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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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4 E. A. RODRIGUEZ GARAY, M. R. SPETALE, L. S. MORISOLI and H. 
BERRA, Experientia 27, 904 (1971). 
M. J. WHELTON, L. P. KRUSTEV and B. H. BILLING, Am. J. Med. 
45, 160 (1968). 
S. H. ROmNSON, Nature Lond. 222, 990 (1969). 
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3 H. T. MALLOY and K. A. EVELYN, J. biol. Chem. 719, 481 (1937). 
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1442 (1961). 
14 1~. A. RODRIGUEZ GARAY, M. R. SPETALE, B. NOIR and G. SIVORI, 

Experientia 25, 494 (1969). 
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sheets  were r e c h r o m a t o g r a p h e d  a t  r i g h t  angles  to  t he  f i rs t  
c h r o m a t o g r a p h y .  D e n s i t o m e t r y  a n d  s c a n n i n g  of t he  spo ts  
(4~ Scanner ,  T race r l ab ,  USA)  were  ca r r ied  ou t  before  t h e  
hydro lys i s  and  a f te r  t h e  second c h r o m a t o g r a p h y .  

Results.  D e t e r m i n a t i o n  of b i l i r ub in  in s e rum a n d  l iver  
h o m o g e n a t e s  showed  s imi la r  v a r i a t i o n s '  in  t h e  4 groups  
(Figure  1). L ive r  w e i g h t  expressed  as g of w e t  t i s sue  pe r  
100g of b o d y w t ,  was  3.2 (SE :~ 0 .14 )and  3.1 (SE ~ 0.21) 
in  W i s t a r  a n d  he t e rozygous  O u n n  r a t s  respect ively .  The re  
was no s ign i f i can t  d i f ference  a f t e r  p h e n o b a r b i t a I  t r e a t -  
men t .  T m  va lues  as s h o w n  in  F i g u r e  2 were  d i m i n i s h e d  
in he t e rozygous  G u n n  ra t s  as c o m p a r e d  to t h e  W i s t a r  
g roup  ( P <  0.001) and  a s ign i f ican t  increase  was obse rved  
in t he  fo rmer  a f t e r  p h e n o b a r b i t a l  t r e a t m e n t  ( P < 0 . 0 1 ) .  
To ta l  b i l i r ub in  in  t h e  i n t e s t i n a l  m u c o s a  showed  s imi la r  
va lues  in  u n t r e a t e d  r a t s  b u t  a f te r  rece iv ing  p h e n o b a r b i t a l  
increased  s ign i f i can t ly  in b o t h  groups  ( P <  0.05 in W i s t a r  
group a n d  P < 0.02 in  he t e rozygous  G u n n  rats) .  T he  differ- 
ences were  due  to  t h e  increase  of c o n j u g a t e d  b i l i rub in  con- 
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Fig. 1. Distribution of bilirnbir~ in serum (A} and liver homogenates 
(B). W, Wistar rats; G, heterozygous Gunn rats; P, phenobarbital 
treatment. ~ ,  total bilirubin; ~ ,  conjugated bilirubim The circles 
indicate the percentage of con] ugated bilirubin. Between parenthesis, 
number of rats. --, Standard error of mean. 
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c e n t r a t i o n  ( P  < 0.01 a n d  P < 0.0 2, respect ively) .  I n  he te ro-  
zygous G u n n  r a t s  t r e a t e d  w i t h  p h e n o b a r b i t a l  t he  pe rcen t -  
age of m u c o s a  c o n j u g a t e d  b i ] i rub in  increased  to twice  t he  
va lues  obse rved  in  t he i r  con t ro l s  (Figure 3 A). To ta l  bili- 
r u b i n  in t i le i n t e s t i n a l  c o n t e n t  d id  n o t  show dif ferences  
a m o n g  t h e  4 groups.  H o w e v e r  c o n j u g a t e d  b i l i rub in  in- 
creased s ign i f i can t ly  in  he t e rozygous  G u n n  r a t s  a f t e r  phe-  
n o b a r b i t a l  t r e a t m e n t  ( P < 0 . 0 5 )  (Figure 3B).  I n  2 homo-  
zygous ( jaundiced)  G u n n  r a t s  p r e t r e a t e d  w i t h  p h e n o b a r -  
b i t a l  a n d  in fused  w i t h  u n c o n j u g a t e d  b i l i rubin ,  no con- 
j u g a t e d  p i g m e n t  could be  de tec ted  in t he  i n t e s t i n a l  mu-  
COSa. 

