
Preclinical safety assessment in rats after dermal exposure to 
acetylcarvacrol, a potential acaricide against the brown dog tick

Graziela Hermínia Andrade Mendonça a, Aline Chaves Reis a, Isaac Filipe Moreira Konig b,  
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A B S T R A C T

Carvacrol, a phenolic monoterpene found in essential oils of plants of the Lamiaceae family, emerges as an 
alternative acaricide of plant origin. Its acetylation was proposed to obtain a derivative compound with a better 
pharmacological profile and lower toxicity to non-target organisms. The present study aimed to assess the 
preclinical safety of acetylcarvacrol after dermal application in Wistar rats, through the examination of hema
tological and biochemical parameters, as well as histopathological analysis of the skin, liver and kidney. For this, 
twenty rats were distributed into four groups with five animals each. Three groups received treatment with 
different concentrations of the substance (26, 52, and 104 µL/mL) based on the lethal concentration for Rhipi
cephalus sanguineus ticks, and one group (Control) received only the vehicle. Acetylcarvacrol was applied daily to 
a trichotomized skin area for 21 days. No changes in hematological parameters were observed. Regarding 
biochemical analysis, a slight increase in urea and alanine transaminase levels was noted. No significant changes 
were observed in the kidney and liver, although the rats had developed cumulative irritant contact dermatitis at 
the application site, as corroborated by the histopathological analysis of the skin. In general, the results showed 
that the dermal application of acetylcarvacrol in the experimental conditions described here is safe. However, it 
can cause signs of mild systemic toxicity and skin irritation at high concentrations, suggesting that this product 
should be used in lower therapeutic doses and that the development of less aggressive formulations, including the 
combination with other acaricides, is desirable.

1. Introduction

The brown-dog-tick Rhipicephalus sanguineus was introduced to the 
American continent along with the domestic dogs from European colo
nization [24]. When feeding, these ticks cause spoliation and injury to 
the hosts and are potential transmitters of pathogens such as protozoa, 
viruses, and bacteria, causing various diseases [14,19,56].

The synthetic chemical groups most used to control ticks in small 
animals include carbamates, organophosphates, pyrethroids, for
mamidines, macrocyclic lactones, and phenylpyrazoles, with different 
modes of action and efficacy [21,3,4]. However, the indiscriminate use 
of these compounds has led to the selection of resistant ticks, environ
mental contamination, and animal and human poisoning, arousing 

researchers’ interest in developing new forms of control [4,69].
Carvacrol (5-isopropyl-2-methylphenol, C10H14O) is a phenolic 

monoterpene found mainly in essential oils of plants of the Lamiaceae 
family [54]. This compound, one of the major constituents of Origanum 
sp. and Thymus sp. essential oils, has also been used in low concentra
tions as a food flavoring, preservative, and fragrance in cosmetic for
mulations [59]. Carvacrol has also demonstrated significant acaricidal 
activity and is considered a promising option for controlling ticks [15, 
32,36,49]. The effectiveness of carvacrol can be increased by acetyla
tion, conferring greater stability to this compound by converting the 
phenolic hydroxyl, more susceptible to oxidation, into an ester group 
[18]. The use of acetylcarvacrol in ticks has already shown high efficacy 
and several morphological effects in the ovary of R. sanguineus and 
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R. microplus ticks [23,22,33,34,35,45].
However, contrary to popular belief, the use of medicinal plants is 

not without risk. Despite their numerous health benefits for humans and 
animals, certain plant compounds can exhibit toxic effects, which are 
influenced by dosage and specific conditions [68]. Information 
regarding the toxic effects of carvacrol is limited, but this compound is 
generally considered safe for use [59]. Even so, after acetylation, lower 
acute toxicity was observed in mice, with a medium lethal dose (LD50) 
approximately 70 % higher than carvacrol [6]. The difficulty in finding 
data in the literature to evaluate and discuss the toxicity of ace
tylcarvacrol reinforces the need for this type of study, ensuring the safe 
use of this compound in humans and animals [46].

