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Changes produced in the u l t r a s t r u c t u r e  of the ven t r i cu l a r  musc l e  cel ls  of the hea r t  by po t a s -  
s ium ore ta te  in normal  rabbi t s  and in rabbi t s  with exper imen ta l  myoca rd ia l  infarct ion were  
studied. On the 7th day of admin is t ra t ion  of po tass ium orota te  cons iderab le  accumulat ion of 
glycogen and act ivat ion of the m us c l e  cell  nuclei were  observed.  The number  of nucleoli in 
the nucleus was i nc rea sed  and b inuc lea r  musc l e  cel ls  were  found. The dec r ea se  in the glyco-  
gen content and m arked  inc rea se  in e lements  of the rough endoplasmic  re t i cu lum and m e m -  
branous  s t ruc tu r e s ,  and the i nc rea sed  densi ty  of the m a t r i x  of the mi tochondr ia  obse rved  on 
the 14th day of po t a s s ium orota te  adminis t ra t ion  a r e  the u l t r a s t ruc tu r a l  ref lec t ion of ac t iva -  
tion of the synthet ic  function of the musc l e  cel ls .  The glycogen accumulat ion effect  pe rhaps  
l ies  at the b a s i s  of the benef ic ia l  action of po ta s s ium orota te  on the cl inical  course  of m y o -  
ca rd ia l  infarc t ion  during the  f i r s t  days of d i sease .  

It was sho~rn p rev ious ly  that orot ic  acid a c c e l e r a t e s  the healing of necro t ic  loci  in exper imenta l  m y o -  
card ia l  infarc t ions  [3], i n c r e a s e s  the cont rac t i l e  power  of the fatigued hear t  musc l e  [2], and has  a m a r k e d  
pos i t ive  effect  on the cl inical  cou r s e  of m y o c a r d i a l  infarct ion [4, 5, 9]. Meanwhile, the m e c h a n i s m  of action 
of this compound and the point of i ts  action in the musc le  cell  have not yet been adequately explained. 

The object of this invest igat ion was to s tudy the effect  of po t a s s ium orota te  on the fine s t ruc tu re  of 
the hea r t  m u s c l e  cel ls  in expe r imen ta l  m y o c a r d i a l  infarct ion.  

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

Expe r imen t s  we re  c a r r i e d  out on 30 rabbi t s  weighing 2.5-3 kg, divided into four g roups :  1) intact  
an imals ,  2) no rm a l  an imals  rece iv ing  po t a s s ium orota te ,  3) rabbi t s  with exper imenta l  m y o c a r d i a l  infarct ion,  
and 4) rabbi t s  with exper imen ta l  infarct ion rece iv ing  po t a s s ium orotate .  The compound was given by  mouth 
in a dose of 200 m g / k g  for  6 or 13 days.  The an imals  we re  sac r i f i ced  on the 7th and 14th days,  r e spec t ive ly .  
Myocardia l  infarc t ion  was produced by  l igation of the descending b r anch  of the left  c o r o n a r y  a r t e r y  at the 
level  of the lower  b o r d e r  of the lef t  aur ic le .  T i ssue  was taken f r o m  the left  ven t r ic le  of the an imals  of 
groups  1 and 2 for  e l e c t r o n - m i c r o s c o p i c  invest igation.  In the an imals  of groups 3 and 4 the zone near  the 
infarc t  (2-3 m m  f r o m  its v is ib le  border )  was studied, for  its s tage l a rge ly  d e t e r m i n e s  the course  and p r o g -  
nos is  of the m y o c a r d i a l  in farc t  [6]. 

