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some substances, which are released dur ing shock,  m a y  be 
responsible for the  ac t iv i ty  of H L L  hydrolase in plasma. 
NAKAI~A~A recent ly  isolated a low molecular  weight  
inhibi tor  in lysosomes of the  skeletal  muscle 3. The  present  
paper  was designed to inves t igate  the  effects of epi- 
nephrine,  norepinephrine,  his tamine,  serotonin and cortico- 
steroids, which migh t  be secreted as pa r t  of the  metabol ic  
response to ischemia, on p lasma H L L  hydrolase ac t iv i ty .  

Mongrel  dogs were subjected to tou rn ique t  shock by  
appl icat ion of tourn ique ts  to bo th  thighs  following the  
method  of the  previous  paper*. Hepar in ized  p lasma was 
obta ined before and after  release of the  tourniquets .  
1 ml  of p lasma cleaves a t  the  ra te  of 0.95 ~ M / m i n  a. The  
ac t iv i ty  of I-ILL hydrolase decreased after  release of the  
tourniquets ,  and reached a m i n i m u m  30 min  af ter  release. 
Al iquots  of each sample were ul t raf i l tered using an 
Amicon Ul t ra f i l t ra t ion  Chamber  wi th  UM-10 membrane .  
W h e n  each ul t raf i l t ra te  was added to normal  plasma,  
H L L  hydrolase act ivi t ies  decreased suggesting t h a t  H L L  
inhibi tors  appear  in p lasma after  release of the  tourni-  
quets  (Table I). 

Increase in blood glucose  and reduct ion  in the  to lerance 
for gIucose after  c lamp release have  been shown in shocked 
ratsS-L The glycogen level  in uninjured  muscles and the  
l iver  cont inuously  decreases after  l imb ischemia, bu t  a 
medn l l ec tomy can p reven t  hyperg lycemia  and loss of 
glycogen f rom unin jured  muscles s. P la sma  concentra t ion  
of epinephrine and norepinephrine in hemorrhagic  and 
anaphylac t ic  shock increases S, 9. In  the  present  experi-  
ment ,  adrenal ine and noradrenal ine  did no t  affect  H L L  
hydrolysis  of the  p lasma over  a concentra t ion  range of 
10 -a to 10-aM. Glucose also had no effect on its ac t iv i ty  
up to 500 rag/100 ml. However ,  insulin enhanced I-ILL 
hydrolysis  Of p lasma;  4 • 10 -~ insulin-units  showed 42% 
enhancement  of its ac t iv i ty  compared  wi th  the  control.  
The high ini t ial  g lycogenolyt ic  rate  is general ly a t t r ibuted ,  
in pa r t  at  least, to secretion of epinephrine and norepi- 
nephrine lo. 

Re la t ive ly  large amounts  of h i s tamine  were released 
in the  per i toneal  cav i ty  of rats  af ter  release of the  
tourniquets ,  bu t  only small  amounts  of serotonin were 
present  n. Serotonin reduced H L L  hydrolysis  of the  
p lasma;  H L L  hydrolase was s ignif icant ly  inhibi ted at  a 
concentra t ion  of 10-*M, whereas h i s tamine  had no effect 
on its ac t iv i ty  (Table II) .  

I-Iydrocortisone was effect ive in lowering the  level of 
the  lysosomal  enzyme after  tourn ique t  release, presum- 
ably  by  stabil izing lysosomal  membranes  ~. An increased 

secretion of adrenal  cort ical  steroids foUows opera t ive  or 
t r auma t i c  injury~a, ~*. I t  is also known t h a t  the  adrenal  
cort icosteroids of the  17-hydrocor t icoid- type contr ibute  
to cont inued hyper lgycemia  ~0. Cortieosteroids used in this  
exper iment  effect ively  reduced the  levels of the  H L L  
hydrolase wi th  increasing concentra t ions  up to 10-*M 
(Table II) .  I t  is t hough t  f rom the  above findings t h a t  
cort icosteroids and serotonin m a y  be responsbile for the  
reduct ion  of p lasma H L L  hydrolase  levels af ter  ischemia. 
Bu t ,  there  m a y  be no re la t ionship be tween  the  reduct ion  
of p lasma H L L  hydrolase ac t iv i ty  by  cort icosteroids and 
survival  ra te  following adminis t ra t ion  of cort icosteroids 
in tou rn ique t  shock. Hydrocor t i sones  were ineffect ive for 
increasing the  survival  ra te  in tourn ique t  shock ~, 12. The 
significance of the  reduct ion  of this  enzyme level in p lasma 
is under  invest igat ion.  

