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I n  F igure  3 we show d a t a  f rom t he  4 e x p e r i m e n t s  w i t h  
p y r u v a t e  as s u b s t r a t e  where  f luorescence- t ime  i n t eg ra l  
has  been  p l o t t e d  aga i n s t  t he  t o t a l  ene rgy  p roduc t ion .  
For  each  muscle  t he  ene rgy  p r o d u c t i o n  was va r i ed  b y  
a l lowing t h e  musc le  to  c o n t r a c t  i so tonica l ly  aga ins t  a 
r ange  of af ter loads .  Use of a t - tes t  r evea led  t h a t  none  of 
t he  i n t e r cep t s  was  s ign i f i can t ly  d i f fe ren t  f rom zero. The  
resu l t s  are c lear ly  c o m p a t i b l e  w i t h  t he  a s s u m p t i o n  of 
J o B s l s  a n d  DUFFIELD 2. P r e l i m i n a r y  e x p e r i m e n t s  also 
show t h a t  th i s  l inear  p r o p o r t i o n a l i t y  b e t w e e n  f luorescence-  
t i m e  in teg ra l  a n d  ene rgy  p r o d u c t i o n  is found  in o the r  sub-  
s t ra tes ,  b u t  t h a t  t he  p r o p o r t i o n a l i t y  fac to r  for a p a r t i c u l a r  
muscle  depends  on  t he  s u b s t r a t e  p resen t .  

I n  t w i t c h  c o n t r a c t i o n s  of ske le ta l  muscle  a s imi la r  
r e l a t i onsh ip  be twe en  ene rgy  p r o d u c t i o n  a n d  t ime - in t eg ra l  
of f luorescence p r o b a b l y  exis ts  since in t o a d  sa r to r ius  
muscle  t he  v a r i a t i o n  in f luorescence- t ime  in t eg ra l  w i t h  
load s is v e r y  s imi la r  to  the  energy  v a r i a t i o n  w i t h  load 9 
The  r e l a t i onsh ip  a p p a r e n t l y  b r e a k s  down  for  r e t a i n  as 
s h o w n  b y  t he  s i m u l t a n e o u s  h e a t  a n d  f luorescence 
m e a s u r e m e n t s  of GODFRAIND-DE ]~ECKER 7 on a m p h i b i a n  
ske le ta l  musc le  and  f rom m e a s u r e m e n t s  we h a v e  m a d e  on 
m a m m a l i a n  ske le ta l  muscle  10. I n  me tabo l i ca l l y  i n h i b i t e d  
p r e p a r a t i o n s  severa l  a u t h o r s  h a v e  d e m o n s t r a t e d  t h a t  a 
l inea r  r e l a t ionsh ip  exis ts  be t w een  p h o s p h o c r e a t i n e  (PC) 
b r e a k - d o w n  a n d  ene rgy  p r o d u c t i o n  (hea t  + work)  in  
m a n y  types  of c o n t r a c t i o n s  n-13. H o w e v e r  r ecen t  t e t a n i c  
ene rgy  ba l ance  s tud ies  14,15 h a v e  shown  a g rea t e r  in i t i a l  
ene rgy  p r o d u c t i o n  in me tabo l i ca l l y  i n h i b i t e d  a m p h i b i a n  
ske le ta l  muscle  t h a n  would  h a v e  been  p red ic t ed  on  t h e  
bas is  of m e a s u r e d  PC a n d  A T P  b r e a k d o w n .  T he  com- 
p l i c a t ed  f luorescence d a t a  o b t a i n e d  a t  h igh  s t imulus  
r a t e s  or u n d e r  t e t a n i c  cond i t ions  m a y  ref lect  complex i t i es  
p roduced  b y  h i g h  g lycolyt ic  a c t i v i t y  as sugges ted  b y  
JOBSlS and  DUFFIELD 2 and  GODFRAIND-DE 13ECKER 7, or  
m a y  ref lect  t h e  poss ib i l i ty  t h a t  u n k n o w n  reac t ions  con- 
t r i b u t e  to  t o t a l  ene rgy  p roduc t ion .  However ,  in aerobic  
card iac  muscle,  where  t o t a l  ene rgy  p r o d u c t i o n  ( ini t ia l  a n d  
ox ida t i ve  r ecove ry  hea t )  is be ing  m e a s u r e d  16-1s the  

p o s t u l a t e  of JOBSlS a n d  DUFFIELD 2 does seem to  be 
conf i rmed.  

