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Carnit ine ace ty l t r ans f e r a se  (CAT) is an enzyme involved in fat ty  acid me tabo l i sm.  According to ex-  
isting views,  based chiefly on b iochemica l  data,  this enzyme,  like the whole p r o c e s s  of fl-oxidation, is confined 
to the mi tochondr ia  [5, 6, 13]. Meanwhile u l t r a s t r uc tu r a l  invest igat ions have shown a definite re la t ionship  of 
microbodies  (peroxisomes)  to cell  lipid me tabo l i sm.  This re la t ionship  is e x p r e s s e d  as an inc rease  in the num-  
ber  of these  organel les  in adipocytes [6], cel ls  of the adrenal  medul la  [6, 8] and corpus  luteum [8], and cel ls  of 
other  organs  producing subs tances  of lipid na ture .  The number  of microbodies  in cel ls  of different  organs r i s e s  
cons iderably  under the influence of hypol ipidemic agents [15] and also during s t a rva t ion  [3] and in var ious  
pathological  s ta tes  accompanied  by excess ive  accumula t ion  of lipid metabol i tes  in the blood and t i s sues  [4, 6]. 
All the authors cited above have obse rved  close s t ruc tu ra l  assoc ia t ions  of mic robod ies  with mi tochondr ia  and 
with in t race l lu la r  lipid inclusions.  

Par t ic ipa t ion  of mic robodies  in the ut i l izat ion of in t r ace l lu la r  lipids became pa r t i cu la r ly  c l ea r  a f t e r  b io-  
chemical  s tudies which revea led  CAT in the pe rox i somal  f rac t ion  of m a m m a l i a n  l i ve r  and kidneys [13]. N e v e r -  
the less ,  we have so fa r  fa i led to find in the acces s ib l e  l i t e ra tu re  any cytoehemical  data giving d i rec t  evidence 
of the p re sence  of CAT in microbodies .  Moreover ,  there  a re  only s c a t t e r e d  p ieces  of morphologica l  evidence 
to show that  this enzyme is located in the mi tochondr ia .  

The a im of the p resen t  invest igat ion was accordingly  to look fo r  CAT by e l ec t ron -h i s toehemica l  methods 
in cel ls  of var ious  organs  of animals  in physiological  and e x t r e m a l  s t a tes .  Starvat ion was chosen as the ex-  
t r e m a l  s ta te ,  fo r  at  ce r ta in  s t ages  of it the ene rgy  m e t a b o l i s m  of cel ls  is  mainta ined pr inc ipa l ly  by endogenous 
lipids [7], and with the assumpt ions  mentioned above,  this  ought to act ivate  the par t ic ipat ion  of the cor responding  
pe rox i soma l  enzymes  in the i r  oxidation. 

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

CAT act ivi ty was de te rmined  by the uranyl  f e r rocyan ide  method [10], with unfixed t i s sue  p laced  in the in-  
cubation medium.  The method is based  on the reducing capaci ty  of SH groups  of coenzyme A, f o r m e d  by i n t e r -  
action between carni t ine and acyl r ad ica l s ,  and the convers ion  of f e r r i cyan ide  into f e r rocyan ide  in the p r e s e n c e  
of uranyl ,  with the fo rmat ion  of an e l ec t ron -dense  p rec ip i t a te  of uranyl  f e r rocyan ide  at s i t e s  of dis t r ibut ion of 
the enzyme.  The myoca rd ium and l iver  of three  intact  noninbred male  albino r a t s  weighing 250 g and of three  
r a t s  on the 5th day of food deprivat ion,  but with w a t e r  allowed ad lib.,  were  invest igated.  This enzyme a lso  was 
demons t r a t ed  in one intact  r a t  in a skele ta l  spinal  musc le ,  and in one s ta rv ing  r a t  in the subcutaneous a r eo l a r  
t i s sue .  The reac t ion  for  ca ta lase ,  a m a r k e r  enzyme  of microbodies  [12], was used as the control .  Samples  of 
t i ssue ,  a f t e r  appropr ia te  t r ea tmen t ,  w e r e  embedded in all  ca ses  in a mixture  of equal volumes of Araldi te  and 
Epon. The sec t ions  were  not s ta ined to de te rmine  enzymes .  Pa ra l l e l  with the h i s tochemica l  ana lys i s ,  the m a -  
t e r i a l  was t r ea t ed  by the s tandard  method fo r  e l ec t ron  mic roscopy .  Sections cut on an LKB-8800 Ul t ro tome 
were  examined under the JEM-7A e lec t ron  m i c r o s c o p e .  
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Fig. 1. Localization of CAT in card iomyocytes  of intact and 
s tarving ra ts .  a) High CAT activity in mitochondria (M) of 
intact rat;  b) high CAT activity in microbodies  (MB) of 
s tarving rat .  25,000• 

