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Of the methods for surgical treatment of chronic coronary insufficiency, recognition has been made of the 
operations for cardiac revascularization (bilateral transplantation of the internal mammary arteries, abdominaliza- 
tion of the heart, and the creation of aseptic exopericarditis). The corrective effect of this type of intervenuon on 
the circulatory organ in general and the coronaries in particular has been proven [1, 7]. However, the general bio- 
logical role of organ revascularization operations has not been sufficiently studied. Only isolated works appear in 
the literature on this problem [6]. 

The morphology and histochemistry of experimental myocardial infarction has been studied in detail [3, 5, 8, 
11, 14, 15, 22], but histochemical studies of experimental myocardial infarction incurred in association with surgical 
revascularization of the heart have not been carried out. The main changes in the zone of potential necrosis and in 
the paranecrotic region must be expected during the early phases of observation and are associated with energy mate- 
rial (glycogen); the regrouping of acid mucopolysaccharides occurs in the later phases. This served us as a basis for 
performing histochemical study of these substances in experiments on dogs in which myocardial infarction was pro- 
duced after certain cardiac revascularization operations. 

EXPERIMENTAL 

A total of 29 experiments were performed, 13 of which were controls. Myocardial infarcts were produced in 
the experimental series by ligation of the main trunk of the descending branch of the left coronary artery in animals 
in which from 20-194 days previously bilateral transplantation of the internal mammary arteries had been performed, 
surgical aseptic exopericarditis created, or a combined procedure done. For controls we used dogs in which experi- 
mental myocardial infarction had been produced but no operation for cardiac revascularization performed. At dif- 
ferent periods after production of the myocardial infarct (from several minutes to 102 days) the animals were sacri- 
ficed by intravenous injection of ether. To evaluate the data obtained in the experiment we also studied eight dogs 
after production of aseptic exopericarditis and four intact dogs. 

For the morphological and histochemical investigations of various sections of the heart muscle, pieces were 
excised, fixed in 12% formalin solution, and embedded in paraffin by the usual method. To reveal substances which 
contain the 1, 2-glycol group, the periodic acid Schiff reaction [9] was carried out with the following controls: 
treatment of sections with a-amylase [9], acetylation (blockage of amino and hydroxyl groups) according to Lillie 
[6], blockage of aldehyde groups by hydroxylamine hydrochloride according to Culling [12], extraction of tipids in 
hot methanol-chloroform [4], weak acid hydrolysis according to Schmitz-Moormann [20]. Acid mucopolysaccharides 
were identified by staining the sections with Alcian blue, toluidine blue, and by the method of Mowry-Kiel [19]. 
The acid mucopolysaccharides were differentiated with the help of the following control experiments : blockage of 
carboxyt and sulfate groups (methylation) according to Fisher and Lillie [13], demethylation according to Spicer and 
Lillie [21], sulfuration according to Moore and Schoenberg [18], treatment of the sections with mucolytic enzymes 
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Fig. 1. Increase in glycogen content in cardiac  muscle  fibers a -  

round vessels after operation to create  aseptic exopericardi t is .  Micro-  
photograph. PAS-react ion.  Object ive 20 X, ocular ? x.  

Fig. 2. Experimental  myoca rd ia l  infarction. Avascular coarse f i-  

brous hyal in ized  scar. Microphotograph. Van Gieson stain. Ob- 
jec t ive  20 x,  ocular 7 x.  

( test icular  and bac te r i a l  hyaluronidase) according to the schema carried out under the guidance of Pearse r9]. 
Besides the h is tochemica l  methods of t reat ing the sections they were stained with hematoxyl in-eos in ,  with Van 
Gieson's mixture with resorcin-fuchsin for e las t ic  tissue, and were impregnated with Gomori 's  stain. 

R E S U L T S  

Upon invest igat ion of the heart  of intact  animals  it  was found that glycogen (as granules of a dark-vio le t  color 
in the periodic acid Schiff reaction) is more or less evenly distributed in the muscle fiber, In different muscles the 
fibers are noted to be unequally PAS-posit ive in staining, which is explained by the different funct ional  ac t iv i ty  of 
different groups of  muscle  fibers [10], The glycogen appears in the sarcoplasm and in the myofibri ls .  The main  
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Fig. 8. Exper imental  myocard ia l  infarction after previously performed 

operation to create  aseptic exopericardi t is .  Finely f b r i l l a r  scar with-  
out signs of hya l in iza t ion .  Microphotograph. Van Gieson stain. Ob- 
jec t ive  20 x,  ocular 7 x. 

in ters t i t ia l  substance of the intermuscular layers and vessels stains me tachromat i ca l ly  with toluidine blue, a deep 
blue color with Alcian blue,  and gives a positive Mowry-Kie l  react ion.  Carrying out the reactions in the controls 
it was possible to establish that the main  substance in these structures contains acid mucopolysacchar ides ,  main ly  

hyaluronic acid and chondroitin sulfate (mainly chondroitinsulfuric acid A and C). 

