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Summary 
The aim of the study was to evaluate the overtime histological changes in the lungs after intoxication with 

baclofen alone or in combination with ethanol. 
Materials and methods. The experiment was carried out on 35 male Wistar rats weighing 290–350 g and 

aged 20 weeks. The animals were split into 7 equal groups (n=5); test drugs were administered via nasogastric 
tube: rats from Groups 1, 3 and 5 were treated with baclofen at 85 mg/kg; rats from Groups 2, 4 and 6 received 
similar dose of baclofen and 40% alcohol by volume at a dose of 7 ml/kg; control group rats were not admin-
istered with any drugs. Animals of all groups were removed from the experiment by cervical dislocation under 
anesthesia (chlorolase) after 3 h (Groups 1, 2), 4.5 h (Groups 3, 4) and after 24 h (Groups 5, 6, and the controls). 
Lung tissue samples were examined by light microscopy. The nonparametric Kraskel–Wallis test was used for 
multiple comparisons between the groups, and nonparametric Mann–Whitney test with Bonferroni correction 
was used for pairwise comparison. 

Results. Light microscopy showed no pathological changes in the lungs of the Control group animals. 
Baclofen alone, or in combination with ethanol caused significant circulatory disorders (venular and capil-
lary fullness, hemorrhages in the interalveolar septa (IAS) and alveoli, sludge phenomenon), emphysema, 
atelectasis and distelectasis, and pulmonary edema. IAS thickness in rats from all experimental groups was 
different from that in animals from the Control group, all differences confirmed by the Kruskel–Wallis test: 
H=748, P=0.00001. 

In Group 1 animals IAS was 44.2% thinner (P=0.00052) vs the control Group, while in all remaining exper-
imental groups it was, on the contrary, thicker: in Group 2 — 57.6% increase in thickness (P=0.000038), in 
Group 3 — 99 % (P=0.00001), in Group 4 — 2.2-fold increase (P=0.00001), in Group 5 — 2.1-fold (P=0.00001), 
in Group 6 — 2.5-fold increase (P=0.00001). Most significant increase in IAS thickness (6-fold, P=0.00001) oc-
curred within the period from 3 to 4.5 h after administration of baclofen, while within the period from 4.5 to 
24 h no statistically significant increase occurred (P=0.99). Co-administration of baclofen and ethanol caused 
2.8-fold (P=0.00001) increase in IAS thickness after 3 h as compared to the effects of baclofen only. IAS thickness 
at 4.5 h after baclofen and ethanol co-administration increased by additional 41.8% as compared to thickness 
at 3 h (P=0.00001). IAS became 11.8% thicker at 24 h vs 4.5 h (P=0.87). At 24 h IAS was 21.7% (P=0.0011) thicker 
after baclofen and ethanol co-administration vs baclofen alone. The alveoli size increased by 69.4% (P=0.00001) 
in Group 1 animals vs the Control group, by 14.3% (P=0.43) — in Group 2, by 55% (P=0.00004) — in Group 3, 
by 26.3% (P=0.002) — in Group 4, by 45% (P=0.0003) — in Group 5 (baclofen, 24 h), by 43.3% (P=0.0004) — in 
Group 6 (baclofen and ethanol, 24 h). Co-administration of baclofen and ethanol initially caused a slight in-
crease in alveoli size, bur 3 h later there was a visible shrinkage in the diameter of alveoli by 32.5% (P=0.003) 
vs baclofen mono, 4.5 h later — by 18.5% (P=0.062), and 24 h later — by 1.2% (P=0.99), that is, the differences 
were leveled. 

Conclusion. The combined effects of baclofen and ethanol induce more severe alterations in pulmonary 
tissue compared to baclofen alone. The pathological changes in the lungs reached their maximum by 24 h, 
which confirmed by morphometric assessment. Morphological changes in pulmonary tissue alongside with 
established chemical properties of the two agents can be used to diagnose cases of intoxication either with 
baclofen alone or in combination with ethanol.  
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Introduction  
Poisoning is one of the leading causes of violent 

death nowadays [1–3]. The muscle relaxant baclofen 
is a common cause of poisoning [4–6]. Baclofen, unlike 
other substances in this class, is a β-p-chlorophenyl 
derivative of GABA (gamma-aminobutyric acid) [7–9]. 
Baclofen is a prescription medication available in both 
oral and intrathecal forms [7, 8]. 

Oral baclofen is indicated for the treatment of 
severe muscle spasticity, multiple sclerosis, tumors, 
trauma, spinal cord infections, acute cerebrovascular 
accidents, and meningitis. The efficacy of baclofen 
in patients with alcoholism [10–14] and drug ad-
diction [14] has been studied, and several studies 
have shown its benefit in cerebral palsy [15, 16]. 

