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Recent reports show that the impulse in i t iat ing and conduct ing fibres in the heart of 
mammals ( inc luding man) d i f f er from the normal heart muscles both histological ly and his-
tochemical ly (9, 10). O n the basis of these f ind ings certain di f ferences in the metabol i sm of 
the conduct ion system and that o f the myocardium can be assumed. On the other hand 
current histological procedures fai led t o reveal a special ized conduct ion apparatus in the 
heart o f lower vertebrates (4, 5, 6, 7). M a n y workers are, therefor, inclined to suppose that 
the heart muscle o f the lower vertebrates performes the ini tat ion and conduct ion o f impulses 
in addit ion to its contract ives , i. e. has more c o m p l e x tasks. A comparat ive histochemical 
study was performed on the heart of m a m m a l s and lower vertebrates to test the correctness 
o f this assumption. 

Material and m e t h o d 

Myocardium and His ' bundle of catties, the hear t of adult guinea pigs and 
axolotls (Amblystoma tigrinum) were used for the experiments. The conduct ing 
bundle is clearly visible and easily p repared f rom the hear t of catties, "pie con-
duct ing bundle can be demons t ra ted by means of adequate morphological ana -
lysis in sections p repa rad f r o m thfohear t of guinea pigs, whereas no such bund le 
dist inguishable f r o m the normal myocardium has so f a r been f o u n d in the 
heart of the axolot l . This is an urodele and thus belongs to a class infer ior to 
tha t of the mammals ; being neotenic, axolot l represents a phylogenetical ly yo-
unger stage wi th in the urodeles. The removed hearts were immediately f rozen 
with carbondioxide snow, 10 /г sections were cut in the cryostat . T h e sections 
were t reated to demonstra te the fo l lowing enzymes: ^-glucuronidase with a 
postcoupl ing azo-dye method (PEARSE, 1960); a lkal ine phosphatase (GOMORI 
1952), acid phosphatase (BARKA, 1960), succinic dehydrogenase (PEARSE, 1960) 
and esterase (DAVIS, 1959). 
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Resul ts 

The histochemical reactions (Fig. 1—12.) revealed tha t three hydro ly t i c 
enzymes, namely non-specif ic esterase, /»-glucuronidase and acid phosphatase , 
were strongly act ive in the axolotl heart . The conduct ing bundle of guinea pigs 
and catt ies showed s t rong non specific esterase ac t iv i ty . The /^-glucuronidase 
reaction was weaker in the myocardium of the guinea pigs and the cat t ies than 
in the axolotl heart . T h e acid phosphatase reaction was negative in the hear t of 
both species of mammals , and the alkal ine phosphatase reaction in all species 
examined. As expected, the succinic dehydrogenase act ivi ty proved t o be very 
intensive in the mammal i an myocardium, but was extremely weak in their 
conduct ion appa ra tu s as also in the heart muscle of the axolotls. The d i f f e rence 
is so big as to make it possible to distinguish between conduct ing bundle and 
normal cardiac muscles in hearts where the bundle cannot be isolated. 

Discuss ion 

The examined hydro ly t i c enzymes (alkal ine and acid phosphomonoes tera-
ses, /»-glucuronidase, non specific esterase) are group-specif ic enzymes. T h e his-
tochemical methods demons t ra te enzymes act ing on a certain group of substra-
tes. I t will be thus unders tood tha t observat ions regarding the ac t iv i ty of the 
aforesaid few hydro ly t i c enzymes do not suff ice for direct conclusions as t o 
the corresponding metabol ic processes. All we can say on the basis of our re-
sults in tha t metabol ic processes are d i f fe ren t in the myocardium of the higher 
and the lower vertebrates . We m a y add tha t , since the said enzymes belong to 
the biochemically isolated lysosome fract ion, it is justified to suppose tha t the 
lysosome system is m o r e act ive in the hear t of the axolotl than in t ha t of the 
examined mammals . 

