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Abstract

Objective

Chest trauma-induced brain injury (CTB) occurs as a
result of the formation of inflammatory markers in the
lung and blood. Vitamin B5, derived from dexpanthenol
(DEX), has antioxidant, anti-inflammatory, and
antiapoptotic properties. This study aimed to
investigate the protective effects of DXP on CTB.

Materials and Methods

Forty Wistar Albino males were divided into four
groups as sham, CTB (Dropping a 200g weight from
a height of 1 meter onto the anterior chest wall),
CTB+DXP (500mg/kg, ip), and DXP. After 48 hours,
rats were sacrificed under anesthesia, and the brain
tissues were put into 10% formaldehyde solution for

Introduction

Chest trauma (CT) is a common cause of morbidity
and mortality that can result in both direct lung damage
and systemic inflammatory consequences. Following
CT, alveolar rupture, pulmonary hemorrhage, and
edema disrupt pulmonary function and initiate an
inflammatory cascade. This cascade releases pro-
inflammatory cytokines and oxidative molecules
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histopathological and immunohistochemical

mination.

exa-

Results

In the CTB group, rats exhibited significant
hemorrhage, increased TNF-a, Cas-3, and decreased
MBP expressions in the brain compared to the
control group. DXP treatment significantly reducted
hemorrhage areas and reversed immunoexpressions.

Conclusion

CTB may develop in brain tissue by causing
inflammation, apoptosis, and myelin sheath damage.
These adverse effects can be reversed with DXP
treatment.

Keywords: Acute chest trauma, brain, dexpanthenol,
inflammation, apoptosis

into the circulation, leading to extrapulmonary
complications including cardiac, renal, and cerebral
damage. Recent evidence suggests that this systemic
response may compromise the blood-brain barrier
(BBB), allowing inflammatory mediators to infiltrate the
central nervous system (CNS) and cause secondary
brain injury, referred to as chest trauma-induced brain
injury (CTB) (1-5).
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The pathogenesis of CTB involves neuroinflammation,
neuronal apoptosis, and myelin sheath degradation.
Tumor necrosis factor-alpha (TNF-a) and Caspase-3
(Cas-3) are well-known biomarkers representing
inflammation and apoptosis, respectively. Similarly,
myelin basic protein (MBP) serves as a sensitive
marker of demyelination in CNS injuries. Damage to
myelin not only disrupts signal transmission but may
also contribute to long-term neurological deficits (6—
11).

Dexpanthenol (DXP), a biologically active alcohol
derivative of pantothenic acid (vitamin B5), has been
recognized for its regenerative, anti-inflammatory,
antioxidant, and anti-apoptotic effects. DXP has
shown efficacy in wound healing, ischemic injuries,
and oxidative tissue damage, including in CNS-related
models. Its ability to penetrate the BBB and modulate
neuroinflammatory pathways makes it a promising
therapeutic candidate in brain injuries secondary to
systemic trauma (12-18).

Despite the established systemic benefits of DXP,
its neuroprotective potential in the context of CT-
induced secondary brain injury has not been
explored. Therefore, this study aims to evaluate the
histopathological and immunohistochemical effects of
DXP on inflammation, apoptosis, and myelin damage
in a rat model of CTB.

Material and Method

Animals and Experimental Design

Experimental design of all experimental procedures
was performed following the guidelines for animal
research from the National Institutes of Health
(approval no: 06/300). The animals were housed at 21-
22 °C and 60% = 5% humidity with a 12-hour light:12-
hour dark cycle and fed with standard commercial
feed ad libitum and water during the experiments.
Totally, weighing 300-350 grams, forty Wistar Albino
males were divided into four groups. Groups were;
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e Shamgroup (n=10); 0.5-1 mlsalineintraperitoneally
(ip) injection was applied to rats, and no CT was
induced under anesthesia.

e CTB group: A 200-gram weight was dropped
from a height of 1 meter onto the rats' thoracic wall
to induce trauma, after which 0.5-1 ml of saline was
administered intraperitoneally under anesthesia in the
CTB group.

e CTB+DXP group: A 200-gram weight was dropped
from a height of 1 meter onto the rats' thoracic wall
to induce trauma, after which 500 mg/kg ip DXP
(Bepanthen, Bayer, Turkey) was administered under
anesthesia.

e DXP group: 500mg/kg ip DXP administered, and
no CT was induced under anesthesia.

