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0.15JVI ace ta te  buffer  p H  5.5 and the  vo tume  ad jus ted  
to  conta in  20 m g  of pro te in  per  ml. At iquots  of these 
p repara t ions  were used for de t e rmina t ion  of enzyme  
a c t i v i t y  and  of  protein.  

The  results  presented  in Table  I show D/gH a c t i v i t y  
in the  serum of var ious  h u m a n  control  subjects  and in 
pa t ien ts  wi th  some neurological  disorders. DflH ac t i v i t y  
varies  wi th in  a cer ta in  range in the  serum of the  control  
subjects.  ;Prel iminary results indicate  t ha t  the  DflH 
a c t i v i t y  depends  on the  age and phys ica l  a c t i v i t y  of the  
h u m a n  subjects .  The  DflH a c t i v i t y  in t he  serum of some 
pa t ien t s  w i th  Park inson ' s  disease and w i t h  amyo t roph i c  
la te ra l  sclerosis was lower  as compared  wi th  t he  a c t i v i t y  
irf the  se rum of the  controls .  However ,  these  pa t ien ts  
have  been phys ica l ly  inac t ive  for a long period of t ime  
and the  low DflH a c t i v i t y  in the  serum m a y  be due to 
the  physical  i nac t i v i t y  and m a y  not  necessari ly be 
associated wi th  the  disease.  Fur the rmore ,  t he  prolonged 
t r e a t m e n t  of some pa t ien ts  wi th  L-Dopa m a y  affect  the  
DflH ac t iv i ty .  Studies are now in progress to  de t e rmine  
the  factors  which  are responsible  for the  low DflH a c t i v i t y  
in the  se rum of these  pa t ien ts .  

The  presence of DflH a c t i v i t y  in h u m a n  se rum was 
also assayed w i t h  i m m u n o c h e m i c a l  techniques .  The  
addi t ion  of pur i f ied  r abb i t  an t i -Df lH an t i se rum ~ to 
h u m a n  serum resul ted in an inhib i t ion  of DflH ac t iv i ty .  
This  an t i se rum exhib i ted  a specific effect  on DflH 
ac t i v i t y  and had no effect on P N M T  ac t iv i ty .  DflH 
ac t iv i ty  was also measured  in t he  se rum of var ious  species. 
I n  rats,  mice and monkeys  the  DflH ac t i v i t y  was m u c h  
lower than  in humans .  I n  C-1300 mice bear ing  neuro-  
b l a s toma  tumors  the  Dr i l l  a c t i v i t y  in t he  serum was 
s ignif icant ly  h igher  t h a n  in the  corresponding serum of 
control  mice.  

The  results presented  in Table  I I  show the  DflH 
a c t i v i t y  in var ious  tissues of rats.  The  adrena l  gland 

shows the  h ighes t  D/ /H ac t iv i ty ,  while in t he  hear t  and 
sa l ivary  glands  t he  DflH ac t i v i t y  is m u c h  lower. DflH 
a c t i v i t y  was  de te rmined  in var ious  regions of the  brain,  
b u t  a t  p resent  reproducib le  results  were ob ta ined  only  
in the  b ra in  stem. I t  is no t ewor thy  t h a t  DflH was also 
localized wi th  immunof luorescence  techniques  in the  cell 
bodies in the  medul la  ob longa ta  and the  pons% s. Thus,  
the  presence of DflH in the  bra in  s tem was conf i rmed 
wi th  2 d i f ferent  procedures.  S tudies  on the  effects of 
stress and  of psychoac t ive  drugs  on D/ /H ac t iv i ty  in 
serum and in t issues are now in progress. 

