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c o n c e n t r a t i o n  of 50 ~xg/ml CPZ e l imina t ed  t he  R- fac to r  
f rom 15% of t he  cells of a po ly re s i s t en t  s t r a i n  of E. coli, 
whi l s t  100 ~g e t h i d i u m - b r o m i d e ,  u n d e r  t he  same  exper i -  
m e n t a l  condi t ions ,  e l i m i n a t e d  t he  p l a s m i d  f rom 10.5% 
of t he  cells. The  a u x o t r o p h i c  p rope r t i e s  of t he  R -  cells 
were t he  same  as t he  R+ ceils. 

I t  is possible  t h a t  CPZ has  a mul t i foca l  ac t ion  on  
bac ter ia ,  s ince i t  i nh ib i t s  d i f fe rent  enzym es  in m a m m a l i a n  
t i ssues  e.g. g l u t a m a t e  d e h y d r o g e n a s e  3, succ inoxydase ,  
succ inodehydrogenaseL  a l te rs  t he  p e r m e a b i l i t y  of bio-  
m e m b r a n e s  a n d  inh ib i t s  o x y d a t i v e - p h o s p h o r y l a t i o n  5 a n d  
phagocy tos i s  of h u m a n  leucocytes  in  v i t ro" .  

Zusammen/assung. Nachweis  der  an t i m i k r ob i e l l en  Wir-  
k u n g  de r  b e k a n n t e n  N eu r o l ep t i ka  Chlorpromazin ,  Levo-  
m e p r o m a z i n  u n d  P r o m e t h a z i n ,  wobei  Ch lo rp romaz in  die 
bes te  bak t e r i z ide  W i r k u n g  ha t t e .  Die g r a m p o s i t i v e n  

B a k t e r i e n s t ~ m m e  w a r e n  empf ind l i che r  gegen Chlor-  
p r o m a z i n  als die g r a m n e g a t i v e n ,  w ~ h r e n d  Ch lo rp romaz in  
keiner le i  YVirkung auf  die V e r m e h r u n g  y o n  Pseudomonas 
aeruginosa h a t t e .  
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Simultaneous  Recording of Heat and Fluorescence Fol lowing Contraction of Isolated 
Cardiac Muscle 

I t  has  been  e s t ab l i shed  t h a t  w h e n  ca rd iac  muscle  is 
i r r ad i a t ed  w i t h  UV- l igh t  t he  i n t e n s i t y  of f luorescen t  
emiss ion  is l inear ly  r e l a t ed  to  t he  a m o u n t  of r educed  
n i c o t i n a m i d e  aden i ne  d inuc leo t ide  (NADH)  p re sen t  1. 
I n  f luorescence s tud ies  on  a m p h i b i a n  ske le ta l  musc le  
JOBSlS and  DUFFIELD 2 h a v e  sugges ted  t h a t  t h e  a rea  
enclosed b y  a f luorescence t r a n s i e n t  w a v e f o r m  fAFl.dt ,  
should  be  l inear ly  p r o p o r t i o n a l  to  t he  f lux  of adenos ine  
d i p h o s p h a t e  (ADP)  t h r o u g h  t he  r e s p i r a t o r y  cha in  d u r i n g  
m i t o c h o n d r i a l  ox ida t ive  phos pho r y l a t i on .  Th i s  m e a n s  
t h a t  t he  t i m e  in teg ra l  of a f luorescence change  fol lowing 
a muscle  c o n t r a c t i o n  should  be  p r o p o r t i o n a l  to  t he  t o t a l  
ene rgy  cost  of t h e  con t r ac t i on .  I n  order  to  t e s t  t h i s  
pos tu l a t e  we h a v e  m a d e  s i m u l t aneous  record ings  of h e a t  
p r o d u c t i o n  a n d  f luorescence changes  in i so la ted  card iac  
muscle  p e r f o r m i n g  i sometr ic  and  isotonic  con t rac t ions .  