His tochemica l  study of the heart  in animals which previously had undergone an operation for aseptic exoper-  
icarditis revealed a distribution of glycogen and mucopolysaccharides in the above enumerated structures. This dis- 
t r ibut ionwas iden t i ca l to  the normal .  In musclef ibers  which lay near vessels which, ake r  this intervention,  underwent 

changes of considerable reorganizat ion,  an increased glycogen content was noted (Fig. 1). 

In control  animals for 20-30 rain after the l igation of the main  trunk of the left coronary artery the amount 
of glycogen in the muscle  fibers in the zone of ischemia s ign i fcan t ly  decreased.  However, after 80 rain in other 
groups of muscle fibers in the ischemic zone the glycogen content was mainta ined .  Glycogen was also found in the 
paranecrot ic  area and along the vessels. By the sixth to eighth hour after disruption of the coronary c i rcula t ion rather 
marked signs of hemodynamic  injury were observed (hyperemia,  stasis of blood, perivascular extravasat ion,  eosino- 

phi l ia  of muscle  fibers, orthochromasia of fibers with toluidine blue staining). At this t ime  the PAS-posit ive reac-  
tion as shown in the control studies was explained by the appearance of compounds which contained neutral  muco-  
polysaccharides,  l ipoproteins,  and, probably,  s ia l ic  acid.  The ident ica l  reactions were also observed in the edema  
fluid. After 24 h, besides the intensif icat ion of the hemodynamic  disruption and the marked dystrophy (eosinophil ia  
of the cytoplasm, disappearance of the cross striations, and karyolysis of groups of muscle fibers), anincrease  in PAS- 
positive staining was found. By the second to third day pronounced centers of 7 -me tach romas i a  were observed in 
the infarct ion zone upon staining with toluidine blue, and this increased with t ime .  

Control experiments  permit ted us to establish that  this react ion is explained by the accumulat ion  in centers of 
necrosis of hyaluronic acid and chondroitin sulfate type C. By the fourth day, in the ground substance of the connec-  
t ive  tissue are found regrouped acid mucopolysaecharides with an increase in chondroitin sulfate B, which coincides 
in t ime with the fibroblast reaction and the appearance of an increased number of bundles of argyrophil ic  fibers. 
In the la ter  period of observation (8 to 12 days), together with the col lageniza t ion  of the argyrophil ic fibers an in-  
creased content of chondroitin sulfate B is found in the ground substance, and compounds containing the 1 ,2-g lycol  
grouping are found in the newly organized col lagen bundles. By the thir t ieth to sixt ieth days the quantity of acid 
mucopolysaccharides  and PAS-positive ma te r i a l  in the scar zone has decreased.  At this t ime  e las t ic  fibrils appear.  
By the third month massive avascular ,  coarsely f ibri l lar  scars have formed with characterist ics of hya l in iza t ion(Fig .  2). 
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Histochemical and histological study of the heart in animals in which myocardial infarction was produced in 
association with a previous Fieski operation gave results similar to those noted above. In the case of ligation of the 
coronary artery in animals which had previously undergone a procedure to create aseptic exopericarditis or the latter 
procedure in combination with the Fieski operation, the histochemieal method permitted the finding of essential 
differences from the changes produced after experimental infarction in the control animals. In the first minutes after 
iigation of the artery no morphological not histochemical changes in the cardiac muscle were observed, At 30 min 
the ischem[c zone could not be determined. The distribution and content of gtyogen in the muscle fibers was similar 
to normal. At 31/~hin the zone of the ligated coronary artery there appeared groups of muscle fibers, the glycogen 
content of which was markedly decreased; at the same time fibers were found with increased glycogen content. 
This might be particularly dearly seen around vessels, the number of which was considerably increased in pericar- 
ditis. At a later period the muscle fibers which lacked glycogen underwent dystrophy and necrobiosis, On the second 
day signs of fibrillary disruption might be seen with the appearance of necrotic fibers of acid mucopolysaccharides 
in the stroma. These had previously been PAS-positive, evidently at the expense of the neutrat mucopolysaccharides. 
By the tenth to fifteenth day bundles of connective tissue strands had formed, between which were found unchanged 
groups of muscle fibers. After 2 to 3 months well vascnlarized scars had developed, consisting of thin argyrophilic 
collagen and elastic fibers which did not show hyalinization (Fig. 3). 