Rdsumd. L'ac t iv i t6  de l 'hydrolase  de la hippuryl-L- 
lysine darts le p lasma du chien est diminu6e par  I '@renve  
du tourniquet .  L 'hydrocor t i sone ,  la p%dnisolone,  la 
dexam6thasone,  la fl-m~thasone et la s6rotonine r6duisent 
l ' ac t iv i t6  de eet enzyme in v i t ro ,  tandis  que l 'h is tamine,  
l 'adr6nal ine et  la noradr6naline sont  sans effet. 
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Sources of Metabolic Energy used by Isolated Strips Ventricle of Frog Heart for the Uptake 
and Retention of H3-Norepinephrine 

The up take  and re tent ion  of H~-norepinephrine (HSNE) 
by  isolated strips ventr ic le  of frog hear t  is an ac t ive  pro- 
cess requir ing metabol ic  energy. I n  a recent  paper  1 we ob- 
ta ined evidence t h a t  under  anoxia  and glucose depriva-  
tion, the  up take  and re tent ion  of H3NE by  isolated strips 
ventr ic le  of frog hear t  was 42% compared  wi th  controls 
under  s tandard  condit ions (O~ plus glucose absent  in the  
incubat ion  medium) and t h a t  the  energy for this up take  
and re tent ion  was produced by the  glyeolysis of endogenous 
carbohydra tes  since the  p re t r ea tmen t  wi th  iodoaceta te  
(IAA) reduced the  up take  and re tent ion  to 8%. These re- 
suits differ great ly  f rom those obta ined  on isolated a t r ium 
of the  guinea-pig 2. 

However ,  fur ther  exper iments  carried out  in our labo- 
ra to ry  under  similar  circumstances to  those described 
above (isolated strips vent r ic le  of the  frog heart ,  under  

anoxia  plus glucose deprivat ion)  showed signif icant  dif- 
ferences in the  H3NE up take  and re ten t ion  compared  wi th  
the  results previous ly  described 1 

The present  paper  reports  some of the  results l a te ly  ob- 
tained,  and an a t t e m p t  to connect  these results wi th  those 
previous ly  published.  A theory  is also proposed, e laborated 
wi th  the  da t a  obta ined  in this  work  and in several  pre- 
vious publ icat ions  1, 8, 4, t h a t  would  expla in  the  sources of 
metabol ic  energy ut i l ized for the  up take  and re tent ion  of 
H3NE by  isolated strips vent r ic le  of frog heart .  

Methods. Ventricles of frog (Rana pipiens) were pre- 
pared and moun ted  as previous ly  described by  FURCI~- 
GOTT et al. s, for isolated a t r i um of guinea-pig, Ventricles 
were suspended in an organ b a t h  conta ining 20 ml  of re- 
gular Ringer  solution s, conta ining 10 -s g /ml  of e thylene  
d iamine  te t raaee t ic  acid (EDTA).  A mix tu re  of 95% N 2 
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Comparison of the H~-norepinephrine uptake and retention by isolated strips of frog ventricle under different circumstances, a) 
Controls (100% uptake and retention) were kept in glucose medium and 95% O~ and 5% CO 2 for 30 rain. H~NE (5 ng/ml) was added 
for 5 rain and then the ventricle was washed for 40 min with glucose-Ringer under 95% Ca and 5% CQ. b) Strips were incubated in a sim- 
ilar manner to a), but kept in glucose-free medium (wash solution also was glucose-free), c) Strips were incubated in a similar manner. 
to b) for 30 min. Halves were then treated with IAA (10 -4 g]ml) for 20 rain and then incubated with H~NE (wash solution was similar 
to b). d) Strips were incubated in a similar manner to a), but kept under a mixture of 95% N 2 and 5% CO 2 (wash solution also was under 
anoxia), e) Strips were incubated in a similar manner to d), but kept in glucose-free medium (wash solution also was glucose-free), f) All 
halves were kept under a combination of anoxia and glucose deprivation for 30 min. Halves were then treated with IAA (10 -4 g/mI) 
for 20 rain and then incubated with 5 ng/ml of H~NE for 5 rain. Wash solution also was under anoxia and glucose deprivation. The results 
(means + SEM) are expressed as percent of controls for the numbers of experiments given in parentheses. Results previously reported 
by ]V~ARTINEZ-SIERRA 3'4 and IVJ[ARTINEZ-SIERRA and LORENZO-VELAZQUEZ 1. 

