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Fig. 1. Der Einfluss von Tyramin auf den Pyrnvatabbau und die 
Acetoinsynthese in Rattenleberhomogenat. - Homogenate: Leber: 
0,2 m KH2PO4-Na=HPO4-Puffer (pH 7,4} = 1:3 (G/V). Ansfitze: 
2,5 ml Leberhomogenat; Natriumpyruvat I0 -z m; Coearboxylase 
4,2 x 10 - ;  m; Magnesiumsulfat 1,6 x 10 -8 m; Phosphat 0,11 In; Tyra- 
rnin 0-4 xl0 -2 m. pH 7,4. Gesamtvolumen 5 ml. Gasphase: Luft. 
2 h Inkubation bei 37°C unter Sehfitteln. Anschliessend Entei- 
weissung mit Trichloressigs~inre und Bestimmung yon Brenztrauben- 
s~ure 4 und Aeetoin ~ in den Filtraten. Anmerkung: Bei frfiheren 
Untersuchungen wurde nut die Wirkung yon 10 -z m Amin (Tyra- 
rain, Dopamin, Tryptamin) auf die Acetoinsynthese aus Brenz- 
traubens~iure untersucht. Die Versuebsans/itze waren sonst die 

g!eichen. 
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l:ig. ~. Der Einfluss yon Tyramin auf die Acetoinsynthese in Ratten- 
leberhomogenat in Abhfingigkeit der Pyruvatkonzentration. An- 
s/itze: 2,5 ml Leberhomogenat (vgl. Fig. 1); Natriumpyruvat 
0-4 x 10 -2 m; Cocarboxylase 4,2 x 10 -5 m; Magnesiumsulfat 1,6 x 
xl0 -a m; Phosphat 0,11 m; Tyramin 10 -2 m. pH 7,4. Gesamt- 

volumen 5 ml. Gasphase: Luft. Nach 2 h Inkubation bei 37°C unter 
Sehiittetn Enteiweissung mit Triehloressigs~iure und Bestimmung 

yon Acetoin 5. 

wei te re  E r h 6 h u n g  der  T y r a m i n k o n z e n t r a t i o n  bewi rk te  
e inen Ri ickgang  des P y r u v a t a b b a u s .  In  e inem Falle  
(Figur  1) wurde  bei 4 × 10 -2 m T y r a m i n  eine geringe H e m -  
m u n g  des P y r u v a t a b b a u s  beobach t e t .  

Einf luss  yon  T y r a m i n  auf  die Ace to insyn these  in Ab- 
hi ingigkeit  de r  P y r u v a t k o n z e n t r a t i o n :  Die W i r k u n g  yon  
10 -2 m T y r a m i n  auf  die Ace to insyn these  in Lebe rhomo-  
gena t  in Abh~ngigke i t  de r  P y r u v a t k o n z e n t r a t i o n  zeigt  
F igu r  2. E ine  m a x i m a l e  S te igerung  der  Ace to inb i ldung  
wurde  bei  5×  10 -~ m P y r u v a t  er re icht .  Bei  hShe ren  
P y r u v a t k o n z e n t r a t i o n e n  n a h m  die F S r d e r u n g  der  Ace- 
t o i n s y n t h e s e  d u r c h  T y r a m i n  ab.  Bei  P y r u v a t k o n z e n t r a -  
t ionen  oberha lb  3,5 × 10 -2 m wirk te  T y r a m i n  h e m m e n d .  
Der  1Dbergang der  T y r a m l n w i r k u n g  yon  F6 rde rung  in 
H e m m u n g  der  Ace to inb i ldung  lag bei  4 ve r sch iedenen  
H o m o g e n a t e n  im Bere ich  yon  2,6 × 10 -2 m his 3,5 × 10 -~ m 
P y r u v a t .  

