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used by  IV[AcHOVA. However ,  in a n u m b e r  of p repa ra t ions  
th is  corre la t ion was no t  observed  (Figure). 

These da t a  imply  t h a t  e i ther  glycoside = sensi t ive  Na  
p u m p s  are of d i f ferent  s t ruc tu re  in cardiac  muscle  of cats  
and frog skin Or the  in te rac t ion  of some glycosides wi th  
No, K - A T P a s e  in t he  whole  o rgan i sm differs f rom t h a t  in 
isolated biological  m e m b r a n e s  of frog skin. 

8 j .  M*cHovA, Experientia I6, 553 (1960). 
9 G. BAXJ~vmAR'rEN, Die herzwirl~samen Glykoside. Herl'unJt, Chemie 

u~cd Gru~r ihrer phafmakologischen und ~linischen Wirkung 
(Thieme, Leipzig 1963). 

~0 We are indepted to Sandoz AG (Basel) for generous supplies of 
cardiac glycosides. 

0 
BblBOSIbl.  Cep;IeqHbm raH~oan~bi c C "# B 19-0/~i n0- 

JI0x<enHH Mo~eKyaN 0r<aaangcb HaH6oJiee 3(~(~eKTHBHBIMH 
HHFH6HTOpaMH HaTpHeB0rO Hacoca KJIeTOK K0>KH J1~trymKH. 
HaJIHqHe aqeTmibnoro pa~uKaJ~a yBeJinquBaao ~tHrHbnpy- 
myt0 CFIOC06HOCT% FJIVlK03HRa; arJ1HKOH oya6areHHH 
o~aaa~c~ caMbI~a c:Ia6b~M HHH6HTOp0M. 
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E f f e c t  o f  P y r u v a t e  o n  t h e  A c u t e  C y a n i d e  P o i s o n i n g  i n  M i c e  

I t  is well known tha t ,  besides o ther  collateral  effects, 
e.g. b lock of the  - S H  groups, the  acute  tox ic i ty  of cyanide  
is due to its capac i ty  to b ind  the  t e rmina l  oxidase  of the  
mi tochondr ia l  r e sp i ra to ry  syseeml .  

At  present ,  the  mos t  used an t ido tes  to cyanide  poison-  
ing are:  a) compounds  able to p roduce  me thaemoglob in ,  
such as sodium or amyl  n i t r i te  ~, 3, p - aminop rop iophen o n e  
and m e t h y l e n e  blue ~ or b) thiosulfate2,  a, which is 
subs t r a t e  for the  enzyme  rodhanase .  The reason for 
employ ing  the  f irs t  groups  of compounds  is based on the  
fact  t h a t  t he  compe t i t i on  be tween  m e t h a e m o g l o b i n  and 
cy toch rome  oxidase  for cyanide  makes  possibie the  
fo rma t ion  of the  non- tox ic  cyanmethaemoglob in .  How-  
ever, since the  cy toch rome  oxidase-cyanide  complex  is 
much  less dissociable t h a n  c y a n m e t h a e m o g l o b i n  4, a h igh 
level of m e t h a e m o g l o b i n e m i a  is required.  W h e n  thiosul-  
fate  is used, rodhanase  cata lyzes  the  following reac t ion:  
CN-  + - S  compounds  ~ CNS -3. The resul t ing t h i o c y a n a t e  
is no t  toxic.  The use of such an t ido te  has  also some 
l imi ta t ions  due to the  presence  of rodhanase  a lmos t  
exclusively in tbe  tissues, so t h a t  its ac t iv i ty  is res t r ic ted  
to t he  free cellular cyanideK In  addi t ion,  t he  rodhanase  
ac t iv i ty  is coun te rac ted  by  the  ac t iv i ty  of t h iocyana te  
oxidaseK For  a more  deta i led  descr ip t ion  of the  p resen t  
t r e a t m e n t  of the  acute  cyanide  in toxica t ion ,  see DONE 3. 

In  a recen t  pape r  we p resen ted  evidence for the  ac t iv i ty  
of p y r u v a t e  in r emoving  quickly the  inhib i t ion  of respi- 
ra t ion  induced by  cyanide,  leaving unaf fec ted  the  in tegr i ty  
of oxida t ive  phosphory la t ion  of Ehr l ich  ascites cells in 
v i t roK The etfect  of th i s  c o m p o u n d  was a t t r i bu t ed  to its 

react ion wi th  cyanide  which leads to the  fo rma t ion  of 
the  non- tox ic  py ruv ic -cyanhydr in .  On th is  expe r imen ta l  
basis  and  because of all t he  difficult ies in the  p resen t  
t h e r a p y  of acute  cyanide  in toxica t ion ,  we t h o u g h t  it  
w o r t h  tes t ing  the  effect iveness  of sodium p y r u v a t e  on the  
cyanide  poisoning in mice. The resul ts  p re sen ted  here  
show t h a t  p y r u v a t e  is able to remove,  even in  vivo, the  
b ind ing  of cyanide  to c y t e c h r o m e  oxidase.  Moreover  
py ruva te ,  since is no t  toxic  a t  the  doses used and  lowers 
s ignif icant ly  the  le tha l i ty  by  cyanide,  appears  to be an 
an t ido te  re la t ively  more sui table  t h a n  the  others  de- 
scribed above. 

