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A brief  dis turbance of the microc i rcu la t ion  in rabbi ts  differed in its effects on ATPase  activity 
of the smooth and rough m i c r o s o m e s  of the l iver and heart .  In the liver, Mg-ATPase  activity 
was lowered in both f ract ions  of m ic ro somes .  In the heart ,  the activity of the enzyme was 
ra i sed  only in the smooth (light) m ic ro somes .  

KEY WORDS: ATPase  activity; f rac t ions  of m i c r o s o m e s  of hear t  and l iver;  microc i rcula t ion .  

Resea rch  into the metabol ism of organs and t issues  in the ear ly  stages of disturbance of the m i c r o c i r c u -  
lation is essent ia l  to the study of the pathogenesis and t rea tment  of severa l  d iseases ,  notably myocardia l  in-  
farction~ By the use of an exper imental  model reproducing a disturbance of the microc i rcu la t ion  by intravenous 
injection of h igh-molecu la r -weigh t  dextran, causing aggregation of red  blood cells,  and of vasopressin ,  which 
cons t r ic t s  the lumen of the coronary  vesse ls ,  a se r ies  of changes in the energy metabol ism and contract i le  
function of the hear t  was d iscovered  in the ear ly  and late stages of disturbance of the microc i rcu la t ion  [ 3, 4].  

Since an important  role  in musuc la r  contract ion is played by the sa rcoplasmic  re t iculum (SPR), in the 
investigation descr ibed  below ATPase  activity of the mic rosoma l  subfract ions of the hear t ,  which consis t  
mainly of SPR proteins,  was studied during acute and brief  disturbance of the microc i rcula t ion .  The resu l t s  
were compared  with the enzyme activity of the smooth and rough subfract ions of liver mic rosomes ,  which pe r -  
form different functions f rom the m i c r o s o m e s  of the heart .  

EXPERIMENTAL METHOD 

Male rabbi ts  weighing 2-3 kg were used. To remove glycogen from the liver the animals were deprived 
of food for 20-24 h before the beginning of the exper iments .  An acute disturbance of the coronary  circulation 
was produced by intravenous injection of h igh-molecular -weight  dextran (0.5-1 g /kg body weight) and vaso-  
press in  (5 p r e s s o r  un i t s /kg  body weight). The exper iments  were ca r r i ed  out under urethane anesthesia.  The 
ECG and resp i ra t ion  of all animals were r eco rded  before and after injection of substances.  During the period 
of maximal  change in tim ECG, 5 min after injection of vasopress in ,  the hear t  and liver were removed and the 
tissue washed with 0.14 M KC1 to remove  blood. The liver m i c r o s o m e s  were fract ionated in a stepwise sucrose  
density gradient  in the presence  of MgC12 [ 5]. The liver tissue was homogenized in 0.25 M sucrose  containing 
20 mM Tris-HC1, pH 7.4, and 10 mM MgC12, after which the 10% homogenate was centrifuged to remove the 
nuclei (600g, 10 min) and mitochondria  (10,000g, 10 rata). The postmitochondrial  supernatant  was carefully 
layered above 1.3 M sucrose  containing 20 mM Tris-HC1, pH 7.4, and 10 mM MgC12. As a resu l t  of centr i fuga-  
tion in the horizontal  ro to r  (100,000g, 1 h) a light fluffy layer  (the subfraction of smooth mic rosoma l  vesicles) 
formed at the boundary between the sucrose  gradients,  and the residue at the bottom of the tube consisted of 
the subfractien of rough ves ic les  of l iver m i c r o s o m e s .  The subfraction of smooth m i c r o s o m e s  was careful ly 
collected and centrifuged at 105,000g (1 h) to obtain a solid residue.  The res idues  of the smooth and rough 
membranes  f rom the liver ~vere suspended in 0.25 M sucrose ,  made up in Tris-HC1, pH 7.4, and the protein 
concentrat ion was determined by Lowry' s method [7].  The res idues  were kept in the f rozen state a t - 1 0 ~  
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TABLE 1. AT]oase Activi ty of M i c r o s o m a l  Subfract ions of Hea r t  and Liver  of Rabbi t s  

under N o r m a l  Conditions and a f t e r  Combined Adminis t ra t ion  of V a s o p r e s s i n  and High- 
Molecu la r -Weigh t  Dext ran  (M ~: m) 

Experimental 
conditions 

Normal (13 experiments) 

Organ 

Heart 
Liver 

I 
Vasopresstn. dextran ] LHear: 
(I 1 experiments) t 

ATPase activity, gmoles Pi/mg protein/h 

total microsomal 
fraction 

fraction of smooth 
membranes 

fraction of rough 
membranes 

; Mg-ATPase [ 

17,02,14 
7,1 -+-0,87 

Mg-ATPase ICa-ATPase 

23,524-t,11 22,634-1,45 
9,09___0,64 6,54-4-0,62 

8.3 .29 5.24--i,04 

Mg-ATPase ICa-ATPase 

22,8-+-1,30 20,1-4-1,49 
11,34-0,98 7,4--I-0,98 

I 
27,3-~0,91" 23,2+_1,34 
9.6-1-0,75 524-0,63* 

15,6_0,84 
6,44-0,98 

Ca-ATPase 

12,74-1,96 
4,54-0,68 

13.7-.}-0,66 
3.3+__0,45 

*]O < 0.05 com pared  with co r respond ing  control  (normal) .  
Legend. Hydro lys i s  of AT]O in p re sence  of Mg ~+ or Ca 2§ only taken as act ivi ty  of Mg-  
and Ca-AT]oase r e s pec t i ve l y .  