After 48 hours, rats were sacrificed under anesthesia,
and the brain tissues were put into 10% formaldehyde
solutionforhistopathologicalandimmunohistochemical
examination. For all experimental procedures, 80-90
mg/kg ketamine (Ketalar, Pfizer, Turkey) and 8-10 mg/
kg xylazine (Xylazinbio 2%, Bioveta, Czech Republic)
were used for anesthesia.

Chest Trauma Procedure

A modified bilateral pulmonary contusion model was
employed by dropping a 200g weight from a height
of 1 meter onto the anterior chest wall as described
by Raghavendran et al. (19). The resulting energy (E)
was calculated using the formula E = mgh (where E
is energy, g is gravitational acceleration- 9.8 m/s”"2, h
is height- 100 cm, and m is the dropped weight- 0.2
kg), yielding a transferred energy to the chest wall of
1.96 joules.

Histopathological Method

Every group of rats in the study was euthanized at the
conclusion. The rat brains were removed from the skull
by carefully opening it during necropsy with great care

Table 1 Subarachnoid hemorrhage histopathological scores

Normal meningeal and parenchymal structure

No blood in the subarachnoid space, ventricles, or brain parenchyma

No localized or diffuse thin subarachnoid hemorrhage, intraventricular, or intraparenchymal hemorrhage

No diffuse or localized thick subarachnoid blood layers, intraventricular, or intraparenchymal hemorrhage

A W N O

regardless of thickness or location

Intraventricular or intraparenchymal hemorrhage in association with subarachnoid hemorrhage,
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to prevent damage to the brain tissue. All groups' brain
samples underwent careful gross examination. They
were preserved in a 10% buffered formalin solution
after this inspection. Brain tissues were embedded in
paraffin after undergoing a routine tissue processing
procedure. Using an automated rotary microtome,
serial sections of 5 microns in thickness were taken
from each tissue. The hematoxylin and eosin (HE)
staining method was used to stain one series of
sections and examined under a light microscope.

Asinthe Mielke etal. study (2020) (20), histopathological
results were assessed using the standards given in
Table 1. The scores ranged from 0 to 4.

Immunohistochemical Method

Sections produced on slides coated with poly-L-lysine
were subjected to streptavidin-biotin peroxidase
immunohistochemical staining method. Primary
antibodies against Cas-3 (Anti-Caspase-3 antibody
[EPR18297] (ab184787)), MBP (Anti-Myelin Basic
Protein antibody [IGX3421] (ab209328)), and TNF-a
(Recombinant Anti-TNF alpha antibody [EPR21753-
109] (ab205587)) were used to stain brain sections
for immunohistochemical analysis. All of the primary
antibodies used in the immunohistochemistry
analyses were obtained from Abcam (UK) and diluted
using antibody dilution solutions at a ratio of 1/100.
The immunohistochemical procedure was performed
in accordance with the manufacturer's instructions.
The secondary kit was the Mouse and Rabbit Specific
HRP/DAB Detection Kit -Micropolymer (ab236466)
from Abcam (Cambridge, UK). Other procedures
were followed as directed, although for the negative
controls, antibody dilution solutions were applied to
the sections at the primary antibody stage rather than
the primary antibodies.

On a 0-3 scale, the IHC expressions received scores.
Hence, 0 denotes no expression, 1 focal and mild
staining, 2 diffuse and weak staining, and 3 diffuse
and prominent staining. Image J 1.46r software (The
National Institutes of Health, Bethesda, MD) was
used to determine the positive immunohistochemistry
reaction. Microphotography was conducted using the
Database Manual Cell Sens Life Science Imaging
Software System (Olympus Corporation, Tokyo,
Japan) with an Olympus CX41 type microscope.

