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The fraction of f ragments  of sa rcoplasmic  ret iculum (SR) from rabbit skeletal muscles  can be divided 
into two subfractions,  which differ in their  morphological  origin: a fraction of terminal  c is terns ,  f rom which 
Ca++ ions are re leased  during excitation, and a fraction of oblong tubules which, it is considered, take par t  in 
the active uptake of Ca ++ f rom the sa rcoplasm in the relaxation phase only [1, 4, 5, 7, 9]. 

The relat ive contribution of the terminal  c i s te rns  and oblong tubules to the p roces s  of removal  of Ca++ 
from the sarcoplasm during relaxation is unknown. The purified fraction of terminal  c i s te rns  contains Ca++- 
dependent ATPase  and can c a r r y  out active Ca++ t ransport .  However, the relative content of this fraction in 
muscle  t issue homogenate is quite difficult to est imate,  because f ragments  of terminal  c i s te rns  have a higher 
density than f ragments  of oblong tubules, and accordingly, unlike the latter,  many of them are lost  during iso- 
lation f rom the fract ion of myofibr[ ls  and mitochondria.  The purified fract ion of SR fragments ,  which is usu- 
ally used in studies of active Ca ++ t ranspor t ,  contains virtually no f ragments  of terminal  c is terns .  The re la -  
contribution of terminal  c i s te rns  to the p roce s s  of active Ca ++ t ranspor t  in the muscle call can be est imated 
by measur ing  Ca ++ uptake by SR f ragments  in a homogenate, using a specific inhibitor of Ca ++ t ranspor t  into 
terminal  c i s te rns  for this purpose. One such inhibitor is caffeine which, in a concentrat ion of 5-10 raM, spe- 
cifically inhibits Ca++ t ranspor t  by f ragments  of terminal  c i s te rns  [1]. 

Accordingly the aim of the present  investigation was to study the action of caffeine on Ca++ t ranspor t  
in a homogenate of rabbit  skeletal muscles  and myocardium,  measured  by means of a Ca-select ive  electrode.  

EXPERIMENTAL METHOD 

Muscle t issue homogenate was prepared  by means of a spec[ai[y made homogenizer  of "Poly~ron" type. 
A sample of t issue weighing 500-700 mg was homogenized for 40 sec in 10 ml of medium containing 25% gly- 
cerol ,  0.1 mM EDTA, 1 mM dithiothreitol,  50 tam phenylmethylsulfonyl fluoride, and 10 mM histidine (pH 7.4 
at 4~ Tissue samples were taken from the middle par t  of the m. psoas  (fast muscle),  m. soleus (slow mus-  
cle), and also m. adductor magnus (fast muscle) and the ventr icular  wall of a rabbit. The time from decap- 
itation of the animal until homogenization of the t issue did not exceed 5 rain for  the slow muscle and myocard i -  
um and 10 rain for  the fast  muscles .  

Ca++ t ranspor t  was measured  by means  of an Orion 92-20 Ca-se lec t ive  electrode in a cons tan t - t emper -  
ature cell, with mixing. At the same time the pH was measured  in the same cell by means  of a G2222C elec-  
t rode (radiometer ,  Denmark). Changes in potential of the Ca++-electrode were recorded continuously by 
means  of 1-120 ionometer,  with attached TZ-4221 automatic wri ter .  The incubation mixture,  with a volume 
of 4 ml, contained 100 mM KCI, 15 mM potassium oxalate, 4 mM MgCI2, 2 mM ATP, 5 mM NAN2, and 2.5 mM 
[midazole (pH 7.0 at 37~ Three success ive  doses  of CaC12, each of 50 nanomoles, were added to the r eac -  
tion mixture,  and they were also used to cal ibrate  the electrode,  af ter  which the reaction was started by addi- 
tion of 70-500 pl of homogenate. 

Frac t ions  of terminal  c i s te rns  and oblong tubules of SR were isolated f rom rabbi t ' s  white skeletal mus-  
c les  as descr ibed previously  [2]. 
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Fig.  1. Ca ++ t r a n s p o r t  and ATP h y d r o l y s i s  by 
f rac t ion  of t e r m i n a l  c i s t e r n s  (TC) and oblong 
tubules  (OT) of s a r c o p l a s m i c  re t i cu lum in ab- 
sence (1) and p r e s e n c e  of 5 mM caffeine (2). 
Ca ++ added in the form of CaC1 (130 nanomoles).  

