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Intravenous injection of angiotensin II into experimental animals is accompanied by con-
traction of the endothelial cells, expansion of intercellular junctions, and a change in per-
meability of the vascular wall for plasma macromolecules [11], which facilitates the onset of
changes leading to an atherosclerotic lesion. The action of angiotensin II is mediated by re-
ceptors on the cell surface, coupled with stimulation of phosphoinositide metabolism [12].
Previously the writers described the potentiating action of adenylate cyclase stimulators on
the damaging action of stimulators of phosphoinositide metabolism in the perfused rabbit aorta.

[2].

The aim of this investigation was to discover whether potentiation of the action of an-
giotensin II on the morphology of the endothelium of the rabbit aorta by the B-adrenoreceptor
agonist angiotensin II takes place and how the morphological changes discovered are linked
with a change in permeability of the aortic wall for low-density lipoproteins (LDL) and albumin.

EXPERIMENTAL METHOD

Experiments were carried out on 52 male chinchilla rabbits weighing 2.5-3 kg. Connecting
tubes and cannulas for perfusion were obtained from "LKB Producter AB" (Sweden), medium 199
and embryonic calf serum were obtained from "Gibco Europe" (Great Britain), angiotensinII and
isoproterenol were from "Sigma" (USA), and human serum albumin from "Reanal" (Hungary). The
thoracic aorta was separated under intravenous hexobarbital anesthesia (80 mg/ml) with ade-
quate artificial ventilation of the lungs, all its side branches were ligated, and it was di-
vided into two segments of equal length (1-2.5 cm) as described previously {4, 10]. Perfusion
took place under recirculation conditions for 1 h at 37°C with a hydrostatic pressure of 100
mm Hg and a flow rate of 10 ml/min. The perfusion fluid consisted of medium 199 with 10% 1i-
poprotein-deficient calf serum; the volume of perfusion fluid did not exceed 6 ml. For oxy-
genation, a mixture of O, and CO. was passed through the perfusion medium. After perfusion
the vessels were irrigated with 100 ml of medium 199. The vessels were prepared for scanning
electron microscopy (SEM) as described previously [4]. Intercellular boundaries of the endo-
thelium were revealed by impregnation with 0.1% silver nitrate. Specimens were examined on
the PSEM~500 scanning electron microscope. Damage to the endothelium and ‘intercellular bound-
aries was assessed quantitatively by the method described previously [4]. The index of cell
shape (the ratio of the greatest width to the greatest length of the cell) was determined by
means of an MOP-3 semiautomatic image analyzer ("Kontron—Miinchen"). The quantity of silver
incorporated into the intercellular spaces was measured by means of a "Kevex" x-ray Spectral
Analyzer. LDL (1.019-1.065) were isolated from plasma from healthy donor animals by prepa-
rative ultracentrifugation [7]. Albumin and LDL were iodinated by the iodine monochloride
method in Bilheimer's modification [3]. *23I-LDL and '®®I-albumin with radioactivity of 20-
160 cpm/ng protein were used. *?®I-LDL were used in a concentration of 5 pg/ml and 128731
bumin in a concentration of 50 pg/ml. The protein concentration was determined by Lowry's
method [8]. Total incorporation of *2°I-LDL and **®I-albumin into the aortic wall and their
distribution through the thickness of the wall were determined. For this purpose, sections
20 y thick were cut parallel to the luminal surface on a "Reichert" cryotome and the radicac-
tivity of each section was determined.
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TABLE 1. IDC (number of damaged cellsinl
mm?), IDB (number of cells with damaged
cell boundaries in 1 mm®), and ICS (ratio
of greatest width of cell to its greatest
length) (n = &)

Substance iDc IDB Ics
Control 44+0,4 | 58,0-10,1 |0,21£0,01*
Isoproterencl ]

1078 M 3,0+0,6 50,0:+9,0 |0,20+0,007*
Angiotensin :

gl10-"’M 3,04+0,5% | 35,56+10,0 | 0,224:0,000*
Angiotensin |

10— M+ 1so-

proterenol

1075 M 3,040,4* | 70,0+10,0% 0,21 £0,007*
Angiotensin

10-% M 2,740,77*] 45,6:+10,9% 0,320,008
Angiotensin

10=% M-+ iso~

roterencl

0-3 M 14,241,1 92,0+22,6 | 0,330,009
Angl(l)(t):gglst 4,62-4+1,1% |222,7432,0 {0,32::0,007
Angiotensin

10~-# 1‘4‘}‘150—

proterencl

10-% M 24,14+13,4 1315,04+34,0 | 0,410,001
Anglofensyt 16,240,0 | 181,5420,0 | 0,29-:0,01
Angiotensin

107 M+ iso-

proterenol

105 M 57,616,5 | 340,7+34,3 | 0,324+0,009

iotensi
Anglofensy® 30,2:15,8 |225,0:£30,1 | 0,312-0,009
Angiot i

B0V | oo
BEOE™Y | 48.9410.7 | 360,8448,0 | 0,980,007

Legend. Here and in Table 2, *p > 0.05; in
all other cases p < 0.05.