Diskussion. Die vor l iegenden Ergebnisse  best / i t igen 
fri ihere Befunde ,  w o n a e h  T y r a m i n  u n t e r  ae roben  Bedin-  
gungen  die B i ldung  von  Aceto in  aus Brenz t r aubens~ u r e  
in R a t t e n l e b e r h o m o g e n a t  beeinf iuss t .  T y r a m i n  bewi rk t e  
in de r  Regel  eine S te igerung  der  Syn thesegeschwind igke i t  
yon  Acetoin.  F i g u r  1 l~isst v e r m u t e n ,  dass  d iesem Vorgang  
ein k o m p l e x e r  Mechan i smus  zugrunde  liegt. E ine  signifi- 
k a n t e  S te igerung de r  Ace to insyn these  wurde  n u t  be i  
gleiehzeit iger  o x y d a t i v e r  Desamin ie rung  des zugese tz ten  
T y r a m i n s  beobaeh te t .  Es  wurde  dahe r  v e r m u t e t ,  dass  Ab-  
b a u p r o d u k t e  des Amins  mi t  dem o x y d a t i v e n  Brenz-  

t r aubens i tu reabbau  in te r fe r ie ren  und  d a d u r c h  die Bi ldung 
yon  Aceto in  begf inst igen k6nnten .  W/ ih rend  A m m o n i a k  a 
und  p-HydroxyphenylessigsS,  ure wirkungs los  waren ,  
f i ihr te  Tyrosol  (p- I tydroxyphenylS ,  thanol)  zu einer  gestei-  
ger ten  Bi ldung  von  Acetoin.  E b e n s o  wurde  die Aceto in-  
syn these  du rch  p - H y d r o x y b e n z y l a l k o h o l  geste iger t ,  du rch  
p-Hydroxybenzoes /~ure  n ich t  ver / inder t ,  p - H y d r o x y -  
benza ldehyd  wirk te  bei k le inen K o n z e n t r a t i o n e n  fSrdernd,  
bei  h6heren  K o n z e n t r a t i o n e n  h e m m e n d  auf  die Aceto in-  
biMung.  

Summary .  T y r a m i n e  e n h a n c e d  the  p r o d u c t i o n  of ace to in  
f rom p y r u v a t e  in ra t  l iver  homogena tes ,  A s t imu la t ion  of 
ace to in  syn thes i s  was only  observed ,  when  t y r a m i n e  was 
oxidized dur ing  the  incuba t ion .  Tyrosol  (p -hydroxy-  
pheny le thano l )  s t imu la t ed  aceto in  syn thes i s  whereas  p- 
h y d r o x y p h e n y l a c e t i c  acid and  a m m o n i a  were  ineffect ive.  
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S T A R L I N G ' S  L a w  o f  the  H e a r t  in  C a r d i a c  a n d  U n -  
s t r i a t e d  M u s c l e  K i l l e d  b y  H e a t  

STARLING 1 showed t h a t  the  ene rgy  of con t rac t ion  of 
h e a r t  muscle  is a func t ion  of the  l eng th  of muscle  f ibres;  
up to a ce r ta in  limit,  the  grea te r  t h e  ini t ial  l eng th  of t he  
muscle fibres, t he  s t ronger  t h e  con t rac t ion .  This  holds  t rue  
wi th  non-card iac  s t r i a t ed  muscle  as well as uns t r i a t ed  

muscle.  This  g rea t e r  con t r ac t ion  of muscle  wi th  increase 
in ini t ia l  l eng th  m i g h t  be due  to  response  of t he  exc i t a to ry  
s y s t e m  or  t h e  con t rac t i l e  sys tem,  or bo th .  

T h a t  t he  cont rac t i l e  s y s t e m  m a y  also c o n t r i b u t e  to  the 
increase in con t rac t ion  wi th  increase in ini t ia l  l eng th  is 

1 E. H. STARLING, The Law of the Heart, Linacre Lecture (London 
19J8). 
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suggested by  the  fol lowing exper iments .  I f  dog's  s tomach 
muscle or  f rog 's  s tomach  muscle  is ki l led b y  heat ing  to  
70QC, i t  shows a revers ible  t h e r m a l  con t rac t ion  which is 
propor t ional  to t e m p e r a t u r e  (exper imenta l  range 20 to  
70°C) 2. The  r emarkab le  fea ture  of this  cont rac t ion  is 
tha t  i t  increases wi th  increase in ini t ia l  length  up to a 
cer ta in  po in t  like the  cont rac t ion  of l iv ing muscle by  a 
physiological  s t imulus  (Figure 1). The  whole of frog's 
hear t  can be kil led by  heating,  suspended in a bath,  and 
it  shows the rma l  cont rac t ion  which obeys STARLING'S 
law (Figure 2). Dog ' s  s tomach  muscle killed by hea t  
shows staircase effect  and fat igue w i t h  slowing of re laxa-  
t ion as shown by  l iv ing muscle.  The resemblance be tween  
the  behav iour  of dead  and l iv ing muscle  is so close t h a t  
there  mus t  be a re la t ionship  be tween  the  t he rma l  con- 
t rac t ion of  dead  muscle and physiological  cont rac t ion  of 
l iving muscle.  