It is easier to assess the results of the succinic dehydrogenase reactions. 
Being a marked ly substrate specific enzyme, its behaviour a f f o r d s insight in to 
the t r icarboxyl ic acid cycle and thus the organ ' s ox ida t ive metabolism. We ha-
ve notes tha t the ac t iv i ty was especially s t rong in the heart of the examined 
mammals . This may have been due to the intensive physical work t o be per-
formed by the myocardium which receives the energy required for this work 
through oxidat ion. T h e reaction was, on the o ther hand , very weak in the 
conduction system of mammals and in the entire hear t of the axolotls . The 
conduct ing fibres are k n o w n to be non-contract i le so tha t they do not p e r f o r m 
physical work like the rest of the myocardium. It is, therefore, unders t andab le 
tha t the enzymes of these fibres which are a t p lay in the ox ida t ive metabol ism, 
e. g. succinic dehydrogenase, show a less ac t iv i ty . The similari ty observed bet-
ween the conduct ing fibres of the examined m a m m a l s and the card iac muscu-
lature of the axolot l in respect of the succinic dehydrogenase reaction is a 
notewor thy phenomenon. I t admi t s of t w o in terpre ta t ions . The f i rs t is t ha t 
the heart of the axolot l receives the energy required for its physical work 
chiefly f rom glycolitic and not f rom oxida t ive processes. In order to obtain 
a clear p ic ture in this respect it is intended to p e r f o r m histochemical experi-
ments with enzymes of the glycolysis. The second line of reasoning is this: 
if we accept tha t weak reaction is characterist ic of heart muscles which serve 
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tor the in i t ia t ion and conduc t ion of impulses, the fac t t ha t the reaction has 
been f o u n d to be weak in the ent i re hea r t of the axolot l w o u l d suppor t ou r 
assumpt ion t h a t there is no dis t inct conduct ion a p p a r a t u s in the hear t of this 
an imal , a n d t h a t all f ibres of t h e ca rd iac muscula ture p e r f o r m physical work 
as also the in i t ia t ion and conduc t ion of impulses. 
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1 N o n s p e c i f i c esterase react ion in the myocardium o f the a x o l o t l . T h e ce l l s g i v e s t r o n g 
p o s i t i v e react ion. M a g n i f i c a t i o n X 500. 

2 A c i d phosphatase a c t i v i t y in the myocardium o f the a x o l o t l . N o t e areas w i t h p o s i t i v e 
react ion in the l o w e r part o f the picture. M a g n i f i c a t i o n X 500. 
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3 ^ - g l u c u r o n i d a s e ac t iv i ty in the m y o c a r d i a l f ibres of the axo lo t l . N o t e in tens ive pos i -
t i v e react ion a long the f ibres . M a g n i f i c a t i o n X 500. 

4 Succ in ic d e h y d r o g e n a s e react ion in the myocardium of the a x o l o t l . T h e sole: v i s ib le 
musc le f ibre appears to be nega t ive . Occas iona l crystals of f o r m a z a n ind ica te w e a k 
pos i t iv i ty . M a g n i f i c a t i o n X 500. 
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r ig . 5. N o n - s p e c i f i c esterase a c t i v i t y is w e a k in the normal heart muscles o f the catt le 
M a g n i f i c a t i o n s X 3 0 0 

F ig . 6. S t rong n o n - s p e c i f i c esterase react ion in the Purkinje f ibres of the ca t t l e -hear t . 
M a g n i f i c a t i o n s X 5 0 0 
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Hg. 7 S t rong noil spec i f i c esterase reaction in the myocardium o f the adult guinea p ig . 
M a g n i f i c a t i o n X 350. 

Fig. 8 /¿-glucuronidase react ion in hear t -musc l e f ibres of the guinea pig. It is s o m e w h a t 
w e a k e r than in the myocardium o f the a x o l o t l . M a g n i f i c a t i o n X 500. 

h A c i a Biologica 
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9 Succinic d e h y d r o g e n a s e a c t i v i t y in the myocardium of the gu inea pig. N o t e crysta ls 
of f o r m a z a n indicat ing pos i t ive react ion. M a g n i f i c a t i o n X 500. 

10 ^ - g l u c u r o n i d a s e ac t iv i ty in the normal heart muscles o f the catt le . N o t e p o s i t i v e 
react ion a long the microf ibr i l s . M a g n i f i c a t i o n X 4 5 0 . 
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lig. 11 Succ in ic d e h y d r o g e n a s e ac t iv i ty in the normal heart musc le o f the cat t le . N o t e s trong 
react ion a l o n g the f ibres . M a g n i f i c a t i o n X 350. 
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f i g . / 2 Succ in ic d e h y d r o g e n a s e ac t iv i ty in the Purkinje fibres of the cat t l e -heart . C o m p a r i s o n 
w i t h Fig. 11 s h o w s react ion to be cons iderab ly weaker here. M a g n i f i c a t i o n X 3 M -