A di rec t  r e l a t i onsh ip  ex is ted  b e t w e e n  T m  values  (due 
m a i n l y  to  bi le  c o n j u g a t e d  b i l i rub in)  a n d  t he  pe rcen tages  
of c o n j u g a t e d  b i l i rub in  d e t e r m i n e d  in t he  i n t e s t i n a l  mu-  
cosa of t r e a t e d  a n d  u n t r e a t e d  r a t s  (r = 0.56, aP<0.001) .  

The  p e r c e n t a g e  of c o n j u g a t e d  b i l i rub in  in t he  i n t e s t i na l  
m u c o s a  of h e p a t e c t o m i z e d  he t e rozygous  G u n n  r a t s  was 
also increased  a f t e r  p h e n o b a r b i t a l  t r e a t m e n t .  Resu l t s  of 
2 d i m e n s i o n a l  c h r o m a t o g r a p h y  showed  t h a t  a zop igmen t s  
B f rom m u c o s a  a n d  i n t e s t i n a l  c o n t e n t  of h e p a t e c t o m i z e d  
r a t s  ( t rea ted  or no t  w i t h  p h e n o b a r b i t a l )  could be p a r t i a l l y  
h y d r o l y z e d  w i t h  /~-glucuronidase i nd i ca t i ng  t h a t  a t  l eas t  
43 to  48% was  der ived  f rom b i l i rub in  g lncuronide .  Before  
t h e  hydro lys i s  on ly  one p e a k  of r a d i o a c t i v i t y  was p re sen t  
in  a z o p i g m e n t  B a rea  and  a second p e a k  was seen a f te r  
t he  hydro lys i s  co inc iden t  w i t h  a z o p i g m e n t  A spot .  

Discussion.  T h e  e x p e r i m e n t s  d e m o n s t r a t e d  t he  ab i l i ty  
of t he  r a t  i n t e s t i na l  m u c o s a  for  b i l i rub in  c o n j u g a t i o n  w i t h  
g lucuron ie  acid. P h e n o b a r b i t a l  a d m i n i s t e r e d  to r a t s  ex- 
h i b i t i n g  a p a r t i a l  def ic iency of b i l i r ub in  g lucuronocon-  
j u g a t i o n  capac i t y  m a y  increase  t h i s  l a t t e r  in t he  l iver  as 
well  as in t he  i n t e s t i na l  mucosa .  I t  was  no t  re jec ted  t h a t  
a n  increase  of b i l i rub in  u p t a k e  b y  t i s sue  m i g h t  be  i n v o l v e d  
in t h e  process,  as r epo r t ed  for l iver  la. R e c e n t l y  2 hepa t i c  

15 R. J. ROBgRTS and G. L, PLAA, Biochem. Pharmae. 16, 827 (1967). 
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Fig. 2. Maximum biliary excretion of bilirubin (Tin). Explanatory le- Fig. 3. Distribution of bilirubin in mueosa (A) and intestinal content 
send is similar to Figure 1. (B). Explanatory legend is similar to Figure 1, 
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cy top la smic  p ro t e in  f rac t ions ,  Y a n d  Z, wh ich  b i n d  or- 
ganic  an ions  (such as b i l i rub in)  h a v e  been  isola ted TM. 
Whereas  p ro t e in  u is p r e s en t  exc lus ive ly  in the  l iver  ~ 
a n d  increases  a f te r  p h e n o b a r b i t a l  a d m i n i s t r a t i o n  ~, t he  
smM1 in t e s t ina l  m u c o s a  on ly  con ta ins  f r ac t ion  Z t6. Fai -  
lure  of p h e n o b a r b i t a l  in inc reas ing  c o n j u g a t e d  b i l i rub in  
c o n c e n t r a t i o n  in t he  i n t e s t i na l  m u c o s a  of h o m o z y g o u s  
G u n n  ra t s  is s imi lar  to  t h a t  descr ibed  for t h e  l iver  6. This  
fac t  and  t he  cor re la t ion  be t w een  T m  values  a n d  percen t -  

1, A. J. LEvi, Z. GATMAITAN and I. M. ARIAS, J. din. Invest. d8, 2156 
(1969). 