I t  is diff icult  to expla in  these  results  unless one con- 
siders the  in t ima te  na tu re  of muscular  contract ion.  There  
is no analogous known physical  or  chemical  system. 
Hai r  is known to con t rac t  when  heated ,  and A S T B U R Y  3 
has compared  this  t h e r m a l  con t rac t ion  of hair  to con- 
t rac t ion of muscle,  and ascr ibed i t  to coiling of the  

40- 
g 
35- 

30- 

25- 

:~0- 

15- 

10- 

0 ~/O*C 7~°C 

~TO*C 

20°I; 

700~C20"C 7 0 " ~ C  

Fig. 1. Dog's stomach muscle killed by heating to 50°C. Shows the 
effect of initial length on tension produced by thermal contraction 
caused by raising the temperature from 20 to 70°C. Initial length of 
muscle 70 ram. Increased by 5 mm each time. As the length is in- 
creased, there is increase of resting tension as well as the tension on 

contraction. Note last contraction is about 4 times the first. 
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polypept ide  chains. If  i t  is assumed t h a t  contract ion of 
uns t r ia ted  muscle is due to  coiling or folding of the  poly- 
pep t ide  chains, then  increasing the i r  length in some way  
makes  t h e m  fold wi th  greater  force. 

There  is some evidence t h a t  contract ion of unstr ia ted 
muscle is due to coiling or  folding of the  polypept ide 
chains. The effect of var ious substances on the contract i le  
mechan ism can be tested by  using the usual glycerol- 
ex t rac ted  muscle ~. In  a second method  the muscle is 
al lowed to die in solutions of various substances an. As 
the  muscle dies, its permeabi l i ty  and thus the exci tabi l i ty  
is des t royed and the substances can come in direct  contac t  
wi th  the  contract i le  mechanism.  Using both these meth-  
ods, i t  has been found t h a t  agencies, both  physical  and 
chemical ,  which dena ture  proteins,  cause unloaded pieces 
of t he  t ransverse  muscle of the  frog, Rana tigrina, to 
lengthen  wi thou t  the  appl icat ion of any  external  force. 
Dena tu ra t ion  of proteins is caused by acids, bases, amides, 
detergents ,  guanidine and urea. Some of these substances 
cause re laxat ion  of unloaded muscle when t reated as 
above;  these are acids, bases, urea, formamide and acet- 
amide.  I t  is, therefore,  presumed tha t  the contract i le  
mechan ism relaxes ac t ive ly  in these experiments.  

H e a t  is a physical  agent  t h a t  denatures  proteins. I ts  
effect  on uns t r ia ted  muscle is most  interesting. When  
unloaded  circular  strips of frog's s tomach  muscle are 
hea ted  to 50~C for 10 rain, some of them contract  by 
2 - 5 %  and others  lengthen by 10-30%;  fur ther  heat ing 
up to 60°C causes all of t hem to lengthen by 50-100%. 
Muscles, which have  been heated to 50°C and are thus 
killed, lengthen fur ther  if t rea ted  by the above substances 
which dena ture  proteins.  There is no doubt,  therefore, 
t h a t  these substances act  on the  contract i le  mechanism. 
The act ion of hea t  and chemicals is thus  complimentary,  
and therefore  they  m a y  most  likely have  an identical 
act ion on the  contract i le  mechanism in causing relaxation.  

I t  is interest ing to note  t h a t  proteolyt ic  enzymes,  
t rypsin,  papin  and pepsin wi th  hydrochloric  acid cause 
lengthening of unloaded f rog 's  s tomach muscle whether  
l iving or  killed by  hea t ing  to 50°C7; these enzymes are 
presumed to denature  proteins  before hydrolysing them.  
The lengthening of unst r ia ted muscle by hea t  and oil ier 
dena tur ing  agents  may  be considered as a visualizing of 
the  unfolding of pept ide  chains during denaturat ion.  
These exper iments  therefore elucidate the nature  of 
both  denatura t ion  of proteins and re laxat ion of muscle. 
But ,  as it  is widely held t h a t  protein dena tura t ion  is 
accompanied by  the unfolding of polypept ide  chains, i t  
is concluded tha t  re laxat ion of muscle is also due to  
unfolding of polypept ide  chains, and contract ion there-  
fore to  an opposite  process. 