TABLE 2. Glueose-6- ]ohosphatase  Activity of M i c r o s o m a l  Subf rac -  
tions of Liver  under Norma l  Conditions and a f t e r  Combined 
Adminis t ra t ion  of V a s o p r e s s i n  and High-Molecu la r -Weight  Dext ran  
(M :~ m) 

Glucose-6-phosphatase activity, pmoles Pi/mgprotein/h 
Experimental conditions total microsomal fraction of smooth fraction of rough 

fraction membranes membranes 

Normal (ii experiments) I 6,5-+%80 1 3,91-t-0,40 
Vamp ressin + dext ran -- -- 

(11 experiments) 6,94-0,66 3,654-0,37 
7,33+0,53 

6,97_0,45 

The m i c r o s o m e s  of the hea r t  were  f rac t iona ted  in a s tepwise suc rose  densi ty  gradient  [6] .  The res idue  
of the coa r se  m i c r o s o m a l  f rac t ion  of the h e a r t  [2] was suspended in 0.25 M suc rose  containing T r i s - H C l ,  
pH 7.4, and layered  above a p rev ious ly  p r e p a r e d  s tepwise gradient  cons is t ing  of equal  volumes  of 35 and 20% 
sucrose ,  containing 20 mM T r i s - H C I ,  pH 7.4. After  centr i fugat ion in the hor izonta l  r o to r  (100,000g , 1.5 h) 
a light layer  (smooth m e m b r a n e s )  was f o r m e d  at  the boundary between the 35 and 20% suc rose  l aye r s ,  and a 
res idue  (rough m e m b r a n e s )  col lected at the bottom of the tube. The f rac t ion  of smooth m e m b r a n e s  was co l -  
lected by centr i fugat ion at 105,000g for  l h .  To r e m o v e  the contract i le  pro te ins  the subf rac t ions  of the hea r t  
m e m b r a n e s  were  t rea ted  with 0.6 M KC1 in his t idine buffer ,  pH 7~ [11 . After  r e m o v a l  of the cont rac t i l e  p ro -  
reins the prote in  content was de te rmined  in the subf rac t ions  of the h e a r t  m e m b r a n e s  and they were  kept  at  
--10~ 

AT]oase activity was determined [2] in the fractions of smooth and rough membranes from the heart and 

liver, and glucose-6-phosphatase activity was determined in the subfractions from the liver [ 14]. 

EX]OERIMENTAL RESULTS 

The comparative study of enzyme activity of the smooth and rough microsomal membranes of the heart 
and liver of intact rabbits revealed differences (Table I). First, the smooth membranes of both organs, com- 
pared with the rough membranes, possessed higher AT]oase activity. Second, activity of the AT]0ases of the 
microsomes of the heart was higher than in the microsomes of the liver. Third, just as in investigations by 
other workers [11-13], in these experiments no glueose-6-phosphatase activity was discovered in the micro- 
somes of the heart. It was concentrated chiefly in the membranes of the rough endoplasmic reticulum of the 
liver (Table 2). 

Inject ion of vasop res s in ,  superposed  upon the aggregat ion  effect  of the h igh -mo lecu l a r -we igh t  dextran,  
led to en l a rgemen t  of the T wave and i ts  convers ion  to negat ive at the fourth to fifth minute .  Marked  b r a d y -  
c a rd i a  and e x t r a s y s t o l e s  thereupon developed and the h e a r t  bea t  and r e s p i r a t i o n  r a t e  were  slowed. Changes in 
AT]oase act ivi ty  in d i f ferent  d i rec t ions  were  obse rved  in the m i c r o s o m a l  subf rac t ions  i so la ted  f r o m  the hea r t  
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and liver 5 rain after injection of vasopressin. In the heart, a change in its activity was observed only in the 
smooth membranes, when Mg-ATPase activity increased by 19% and Ca-ATPase activity by 15% (Table I). In 
the liver, despite fluctuation in ATPase activity under normal conditions and during disturbance of the micro- 
circulation, the mean data showed that ATPase, activated by Mg 2§ and Ca 2§ ions, fell equally in fractions of 
both smooth and rough membranes (Table I). Under these conditions the glueose-6-phosphatase activity re- 
mained unchanged (Table 2). 

The results showed that the microsomal fraction of the heart consisted of smooth (light) and rough (heavy) 
subfraetions of membranes. Both subfraetions possessed ATPase activity. The subfraetion of light vesicles 
is known [I01 to consist to the extent of 90% of proteins of Ca-activated, Mg-dependent transport ATPase 
[ 8-10, 151, Whereas the subfraction of heavy vesicles contains Ca-binding protein and only a small quantity of 
protein with transport Ca-ATPase. The tendency observed for hydrolysis of ATP to increase in the presence 
of Ca 2+ in the light mierosomes can be interpreted as a possible increase in the work of the Ca pump of the 
SPR in response to acute brief disturbance of the mierocireulation. 
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