EXPERIMENTAL RESULTS 

A C a - s e l e c t i v e  e l ec t r i de  was  used to r e c o r d  Ca ++ t r a n s p o r t  by SR m e m b r a n e s  continuously.  When dif-  
f e ren t  types  of e l e c t r o d e s  were  chosen for  th i s  pu rpose  it was found that the Orion 93-20 e l ec t rode  has  suffi-  
c ien t ly  high sens i t iv i ty  and a shor t  r e sponse  t ime  for  d i r e c t  r eco rd ing  of t r a n s p o r t  [2]. 

Data on the effect  of caffeine on Ca++ t r a n s p o r t  by d i f ferent  f r ac t ions  of SR m e m b r a n e s  a re  given in 
Fig.  1. As Fig .  1 shows, caffeine in a concent ra t ion  of 5 mM reduced the ra te  of uptake of Ca ++ ions by the 
f rac t ion  of t e r m i n a l  c i s t e r n s  by more  than 709 but had v i r t ua l l y  no effect  on Ca++ t r a n s p o r t  by the f rac t ion  of 
oblong tubules.  Since, accord ing  to e l e c t r o n - m i c r o s c o p i c  data,  the f rac t ion  of t e r m i n a l  c i s t e r n s  contains  30~ 
of v e s i c l e s  fo rmed  f rom oblong tubules  [1], it can be ca lcu la ted  that  caffeine,  in a concentra t ion  of 5 mM, 
cause s  100% inhibit ion of Ca ++ t r a n s p o r t  by t e r m i n a l  c i s t e r n s  of SR. Thus, by measu r ing  the effect  of caf-  
feine on Ca++ t r anspo r t ,  the r e l a t i ve  contr ibut ion of each of the f r ac t ions  to the to ta l  p r o c e s s  can be calcula ted.  

Inves t iga t ions  [3, 6, 10] have shown that Ca++ t r a n s p o r t  by f r agmen t s  of SR in the p r e s e n c e  of oxala te  
can be m e a s u r e d  d i r e c t l y  in musc le  t i s sue  homogenate  as binding of 45Ca. Such m e a s u r e m e n t  is  poss ib le  be-  
cause  oxala te  does  not pene t r a t e  inside the v e s i c l e s  of the s a r c o l e m m a ,  and this  makes  the contr ibut ion of 
s a r c o l e m m a l  Ca++ t r a n s p o r t  to the total  p r o c e s s  negl igible .  To s u p p r e s s  Ca ++ t r a n s p o r t  by mi tochondr ia ,  
sodium azide was added to the incubation medium. Thus in the p r e s e n c e  of oxalate  and azide in the homogen-  
ate Ca++ t r a n s p o r t  i s  m e a s u r e d  only in v e s i c l e s  of SR. By using caffeine as  a specif ic  inhibi tor  of Ca++ t r a n s -  
po r t  into t e r m i n a l  c i s t e r n s ,  we m e a s u r e d  the r e l a t i ve  contr ibut ion of f r agmen t s  of t e rmina l  c i s t e r n s  to the to-  
ta l  p r o c e s s  of Ca++ t r a n s p o r t  in r abb i t  myoca rd i a l  and ske le ta l  musc le  homogenate.  The medium and condi-  
t ions  of homogenizat ion were  chosen in p r e l i m i n a r y  expe r imen t s .  It was found that if homogenizat ion is c a r -  
r i ed  out in medium containing g lyce ro l  and the p r o t e o l y s i s  inhibi tor  phenylmethylsul fonyl  f luoride,  the t r a n s -  
po r t  function of SR in the homogenate  was unchanged dur ing keeping of the homogenate at 4~ for  24 h. Maxi-  
mal  Ca++- t ranspor t ing  ac t iv i ty  was obse rved  af te r  homogenizat ion  of the t i s sue  for  30-40 s e c .  Inc reas ing  the 
t ime of homogenizat ion  to 1 min had no effect.  The c r i t i c a l  f ac to r  for  obtaining reproduc ib le  r e s u l t s  is  the 
t ime f rom c i r c u l a t o r y  a r r e s t  until  homogenizat ion  of the t i s sue .  Tissue  f rom the myoca rd ium and m. so leus  
is  p a r t i c u l a r l y  sens i t ive  to th is  fac tor .  A delay of 10 rain before  homogenizat ion of the t i s sue  l eads  to sub- 
s tan t ia l  in jury  to the C a - t r a n s p o r t i n g  function of SR in the myoca rd ium and m. soleus.  