Zusammen]assung. Eine  isotopische Methode zur  Be-  
s t immung  der  Df lH-Akt iv i t~ t  wird  beschrieben.  Die 
Methode wurde  ve rwende t  zur  B e s t i m m u n g  der  DflH- 
Akt iv i t~ t  im menschl ichen Serum und in verschiedenen ° 
Organen der  Ra t t e .  Das sympa t i sche  Nervensys t em des 
Menschens kann  m i t  dieser Methode  wel ter  erforscht  
werden. 
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T h e  E f f e c t  o f  Pyruvate on Cyanide-Inhibited Respiration in Intact Ascites Tumor Cells 

Cyanide  is known to  inh ib i t  mi tochondr ia l  e lectron 
t r anspor t  by  combin ing  w i t h  cy toch rome  oxidase  ~. The  
cyanide  inhib i t ion  is considered no t  readi ly  reversible.  
Indeed,  even  the  p rev ious ly  accepted revers ib i l i ty  by 
phys ica l  me thods  of this  inh ib i t ion  1-5 has been la ter  
ques t ioned  on the  basis of results  ob ta ined  by  spectro-  
pho tome t r i c  t echn iques  s. 

The  combina t ion  of cyanide  wi th  di f ferent  substances,  
such as fructose, ace ta ldehyde ,  py ruv ic  and oxalace t ic  
acids, resul ts  in t he  fo rmat ion  of cyanhydr ins  which  can 
mask  the  expec ted  poisoning effect  ~-x°. In  th is  respect  
the  on ly  repor ts  in biological  sys tems  were  those  r e l a t ive  
to cyan ide  inh ib i t ion  in long- te rm exper iments .  Acet-  
a ldehyde  and p y r u v i c  acid, employed  as subs t ra tes  for 
bac te r ia  8 and k idney  slices 9, respect ively ,  were added 
f rom the  beginning of the  exper iments  toge ther  wi th  the  
inhibi tor ,  I n  this way, because of the  ear ly  fo rma t ion  
of cyanhydr ins ,  the  inh ib i to ry  effect  of cyanide  was 
obvious ly  no t  feasible.  

In  th is  c o m m u n i c a t i o n  we repor t  how the  effect  of 
cyanide  on t i le  endogenous  resp i ra t ion  of ascites t u m o r  
cells mary" be  read i ly  and a lmos t  comple te ly  r emoved  by  
the  fur ther  'addi t ion of p y r u v a t e  even  when  t h e  b inding  
of cy tochrome  oxidase  to  t he  inh ib i to r  is a l ready  estab- 
lished. I t  has therefore  been of in te res t  to inves t iga te  
under  these  condi t ions  the  real  eff ic iency of the  mi to-  
chondr ia l  resp i ra tory  chain  in these  cells. The  results  
obta ined  show t h a t  the  possibi l i ty  exists  of blocking and 

releasing qu ick ly  the  phosphory la t ing  electron flow 
th rough  the  whole  resp i ra to ry  chain.  

iVIaterial and methods. IZLD (Ehr l ich-Let t r6  hyper -  
diploid) ascites t u m o r  cells were  grown in albino Swiss 
mice by  weekly  t ransfer  of 0.2 ml  of ascites fluid. The  
cells were ha rves ted  7-8 days  af ter  the  inoculat ion,  
washed in an isotonic  phosphate-buffered  m e d i u m  and 
resuspended in the  same m e d i u m  for the  exper iments .  
R a t  l iver  mi tochondr i a  were prepared  by the  m e t h o d  of 
CHANCE and HAGIHARA 11. Oxygen  up take  was  measured  
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po la rograph ica l ly  w i t h  a Clark oxygen  elect rode.  Nico- 
t i n a m i d e  adenine  d inuc leo t ides  were measu red  fluori- 
met r ica l ly  in an  E p p e n d o r f  f i l ter  I luorometer .  Cyto-  
ch rome  kinet ics  were fol lowed in a Dual  w a v e l e n g t h /  

Sp l i t - beam Amineo-Chance  s p e c t r o p h o t o m e t e r .  All t h e  
e x p e r i m e n t s  were  pe r fo rmed  a t  room t e m p e r a t u r e .  