and 5% CO~ or 95% O 2 and 5% CO a was bubbled  th rough  
the  b a t h i n g  solut ion (see results).  All p repa ra t ions  were 
electr ical ly dr iven  a t  a f requency  of 30 bea t s /min .  Ven- 
tricles were a t t a ched  to  force, d i sp lacement  t r ansduce r  
(Grass model  FT  03), and  mechanica l  ac t iv i ty  was  re- 
corded by  means  ot a Grass po lygraph .  E a c h  vent r ic le  was 
sub jec ted  to a res t ing  tens ion  of i g. U n d e r  the i r  respec t ive  
condi t ions ,  halves  were t h e n  incuba ted  wi th  5 ng /ml  of D, 
L-H3NE for 5 min,  and  t h e n  t h rough ly  washed ;  4 addi-  
t ional  washes  were given over  the  subsequen t  40 mill  pe- 
riod, a t  the  end of which  the  halves  were r emoved  for 
analysis  of rad ioac t iv i ty .  All p repa ra t ions  were pe r fo rmed  
at  room t empera tu re .  

The ca techolamines  ex t r ac t ion  was pe r fo rmed  according  
to  t he  m e t h o d  oi A~TON and  SAYRE ~ and  r ad ioac t iv i ty  
was coun ted  in a Nuclear  Chicago Liquid  Scint i l la t ion 
Spec t rome te r  model  725. All samples  were cor rec ted  for 
quench ing  wi th  an au toma t i c  ex te rna l  reference s t anda rd .  
U n d e r  our  working condi t ions ,  t he  r ad ioac t iv i ty  p re sen t  
in t he  a lumina  eluates  c anno t  be ascribed to metabo l i t es  
of H3NE bu t  to  H3NE itself  ~. H~NE is expressed in t e rms  
of d i s in tegra t ions  per  rain per  g of t issue (dpm/g).  Staffs-  
t ical  s ignificance of the  difference be tween  means  was 
de t e rmined  b y  the  t - tes t  for  pa i red  data .  

Drug  used:  D, L-norepinephrine-7-I-I3hydrochloride,  
specific ac t iv i ty ,  16,7 C/mmol  (New Eng land  Nuclear  
Corp). 

Results.  In  6 pai red exper iments ,  all halves  were kep t  
under  anoxia  and  glucose depr iva t ion  for 30 min  and  t h e n  
were incuba ted  wi th  5 ng /ml  of H3NE for 5 mill. Wash ing  
solut ion also was under  anoxia  and  glucose depr iva t ion .  In  
each e x p e r i m e n t  one hal f  of vent r ic le  served as a cont ro l  
(Oz and  glucose depr ivat ion) .  Table  I shows a s ta t i s t ica l ly  
s ignif icant  decrease ( P  < 0.001) be tween  the  H3NE up- 
take  and re t en t ion  in p repa ra t ions  under  anoxia  and  the i r  
controls.  

Discussion.  The results  ob ta ined  (Table I) show t h a t  
the  up take  and  re t en t ion  of H~NE b y  s t r ips  ventr ic le  of 
the  frog hea r t  under  anoxia  and a free-glucose m e d i u m  
was 21% of the  controls  unde r  O2. These d a t a  p resen t  a 
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Table I. Uptake and retention of H a NE by isolated strips ventricle of frog under alloxia 

N �9 Gas mixture H3NE present during H3NE in tissue 45 rain after Difference (%) 
incubation washout b (dpm/g) 

6 95% N a and 5% CO 2 3 ng/ml (3 rain) 49,440 i 9,802 79 

95% Oe and 5% CO 2 5 ng/ml (5 rain) 232,832 i 35,552 

Number of paired experiments, b Mean i S.E.M. 
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Table II. Theory proposed to explain the results showed in Table I and in the Figure 

EXPERIENTIA 2918 

Energy produced by Columns of the Figure 

a b c d e f 

Oxidative metabolism 4 • 4 • 4 x. Blocked by anoxia Blocked by anoxia Blocked by anoxia 
Glycolysis endogenous substrates a 1 • 1 x Blocked by IAA 1 • 1 x Blocked by IAA 
Exogenous glucose 0 • Absent Absent 0 x Absent Absent 
Total energy produced 5 x 5 x 4 • 1 • 1 x -- 
Energy necessary 2 • 2 x 2 • 2 • 2 • 2 x 
Uptake and retention (%) 100 100 100 50 50 0 

