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ABSTRACT

Background: Pulmonary contusion is a potentially life-threatening clinical manifestation frequently
seen in acute thoracic trauma. It can be life-threatening if diffuse in nature. This study investigated the

tissue damage-reducing effect of carvacrol, an antioxidant, in rats with induced lung damage.

Materials and Methods: Twenty-one female Wistar Albino rats weighing 240-320 g were used in
the study. Pulmonary contusion was induced with the application of 2.25 joules of energy with a
modification of the isolated bilateral pulmonary contusion model. Lung tissues of rats administered two

doses of oral 50 mg/kg carvacrol were then subjected to histopathologic examination.

Results: Congestion, alveolar destruction, alveolar hemorrhage, and leukocyte infiltration were
subjected to histopathologic examination in all lung sections. The amount of alveolar hemorrhage was
significantly lower in the carvacrol group compared with the control and trauma groups (p = 0.033).
Congestion, leukocyte infiltration, and destruction also decreased, albeit statistically insignificantly, in

the carvacrol group.

Conclusion: The antioxidant carvacrol significantly prevented alveolar hemorrhage in pulmonary
contusion developing following trauma. Congestion decreased, and no leukocyte infiltration developed

in the carvacrol group. However, it did not affect destruction.
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Introduction

Pulmonary parenchyma damage can develop as a result
of blunt or penetrating trauma. Pulmonary contusion is
frequently seen following trauma and is responsible for
20-25% of post-traumatic adult deaths [1]. Pulmonary
contusion is an independent risk factor for post-traumatic
pneumonia, acute lung injury (ALI), acute respiratory dis-
tress syndrome (ARDS), ventilator-associated pneumonia,
and respiratory distress [2]. Blood extravasation is linked to
alveolar damage and the subsequent activation of a series
of proinflammatory cells that occur following trauma. An
increased blood leukocyte ratio and subsequent increase in
tissue macrophage density initiate inflammatory process-
es, such as cytokine, proteolytic enzyme, and coagulation
cascades. This process increases alveolar-capillary perme-
ability, leading to edema, ventilation/perfusion mismatch,
and loss of pulmonary compliance [3].

Edema and inflammation in the lungs in uncompli-
cated cases resolve in 48-72h in radiologic examinations.
Apart from support therapies, there are no definite thera-
peutic methods for reducing complications in pulmonary
contusion. Free oxygen radicals forming in tissue follow-
ing trauma can further exacerbate tissue damage. Several
previous studies have shown that antioxidant substances
reduce complications in pulmonary contusion and exhibit
positive effects on tissue healing. Carvacrol is a monoter-
penoid phenolic compound (5-isopropyl-2-methylphe-
nol) found in several essential oils. Studies are showing
the antioxidant, antitumor, and antiinflammatory effects
of calcavrol [4]. One meta-analysis of the in vitro effect
of carvacrol identified antimicrobial, bactericidal, anti-
fungal, anti-inflammatory, antioxidant, antidepressant,
immunologic modulatory, and mutagenic activities [4].

Pulmonary contusion is a clinical manifestation fre-
quently seen in acute thoracic trauma. This study inves-
tigated the tissue damage-reducing effect of carvacrol, an
antioxidant substance, in rats with induced lung damage.

Materials and Methods

The research was conducted at the Bolu Abant Izzet
Baysal University Experimental Animals Center Lab-
oratory using 21 female Wistar Albino rats weighing
240-320 g. All rats were cared for in line with the Care
and Use of Laboratory Animals Guideline published by
the National Institutes of Health. Approval for the study
was granted by the Bolu Abant Izzet Baysal University
Medical Faculty Experimental Animals Ethical Com-
mittee, Turkey (2020/22).
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Three groups were established: group 1, the control
group, in which no contusion model was established. At
the end of the experiment, the rats were sacrificed un-
der general anesthesia, and their lung tissues were sent
for histopathologic examination. Group 2: the contu-
sion group, in which a contusion model was established,
but in which no drug was administered. The rats were
sacrificed under general anesthesia after 48 h, and their
lung tissues were sent for histopathologic examination.
Group 3: the contusion + carvacrol group. The first dose
of carvacrol (50 mg/kg) was administered via the oral
route 30 min after induction of contusion. A second
dose was administered after 24 h. The rats were sacri-
ficed under general anesthesia after 48 h, and their lung
tissues were sent for histopathologic examination.

