
To study the specificity of the activating effect of o,p'-DDD experiments were car r ied  out with the cyto- 
plasmic fraction of the l iver and kidneys (Table 2). 

The results are  evidence that o,p'-DDD activates the enzyme only in the adrenal. Similar results  were 
obtained by the wri ters  when feeding dogs with o,p'-DDD. These observations confirm the high specificity of 
action of the inhibitor on the adrenal cor te~  

It can be postulated on the basis of these results that the marked activation of the enzyme by o,p'-DDD 
and Perthane in vitro is a result  of the direct interaction between the diphenyldiehloroethane derivatives and 
ghtathione reductase, but the mechanism of this activation is not yet clear.  
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F R E E  F A T T Y  ACID C O N T E N T  IN M U S C L E S  

A F T E R  A D M I N I S T R A T I O N  OF A C T H  AND H Y D R O C O R T I S O N E  

V. I. K o r k a e h  a n d  A. A. Y u r c h e n k o  UDC 612.744:612.397.23] 
.014.46:615.357.453 

The content of free fatty acids (FFA) in the gastrocnemius muscles 30 min after  intraperitoneal 
injection of 1 unit ACTH/100 g and 1 mg hydrocortisone acetate/100 g body weight was investi- 
gated by gas chromatography in experiments on rats.  In resting muscles ACTH was shown to 
increase the stearic acid content whereas hydrocortisone increased the content of both stearic 
and oleic acids. Changes in the concentration of other FFA were not significant. During a short 
period of activity involving single regular  contractions the stearic acid concentration in the gas- 
trocnemius muscles of intact rats increased. In the experiments with ACTH and hydrocortisone 
this increase was considerably smaller  and was not significant. ACTI-I and hydrocortisone st im- 
ulate the utilization of stearic acid by the muscles during activity. 

KEY WORDS: A CTH, hydrocortisone, free fatty acids, muscular contraction. 

Hormones of the adenohypophysis and adrenal cortex play a special role in the regulation of lipid metab- 
olism, for significant disturbances of this type of metabolism are observed when they are deficient. However, 
data on the role of these hormones in the regulation of lipid metabolism are  to some degree contradictory. 
Some workers,  for instance, found a decrease in the neutral lipid content in the liver and blood plasma of ani- 
mals after adrenalectomy [14], whereas others found no such changes [12]. On the other hand, s t ress  has been 
shown to increase the blood level of free fatty acids (FFA) while at the same time increasing the lipolytic 
activity of the adipose tissue and liver [7]. 

Existing data on the effect of A CTH and glucocorticoids on lipolysis are concerned chiefly with adipose 
tissue and the liver. However, unequivocal data have been obtained only for ACTH. Injection of preparations of 
this hormone stimulates lipolysis of the adipose tissue and increases the fatty acid concentration in blood 
plasma [1, 4, 5]. There are few data on glucocorticoids and they point to absence of any effect on lipolysis 
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TABLE i. Effect of ACTH and Hydrocor t isone on F ree  Fatty Acid Content (in ~ g / g  
tissue) of Gastrocnemius Muscles of Rats during Activity (M �9 m) 

Experimental J Control (10) ACTH (7) Hydrocortimne (7) 
conditionsJ [ 

j /  rest activity rest activity rest activity 
FFA 

Myristic 0,300• 0,410~0,160 0,570--0,240 0,257-+0,088 0,500-----0,230 
Palmitic 22,86_+0,65 19,8-+0,43" 22,7-----0,30 22,76-+0,10 23,14-----0,74 
Stearic 14,90-+2,14 33,70-+8,00* 25,20-+2,75* 33,80-+5,29 26,40-----4,40* 
Oleic 7,70-+1,95 10,50--+2,06 13,80+--4,38 lt,30-+4,54 17,20-+2,60" 
Linoleic 7,60• 3,70+0,45 7,00~3,18 9,32-+3,48 3,80---+0,78 
Arachidonic 3,60• 2,28-----0,38 3,04• 3,92-----0,74 2,70• 

Legend. Number of experiments  shown ia parentheses ;  a s te r i sk  denotes signifi- 
cance of difference with corresponding control  (P < 0.05). 