Baclofen has significant psychoactive ef-
fects  [17–20]. For this reason, it is widely used by 
drug addicts, especially young people [21]. To achieve 
a narcotic effect, baclofen doses are increased many 
times over, up to 6–14 tablets. The drug is often 
combined with low-alcohol drinks. In this case, 
narcotic intoxication occurs in about half an hour. 
The main symptoms are nausea and vomiting, 
dizziness, impaired motor coordination, drowsiness, 
slurred speech [17–20].  

Significant overdose with baclofen can lead to 
acute toxicity and death [18, 20, 22]. There is no 
specific antidote for poisoning with this drug [23]. 

In all suspected cases of baclofen poisoning, 
differential diagnosis with other poisonings is nec-
essary for the most effective rehabilitation. A com-
prehensive understanding of the pathophysiology 
of the different stages of baclofen poisoning could 
help to provide timely help to this category of pa-
tients. In the case of fatal baclofen poisoning, a 
toxicologic investigation is necessary to determine 
the immediate cause of death [18, 22].  

According to the literature, the lung is one of 
the target organs in baclofen poisoning [24]. The 
combined effect of baclofen and ethanol on the 
lung has been poorly studied. 

The aim of the study was to evaluate the his-
tologic changes in the lungs during baclofen or ba-
clofen-ethanol poisoning.  

Materials and methods  
Thirty-five adult (20 weeks old) male Wistar 

rats weighing 290–350 g were included in the ex-
periment. The animals were divided into 7 groups 
(5 rats in each group).  

The experiments were conducted in accordance 
with the requirements of Directive 2010/63/EU of 
the European Parliament and of the Council of the 
European Union on the protection of animals used 
for scientific purposes [25]. 

Baclofen or its combination with ethanol was 
administered to animals under general anesthesia 
(chloralose) via a gastric tube. 

Animals were divided into the following groups: 
● Control (n=5) —animals receiving neither 

baclofen nor ethanol; 
● Group 1 (n=5) — animals receiving baclofen 

85 mg/kg, duration of experiment 3 h;  
● Group 2 (n=5) — animals receiving a com-

bination of baclofen 85 mg/kg and 40% ethanol  
7 ml/kg, duration of experiment 3 h;  

● Group 3 (n=5) — animals receiving baclofen 
85 mg/kg, duration of experiment 4.5 h;  

● Group 4 (n=5) — animals receiving a com-
bination of baclofen 85 mg/kg and 40% ethanol  
7 ml/kg, duration of experiment 4.5 h;  

● Group 5 (n=5) — animals receiving baclofen 
85 mg/kg, duration of experiment 24 h;  

● Group 6 (n=5) — animals receiving a com-
bination of baclofen 85 mg/kg and 40% ethanol  
7 ml/kg, duration of experiment 24 h.  

After drug administration, animals were awak-
ened from anesthesia and left in the animal facility 
with free access to water but without food. After 
3, 4, 5 and 24 h, animals were euthanized by 
cervical dislocation under anesthesia (chloralose). 
The thoracic cavity was opened and the lungs 
were removed and placed in 10% neutral formalin 
and embedded in paraffin. Lung sections, 5 μm 
thick, were mounted on slides and stained with 
hematoxylin and eosin using standard techniques. 
Histologic preparations were examined at ×400 
magnification. A Nikon E-400 microscope with a 
video system based on a Watec 221S camera was 
used. Signs of impaired circulation (arterial, venous 
and capillary hemorrhage, sludge phenomenon, 
interalveolar septal hemorrhage, alveoli), atelec-
tasis, dystelectasis and emphysema, fluid in bron-
chiolar lumen, epithelial desquamation in bron-
chiolar lumen, thickening of interalveolar septa 
due to edema were evaluated. Fisher's criterion 
was used to evaluate the statistical significance 
of histologic signs. A histologic feature was con-
sidered significant if it was observed in 4 or 5 cases 
in one group and in none in the other. Further 
morphometric examination of the specimens was 
performed using ImageScope 12.0. Alveolar di-
ameter and interalveolar septa thickness were 
measured. We performed 30 measurements in 
each animal, so the sample contained 150 meas-
urements in each group. The Shapiro–Wilk test 
showed a non-normal distribution of the obtained 
data, so the data were presented as median, lower 
and upper quartiles [Me (QL;QH)]. The nonpara-
metric Kruskal–Wallis test was used for multiple 
comparisons between groups, and the nonpara-
metric Mann–Whitney test with Bonferroni cor-
rection was used for pairwise comparisons. The 
number of pairs of comparisons was 13, and the 
critical significance level was 0.0038. Microsoft 
Excel and Statistica 12.0 software were used for 
statistical analysis of the data [26, 27]. 
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Results 

No pathologic changes were observed in the 
lungs of rats of the control group.  