Results and discussion. Figure  1 shows the  effect  of 
p y r u v a t e  on the  cyan ide - inh ib i t ed  endogenous  respira-  
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Fig. 1. Polarographic recordings of oxygen uptake 
in ELD aseites tumor cells showing the effect of 
pyruvate on the cyanide-blocked respiration. 0.4 ml 
of cell suspension, containing 24.5 (A) and 25.9 (B) 
rag dry weight cells, were added to 2.6 ml of 
isotonic saline medium (154 mM NaC1, 6.2 mM KC1, 
11 mM Na-phosphate buffer, pH 7.4) 1~. The numbers 
along the traces indicate O~ consumption in 
nmoles/min. 
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Fig. 2. Fluorimetrie measurements of steady state changes of nico- 
tinamide adenine dinucleotides in cyanide-txeated ELD eeIIs induced 
by pyruvate and rotenone. The excitation was at 313-366 nm 
(primary filter) and the emitted fluorescence was measured, after 
passing through another filter (secondary filter), above 430 ran. 
The cells were suspended in the oxygen saturated saline medium 
(see Figure 1) at the final concentration of 7.0 mg dry weightlmL 

t ion  of E L D  cells. In  t r ace  A), oxygen  c o n s u m p t i o n  is 
b locked  b y  0 . 6 5 m M  KCN and  add i t ion  of 6 . 7 r a m  
p y r u v a t e  gives a recovery  of 85% of t he  resp i ra t ion  in 
a b o u t  2 rain. Subsequen t  add i t i on  of a n t i m y c i n  A inhi-  
b i t s  oxygen  u p t a k e  by  a b o u t  60%. The a n t i m y c i n  A 
effect  is t h e n  re l ieved by  N,N,N',N'-tetramethyl-p- 
pheny lene  d iamine  (TMPD).  As in isolated mi tochon-  
dr ia  ~a, t h e  l a t t e r  agen t  is able in these  cells x~, x5 to  b y - p a s s  
e lec t rons  f rom t h e  reduced  c y t o c h r o m e  b to  c y t o c h r o m e  c 
in t h e  presence  of a n t i m y c i n  A. The  f inal  a d d i t i o n  oI 
sulphide  ahnos t  comple te ly  inh ib i t s  oxygen  consumpt ion .  
The  effect iveness  of su lphide  in b locking  t h e  mi tochon-  
drial  e lec t ron  f low in th is  s y s t e m clear ly d e m o n s t r a t e s  
t h a t  cy toch rome  oxidase  can st i l l  r eac t  w i t h  chemica l  
agents ,  w h e n  b ind ing  to  cyan ide  is r e mo v e d  b y  py ruva t e ,  
p r e s u m a b l y  wi th  fo rma t ion  of  an  inac t ive  c y a n h y d r i n  
(see re I ) ) .  I n  o the r  words,  t he  use of p y r u v a t e  af fords  a 
chemical  m e t h o d  for readi ly  revers ing  the  inh ib i t ion  of 
the  mi t o c h o n d r i a l  t e rmina l  oxidase.  Trace B) of Figure  1 
shows t h a t  coupl ing b e t w e e n  e lec t ron t r a n s p o r t  and  
energy  conse rva t ion  is no t  ser iously  impa i r ed  as a resu l t  
of the  p y r u v a t e  effect .  Indeed,  o l igomycin,  when  a d d e d  
to  asc i tes  ceils respir ing unde r  condi t ions  of endogenous  
me tabo l i sm,  inh ib i t s  t he  resp i ra t ion  by  70-80% ~6,1~, and  
in th is  case t he  inh ib i t ion  is only  s l ight ly  lower (about  
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Fig. 3, The traces show the effect of pyruvate on the 
reduced steady-state of the mitochondriai respiratory 
carriers of ELD ascites cells treated with cyanide. The 
kinetics of cytochromes and flavoproteins were followed 
by the double-beam technique 2°. Cytoehrome b and a + a 3 
were measured in the Sorer region at 430-410 and 
444-455 nm respectively, whereas eytochrome c was 
measured in the cc region at 550-540 rim. For flavopro- 
teins the wavelength pair 460-495 nm was used. The 
cells were suspended in the oxygen saturated saline 
medium at the final concentration of 7.5 Ing dry 
weight/ml. 
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55%). 4, 5, 6, 7 -Tet rachloro-2- t r i f luoromethylbenzimida-  
zole (TTFB) s t rongly s t imula tes  oxygen  up take  by  un- 
coupl ing ox ida t ive  phosphory la t ion  18. A s imilar  effect  
of p y r u v a t e  on the  cyanide- inh ib i ted  respi ra t ion was 
observed  in r a t  l iver  mi tochondr i a  supp lemented  wi th  
succinate  plus rotenone,  phospha te  and A D P  (State  3 ~"). 