0,600 + o, 180 
2 t ,45~ 0,65 
29,30+4,99 
20,80-+ 3,60 

0 
0 

of adipose t issue [5, 11]. The effect of ACTH and glucocort icoids on lipid metabol ism in other t issues has 
received even less study, and virtually none in skeletal muscles .  

It was accordingly decided to study the effect of ACTH and hydrocort isone on the FFA concentrat ion ia 
muscles  in various functional states.  

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

Male rats  weighing 220-250 g were used. Under urethane anesthesia the tibial nerves and Achilles r 
tendons were dissected on both sides. Platinum stimulating electrodes  were applied to the right tibial nerve. 
The Achil les '  tendons were connected to a myograph to record  contractions of the muscle.  Muscular con t rac -  
tion was isotonic against a load of 20 go Contraction was induced by stimulation of the nerve with square pulses 
of above- threshold strength, 1.5 msec in duration and with a frequency of 2 Hz for 5 min. The hormone level 
in the body was varied by injection of exogenous preparat ions  of A CTH and a suspension of hydrocort isone 
acetate (from Gedeon Richter ,  Hungary). Stimulation began 30 miu after  intraperi toneal  injection of 0.2 ml 
physiological sa l ine /100 g body weight (series I); 1 unit ACTH/100 g body weight (series Ii), and 1 mg hydro-  
cort isone ace ta te /100  g body weight (series III)o Both muscles  were removed and homogenized after  the end 
of stimulation. The left muscle,  which was not stimulated, served as the control.  Lipids were extracted with 
ether. The fatty acids were methylated with diazomethane [9]. The methyl es te r s  of the FFA were fractionated 
in a Tsvet-100 gas chromatograph on a glass column packed with 1% SE-30; the size of the grains was 0.16- 
0.20 mm. The column tempera ture  could be p rogrammed  between 100 and 230~ Hydrogen was used as the 
c a r r i e r  gas~ The sample was introduced in a volume of 1-5 ~1. The analysis  continued for 30 min and ended 
after  elutioa of the arachidonic acid. The concentrat ions of individual fatty acids were calculated by comparing 
the a rea  of the peaks obtained in the experimental  se r ies  with the area  of the corresponding peaks of known 
quantities of standard methyl es te r s  of fatty acids and expressed  in ~ g /g  t issue. 

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

The experiments  showed that the contract i le  power of the muscles ,  measured  at the height of contraction,  
was reduced by 20% in the control ra ts ,  by 23% in the experiments  with ACTH, and by 8.6% after  injection of hy- 
drocort isone relative to the maximal shortening of the muscle observed during the period of stable working 
capacity. The impress ion was obtained that hydrocort isone reduces muscle fatigue. However, in these exper i -  
ments the contract i le  power of the muscle was lower than in the control  ser ies  or  af ter  injection of ACTH. 
Further  evidence was given by the quantity of work done by the muscle in 5 min. In the control  experiments  it 
was (788 �9 110) • 10 -5 kg. m; af ter  ACTH it was (735 ~25) x 10 -5 kg o m, and after  injection of hydrocor t i soae  
(419 :~ 44) • 10 -5 kg" m, or  46.8% less than in the control.  

Investigation of the FFA content showed that the gast rocnemius  muscles of the rats  at res t  contained (in 
all experiments,  in higher concentrat ions than other components) palmitic,  s tearic ,  and oleic acids. Myrist ic,  
linoleic, and arachidonic acids were not found in some of the experiments.  

A tendency toward an increase  in the concentrat ions of myr is t ic  and oleic acids was observed 30 min after 
injection of ACTH. The s tear ic  acid content was increased by 10.3 ~ g / g  t issue. After injection of hyd roco r t i '  
sone the concentrat ion of s tear ic  acid increased significantly by 11.5 ~ g / g  and that of oleic acid by 9.5 ~ g / g .  
Changes in the concentrat ions of the other acids were not significant (Table 1). 
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Invest igat ion of the concentra t ions  of these  acids in the muscles  during act ivi ty  showed an inc rease  of 
18.8 ~ g / g  in the s t e a r i c  acid concentra t ion and a dec r ea se  of 3.06 + 0.57 ~ g / g  t i ssue  of pa lmi t ic  acid in the 
control  ra t s .  Af te r  injection of A CTH or  hydrocor t i sone  the inc rease  in the s t e a r i c  acid concentrat ion was r e -  
duced by 73 and 9270 respec t ive ly ,  whereas  the concentra t ion of pa lmi t ic  acid was unchanged (Table 1). In the 
expe r imen t s  with hydrocor t i sone  l inoleic and arachidoaic  acids were  act de te rmined  during act ivi ty.  