The m a t e r i a l  was fixed by  Caulf ie ld ' s  method.  The t i s sue  was embedded in Araldi te .  Sect ions were  
stained with uranyl  ace ta te  and lead aceta te  by Reynolds '  method.  Elec t ron  m i c r o g r a p h s  were  p r e p a r e d  on 
the UI~VM-100-V m i c r o s c o p e  with magnif ica t ions  of 9000 to 40,000• 
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Fig. 1. Myocardium in the zone of the rabbi t  hea r t  
nea r  the infarc t  on the 7th day a f t e r  l igat ion of the 
c o r o n a r y  a r t e r y :  a) contro l :  swell ing of mi tochon-  
dr ia ,  edema of cy top la sm of musc le  cell  ~1,000• 
b) adminis t ra t ion  of po tass ium orota te ;  collection of 
glycogen granules  (22,000• M) Mitochondria,  MF) 
myof ib r i l s .  

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

The e l e c t r o n - m i c r o s c o p i c  study of the m y o c a r d i u m  of heal thy an imals  rece iv ing  po tass ium orota te  
(group 2) showed a significant  i nc r ea se  in the glycogen content in the musc le  cel ls  compared  with normal .  
Glycogen granules  m e a s u r i n g  400-500 .~, round or polygonal in shape, were  diffusely a r r anged  between the 
mi tochondr ia  and myof ib r i l s .  Frequent ly  they fo rmed  curved and b ranch  chains consis t ing of 8-20 granules .  
In some musc l e  f ~ e r s  pa r t i cu l a r l y  l a rge  col lect ions of glycogen granules  were  observed  beneath the s a r c o -  
l e m m a .  The appearance  of oval osmiophi l ic  pa r t i a l s ,  bounded by  a single m e m b r a n e  and r e sembl ing  P a l a d e ' s  
bodies  in the a t r i a  in the i r  s t ruc tu re ,  was pa r t i cu l a r l y  c h a r a c t e r i s t i c  in the myocy tes  of the ven t r i c les .  
Somet imes  drople ts  of l ipids 0.3-0.5 p in d i a m e t e r  were  seen in the musc le  cells .  The s t ruc tu re  of the 
myof ib r i l s  and nucleus was indist inguishable f rom normal .  The mi tochondr ia  had the typical  s t ruc tu re  and 
a v e r y  dense,  f inely granular  ma t r ix .  

E l e c t r o n - m i c r o s c o p i c  invest igat ion of the musc le  cel ls  of the zone near  the infarc t  in the an imals  of 
g roup  3 on the 7th day  r evea led  cons iderab le  edema  of the musc le  cel ls ,  s epara t ion  of the myof ib r i l s ,  and 
d is turbance  of s t r u c t u r e  of the mi tochondr ia .  The mi tochondr ia  were  enlarged,  i r r e g u l a r  in shape,  and 
swollen (Fig. la) .  The i r  ma t r i x  was t r ans lucen t  and disorganized,  vacuoles  were  p resen t ,  and the c r i s t a e  
were  f ragmented .  
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Fig. 2. Myocardium of zone of r abb i t ' s  hea r t  nea r  in- 
f a r c t  on 14th day a f te r  l igation of the co rona ry  a r t e r y :  
A) control ,  mode ra t e  swelling of mi tochondr ia  (20,000 x); 
B} adminis t ra t ion  of po ta s s ium orota te ,  widened c i s t e rns  
of rough re t icu lum (CRR), mi tochondr ia  (M) with finely 
granular ,  dense ma t r ix ,  r i b o s o m e s  (RB), 25,000x. 