Fig.  2. Reaction of microbodies  of s tarving rats  for  CAT (a) and 
cata lase  (b). 50,000 • 

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

The e lec t ron-dense  react ion product was identified c lear ly  in mitochondria of contract i le  hear t  muscle  
cells of both intact and starving animals (Fig. 1). 

E was located mainly along the surface of the mitochondria on the outer and inner membranes  and less 
frequently on the cr is tae ,  a charac te r i s t i c  feature of incubation of unfixed t issue in the medium [10]. F r e -  
quently deposits of precipi ta te  on the surface were bead-like.  As a rule no enzyme was present  in swollen 
mitochondria.  

Besides mitochondria,  an intense react ion for  CAT was given in s t ruc tures  f rom 0.1 to 0.7 p in diameter ,  
round, oval, or  i r r egu la r  in shape (Fig. lb), the smal les t  of which were concentrated nea r  the surface of the 
mitochondria  and always showed homogeneous osmiophilic staining. L a r g e r  s t ruc tu res  also were concentrated 
near  mitochondria,  bu t they  were found in other par ts  of the cell also. Elec t ron-dense  precipi tate  was not a l -  
ways uniformly distr ibuted in them. Many of them contained one dense inclusion (nucleoid) or  a somewhat 
granular  and less  e lec t ron-dense  or  t ranslucent  mat r ix .  Under high power of the e lectron microscope  a single 
surface  membrane  could be identified (Fig. 2a), These s t ruc tu res  were microbodies ,  as shown by the s i m -  
i lar i ty  of the i r  s t ruc ture  and size to s t ruc tu res  containing catalase (Fig. 2b). Sometimes a positive react ion for  
the enzyme also was found in lysosome- l ike  formations which were l a rge r  than microbodies .  The e lec t ron-  
density of the microbodies  af ter  the his tochemical  react ion for  CAT was fa i r ly  high even without additional con- 
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Fig. 3. Localization of CAT in skeletal  muscle,  fatty a reo la r  t issue,  
and hepatocytes of ra t s .  a) Fragment  of skeletal muscle o fan in tac t  
rat ,  25,000 • b) f ragments  of adipocytes bounding fatty a reo la r  t i s -  
sue of a starving rat .  F - fat. 20,000 • c) reaction for  enzyme in 
mitochondria  and microbodies  of a s tarving rat ;  d) contact of m i c r o -  
body with lipid inclusion and mitochondria  (starving rat).  50,000 • 

t ras t ing  of the sections with salts  of heavy metals,  whereas  without contrasting,  and with s tandard t rea tment  
of the t issues  with staining of the sections with lead and uranyl acetate,  they could be identified with difficulty, 
and in uncontrasted preparat ions  they were impossible to differentiate at all. 

In card iomyocytes  of intact rats  CAT was found mainly in mitochondria and adjacent small  microbodies ,  
whereas in s tarving animals they were found in large microbodies ,  the number  of which was considerably in- 
c reased .  During s tarvat ion associat ions of mierobodies with lipid inclusions of cardiomyocytes  also could be 
observed more  frequently than normal ly .  

