Bulletin of Experimental Biology and Medicine, Vol. 129, No. 1, January, 2000 ‘ 51

PHARMACOLOGY AND TOXICOLOGY

Correction of Disturbances in Neuroregulatory Systems
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The effect of verapamil on morphofunctional state of the hypothalamo-pituitary neurosecre-
tory system, adrenergic innervation of microvessels, and microcirculation in the early stages
of atherogenesis was studied. Correction of functional aberrations of the neuroregulatory sys-
tems and microcirculatory disturbances with verapamil was accompanied by restoration of
lipid homeostasis and less pronounced atherosclerotic alterations in major arteries.
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The hypothalamo-pituitary neurosecretory system
(HPNS) and peripheral subdivision of the sympathoa-
drenal system (SAS), which produce bioactive substanc-
es with vasoactive and lipid mobilizing effect (vaso-
pressin, norepinephrine), play an important role in the
mechanisms of atherogenesis. There is a correlation be-
tween functional state of these systems, microcircula-
tory disturbances, and the degree of atherosclerotic
process in major arteries during hyperlipemia [2,5,8].

In view of the priming role of microcirculatory
disturbances in the development of polyorgan pathol-
ogy during hyperlipidemia [4], the search for means
of correction of functional disturbances in HPNS and
SAS is actual. It was established that some calcium
channel blockers affect lipid metabolism and modulate
activity of the antioxidant system and SAS [7,10,11].
Calcium blocker verapamil is an active neuroprotec-
tor, which protects, in particularly, the neurosecretory
pituitary cells [6].

Our aim was to study the effect of verapamil on
morphofunctional state of the regulatory systems at the
early stages of atherogenesis.
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Pathology and Pathological Physiology, Russian Academy of Medical
Sciences, Moscow

MATERIALS AND METHODS

Experiments were performed on 30 male Chinchilla
rabbits weighing 2.5-3.0 kg. Group 1 rabbits (intact
controls) were maintained on a standard diet. Group 2
rabbits were given 0.3 g/kg cholesterol during 2 months,
which modeled atherogenic diet (ATD) according to
N. N. Anichkov. Group 3 rabbits were intramuscular-
ly injected with verapamil (phynoptin, Orion) in a
dose of 0.5 mg/kg for 10 days during the 2nd month
of the diet. We previously observed marked accumu-
lation of LDL, pronounced changes in HPNS, periphe-
ral subdivision of SAS (adrenergic innervation of mi-
crovessels), and microcirculatory vascular bed, and
initial lipidosis of the aortal intima after one month of
ATD {3,5]. Plasma level of total HDL and LDL frac-
tions were determined. The degree of atherosclerotic
process was assessed by the index of atherosclerotic
damage (IAD) to the aorta [13]. The hypothalamic
supraoptic (SO) nuclei and neurohypophysis were
studied on serial brain slices by the methods of Go-
mori-—Maiorova, Nissl, and Milenkov. The function-
al state of HPNS was assessed as described elsewhere
[9] by the content of Gomori-positive substance in
neurosecretory cells, hypothalamo-pituitary tract, and
posterior pituitary. The percentage of “bright” and
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“dark” cells in the SO nuclei and the number of pykno-

morphous cells were counted. The area of neuronal

nucleus and soma were determined using a Leitz-ASM
semiautomatic image analyzer. The adrenergic inner-
vation of terminal part of vascular bed was studied by
the method of Falk—Ovmen. The intensity of cate-
cholamine fluorescence was determined photometri-
cally under a LYUMAM microscope. Microvessels
were impregnated with silver nitrate (proposed by
V. V. Kupriyanov) and morphometried.

RESULTS

After 2 months of atherogenic diet (group 2), plasma
content of LDL increased more than 20-fold and HDL
content increased 5-fold compared with those in group
1 rabbits. The index of atherosclerosis in the aorta was
20% (Fig. 1).

In the SO nuclei the number of “bright” (actively
synthesizing the neurohormone) cells decreased by
25% (Table 1). In most neurons, the cytoplasm and
processes contained many neurosecretory granules.
Accumuiation of neurosecretory substance was also
observed in other parts of HPNS (hypothalamo-pitu-
itary tract and neurohypophysis). “Dark” cells con-
tained pyknotic and shrunk nuclei (Table 1). Numer-
ous neurosecretory neurons were in the stage of “red
pyknosis”. These signs attest to decreased functional
activity of HPNS after 2 months of ATD with a ten-
dency toward exhaustion.

