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Stress states accompanied by activation of the sympathicoadrenal system and by cate- 
cholaminemia play a pathogenic role in the development of pathological changes in the body in 
general and the heart in particular [6]. It is generally accepted that an excess of exo- 
genous catecholamines causes necrotic changes in the myocardium. A role of great importance 
in the pathogenesis of these lesions is played by microcirculatory disturbances caused by a 
change in the state of the blood clotting system and the state of platelet function [Ii, 13]. 
However, many steps in the action of catecholamines in the body remain inadequately explained. 
We could find no reference to the study of the role of morphological and functional changes 
in connective tissue under these circumstances, although it is recognized that connective 
tissue is a unique stage on which all pathological processes are manifested [8]. Our choice 
of connective tissue mast cells as test object was determined by the fact that this cell sys- 
tem is a carrier and producer of heparin [14], which can exert an effective influence on 
coagulation and microcirculatory hemostasis. 

The aim of this investigation was to study whether any connection exists between the 
morphological and physiological state of the mast cells and of the blood clotting system 
during long-term administration of a catecholamine 

EXPERIMENTAL METHOD 

Experiments were carried out on two groups of mongrel dogs weighing 9-18 kg: group 1 
consisted of i0 intact animals (control), and group 2 of eight animals into which noradrenalin 
(NA) was injected in a dose of 0~ ~k/kg/min for 2 h through a catheter implanted beforehand 
into the jugular vein. The duration of the course was 6 days [9]. Blood was taken 24 h 
after the last infusion and the animals were sacrificed. Full-thickness pieces of skin were 
excised for morphologic investigation and fixed in 12% neutral formalin and Lillie's fluid. 
Films were stained with toluidine blue at various pH values. The number of mast cells was 
counted in the intervascular areas in 15 fields of vision (magnification 400) and the dimen- 
sions of the round and oval cells were determined. Functional activity of the mast cells 
was judged on the basis of their degree of maturity (under 13 ~ - young forms, 13-15 ~ - 
average, over 15 ~ - mature) and the degree of degranulation (with solitary granules outside 
the cell - degree I, with massive escape of granules - II, completely destroyed cells -III). 
Blood for investigation was sampled through a catheter inserted into the jugular vein. The 
state of the plasma clotting factors was assessed by traditional biochemical methods~ The 
adhesive properties of the platelets was determined by Multen's method and their aggregation 
properties by the method of Baluda et al. [I]. 

RESULTS 

The morphologic observations showed predominance of oval and round mast cells in the 
interva~icular regions of the film preparations from the control group, uniformly scattered 
among the other cells without any sign of grouping (Fig. I). The mast cells stained well 
with toluidine blue and their granules were the same size. Evidence of degranulation was 
slight, and the number of mast cells varied from 40 to 90, on average 65.0 • 4.8. Their 
diameter varied from 9 to 21 ~ and cells from 14 to 17 D in diameter constituted the highest 
percentage. The mean diameter was 15.8 • 0.4 ~. 
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Fig. i. Mast cells without any clear signs of functional activity 
(control). Here and in Fig. 2: stained with toluidine blue; 400x. 

TABLE I. Basic Parameters of Morphologic and 
Functional State of Mast Cells and of Blood 
Clotting durin~ Long-Term Administration of NA 

Control Experiment 
Parameter (I0) (s) 

M/St cells 
Number 
Diameter, 
Degree of maturity, %: 

young 
average 
mature 

Degree of degranulation, % 
I 
II 
Ill 

Blood plasma 
Free heparin, sec 
Activated recalcification 
time, see 

Maximal clotting activity, 
% 

Thromboplastin inactivation 
index, cony. units 

Factor XIII, sec 
Fibrinogen, mg % 
-fibrinoEen ~ mg % 

Fibrinolytic activity, % 
Fibrinogen degradation 
products, mg % 

Maximal percentage of 
aggregation 

Platelets 
Aggregation time, sec 
Disaggregation time, sec 
Adhesiveness index, conv. 
units 

L e g e n  d �9 
t h e s e s .  