The  t echn iques  descr ibed  in t h i s  r e p o r t  are now 
ava i l ab le  to  s t u d y  t he  r e l a t i onsh ip  be tween  py r id ine  
nuc leo t ide  f luorescence a n d  t o t a l  ene rgy  p r o d u c t i o n  in 
i so la ted  pap i l l a ry  muscle.  This  should  al low the  f luores-  
cence m e a s u r e m e n t s  to  be c a l i b r a t e d  accord ing  to t h e  
p reva i l ing  me tabo l i c  cond i t ions  and  hence  p rov ide  m u c h  
needed  i n f o r m a t i o n  as to  t he  n a t u r e  a n d  e x t e n t  of t he  
cond i t ions  u n d e r  wh ich  the  f luorescence- t ime  in t eg ra l  is 
p r o p o r t i o n a l  to  t o t a l  ene rgy  t u rnove r .  

Zusammen/assung.  Nachweis ,  dass  bei  i somet r i scher  
u n d  bei  i so toner  Arbe i t  des Pap i l l a rmuske l s  des K a n i n -  
chens  die Ver / inde rung  der  F luoreszenz  d i rek te  IRiick- 
schltisse auf  die d u r c h  die A r b e i t  v e r b r a u c h t e  Energ ie  
e r l aub t .  
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Temperature Sensitivity of Bromosulphophthalein 

Clearance  of b r o m o s u l p h o p h t h a l e i n  (BSP)  is used as a n  
i ndex  of hepa t i c  func t ion1  a n d  for t h e  i nd i r ec t  measure -  
m e n t  of h e p a t i c  b lood flow in e x p e r i m e n t a l  animals2 ,  ~ 
and  m a n  4. I n  a pe r fused  r a t  l iver,  t h e  t r a n s p o r t  m a x i m u m  
for B S P  in t he  f o r m a t i o n  of bi le  is r educed  b y  decrease  in 
t e m p e r a t u r e  5, 6. There fore  t he  e v a l u a t i o n  of B S P c l e a r a n c e  
in h y p o t h e r m i c  an i m a l s  m a y  be  af fec ted  b y  t he  t e m p e r -  
a t u r e  d e p e n d e n c e  of t h i s  procedure .  Th i s  p a p e r  r epo r t s  a n  
i n v e s t i g a t i o n  of t he  c learance  of B S P  b y  a n  i so la ted  
per fused  r a t  l iver  a t  37~ a n d  27~ in r e l a t i on  to the  
e s t i m a t i o n  of hepa t i c  b lood flow. 

Materials and methods. Live r  donors  were fed ma le  
W i s t a r  a lb ino  ra t s  weighing  be t w een  250 a n d  300 g. The  
l iver  pe r fus ion  s y s t e m  was based  on t he  m e t h o d  used b y  
HEMS et  al. ~ and  i nco r po r a t ed  t he  modi f i ca t ions  suggested  
b y  HEMS a n d  WtIITTON s. B o v i n e  s e rum a l b u m i n  used in 
t he  pe r fu sa t e  was  d ia lyzed  aga i n s t  3 changes  of K r e b ' s  
b i c a r b o n a t e  buffer  (pH 7.4) ove r  a 48 h per iod  to r e m o v e  
smal l  va soac t ive  pept ides .  A w a t e r - j a c k e t  on  the  bu lb-  
o x y g e n a t o r  ensured  t h a t  t he  t e m p e r a t u r e  of t he  pe r fusa te  
was  m a i n t a i n e d  cons t an t .  The  pe r ius ion  pressure  (14 cm 
water )  was  d e t e r m i n e d  b y  t h e  h e i g h t  of t he  pe r fu sa t e  
reservoi r  in  the  o x y g e n a t o r  above  the  l iver.  Pe r fu sa t e  f low 
r a t e  was m e a s u r e d  d i rec t ly  b y  col lec t ing t he  ou t f low in a 
g r a d u a t e d  cyl inder .  C a n n u l a t i o n  of t he  bile d u c t  a l lowed 

