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A comparative study of the responses of the mast cell and coagulation systems to ex- 
perimentally induced myocardial infarction in dogs that had been constantly hying at 
a medium altitude (1600 m above sea level) and those constantly hying at a low al- 
titude (760 m) revealed less marked morphological and functional changes in these sys- 
tems in the former ("mountain") dogs, which may be interpreted as an indication of 
their enhanced nonspecific resistance acquired as a result of long-term adaptation to 
conditions prevailing at medium altitudes. 
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Studies in which the impact of various extremely 
adverse factors on the mast cell and coagulation 
systems was examined, have demonstrated that a 
relationship exists between the state of mast cells 
(MC) and alterations in the coagulation system 
[3,9-11]. This prompted us to investigate the state 
and role of MC in pathological conditions involv- 
ing coagulation disorders, given that MC are known 
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to be producers of  heparin and other biologically 
active substances [4,14]. There is evidence that MC 
can ensure equilibrium of the coagulation-anticoa- 
gulation system, for each cubic millimeter of wall 
of  a large human  blood vessel contains as many 
as 1000 to 8000 MC [13]. Patients with myocar- 
dial infarction hying in a plain region (around sea 
level) have been shown to have lowered blood lev- 
els of free heparin in conjunction with hypoplasia 
of  MC and their reduced functional activity [7,8]. 

The objective of  the present study was to ex- 
amine the impact of  myocardial infarction on the 
functional state of  MC in relation to changes in 
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coagulation in dogs that had been constantly liv- 
ing at a medium altitude in comparison with those 
living at a low altitude. 

MATERIALS AND METHODS 

The study was conducted on four groups of mon-  
grel dogs. Groups 1 and 2 consisted, respectively, 
of intact (control) dogs and those with myocardial 
infarction (MI) which lived at a low altitude (in 
the city of Bishkek 760 m above sea level), this 
being referred to below as low-altitude or plain 
dogs; groups 3 and 4 comprised intact (control) 
dogs and those with MI, respectively, living at a 
medium altitude (near the shore of Lake Issyk Kul 
1600 m above sea level) - medium-al t i tude dogs. 
MI was produced by applying a ligature at the 
boundary between the upper and middle thirds of 
the descending branch of the left coronary artery. 
The states of MC and coagulation were examined 
15 days after the onset of MI. To study MC, full- 
thickness skin pieces were excised and fixed in 
12% neu t ra l  formal in  and Lillie's fluid.  Fi lm 
preparations of the skin samples were made and 
stained with toluidine blue at various pH values. 
MC in intervascular areas were counted in 15 fields 
of vision (at a magnificat ion of 4000) and the 
diameters of oval and round ceils were measured. 
The functional activity of the cells was assessed by 
determining the degree of their maturity (cells <13 

in diameter were considered as young, those 13- 
15 ix in diameter as intermediate,  and those >15 

as mature) and their degranulation (fin'st-degree 

Pig. 1. Response  of mas t  ce l l s  to 
myocardia l  infarct ion in a m e d i u m -  
a l t i tude  dog  ( f i r s t - -degree  deg ranu-  
lation). Toluidine b lue  staininig. • 

degranulation: only a few granules were lost by the 
cells; second degree: massive loss of  granules by 
the cells; third degree: completely destroyed cells). 
The condition of plasma coagulation factors was 
evaluated by routine biochemical procedures. Plate- 
let adhesion was determined by Multen 's  method 
and platelet aggregation by Bore's method.  

RESULTS 

The low-altitude dogs with MI (group 2) differed 
significantly from their intact counterparts (group 1) 
in a number of parameters, as shown in Table 1. 
They contained fewer MC (by 48%) and their MC 
were smaller; the numbers of young and mature cells 
were lower, whereas the number of intermediate cells 
was higher. The percentage of cells with third-de- 
gree degranulation was nearly quadruple that in the 
intact dogs. These changes, which are indicative of 
altered functional activity of MC, went  along with 
elevated levels of free heparin as a result of its re- 
lease from the MC because of their increased de- 
granulation and breakdown, and with intensified pri- 
mary and secondary coagulation: the percentage of 
adhered platelets, the index of adhesion, and the 
platelet aggregation time were increased, as was blood 
tolerance of heparin, while the prothrombin and 
recalcification times were shorter Coy 7 sec and 13 
sec, respectively). Fibrinogen concentration remained 
within normal limits, but fibrinolytic activity was 
significantly depressed (Table 1). 