J7 H. REYES, A. J. L~:vi, Z. G,~TMM'r.xN (cited by A. J. LEvi, Z. GA'r- 
~MTAN and I. M. ARIAS, New Engl. J. Med. 283, 1136, 1970). 

18 This work was partially supported by a grant from the Consejo 
Nacional de Investigaeiones Cientifieas .y T6enicas, Rep~blica Ar- 
gentina, and of C.O.F.O.I.C., Prov. de Santa Fe (Reptibliea Argen- 
tina). 

19 The invaluable technieal assistance of Mr. J. RASSERO and Mr. 
H. BERaA is gratefully acknowledged. 

=0 Investigator of the Consejo National de Investigaeiones Cientificas 
y T6enicas, Repflbliea Argentina. 

ages of m u c o s a  c o n j u g a t e d  b i l i r ub in  seem to  conf i rm t h a t  
g lucuron ide  syn thes i s  b y  t h e  i n t e s t i n a l  m u c o s a  is para l le l  
to  t he  l iver  c a p a c i t y  t, 4. W e  de tec ted  some c o n j u g a t e d  ra-  
d ioac t ive  p i g m e n t  in  t h e  gu t  l u m e n  of h e p a t e c t o m i z e d  r a t s  
a f te r  t he  in jec t ion  of labe l led  uncon j  u ga ted  b i l i rubin .  How-  
ever, t h e  m e c h a n i s m  of t r ans f e r  was  no t  e s t ab l i shed  is 19. 

Resume~z. Se es tudi6  el efecto del f e n o b a r b i t a l  sobre  la 
con jugac idn  de la b i l i r r u b i n a  en r a t a s  W i s t a r  y G u n n  he- 
t e roc igo tas  some t ida s  a la  in fus idn  c o n t i n u a  de b i l i r r u b i n a  
no  con jugada .  Los resu l t ados  ob t en idos  p e r m i t e n  supone r  
_clue el f e n o b a r b i t a l  es capaz  de e s t imu la r  la conj ugac i6n  de 
la  b i l i r r u b i n a  t a n t o  en el Mgado  como en  la  m u c o s a  in tes t i -  
na l  de r a t a s  con def ic iencia  parc ia l  de g lucuroni l  t r ans -  
ferasa.  
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U l t r a s t r u c t u r e  of the  P a r a t h y r o i d  and 'C' Cells  of the T h y r o i d  in E x p e r i m e n t a l  Rach i t i s  in the  Rat  

I n  young  r a t s  s u b m i t t e d  to a d ie t  * cha rac t e r i zed  by  an  
increased  c a l c i u m / p h o s p h o r u s  r a t io  and  a lack of V i t a m i n  
D, a decalc i f ica t ion  of t he  fo rmed  bone  a e d  an  absence  
of ca lc i f ica t ion in t he  growing bone  was produced .  These  
an ima l s  showed some h i s topa tho log ica l  a l t e r a t ions  of t he  
gas t r ic  mucosa  w i th  a s ign i f ican t  increase  of HC1. Macro-  
scopic u lce ra t ions  in large q u a n t i t i e s  were also obse rved  ~. 

Suppos ing  t h a t  t he  d ie t  d i rec t ly  inf luences  t he  regula-  
t o r y  m e c h a n i s m s  of ca lc ium a n d  phosphorus ,  we s tud ied  
the  m o r p h o l o g y  of t h e  t hy r o i d  g lands  ('C' cells) and  t he  
p a r a t h y r o i d  g lands  since se rum ca lc imn  levels were the  
same in the  t r e a t e d  r a t s  as in t he  n o n - t r e a t e d  wh ich  were 
used as t he  con t ro l  g roup  ~. 