Skeletal muscle,  as mentioned above, was studied for  its CAT distribution only under physiological con- 
ditions. Jus t  as in hear t  muscle,  e lec t ron-dense  precipi tate  was found in mitochondria and microbodies of the 
muscle f ibers .  Its topography in mitochondria of skeletal and hear t  muscle was s imi la r :  The dark  react ion 
product was concentrated on the membranes  and on the cr i s tae  of these organelles.  In the mierobodies a uni- 
form distribution of precipitate was found over  the i r  whole a rea  near ly  always, and s t ruc tures  with multiple 
nucleoids were hardly ever  found (Fig. 3a). 

In the fatty a reo la r  t issue of the adult ra t  adipocytes were  almost  entirely filled with fat and were essen-  
tially fat bodies of different s izes ,  surrounded by a tunica propr ia  and cell membrane,  tightly packed against 
each other.  In sections through some of them, all the fat was p rese rved ,  whereas in others,  in the course  of its 
functional resorpt ion,  which was par t icu lar ly  marked  in s tarving animals,  and also in the course  of solution in 
fixatives during t reatment  of the t issue,  large empty vacuoles appeared.  In membranes  surrounding the lipid 
inclusions and vacuoles an intense react ion for  CAT was found in all adipocytes during s tarvat ion (Fig. 3b). 
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In mi tochondr ia  of hepatocytes  the local izat ion of the reac t ion  product  was the s a m e  as in mi tochondr ia  
of ca rd iomyocy te s ,  but the quantity of enzyme p r e s e n t  was much l e s s ,  e spec ia l ly  in s ta rv ing  an imals .  Mean-  
while s t a rva t ion  i nc rea sed  the num ber  of mic robodies  with an intense reac t ion  fo r  CAT in the hepatocytes .  In 
the i r  s t ruc tu re  and s ize  the mic robodies  were  s i m i l a r  to those of ea rd iomyocy tes ,  but in the l ive r  microbodies  
with multiple round nueleoids we re  seen  more  often (Fig. 3c). The s m a l l e s t  mic robodies  were  usual ly in close 
contact  with the mi tochondr ia l  m e m b r a n e  and m e r g e d  with it, whereas  the l a r g e r  ones were  located n e a r  the 
mi tochondr ia  and in different  zones of the cy top lasm.  Contacts  between microbodies  and lipid inclusions were  
obse rved  eve rywhe re  during s t a rva t ion  (Fig. 3d). E l ec t ron -dense  ma te r i a l  a lso  was found in ves ic les  of the 
smooth  endoplasmie  re t icu lum,  which showed signs of m i c r o v e s i c u l a r  t r ans fo rma t ion  in the s ta rv ing  r a t s .  

The r e su l t s  of e l e c t r o n - m i c r o s c o p i c  h i s toehemica l  invest igat ions  thus demons t r a t e  that  CAT is located 
not only in mi tochondr ia ,  but a l so  in mie robodies  of ca rd iomyocy te s ,  ske le ta l  musc le  f ibe r s ,  and hepatoeytes  of 
both intact  and s ta rv ing  r a t s ,  and a lso  in the cell m e m b r a n e s  of adipocytes  during s ta rva t ion .  Since this en-  
zyme pa r t i c ipa t e s  in fat ty  acid m e t a b o l i s m ,  mic robod ies  mus t  t h e r e f o r e  play a d i rec t  ro le  in the oxidative 
ca tabo l i sm of in t r ace l lu l a r  l ipids,  as  the authors  cited above postula ted  [4, 8, 9, 14] on the b a s i s  of an i n c r ea se  
in the number  of t h e s e  o rgane l les  in cel ls  with an i nc rea sed  lipid content,  and of thei r  intereonneet ion with 
l ipid inclusions in the cy top lasm,  which we obse rved  in the p r e s e n t  invest igat ion a lso .  