65"+4,8 
15,8+_.0,4 

18~2,1 
51"+-3,6 
31• 

63=t=4,5 
26::h2,8 
lh:hl,l  

12~1,1 

44:h3,6 

66:h5,1 

1,49:h0,08 

41+3,2'* 
13,9• 

22::t= 1,5 
396"+'72 

60:~5,8 

35"+6,2 

70"+9,7 

78::h2,8 

28&:h54 
506::i:72 
1,2-+-0,1 

42---+5,1"* 
47~3,9 
I1• 

28=}:2,8'* 
37=hl ,2* 
35• 

18• 

32_____1,9" 

44+7,2* 

,2-----0,05" 
23• 

446____. 96 
86• 

48___I1,7 

I592=25,9"* 

76--6,4 

340d=64 
350• 
1,2• 

Number of experiments given in paren- 
*p < 0.05, **p < 0.01. 

A common feature, constantly found, of the mast cells was the presence of metachromatic 
granules in their cytoplasm. The number and size of the granules depended on the degree of 
maturity of the cells. Large forms of mast cells (over 18 p) with a large number of brightly 
stained metachromatic granules were constantly found at a distance from the blood vessels. 
Small cells (under 15 p) were found in the immediate vicinity of the blood vessels. 
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Fig. 2. Mast cells with greatly intensified functional 
activity and evidence of disintegration (experiment). 

Administration of NA led to significant changes in the state of the mast cells. Their 
number fell sharply (by 37%) to 41.0 ! 3.2 compared with 65.0 ~ 4.8 (p < 0.05) in the control 
group (Table i). The decrease in size of the mast cells took place on account of the dis- 
appearance of large forms and predominance of small cells with an average diameter of 13.9 
~. The frequency of marked degranulation increased considerably, up to complete destruction 
of the mast cells (Fig. 2). Clumpy forms of mast cells and massive areas densely studied 
with metachromatic granules were frequently found. Cells which remained appeared loose in texture, 
they lost their inherent clarity, and the intensity of their staining was reduced. It can 
be tentatively suggested that the increase in the number of young forms of mast cells ob- 
served in this case was connected with destruction and death of the mature cells, i.e., of 
the largest forms. A tendency was observed in the experimental group of animals for mast 
cells to form groups and long chains (of 5-10 cells) and for the distance between them to 
be reduced. "Agranular" cells, resembling ghosts of mast cells, with many granules lying 
freely around them in the interstitial tissue, were often found. The number of vacuolated 
cells was increased and cells were seen with a finely granular appearance, staining more 
palely than usually, and giving the impression of "melting" of the granules. These changes 
also were a distinguishing feature of the experimental group. 

Investigation of coagulation and platelet-induced hemostasis in the group receiving NA 
(Table i) revealed not only hypocoagulation changes (an increase in the free heparin time, a 
decrease in maximal clotting activity, a considerable increase in the concentration of 
fibrinogen degradation products), but also evidence of intensification of the coagulation 
component of hemostasis (shortening of the activated recalcification time, lowering of the 
thromboplastin inactivation index, and elevation of the $-fibrinogen level). The aggrega- 
tion and adhesive properties of the platelets were unchanged. 

The experiments thus showed that during long-term administration of NA, activity of 
the connective tissue mast cells is enhanced and the heparin concentration rises, evidently 
due to release of heparin from the mast cells as a result of their degranu!ation and dis- 
integration. The hyperheparinemia in this case must be regarded as a unique compensatory- 
defensive reaction, aimed at stimulating tissue respiration [5] and at preserving coagulation 
and microcirculatory hemostasis [7]. According to the data of [ii], prolonged administra- 
tion of NA induced an increase in platelet aggregation in dogs. Analogous results were ob- 
tained [12] in experiments on rats; artificial thrombocytopenia or the administration of pro- 
stacyclin improved the state of the microcirculatory hemostasis. In stress and during ad- 
ministration of the catecholamine, nonenzymic fibrinolysis was considerably intensified due 
to the formation of complexes with heparin, and its contribution to the total fibrinolytic 
activity of the blood increased to 60% [4]. Enhancement of the state of mast cell function and 
elevation of the free heparin level in the present experiments could facilitate the intensifi- 
cation of nonenzymic fibrolysis. Incidentally, it is not always possible to discover a di- 
rect connection between the state of the mast cell apparatus and the heparin concentration 
under the influence of hormones [2]. This is evidently due to complex hormonal interactions 
in the body. The fact that the blood heparin level and the state of the hemostasis systems 
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to some degree reflect the morphological and physiological state of the mast cells confirms 
our views that the mast cells are heparin producers, reorganizing cellular metabolism and 
exerting an antistressor and antihypoxic action, and actively influencing coagulation hemo- 
stasis [3, 8]. 