Material and melhods. W i s t a r  rats ,  25 to  30 d a y s  old, 
weighing  45 to 55 g and  ot a l ea to ry  sex were used and  t h e y  
were p u t  on  t he  d ie t  i m m e d i a t e l y  a f te r  weaning.  Blood 
samples  were t a k e n  b y  d e c a p i t a t i o n  of t r e a t e d  and  non-  
t r e a t e d  r a t s  in  basa l  condi t ions .  The  samples  were al lowed 
to coagu la te  a t  r oom t e m p e r a t u r e  and  were t h e n  cent r i -  
fuged. The  inorgan ic  p h o s p h a t e  was d e t e r m i n e d  b y  a 
pho toco lo r ime t r i c  m i c r o m e t h o d  a u t i l iz ing a B e c k m a n -  
D U  pho toco l i r ime te r  for i t s  readings .  

For  t h e  u l t r a s t r u c t u r a l  s tudy ,  t he  p a r a t h y r o i d s  a n d  
t h y r o i d s  were t a k e n  u n d e r  anae s t he s i a  w i t h  u r e t a n e  
n l o m e n t s  before t he  decap i t a t i on .  T he  f r a g m e n t s  ob t a ined  
were i m m e d i a t e l y  f i xa t ed  in g l u t a r a l d e h y d e  (2 it) and  
o s m i u m  t e t r o x i d e  (1 h), buf fe red  b y  p h o s p h a t e  buffer  to  

Serum levels of inorganic phosphorus in normal (C) and rachitic rats 
(R) 

Groups P Significance 

C (9) 4.00~0.2172~ NS 

R (7) 3.97~0.2516~ NS 

P = rag/100 ml. ~ Mean+standard error. In parenthesis, number of 
determinations. 

p H  7,2 a t  a t e m p e r a t u r e  of 4 ~ D e h y d r a t e d  w i th  acetone,  
inc luded  in ves topal ,  cu t  w i t h  an  u l t r a m i c r o t o m e  L K B ,  
c o n t r a s t e d  w i th  u ran i l  a n d  lead c o m p o u n d s  a n d  obse rved  
w i th  a Phi l l ips  EM-200 e lec t ron  microscope.  

Resulls. The  q u a n t i t y  of fl~organic p h o s p h a t e  c an  be 
seen in t he  Table .  

P a r a t h y r o i d s .  The  p r inc ipa l  cells were cha rac t e r i zed  
b y  a g rea te r  e lec t ronic  d e n s i t y  in t he  nuc leus  and  cyto-  
p lasm,  and  b y  t he  emiss ion of n u m e r o u s  microvi l l i s  on 
the  surface wh ich  in te rc rossed  w i t h  those  of ne ighbor ing  
cells, l eav ing  be tween  t h e m  clear spaces  (Figure 1). The  
n u m b e r  of I n i t ochondr i a  and  of rugous  endop la smic  
r e t i cu lum were m o d e r a t e  in  t h e i r  deve lopmen t .  The  Go!hi 
a p p a r a t u s  appea red  v e r y  well  deve loped  (Figure 1). 
A r o u n d  i t  were a few low-dens i ty  g ranu les  s u r r o u n d e d  b y  
a n i t id  m e m b r a n e .  A b u n d a n c e  of free r ibosomes  and  
po lysomes  (Figure  1). The  cent r io les  were r e m a r k a b l y  
deve loped  so t h a t  even  c i l ia ted  images  were seen (Fi- 
gure 1). F r e q u e n t l y  myel in ic  bodies  were observed  in t he  
cel lular  c y t o p l a s m  and  in t he  i n t e r s t i t i a l  spaces (Figure 1). 
The  nucle i  w i t h  ev iden t  nucleolus  and  dense  c h r o m a t i n ,  
s epa ra t ed  below double  nuc lea r  m e m b r a n e ,  showed wide 
gashes. The  con t ro l  r a t s  of the  s ame  age c lear ly  showed  
t he  p r inc ipa l  ceils w i t h  t he i r  cha rac t e r i s t i c  t ypes  - clear 
a n d  d a r k  - (Figure  2A). 

T h y r o i d s :  N u m e r o u s  ca lc i ton in  cells were obse rved  
w i t h  a b u n d a i i t  secre tory  granules  which  were a size f rom 
1200 to  2500 A of a f ine g r anu l a r  ma t r i x ,  a n d  s u r r o u n d e d  
b y  a ve ry  e v i d e n t  mebrane .  The  Golgi  a p p a r a t u s  was 
wel l -developed and  showed, a t  i ts  b o r d e r  small ,  v e r y  
dense  granules .  (Figure  2t3) 
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