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The first  embryoid- l ike  s t ruc tures  to appear  in the  cul tures  
were usual ly abnorma l ly  large and often showed no signs 
of cotyledon format ion .  This t ype  of s t ruc tu re  was 
d is regarded as were rhizogenic s t ruc tures  when  de te rmin-  
ing the  t ime of appearance  of normal  embryoids .  Cell 
counts  were pe r fo rmed  on these abnorma l  embryoids .  
The da t a  indicate  a fas ter  cell doubl ing t ime  t h a n  t h a t  
occurr ing dur ing  'normal '  deve lopment .  This  abnorma l  
g rowth  is possibly due to the  initial  lack of some condi-  
t ioning factor  f rom the  medium.  Some suppor t  for th is  
view comes f rom an expe r imen t  in which a sample  of 
globular  embryo ids  separa ted  as ept ical ly  a, was t rans -  
ferred to  fresh Murashige and Skoog med ium lacking 
2,4-D. Large abno rma l  embryo id  s t ruc tu res  were pro-  
duced.  
To ob ta in  cell counts  for the  very  young globular  s tage 
we used a geometr ica l  me thod  which assumed t h a t  the  
s t ruc tures  were spherical  and t h a t  the  cells packed  
wi th in  the  embryo id  app rox ima ted  to cubes all of a 
similar size. F rom a de t e rmina t ion  of the  per iphera l  cell 
n u m b e r  of a cross-sect ion we were then  able to calculate  
the  n u m b e r  of cells in the  embryoid .  Cell counts  for la ter  
s tages in embryo id  deve lopmen t  were ob ta ined  by  more  
convent iona l  means.  Ind iv idua l  ceils were freed f rom the  
embryo ids  by  t r e a t m e n t  wi th  1% cellulase in ace ta te  
buffer  p H  4.6 for 3 h a t  37~ The separa ted  cells were 
then  suspended  in 50% glycerol and counted  using a 
h a e m o c y t o m e t e r  slide. 
Results and discussion. Rates  of cell division (i.e. cell 
doubl ing times) were calculated assuming t h a t  embryo ids  
develop f rom single cells 4. Thus, average cell doubl ing 
t imes  are t iven by  h /D where h is the  t ime required for 
appearance  of the  embryo id  stage and D is equal  to the  
number  of doubl ings in cell number .  D is def ined by  the  
express ion log N log N0/log 2 where N the  cell n u m b e r  

af ter  h hours  and N o is the  original  cell number .  The  
values ob ta ined  provide  a m i n i m u m  es t imate  for the  
m a x i m u m  rate  of cell division and assume t h a t  all the  
cells in the  embryo id  are d iv id ing  and at  a s imilar  rate.  
The lack of polar ized g rowth  in the  young globular  s tage 
poin ts  to th is  ' ideal '  s i tuat ion.  
Table 1 shows the  average n u m b e r  of cells in each 
embryo id  stage toge the r  wi th  the  t ime f rom the  ini t ia t ion 
of a cul ture  to when  examples  of each stage m a y  first  be 
observed.  In  table  2 we have  p resen ted  the  average cell 
doubl ing t imes  for each stage in embryo id  deve lopment .  
The initial  d e v e l o p m e n t  of embryo ids  in cul ture appears  
to be much  more  rapid than  occurs in vivo. E.g. in co t ton  7 
the  init ial  cell doubl ing  t ime is 20-22 h as compared  wi th  
14-15 h in car ro t  cultures.  This  m a y  reflect  the  modi-  
f icat ion to, or absence  of, i m p o r t a n t  control  sys tems  in 
cul ture as compared  wi th  the  in vivo s i tuat ion.  The 
format ion  of large abnorma l  embryo ids  is p ro b ab l y  a 
fu r ther  man i fes t a t ion  of this,  r epresen t ing  a s i tua t ion  ye t  
more  remote  from the  control led  e n v i r o n m e n t  of the  
ovule. 
Values for the  doubl ing  t ime of small  mer i s t ema t i c  
(embryogenic)  cells of car ro t  growing in a nondif feren-  
t ia t ing  stage (td 65 h, ca lcula ted  f rom Jones  8} indicate  t h a t  
the removal  of auxin  from the  cul ture  med ium results  in 
a d rama t i c  reduct ion  in doubl ing t ime for cells des t ined  
to develop into embryo ids  (see table  2 for comparison) .  
Da ta  of Bayliss 9 also indicate  t h a t  doubl ing t imes  for 
ca r lo t  cells growing in the  absence of auxin  are much  
reduced,  however  it is not  clear to wha t  e x t e n t  embryo ids  
were included in the  cell counts .  
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Summary. I t  was shown in the  r a t  t h a t  mobi l iza t ion of in t ramuscu la r  t r iglycer ide dur ing exercise is control led by  the  
adrenergic  sys tem.  