I f  the  greater  contract ion of cardiac muscle wi th  in- 
crease in init ial  length is due to response of the  contract i le  
mechanism,  this increase in the  s t rength  of the contrac-  
t ion should t ake  place wi thou t  any concomi tan t  increase 
of energy expendi ture ,  though if the  exc i ta tory  system 
also responds, there  m a y  be increase in energy expendi-  
ture,  b u t  the  cardiac contract ion should become more 
economical .  

Zmin 

Fig. 2. Frog's heart killed by heating to 50°C (Rana tigrina). Sus- 
pended as an ordinary piece of unstriated muscle, Effect of initial 
length on tension produced by thermal contraction caused by raising 
the temperature from 20 to 70°C. Length increased by 3-4% each 
time. As the length is increased, there is increase of resting tension as 
well as the tension on contraction. Note last contraction is double 

the first. 
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Zusammen/assung. "vVerden Magenmuske ln  yon  H u n d  
und  F r o s c h  oder  F r o s ehhe rzmuske ln  bet  70°C W~irme 
d e n a t u r i e r t  und  auf  20°C abgeki ihl t ,  so zeigcn sie eine 
re la t ive  Vc'~trmekontraktion p ropor t iona l  zur  T e m p e r a t u r .  
Die auf fa t lends te  E r s c h e i n u n g  dieser  t ( o n t r a k t i o n  ist, 
dass  sic mi t  de r  Z u n a h m e  der  ini t ia ten Liinge zun immt ,  

und  zwar  e n t s p r e c h e n d  d e m  Verha t t en  der  K o n t r a k t i o n  
eines l ebenden  Muskels  bei  phys io togischer  Reizung.  

I.  SINGH 

Department o] Physiology, Medical College, Agra (India), 
August 27, 7952. 

Interaction Between 'Liquoid' (Sodium Polyan- 
etholsulphonate) and Lysozyme in the Immune 

Haemolytic Reaction 

A se rum depr ived  of one of t he  c o m p o n e n t s  of t he  
c o m p l e m e n t  (C') cons t i tu t e s  t he  so-called r eagen t  
(R):R1,  R~, R a and  Ra are  sera r espec t ive ly  lacking in 
C':, C'2, C'3 and  C'v The h a e m o l y t i c  ac t iv i ty  of a r eagen t  
is r e s to red  only  w h e n  the  C' componen t ,  in which  the  
r eagen t  is deficient ,  is added.  Several  m e t h o d s  are avail-  
able for ob ta in ing  r eagen t s ;  all of t h e m  are  more  or less 
diff icult  because of the  a n t i c o m p l e m e n t a r y  ac t iv i ty  
which  develops  in t he  se rum dur ing  the  t r e a t m e n t .  Once 
a good reagen t  is ob ta ined ,  i t  seems t h a t  only  the  add i t ion  
of the  app ropr i a t e  C' c o m p o n e n t  can  r econs t i tu t e  t he  
lyric  ac t iv i ty .  

In  t he  course of a s t u d y  on the  effect  of lysozyme on 
the  i m m u n e  haemoly t i c  react ion,  we obse rved  t h a t  th i s  
e n z y m e  in t he  presence  of ' L i q u o i d ' - - i n a c t i v a t e d  serum,  
in t he  form of R3, Iollowing HEIDELBERGI~R and  MIYL- 
I-ER a, induces  lysis of sensi t ized e r y t h r o c y t e s  (EA). The 
r eagen t  was  p r e p a r e d  by  add ing  0.30 ml  of a 1:1000 
solut ion of sod ium p o l y a n e t h o l s u l p h o n a t e  ( 'L iquoid '  
Roche)  in 0.9~/o NaC1 to  1 ml  of guinea  pig serum.  The 
m i x t u r e  was  incuba ted  a t  37°C for 15 rain, cooled and  
d i lu ted  wi th  4 ml  of verona l  buffer  (~{[AYER e t  al. ~). Fo r  
t he  p r e p a r a t i o n  of E A  and  the  m e t h o d s  of the  i m m u n e  
haemoly t i c  reac t ion  see PL~SClA e t  al. ~. The C'  a c t i v i t y  
was d e t e r m i n e d  b y  measur ing  the  H b  l ibera ted  f rom the  
red  cells a t  5410 A. The  Table  summar izes  t he  resul ts  ob-  
t a ined  w h e n  E A  and  R~ were  i n c u b a t e d  in t h e  presence  
of d i f fe ren t  a m o u n t s  of lysozyme.  