F igure  2 shows the  reversal ,  induced by  p y r u v a t e  
addi t ion,  of the  cyanide  effect  on the  redox s ta te  of 
n ico t inamide  adenine dinucleot ides  in E L D  cells. KCN 
causes reduct ion  of the  nucleot ides  which are  main ly  
mi tochondr ia l .  The fur ther  add i t ion  of p y r u v a t e  induces, 
af ter  a lag of about  1 rain, rapid  reox ida t ion  of a large 
pa r t  of the  nucleot ides  reduced in the  presence of the  
inhibi tor .  Final ly ,  the  increased level  of reduced s teady-  
s ta te  which follows the  addi t ion  of ro tenone  indicates  
t h a t  the  mi tochondr ia l  e lectron flow has been restored,  
af ter  p y r u v a t e  addi t ion ,  f rom the  N A D H - c y t o c h r o m e  b 
segment  of the  respi ra tory  chain. 

F igure  3 gives a p ic ture  of the  behav iour  of al l  the  
o ther  e lectron carriers (cytochromes and f lavoproteins)  
when the  cyanide block is r emoved  by  pyruva te .  Once 
again the  effect  of pyruva te ,  in reoxidiz ing the  resp i ra tory  
chain  reduced in the  presence of cyanide,  is v e r y  fast,  
s ta r t ing  wi th in  about  1 rain f rom its addi t ion.  Ro tenone  
has, in all  the  cases, the  same effect, which is t h a t  of 
fur ther  reoxidiz ing the  electron carriers. 

I n  conclusion, the  use of rapid  and sensi t ive techniques  
for moni to r ing  shor t - t e rm p h e n o m e n a  occurr ing in the  
mi tochondr ia l  resp i ra tory  chain of in tac t  ascites t u m o r  
cells has al lowed us to  find ou t  t h a t  the  use of p y r u v a t e  
m a y  represent  a sui table  tool  for r emov ing  quick ly  the  
funct ional  block by  cyanide of cy tochrome  oxidase.  The  
in tegr i ty  of ox ida t ive  phosphory la t ion  seems to be un- 
affected when such a r emova l  is obta ined,  as indica ted  
by  the  specific eff iciency of the  inhibi tors  tested.  More- 
over,  p re l iminary  exper iments  on mice ind ica te  t h a t  the  

supply  of p y r u v a t e  removes  the  cyanide  effect  even  
in v ivo  2x. 

Riassunto. ~. s ta to  osservato  che l ' agg iun ta  di p i ruva to  
a cellule ascite di Ehr l i ch  del topo 6 capace di r imuovere  
r ap idamen te  l ' in ibiz ione del la  respirazione indo t t a  da  
cianuro, r e s t au rando  l ' integrit5, della fosfori lazione ossi- 
dat iva .  
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Correlation of fl-Lipoprotein Levels.and Serum Cholesterol Concentration 

In  the  fast ing s ta te  a p p r o x i m a t e l y  60% of the  to ta l  
serum cholesterol  is t r anspor ted  by the  fl-l ipoprotein 
fraction.  This  same t r anspor t  sys tem is used by  bo th  
exogenous and endogenous cholesterol.  