I t  was repea ted ly  shown t h a t  in t ramuscu la r  t r iglycer ides  
are mobil ized dur ing  exercise 2 8. However ,  the  mechan i sm 
control l ing this  process  has not  been unders tood  yet.  In 
the  p re sen t  work it was found t h a t  the  adrenergic  sys t em 
is responsible  for ac t iva t ion  of in t ramuscu la r  t r iglycer ide 
b r eakdown  dur ing  exercise. 
Materials and methods. The exper iments  were carried out  
on male Wis ta r  ra t s  weighing 200 250 g, fed ad l ib i tum 
with  commercia l  pel le t  diet  for rodents .  The animals  were 
divided into 2 groups:  I the  control  group, II  the  pro-  
pranolo l - t rea ted  group. Propranolol  (Inderal ,  Galenika) 
in a dose 2.5 mg/kg  was injected s.c. 15 min before 
exercise. Half  of each group was subjec ted  to the  exercise, 
while the  o ther  hal f  was kep t  at  rest  and depr ived  of the  
food at  the  same t ime.  The exercising ra ts  were loaded 
with a weight  equ iva len t  to 1% of the i r  b. w t  a t t a ch ed  to 
base of the  tail  and  then  t h e y  were forced to swim in a 
metal  barre l  58 cm in d iamete r  filled to a level of 40 cm 
with wa te r  at  t e m p e r a t u r e  33-35 ~ 6 ra t s  were made  to 
swim s imul taneously .  I t  was found in pre l iminary  ex- 

pe r imen t s  t h a t  the  contro l  ra ts  were able to swim for 
no t  much  more  t h a n  5 h, and the  p roprano lo l - t r ea t ed  
ra ts  for not  much  more  than  3 h. According to these data ,  
to avoid stressfull  drowning,  ra t s  were sub jec ted  to ex- 
haus t ive  swimming  which was ceased af ter  5 h in the  
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contro l  group and  af ter  3 h in the  propranolo l  t r e a t ed  
group.  Addi t ional ly ,  in the  contro l  group m e a s u r e m e n t s  
were made  af ter  3 h of swimming.  Ra t s  were anaes the t i zed  
wi th  u r e than  given i.p. Blood f rom abdomina l  aor ta  
and t h a n  samples  of d i f fe rent  types  of skeletal  muscle  
were taken.  The muscle  samples  were t aken  according 
to  the  ident i f ica t ion  of Baldwin  et  al. 9 in the  following 
order :  1. the  mos t  superficial  layer  of the  vas tus  lateral is  
which  consists  of whi te  f ibres (the whi te  muscle),  2. the  
deepes t  layer  of the  same muscle which consists  of red 
fibres (the red  muscle) and  3. the  soleus muscle which  is 
composed  in 70% of i n t e rmed ia t e  f ibres a n d  in 30% of 
red fibres (the in te rmedia le  muscle). Levels of glucose 1~ 
and free f a t t y  acids (FFA) 11 in the  blood were de te rmined .  
I n t r amuscu l a r  t r ig lycer ides  were ex t r ac t ed  according 
to  the  m e thod  of Carlson xe and then  de te rmined  quan t i -  
t a t i ve ly  according to the  m e t h o d  of Gallet t i  13. The resul ts  
ob ta ined  were eva lua ted  s ta t i s t ica l ly  by  means  of S t u d e n t  
t - t e s t  for unpa i red  data .  
Results .  In  the  red muscle of the  control  group, bo th  af ter  
3 and 5 h of swimming,  the  levels of t r ig lycer ide  were 
s ignif icant ly  lower t h a n  a t  res t  (at res t  3.57 4- 0.44, af ter  
3 h -- 2.37 4- 0.47, a f ter  5 h -- 2.29 4- 0.34 ~moles/g;  
p < 0.001 and  p < 0.001 respect ively) .  In  the  whi te  and  
in t e rmed ia t e  muscles,  no decrease of t r iglycer ide levels 
occurred dur ing  the  exercise. Propranolo l  fully p r even t ed  
the  reduc t ion  of t r ig lycer ide  level in the  red muscle  
(figure). In  the  contro l  group only  5 h swimming  lowered 
s ignif icant ly  (p < 0.001) blood glucose level (at res t  

