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B l o o d  P y r u v a t e  i n  C a t s  a f t e r  H y d r o c o r t i s o n e  

H e m i - S u c c i n a t e  

The concen t r a t ion  of p y r u v a t e  in the  blood has  been  
found to  be ra i sed  in  Cushing ' s  s y n d r o m e  1,2 a n d  in people  
g iven  a n t i - i n f l a m m a t o r y  s teroids .  Such s tero ids  h a d  
usual ly  been  given for days  or  m o n t h s  w h e n  t h e  obser-  
va t ions  were  m a d e  b u t  an  effect  has  been  obse rved  8 h 
af ter  a f i rs t  dose of  cor t i sone  or f rom 4 to  8 h a f t e r  adreno-  
cor t i co t rophic  h o r m o n e  ~. The  di f ference  in t h e  b lood  
p y r u v a t e  concen t r a t ions  of normals  and  of those  who h a d  
received s te ro ids  was  increased  if glucose was  g ivenL  

In  an imals  gluco-cort icoids  raised the  blood glucose 
before the  l iver glycogen 6. Recen t l y  an  increase in blood 
lac ta te  was  also found  to  occur  re la t ive ly  r ap id ly  while 
the  blood py ruva t e ,  a f te r  in jec t ion  of p y r u v a t e  in to  t he  
per i tonea l  cavi ty ,  was  h igher  t h a n  in controls  when  hydro -  
cor t isone h a d  been  given 5 h beforeL I t  seemed w o r t h  
while to  de t e rmine  w h e t h e r  a single dose of a gluco- 
eort icoid could raise t he  b lood p y r u v a t e  and  how quickly 
it could do it. 

M e t h o d s .  Blood was  d r a w n  f rom conscious cats ,  weigh t  
2-2.5 kg, b y  w a y  of a po ly thene  c a t h e t e r  ( in ternal  dia- 
m e t e r  0.5 or 1.0 ram) previous ly  inse r ted  in to  the  super ior  
vena  cava  v ia  an  ex t e rna l  jugular  vein  dur ing  general  
anaes thes ia .  Clot t ing in t he  cannu la  was  p r e v e n t e d  by  
filling i t  w i t h  hepar in-sa l ine .  No e x p e r i m e n t  was done  less 
t h a n  two  days  a f te r  cannu la t ion .  Vghen ad rena l ec tomy  
was  pe r fo rmed  b o t h  g lands  were  r e m o v e d  a t  one  ope ra t ion  
b y  a t r a n s - a b d o m i n a l  route .  Adrena lec tomised  ca ts  were  
given pa ren t e r a l  hyd roco r t i sone  in jec t ions  a n d  in t r a -  
venous  sal ine infus ions  for t he  f i rs t  t h r ee  to  four  days  a f te r  
opera t ion  and  t h e n  sal ine to  d r ink  as t he  only  add i t ion  to  
the  usual  d ie t  of milk,  mea t ,  and  ca t  food. A t  least  48 h 

Tab. I. Venous blood pyruvate in normal and adrenaleetomized cats 

passed  af ter  an in jec t ion  of hyd roco r t i sone  before  an ex- 
p e r i me n t  was done.  Cats were  depr ived  of food a n d  d r ink  
for 4'/2 h before an  e x p e r i m e n t .  

Hydrocor t i sone  was  g iven i n t r a v e n o u s l y  as  the  sod ium 
hemi-succ ina te  de r iva t ive  ( 'E fcor t e l an ' ,  Glaxo),  100 m g  
of s teroid (0.28 m M )  dissolved in 2 ml  of wate r .  Control  
in ject ions  were 2 ml  n o r m a l  sal ine (twice), 2 ml  of 0.1 M 
p h o s p h a t e  buffer ,  p H  7.4 (once), 20 mg  sod ium b ica rbo -  
na t e  in 2 ml wa te r  (twice), a n d  45 m g  s o d i u m succ ina te  in  
2 ml  wa te r  (thrice). An a d r e n a l e c t o mi z e d  ca t  was  used  in 
two  of the  control  expe r imen t s .  