JVfaterials and methods. Male albino mice of the  Swiss 
s t ra in  weighing 23-25 g were used in all exper iments .  The 
auimals  were housed at  r a n d o m  in s tock cages, in groups 
of 12, and fed wi th  a s t an d a rd  ba lanced diet  and t ap  
wa te r  ad l ibi tum.  The drugs were suppl ied  to  animals  
fas ted 6 hours.  NaCN, dissolved in bidis~ilted water ,  was 
given i.p.; sodium pyruva te ,  dissolved in sterile 0,9% 
NaC1, was in jec ted  i.v. 30 sec af ter  NaCN. Groups of 

1 0. WARBURG, Heavy Metal Pyosthetic Groz@s and Enzyme Action 
(Oxford University Press, London 1949). 

2 K. K. C~EN and C. L. RosE, J. Am. reed. Ass. 162, 1154 (1956). 
3 A. K. DONE, Clin. Pharmac. Thor. 2, 750 (1961). 
4 H. G. ALBAUM, J. TEPFERMAN and O. BODANSKY, J. biol. Chem. 

763, 641 (1946). 
5 A. CITTADINI, T. GALEOTTI and T. TERRANOVA, Experientia 27, 633 
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Effect of sodium pyruvate, injected i.v., on the mortality induced by cyanide in mice ~ 

Treatment % Mortality (cumulative values) n = 12 ~ NaCN mg/Kg i.p. LD~0 Limits PR b 
(95 % confidence) 

3.50 4 .50  4.75 5.00 5.25 5 .50  6 .00  7 .00  7 .25 7 .50  8 .00  8 .50  9.00 

25 41.7 67.7  91.7 100 100 100 100 100 . . . .  4.785 

-- -- -- 0 0 0 8.3 66 .7  83.3 100 100 -- - -  6.705 0.71 

- -- -- 0 0 0 0 0 25 58.3 66.7 100 7.914 0.60 

Controls (4.650-4.923) 
Sodium pyruvate 
250 mg/kg i.v. (6.487-6.931) 
Sodimn pyruvate 
500 mg/kg i.v. (7.565-8.280) 

Number of animals tested at each dose level, b LDb0 NaCN/LD~ ~ NaCN -}- sodium pyruvate. The slopes of all lines compared did not deviate 
significantly. ~ For the experimental conditions see materials and methods. 
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12 mice were used for each dose level. The  doses used are 
repor ted  in the  Table.  Groups of animals  were kep t  in 
separate  cages for 72 h. Resul ts  were subjected to probi t  
analysis. Medium le thal  dose (LDs0) wi th  the  f iducial  
l imi ts  and po tency  rat ios  wi th  the  95% confidence l imits  
were obtained.  Acceptable  tes ts  for paral le l ism and 
he te rogenei ty  were always obta ined  before the  po tency  
rat ios were determined.  

Results. The NaCN induced deaths  of the  control  mice 
and of the  mice t rea ted  i.v. wi th  sodium pyruva te ,  which 
occurred wi th in  less t han  10 min, are shown in the  Table.  
There  was no evidence of la te  toxic i ty .  

Sodium p y r u v a t e  t r e a t m e n t  resulted in a marked  
increase in the  amoun t  of NaCN required to produce 
death.  The  values of LDs0, repor ted  in the  same Table,  
dev ia te  s ignif icant ly  (p < 0.05). 

F r o m  these da t a  it  is ev ident  t h a t  p y r u v a t e  t r e a t m e n t  
has an antagonis t  effect against  acute  cyanide le thal i ty  
in mice. 

The  p r o m p t  regression of the  symptoma to logy  of 
cyanide intoxicat ion,  toge ther  wi th  the  marked ly  de- 
creased incidence of lethal i ty,  indicate  t h a t  there  is a 
s t r ic t  correlat ion be tween these effects of p y r u v a t e  in 
v ivo  and the  release of the  cyanide-blocked respirat ion 

a l ready observed in isolated cells 5. Moreover,  even though  
addi t ional  pharmacologica l  exper imenta t ion  is required,  
the  present  da ta  suggest the  possibi l i ty  of using p y r u v a t e  
as an ant idote  to acute  cyanide poisoning. 

