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CHANGES IN MAST CELLS AND IN PERMEABILITY OF MESENTERIC
MICROVESSELS UNDER THE EFFECT OF IMMOBILIZATION AND

ELECTROSTIMULATION

s	 M.P. Qorizontova and A.M. Chernukh
aboratory of General Pathophysiology and Experimental Therapy, Insti-
tute of Normal and Pathologic Physiology, USSR Academy of Medical

Sciences, Moscow

It is known that extensive degradation of mast cells occurs under /73*
the influence of extraordinary stimuli [8]. Inasmuch as biologically

active substances liberated here, particularly histamine and serotonin,

may cause increased vascular permeability, we decided to study the

relationship between the morphofunctional condition of mast cells and

the permeability of mesenteric mast cells in rats as affected by

immobilization and electrostimulation. We found no works in the

literature which were devoted to this problem. In addition, we

studied the possible stabilizing effect of a preparation with vitamin
P activity--esculamin--on mast cell membranes under these conditions. 	 /74

The capability of esculamin to normalize the increased permeability

of biological membranes has been indicated previously [1, 2, 51.

Materials and Methods.

Experiments were conducted on 66 non-thoroughbred male rats

weighing 200-2.80 g. The animals were subjected to immobilization

(fastening to a column for 24 hours) or doses of electrical stimulation

(current strength 2 milliamperes, impulse duration 3 seconds, interval

between impulses 90 seconds). To accomplish this we used an apparatus

set up according to a scheme proposed by V.N. Markov and I.A. Rudakov

[3]. Electrical current was applied for 6 hours daily, over the course

of 2 or 7 days. The animals were weighed daily, and the weight of the

thymus and adrenals was also determined.

Mesenteric mast cell condition was evaluated microscopically

following live fixation with Carnoy's fluid and staining with a 0.05%

*Numbers in the margin indicate pagination in the foreign text.
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solution of toluide blue. A visual field of 100 and magnification

of 135 was used to view specimens from each animal.

The ink method was used to study microvascular permeability. We

know that 4 variants of ink particle retention are possible for micro-

vascular blackening [6, 71: 1) parietal retention of them as a result

of the formation of clefts or channels in the endothelium, which is

evidence of disrupted permeability; 2) retention of ink where erythro-

cyte and thrombocyte aggregates form; 3) intravascular ink condenea-
tion associated with damaged endothelial cells; 4) phagocytosist,py

endothelial cells and pericytes. The last variant was lacking in our

works, since the animals were sacrificed quickly. In Lhis work we

shall speak of ink markings caused by disrupted permeability, and we

shall note the presence of vascular blacking where aggregates have

formed. The question of aggregate formation affected by immobilisa-

tion and electrostimulation, however, requires further study.

"Pelikan" ink (21 A 896) was injected intravenously into the

rats in quantities of 0.1 ml for each 10^ g, immediately following

the cessation of stimulation. Thirty minutes after ink injection live

fixation was performed and the animals were sacrified by antra-abdominal

injection of 15 ml of Garnoy's fluid. Film preparations, which were

cleared and filled with glycerin, were made from the mesentery. The

preparations were photographed on an MBI-6 microscope at 20 k 5,7

magnification using "Mikrat-300" film. Esculamin was injected in doses

of 50 mg/kg, five times over the course of 3 days, and the final time--

1 hour before the beginning of the experiment.

Statistical work- up of the material was performed using Peters'

method of calculating errors in the arithmetical mean, using the

Moldenhaur factor [4].

Results and Discussion.