The doses of carvacrol (cas: 499-75-2) administered in
the studies were in the range of 100-500 mg/kg [5,6]. In
an animal study, carvacrol was shown to have a half-life
of 1.84 to 2.05 hours in the digestive system. The same
study also showed that unencapsulated carvacrol was
almost completely absorbed in the stomach and proxi-
mal small intestine. Plasma levels peaked at 1.39 hours.
In rats, the dose produced a toxic dose of 810 mg/kg
when administered orally and 80 and 73 mg/kg when
injected intravenously or intraperitoneally [6,7].

The trauma model

A bilateral pulmonary contusion model was used based
on a modification of the isolated bilateral pulmonary
contusion model described by Raghavendran et al [8].
Pulmonary contusion was induced by dropping a 230 g
weight onto the thoracic anterior wall from a distance of
one meter (Figure 1). The resulting energy was calculat-
ed at 2.25 joules using the formula E = mgh (where E =
energy, g = gravity, h = height — 100 cm, and the weight
dropped = 0.23 kg). Pulmonary contusion was created
by applying 2.25 joules of energy to the rats (Figure 1).

Anesthesia and the Surgical Procedure

Prior to the experimental procedure, rats received gen-
eral anesthesia using ketamine HCI 40 mg/kg (Ketalar
500 mg flk; Zentiva Health Products San. Tic. A.S. Liil-
eburgaz- Kirklareli) and xylazine 5 mg/kg (Xylased 100
mg/mL; Bioveta medical Cankaya/Ankara/Turkey) via
the intramuscular route. Rats continued to breathe spon-
taneously throughout the procedure. Rats developing no
additional complications after the trauma were taken for
surgery after 48 h. Sternotomy was performed through an
incision over the sternum. Intracardiac access was pro-
vided with an injector and blood was drained. Both lung



tissues were then extracted by severing the points of at-
tachment to the mediastinum. The lung tissue specimens
were placed into formaldehyde solution and sent to the
pathology department for histopathologic examination.

Histopathological Examination

Tissues sent for histopathologic examination were divid-
ed into five sections. In line with standard procedures,
paraffin-embedded tissues were cut into 5-ym sections.
These were gradually deparaffinized and hydrated be-
fore staining with hematoxylin and eosin. Alveolar con-
gestion, alveolar destruction, alveolar hemorrhage, and
leukocyte infiltration in the vascular wall and alveolar
space were evaluated in all lung tissue sections in the
histopathologic examination. All these parameters were
scored semi-quantitatively as none (0), mild (< 10%),
moderate (10-45%), or severe (> 45%) (18) (Figure 2).

Statistical Analysis

Statistical analyses were performed using the SPSS
software. The Kruskal-Wallis test was used to compare
continuous data between the groups, and the Chi-square
test for non-continuous data. P values of < 0.05 were
regarded as statistically significant.

Results

Congestion, alveolar destruction, alveolar hemorrhage,
and leukocyte infiltration were evaluated in each lung
section in the histopathologic examination. The amount
of alveolar hemorrhage was significantly lower in the
carvacrol group compared with the control and trauma
groups (p = 0.033). Moderate/severe hemorrhage was
observed in four (57.1%) rats from the control group
and in one (14.2%) from the carvacrol group.

Moderate/severe congestion was observed in four
(57.1%) rats from the trauma group and one (14.2%)
from the carvacrol group. Although the difference was
not statistically significant (p = 0.061), noticeably less
congestion was determined in the carvacrol group.

Moderate/severe destruction was observed in two
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(28.5%) rats from the trauma group and one (14.2%)
from the carvacrol group. No statistically significant
difference was determined (p = 0.31).