Blood p y r u v a t e  was  measu red  b y  a c h i c r o m a t o g r a p h  
me t h o d  7 as the  2 : 4 - d i n i t r o p h e n y l h y d r a z o n e  de r iva t i ve ,  
separa ted  f rom o the r  ca rbony l  c o m p o u n d s  in an  acid 
sys t em B. 30% of the  de r iva t i ve  of  oxa loace t a t e  decomposes  
to t h a t  of p y r u v a t e  in th is  s y s t e m b u t  in no c h r o m a t o g r a m  
did  the  p r imary  band  of oxa loace ta t e  appear .  Blood  
glucose was measured  by  the  glucose oxidase  m e t h o d  9 a n d  
blood lac ta te  by  the  m e t h o d  of BARKER and  SUMMER- 
SON z0. About  1 ml of blood was  used for each d e t e r m i n a t i o n  
of pyruva te .  14 ml  of blood was  the  m o s t  d r a w n  dur ing  
one exper iment .  
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Blood pyruvate ~ S.E.M., rag/100 ml 
Before injections Before injections and 

after control injections 

Normal 0.53 :~ 0,02 (121) 0.50 -4- 0.01 (56) 
Adrenalectomized 0,43 ~ 0,03 (12) 0.45 :~ 0.02 (20) 
Probability of t = 2 ,24p = 0.05 -- 0.02 t = 2.32p = 0.05 -- 0.02 
difference 

Tab..llI. Blood glucose after hydrocortisone hemisuccinate in 
5 normal cats 

Time after injection (min) 15 30 60 

Rise in blood glucose mR/100 ml -- 2.6 + 2.4 + 6.6 
:~: S.E.M. 4- 2.5 q- 3.1 -4- 3.2 

Tab. II. Venous blood pyruvate after hydrocortisone hemi-succinate (the number of observations for each vahte is in brackets) 

Type of 
animal 

Solution Blood pyruvate ~ S.E.M., mg/1O0 ml 
injected Time after test injection, min 

--10 0 5 10 15 20 30 60 

Normal 

Normal 

Adrenal- 
ectomized 

Control 0.53 :]z 0.03 0.53 2}: 0.02 0.53 q- 0.04 
(5) (6) (4) 

Hydrocortisone 0.58 :~ 0.07 0.53 ~z 0.03 0.72 -}- 0.02 
(4) (5) (z) 

Hydrocortisonc 0,39 ! 0.04 0.48 :]: 0.04 0.65 --[- 0.05 
(3) (6) (3) 

0.43 4- 0.04 0.53 ~ 0.03 0.50 4- 0.04 0.51 4- 0.04 0.53 :[: 0.06 
(5) (6) (5) (6) (6) 
0.84-V0.06 0.86~:0.i1 0.71:~0.06 0.69+0.11 0.59:]:0.05 
(4) (6) (4) (6) (5) 
0.81 ! 0.07 0.82 ~ 0.13 0,74::~ 0.17 0.67 :~ 0.08 0.50 q- 0.06 
(4) (6) (3) (6) (5) 

Significance of differences 

Normal + Hydrocortisone 
v. Normal before injection 
(Table I, column 1) 

Adrenalectomized + Hydrocortisone 
v. Adrenalectomized before 
injection (Table I, column I) 

t = 3.32 
p =  
0.01-0.001 

g = 3.45 
p =  
0.01-O.O01 

t = 6.40 t =4.94 t ------ 3.83 t -- 2.62 
p = < o.ool p = <o.ool  p = <7o.ool p = 

0,02-0,01 

t = 6.14 t = 3.96 t = 3,35 ~ = 3.38 
p = < o . o o l  p =  p =  p =  

0.01-0.001 0.0l-0.001 0.01-0,001 
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Fig. 1. Blood pyruvate in normal cats after hydrocortisofle hemi- 
succinate. Values and standard errors shown, p values given for 

differences of means. 