EXPERTMENTAL RESULTS

Angiotensin II (10° M) and isoproterenol (107° M) did not damage the endothelial cells
or intercellular junctions and did not change the shape of the endotheliocytes (Table 1). Dur-
ing simultaneous perfusion of the rabbit aorta with 10”° M angiotensin II and isoproterenol
the index of damage to the endothelial cells (IDC) increased up to 3.2 times its value for the
control segments, whereas the index of damage to cell boundaries (IDB) increased by 1.6 times,
and the index of cell shape (ICS) also increased significantly (Table 1, Fig. 1). With ail
concentrations used, potentiation of the damaging action of angiotensin II on the endothelium
of the rabbit aorta by isoproterenol was observed (Table 1). The change in shape of the endo-
thelial cells is one of the earliest signs of damage to the endothelial cells, accompanied by
increased permeability of the vascular wall for high-molecular-weight compounds. Correlation
was found previously between the change in shape of the endotheliocytes on contraction, the
presence of morphological injuries to the endothelium, and increased permeability of the aor-
tic wall for high-molecular-weight compounds [5, 6, 14]. Under the influence of angiotensin
II, alone or in combination with isoproterenol, a change in the shape of the cells was also
the first sign of changes in the endothelial monolayer (Table 1).

The increase in incorporation of silver into the intercellular junctions was connected
with their expansion and the increase in paracellular permeability for high-molecular-weight
compounds. Isoproterenol potentiated widening of the intercellular spaces and the increase
in permeability of the endothelial barrier caused by the action of angiotensin II. In the case
of simultaneous action of angiotensin II and isoproterenol, incorporation of silver into the
intercellular junctions was increased compared with the control with angiotensin in a concen-
tration as low as 107° M (an increase of 1.5 times), whereas incorporation of *2*°I-LDL into
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Fig. 1. Changes in shape of cells under the influence of 10™® M angiotensin II+ 107°Misopro-
terenol. a) Endothelial monolayer after perfusion with medium No. 199, b) endothelial monolayer

after perfusionwith 107%M angiotensin IT + 107° Misoproterenol. SEM. 640 x. Impregnationwith
0.1% silver nitrate.
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Fig. 2. Distribution of *?°I-LDL through thickness of wall after perfusion for lhwith ***I-LDL
(5 ug/ml). a) After actionof 107° M angiotensin II + 107° M isoproterenol and 10~° M angiotensin
II; b) after actionof 107®M angiotensinII + 105 M isoproterenol and 107® M angiotensin II. Ab-
scissa, No. of section (40 1) in order of distance from luminal surface of vessel; ordinate, cpm.
of section x 1000/cpm of perfusion fluid x weight of section (inmg). 1) Control segment (per-

fusion with medium No. 199); 2) perfusion with angiotensin II; 3) perfusion with angiotensin
IT + isoproterenol.
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TABLE 2. 1Incorporation of *?°I-LDL into
Aortic Wall, cpm of Vessel x 1000/cpm of
Perfusion Medium x Weight of Vessel (inmg),
and Incorporation of Silver into Intercel-
lular Spaces, in % of Control cpm (n = 4)

Substance 125 1pr Ag
Control 170,0 55,6 100,019,5
Isoproterenol 107° M 185,2-+:46,0% 97,515%
Angiotensin 10~ 1%M 176,6::51,7* | 105,417,6*
Angiotensin 107 10M + i

isopot 1
BEEN 181,3443,6 | 110,54:97,3
Angiotensin 107 ZM 127,3465,0* | 132,44+21.5
Angiotens 107°M +
e arongl 1075 | 17222549% | 15004181
Angiotensin 10~ :M 304,5-10,4 119,3+32,7
Angiotensin 107 ° M.+
%soproterenol 1078 596,1--86,2 9298,4:£21,3
Angiotensin 1077 M 245,462,5 134,7420,5
Angloten51n 1077 M+
1
1sgprotgrene 350,3-067,0 | 268,0+12,8
Angiotensin 107 :M 345,54-64,3 590,0-9,7
Angiotensin 1070° M +
isoproterencl
108 M 376,2--61,8 706,8-£9,2