Morphofunctional analysis of the adrenergic com-
ponent of microvessel innervation revealed a prono-
unced increase in the intensity of specific catechola-
mine luminescence (Fig. 2). Periarterial adrenergic
plexuses contained primarily tortuous axons with large
varicosities. Pronounced vascular, intra- and extravas-
cular alterations were observed in all elements of the
microcirculatory bed: irregularities in the diameter,
tortuosity of venules, microaneurysms, intravascular
cell aggregates, empty capillaries, and perivascular
edema. The morphometric indices characterizing the

TABLE 1. Effect of Verapamil on Morphometric Indices
of Hypothalamic SO Nuclei Characterizing HPNS State
(M+m)

“Bright”/ Area, ?
Group “dark”
cells, % nucleus soma
Control
(intact rabbits) 69/31 39.3%1.7 113.5+2.7
ADT 44/56 34.5+0.8 121.2+7.3
ADT+verapamil 60/40 37£1.9 118.1+6.4

Note. ATD: atherogenic diet. Each group comprised 10 rabbits.

% pg/100 ml
70+ r 3000
60 -2500
50
2000
40
- 1500
30
- 1000
20+ //Q AN
10 l \\_\ ~ 500
0 C —L m |

! 2 3 4
Fig. 1. Content of HDL and LDL and index of atherosclerosis in the
aorta in lipoproteinemia and its correction with verapamil. Left
ordinate: index (%) of atherosclerotic lesion of the aorta (curve).
Right ordinate: content of LDL (light bars) and HDL (dark bars)

in ug/100 ml. 7) 1-month atherosclerotic diet (ATD). Here and in
Fig. 2: 2) 2-month ATD, 3) 2-month ATD+verapamil.
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Fig. 2. Vascular cross-section area and intensity of catecholamine
luminescence in lipoproteinemia and its correction with verapamil.
Left ordinate: cross-section area (y?) of arterioles (light bars) and
venules (dark bars). Right ordinate: intensity of catecholamine
luminescence (arb. units) plotted by line. 7) Control.

state of microcirculatory bed were significantly changed
(Fig. 2).

After 2-month ATD, the level of LDL in vera-
pamil-treated rabbits (group 3) was 3.2-fold lower
than in group 2 rabbits, the content of HDL in group
3 rabbits 4-fold surpassed the control value, while IAD
was 2.7% (Fig. 1).

In HPNS, the ratio of “bright” and “dark™ cells
virtually did not differ from normal. The number of
pyknomorphous cells decreased. The size of nuclei
and somata of neurosecretory cells was similar to those
of intact rabbits (Table 1), which suggested recovery
of the neurosecretory function in SO neurons.
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The intensity of specific catecholamine lumines-
cence in adrenergic fibers innervating microvessels
and axonal structure returned to normal. Spastic alter-
ations in arterioles in these rabbits disappeared against
the background of venular dilation, while the number
of active exchange capillaries increased.

Therefore, functional recovery of HPNS and pe-
ripheral subdivision of SAS was accompanied by nor-
malization of lipid homeostasis and microcirculation,
and pronounced decrease in the index of atherosclero-
sis in the aorta. It can be assumed that the antiathero-
genic action of verapamil is mediated by its positive
effect on the neuroregulatory systems. These data sug-
gest that verapamil can be beneficially used for the
prophylaxis and therapy of atherosclerosis.

REFERENCES

1. G. G. Avtandilov, Classification and Planimetric Evaluation
of Atherosclerotic Lesions in Vessels [in Russian], Nalchik
(1960).

2.

3.

4.

10.

11.

53

E. D. Klimenko and L. N. Lebedeva, Vestn. Akad. Med. Nauk
SSSR, No. 1, 85-90 (1980).

E. D. Klimenko and O. M. Pozdayakov, Byull. Eksp. Biol.
Med., 100, No. 7, 103-106 (1985).

E. D. Klimenko, Hyperlipoproteinogenic Microangiopathy in
Genesis of Regional Pathology and Pathogenetic Approach to
Its Correction, Abstract of Doct. Med. Sci. Dissertation, Mos-
cow (1994).

. L. P. Kobozeva, Morphofunctional State of the Hypothalamo-

Pituitary Neurosecretory System and Adrenergic Innervation
of the Terminal Vascular Bed in the Different Stages of Ex-
perimental Atherosclerosis, Abstract of Cand. Med. Sci. Dis-
sertation, Moscow (1984).

. V. L. Kozhura, N. V. Nosova, and 1. S. Novoderzhkina, Patol.

Fiziol., No. 2, 13-14 (1998).

. L. L. Ol’binskaya, Kardiologiya, No. 12, 100-102 (1990).
. 0. M. Pozdnyakov, E. D. Klimenko, L. P. Kobozeva, et al.,

Byull. Eksp. Biol. Med., 115, No. 3, 242-244 (1993).

. A. L. Polenov, Hypothalamic Neurosecretion [in Russian],

Leningrad (1971).

L. V. Savchenkova, E. M. Dzuban, and V. D. Luk’yanchuk,
Eksp. Klin. Farmakol., 89, No. 2, 53-55 (1996).

M. T. Kailasam, R. J. Parmer, J. H. Cervenka, et al., Hyper-
tension, 26, No. 1, 143-149 (1995).