The  m e c h a n i s m  of such  an ac t iv i ty  b y  lysozyme was  
there fore  inves t iga ted  in  order  to  es tab l i sh  w h e t h e r  or  
no t  t he  e n z y m e  could be ident i f ied  wi th  t he  C' c o m p o n e n t  
i n a c t i v a t e d  b y  sod ium po lyane tho l su lphona te .  

R e d  cells p r e i n c u b a t e d  w i t h  guinea  pig se rum a t  0 °C, 
h a v i n g  f ixed C' : ,  C" 4 and  C'~ (EAC':,4,2) were  suspended  
in verona l  buf fe r  con ta in ing  0 .05M E D T A .  These  cells 
undergo  lysis only  w h e n  in c o n t a c t  w i t h  C'a wh ich  is t h e  
only  c o m p o n e n t  n o t  requ i r ing  Ca and  Mg ions for f ixat ion.  
The  add i t ion  of lysozyme to  EAC'~,a,2 does no t  p roduce  

Reactivation by lysozyme of lytie activity of R a (0,'2 ml of EA 
(1 • 109 cells]ml) + 0.g nil of R~ + 0.~ ml of lysozyme solution) 

b~g of lysozyme added Optical density at 5410 A 

0 O.OgO 
50 0.080 

100 0.100 
200 0,115 
300 0.350 
500 0,620" 

At complete lysis of the cells the optical density was 0.625. 

lysis of t h e  cells. On the  basis of these  results ,  t h e  pos-  
s ibi l i ty  of iden t i f i ca t ion  of lysozyme wi th  C' 3 was dis-  
carded.  

The  following expe r imen t s  were carr ied out  in order  to  
ver i fy  a second hypo thes i s  t h a t  t he  lys i s -promot ing  
power  of the  enzyme  could be due  to  the  fo rma t ion  of 
complexes  of lysozyme w i t h  the  'L iquoid '  p rev ious ly  
added  to  the  se rum as C'a i nac t iva t ing  agent .  I t  is well 
known  t h a t  lysozyme forms complexes  w i t h  subs t ances  
of d i f fe rent  chemical  n a t u r e  hav ing  in c o m m o n  the  
cha rac t e r  of being e lec t ronega t ive ly  charged  (CAsELLIa). 
i nh ib i t i on  of lysozyme by  su lphona t ed  macromolecu les  
has  also been  k n o w n  for a long t ime  (BERGAMINI and  
FPERRARI 5). 

In  the  p r e s e n t  case, t he  p h e n o m e n o n  descr ibed  above  
could be expla ined  as a r eac t iv i ty  of sod ium po lyane tho l -  
su lphona t e  h igher  for t he  enzyme  t h a n  for t he  p l a s m a  
pro te ins  of C's a c t i v i t y  furnished.  

/ 
o. ooll / 

/ 

Fig. I. C" activity of guinea pig serum alone and variously treated. 
Ordinates: values of the optical density at 5410 A. Abseisses: mi of 
guinea pig serum. - . . . . .  serum treated with 'Liquoid'; o--o--o 
serum treated with the supernatant of a mixture containing 500 
[xg of 'Liquoid' and 100 lag of lysozyme; e - - o  • serum treated 
with the supernatant of a mixture containing 500 [zg of 'Liquoid' and 
300 txg of iysozyme; &--&--& serum treated with the supernatant 
of a mixture containing 500 [xg of 'Liquoid' and 400 ptg of lyso- 
zyme; ~--O--C3 serum treated with the supernatant of a mixture 
containing 500 [xg of 'Liquoid' and 500 [xg of lysozyme; e - - , - - o  
serum untreated. - The mixtures of the reactants were composed by 
0.g ml of EA and 0.2 ml of diluted serum after treatment with 

,Liquoid* or ,Liquoid,, + lisozyme. 
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