In the results reported in table I energy produced by this pathway would be 0.42 • whereas in the results reported in the figure would 
be 0.84 x. Consequently in columns d) and e) the uptake and retention was 21% and 42%. See text for details. 

g rea t  d i s c r epancy  c o m p a r e d  w i t h  those  p rev ious ly  p u b -  
l i shed b y  us 1 in  wh ich  t he  H a N E  t a k e n  up  a n d  r e t a i n e d  
u n d e r  s imi la r  c i r cums tances  was 42% of t h e  controls .  
However ,  w h e n  p r e p a r a t i o n s  were p r e t r e a t e d  w i t h  I A A  
(unpub l i shed  results) ,  t h e  H 3 N E  u p t a k e  a n d  r e t e n t i o n  
decreased to 8%, in a s imi la r  m a n n e r  to  t h a t  p r ev ious ly  
descr ibed.  Th i s  fac t  p r o m p t e d  us to  t h i n k  t h a t  t h e  u p t a k e  
a n d  r e t e n t i o n  obse rved  (21%) was o b t a i n e d  f rom t h e  
ene rgy  p roduced  b y  endogenous  ca rbohydra t e s .  

This  pa radox ica l  f ind ing  t h a t  u n d e r  the  same experi-  
m e n t a l  c i r cums tances  (anoxia  p lus  glucose dep r iva t ion )  
t h e  frog ven t r i c l e  p resen t s  such  differences  in  t h e  H 3 N E  
t a k e n  up  a n d  re ta ined ,  a n d  t h a t  a p rev ious  t r e a t m e n t  w i t h  
I A A  produces  a s imi la r  b lockade ,  can  be  exp la ined  as 
follows: I n  t he  resu l t s  p rev ious ly  p u b l i s h e d  (42% of up-  
t a k e  a n d  re ten t ion) ,  t he  e x p e r i m e n t s  were car r ied  ou t  w i t h  
an ima l s  ki l led 1, 2, 3 days  a f te r  be ing  t r a n s p o r t e d  f rom t h e i r  
n a t u r a l  h a b i t a t ,  whereas  in  t h e  e x p e r i m e n t s  descr ibed in 
t he  p r e sen t  p a p e r  t he  an ima l s  were k i l led  some weeks 
af te r  t h e i r  m a i n t e n a n c e  in  our  l a b o r a t o r y  w i t h o u t  food, 
w i t h  on ly  w a t e r  (some of t h e m  died).  Th i s  fac t  induces  us  
to  t h i n k  t h a t  t h e i r  c a r b o h y d r a t e s  reserves  were s t rong ly  
deple ted  a n d  t he  energy  p roduced  b y  a g lycolyt ic  p a t h -  
way  would  be  consequen t ly  smaller .  

These  resul t s  and  some of p rev ious  p u b l i c a t i o n s  sugges t  
t he  fol lowing t h e o r y  t h a t  would  explain ,  u n d e r  our  ex- 
p e r i m e n t a l  condi t ions ,  t h e  d iverse  sources of m e t a b o l i c  
energy  u t i l ized  b y  i so la ted  s t r ips  ven t r i c l e  of frog h e a r t  
for t h e  u p t a k e  and  r e t e n t i o n  of H 3 N E :  1. W e  assign t he  
h y p o t h e t i c a l  va lue  of 2 • to  t h e  m e t a b o l i c  energy  ne- 
cessary to o b t a i n  a ! 0 0 %  of H 3 N E  u p t a k e  a n d  re t en t ion .  
2. W e  assign t he  h y p o t h e t i c a l  va lue  of 4 • to  t h e  energy  
p roduced  b y  an  aerobic  way.  3. Accord ing  to t h e  endo-  
genous  c a r b o h y d r a t e  reserves  in  t he  animals ,  t he  energy  
p r o d u c e d  b y  a g lycolyt ic  p a t h w a y  would  be  1 •  0.75 •  
0.50 • ... 4. Exogenous  glucose is no t  u t i l ized as a source 
of ene rgy  in th i s  process.  

I n  t h e  F igure  are s h o w n  t h e  resul t s  p rev ious ly  r epo r t ed  
b y  us in  severa l  p u b l i c a t i o n s  1, 3, 4, in  wh ich  t he  m e t a b o l i c  
r e q u i r e m e n t s  for t h e  H 3 N E  u p t a k e  and  r e t e n t i o n  b~r iso- 

l a t ed  s t r ips  ven t r i c l e  of frog h e a r t  were s tudied .  Tab le  I I  
would  accoun t s  for these  r e su l t s  accord ing  to  t he  t h e o r y  
above  exposed.  

