DOI 10.1007/s10517-023-05945-5
Bulletin of Experimental Biology and Medicine, Vol. 175, No. 6, October, 2023 PHARMACOLOGY AND TOXICOLOGY 777
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The effect of the toxic dose of the muscle relaxant baclofen on the parameters of the car-
diovascular and respiratory systems was studied in adult male Wistar rats (n=20). Systolic
and diastolic BP, HR, and respiratory rate were measured; histological changes in the lungs 3,
4.5, and 24 h after drug administration. Baclofen was administered orally in a sublethal toxic
dose of 85 mg/kg under anesthesia. Cardiac activity was analyzed using RSM physiological
indicators monitoring system with MouseMonitor S (Indus Instruments) software. Histological
examination was performed by light microscopy. Baclofen significantly decreased the respira-
tory rate and increased HR and BP. Histological examination of the lungs revealed a complex
of general pathological processes, such as local circulatory disorders (venular and capillary
fullness, sludge), leukocyte infiltration of the interalveolar septa and their thickening due to
edema. These findings can be used to estimate the time elapsed after baclofen treatment.
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Muscle relaxant baclofen (Baclosan, Lyoresal) is a
GABA derivative. Its molecules have no similarities in
chemical structure with other muscle relaxants. Unlike
them, baclofen does not affect neuromuscular trans-
mission mechanisms, but activates GABA, receptors,
thereby reducing the release of excitatory amino acids
glutamate and aspartate that mediate the develop-
ment of a spasm [1-3].

Baclofen is available in the oral and intrathecal
forms (for intrathecal administration) and is widely
used in clinical practice [2,3] in patients with brain
and spinal cord injuries, including traumatic one, scle-
rosis with expressed muscle spasticity, acute cerebral
circulation disorders, and meningitis. Several studies
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have demonstrated the efficiency of baclofen in pa-
tients with alcoholism [4,5] and cerebral palsy [6,7].

After oral administration, baclofen is almost com-
pletely absorbed in the gastrointestinal tract (bioavail-
ability 70-80%). The effect starts in about 30-45 min
after oral administration. The peak concentration of
baclofen in plasma (0.3-0.6 pg/ml) is reached in about
3 h; the peak concentration of its main metabolite
formed during deamination and oxidation (B-[p-chlo-
rophenyl]-y-hydroxybutyric acid) is achieved in 4-5 h
(<0.2 ng/ml) [1,2].

Baclofen in therapeutic doses can cause side ef-
fects such as nausea, drowsiness, confused mental
state, gait disturbance, dizziness, asthenia, and oral
dryness. Hallucinations, dysuria, enuresis, decreased
convulsive threshold, convulsions, and mydriasis may
occur. Acute poisoning develops when baclofen is used
in high doses. Its symptoms are anxiety, dizziness, im-
paired accommodation, loss of corneal reflex, muscle
hypotension, clonic convulsions [8-10], hyporeflexia,
areflexia, anxiety [8,9], decreased body temperature,
hallucinations, faintness, and coma [10]. As for the
gastrointestinal tract, hypersalivation, nausea, vomit-

0007-4888/22/1755-06 © 2023 Springer Science+Business Media, LLC


https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D0%BE%D0%B2%D0%BE%D0%BA%D1%80%D1%83%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D1%81%D1%82%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%BB%D0%BB%D1%8E%D1%86%D0%B8%D0%BD%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B7%D1%83%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D1%83%D1%80%D0%B5%D0%B7
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%B4%D0%BE%D1%80%D0%BE%D0%B3%D0%B8
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%B4%D1%80%D0%B8%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%B4%D1%80%D0%B8%D0%B0%D0%B7

778 Bulletin of Experimental Biology and Medicine, Vol. 175, No. 6, October, 2023 PHARMACOLOGY AND TOXICOLOGY

ing, diarrhea, and increased levels of lactate dehydro-
genase, ALT, and AST were reported [9]. There are
also changes in the functions of the cardiovascular
and respiratory systems [8,9], but this issue requires
more detailed research.