Fig. 2. Blood pyruvate in adrenalectomized cats after hydrocortisone 
hemisuccinate. Dotted line is mean of all values in adrenalectomized 
cats not given hydrocortisone, with shaded area :t: 2 x standard 

deviation. Bars show standard error of mean values. 

Results. The  p y r u v a t e  c o n c e n t r a t i o n  in v e n o u s  b lood  
was  h i g h e r  in  n o r m a l  a n i m a l s  t h a n  in  t he  a d r e n a l e c t o m i z e d  
(Tab le  I), as p r e v i o u s l y  r e p o r t e d l Z  No s ign i f i can t  rise of 
b lood  p y r u v a t e  occur red  a f t e r  a n y  of t h e  con t ro l  in-  
jec t ions .  Af te r  h y d r o c o r t i s o n e  h e m i - s u c c i n a t e  was in-  
j ec ted  b lood  p y r u v a t e  rose r a p i d l y  in b o t h  n o r m a l  
(Figure  1) a n d  a d r e n a l e c t o m i s e d  (Figure  2) cats .  I n  T a b l e  
I I  are  t he  va lues  f rom wh ich  t h e  F igures  are d r a w n  a n d  
t h e  s igni f icance  of t h e  d i f ference  b e t w e e n  va lues  before  
a n d  a f t e r  hyd roco r t i sone .  

T h e  rise of p y r u v a t e  p receded  t h a t  in b lood  glucose 
(Tab le  I I I ) .  I n  t h r e e  e x p e r i m e n t s  t h e  b lood l a c t a t e  was  
measu red .  A sma l l  rise occu r red  a f t e r  h y d r o c o r t i s o n e  so 
t he  rise in p y r t i v a t e  d i d  n o t  occur  a t  t he  expense  of 
l ac ta te .  

Discussion. I t  h a s  r e c e n t l y  been  sugges ted  t h a t  gluco- 
cor t i co ids  p roduce  effects  before  t h e i r  ac t ions  o n  ca rbo-  
h y d r a t e  m e t a b o l i s m  h a v e  b e c a m e  a p p a r e n t  z~. A f ea tu re  
of  t h e  p r e s e n t  r e su l t s  is t h a t  a m e t a b o l i c  ef fec t  of h y d r o -  
co r t i sone  was  obse rved  in  t h e  consc ious  ca t ,  n o t  long  
s t a r v e d ,  10 m i n  a f t e r  i t s  i n t r a - v e n o u s  a d m i n i s t r a t i o n  in a 
la rge  dose. T h e  dose is la rge  b y  phys io logica l  or  e v e n  
m e d i c i n a l  s t a n d a r d s  ; n eve r t he l e s s  i t  is c o m p a r a b l e  o n  t h e  
bas is  of b o d y  w e i g h t  w i t h  t h e  doses  used b y  LONG, KATZIN, 
a n d  FRY s in  t h e i r  classic s t u d y  of t h e  effect  of s t e ro ids  on  
c a r b o h y d r a t e  m e t a b o l i s m  a n d  b y  o t h e r s  in  s u b s e q u e n t  ex-  
p e r i m e n t s  b o t h  in rive a n d  in vitro. 

The  e x p l a n a t i o n  of t h e  r ise in  p y r u v a t e  is u n k n o w n ,  as  
is t h e  t i s sue  m o s t  conce rned .  Some  poss ib i l i t i es  a re :  

( i )  T h a t  h y d r o c o r t i s o n e  in  t h e  c o n c e n t r a t i o n  used  ac t ed  
as  a non-spec i f ic  s t i m u l u s  d i f f e ren t  f rom t h a t  of a n y  of t h e  
con t ro l  solut ions .  I f  so, t h e  h o r m o n e s  of t h e  a d r e n a l  
medu l l a  could  n o t  h a v e  b e e n  i n v o l v e d  in  t h e  obse rved  
r e sponse  s ince i t  was  as a p p a r e n t  in  a d r e n a l e c t o m i z e d  as 
in  n o r m a l  cats .  