Conclusions. Under our  e x p e r i m e n t a l  c i rcumstances ,  t he  
u p t a k e  and  r e t e n t i o n  of H a N E  b y  i so la ted  ven t r i c l e  of 
frog:  1. Is  no t  a f fec ted  b y  t h e  p resence  or absence  of glu- 
cose in  t h e  i n c u b a t i o n  m e d i u m  (compare  c o l u m n  a) a n d  b) 
of t he  F igu re  and  T a b l e  II) .  2. I A A  does n o t  p roduce  a n y  
effect  per  se on  t h i s  m e c h a n i s m  (compare  co lumn  c) and  
a) of t h e  F igure  a n d  Tab le  I I ) .  3. The  n o n c a r b o h y d r a t e  
endogenous  s u b s t r a t e s  ox ida t i on  p rov ides  all  t h e  energy  
necessa ry  for t h i s  process  (co lumn c) of Tab le  I I  and  t h e  
Figure) .  4. Anox ia  p roduces  some ene rgy  for t h i s  process  
(column d) a n d  e) of Tab le  I I  a n d  Figure) .  5. U n d e r  
anoxia ,  exogenous  glucose i s n o t  u t i l ized  as a source of 
energy  (compare  co lumn  d) a n d  e)). 6. U n d e r  anoxia ,  
ene rgy  is p roduced  b y  endogenous  c a r b o h y d r a t e s  (glyco- 
lysis) (compare  c o l u m n  e) a n d  f)). 7. E n e r g y  p r o d u c e d  b y  
t he  glycolysis  of endogenous  subs t ra t e s ,  depends  u p o n  t he  
reserves  of t he  e x p e r i m e n t a l  an imals .  Compare  T a b l e  I 
(wi th  fas t ing  animals) ,  w i t h  co lumn  of T a b l e  I I  a n d  t h e  
F igure  (wi th  an ima l s  well  nour ished) .  8. The  smal l  res idua l  
u p t a k e  a n d  r e t e n t i o n  of H a N E  in  p r e p a r a t i o n s  u n d e r  ano-  
x ia  and  I A A  (column f) could  be due  to energy  p roduced  
b y  ox ida t i on  of endogenous  s u b s t r a t e s  b y  t r aces  of O~ in 
t h e  gas mix tu re .  

Resumen. La ox idac i6n  de s u b s t r a t o s  endogenos  no  
c a r b o h i d r a t o s  p roduce  la energ ia  necesar ia  p a r s  ob t ene r  
u n  100% de ineorporac i6n  y r e t enc i6n  de H a N E  por  el 
ven t r i cu lo  a is lado de rana .  L a  glicolisis de s u b s t r a t o s  en- 
dogenos p roduce  la necesar ia  p a r s  ob t ene r  de u n  21 -42%.  
La  glucosa exogena  no  es fuen te  de energia  u t i l i z ada  p a r s  
este proceso. 
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S u l f h y d r y l  G r o u p s ,  C o p p e r ,  D i p h e n y l a m i n e  R e a c t i o n  a n d  s o m e  E n z y m e s  in  t h e  S e r u m  of 
R a t s  w i t h  6 - S u l f a n i l a m i d o i n d a z o l e  A r t h r i t i s  

I n  1964 MIELENS a n d  •OZlTIS 1 descr ibed  a n  a r t h r i t i s  
wh ich  a p p e a r e d  a f t e r  oral  a d m i n i s t r a t i o n  of h i g h  doses of 
6 -su l fan i lamidoindazole  (6-SAI) in  old rats ,  and  which  
a l m o s t  exclus ively  affected t h e  h ind l imbs .  The re  is h i t h -  
er to  l i t t l e  knowledge  a b o u t  t yp i ca l  h u m o r a l  changes  in 

6-SAI  a r th r i t i s .  There fore  we d e t e r m i n e d  some bio- 
chemica l  p a r a m e t e r s  of t h e  b lood  du r ing  th i s  a r th r i t i s .  

Material and methods. 1Vfale W i s t a r  r a t s  w i t h  a m e a n  
b o d y  we igh t  of 410 g (range 300-570 g) received 125 or 
250 m g / k g  of 6 -SAI  ora l ly  once da i ly  for 7-9  consecu t ive  