Clearance by the Liver 

di rec t  col lect ion a n d  m e a s u r e m e n t  of bile flow. Pe r fu sa t e  
samples  were cen t r i fuged  a t  1000 g a n d  t he  s u p e r n a t a n t  
used. L a c t a t e  was  a s sayed  us ing  l a c t a t e  d e h y d r o g e n a s e  
( W o r t h i n g t o n ) "  a f t e r  p r ec ip i t a t i on  of p r o t e i n  w i t h  
perchlor ic  acid. Samples  for ]3SP e s t i m a t i o n  (0.2 E l )  
were added  to  0.5 ml  of 0.05 N sod ium h y d r o x i d e  a n d  t he  
op t ica l  d e n s i t y  m e a s u r e d  a t  565 nm.  Resu l t s  are expressed  
as m e a n  zh s t a n d a r d  er ror  of the  m e a n  and  are c o m p a r e d  
b y  S t u d e n t ' s  t- test .  
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Results and discussion. Lactate metabolism. Two series 
of 6 l ivers  were used to  m o n i t o r  t h e  v i a b i l i t y  of t h e  
per fus ion  sys tem,  one series a t  37 ~ a n d  one a t  27 ~ I n  
each case an  in i t ia l  s ample  (2.5 ml) of t h e  or iginal  pe r fusa t e  
was r e t a ined  for analysis .  All  s u b s e q u e n t  samples  were 
rep laced  w i t h  pe r fusa te  a n d  a cor rec t ion  m a d e  for t he  
smal l  d i lu t ion  effect  w h e n  ca lcu la t ing  t he  t o t a i  s u b s t r a t e  
c o n t e n t  of t h e  per fusa te .  Samples  (2.5 ml) were col lected 
du r ing  a n  equ i l ib ra t ion  per iod  a t  15 a n d  30 m i n  a f te r  
e s t ab l i sh ing  t he  perfus ion.  A t t e r  35 m i n  1500 Fmoles of 
l a c t a t e  (6.12 M so lu t ion  of Li-DL-lactate)  was  added  to 
t he  col lect ing vessel  fol lowing t he  r e m o v a l  of a n  e q u i v a l e n t  
vo lume  of per fusa te .  This  gave  a l a c t a t e  c o n c e n t r a t i o n  in 
t he  per fus ion  m e d i u m  of 20 raM.  T he  r a t e  of r e m o v a l  of 
l ac t a t e  b y  t he  l iver  was  fol lowed in serial  samples  t a k e n  
a f te r  5, 25, 55 and  85 rain.  

A t  37 ~ l a c t a t e  was  t a k e n  up  f rom t he  pe r fusa t e  a t  a 
m e a n  r a t e  of 0.84 ~zmoles/min/g we t  we igh t  of l iver  
(Figure 1). This  is cons i s t en t  w i t h  t h e  d a t a  o b t a i n e d  b y  
HEMS et  al. 2 a n d  WlLLIAMSON et  al. 10 us ing  24 h s t a rved  
rats .  I n  t h e  l ivers  pe r fused  a t  27~ t h e  r a t e  of l a c t a t e  
c o n s u m p t i o n  was r educed  b y  45% to 0,46 ~xmoles/min/g. 
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Fig. 1. Mean lactate contents of perfusates at 37~ and 27~ 
Results are shown as the mean of 6 experiments standard error of the 
mean. 
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Fig. 2. Mean BSP contents of perfusates of livers at 37~ and 27~ 

Bile secretion rate. The  m e a n  r a t e  of bi le  secre t ion  a t  
37 ~ was 0.82 zE 0.27 [xl/min/g. A t  27 ~ t h e  bi le  flow r a t e  
was r educed  b y  47% to 0.43 xE 0.4 ~ l /min /g  (p < 0.01). 
S imi lar  resul t s  h a v e  p rev ious ly  been  repor ted% 11. 

