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Swelling of mitochondria  induced by thyroxine is accompanied by the accumulat ion of free fatty 
acids in the organel les ;  the level of these acids re turns  to its initial value during contract ion 
of the mi tochrondr ia  in the p resence  of ATP. EDTA also causes  contract ion of the mi tochon-  
dr ia ,  but without any corresponding utilization of fatty acids.  Thyroxine-induced swelling of 
mitochondria  is evidently due to activation of m e m b r a n e  phospholipase A 2 and to an i n c r e a s e  
in permeabi l i ty  of  the membranes  to cations as a resu l t  of hydrolysis  of phospholipids. 
KEY WORDS: mitochondria;  thyroxine; phospholipase; fatty acids.  

The ac t iva tors  of mitochondrial  phospholipase A 2 are  known to include Ca ++ ions [1]. There a r e  severa l  
common features in the action of thyroxine and Ca + + on mitochondrial  s t ruc ture  and function [6, 7, 10] and, in 
par t icu lar ,  the formation of a factor  of fatty acid nature ,  which dis turbs  mitochondrial  permeabi l i ty .  EDTA, 
which inhibits Ca++-induced swelling [5], also blocks thyroxine swelling of mitochondria [6]. When Ca ++ is 
added in a cer ta in  concentrat ion to mitochondria  it does not cause swelling if the mitochondria  are  able to a c -  
cumulate it [1]. With the addition of thyroxine,  Ca ++ begins to flow outward [1]. Turakulov et al. [3, 4] have 
found a factor  of  polypeptide nature  which is responsible  for the accumulat ion of Ca ++ in mitochondria;  in-  
cubation of mitochondria  with thyroxine leads to the loss  of this factor.  

In this investigation the fatty acid concentrat ion was determined in mitochondria  during thyroxine-induced 
swelling. 

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

Mitochondria were  isolated from rat  l iver  in 0.25 M suc rose  with 0.25 mM EDTA [8]. Mitochondrial an-  
oxia was produced by careful  evacuation of the a i r  f rom the Thunberg tube containing a suspension of mi to -  
chondria with a protein concentrat ion of 1-2 m g / m l .  The tube was then placed on a magnetic  mixer  and the 
mitochondria  vigorously  agitated to utilize any possible t r aces  of res'idual O2, af ter  which thyroxine solution 
was poured from a r e to r t  into the suspension until its final concentrat ion therein was 10 pM. The degree  of 
swelling was est imated ei ther  f rom the intensity of  sca t ter ing of light by the object or  from the t r ansmiss ion  
of light through it. The incubation medium consisted of: KC1 0.125 M, MgC12 0.5 raM, Tris-HC1 20 mM. Mea- 
surements  were  made at 25-27~ Determination of the free fatty acid (FFA) concentrat ion as a test  of phos-  
pholipase activi ty was ca r r i ed  out by the method of Anderson and Mc Cat ty  [10] with cer ta iumodif ioa t ions ,  At 
the required moment  of time a 1-ml  sample of the suspension of the organel les  was taken and added to 10 ml 
hexane. The resul t ing phases were  mixed for 2 rain on a magnetic  mixer  to ensure  bet ter  extraction of the 
FFA. After the sample had been allowed to stand for 10 rain, to enable separat ion of the phases ,  5 ml of the 
hexane phase was withdrawn. The hexane was removed by a vacuum pump, and 4.5 ml of a solution of rhoda-  
mine 6G in benzene was added to the FFA remaining on the walls of the vessel .  After incubation for 15 rain 
the optical densi ty of the solution was measured  at a wavelength of  545 nm. The FFA concentrat ion was ca l -  
culated from a cal ibrat ion curve plotted with the aid of  known solutions of palmitic acid. 

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

Incubation of thyroxine with mitochondria  in vacuo causes them to swell,  although by a l e s se r  degree  than 
in an aera ted  medium (Fig. 1). This resul t  contradicts  the data indicating that thyroxine swelling does not take 
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Fig. I .  Effect  of  02 on development  of  thyroxine- induced swelling, i) Mitochondria wi th-  
out thyroxine in vacuo; 2) swelling under anaerobic  conditions followed by ae ra t ion  of 
sample ;  3) swelling in p r e sence  of 02. Time of addition of hormone (Thy) and aera t ion  
(O2) indicated by a r r o w s .  T) Light t r a n s m i s s i o n  of suspension (in %). 

Fig. 2. Action of ATP and Mg ++ on contract ion of swollen mitochondr ia  and on FFA 
level .  Curve shows sca t t e r ing  of light (S) by mi tochondr ia l  suspension;  columns show 
FFA concentra t ion (in n m o l e s / m g  prote in) .  Addition of 5 mM ATP,  3 mM MgC12, and 
thyroxine (Thy) indicated by a r row.  T imes  of sampl ing for FFA indicated by c r o s s e s  
on curve .  
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!~ig. 3. Contract ion of swollen mi tochondr ia  
induced by EDTA. Arrows indicate t imes  
of addition of  thyroxine (Thy), 1 mM EDTA, 
and H202. Continuous line - at  t ime  of addi-  
tion of EDTA mitochondr ia  were  under a e r o -  
bic conditions; broken line - on addition of 
EDTA mitochondr ia  were  under anaerobic  
conditions (state 5 a f t e r  Chance). T) T r a n s -  
m i s s ion  of l ight through suspens ion On %). 

p lace  under  anaerobic  conditions [4]. In the p re sen t  expe r imen t s  the mi tochondr ia  we re  energ ized ,  poss ib ly  by 
res idual  ATP  in the organe l les .  Supplying a i r  to mi tochondr ia  swelling in vacuo m a k e s  a rapid and additional 
contr ibution to the swelling p r o c e s s .  