TO TRANSDUCER 

710,, Hg ARC 

~ .  366nm BEAN SPLITTER 

I >39Ohm 

THERHOPILE 
,TO FEEDBACK 

FLUORESCENCE 

,REFLECTANCE 

P a p i l l a r y  muscles  f rom the  r i gh t  ven t r ic les  of s t u n n e d  
r a b b i t s  were i so la ted  a f t e r  pe r fus ing  t he  co rona ry  
c i rcu la t ion  w i t h  20 to  30 ml  of phys io logica l  so lu t ion  
c o n t a i n i n g  (raM) NaC1, 118.0; KC1, 4.75; MgSO4.7H20 ,  
1.18; KH2PO4, 1.18; CaCI~.2H20 , 2.54; NaI tCOa,  24.8 
a n d  ae ra t ed  w i t h  95% 0 2 - 5% CO v This  so lu t ion  was 
also used for b a t h i n g  t he  i so la ted  muscle  w i t h  the  add i t i on  
of 10 m M  sod ium p y r u v a t e  (pH 7.4). 

The  m y o t h e r m i c  a p p a r a t u s  has  been  descr ibed  previ -  
ous ly  3. I t  consis ts  of a t h e r m o p i l e  m a d e  up  of over  100 
ac t ive  s i l v e r - c o n s t a n t a n  junc t ions .  These  j u n c t i o n s  are 
con tou red  in to  a groove in wh ich  t he  pap i l l a ry  muscle  sits. 
Cer ta in  modi f i ca t ions  were m a d e  to t he  t h e r m o p i l e  to  
fac i l i t a te  f luorescence m e a s u r e m e n t s  : in order  to  min imize  
b a c k g r o u n d  f luorescence t he  t h e r m o p i l e  a n d  f r ame  were 
coa ted  w i t h  b l ack  non-ref lec t ive ,  non- f luorescen t  p a i n t  
eve rywhere  excep t  for a s t r ip  a b o u t  0.5 m m  wide e x t e n d i n g  
down  the  midd le  of t he  groove occupied b y  the  pap i l l a ry  
muscle.  Th i s  groove  also housed  a f l a t t e n e d  piece of 
p l a t i n u m  a b o u t  4 m m  in l e n g t h  w h i c h  was used as a 
s t i m u l a t i n g  e lect rode a t  t h e  t e n d i n o u s  end  of t he  muscle .  
The  o the r  s t i m u l a t i n g  e lect rode was m o u n t e d  on a screw 
wh ich  could be  r o t a t e d  so as to  pos i t ion  t h e  t i p  of t he  
e lect rode aga ins t  t he  v e n t r i c u l a r  end  of t he  muscle  as i t  
l ay  in t he  groove of t he  the rmopi l e .  This  a r r a n g e m e n t  was  
used in order  to  min imize  op t ica l  a r t i f ac t s  d u r i n g  fluoro- 
me t r i c  record ing  b u t  i t  also a l lowed lower s t imu lus  
s t r e n g t h s  to  be used t h a n  w i t h  t h e  p rev ious  m e t h o d s  
where  b o t h  e lectrodes  were can t i l eve red  f rom above  a. 
H e a t  loss f rom the  musc l e - t he rmop i l e  s y s t e m  was prac-  
t i ca l ly  e x p o n e n t i a l  so t h a t  h e a t  records  could be  electri-  
ca l ly  cor rec ted  w i t h  v e r y  l i t t le  error,  b u t  to  ensure  
accu racy  t he  unco r r ec t ed  h e a t  records  were c o m p a r e d  
g r av ime t r i c a l l y  w i t h  a reference  s t a n d a r d  o b t a i n e d  b y  
l i be ra t ing  a k n o w n  a m o u n t  of ene rgy  in to  t he  muscle-  
t h e r m o p i l e  sys tem.  