There is no specific antidote for acute baclofen
poisoning. During the treatment, symptomatic and
supportive therapy (maintenance of cardiovascular ac-
tivity) and artificial lung ventilation are recommended
[1,2,11,12].

The aim of the work was to evaluate changes in
the cardiovascular (systolic and diastolic BB, HR) and
respiratory (respiration rate (RR), histological changes
in the lungs) systems in an animal experiment.

MATERIALS AND METHODS

In a preliminary experiment, the optimal dose of ba-
clofen was determined. To this end, the rats treated
with the drug in doses of 125, 115, 105, and 85 mg/kg
through a gastric tube (5 rats per dose). All animals
treated with baclofen in a dose of 85 mg/kg remained
alive. This sublethal toxic dose (85 mg/kg) was further
used in the main experiment.

The experiment was performed on 20-week-old
male Wistar rats (n=20) weighing 200-215 g in accor-
dance with the requirements of the European Conven-
tion for the Protection of Vertebrates Used for Exper-
iments or for Other Scientific Purposes (Strasbourg,
1986). The protocol of the study was reviewed and
approved by the Local Ethics Committee of the Federal
Research Clinical Center of Intensive Care Medicine and
Rehabilitology (Protocol No. 1/21/4, March 17, 2021).

The animals were divided into control (group 1;
intact animals) and experimental groups (groups 2-4;
treatment with baclofen under general anesthesia
through the gastric tube). The animals of the exper-
imental groups were euthanized 3, 4.5 and 24 h after
baclofen treatment. Each group included 5 rats.

The parameters of the functional activity of the
cardiovascular system were studied using the RSM
physiological parameter monitoring system with
MouseMonitor S software (Indus Instruments). BP was

measured in the caudal artery by the noninvasive cuff
method. The following parameters were measured:
systolic BP (SBP), diastolic BP (DBP), and HR.

After measuring physiological indices, the ani-
mals were euthanized by anesthesia overdosage at the
specified intervals. Rat lungs were fixed in 10% neutral
formalin and embedded in paraffin. Histological sec-
tions (5 wm) were prepared, mounted on slides, and
routinely stained with hematoxylin and eosin. Further,
the preparations were examined under a Nikon Eclipse
E-400 microscope with a video system based on a
Watec 221S camera at x400. The following signs were
assessed: circulatory disorders (plethora of capillar-
ies and venules, hemorrhages in interalveolar septa,
alveolar hemorrhage, and appearance of sludge), the
presence of atelectases and dystelectases, emphysema,
cellular response (increased number of leukocytes in
interalveolar septa), and epithelium sloughing in the
bronchial lumen.

The results were processed in Microsoft Excel and
Statistica 6.0 software (StatSoft, Inc.). The significance
of differences was assessed using the Mann—Whitney
U test at p<0.01.

RESULTS

Baclofen caused a significant decrease in RR in compar-
ison with intact animals and with the previous terms
(Table 1). HR, on the contrary, significantly increased
in comparison with the control and previous terms in
the experimental groups. This effect can be explained
by a compensatory reaction to hypoxia resulting from
a decrease in the frequency of respiratory movements.

In 3 h after baclofen administration, SBP was
significantly higher than in intact rats; in 4.5 h this
indicator further increased and peaked 24 h after ba-
clofen administration (Table 1). DBP in 4.5 h after
baclofen administration was significantly higher than
after 3 h, and in 24 h it was higher than at all previous
terms (Table 1).

Thus, 3-24 h after the administration of baclofen,
a significant increase in SBP and HR and a decrease
in RR were recorded.