E . M .  histology. E l e c t r o n m i c r o g r a p h s  ( • 31,000) of 
sect ions  f rom l ivers  pe r fused  a t  37~ and  a t  27~ a n d  
f rom n o r m a l  (non-perfused)  l ivers  were compared .  
Per fus ion  a t  e i the r  t e m p e r a t u r e  d id  n o t  resu l t  in  a n y  
m a r k e d  changes  in t h e  s t r u c t u r e  of t he  l iver  cells. 

B S P  clearance by the liver. The  effect  of t e m p e r a t u r e  on  
t he  ab i l i ty  of t he  l iver  to  clear  B S P  ( s u l p h o b r o m o p h t h a -  
le in;  Koch-L igh t )  f rom the  pe r fn sa t e  was i n v e s t i g a t e d  in 
2 f u r t h e r  series of 6 l iver  perfusions ,  1 group a t  37 ~ and  
i a t  27~ B S P  (10 m g  as a 0 .2% solut ion,  p H  7.0) was  
added  to t he  col lect ing vessel  a f te r  an  equ i l ib ra t ion  
per iod  of 30 rain.  Samples  for B S P  assay  were t a k e n  f rom 
the  hepa t i c  p o r t a l  ve in  c a n n u l a  and  f rom t h e  v e n o u s  
out f low c a n n u l a  eve ry  3 m i n  for t he  f i rs t  15 min ,  a n d  t h e n  
eve ry  5 ra in  un t i l  40 ra in  a f t e r  add i t i on  of the  dye.  The  
in i t ia l  m e a n  r a t e  of r e m o v a l  of B S P  a t  37 ~ was 21.7 tzg/ 
m i n / g  wet  we igh t  of l iver  and  a t  27 ~ was r educed  to 
7.4 tzg/min/g (Figure 2). These  resu l t s  are in  close agree- 
m e n t  w i t h  t he  va lues  ca lcu la ted  b y  o the r  workers  ~ 
us ing  r a t  l ivers  pe r fused  a t  40 ~ a n d  25-30 ~ The  reduc-  
t i on  in hepa t i c  c learance  of B S P  could no t  be  exp la ined  
b y  changes  in t he  flow r a t e  of pe r fusa t e  t h r o u g h  t h e  
2 groups  of l ivers.  Mean  pe r fusa t e  flow r a t e  m e a s u r e d  b y  
col lect ion of t he  venous  out f low was 23.2 • 1.6 m l / m i n  
a t  37 ~ a n d  21.0:k 1.1 m l / m i n  a t  27~ a n d  t he  dif ference 
was  no t  s ignif icant .  

The  pe rcen t age  e x t r a c t i o n  of B S P  was ca lcu la ted  as 
follows : 

% extraction of BSP 
(Hepatic portal vein cone.) -- (Hepatic vein cone.) • 100 

(Hepatic portal vein cone.) 

The  pe rcen t age  e x t r a c t i o n  of B S P  was 10.0% • 0.55 a t  
37~ b u t  was  r educed  to  5 .3% =~ 0.34 a t  27~ (p <0 .001) .  

The  decay  curves  shown  in F igure  2 ind ica te  t h a t  t h e  
charac te r i s t i c s  of B S P  c learance  are d i f fe ren t  a t  t h e  
2 t e m p e r a t u r e s .  A t  27 ~ t he re  is a l inear  d i s appea rance  of 
B S P  f rom the  per fusa te .  However ,  a t  37~ the re  is a 
m u c h  fas te r  r a t e  of r e m o v a l  a t  t he  in i t ia l  h igh  BS-I ~ 
concen t r a t i ons  t h a t  a t  t h e  s u b s e q u e n t  lower concen t ra -  
t ion,  The  u p t a k e  of B S P  is r epo r t ed  to  be  a t  leas t  a two-  
s tage process  invo lv ing  a n  ac t ive  t r a n s p o r t  in to  t he  
p a r e n c h y m a l  ceils followed b y  a r a t e l imi t i ng  t r ans f e r  
in to  t he  bi le  1~. The  difference in t h e  shape  of t he  B S P  
decay  curves  a t  t he  2 t e m p e r a t u r e s  s tud ied  m a y  ind ica te  
some a l t e r a t i o n  in t he  re la t ive  r a t e  of t h e  two  processes.  