The h igher  CAT activi ty in mi toehondr ia  of musc le  t i s sue ,  espec ia l ly  hear t  musc le ,  c o m p a r e d  with that 
in the mi toehondr ia  o fhepa tocy tes  was due not only to the high energy demands of the hear t ,  but a lso,  probably ,  
to  the fac t  that unlike in the l ive r ,  whose energy  r e q u i r e m e n t s  under  no rma l  conditions a r e  met  p r i m a r i l y  on 
account of ca rbohydra t e s ,  in musc le  t i ssue ene rgy  p r o c e s s e s  a re  suppor ted  mainly  by fat ty acids [5]. 

The inc rease  in the n u m b e r  of microbodies  during s ta rva t ion  in the pa renchymatous  cel ls  of the h e a r t  
and l ive r  is evidently due to an i nc rea se  in the supply of endogenous fatty acids ,  which become the pr inc ipa l  
energy  subs t r a t e  with the cessa t ion  of uti l ization of exogenous ca rbohydra tes  [7] and inhibit oxidative phos -  
phoryla t ion in mi toehondr ia  [1]. F u r t h e r m o r e ,  because of the deficiency of p las t ic  m a t e r i a l ,  r egenera t ion  of 
the mi tochondr ia  is dep res sed .  Under  these  conditions mic robodies  containing CAT which, in the modern  view, 
a re  respons ib le  fo r  adaptive metabol ic  changes [2] and fo r  uti l ization of excess ive  quanti t ies of h igh-energy  
compounds in the cell [6], begin to play an impor tan t  role in fat ty  acid oxidation. 

The concre te  m e c h a n i s m  of par t ic ipa t ion  of CAT of mie robod ies  in oxidative degradat ion of lipids is not 
ye t  c l ea r .  We know that  in mi toehondr ia  this enzyme t r anspo r t s  acyl rad ica l s  through the outer  m e m b r a n e  in-  
side the organel le ,  and these  a re  then broken down to the i r  end products  in the Krebs '  cycle [1, 5, 10]. It has 
been sugges ted  that  mic robodies  act  as a s to rehouse  fo r  acyl rad ica l s  and coenzyme A [13]. Incomple te ly  oxi-  
dized f r a g m e n t s  of fat ty  acids we re  pe rhaps  t r a n s p o r t e d  with the a id  of CAT f r o m  microbodies  into mi tochon-  
d r i a  [6], and in all p robabi l i ty  this explains the close s t ruc tu ra l  re la t ionship  between these  organe l les .  How- 
eve r ,  the poss ib i l i ty  cannot be ruled out that  f inal degradat ion of fat ty acids a lso  takes  place  in mierobodies  [11]. 
Par t ic ipa t ion  of m i c r o p a r t i c l e s  in lipid oxidation, which is accompanied  by hydrogen peroxide format ion ,  e x -  
plains why they contain not only CAT, but a lso  glutathione pe rox idase  and ca ta lase ,  which p reven t  the toxic action 
of this compound on the cell  [6]. 

The d i scovery  of CAT in the m e m b r a n e s  of lipid inclusions and in the p I a s m a l e m m a  of adipocytes  is in 
a g r e e m e n t  with the b iochemica l  data of Markwel l  et al. [13], who d i scove red  this enzyme not only in mi to -  
chondria  and mierobodies ,  but a lso  in the l ip id - r i ch  m e m b r a n e  f rac t ion  of l ive r  and kidneys.  It can be t en-  
ta t ively  sugges ted  that  the role  of CAT in fat ty  a r e o l a r  t i s sue  is to t r a n s p o r t  acyl r ad ica l s ,  f o rmed  during r e -  
sorpt ion  of fat,  through the adipoeyte m e m b r a n e  into in t r ace l lu la r  spaces  to adjacent  cap i l l a r i e s .  