Fig. 1. Schematic diagram of apparatus for simultaneous recording 
of heat and fluorescence. Filters are labelled according to the wa- 
velengths transmitted. The physiological solution was drained from 
the muscle-thermophile chamber for myothermic and optical record- 
ing. 
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The  f luoromet r i c  a p p a r a t u s  was s imi la r  to  t h a t  de- 
scr ibed p rev ious ly  4 w i t h  a d d i t i o n a l  f eedback  compensa -  
t i on  for  i n s t ab i l i t y  of t h e  arc l a m p  5. As can  be  seen in 
F igure  1 t h e  p r e p a r a t i o n  was i l l um i na t ed  w i t h  366 n m  
r a d i a t i o n  f rom t h e  ep i - i l lumina t ion  a t t a c h m e n t  of a 
microscope.  The  i n t e n s i t y  of t h e  e m i t t e d  l igh t  which  
peaks  a t  480 n m  was recorded  w i t h  a p h o t o m u l t i p l i e r  
tube .  The  s.c. o u t p u t  f rom t h e  p h o t o m u l t i p l i e r  t u b e  was 
d e m o d u l a t e d  a n d  d i sp layed  as a d.c. osci l lographic  signal.  
The  level  of 366 n m  ref lec ted  l igh t  was  also m o n i t o r e d  to  
serve as a check  on  t he  op t ica l  a l i g n m e n t  of t h e  p r epa ra -  
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Pig. 2. Original records fromisometric (a) and isotonic (b) contractions 
of a papillary muscle. From above down the traces show heat pro- 
duction, thermoelectric output, fluorescence, reflectance, tension 
and muscle length. The calibrations from above down are 60 mJ/g 
of muscle, 5 EzV, 20% of the resting optical baseline, 25 mN/mm -2, 
0.5 mm" The horizontal line calibration is 30 sec. 
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Fig. 3. Relationships between fluorescence-time integral (fAF1/dt) 
and heat productioi1 obtained from 4 papillary muscles and corrected 
for stimulus heat artifact. Least square regression lines have been 
fitted with correlation coefficients of �9 0.93; J,, 0.96; A, 0.85; 
0, 0.77. 

t i on  in t h e  l igh t  field. If, fol lowing a con t r ac t ion ,  t h i s  
re f lec tance  d id  no t  r e t u r n  to base l ine  t h e n  t he  record  was  
re jec ted .  

The  cr i t ica l  p r o b l e m  in c o m b i n i n g  t he  two  record ing  
t echn iques  is to  al low for  t he  l imi t ed  work ing  d i s t ance  
f rom t h e  f ron t  of t he  microscope ob jec t ive  (16 mm)  a n d  
sti l l  h a v e  a d e q u a t e  t h e r m a l  i so la t ion  of t he  t h e r m o p i l e  
f rom t h e  l a b o r a t o r y  su r roundings .  Th i s  p r o b l e m  was 
overcome b y  us ing  a cy l indr ica l  s ta inless  s teel  c o n t a i n e r  
as t he  reference  w a t e r  b a t h  c o n t a i n i n g  well  s t i r red  w a t e r  
c i rcu la ted  to  i t  f r om a n  e x t e r n a l  t h e r m o s t a t  6. The  
c o n t a i n e r  was  s u r r o u n d e d  b y  a wal l  of p las t ic  foam w h i c h  
was held  in place b y  a n  ou t e r  hous ing  mou lded  f rom 
fibreglass.  A hole large e n o u g h  to a c c o m o d a t e  t h e  
microscope ob jec t ive  was m a d e  in t he  in su la t ing  layers  in  
l ine  w i t h  a q u a r t z  w indow f ixed to t he  inside of t h e  
s ta inless  steel  cyl inder .  A n o t h e r  q u a r t z  w indow was also 
f i t t ed  in to  t he  f ron t  of t he  glass o rgan  b a t h  c o n t a i n i n g  t h e  
p r e p a r a t i o n  and  b a t h i n g  med ium.  The  c learance  b e t w e e n  
t he  2 q u a r t z  windows  was on ly  2 m m  b u t  th i s  space,  
occupied b y  t e m p e r a t u r e - s t a b i l i z e d  f lowing water ,  was  
suff ic ient  to  al low a d e q u a t e  t h e r m a l  isola t ion (Figure 1). 
W h e n  t he  physio logica l  so lu t ion  was d ra ined  f rom t h e  
o rgan  b a t h  t i le h e a t i n g  effect  of t he  arc t a m p  was found  
to  be  e q u i v a l e n t  to  a b o u t  ha l f  o f  t h a t  due  to  t h e  r e s t ing  
m e t a b o l i s m  of t h e  muscle .  The  s t e a d y  t e m p e r a t u r e  
r e su l t ing  f rom these  two  h e a t  sources fo rmed  t he  r e s t i ng  
base l ine  aga ins t  wh ich  t he  ac t ive  h e a t  p r o d u c t i o n  of 
c o n t r a c t i n g  muscles  was  measured .  