TABLE 1. Indicators of BP, HR, and RR in Wistar Rats after Administration of Baclofen (Me (LQ; HQ))

Time after baclofen administration
Parameter Control
3 h 45 h 24 h
SBP, mm Hg 107 (105; 108) 119 (112; 122)* 123 (122; 125)** 130 (128; 130)**°
DBP, mm Hg 64 (62; 65) 58 (57; 58)* 59 (58; 60)** 70 (67; 75)*
HR, bpm 388 (356; 392) 403 (400; 405)* 495 (490; 500)* 500 (492; 505)*
RR, min—* 89 (88; 90) 68 (65; 70)* 64 (62; 65)** 55 (54; 60)**°

Note. p<0.01 in comparison with *control, *3 h after baclofen administration, °4.5 h after baclofen administration.
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Fig. 1. Rat lung at different terms after baclofen administration in a dose of 85 mg/kg. Hematoxylin and eosin staining, x400. a) 3 h,
dystelectases; b) 4.5 h, perivascular edema; c¢) 4.5 h, thickening of the interalveolar septa due to edema; d) 24 h, alveolar hemorrhage.

After the animals were euthanized, the morpho-
logical analysis of the lung tissue was performed. No
circulatory disorders and no signs of emphysema were
observed in the control group. There were single at-
electasis (mainly subpleural ones) that were probably
caused by anesthesia before drug administration. The
alveoli were expanded and airy, and the bronchial
lumens were free.

In 3 h after baclofen administration, plethora of
capillaries and venules, hemorrhages in interalveolar
septa, dystelectases (Fig. 1, a), and signs of emphy-
sema were observed. Thinning of interalveolar septa
was observed in the areas of emphysema. In 4.5 h
after baclofen administration, plethora of capillaries
and venules, and perivascular edema appeared (Fig. 1,
b). Sludge, hemorrhages in interalveolar septa and
alveoli, thickening of interalveolar septa (Fig. 1, c),
and increased number of segmented leukocytes in the
interalveolar septa, and emphysema were observed.

In 24 h after baclofen administration, pronounced
plethora of capillaries, venules, and arterioles, sludge,
and hemorrhages in the interalveolar septa and alveoli

were revealed (Fig. 1, d). The interalveolar septa were
thickened due to edema and increased number of
segmented leukocytes. Emphysema was typically seen;
in the areas of emphysema, thinning of interalveolar
septa was observed.

According to published data, baclofen has no
direct toxic effects on the bronchi and lungs [1,2].
This drug enhances the presynaptic blockade of nerve
impulses originating in the spinal cord, which leads
to inhibition of their transmission. As a result, mus-
cle tension decreases, including intercostal muscles
(Chapman RW., et al, 1993), and their excessive re-
laxation, in turn, can lead to breathing difficulties and
the development of hypoxia [13]. Of particular interest
are the effects of GABA receptor stimulation. GABA,
receptor agonists cause contraction of the smooth
muscles of the bronchi and bronchioles, which can be
accompanied by spasms and breathing difficulties [14].
Baclofen is a selective agonist of GABA, receptors,
but when used in high doses it causes stimulation of
GABA, receptors as well. We observed this effect in
all experimental groups. Emphysema was seen in the
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lungs of animals of all groups treated with baclofen.
In addition, stimulation of GABA, receptors increases
vascular and tissue permeability [14,15], which was
also confirmed by the results of our studies. Thick-
ening of the interalveolar septa due to edema was
observed in all experimental groups.

Histological examination of the lungs of animals
treated with baclofen revealed a combination of general
pathological processes: circulatory disorders (venular
and capillary plethora, sludge), thickening of interalve-
olar septa due to edema, and infiltration of interalve-
olar septa with leukocytes. These features were most
pronounced 24 h after baclofen administration. Un-
derstanding the processes occurring in the body after
baclofen treatment is required for effective treatment of
victims of baclofen poisoning. The assessment of his-
tological changes in the lungs after the administration
of baclofen in combination with the results of chemical
examination will allow, in particular, to determine the
time elapsed after the drug administration.
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