As Fig. 2 shows,  the FFA concentra t ion in the mi tochondr ia l  suspension a t t h e  height of  thy rox ine - in -  
duced swelling was much g r e a t e r  than the i r  concentra t ion in the latent  s tage of the proc+e~s, suggest ing ac t iva -  
tion of the phospholipase sys t em in the p re sence  of thyroxine.  Addition of ATP and Mg to the s amp le  was 
accompanied  by contract ion of the o rgane l l e s ,  in a g r e e m e n t  with observa t ions  by other  worke r s  [7, 10], although 
res to ra t ion  of the level  of s ca t t e r  of  light was incomplete  in these  exper iments .  Contract ion of the mi tochon-  
dr ia  under  the influence of ATP was accompanied  by a fall in the FFA concentrat ion.  

Mitochondria swollen under  the influence of the hormone a lso  cont rac ted  on the addition of EDTA (Fig. 3). 
The m e c h a n i s m  of this  cont rac t ion  is  not c l ea r  and r equ i re s  spec ia l  ana lys i s .  All that  can be sa id  is that i t  is 
ac t ive  in nature .  In fac t ,  addition of EDTA to swollen mi tochondr ia  kept in an oxygen- f r ee  medium (state 5 a f -  
t e r  Chance) did not cause  them to con t rac t ,  b u t c o n t r a c t t o n b e g a n i m m e d i a t e l y  a f t e r  oxygenwas  added (as H~O 2) to 
the sys t em.  Contract ion of the mi tochondr ia  under  the influence of EDTA was not accompanied  by a fail in the 
FFA concentra t ion in the suspension.  

The i nc rea se  in the FFA concentra t ion during incubation of mi tochondr ia  with thyroxine m u s t  evidently 
be in te rpre ted  as  the r e su l t  of act ivat ion of phosphol ipase A2, although the mechan i sm of this act ivat ion is not 
yet  c l ea r .  It can tenta t ively  be suggested that  phosphol ipase  is ac t ivated by Ca + +,  which flows outward under 
the influence of thyroxine.  However ,  it st i l l  r ema ins  unclear  whether  this effect  can be explained by loss  by 
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the mi tochondr ia  of the polypeptide fac tor  r e spons ib l e  for  the i r  "ca lc ium capac i ty"  [2, 3]. 
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D U P I N G  A D A P T A T I O N  T O  E X T R E M A L  F A C T O R S  
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Ex t r ema l  f ac to r s  of  d i f ferent  na ture  (hypoxic hypoxia,  carbon monoxide  poisoning,  exposure  
to chemica l s  and to noise ,  hypokinesia)  caused s i m i l a r  changes in the cyclic  AMP level  in 
the o rgans  of albino r a t s  {liver, c e r e b r a l  h e m i s p h e r e s ,  hear t ) .  A cons iderab le  i nc r ea se  in 
the cyclic  AMP concent ra t ion  was found in the f i r s t  s t age s ,  followed by a p r o g r e s s i v e  fall 
dur ing subsequent  exposure ,  e spec ia l ly  if  the intensi ty  of the fac tor  was high. It is sug-  
gested that  the un ive r sa l i ty  of this r e sponse  r e f l ec t s  one of the cent ra l  adaptive m e c h a n i s m s  
of the cel l  and of the o r g a n i s m  as a whole. 
KEY WOPDS: adaptation; hypoxia;  cycl ic  AMP; ex t r ema l  fac to rs .  

The d i s cove ry  of cycl ic  adenos i ne -3 ' , 5 ' -monophospha t e  (cyclic AMP) as an in t r ace l lu la r  med i a to r  of 
neurohormona l  r egu la to ry  influences has  provided a new approach  to the study of the ce l lu la r  m e c h a n i s m  of 
adaptat ion to e x t r e m a l  envi ronmenta l  f ac to r s .  A few pape r s  desc r ib ing  the study of the cycl ic  AMP sys t em in 
hypoxic s t a t e s  have now been published.  An i n c r ea se  in the cycl ic  AMP concentra t ion and adenylate  cyc lase  
ac t iv i ty  has  been demons t r a t ed  in bra in  t i s sue  in acute hypoxia [3, 6], and a sharp  i nc r ea se  in the cycl ic  AMP 
concent ra t ion  has  been found in the ea r ly  s tages  a f t e r  acute  i so la ted  i schemia  of the bra in  [7] and myoca rd ium 
[5] in dogs.  

Consider ing the impor tance  of the de te rmina t ion  of the p r inc ip les  governing the r e sponse  of the cycl ic  
AMP s y s t e m  to ex t r em a l  fac to r s  in o r d e r  to unders tand the m e c h a n i s m s  of goa l -d i r ec t ed  changes in the r e -  
s i s t ance  of the body, changes in the cyclic  AMP concentra t ion  in the o rgans  and t i s sue s  we re  studied during 
exposure  to e x t r e m a l  fac to r s  of va r i ed  na ture .  

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

Noninbred m a l e  albino r a t s  weighing 150-180 g were  used.  The effect  of  ex t r ema l  f ac to r s  was studied 
under  dynamic conditions a t  two leve ls  of intensi ty (acute l imit ing - Lira. ac.) and mean  lethal  (LDs0) exposure .  
Hypoxic hypoxia was produced by " ra i s ing"  the an imals  in a p r e s s u r e  c h a m b e r  to an "al t i tude" of 6000-10,000 
m (the mean  r a t e  of "ascent"  was 150-200 m / r a i n ) .  Acute poisoning with carbon monoxide (CO), s ty rene ,  and 
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