(2) T h a t  m e t a b o l i s m  of t h e  succ ina te  p a r t  of t h e  in-  
j ec ted  molecules  in  t h e  p resence  of h y d r o c o r t i s o n e  caused  
t h e  rise of b lood p y r u v a t e .  B u t  a n  equ imo lecu l a r  a m o u n t  
of non-es te r i f ied  succ ina te  caused  no  r ise of b lood  p y r u -  
va te ,  even  w h e n  in j ec t ed  in to  a n o r m a l  ca t  g iven  large  
p a r e n t e r a l  in j ec t ions  of h y d r o c o r t i s o n e  for  t he  p r ev ious  
four  days .  Also, b lood  o x a l o a c e t a t e  was  n o r m a l  w i t h i n  
5 m i n  of t h e  i n j ec t i on  of a n  e q u i v a l e n t  a m o u n t  of oxalo-  
ace ta t e .  Moreover ,  w h e n  a g luco-eor t icoid  n o t  es ter i f ied 
w i t h  succ ina te  was in j ec t ed  i n t r a v e n o u s l y  (20 m g  of 

p r edn i so lone -21 -phospha t e ,  'P redso l ' ,  G laxo  (twice) a n d  
115 m g  of h y d r o c o r t i s o n e - 2 1 - p h o s p h a t e  (once)), t h e r e  
a g a i n  occu r red  a r a p i d  r ise  in  b l o o d  p y r u v a t e ,  s imi la r  to  
t h a t  obse rved  a f t e r  h y d r o c o r t i s o n e  hemi - succ ina t e ,  a n d  
aga in  p r eced ing  t he  rise ilf b lood  glucose z3. 

(3} T h a t  t h e  large  dose g iven  r evea l ed  a n  ea r ly  effect  of 
h y d r o c o r t i s o n e  on  m e t a b o l i c  processes  or  t i ssue  p e r m e a -  
bil i t ies.  So large  a dose m i g h t  h a v e  been  necessa ry  because  
a n  i n d e x  as c rude  as  t h e  b lood  p y r u v a t e  c o n c e n t r a t i o n  was  
used.  Changes  in p r o t e i n  or  amino -ac id  m e t a b o l i s m  h a v e  
b e e n  sugges ted  to exp la in  t he  effect  of s te ro ids  on  ca rbo-  
h y d r a t e  m e t a b o l i s m  Z4; i t  m a y  be n o t e d  t h a t  as  q u i c k  a 
r ise in  b lood  p y r u v a t e  occu r red  a f t e r  i n t r a v e n o u s  a l a n i n e  
as a f t e r  h y d r o c o r t i s o n e  13 

Th i s  l as t  of  t he  t h r e e  poss ib i l i t ies  is t h e  one  f a v o u r e d  
here .  

Zusammen[assung. H y d r o c o r t i s o n  - N a -  h e m i -  S u c c i n a t  
(100 m g  des  Steroids)  l ebenden ,  4I/2 h f a s t e n d e n  K a t z e n  
iniizieI~, e r g a b  sofor t igen  Ans t i eg  de r  P y r u v a t - K o n z e n -  
t r a t i o n e n  i m  t31ut m i t  n a c h f o l g e n d e m  B l u t z u c k e r a n s t i e g .  

I n j e k t i o n e n  y o n  K o n t r o l l 6 s u n g e n  e r g a b e n  ke ine  Re -  
ak t ion .  N a c h  S t e r o i d g a b e n  er fo lg te  sowohl  bei  n o r m a l e n  
wie a d r e n o l e k t o m i e r t e n  T ie ren  ebenfa l l s  Ans t ieg .  
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