F igure  2 shows m y o t h e r m i c ,  opt ical ,  a n d  m e c h a n i c a l  
s ignals  recorded  osci l lographical ly  du r ing  i sometr ic  a n d  
l igh t ly  loaded  isotonic  c o n t r a c t i o n s  of a pap i l l a ry  muscle  
a t  22~ I n  each  of t he  two sets of records  t he  muscle  was 
s t i m u l a t e d  e lect r ica l ly  to  c o n t r a c t  t e n  t imes  a t  a r a t e  of 
0.25 Hz. The  record ing  cond i t ions  were a) i sometr ic  
con t r ac t ion ,  b) i sotonic  c o n t r a c t i o n  aga in s t  a load of 
9.8 m N .  The  ind iv idua l  t r aces  shown  in F igure  2 are, f rom 
above  down,  h e a t  p r o d u c t i o n  (corrected for h e a t  loss), 
t he rmoe lec t r i c  o u t p u t  (uncorrected) ,  f luorescence ( >  390 
nm),  re f lec tance  (366 nm),  t ens ion  a n d  muscle  length .  
The  cor rec ted  h e a t  records  were o b t a i n e d  b y  record ing  t he  
the rmoe lec t r i c  o u t p u t  on  m a g n e t i c  t a p e  and  rep lay ing  t h e  
s ignals  t h r o u g h  a h e a t  loss corrector .  The  newly-ga ined  
a d v a n t a g e  of s i m u l t a n e o u s  record ing  is t h a t  i t  affords a 
ca l ib ra t ion  of t he  f luoromet r ic  t e c h n i q u e  h i t h e r t o  unava i l -  
able  excep t  for a m p h i b i a n  ske le ta l  musc le  7. The  t i ssue  
f luorescence recorded  u n d e r  t he  p r e sen t  cond i t ions  
ar izes largely  f rom the  f luorescence of r educed  n ico t in-  
amide  aden ine  d inucleot ide ,  N A D H  2,4, ~. If, as has  been  
a rgued  for card iac  muscle  4, th i s  f luorescence is mi to-  
chondr i a l  in  origin, t h e n  i t  is poss ible  to  use t he  fluoro- 
me t r i c  m e a s u r e m e n t s  to  e s t ima te  t he  energy  c o n s u m p t i o n  
of card iac  muscle  con t r ac t ion .  

F o u r  pap i l l a ry  muscles  were s t i m u l a t e d  to c o n t r a c t  
i somet r ica l ly  or i so tonica l ly  aga ins t  va r ious  loads a f te r  
t h e  p a t t e r n  i l l u s t r a t ed  in F igure  2. Tile t ime- in t eg ra l s  of 
t he  r e su l t ing  f luorescence changes  were  m e a s u r e d  b y  
t r a c i n g  t he  f luorescence w a v e f o r m s  a n d  us ing  l inear  
i n t e r p o l a t i o n  du r ing  t he  op t ica l  a r t i f ac t s  occurr ing  du r ing  
each  m e c h a n i c a l  event .  The  t r ac ings  were cu t  ou t  and  
weighed,  a n d  t h e  weigh ts  were p l o t t e d  aga ins t  t he  
weigh ts  of s imi la r  t r ac ings  of t he  unco r r ec t ed  t h e r m o -  
electric signals.  These  l a t t e r  we igh ts  were ver i f ied to be  
p r o p o r t i o n a l  w i t h i n  2% error  to  t h e  a m p l i t u d e s  of t he  
cor rec ted  records  of h e a t  p roduc t ion .  
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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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