Riassunto. Sono staff  s tudia t i  gli effet t i  del p i ruva to  di 
sodio nella intossicazione acuta  da cianuro nel topo. 
I r isultati ,  s ta t i s t icamente  validi ,  d imost rano  che il 
p i ruva to  in ie t ta to  per  v ia  endovenosa  r iduce notevol-  
men te  l 'e f fe t to  ietMe del cianuro di sodio somminis t ra to  
per  v ia  endoperi toneale  6. 
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Increased BUirubin Conjugation in the Liver and Intestinal Mucosa of Phenobarbital  Treated Rats 

I t  has been shown tha t  the  intes t inal  mucosa is able to 
conjugate  several  substrates  wi th  glucuronic acid and 
t h a t  this capac i ty  is paral le l  to t h a t  of l iver  1. This abi l i ty  
has also been proved  in v i t ro  for bi l i rubin ~, a. In  a previous 
work  ~ we demons t ra ted  the  presence of conjugated  bili- 
rubin  in the  intest inal  mucosa  of normal  and hepa tec tomized  
rats  infused in t ravenous ly  wi th  unconjuga ted  bil irubin.  

Phenobarb i ta l  adminis tered  to pa t ien ts  wi th  jaundice,  
due p robab ly  to bi l i rubin UDP-g lucu rony l  t ransferase de- 
ficiency, led to a reduct ion  of p lasma bi l i rubin levels 5. 
Since phenobarb i ta l  increased the  m a x i m u m  bi l iary  ex- 
cret ion of bi l i rubin (Tm) in heterozygous Gunn rats wi th  
a par t ia l  defect of bi l i rubin conjugat ion,  enzyme induc- 
t ion by drug adminis t ra t ion  had to be admi t t ed  6. On the  
other  hand,  the  level  reduct ion  of p lasma unconjuga ted  
bi l i rubin in jaundice  by  phenobarb i ta l  t r ea tmen t  was 
considered s trong evidence of bi l i rubin conjugat ion  de- 
ficiency L 

In  this inves t iga t ion  we found t h a t  phenobarb i ta l  in- 
creased the  conten t  of conjugated  bi l i rubin J n the  intest inal  
mucosa  of Wis ta r  and heterozygous Gunn rats  infused 
with  unconjnga ted  bi l i rubin int ravenously .  This  effect was 
also observed after  to ta l  hepa tec tomy.  

Methods. 24 Wistar  and 20 heferozygous Gunn rats  of 
bo th  sexes weighing f rom 260 to 400 g were used. 12 Wis ta r  
and 9 heterozygous Gunn  rats  were used as un t rea ted  con- 
trols. The remainders  were injected dai ly  wi th  phenobar-  
b i ta l  (100 mg/kg  dissolved in i ml  of 0.9% NaC1) i.p. dur- 
ing 3 days. Uncon juga ted  bi l i rubin was infused i.v. as 
described ~ and the  bile collected for T m  calculat ion s 
Blood, liver, as well  as the  mucosa  and conten t  of the  small  
intestine,  were obta ined  as previous ly  reporteda.  Tota l  
bi l i rubin was de termined  in serum and bile samples 9 and 
in liver, mucosa  and intes t inal  con ten t  homogenates  4,10. 
Diazot ized samples were concent ra ted  to a small  vo lume 1~ 
and chromatographed  on paper  ~. Conjugated  bi l i rubin 
was calculated f rom to ta l  bi l i rubin concent ra t ion  and the  
propor t ion  of azopigment  13 on the  ch romatograms  de- 
te rmined  by  dens i tomet ry  (Densicord 542 A, Photovol t ,  
USA).  

In  another  set of exper iments ,  4 Wis ta r  and 5 hetero- 
zygous Gunn rats (2 rats  of each group received pheno-  
barbital)  were subjected to to ta l  h e p a t e c t o m y  4 and then  
injected i.v. wi th  unconjugated-~4C bi l i rubin (200,000 to 
350,000 dpm, specific ac t iv i ty  2,400 to 4,200 dpm/lxg) 
mixed  wi th  unrad ioac t ive  p igment  (2 mg/100 g body wt.). 
The  animals  were sacrificed 30 min  af ter  the  injection.  
Crystal l ine radioact ive  bi l i rubin was obta ined f rom the  
bile of rats  la t ha t  were injected wi th  14C-ALA (&aminol- 
evulinic acid-4-14C hydrochloride,  CEA, France)1~. Mu- 
cosa and intes t inal  con ten t  homogenates  were diazot ized 
and chromatographed  as described. Azopigments  ]3 were 
eluted from chromatograms,  pooled separately,  concen- 
t ra ted  to a small  vo lume  and submi t t ed  to two-dimension-  
al chromatography .  After  the  first  deve lopment ,  the  sheet  
was removed,  dried and azopigments  13 were hydrol ized 
on the  paper  ~ by  using bacter ia l  fl-glucuronidase (Sigma 
Che.Co.) (1% solut ion in disti l led water  alcalinized with  
0 .1N N a O H  at  p H  6.2). Af te r  incubat ion  at  37~ the  
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