A comparative analysis of MC in the two con- 
trol groups (intact low-altitude dogs and intact 
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Fig. 2. Response of mast ceils to my- 
ocardial infarction in a l ow-a l t i t ude  dog 
(second- and third-degree degranu- 
lation). Toluidine blue staining, x400. 

medium-alti tude dogs) showed that the latter dogs 
(group 3) contained more  MC (by 22%), which 
were smaller in diameter, and that the proportion 
of young ceils was higher while the contents of 
intermediate and mature  cells were lower than in 
the intact low-altitude dogs (group 1). The me- 
dium-altitude dogs also had a lower percentage of 
cells showing second- or third-degree degranulation 
(Table 1). In  both groups, MC were uniformly 
dispersed throughout the connective tissue, but in 
the medium-a l t i tude  dogs, unlike in the plain 
dwellers, mature cells (>15 g in diameter) were 
most frequently seen lying in close proximity to 
blood vessels, so that the probability of their se- 
cretion entering the blood was higher. 

Examination of the hemostatic system in the 
control groups showed a significantly higher blood 
level of heparin in the medium-alt i tude dogs. The 
adhesive properties of their platelets and the hep- 
arin tolerance of their blood were reduced (coagu- 
lation t ime was increased by 14 sec as compared 
to the low-altitude dogs; p<0.02). Recalcitication and 
prothrombin times were also longer than in the low- 
altitude clogs (by 14 sec and 10 sec, respectively; 
p<0.01). Fibrinogen concentration was the same as 
in the low-altitude controls, but fibrmolytic activity 
was 26% lower (2<0.001). There was therefore a 
tendency toward hypocoagulation in the presence of 
reduced fibrinolysis in the medium-altitude dogs as 
compared to the low-altitude ones. 

The modeling of MI in mountain dogs altered 
the morphofunctional state of their MC. Thus, MC 
numbers decreased by 18% (Table 1, group 4 vs. 

group 3), and the percentage of young and mature 
cells also decreased, whereas that of intermediate 
cells increased by 177% (2<0.01). The decrease in 
the proportion of young cells was probably associ- 
ated with their diminished differentiation from pre- 
cursor cells. The number of cells displaying first- 
degree degranulation decreased by 21% while that of 
ceils with second- or third-degree degranulation in- 
creased by 65% and 83%, respectively. The preserved 
cells appeared loose and had more vacuoles than 
those from the control mountain dogs. Lumpy forms 
of MC and extensive areas studded with metachro- 
matic granules were rarely observed. The staining 
intensity was markedly decreased. 

A comparative analysis of  MC in the low-al- 
titude and medium-alt i tude test groups (groups 2 
and 4) showed significantly higher (by 59%) num- 
bers of these cells in the latter group. There were 
also differences between these groups in the degees 
of MC maturity and degranulation. In the me-  
dium-alti tude dogs, young cells with first-degree 
degranulation predominated (Table 1 and Fig. 1), 
whereas intermediate cell forms showing second- or 
third-degree degranulation preponderated in the 
low-altitude dogs (Fig. 2). These groups did not  
differ in the number of mature MC. It should be 
noted that cells with first-degree degranulat ion 
predominated in both control groups and that such 
ceils also constituted a majority of MC in the 
medium-alti tude dogs with MI, whereas ceils with 
third-degree degranulation predominated in their 
low-altitude counterparts. The direction of changes 
in the degree of MC maturity was the same in 
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TABLE 1. Indices  of the  State of Mas t  Cells and of Blood Coagula t ion in Dogs with Ex 

M a s t  

P a r a m e t e r  

cells:  

n u m b e r  
d i a m e t e r ,  p 
d e g r e e  of m a t u r i t y ,  %: 
y o u n g  
i n t e r m e d i a t e  
m a t u r e  
d e g r e e  of d e g r a n u l a t i o n ,  %: 
I 

II 
Il l  

L o w - a l t i t u d e  dogs  

I s t  ( c o n t r o l )  
g r o u p  ( n = l O )  

6 5 •  
15 .8 •  

18•  
51-*-3.6 
31 •  

6 3 •  
2 6 •  
11--1.1 

2nd (test) 
group (n=10) 

3 9 •  + 
14--0.3 + 

11--1.4 + 
80---5.1 § 

9.0--2.1 * 

24--2 .4  § 
3 6 •  § 
4 0 - 3 . 1  § 

~erimental Myocardia l  Infarct ion 

M e d i u m - a l t i t u d e  dogs  

3 rd  ( c o n t r o l )  4 t h  ( test)  
g r o u p ,  ( n = 1 0 )  g r o u p  ( n = 8 )  

79 •  
12 .8•  

71 •  
13•  
16•  

77•  
17•  
6 •  

6 2 •  § 
1 2 •  

5 4 •  § 
36--2 .7  § 
10 •  + 

6 1 •  + 
2 8 •  + 
I 1 •  + 

ii~ooa/i~ii~]~s~!ili ~ i ~/~iiiiiiiiiiiiiiiiiiiiiiiiiiii! i!!ii!!iiiiiii~iiiii i iiiii i iii i iiiiiiii!i i il i iiiiiiiiiiiii~iiiiiiiii i iiiiiii~i!ii i iiil i iiiiiiiiii!i i iiiii~iiiill iiiiiiii~iiiiiiiii!iiiii!iii~iiiiiij!!iliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii !~i~i:ii iiii~iiiiiiiii~!iiiiiiiiiii~iiiiiiiiiiii~iii~il ~i~ii!iiiii~ii! iii~iiiiiiii~ililili~i~?i:i!~iiiii~il)ii~ii~i iiiiiiiiiiiiiiiili~i/ii~iiiiiiii:ii i~iiii!iiiii~i ~i/i/i~iiii!iiiiiiii!iil 