LITERATURE CITED 

i. V. P. Baluda, S. I. Chekalina, G. N. Sushkevich, and O. Yu. Tokarev, Lab. Delo, No. Ii, 

653 (1976). 
2. S. A. Georgieva, Heparin [in Russian], Moscow (1973), p. 70. 
3. G. A. Zakharov and T. P. Pal'chun, The Microcirculatory and Blood Clotting Systems under 

Extremal Conditions [in Russian], Frunze (1987), p. 127. 
4. B.A. Kudryashov, F. B. Shapiro, andA. M. Ul'yanov, Fiziol. Zh. SSSR, 68, No. ii, 1531 (1982). 
5. K. M. Lakin, Current Problems in Hemostasis [in Russian], Moscow (1979), p. 288. 
6. F. Z. Meerson, Pathogenesis and Prevention of Stress- Induced and Ischemic Heart Damage 

[in Russian], Moscow (1984). 
7. S. I. Pavlishchuk and N. I. Oleinik, Nauch. Trudy Kuban. Med. Inst., 48, 23 (1975). 
8. V. V. Serov and A. B. Shekhter, Connective Tissue [in Russian], Moscow (1981). 
9. T. M. Frolova, G. V. Leont'eva, L. A. Appolonova, and Yu. I. Bobkov, Patol. Fiziol., 

No. 3, 54 (1979). 
i0. V. I. Khavratovich and V. B. Gavrilov, Kardiologiya, No. 8, 89 (1985). 
ii. J. Y. Haft, P. D. Krans, and F. J. Albert, Circulation, 46, No. 4, 698 (1972). 
12. H. Kammermeier and M. Ober, J. Mol. Cell. Cardiol., 17, No. 4, 371 (1985). 
13. H. F. Scully and V. Fevis, Lancet, ~, 718 (1982). 

EFFECT OF TEMPERATURE AND Ca ++ ON INTERACTION BETWEEN 

HIGH DENSITY LIPROPROTEINS AND EPITHELIAL CELLS 

OF THE HUMAN SMALL INTESTINE 

I. G. Safonova, D. D. Sviridov, 
G. B. Men'shikov, and V. S. Repin UDC 612.33.014.1:577.112.856].06:612.59].085.2 

KEY WORDS: high-density lipoproteins; human enterocytes. 

High-density lipoproteins (HDL) are responsible for reverse transport of cholesterol 
from the majority of organs and tissues and supplying it to organs synthesizing steroid hor- 
mones [4]. These two functions may perhaps be mediated through a specific receptor for HDL 3. 
Much evidence in support of the existence of specific binding sites (receptors) for HDL on 
the surface of many types of cells has been obtained in recent years [i, 5, 12]. 

The writers showed previously that epithelial cells of the human small intestine (entero- 
cytes) have specific binding sites on their surface for HDL 3, possessing certain properties 
of a classical biological receptor. Binding of HDL2 with human enterocytes is characterized 
by specificity, saturation, high affinity, and reversibility, it is controlled in response to 
saturation of the cells with cholesterol, and it is accompanied by biological effects: 
internalization, intensive degradation, and dissociation of particles with the release of 
cholesterol from the cells and stimulation of cholesterol synthesis [13, 14]. 

In the investigation described below, the effect of temperature and Ca ++ on interaction 
of H])L 3 with enterocytes was studied in order to obtain a fuller idea of the characteristics 
of the receptors mediating this interaction and to elucidate their differences from receptors 
for low-density lipoproteins. 
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