The histopathologic examination revealed moderate/in-
tense leukocyte infiltration in two (28.5%) rats from the
trauma group. Mild leukocyte infiltration was observed
in rats from the carvacrol group. No statistically signifi-
cant difference was observed (p =0.11) (Table 1).
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Figure 2. Lung tissue section exhibiting a normal appearance from
the control group, HEx100 (A), fibrino-hemorrhagic exudate accu-
mulation in the interstitial space and alveoli from the trauma group,
HEx100, HEx200 (B, C), fibrino-hemorrhagic exudate decreased in
the treatment group, and heterogeneous areas were observed together

with normal-appearing lung tissue sections, HEx40 HEx100 (D, E).
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Discussion

The results of this study showed a statistically signifi-
cant decrease in hemorrhage caused by trauma-associ-
ated alveolar damage. Leukocyte infiltration, conges-
tion, and destruction also decreased in damaged tissue,
although not significantly. Based on these findings, we
think that carvacrol exhibits a parenchyma-protecting
effect in rats with induced pulmonary contusion. How-
ever, further experimental, laboratory, and clinical stud-
ies are now needed to confirm this.

Blunt chest wall trauma causes diffuse or segmental

pulmonary contusion. Local and systemic inflammatory
processes are initiated in association with tissue dam-
age, leading to morbidity and mortality [9]. Approxi-
mately 25% of trauma-related deaths are caused by
chest trauma [10]. Fluid accumulates in the alveolar or
interstitial spaces in trauma-associated pulmonary con-
tusion. Ventilation disorder, hypoxia, and hypercarbia
develop in the alveoli as a result [9,10].
Free oxygen radicals emerge in association with tissue
damage in cases of contusion in the lung. Free radicals
are short-lived, unstable, low-molecular-weight, and
highly active molecules with one or more unpaired
electrons. Free radical production under most circum-
stances is a part of the pathomechanism, and several xe-
nobiotic toxicities are associated with free radical pro-
duction. The most important free radicals in the human
body are oxygen-derived radicals. Oxygen is reduced to
the superoxide group (O2) through the effect of various
iron-sulfur-containing oxidation-reduction enzymes
and flavoproteins. The superoxide group is highly po-
tent and leads to cell damage and is converted into
hydrogen peroxide (H202) and oxygen by the copper
enzyme superoxide dismutase [11,12]. Antioxidants are
substances that directly and indirectly protect the cells
against the undesirable effects of xenobiotics, carcino-
gens, and toxic radical reactions. This study investigat-
ed the tissue damage-preventing effect of the powerful
antioxidant carvacrol.

In pulmonary contusion caused by blunt thoracic
trauma, blood and fluid leak into the alveolar area and
interstitial space due to oxidative stress, resulting in in-
terstitial bleeding and edema within a few hours post-
trauma [13]. Antioxidant agents reduce parenchymal
changes characterized by leukocyte infiltration, exces-
sive bleeding, alveolar impairment, congestion, and al-
veolar edema [13]. In our study, the decrease in fibrino-
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hemorrhagic exudate accumulated in the alveolar area
in the trauma group shows that the anti-inflammatory
effect of carvacrol may be strong.

One study involving animal models reported that
carvacrol contributed to the healing of acute pancreatitis
through antioxidant mechanisms [14]. Recent research
involving rats showed that carvacrol treatment healed
oxidative stress injury in the brain, liver, and kidneys
[15]. A randomized, double-blinded phase II clinical
study from 2018 revealed that carvacrol possessed the
ability to reduce inflammatory activity and symptoms in
patients with asthma [16].

A meta-analysis of 31 publications investigating the
in vitro effectiveness of carvacrol published in 2018
also revealed antimicrobial, bactericidal, antifungal,
anti-inflammatory, antioxidant, antidepressant, immu-
nomodulatory, and mutagenic activities [17].

Due to its antioxidant properties, carvacrol has also
been shown to reduce DNA injury, prevent lipid peroxi-
dation, and provide NO elimination [18]. In addition, its
anti-inflammatory effect has also been proved to result
from COX-2 suppression [19]. Significantly less hem-
orrhage was observed in rats administered carvacrol in
the present study, and decreases were also observed in
congestion and leukocyte infiltration, although these
were not statistically significant.

In conclusion, hemorrhage resulting from trauma-relat-
ed alveolar damage decreased significantly in rats re-
ceiving carvacrol in the present study. We also observed
decreases in leukocyte infiltration and congestion in
damaged tissue from rats given carvacrol, although
these were not statistically significant. Based on these
findings, we think that carvacrol protects the paren-
chyma in rats with induced pulmonary contusion, but
further experimental, laboratory and clinical studies are
needed to obtain more meaningful results.
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