Statistical Analysis

For statistical analysis, we used the GraphPad
Prism 10 (Version 10.1.0) (GraphPad Software,
USA) program. Initially, the data were analyzed for
normality of distribution using the Shapiro-Wilk test.
Since the data showed a normal distribution (p>0.05),
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comparisons between the groups were made with one-
way analysis of variance (ANOVA). The Tukey test
was used to identify differences between groups, with
values of p<0.05 considered statistically significant.
For nonparametric data, the Mann-Whitney U test
and Dunnett's C test were used to detect differences
between groups.

Results

During histopathological examination, slight to
moderate hyperemia in meningeal vessels was
observed in the sham group. In the CTB group, rats
exhibited significant and widespread hemorrhage.
In the CTB+DEX group, it was observed that
DEX treatment resulted in significant reductions
in hemorrhage areas. Normal brain histology was
observed in the DEX group (Fig. 1). Statistically
significant differences were observed between the
control group and the CTB and DXP groups; between
the CTB group and both the CTB+DXP and DXP
groups; as well as between the CTB+DXP and DXP
groups (p < 0.001). These findings indicate that
CTB and DXP administrations induce significant
histopathological alterations and that the addition of
DXP to CTB substantially modulates the effects of
CTB.

Immunohistochemical Findings

At the immunohistochemical examinations, negative
or very slight Cas-3 and TNF-a expressions with
marked MBP expressions in the brain were observed
in the sham and DXP groups. While decreased MBP
and increased Cas-3 and TNF-a expressions were
noticed in the CTB+DXP group. The DXP group's
expressions matched those of the control group with
markers in terms of similarity (Fig.2-3-4).

In terms of TNF-a expression levels, the CTB group
demonstrated significantly higher expression compared
to the control, CTB+DXP, and DXP groups (p < 0.001).
Additionally, the CTB+DXP group showed statistically
significant differences in expression levels compared
to both the control and DXP groups. These findings
suggest that CTB administration increases TNF-a
expression in brain tissue, while DXP may partially
attenuate this pro-inflammatory response. (Fig.2).

In terms of Cas-3 expression levels, the CTB group
exhibited significantly higher expression compared to
the control, CTB+DXP, and DXP groups (p < 0.001).
Furthermore, the CTB+DXP group demonstrated
significantly higher expression levels than the DXP
group. These findings indicate that CTB administration
increases Caspase-3 expression in the brain,
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Histopathology
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Control vs CTB: <0,001
Control vs CTB+DXP: 0,690
Control vs DXP: <0,001
CTB vs CT+DXP: <0,001
CTB vs DXP: <0,001
CTB+DXP vs DXP: <0,001

Figure 1
Representative histopathological figures and statistical analysis of histopathological scores of brains between
the groups. (A) Mild hyperemia (arrow) in meningeal vessels in the sham group. (B) Marked hemorrhage foci
(arrowheads) in the brain of a rat in the CTB group. (C) Markedly reduced hemorrhage area in the CTB+DEX
group. (D) Normal brain and meningeal structure in a rat in the DEX group, HE, Scale bars=50pum. Values are
presented as meanszstandard deviation. A one-way ANOVA test was used. * P<0.05, ** P<0.01, *** P<0.001
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Control vs CTB: <0,001
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CTB vs CTB+DXP: 0,004
CTB vs DXP: <0,001
CTB+DXP vs DXP: 0,009

Figure 2
TNF-a immonoexpressions and statistical analysis of immunohistochemical scores of the brain tissues. (A)
Negative TNF-a in the sham group. (B) Significant increase in TNF-a and expressions (arrows) in the CTB
group. (C) Decreased TNF-a expression in the CTB+DEX group. (D) Negative TNF-a expressions in the DEX
group, streptavidin-biotin peroxidase method, scale bars=50 pym. Values are presented as meanszstandard
deviation. A one-way ANOVA test was used. * P<0.05, ** P<0.01, *** P<0.001
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suggesting an enhancement of apoptosis, while DXP
appears to partially attenuate this effect. (Fig.3).

