e  cleavage metabo-  
l i sm i n  t h e  carcinoma-cell is normal.  . . . 
Although i n  the  t u m o r  every oxygen 
molecule breathed is just as e f fec t ive  as 
i n  muscle-the Meyerhof  quotient  is 
equal i n  t h e  t w o  cases-yet t h e  respira- 
t ion  does n o t  cause t h e  glycolysis t o  dis- 
appear. T h e  respiration o f  t h e  carcinoma 
tissue is too  small i n  comparison w i t h  its 
glycolytic power." 

T h u s ,  according t o  Warburg ,  the  M e y -  
erhof  quotient  ( a  quantitative expression 
o f  t h e  Pnsteur e f f e c t )  is normal i n  carci- 
n o m a ,  and oxygen consumption is also 
no t  quantitatively diminished; b u t  respi- 
ration is disturbed, because glycolysis per- 
sists i n  oxygen. A s  I pointed ou t  earlier 
( 6 ,  p. 2 7 6 ) ,  I believe i t  would b e  m o r e  
accurate t o  state tha t  anaerobic glycolysis 
is so h igh  i n  tumors  tha t  a normal respi- 
ration and a normal Pasteur e f f e c t  are 
incapable o f  el iminating i t .  

Although W a r b u r g  still states categori- 