Typical  t r a c e s  of Ca ++ t r a n s p o r t  in homogenate  of m. psoas ,  m. soleus,  and the myoca rd ium are  i l lus -  
t r a t e d  in Fig.  2. They show that  in the p r e s e n c e  of oxala te  in the m a x i m a l l y  act ivat ing concent ra t ion  (15 mM) 
in the incubation medium the ra te  of uptake of Ca ++ in the homogenate  of the fas t  ske le ta l  musc le  with a p r e -  
dominant ly  g lycoly t ic  type of ene rgy  me tabo l i s m  was much h igher  than in homogenate of the myoca rd ium and 
of the slow ske le ta l  musc le  with oxidat ive  energy  me tabo l i sm.  This is  in good ag reemen t  with the degree  of 
development  of the s a r c o p l a s m i c  re t i cu lum in m u s c l e s  of th is  type and the ra te  of t he i r  re laxa t ion  [11, 12]. 
Addition of 5 mM caffeine to the incubation mix ture  reduced  Ca ++ t r a n s p o r t  in homogenate of the fas t  musc le  
by more  than 50~/~. The action of caffeine on Ca ++ t r a n s p o r t  in the homogenate of the slow musc le  and myo-  
ca rd ium was r a t h e r  weake r  (Fig. 2). Elevat ion of the caffeine concent ra t ion  to 10 mM caused  no addit ional  in- 
hibi t ion of Ca ++ t r a n s p o r t  in homogenate  of al l  t h ree  types  of musc le .  
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Fig. 2. 
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Ca++ t ranspor t  in homogenate of myo-  
cardium (a), slow muscle (b), and fast  muscle 
(c) in absence (1) and in presence  of 5 mM caf- 
feine (2). Number  above a r rows  indicates volume 
of homogenate added (in pl). 

Ca ++ t ranspor t  in homogenate of the slow muscle  and myocardium was quite complex in its kinetics.  
Transpor t  did not begin at once, but after some delay. This delay could also be observed with homogenate of 
the fast  muscle  if the oxalate concentrat ion in the incubation medium was reduced to 2-5 raM. This suggests  
that delay with the beginning of Ca++ uptake is connected with delay of precipitat ion of calcium oxalate within 
the ves ic les  of SR. Delayed precipitat ion of calcium oxalate, with tow oxalate concentrat ions,  also was ob- 
served on isolated vesic les  of SR [13]. The wr i t e r s  were unable to abolish the delay and to acce lera te  Ca ++ 
t ranspor t  in homogenate of the slow muscle and myocard ium by increasing the oxalate concentration f rom 15 
to 25 raM. Accordingly, the important  advantage of continuous recording of Ca ++ t ranspor t  with the aid of a 
Ca-e lec t rode  will be noted. Continuous recording of Ca++ t ranspor t  enabled the e r r o r  in determination of the 
velocity of Ca ++ t ranspor t  due to the lag phase to be eliminated, for the velocity of t ranspor t  can be deter -  
mined in the s tat ionary phase of the t ranspor t  process .  

For  compar ison  with known data on Ca ++ t ranspor t  in homogenate of rat  skeletal muscle and myocard t -  
urn, we calculated the velocity of Ca ++ t ranspor t  in homogenate of rabbit muscle  tissue. Specific Ca- t rans-  
port ing activity, expressed  in mic romoles  Ca++/min/g  t issue, was 40-60 units for  fast  muscles ,  4-5 units for  
slow muscle,  and 3-5 units for  the myocardium.  The appropriate values for  the ra ts  were 18, 6, and 2 units 
[10]. The velocity of Ca ++ t ranspor t  on the myocardia l  homogenate could be increased by 1.5 t imes  by the 
addition of 5 mM creat ine phosphate to the incubation mixture.  Creatine phosphate had virtually no effect on 
Ca ++ t ranspor t  in skeletal muscle homogenate. The effect of ereatine phosphate of Ca ++ t ranspor t  in myo- 
cardial  homogenate agree with the hypothesis that this energy substrate plays an important  role in metabol ism 
of hear t  muscle  [8]. The degree of inhibition of Ca++ t ranspor t  in myocardia l  homogenate by caffeine is inde- 
pent of the presence  of creat ine phosphate. 

These resu l t s  are  evidence that caffeine, a specific inhibitor of Ca ++ t ranspor t  in the terminal  c is terns ,  
has a powerful inhibitory action on Ca ++ uptake in homogenate of fast and slow skeletal musc les  and myocard i -  
um of rabbits.  This suggests  that the terminal  c i s te rns  of SR not only serve as a store for Ca*+ required for 
t r igger ing  contraction,  but may also play an active role in muscle relaxation. 