In terms of MBP expression levels, the CTB group
showed statistically significant differences compared

to both the CTB+DXP and DXP groups, as well as the (Fig.4).
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control group (p < 0.001). No significant differences
were observed in the other comparisons. These
findings suggest that CTB administration significantly
increases MBP expression in brain tissue, while DXP
may modulate this effect in a suppressive manner.
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Cas-3 immonoexpressions and statistical analysis of immunohistochemical scores of the brain tissues. (A)
Negative TNF-a in the sham group. (B) Significant increase in Cas-3 and expression (arrows) in the CTB
group. (C) Decreased Cas-3 expression in the CTB+DEX group. (D) Negative Cas-3 expressions in the DEX
group, streptavidin-biotin peroxidase method, scale bars=50 pm. Values are presented as meanszstandard

Figure 3
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MBP immonoexpressions and statistical analysis of immunohistochemical scores of the brain tissues (A)
Marked expression of MBP in the sham group. (B) Significant decrease in MBP expressions (arrows) in the
CTB group. (C) Increase in MBP expressions in the CTB+DEX group. (D) Marked expressions MBP expres-
sions in the DEX group, streptavidin-biotin peroxidase method, scale bars=50 pym. Values are presented as

Figure 4

meansztstandard deviation. A one-way ANOVA test was used. * P<0.05, ** P<0.01, *** P<0.001
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Discussion

Chest trauma (CT) is a well-established cause of
systemic inflammation and oxidative stress due to
pulmonary parenchymal damage. While the pulmonary
effects of CT are widely studied, its secondary impacts
on remote organs such as the brain remain under-
recognized. The present study demonstrates, for the
first time, that CT can lead to histopathologically and
immunohistochemically verifiable damage in the brain,
and that dexpanthenol (DXP), a pantothenic acid
derivative, offers measurable neuroprotection (21-23).

Histological analyses revealed severe hemorrhagic
lesions in the cerebral cortex, particularly in the frontal
regions, of the CTB group. This aligns with prior reports
that systemic trauma may lead to cerebrovascular
fragility and breakdown of the blood-brain barrier
(BBB) through inflammatory mediators like TNF-a
and IL-6 (24-26). The reduction of hemorrhagic areas
in DXP-treated animals suggests the compound’s
vasoprotective and anti-inflammatory properties,
likely mediated through oxidative stress reduction and
stabilization of endothelial junctions (17,18).

The increase in TNF-a and Cas-3 expressions in
CTB animals underscores the prominent role of
inflammation and apoptosis in secondary brain injury.
TNF-a is a proinflammatory cytokine that contributes
to BBB permeability and leukocyte infiltration, whereas
Cas-3 is a terminal executor of apoptosis, especially
in neurons (13-15). DXP treatment significantly
suppressed these markers, indicating its ability to
modulate neuroinflammation and apoptosis pathways.
This is consistent with prior findings demonstrating
DXP’s protective role in ischemia-reperfusion and
sepsis-induced neural injury models (16,18,27).

Importantly, MBP expression, a marker of myelin
integrity, was significantly reduced in the CTB group.
Myelin disruption impairs axonal conductivity and
contributes to long-term neurological deficits. The
partial restoration of MBP levels in the DXP group
suggests that this agent may preserve oligodendrocyte
function and inhibit demyelination. This effect is
highly relevant given that myelin damage is a critical
determinant of cognitive and motor dysfunctions in
trauma-induced brain injury (9-11).

The regional localization of injury and recovery—most
prominent in the frontal cortex and periventricular
regions—supports the hypothesis that CT-associated
systemic inflammation preferentially affects highly
vascularized and metabolically active brain regions.
Future studies involving molecular signaling analysis
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(e.g., NF-kB, MAPK, or PI3K/Akt pathways) and
behavioral assessments would be valuable in
confirming and extending these findings.

Clinically, the findings of this study may have
translational implications for emergency medicine
and neurocritical care. Since DXP is already used in
parenteral forms for wound healing and is known to
cross the BBB, it represents a readily available, safe,
and cost-effective candidate for early intervention in
trauma cases.

Conclusion

In conclusion, this study demonstrates that chest
trauma induces neuroinflammation,  neuronal
apoptosis, and myelin sheath damage, particularly
in the frontal cortex. Dexpanthenol significantly
attenuates these pathological changes, likely through
its antioxidant, anti-inflammatory, and anti-apoptotic
effects. These findings warrant further exploration
of DXP as a neuroprotective agent in systemic
trauma settings and support its potential inclusion in
emergency trauma care protocols.
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