P l a s m a  t r ig lycer ides  are t r anspor ted  by  2 systems.  
Exogenous ly  ingested t r ig lycer ides  are r emoved  from 
the  in tes t ine  in to  the  blood as ehylomicra  which consist  
ma in ly  of unchanged  tr iglycerides,  bu t  also as smal l  
amoun t s  of ~- and fl-lipoproteins. The  p lasma concen- 
t r a t ion  of chy lomicra  varies  and decreases wi th  t ime  
fol lowing ingest ion of a f a t t y  meal.  Endogenous  tri-  
glycerides are synthes ized  in the  liver,  e i ther  f rom carbo- 
hydra t e  or f rom re-ester i f icat ion of free f a t t y  acids. These 
endogenously  synthes ized t r ig lycer ides  are  t r anspor ted  
largely  by  the  pre-fl- l ipoprotein f rac t ion (very low dens i ty  
l ipoprotein)  which  consists ma in ly  of fl- l ipoprotein (low 
dens i ty  l ipoprotein)  wi th  a small  a m o u n t  of ~-l ipoprotein 
(high dens i ty  l ipoprotein) .  

The  a m o u n t  of bo th  chylomicra  and pre-/%lipoprotein 
present  in the  serum is d i rec t ly  re la ted to the  diet,  bo th  
fract ions increasing as t he  fat  in the mea l  increases. The  
a m o u n t  remain ing  af te r  the  t ime  elapsed since the  meal  
was ingested is h igh ly  va r i ab le  f rom indiv idual  to  
individual .  

The  chylomicra  and the  pre-fl- l ipoprotein conta in  bo th  
the  A and B apopro te in  antigens.  Other  f ract ions are 
de te rmined  by  a single antigen.  The  a- l ipoprote in  con- 

rains only  the  A antigen,  and the fl-l ipoprotein contains  
only the  B an t igen  x. 

A m o n g  the  methods  used to de te rmine  serum fl-lipo- 
pro te in  level  is t h a t  based on an immunologic  assay. 
This  tes t  consists of measur ing  the  wid th  of immunologica l  
reac t ion  of an an t ibody  against  the  13 ant igen to deter -  
mine the  level  of fl-lipoprotein. I t  is readi ly  appa ren t  
t h a t  this  will also measure  pre-fl-l ipoprotein because of 
the  large a m o u n t  of fl-lipoprotein (determined by  the  
B antigen) in the  pre-fl- l ipoprotein fract ion.  

The  immunologic  method  therefore measures  f ract ions 
which are responsible for the  t ranspor t  of b o t h  cholesterol  
and tr iglycerides.  The  following s tudy  was carried ou t  
to de te rmine  whe ther  or no t  the  immuno log ic  tes t  could 
be used to predic t  both  hypercholes te ro lemia  and hyper-  
t r ig lycer idemia  as ALLARD and GOULET 2 have  asserted. 

Methods. A tota l  of 161 adul t  pa t ients ,  86 males  and 
75 females were selected r a n d o m l y  f rom consecut ive  
hospi ta l  admissions to have  t r ig lycer ide  and cholesterol  
levels determined.  Sera was obta ined  following a 12 h 
fast  and stored a t  - - 2 0  °C before analysis.  

1. fl-lipoprotein test. fi-l ipoprotein levels were deter-  
mined  by  the  immunolog ic  tes t  called 'fl-L-test '  ut i l izing 
the  a n t i - h u m a n  fl-L precipi t in  serum supplied by  H y l a n d  
Laborator ies ,  Los Angeles, California. This  serum was 
processed specifically for prec ip i ta t ion  of low-densi ty 
l ipoprotein .  The  tes t  was per formed as described by  the  