Us ing  t he  f igures q u o t e d  ear l ier  for t h e  pe rcen t age  
e x t r a c t i o n  of B S P  a t  27~ a n d  37~ t he  cor re la t ion  
b e t w e e n  t h e  f low r a t e  t h r o u g h  t h e  l iver  as m e a s u r e d  b y  
app l i ca t i on  of t he  F i ck  pr inc ip le  to  B S P  clearance,  and  
d i rec t  col lect ion of t h e  venous  ou t f low was inves t iga ted .  
Mean  pe r fusa t e  flow r a t e  a t  37~ was 23.2 zk 1.6 m l / m i n  
b y  d i rec t  m e a s u r e m e n t .  The  co r re spond ing  B S P  c learance  
m e a s u r e m e n t s  gave  a va lue  of 23.7 zk 1.2 ml /min ,  wh ich  
was no t  s ign i f ican t ly  dif ferent .  A t  27 ~ m e a n  pe r fusa t e  
flow r a t e  f rom di rec t  m e a s u r e m e n t s  was  21.0 ~z 1.1 m l / m i n  
and  f rom B S P  clearance,  19.1 4- 1.8 ml /min ,  wh ich  
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again was not  s ignif icant ly different.  The close agreement  
be tween  the  two methods  demons t ra tes  t h a t  under  the  
colidit ions described, p rov ided  the  values  presented  for 
percentage ex t rac t ion  are used, mean  hepat ic  blood flow 
m a y  be calculated f rom B S P  clearance a t  reduced 
tempera ture .  

Rdsumd. L'6pura t ion  de la bromosulphophta l6 ine  
(BSP) par  le foie de ra t  perfus6 a 6t6 6tudi6e s 37 ~ et 
27 ~ Les courbes de dispar i t ion de la B S P  ind iquen t  uu 
changement  darts le m~canisme d 'dpura t ion  s la temp~ra-  

ture  inf6rieure. L ' @ u r a t i o n  de la B S P  est utilis6e conlme 
mesure  de la vi tesse d '6coulement  aux 2 temp6ra tures ;  
m o y e n n a n t  une correct ion appropri6e, un bon accord est 
obtenu avec les mesures directes. 
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Rhythmische  ~nderungen  der Reaktion auf verschiedene olfaktorische Reize beim Krallenfrosch 
( Xenopus laevis) 

Nachdem TRINCKER1, 2 die bei Anpassungsvorg/ ingen 
durch Lernen (Dressur) auf t re tenden  &nderungen des 
motor ischen Verhal tens  yon  Amphib ien  (Ambystoma) 
und Fisehen (Carassius) als Schwingungsvorg~Lnge im 
mathemat i schen  Sinne auffasste,  wies EWERTS, 4 nach, 
dass bei opt ischer  Dauerre izung yon Erdkr6 ten  (Bu/o 
bufo) der exponent ie l l  ver laufende Abfal l  der Handlungs-  
berei tschaf t  yon einem zentralen,  periodisch abkl ingenden 
Vorgang i iberlagert  wird. En tsprechende  rhy thmische  
~nde rungen  der  e thometr i sch  als Reakt ionsgr6sse  einer 

a) 
4Or- R/rain �9 . . . . . . .  
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Fig. 1. a) und b). Reaktionskurven bei Registrierung fiber 75 min; 
Ordinate: Reaktionen pro rain bzw. pro 10 min e) Reaktionsquotien- 
tenkurve, d) Kurve der Mittelwerte aller Reaktionsquotienten ffir 
jeweils 5 rnin zur Erfassung der Sehwebung. Abszisse jeweils Zeit- 
verlauf; Mittelwerte aus 6 Messungen. 

