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It has been suggested that the principal mechanism of the 'mo reflow" phenomenon is
edema of the endothelium of the microvessels [5, 10, 12]. Clinical studies of ischemic
heart disease and of arterial occlusion of varied etiology have revealed evidence of a dis-
turbance of the rheologic properties of the blood im vitro [3, 4, 1l4]. Meanwhile only a lim-
ited number of papers have been published on the intravital study of the rheologic proper-
ties of blood [2, 6, 7, 9, 11, 15], and only single analogous investigations under condi-
tions of ischemia [8]. In recent years information has been obtained on the important role
of blood cells and, in particular, of leukocytes, in the pathogenesis of the '"no reflow"
phenomenon [13].

The aim of this investigation was an intervital study of the dynamics of the blood micro-
circulation and of the rheologic properties of blood (the hematocrit index — HI) in the mesen-
teric microvessels during perfusion after short-term ischemia.

EXPERIMENTAL METHOD

Experiments were carried out on 26 non-inbred male albino rats weighing 180-320 g, anes-
thetized by intramuscular injection of urethane (1.6 g/kg). Ischemia of a limited region of
the mesentery of the rat small intestime was induced tunder the biomicroscope by compression
of an afferent arteriole 30-60 p in diameter by means of a miniature glass rod, fixed to a
micromanipulator. Intravital determination of HI in branches of the afferent arteriole was
carried out by flash photography [1]. HI was studied in 204 microvessels: 40 metarterioles
11-16 u in diameter, 122 vessels of capillary type (pre- and postcapillaries, capillaties)
6-10 p in diameter, and in 42 arteriolovenular anastomoses (AVA) 8-12 u in diameter. HI was
studied in each microvessel before ischemia and during 40 min of reperfusion. Each value of
HI in a single microvessel was the average of 3 to 5 determinations. Repeated determination
of the momentary value of HI in the microvessels was necessary because of physiological fluc-
tuations in its value depending on vasomotor activity of the microvessels, the phase of car-
diac contraction (systole or diastole), changes in the blood flow rate, the periodic pattern

Fig. 1. Narrowing of lumen of arter-
iole by juxtamural thrombus formed
after compression of vessel for 1 min.
Biomicroscopy. 210x.
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Fig. 2. Changes in HI (M %= m) in rat mesenteric microvessels during reperfu-
sion after ischemia for 1 min. Periods of reperfusion: I) 1-2 min; II) 3-10
min; III) 11-20 min; IV) 21-30 min; V) 31-40 tin after ischemia lasting 1 min.
MA) Metarteriole; C) capillaries. Unshaded columns, initial value of HI be-
fore ischemia, shaded columns, HI during reperfusion. *P < 0.05; **P < (.01,
*%*%P < 0,001: levels of significance of change in HI during reperfusion com-
pared with initial value.

of functioning of individual capillaries, etc. Heparin was applied to the surface of the
mesenteric microvessels in a dose of 30-50 UI in 0.1 ml of isotonic sodium chloride solution.
The numerical results were subjected to statistical analysis by Student's t test.

EXPERIMENTAL RESULTS

Mechanical compression of the afferent arteriole for 1 min caused complete cessation of
the blood flow in the compressed segment of the artericle. In the postischemic period the
blood flow was restored in only 76% of compressed arterioles, and in the other 24% of arter-
ioles the blood flow was not restored because of thrombus formation in the compressed segment
(Fig. 1). Recompression of the vessel or lengthening of the duration of compression of the
afferent arteriole to 3-5 min was accompanied by an increase in the frequency of thrombus
formation to 50% (in 8 of 16 vessels). The probability of thrombosis in the segment of
compression increased with a decrease in diameter of the compressed vessel.

Thrombosis of the afferent mesenteric arteriole caused total cessation of the blood
flow in its peripheral branches only if the network was poorly developed, when a characteris~
tic feature was the absence of proximal anastomoses and communications with other vascular net-
works. Most mesenteric afferent arterioles (diameter 30-60 y)} had a branching network of mi-
crovessels, rich in anastomoses with other arteriocles and branches. Thrombosis of such an
arteriole did not cause complete cessation of the blood flow in its branches, but simply re-
duced it. The reduced inflow of blood into branches of the thrombosed arteriole was main-
tained initially by the inflow of blood via AVA, After the AVA had ceased to function the
blood flow was maintained in the retrograde direction: through peripheral branches of an
arteriole connected with other vascular branches, in central segments of the arteriole, and
from thence intc its branches. Retrograde inflow of blood from venules was possible for
capillaries. However, the additional three ways of inflow of blood intc the ischemic region
of the mesentery did not succeed in restoring the blood flow completely or for a long time
in the peripheral branches of the thrombosed arteriocle. In the course of reperfusion of this
kind for 17-20 min stasis developed in the microvessels. Postischemic disturbances of the
blood flow, togetHer with other local factors, led to thrombosis of the main afferent trunk
and inadequate compensation of the deficient blood flow into the ischemic region along the
accessory inflow pathways.