The authors are grateful to E. V. Men'shikova for help in adapting the method of recording Ca++ t rans -  
port  by the use of a Ca-select ive  electrode.  
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Lipid peroxidat ion (LPO) is a un iversa l  method of modif icat ion of b i o m e m b r a n e s  under normal  condi- 
t ions and when injured by the development  of pathological  p r o c e s s e s  [6, 10]. That is why it is pa r t i cu l a r ly  im-  
por tan t  to study m e c h a n i s m s  of initiation of the LPO reac t ion  in vivo. LPO reac t ions  can be initiated in vivo 
both enzymat ica l ly  and nonenzymat ica l ly  [2, 6]. The enzyme s y s t e m s  that par t ic ipa te  in the fo rmat ion  of LPO 
produc t s  in b i o m e m b r a n e s  include va r ious  NADPH- and NADH-dependent g e n e r a t o r s  of act ive f o r m s  of oxy- 
gen [2, 8, 12] and, in pa r t i cu la r ,  the sys t em of mixed-funct ion m i c r o s o m a l  oxygenases .  Much l e s s  is known 
about the par t ic ipa t ion  of oxidase  s y s t e m s  genera t ing  H202 in the induction of LPO. It has recent ly  been shown 
that deaminat ion of biogenic amines ,  ca ta lyzed  by monoamine  oxidase,  may  under cer ta in  conditions be ac-  
companied by accumulat ion of LPO produc t s  [9]. Hence the impor tance  of studying to what extent the pa r t i c i -  
pation of ox idases  could be a source  of lipid pe rox ides  in vivo. 

The aim of this  investigation was to study the abil i ty of cho les te ro l  oxidase (ChO), which ca ta lyzes  ox- 
idation of choles te ro l  (Ch) to c h o l e s t - 4 - e n - 3 - o n e  and, at the same t ime,  reduction of 02 to H202, to induce the 
LPO in e ry th rocy te  m e m b r a n e s ,  for  we know that  Ch is a natural  inhibitor of LPO in p l a s m a  m e m b r a n e s  [3]. 

E X P E R I M E N T A L  M E T H O D  

Ery th rocy te  ghosts  were  obtained f rom guinea pig blood by the method in [13]. The reac t ion  of oxidation 
of Ch in the e ry th rocy te  ghosts  or  in mice l l e s  with Tr i ton X-100 was c a r r i e d  out in the following medium:  
Tris-HC1 0.2 M, pH 7.0 (at 37~ Tri ton X-100 0.250/~, and ChO 0.05 U / m l .  The activi ty of ChO was de t e r -  
mined by the chemi luminescence  method which detected H202 with the p r e sence  of luminol (10 -4 M) and h o r s e -  
rad i sh  pe rox idase  (1.0 U/ml )  [4, 11]. To sepa ra t e  Ch f rom cho l e s t -4 - en -3 -one  the method of th in - l aye r  
ch romatography  was used in a solvent  s y s t e m  of c h l o r o f o r m -  methanol  (98 : 2) as descr ibed  in [7]. F o r  den- 
s i t ome t ry  of the p la tes  in ER165M dens i tome te r  was used. The level  of LPO products  in terac t ing  with 2- 
th iobarb i tu r ic  acid (TBA) was de te rmined  as desc r ibed  p rev ious ly  [5]. 

E X P E R I M E N T A L  R E S U L T S  

ChO ca t a lyzes  the reac t ion  of Ch oxidation with s imul taneous  format ion  of H202: 

I 

Ch + 02 C h O ,  c h o l e s t - 4 - e n - 3 - o n e  + H202. 

Activi ty of the enzyme can be es t imated  by de te rming  accumulat ion of e i ther  reac t ion  product .  It was 
shown (Fig. 1) that  during incubation of Ch d i spe r sed  in Tri ton X-100 with ChO the concentrat ion of Ch (the 
spot with Rf = 0.36) fa l l s  and that of c h o l e s t - 4 - e n - 3 - o n e  (the spot with Rf = 0.50) r i ses .  H202 format ion  can be 
r eco rded  highly sens i t ive ly  by a chemi luminescence  method, using a luminol - pe rox idase  sys tem.  Curves  
showing the k ine t ics  of chemi luminescence  a r i s i n g  during incubation of Ch, d i spe r sed  if Tri ton X-100, in the 
p r e s e n c e  of ChO, luminol, and perox idase ,  a re  given in Fig. 2. In the absence of ChO o r o f  Ch, and also of 
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