R/lOmin a) 

%f A . . . .  

2 ROR . b) 

Fig. 2. a) Reaktionskurve (Reaktionen pro 10 rain) einer Einzel- 
registrierung tiber 31/4 h. b) Reaktionsquotientenkurve far die  
Reaktionen pro Raffbewegungsserie (Mittel aus 6 Messungen in der 
1. Reaktionsminute mit je 12 Raffbewegungsserien). 

Verhal tensweise erfassbaren Handlungsbere i t schaf t  konn- 
t en  nun auf olfaktorische Reize be im Kral lenfrosch 
(Xenopus laevis) nachgewiesen werden. 

Als Versuchst iere dienten 7 adul te  Krallenfr6sche,  die 
zwischen den Tests in einem grossen Gemeinschaf tsbecken 
gehal ten  wurden.  D u t c h  regelmXssiges, individuel les  
F t i t t e rn  mi t  jeweils der gleichen, nicht  ad l ib i tum ver- 
abre ichten  Nahruugsmenge  wurde  versucht ,  einen ver-  
gleichbaren S~tttigungs- bzw. Hungerzus tand  aller Tiere zu 
erzielen. Zur Versuchsdurchft ihrung wurde jeweils ein 
einzelner Kral lenfrosch in ein Aqua r ium gebracht ,  in 
dessen Wasser  als s tark wirksamer  olfaktorischer  Reiz  
ein durch Zerreiben yon 3 MehlkMerlarven gewonnenes 
K.o.nzentrat bzw. verschiedene reine Pri i fsubstanzen gleich- 
masslg m 2 1 Wasser  ver te i l t  waren. Zur quan t i t a t iven  
Erfassung der Reak t ion  wurde  die Zahl der fiir diese 
Ar t  beim Beuteerwerb  typischen Raffbewegungen mi t  
den Vorderbeinen pro Minute  bes t immt .  Aus den er- 
ha l tenen  Reakt ionszahlen  (R) zweier jeweils aufeinander  
folgender Minuten wurde entsprechend der von EWERT 3, 4 
benutz ten  Methode ein Reak t ionsquo t ien t  (RQ) er- 
rechnet  (RQ = R i / R i + I -  ) . 

Bei tiber 75 rain durchgefi ihr ten Regis t r ierungen zeigt 
sich ein Reakt ionsver lauf  (Figur 1 a), der  bei einer aus- 
wer tenden Zusammenziehung  der Reakt ionszahlen  fiir 
einen Zei t raum yon jeweils 10 rain zum Zwecke einer 
m6glichst  guten KurvenglAt tung dem Bild einer normalen  
Handlungsbere i t schaf t skurve  (z.B. s) auI Dauerre izung 
mi t  Anlaufphase,  Phase maximale r  Reak t ion  und Ge- 
w6hnungsphase entspr icht  (Figur  1 b). Wie  der zeit l iche 
Verlauf  des R Q  belegt, ist  dieser Kurve  eine Reakt ions-  
oszillation mi t  einer mi t t le ren  Schwingungsdauer  yon 
2 rain 52 sec (s = • 10 sec) i iberlagert  (Figur l c ;  Be- 
rechnung der Schwingungsdauer  tiber die Zahl der 
Kurvengipfe l  in den ersten 50 min, w/ihrend denen noch 
bei keinem I n d i v i d u u m  Pausen auftraten) .  Naehdem 
diese Oszillation des R Q  einer als Schwebung auffass- 
baren periodischen Ampl i tudenschwankung  unterl iegt ,  
die am klars ten bei einem Zusammenziehen  der Wer te  
fiir jeweils 5 rain als 15 -min-Rhythmik  zur Dars te l lung 
gebracht  werden kann (Figur 1 d), ist auf die tats/ichliche 
~be r l age rung  zweier Grundschwingungen zu schliessen 
(Dauer der  Schwingung I 2 rain 52 sec, der  Schwingunge 
nach/Sellwebung = fl - - / 2  ca. 31/2 rain). E iner  31/4 h langen 
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