In most afferent arterioles (76%) the blood flow was restored at once after compression
lasting 1 min was removed. Particular attention was paid to this group of microvessels, be-
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cause the cause of the postischemic disturbances of the microcirculation in them is not
clear,

Short-term (1 min) ischemia of the branching microvascular network of the mesentery, due
to interruption of the inflow along the afferent arteriole, was accompanied by reduction of
the inflow of blood and of HI"in the whole of the microvascular network., In metarterioles
HI was reduced by 21%, in capillaries by 33%, and in AVA the greatest decrease in HI '(46%)
was observed, compared with its initial value (before the beginning of ischemia). Restora-
tion of the blood flow along the afferent arteriocle after the ending of its compression was
accompanied by rapid restoration of HI in metarterioles and in AVA (Fig. 2, I). During the
first 2 min of reperfusion (period I) HI in the metarterioles and AVA was higher in absolute
terms than its value before the beginning of ischemia, evidence of reactive hyperemia of the
microvessels in response to the termination of ischemia. Recovery of HI had not yet taken
place in the capillaries, and its value was still below the initial level. However, a de-
tailed study of HI in the capillaries showed that they could be divided into two groups:

C, and C,, depending on the time course of HI. In the C; group, numbering 50% of all capil-
laries, a very small rise of HI was observed, whereas in the other capillaries (Cz) HI was
sharply reduced, and for that reason the overall response of the capillaries was character-
ized by a reduction of HI. In the next 3-10 min of reperfusion (period II) the value of HI
decreased in the metarterioles and, in particular, in AVA. The overall response of the capil-
laries was characterized by restoration of their initial value of HI. The distribution of HI
in the capillaries was as follows: In 62% (C,) it was increased, in 38% (C.) it was reduced
(Fig. 2, II). Since the degree of increase in HI in the C, group and of its decrease in the
C. group was similar, the overall response was the same as initially. In period III of reper-
fusion (11-20 min) the low level of HI was preserved in the metarterioles and AVA, but it be-
gan to increase in 62% of capillaries (Fig. 2, III). The number of capillaries with a low

HI fell to 38%. The degree of lowering of HI in the C, group was less than the degree of

its increase in the C; group, and for that reason the overall response of the capillaries was
characterized by an increase in HI. The question may reasonably be asked: why during periods
II and III of reperfusion (18 min), despite a decrease in the inflow of erythrocytes into the
metarterioles and AVA, the number of erythrocytes in the capillary bed progressively increased.
This redistribution of erythrocytes in the capillary bed is possible only if their outflow
into the venular bed is obstructed. In periods II and IIT of reperfusion, biomlcroscopy re-
vealed a marked increase in pavementing of the leukocytes in the venules and postcapillaries.
Slowing of the blood flow could be observed visually. Concentrations of aggregated leuko-
cytes formed juxtamural thrombi, which narrowed the lumen of the microvessels and disturbed
the laminar nature of the blood flow. Application of heparin (30-50 UI) to the surface of

the microvessels did not affect adhesion of the leukocytes to the inner surface of the micro-
vascular wall and did not restore the normal blood flow. In period IV of reperfusion (21-

30 min) HI remained low in the metarterioles, but by contrast with the previous periods, it
was increased for the first time in AVA (Fig. 2, IV) against the background of progressive
slowing of the blood flow in the microvessels. Consequently, the increase in HI in AVA is
evidence, not of an increased blcod flow, but of slowing of the retrograde inflow of blood
into the capillaries. The latter become emptied: In 67% of capillaries a decrease in HI was
observed, due to reduction of the inflow of erythrocytes along the main path of inflow through
metarterioles and to retention of erythrocytes in AVA. The redistribution of erythrocytes and
HI in the microvascular network described above preceded the development of stasis in the next
period V (31-40 min), which developed first of all in AVA and the metarterioles. The slowed
blood flow in the capillaries was maintained for a short time (1-5 min) by retrograde inflow
of erythrocytes from the venular bed. During this period HI fell considerably (Fig. 2, V)

in most capillaries (62%, C,) and was a little higher than initially only in 28%. Thus the
mesenteric capillary bed in the postischemic period after ischemia lasting 1 min was the most
resistant and was the last to become excluded from the blood flow and not the first, as might

be supposed.

Measurement of the diameter of all the microvessels studied before and during reperfu-
sion revealed no significant changes in the lumen of the microvessels. More rapid (after 17-
20 min) disturbances of the mierocirculation after ischemia lasting 1 min occurred in the case
of thrombosis of the afferent arterioles, and were due to reduction of inflow into the micro-
circulatory bed. In the absence of thrombosis the blood flow in the vascular network also
was disturbed, but later (after 30-40 min). An important role in this disturbance of blood
flow in the microvessels is played by the abrupt increase of adhesion of the leukocytes to
the microvascular wall. Total "no reflow" in the mesentery in the postischemic period is ob-.
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served rarely, and only in undeveloped vascular networks. In most vascular networks there
is a gradual disturbance of the blood flow, depending on the duration of reperfusion.
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Changes in permeability of erythrocyte membranes for Na® and Kt ions have been observed
in patients with essential hypertension and in its experimental model, namely, spontaneous
hypertension in rats. Changes in permeability of erythrocyte membranes also have been dis-
covered in persons withnormal blood pressure but'whose parents are hypertensive [2, 7]. Changes in
this kind are not found in symptomatic arterial hypertension, whether experimentally or clin-
ically [8, 9].

The aim of this investigation was to study changes in permeability of erythrocyte mem-
branes for Na' and K*, with particular reference to Nat-xt cotransport in erythrocytes of
patients with essential hypertension and with sympotomatic (renal) hypertension, taking
hereditary factors into account.

EXPERIMENTAL METHOD

Erythrocyte permeability was studied in 38 patients with stage I and II of essential
hypertension (WHO classification; 12 women and 26 men aged from 30 to 58 years), in 12 pa-
tients with symptomatic (renal) hypertension (seven women and five men aged from 40 to 59
years), in nine patients (two women and seven men aged from 26 to 54 years) in whom a
raised blood pressure (BP) up to the higher limit of normal was observed episodically (bor-
derline hypertension), and in 15 persons (three women and 12 men aged from 34 to 49 years)
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