The posi t ive  reac t ion  fo r  CAT in di f ferent  subce l lu la r  s t r u c t u r e s  of var ious  organs  and t i s sues  is evidence 
that oxidation of in t race ! lu la r  lipids with the aid of this enzyme is a widespread  reac t ion  in the body, and that  its 
intensi ty i nc rea se s  in ex t r em a l  s i tuat ions .  
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Pes t ic ides  can affect  the s t ruc tu re  and biological  act ivi ty  of blood cel ls  [1, 3, 7, 8, 10]. Ery throcy te8  are  
a convenient object  with which to study the ha rmfu l  act ion of pes t ic ides  on cei ls  and t he i r  m e m b r a n e s ,  fo r  
des t ruc t ion  of the cell  m e m b r a n e s  leads to readi ly  r ecordab le  hemolys i s  of these  cel ls  [1, 8]. Dependence of 
the hemolyt ic  act ivi ty  of some  pes t ic ides  and herb ic ides  on the conditions of ini t ial  act ivi ty of in t r ace l lu l a r  
enzymes  [8, la]  and on the abil i ty of the substance  to reduce the ~flowability" of the m e m b r a n e  [12] has been 
studied. However ,  the kinetic cha r ac t e r i s t i c s  of action of pes t ic ides  containing chlorine on hemolys i s  of e r y t h -  
rocy te s  and the i r  r e s i s t a n c e  to mechanica l  action, which may  c h a r a c t e r i z e  cer ta in  p r inc ip les  governing the 
physiological  act ivi ty of these compounds,  has not been studied. 

The a im  of this invest igat ion was to study the kinetics of action of pes t ic ides  containing chlorine on h e m o l -  
y s i s  and mechanica l  r e s i s t ance  of e r y t h r o c y t e s  to the action of ul t rasound and on m e m b r a n e - b o u n d  ace ty l -  
cho l ines te rase  (ACHE) act ivi ty  and a lso  to obtain quanti tat ive c r i t e r i a  with which to compare  the ef fec t iveness  
of action of pes t i c ides .  

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

Suspensions of e ry th rocy t e s  i so la ted  f rom human blood were  studied; spec i f ic  AChE act ivi ty was d e t e r -  
mined by a po ten t iomet r ic  method with automat ic  record ing  [3]. The ldnetics of e ry th rocy te  hemolys i s  in i so -  
tonic med ium under the influence of pes t ic ides  was studied by a pho toco lor imet r ic  method based  on the i nc rea se  
in light t r a n s m i s s i o n  of a suspens ion (107-108 c e l l s / m l )  during cell  des t ruc t ion  [2]. The compar i son  cuvette 
contained a suspens ion  of e ry th rocy t e s  hemolyzed  in dis t i l led wa te r .  The pes t ic ides  containing chlorine which 
were  used included herbic ides :  the sodium sa l t  of t r i ch lo roace t i c  acid (TCA) and pentacMorophenolate  (PCP-  
Na); the insect ic ide chlorophos;  the fungicide pentachloroni t robenzene  (PCNB), and the su l fu r -con ta in ing  p e s t i -  
cide rogor  (Table 1). Res is tance  of e ry th rocy te s  t r e a t ed  with the pes t ic ides  to mechan ica l  hemolys i s  through 
the action of u l t rasound (frequency 1 MHz, intensi ty  0.4 W / c m  2) was inves t iga ted  by automat ic  record ing  of the 
kinetics of e ry th rocy te  des t ruc t ion  in a spec t ropho tome te r  cuvette [2]. The p a r a m e t e r s  de te rmined  f r o m  ex-  
pe r imen ta l  kinetic curves  of u l t rasonic  hemolys i s  c h a r a c t e r i z e  the mechanica l  r e s i s t ance  of e r y t h r o c y t e s  and 
its change as a r e su l t  of t r ea tmen t  of the e ry th rocy t e s  by the chemica l  compounds chosen for  tes t ing .  
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