The data obtained during the study of lungs 
of animals of group 1 confirm the results of our 
previous experiments [6]. Blood circulation disorders 
(venous and capillary hemorrhage), emphysema, 
atelectasis and dystelectasis, cellular response, thick-
ening of interalveolar septa due to edema were 
noted in the lungs of animals of group 1 (Figure, a). 

The data obtained when examining the lungs 
of group 2 animals also confirm the results of our 
previous experiments [6]. In addition to the histo-
logical changes described above for group 1, the 
presence of secretion and epithelial desquamation 
in the lumen of bronchioles was observed in the 
bronchi of animals in this group (Figure, b). 

In group 3, characteristic features included ar-
terial, venous and capillary congestion, sludge and 
hemorrhage in the IAS, which was not observed in 
the control group, neither in group 1 nor in group 2 
(Figure, c). In addition, atelectasis, dystelectasis, IAS 
thickening due to edema, and emphysematous areas 
with thin IAS were observed in this group.  

Blood circulation disturbances (venous, cap-
illary, arterial hemorrhages, sludge, hemorrhages 

in IAS) were observed 4.5 h after 
administration of the combination 
of baclofen and ethanol. We also 
observed atelectasis and dystelec-
tasis (Figure,  d), emphysema (in 
the areas of thin IAS), fluid and 
desquamation of epithelium in 
bronchioles. All of these histologic 
changes were significant. Isolated 
hemorrhages appeared in the alve-
oli, which was not observed in 
group 1 or group 2.  

In group 5 we observed venous 
and arterial congestion, sludge, hem-
orrhage in IAS. Atelectasis and dys-
telectasis, IAS thickening due to ede-
ma and emphysema were found. All 
of the above signs were significant. 
Isolated alveolar hemorrhage was 
also observed. 

In group 6, the characteristic 
histological feature included venous, 
capillary and arterial hemorrhage, 
hemorrhage in IAS and in alveoli 
(Figure, e). Emphysema developed 
in the lungs of animals in this group. 
In addition, thickening of the IAS 
due to edema was observed. Fluid 
in the bronchioles and desquamation 
of the epithelium into the bronchial 
lumen were observed. Fluid in the 
bronchial lumen and epithelial 
desquamation in the bronchial lumen 

were observed only in the groups receiving both 
baclofen and ethanol (groups 2, 4, 6), but not in the 
groups receiving baclofen alone (groups 1, 3, 5). 

The results of the morphometric study of the 
lungs after administration of baclofen and its com-
bination with ethanol are shown in the Table. 

The table shows that the IAS thickness in all 
experimental groups was different from the control. 
The Kruskal–Wallis test confirmed the existence of 
differences with H=748, P=0.00001. Meanwhile, IAS 
thickness in group 1 was 44.2% (P=0.00052) lower 
than in the control group, whereas in the other 

Figure. Histologic examination of rat 
lung. 
Note. Hematoxylin eosin staining. Mag-
nification ×40, eyepiece ×10. (a) Group 1 
(baclofen, 3 h), edema indicated by ar-
row; (b) group 2 (baclofen, ethanol, 
3 hours), desquamated epithelium in 
the bronchial lumen indicated by arrow; 
(c) group 3 (baclofen, 4.5 h), hemor-
rhages in the interalveolar septum (ar-
rows); (d) group 5 (baclofen and ethanol, 
4.5 hours), dystelectasis (arrows); (e) 
group 6 (baclofen, ethanol, 24 h), alve-
olar hemorrhages (arrows). 

Table. Interalveolar septum (IAS) thickness and alveo-
lar diameter after administration of baclofen and its 
combination with ethanol, Me (LQ; HQ). 
Group                                                               Values 
                                        Thickness of IAS,          Alveolar diameter, 
                                                        µm                                          µm 
Control                             7.7 (6.2; 9.3)                   41.5 (35.2; 51.6) 
1                                         4.3 (3.8; 5.1)c                  70.2 (54.0; 86.3)c 
2                                    12.2 (10.5; 13.9)c,1             47.4 (37.6; 56.3)1 
3                                    15.4 (13.6; 17.9)c,2            64.3 (55.6; 75.0)c,2 
4                                   17.3 (14.9; 19.9)c,2,3            52.4 (45.2; 60.2)c 
5                                   15.9 (13.9; 18.4)c,2,3            60.1 (52.1; 70.6)c 
6                                  19.4 (15.3; 22.8)c,2,3,4           59.4 (50.1; 69.3)c 
Note. Differences are significant versus: c — control; 1 — group 1; 2 — 
group 2; 3 — group 3; 4 — group 4 at P�0.0038 (Mann–Whitney test).