Clear ly  30 min a f t e r  injection of A CTH or  hydrocor t i sone  the concentra t ions  of individual FFA in the 
musc l e s  were  increased .  The inc rease  can be explained by the effect  of these hormones  on l ipolysis  [1, 4-6,  
13, 15]. 

The mechan i sm of action of ACTH on l ipolysis  In musc le  t i s sue  is evidently the same  as  in adipose 
t i s sue  and is connected with its influence on the cycl ic  AMP level  [10}. Data showing that  a cycl ic  AMP-depen -  
dent p ro te in  kinase phosphory la tes  and ac t iva tes  A CTt t - seus i t ive  phospholipase re la t ive  to t r io le in  [13] may  
a lso  be conf i rmat ion  of this mechan ism.  

The mechan i sm of act ion of hydrocor t i sone  may  be somewhat  different ,  for it pene t ra tes  f ree ly  into the 
ce l l  and can exer t  its influence on the ac t iv i ty  of enzymes ,  including l lpase,  so as  on the one hand to modify the 
synthes is  of new enzyme pro te in  and, on the o ther  hand, to change the ac t iv i ty  of  enzyme a l r eady  synthesized,  
by  a fo rm of a l los te r i c  regulat ion [3]. 

Since an inc rease  in the FFA concentra t ion in the musc les  was observed  as  e a r l y  as 30 rain a f t e r  i n t r a -  
per i tonea l  injection of the hormone,  it can be tentat ively suggested that  in this  case  hydrocor t i sone  influences 
the conformat ion  of the l ipolytic enzymes .  

The inc rease  in the s t ea r i c  acid concentra t ion in the control  musc les  during act ivi ty  may  have been due, 
on the one hand, to an inc rease  in its supply f rom the fat depots on account  of the inc reased  blood flow, and on 
the other  hand, to inc reased  l ipolysis  in the musc le  t i ssue.  During act ivi ty  of shor t  duration,  FFA In the 
musc les  can be a s s um ed  to undergo negligible oxidation. The level  of aonester i f led  fatty acids In the blood 
s e r u m  of r a t s  is known [8] to be only ve ry  sl ightly reduced a f t e r  swimming for 15 min. 

In the expe r imen t s  with ACTtt ,  during act ivi ty  involving insignificant FFA uti l ization,  the FFA concen t ra -  
t ion in the musc les  should evidently have increased  even more  than in the control .  It will be reca l l ed  that  m u s -  
cu la r  exer t ion  r a i s e s  the blood ACTtt  level  [2]. In rea l i ty  the opposite responSe was observed:  not an inc rease  
but a d e c r e a s e  of 83% in the s t e a r i c  acid concentra t ion compared  with the control .  P resumably  ACTtt  s t imula tes  
the ut i l izat ion of FFA by the musc les  during act ivi ty.  

The effect  of hydrocor t l sone  on s t ea r l c  acid ut i l izat ion by the musc les  during act ivi ty  was more  marked .  
This  can be seen  more  c l ea r ly  st i l l  if it is r e m e m b e r e d  that  the work done by these  musc les  was only 53% of 
that  done by the contro l  musc le s .  

These  invest igat ions thus showed that admin is t ra t ion  of A CTtt and hydrocor t i sone  i nc rea se s  the concen-  
t ra t ion  of sa tu ra ted  FFA and, in pa r t i cu la r ,  of s t e a r i c  acid,  in the musc les .  During act ivi ty  of shor t  durat ion 
involving r egu la r  contract ions ,  the content of s t ea r i c  acid in the musc les  of the control  an imals  inc reased  where -  
as  the pa lmi t ic  acid level  fell. ACTH and hydrocor t i soae  s t imula te  the ut i l izat ion of s t e a r i c  acid during act ivi ty.  
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