Following 24 hours immobilization, a decrease was observed in the

quantity and an increase in degranulation of mast cells. Prophylactic

injection of esculamin increased the quantity of mast cells and decreased

2



QUANTITY OF MAST CELLS IN ONE FIELD OF VIEW (X135) AND PERCENT OF DE-
GRANULATED MAST CELLS IN 100 FIELDS OF VIEW IN THE MESENTERY OF RATS 	 /74
1OLLOWING EXTREME STIMULI AND INJECTION OF ESCULAMIN (Wass IN EACH

GROUP n - 6)

'type alai time of influence 	
Number Number of	 percent of degranulated

f

	

	 of	 mast cells	
mast cells

indices (X135)

Control

	

(!)	 1	 25.2,1,6	 1	 0,09-±-0,06

Immobilization for 24 hours
without injection of esculamin	 (2)

	

14.4_3 ,1•	 0.47:0.10
following injection of esculamin 	 (3)	 24,4.21,4 	0,13-o.c3'

Electrostimulation 6 hr/day 2 days 1 (4	 20,; -0,6•	1,03;0.•
without in j ection of esculamin 7 days 	 (52;,4.`2,1	 0,12±u.
following injection of esculamin 	 (6	 23,2=1, :	 0,14_L, • w

2 days

Note. In parentheaes-- number of the index. Reliable discrepen-
cies at P < 0.05 are noted with an asterisk in the comparison with the
corresponding control for all indices. In tho column "Number of
mast cells", for comparison of index 3 (immobilization for 24 hours
following injection of esculamin) and index 2 (immobilization for
24 hours without injection of esculamin) P - 0.04; in the column "Per-
cent of degranulated mast cells" in the comparison of indices 3 and 2,
P - 0.03, in the comparison of index 6 (electrostimulation for 6 hours
a day following injection of esculamin over the course of 2 days) and
Index 4 (electrostimulation for 6 hours a day without injection of es-
culamine over the course of 2 days) P - 0.01.

their degranulation in such a way that these indices did not essentially

differ from the controls (see Table).

In the experiments studying vascular permeability, the presence of

ink particles was noted in the venous portion of the microvascular bed

in all rats. Ink deposition occurred most frequently in venules with

diameters of 10-30 um, but deposition decreased as the caliber of the 	 /75-

vessels decreased to 4 um or increased to 75 um (see Figure, A). Pro-

phylactic use of esculamin prevented ink deposition in the vessels.

A decrease in the quantity of mesenteric mast cells and an increase

in their degranulation was noted in rats which had been subjected to

electrostimulation for 2 days(see Table). Study of permeability in this

period indicated the presence of particles in the venous portion of

vessels with diameters from 7 to 30 um. Ink deposition in venules
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with diameters of from 10-20 um was most evident (see Figure, B).

This period corresponded to the alarm stage (weight of the rats de-

creased an average of 10%, thymus weights--by 34%, and adrenal

weights increased 35-40%)..nr. :

A^^
	 h•

c
•	 4 ^

• •^^	 !	 ^A

B

Ink deposition in mesenteric venule walls of
rats.

A--following 24 hours of immobilization (venule
diameter 17-30 um). B--following electro-
stimulation for 2 days (venule diameter 15-
25 um).	 X114.
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With prophylactic injection of esculamin, the number of mast

cells approached that noted in the controls, and their degranulation

was prevented and permeability to ink increased.

Electrostimulation of rats for 7 days did not cause qualitative	 /76

and quantitative changes in mesenteric mast cells or an increase in

permeability to ink, in comparison with the controls. This period in

the experimental conditions we set up corresponded to the resistance

stage, since, despite the continuing electrostimulation, the weights

of the rats increased (by 8-9%).

Hence, the decrease in the quantity of mast cells in the mesentery

and increase in their degranulation during immobilization and 2-day

electrostimulation was associated with an increase in vascular per-

meability to ink particles. Prophylactic use of esculamin prior to

the application of the indicated stimuli led to a decrease in mast cell

degranulation in the mesentery and normaliation of vascular permeability

to ink.

It may be considered that immobilization and electrostimulation,

causing degranulation of mast cells in the mesentery, facilitate this

through the liberation of biologically active substances (histamine,

serotonin), which leads to an increase in vascular permeability to ink

particles. Esculamin, strengthening mast cell membranes, hinders

the liberation of histamine and serotonin, which is one of the mechan-

isms of normalizing vascular permeability.

I
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