- - 5 . 0 8  4-0.45, a f ter  3 h - - 4 . 9 8  4- 0.55, a f ter  5 h 
- -  3.84 4- 0.56 [~moles/ml). In  p ropranolo l - t rea ted  group 

blood glucose level was s ignif icant ly  (p < 0.05) lower 
t h a n  in the  cont ro l  group only  a t  res t  b u t  no t  a f te r  3 h 
exercise (at res t  -- 4.62 4- 0.21, af ter  3 h -- 4.53 4- 0.69 
t~moles/mt). 
There  was m arked  rise of blood F F A  level dur ing exercise 
w i thou t  the  b lockade  (at res t  -- 239.3 4- 41.5; a f ter  3 h 

- -  801.7 4- 135.1; a f ter  5 h -- 955.3 4- 144.2 ptEq/1). 
Propanolo l  ins ignif icant ly  increased F F A  level a t  res t  
and  par t i a l ly  p r e v e n t e d  its rise af ter  3 h exercise (at res t  

- -  287.0 4- 90.8; a f ter  the  exercise -- 559.5 4- 84.4 [~Eq/1, 
p < 0.001 vs. the  value a f te r  3 h w i thou t  the  t r ea tmen t ) .  
Discussion.  The resuIts  of t he  p resen t  s t u d y  showing tha t ,  
dur ing  phys ica l  exercise in rats ,  only  the  red skeletal  
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Effect of beta-adrenergic blockade on intramuscular triglyceride 
mobilization in different types of skeletal muscle during exhaustive 
exercise. Open bars-the control group; hatched bars-the propranolol- 
treated group. Each result presented on the figure and in the text is 
an average of determinations performed on 8 rats. 

muscle utilizes to  a marked  e x t e n t  the  t r iglycer ides  s tored 
in its cells conf i rmed resul ts  ob ta ined  by  o thers  ~,5,7. 
D a t a  concerning regula t ion  of in t r amuscu la r  t r ig lycer ide  
mobi l iza t ion are only  scarce. In  man,  prolonged i.v. 
infusion of noradrena l ine  lowered t r ig lycer ide  level in m. 
vas tus  lateral is  14 b u t  s imilar  t r e a t m e n t  in dog resul ted  in 
increase of in t r amuscu la r  t r iglycer ide level 15. I t  was 
shown in vi t ro  t h a t  adrenal ine  and  g rowth  h o rmone  
s t imula ted  lipolysis in d i a p h r a g m  musclele,  17. Ac t iv i ty  
of the  adrenergic  sys tem ls-~1 and blood g rowth  h o rmone  
level 22-~4 increase dur ing  exercise. According to these  
data ,  it  could be assumed t h a t  l ipolysis of in t r amuscu la r  
t r iglycer ides  dur ing  exercise migh t  be s t imula ted  bo th  
by  ca techolamines  and g ro w t h  hormone .  However ,  the  
resul ts  ob ta ined  in the  p resen t  work  have  shown t h a t  
b lockade of be ta -adrenerg ic  receptors  fully p r e v e n t e d  
the  in t r amuscu la r  t r ig lycer ide  mobil izat ion.  These resul ts  
s t rongly  suggest  t h a t  ca techolamines  act ing t h ro ugh  
be ta - recep tors  are p r imar i ly  responsible  for mobi l iza t ion 
of in t ramuscu la r  t r ig lycer ides  dur ing  physical  exercise 
in rat .  Growth  h o rmo n e  does no t  seem to be involved  in 
th is  process.  
Therefore,  in rat ,  there  are marked  differences in regu- 
la t ion of t r iglycer ide b r eakdown  in fa t  t issue and  skeletal  
muscle  dur ing  exercise. Ne i the r  be ta -adrenerg ic  b lockade 
nor  6 -h y d ro x y d o p ami n e  tho rough ly  p r e v e n t e d  exercise- 
induced rise of blood F F A  level 25-2s. I t  was pos tu l a t ed  
t h a t  mechan i sms  o ther  t h a n  the  adrenergic  sys tem,  mos t  
p ro b ab l y  of hyp0physea l  origin, m i g h t  be responsible  
for t he  increased lipolysis in fa t  t issue 26, ~s. Con t ra ry  to fat  
tissue, the  accelera ted b r eakdown  of in t r amuscu la r  
t r ig lycer ides  dur ing  exercise seems to be control led  
exclusively by  the  adrenergic  sys tem.  
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