The presence of high-caloric energy material in the cytoplasm of the muscle fibers (material which appeared 
to be glycogen) characterizes the functional state of these cells to a known degree. As the most labile energy mate- 
rial, glycogen rather rapidly disappears from tissue structures which are in a hemodynamically injured state. Similar 
data have been obtained by numerous authors [2, 11, 17]. The quantitative content of glycogen in the protoplasm of 
cellular elements is in definite proportion to the blood flow to the organ. Intensification of the latter is accompanied 
by the accumulation or synthesis within the muscle tissue (a question which requires further study) of an increased 
amount of polysaccharide and is limited in known degree by the potential capacity of the vascular system. Marked 
hemodynamic interruption is accompanied by the mobilization of the intracytoplasmic energy resources, mainly 
glycogen or by aerobic or anaerobic glycogenolysis. 

The accumulation of acid mucopolysaccharides in the stroma of muscle fibers which have expended their 
glycogen evidently characterizes the irreversibility of the dystrophic processes and is explained by the depolymer- 
ization of the ground substance. This occurs initially at the disruption and injury of the cell membrane and is 
accompanied by the outflow of myocardial stroma and the accumulation of mucopolysaceharides in the ground sub- 
stance of the connective tissue. Further regrouping of the latter with an increase in the sulfated acid mucopoly- 
saccharides is linked with the process of collagen formation. These processes, however, are determined in consider- 
able degree by the type of ischemia in the zone of infarction. 

Surgical revascularization of the heart, which gives a marked hemodynamic effect, in the experimental myo- 
cardial infarct decreases the degree of ischemia in the muscle fibers, permits the intensification of metabolism, 
decreases the zone of necrobiosis, and prevents the development of a coarsely fibrous scar.  To intervention of this 
type, we first added an operation to create an aseptic exopericarditis. 

L ITERATURE C I T E D  

1. A.N. Bakulev, Papers from a Symposium on the Surgical Treatment of Coronary Disease [in Russian],Moscow 

(1962), p. 3. 

2, S. A, Buvailo and F. Z. Meerson, Dokl. AN SSSR, 118 (1958), p. 823. 

3. V.V. Vinogradov and B. B. Fuks, Arkh. pat., 2 (1961), p. 74. 
4. S. A, Vinogradov, Experimental Myocardial Infarction and the Effect of Certain States of the Organism on 

its Development [in Russian], Doctoral Disser;ation, Moscow (1957). 
5. K.A.  Gornak and E. F. Lushnikov, Arkh. pat., i (1963), p. 14. 
6. I .F .  Zhordania and O. A. Gotsiridze, In the book: Collection of the Scientific Work of the Ryazansk. 

Medical institute, 1"_.~3 (1962), p. 250. 
7. B. P~ Kirillov, Translations of the Surgical Hospital Clinic of the Sverflovsk Medical Institute [in Russian], 

1 (1939), p. 168. 
8. A.L.  Myasnikov et al, Experimental Myocardial Necrosis [in Russian], Moscow (1963). 
9. A .G .E .  Pearse, Histochemistry, Theoretical and Applied [in Russian],Moscow (1962). 

10. N .T .  Raikhlin and A. B. Linnik. in the book : Plastic and Restorative Processes [in Russian], Moscow (1962). 

1126 



11. A . I .  Strukov, (ed). Problems in the Morphology and Pathogenesis of Infarction [in ~Zussian], Moscow (1989). 
12. C . F . A .  Culling, Handbook of Histopathological Technique (Including Museum Technique), London (!957). 
13. E.R. Fisher and R. D. LilIie, J. Histochem. Cytochem.,  _2 (1984), p. 81. 
14. R.B. Jennings, et al., Arch Path., 6_..!4 (1957), p. 10. 
15. B. Klionsky, Am. L Path., 3_!8 (1960), p. 575. 
16. R.D. Lillie, J. Histochem. Cytochem.,  6 (1958), p. 352. 
17. A .W.  Merrick and D. K. Meyer, Am. J. Physiol., 177 (1954), p. 441. 
18. R.D. Moore and M. D. Schoenberg, Arch. Path., 64 (1987), p. 39. 
19. R.W. Mowry, Lab. Invest., _7 (1958) p. 566. 
20. P. Schmitz-Moormann, Arch. path. Anat., 334 (1961), p. 351. 
21. S .S .  Spicer and R. D. Lillie, J. Histochem. Cytochem.,  _7 (1959), p. 123. 
22. R. Termant, et al., Am. Heart. L ,  1__2_g (1936), p. 168. 

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
at.ions of the abbreviations as given in the original Russian journal Some or all o f  th i s  peri-  

od i ca l  l i t e ra ture  m ay  we l l  be  a v a i l a b l e  in E n g l i s h  t rans lat ion.  A complete list of the cover-to- 
cover English translations appears at the back of this issue, 
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