groups it was higher: in group 2 by 57.6% 
(P=0.000038), in group 3 by 99% (P=0.00001), in 
group 4 by 2.2 times (P=0.00001), in group 5 by  
2.1 times (P=0.00001), in group 6 by 2.5 times 
(P=0.00001). From 3 to 4.5 h after baclofen admin-
istration, a 3.6-fold increase in IAS thickness was 
observed (P=0.00001). No significant differences in 
IAS thickness were observed at 4.5 and 24 h (P=0.99). 
At 3 h after co-administration of baclofen and 
ethanol, a 2.8-fold (P=0.00001) increase in IAS thick-
ness was observed compared to baclofen alone. 
IAS thickness 4.5 h after baclofen and ethanol ad-
ministration was 41.8% higher than at  
3 h (P=0.00001), and 24 h later it was 11.8% higher 
than at 4.5 h (P=0.87). Twenty-four h after adminis-
tration of baclofen with ethanol, IAS thickness was 
21.7% greater (P=0.0011) than after administration 
of baclofen alone. 

Alveolar diameter was 69.4% greater 
(P=0.00001) in group 1, 14.3% greater (P=0.43) in 
group 2, 55% greater (P=0.00004) in group 3, 26.3% 
greater (P=0.002) in group 4, 45% greater (P=0.0003) 
in group 5 (baclofen, 24 h), and 43.3% greater 
(P=0.0004) in group 6 (baclofen and ethanol, 24 h) 
compared to the control group. A slight increase in 
alveolar diameter was observed after co-adminis-
tration of baclofen and ethanol. At 3 h after co-ad-
ministration of baclofen and ethanol, the alveolar 
diameter was 32.5% (P=0.003) smaller than after 
administration of baclofen alone, at 4.5 h by 18.5% 
(P=0.062), at 24 h by 1.2% (P=0.99), i.e., the differ-
ences disappeared. 

Discussion 
Baclofen administration decreases the tone of 

skeletal muscles, including the intercostal muscles. 
Excessive relaxation of these muscles leads to respi-
ratory compromise and subsequent hypoxia [4, 7]. 
Baclofen is known to be a selective inhibitor of 
GABAB receptors, but at high enough doses it can 
cause stimulation of GABAA receptors, resulting in 
contraction of smooth muscle of bronchi and bron-

chioles with subsequent spasm and respiratory dis-
tress. In addition, stimulation of these receptors has 
been shown to increase vascular and tissue perme-
ability [28]. In animal studies, we found that rats re-
ceiving baclofen alone (groups 3, 5) and a combi-
nation of baclofen and ethanol (groups 2, 4, 6) had 
significantly greater IAS thickness than the control 
group (except group 1), possibly due to stimulation 
of GABAA receptors by a subtoxic dose of baclofen 
and the development of hypoxia [29–30].  

Thus, in all groups receiving a combination of 
baclofen and ethanol (2, 4, 6), IAS thickness was 
significantly greater than in the groups receiving 
baclofen alone. This confirms the hypothesis of a 
combined negative effect of baclofen and ethanol 
on the architecture of the air-blood barrier. As a 
result, the likelihood of impaired oxygen diffusion 
and more severe hypoxia increases.  

Conclusion 
After administration of the myorelaxant baclofen 

alone or in combination with ethanol, circulatory 
disturbances (venous and capillary hemorrhage, 
IAS and alveolar hemorrhage, sludge), emphysema, 
atelectasis and dystelectasis develop. With increasing 
hypoxia, vascular and tissue permeability increases 
and edema develops. The combined effect of baclofen 
and ethanol causes more severe changes in the 
lungs (epithelial desquamation and fluid in the 
bronchial lumen were observed only in the groups 
of animals receiving a combination of baclofen and 
ethanol). The pathological changes in the lungs 
showed progression, reaching the maximum severity 
at 24 h, which was confirmed by the results of the 
morphometric study. Data on morphological changes 
in the lungs can be extrapolated to the forensic ma-
terial and later, together with the results of chemical 
tests, can be used to diagnose intoxication by baclofen 
and its combination with ethanol, as well as to de-
termine the mode of drug administration (alone or 
in combination with ethanol). 
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