::::: [ 3 i3~271  :::: ::iil 

Platelets:  

n u m b e r  p e r  m m  a 
a g g r e g a t i o n  t i m e ,  s e c  
d i s a g g r e g a t i o n  t ime ,  sec  
% a d h e r e d  ce l l s  
i n d e x  of a d h e s i o n ,  arb. u n i t s  

1 8 6 •  
2 3 5 •  
3 0 0 •  

5 1 •  
1 .36•  

3 0 0 •  
5 0 0 •  
1 2 0 •  
6 7 •  § 

2.6-----0.35 § 

1 8 0 - - 2 3  

5 7 2 •  
16•  
4 3 •  

1.45---0.1 

2 1 0 •  
6 0 0 •  ~ 

0 
3 5 •  + 

1 .1•  + 

Note. The superscript  plus  sign denotes  a significant difference between the control and test  groups, while the  asterisk denotes 
a signi l icant  difference between the two control and  the two test  groups. 

both test groups, but the low-altitude dogs had 
considerably decreased numbers of young and ma- 
ture cells while the medium-altitude dogs contained 
a significantly increased proportion of intermediate 
cell forms (as compared to intact dogs) (Table 1). 
It should also be noted that the mountain dogs 
had fewer groups and chains of MC than the low- 
altitude dogs and had ceUs surrounded by large 
numbers of granules. 

Examination of the hemostatic system in the 
medium-altitude group with MI (group 4) showed 
lower percentages of adhered platelets and lower 
values of the adhesion index than in the other 
groups. ADP-induced aggregation remained normal. 
The level of free heparin was 26% lower than in 
the medium-altitude controls (p<0.05) but higher 
than in the low-altitude controls, i.e., the relative 
hyperheparinemia persisted. No significant changes 
were noted in indices of general coagulation activ- 
ity or in fibrinogen concentra t ion,  while an- 
tithrombin and fibrinolytic activities were signifi- 
cantly increased (by 16 sec and 2-fold, respec- 
tively) as compared to the control dogs (group 3). 
Thus, 15 days after the onset of MI, the moun- 

tain dogs still exhibited signs of hypocoagulation as 
a consequence of the reduced adhesive properties of 
their platelets and of the high anticlotting and 
fibrinolytic potencies of their blood. 

A comparison of coagulation changes in the 
low-altitude and medium-altitude groups with MI 
(groups 2 and 4) revealed substantial differences 
between them. The functional activity of platelets 
increased in the former group and decreased in 
the latter. The differences between these groups in 
the parameters characterizing general coagulability 
also indicated that the medium-altitude dogs, unlike 
the low-altitude ones, did not develop hyper- 
coagulation as a result of MI (prothrombin and 
recalcification times did not change, antithrombin 
and fibrinolytic activities rose) while showing a 29% 
increase in fibrinogen. 

Thus, as the results of this study indicate, the 
effects of MI in the mountain dogs differed from 
those in the low-altitude animals. The former dogs 
had a much better developed MC apparatus than the 
latter, which was manifested in an increased total 
number of MC, a predominance of young cell 
forms, and less intensive degranulation, and this 
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undoubtedly contributed to the observed differences 
between these groups in the responses of their he- 
mostatic systems to the experimental MI. The ab- 
sence of hypercoagulation, the reduced adhesive prop- 
erties of platelets, the hyperheparmemia, and the 
enhanced fibrinolysis were all favorable prognostic 
signs with respect to MI in the mountain dogs. 

That the state of the coagulation system is de- 
pendent upon that of the MC system under high- 
altitude conditions is conffLrmed by the study of 
Bashkov et al. [3], who found that variations in the 
blood level of heparin depend on the extent to 
which MC are saturated with heparin and on the 
degree of their metachromasia and degranulation. 

The observed differences between the test groups 
in the responses of their MC and coagulation sys- 
terns to MI were consequences of long-term adapta- 
tion to conditions prevailing at medium altitudes. 
Such adaptation has been shown to alter both the mor- 
phofunctional state of MC [10] and the coagulation 
system [6]. The high stability of this system in the 
mountain dogs recorded in our study appears to have 
been an expression of their enhanced nonspecific resis- 
tance [1] and may be explained by the antistress 
effect of the long-continued adaptation to medium 
altitudes - an effect which results from neurohor- 
mortal alterations in the hypothalamic-hypophyseal- 
adrenocortical system, less pronounced activation of 
the stress-determined lipid peroxidation, enhanced 
functioning of the antioxidant system, and high antith- 
rombin and antithrombogenic potentials [2,5,6,12]. 
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