In the an imals  of group 4 (with myocard ia l  infarct ion and rece iv ing  po ta s s ium orotate)  no m a r k e d  
e d e m a  of the musc le  cel ls  was observed  on the 7th day of the exper iment ,  as was constant ly  found in the 
expe r imen t s  without po ta s s ium orotate .  The genera l  s t ruc tu ra l  plan of the musc le  cell  was undisturbed,  
despi te  swelling of the mi tochondr ia  and widening of the spaces  of the s a r c o p l a s m i c  re t iculum.  C h a r a c t e r -  
i s t i ca l ly  the mi tochondr ia l  c r i s t a e  were  r egu la r  in the i r  a r r angement .  The mi tochondr ia  were  always round 
or oval in shape. Against  the background of the swollen mi tochondr ia  there  was a m a r k e d  inc rease  in the 
glycogen content between the myof ibr i l s  and, in pa r t i cu la r ,  beneath the s a r c o l e m m a  (Fig. lb).  Somet imes  
the glycogen granules  fo rmed  dense i r r e g u l a r l y  shaped s t r u c t u r e s  m e a s u r i n g  0.4-0.6 p .  l~alade 's  bodies  
were  f requent ly  seen  in the cy toplasm.  One the 7th day, two, three,  or  m o r e  nucleoli  were  observed  in the 
nuclei  of the musc le  cel ls .  The nucleolus was always c l ea r ly  dist inguishable,  v e r y  dense, finely granular  
in s t ruc ture ,  and shaped like two over lapping loops.  In some cases  two nuclei were  found in the myocard ia l  
musc le  cel ls .  The cy top lasm of these  cel ls  was loose  and contained numerous  m e m b r a n e s ;  the space  of 
12-14 # between the nucleoli  was filled with glycogen and mitochondr ia .  

On the 14th day a f t e r  l igation of the c o r o n a r y  a r t e r y  a d e c r e a s e  in the edema  of the musc le  cel ls  was 
obse rved  in the control  an imals  by compar i son  with the 7th day of the exper iment .  Meanwhile the i n t e rmyo-  
f ib r i l l a ry  spaces  were  widened, and the mi tochondr ia  were  mode ra t e ly  swollen and i r r e g u l a r  in shape (Fig. 
2A). 

In the an imals  rece iv ing  po ta s s ium orotate ,  on the 14th day a m a r k e d  dec r ea se  in the glycogen con-  
tent and an inc rease  in the number  of tubules and c i s t e rns  of the rough re t i cu lum compared  with the 7th day 
of the expe r imen t  were  obse rved  in the musc le  cell .  Often in the pe r inuc l ea r  zone di lated and branching 
tubules of the sa rco tubu la r  s y s t e m  with a s ingle row of r ibosomes ,  at tached to the m e m b r a n e s ,  could be  
seen (Fig. 2B). P o l y s o m e s  and ves i cu la r  s t r u c t u r e s  were  found in the cytoplasm.  The mi tochondr ia  were  
of the usual  s t r u c t u r e  and contained f rom 15 to 20 c r i s t ae ,  while their  m a t r i x  was finely granular  and dense. 
Somet imes  the re  was a tendency toward division of the mitochondria ,  by  the fo rmat ion  of a cons t r ic t ion  
band. Usually the nucleus had a c l ea r ly  defined m e m b r a n e ,  the typical  s t ruc ture ,  and one nucleolus.  In 
genera l  these musc le  cel ls  were  s i m i l a r  in s t ruc tu re  to the cel ls  of the no rma l  myoca rd ium in a s tate  of 
i nc rea sed  functienal activity.  

Compar i son  of the r e su l t s  shows that  on the 7th day of adminis t ra t ion  of po tass ium orota te  glycogen 
was accumulat ing and the nuclei of the musc le  cell  were  activated.  The number  of nucleoli  in the nucleus 
was inc reased  and some  b inuc lear  musc le  ce l l s  were  p r e s e n t .  The d e c r e a s e  in the glycogen content and 
the m a r k e d  inc rea se  in the number  of e lements  of the rough re t icu lum and m e m b r a n o u s  s t ruc tu r e s  observed  
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by the 14th day, toge ther  with r e s to ra t i on  of the normal  s t ruc tu re  of the mi tochondr ia  and condensation of 
the i r  ma t r i x  a re  the essen t ia l s  of the u l t r a s t ruc tu ra l  p ic ture  of activation of the synthet ic  function of the 
musc le  cel ls .  