the wall was doubled under the influence of 10~® M angiotensin II and 10~* M isoproterencl com~
pared with the action of angiotensin II alone in the same concentration (Table 2). In the in-
tact arterial wall the endothelium and inner elastic membrane are known to act as a barrier
for LDL, which accumulate only in the intima [13]. With damage to the endothelium and inner
elastic membrane the amount of LDL penetrating into the media and adventitia is increased by
25 times [13]. The increase in the quantity of *#°I~LDL in the wall under the influence of
angiotensin II and isoproterenol takes place through accumulation of '?®I-LDL in the outer
layers of the wall (Fig. 2). Incorporation of *2°I-albumin and its distribution in the wall
were unchanged by the action of angiotensin II and isoproterencl compared with the control seg-
ments, and this may be explained by the free passage of molecules of that size through the in-
tercellular spaces of the endothelium in the control [1, 9]. Differences in the accumulation
and distribution of LDL and albumin in the aortic wall may perhaps be explained by selective
accumulation of LDL in the aortic wall associated with damage to the endothelial barrier.

Potentiation of the action of angiotensin II on the aortic endothelium by isoproterenol
may indicate that even with a very small increase in the concentration of angiotensin II and
a simultaneous increase in the concentration of agents activating B-adrenoreceptors, damage
to the cells and intercellular junctions and disturbance of the barrier function of the endo-
thelium may take place.
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MECHANISM OF ACTION OF BACLOFEN ON MYOCARDIAL AND VASCULAR CONTRACTILITY

Yu. A. Darinskii, V. Ya. Egorov, UDC 615.217:547.466.3:001.6
T. A. Smirnova, Yu. D. Ignatov,
and A. V. Dmitriev

KEY WORDS: baclofen; myocardium; vein; artery.

In its effective dose range the y-aminobutyric acid derivative baclofen (Lioresal), with
a muscle-relaxing and analgesic action, has a marked effect on the cardiovascular system [9].
Changes in activity of the cardiovascular system are considered to be due mainly to the cen-
tral action of the drug, leading to intensification of the flow of sympathetic impulses to
adrenoreceptors of the heart and vessels [1, 3-6, 9]. Meanwhile the problem of whether baclo-
fen may have a direct peripheral action on autonomic functions of the body remains open.

The aim of this investigation was to study.the effect of baclofen on contractilityof car-
diomyocytes and smooth-muscle cells (SMC) of blood vessels in vitro.

EXPERIMENTAL METHOD

Experiments were carried out on isolated segments of arteries and veins and the papil-
lary muscle of the left ventricle of the heart of a Wistar albino rat. Aftex decapitationof
the animal the papillary muscle, circular segments of the abdominal aorta and iliac artery 2
mm wide, and a longitudinal segment of the portal vein 7 mm long were dissected. The finished
preparations were placed in a thermostatted working chamber, perfused with oxygenated Krebs'
solution at 32°C, and fixed for recording isometric contractionms by means of a 6MKhlS mechani-
cal to electrical transducer. Contractions were recorded on an N-338-2 automatic writer. Comn-
tractility of the portal vein (tone, amplitude, and frequency of spontaneous contractions),
the abdominal aorta, and iliac artery (tone and amplitude of contractions evoked by electri-
cal stimulation), and the papillary muscle (amplitude, velocity of comtraction and relaxation
in response to electrical stimulation) were recorded. For electrical stimulation square pulses
with a duration of 0.5 msec, frequency of 0.5 Hz, and amplitude of twice the threshold were
used for electrical stimulation. Baclofen was added to the perfusion solution after incuba-
tion of the preparations in the working chamber for 30 min.

EXPERIMENTAL RESULTS

In low concentrations (up to 10™° M) baclofen caused no significant changes in the param-
eters recorded. Addition of baclofen to the control solution in a concentration of 107° M led
to an increase in tone of the abdominal aorta and iliac artery of the rats (by 21.7 * 1.2 and
18.7 = 1.3% respectively; n = 27, p < 0.05) and a decrease in amplitude of the phasic con-
tractions (by 15.7 + 1.4 and 11.9 * 0.7%; Fig. la). The ionotropic effect of the drug lasted
10 min. Baclofen gave none of the effects described above if preceded by a-adrenoreceptor
blockade by dihydroergotoxin (107° M).

Baclofen increased the amplitude of spontaneous phasic contractions of a segment of the
rat portal vein (Fig. 1b). Maximal changes in the parameter were recorded after 1 minof the
action of baclofen and the inotropic effect lasted 10 min. The frequency of contractioms and
tone of the vessel showed no significant change. The positive inotropic effect of the drug
was preserved after B-adrenoreceptor blockage by propranolol (107°M), inhypercalcium solution
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