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MORPHOMETRIC DETECTION OF SPECIALIZED INTERNODAL 

CONDUCTING PATHWAYS OF THE HEART 
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Three basic hypotheses are constantly discussed in the literature on conduction of the 
impulse from the cardiac pacemaker -- the sinus node (SN) to the atrioventricular node (AVN): 
i) There are no specific conduction pathways in the atria and the impulse spreads over the 
whole working myocardium [1, 8]; 2) selective conduction pathways exist, i.e., pathways 
spreading the impulse more rapidly than the surrounding myocardium but without any special- 
ized morphological substrate [7, 11-13]; 3) specialized pathways exist, i.e., pathways dif- 
fering in structure from the working myocardium and conducting the impulse more rapidly than 
the surrounding myocardium of the right atrium (RA) [4-6, 9, i0]. It is difficult to give 
an unequivocal answer to this question because of the absence of a common nomenclature in in- 
vestigations at different structural levels of organization (anatomy, histology, cytology) 
[5, 9, I0], and also the absence of morphofunctional correlations [4, 7, 13]. The technical 
difficulties encountered in previous investigations resulted from the study of hearts of rel- 
atively large animals: rabbit, monkey, dog, man [6, 9, 12], in which it is difficult to de- 
tect components of the intracardiac conduction system because of constraints imposed by the 
methods of light and electron microscopy and microelectrode techniques for such material. 
Furthermore, accurate quantitative methods have not been adequately used in the search for 
specialized conduction pathways [6] and most workers have contented themselves with qualita- 
tive, descriptive and, consequently, subjective criteria of identification. 

The object of this investigation was to attempt to obtain quantitative morphological 
evidence in support of the existence of specialized conduction pathways in RA of the rat 
heart, using morphometric methods. 

EXPERIMENTAL METHOD 

Mature noninbred male rats weighing 250-300 g were used. The animals were anesthetized 
by intraperitoneal injection of pentobarbital (0.05 mg/g body weight) after which the heart 
was perfused with 2.5% glutaraldehyde in phosphate buffer (pH 7.4). Samples were taken from 
the region of the superior vena cava with the adjacent myocardium of RA and, after standard 
processing for electron microscopy, they were embedded in one block. Tissues of SN and AVN 
were identified among the working myocardium in semithin sections [3]. Quantitative data on 
the tissue composition of the regions chosen for study were obtained by the dot method from 
negatives [2], with a final magnification of 7500 (the area of one field of vision was 640 
p2). The material was subjected to statistical analysis and differences were evaluated by 
Student's t test. 

EXPERIMENTAL RESULTS 

Quantitative analysis of regions of SN and the adjacent working myocardium of RA re- 
vealed a significant difference (P < 0.001) in the content of muscle, connective-tissue, and 
nerve cells in these regions, but differences in the relative proportions of vascular struc- 
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Fig.  i .  Histogram of d i s t r i -  
but ion of frequency of d i s -  
covering muscle components 
among tissue components of 
myocardium, i) SN; 2)RA. 
Abscissa, proportion of mus- 
cular components among all 
tissue components of myo- 
cardium (in %). 