These  r e su l t s  demons t r a t e  the b iphas ic  c h a r a c t e r  of the act ion of po tass ium orota te :  an initial change 
in the carbohydra te  me tabo l i sm with accumulat ion of glycogen is followed by  synthes is  of p ro te ins  in the 
hea r t  musc le  cel ls .  

Orotic  acid is a na tura l  metabol i te  in uridine b iosynthes is  and it is a p r e c u r s o r  of the pyr imid ine  
b a s e s  of the nuclei acids [11]. In the course  of s eve ra l  b iochemica l  convers ions  orot ic  acid can be  conver -  
ted into uridine monophosphate,  which in turn can par t ic ipa te  in the fo rmat ion  of uridine diphosphate and 
t r iphosphate .  

The observed inc rea se  in the glycogen content evidently took place under the influence of uridine di -  
phosphate  fo rmed  in the musc le  cell  [12]. It has  been shown that uridine coenzymes  p lay  an act ive pa r t  in 
ca rbohydra te  me tabo l i sm  and, in pa r t i cu la r ,  in the var ious  reac t ions  of t r a n s f e r  of the glycosyl  res idue ,  
leading to synthes is  and po lymer i za t ion  of sugars  [11]. Takeuchi and Sasaki  [12] conf i rmed  these  o b s e r v a -  
t ions by e l ec t ron-h i s tochemica l  methods.  The poss ibi l i ty  cannot be  ruled out that  it is the glycogen accumu-  
lation, accompanied by  act ivat ion of energy  metabo l i sm,  which accounts for  the rapid inc rease  in amplitude 
of cont rac t ion  of the musc le  f ibers  under the influence of po tass ium orota te  per fus ion  [2, 10]. 

The effect  of glycogen accumulat ion poss ib ly  l ies  at the bas i s  of the benefic ia l  action of po ta s s ium 
orota te  on t h e  clinical course  of myoca rd i a l  infarct ion during t h e f i r s t d a y s  of the d i sease ,  through economy 
in the consumption of oxygen in the s y s t e m  of oxidative phosphoryla t ion and s tabi l izat ion of the f r ee  oxida- 
tion sy s t em [1]. Dest ruct ion of the mi tochondr ia  in the acute stage of i s chemia  accompanied by  d is turbance  
of aerobic  energy  fo rmat ion  can evidently be  compensa ted  by the accumulat ion of glycogen and a t e m p o r a r y  
p redominance  of the anaerobic  pathway of oxidation. 

The inc rease  in the num ber  of nuclei, some of them containing two or three  nucleeli ,  hype rp l a s i a  of 
e lements  of the rough re t iculum,  division of the mitochondria ,  and also the i nc r ea se  in the number  of po ly-  
s o m e s  and s m o o t h - m e m b r a n o u s  vacuolar  fo rmat ions  a re  all f ea tu res  ref lect ing act ivat ion of in t race l lu la r  
r egenera t ion  [8] in the zone around the infarct .  An impor tan t  role  in these  r egene ra t ive  p r o c e s s e s  undoubt- 
edly belongs to uridine monophosphate  and t r iphosphate ,  of which orot ie  acid is the p r e c u r s o r .  The r ibo-  
nucleic acids thus fo rmed  contr ibute  to a high level of pro te in  synthes is  in the cy top lasm of the musc le  cel ls .  
An i nc r ea se  in the concentrat ion of nucleic acids and in the intensi ty  of prote in  synthes is  under  the influence 
of po tass ium orota te  has  been  desc r ibed  by seve ra l  worke r s  [7, 13]. 

The e l e c t r o n - m i c r o s c o p i c  study of the fine s t ruc tu re  of the m y o c a r d i u m  in normal  an imals  and the 
m y o c a r d i u m  around the in fa rc t  a f te r  adminis t ra t ion  of po tass ium orota te  thus demons t r a t ed  the unique action 
of this compound. The p roce s s  was found to take place  in definite s tages  : accumulat ion of glycogen by the 
7th day and an i nc rea se  in the level  of prote in  synthes is  by  the 14th day of the exper iment .  
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