tures were not significant (Table I; P > 0.I). The degree of variation of the tissue compo- 
nents was greater in the contractile myocardium than in the conducting system (Fig. i). This 
fact could be the result of mechanical amalgamation of the two tissue populations --working 
and conducting -- of the myocardium within the rat RA, i.e., of inability to identify special- 
ized internodal conducting pathways (INP) among the mass of the contractile myocardium. The 
possibility of detecting these pathways was based on the assumption that tissue components 
of the main parts of the conducting system of the rat heart have a uniform quantitative com- 
position. This view was confirmed during the present investigation: The tissue composition 
of SN did not differ significantly (P > 0.i) from that in AVN, in the atrioventricular bun- 
dle of His (AVB), and in the subendocardial conducting fibers of the ventricular papillary 
muscles [2]. To detect the conventional boundaries of identification of INP among the work- 
ing myocardium in RA of the rat heart, the data of variance series of the quantitative com- 
position of tissue components were ranked relative to the actual variable- the number of 
muscle cells -- in order of increasing magnitude. The upper conventional boundaries separat- 
ing tissue populations into INP and RA were taken to be the following numbers of muscle cells 
in the myocardium respectively: 35, 40, 45, 50, 55, and 60%. By division in this way, the 
newly discovered tissue subpopulations of the myocardium were characterized in terms of the 
number of muscle, connective-tissue, vascular, and nerve components contained in them (Table 
i). Comparison of the INP and RA subpopulations in each of these cases of division showed 
that differences in the numbers of muscle and connective-tissue components were always sig- 
nificant (P < 0.001), whereas differences in the number of nervous structures were not sig- 
nificant (P > 0.i). Relative differences in the number of vascular components were signifi- 
cant (P < 0.01) for divisions in which the proportion of muscle components in INP exceeded 
45% but did not exceed 60%; otherwise the differences were not significant (P > 0.I). Com- 
parison of conventionally isolated INP with SN with respect to their tissue composition 
showed that differences were not significant (P > 0.i) for muscle, connective tissue, and 
vascular components in INP subpopulations containing 45, 50, and 55% of muscle components 
(Table 2). At all levels of identification, INP made a smaller contribution to the content 
of the nervous component than SN (P < 0.001). Having fixed conventional boundaries between 
INP and RA, it was possible to distinguish the most probable values corresponding to the 
smallest calculated values of Student's t (Table 2). 

Analysis of muscle components of this most probable of the INP subpopulations isolated 
by this method of separation showed that they consisted of 1-3 muscle bundles descending 
from SN, and they formed a distinctive category of specialized myocytes, differing both from 
the conducting cells of SN and from the working cardiomyocytes of RA. These cells were long, 
fusiform, and smaller than myocytes of the working myocardium of RA. They contained fewer 
myofibrils than the working cardiomyocytes of RA, and these organelles were arranged in reg- 
ular rows parallel to the long axis of the cell. Myocytes of INP resembled in their morphol- 
ogy the specialized type III cells of the conducting system of the rat heart, described by 
the writers previously [3], found in the lower part of AVN, AVB, and its branches. Unlike 
some other workers [4, 9, i0, 12, 13], we found morphologically specialized INP that could 
be distinguished in the surrounding working myocardium of RA both by their quantitative tis- 
sue characteristics and by their qualitative cell composition. These morphological data pro- 
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TABLE 2. Comparison of Volume Fractions of Tissue Components of SN and Conventionally 
Isolated INP and RA of the Rat Heart 

Content of muscle eorn-[ No. of de- 
ponents in convert- I grees of 
t ional ly isolated inter- ] freedom K = 
node1 conducting path- ways, ~ n i+  I12 - 2  

~ 3 5  65 
<~40 68 
~ 4 5  72 
~50  76 
~-~55 82 
~60  88 

Tissue components of sii2ns node 
c o  nll~C ~iV e 

muscular tissue vascular  nervous 

t P t P 

3,04 <0,01 
2,12 <0,05 
1,08 >0,1 
0,03 >0,1 
1,28 >0,1 
2,28 <0,01 

t P 

2,84 <0,01 
2,t0 <0,05  
1,50 >0,1 
0,33 >0,1 
0,30 >0,1 
1,03 >0,1 

t P 

0,80 >0,1 
0,26 >0,1 
0,12 >0,1 
0,45 > 0 , i  
0,00 >0,1 
O,32 >0,1 

3,95 
5,10 
6,31 
8122 
11,63 
18,38 

-<0,00I 
<0,001 
<0,001 
<0,001 
<0,001 
<0,001 

vide the essential basis for future investigations of morphofunctional correlations, for 
specialized type III cardiomyocytes may perform the role of structures conducting the de- 
polarization wave rapidly in the conducting system of the heart. 
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