Although some studies have demonstrated the toxic effects of ace
tylcarvacrol on vertebrates, none of the experiments used concentra
tions of the product recognizably effective against ticks. Here, we 
investigated the impact of acetylcarvacrol on Wistar rats (Rattus norve
gicus) using concentrations based on the previously defined in vitro lethal 
concentration values for R. sanguineus ticks [34]. The objective of this 
study was to assess the safety profile of acetylcarvacrol in Wistar rats 
through dermal testing with repeated doses, employing clinical, hema
tological, biochemical, and histopathological analyses.

2. Materials and methods

2.1. Carvacrol acetylation

Carvacrol (5-isopropyl-2-methylphenol, 99 % purity) was obtained 
from Merck (Darmstadt, Germany), and acetylation was done according 
to Konig et al. [33]. At room temperature, 5 mL of carvacrol was added 
to a volumetric flask containing 25 mL of 10 % sodium hydroxide so
lution. Subsequently, 5.5 mL of acetic anhydride was added to the flask 
under cooling. The reaction mixture was left under stirring for 15 mi
nutes. The oil was separated from the solution and characterized ac
cording to its melting point and infrared (IR) spectroscopy [42,57].

2.2. Animals

The Ethics Committee on the Use of Animals (CEUA) of the Federal 
University of Lavras (UFLA) (Protocol 002/2021 of April 26th, 2021) 
approved all experimental procedures performed in this study.

Twenty adult female Wistar albino rats (Ratus norvegicus), at 
approximately nine weeks of age and weighing between 160 and 230 g, 
were obtained from the Central Animal Facility of UFLA. The animals 
were placed in polypropylene boxes (40x34x17cm) on a ventilated shelf 
(22 ± 3 ºC, 50–60 % RH), with a photoperiod of 12/12 h (light/dark), 
and water and food ad libitum. The rats remained in cages for 5 days for 
acclimatization to laboratory conditions ([44], 2008).

2.3. Experimental design

The experimental design of this work was based on the OECD 
Guideline 410 of the Organization for Economic Cooperation and 
Development [44]. The rats underwent trichotomy of 10–20 % of the 
back using an electric clipper one day before beginning the treatments. 
The animals were weighed and randomly divided into four groups (n = 5 
animals per group). Acetylcarvacrol was diluted in 5 % DMSO (vehicle) 
at three different concentrations, as suggested by Guideline 410: one 
with low toxicity to the vertebrate host, one with intermediate toxicity 
and one with presumable high toxicity [44]. The values used in the 
different concentrations were based on the work developed by Konig 
et al. [34]. Based on topical in vitro studies, Konig et al. [34] defined that 
the concentration of 26 µl/mL is sufficient to generate mortality of 
approximately 90 % of ticks of the species Rhipicephalus sanguineus 
(CL₉₀), the brown dog tick. Therefore, this value was used as a basis for 
the development of the present study, in order to simulate product 
application conditions in a field situation. Thus: treatment group 1 (T1) 

was exposed to acetylcarvacrol at a concentration of 26 µl/mL (1 x CL₉₀; 
25.2 ×103 ppm); group T2 was treated with a solution at 52 µl/mL (2 x 
CL₉₀; 50.4 ×103 ppm); and group T3 was exposed to 104 µl/mL (4 x CL₉₀; 
100.8 ×103 ppm). The control group received only the vehicle (DMSO at 
5 %/day). Daily, 2.5 mL of solution was applied to the trichotomized 
area using a disposable volumetric pipette for each animal for 21 days. 
The region was covered with gauze and protected using a crepe bandage 
fixed with a waterproof plaster. After treatment, the animals were 
observed for signs of irritation, systemic toxicity, morbidity, and 
mortality.

At the end of the treatment period, the animals were anesthetized 
with an intraperitoneal injection of xylazine (10 mg/kg) and ketamine 
(90 mg/kg) diluted in 0.9 % sodium chloride solution and euthanized by 
exsanguination by cardiac puncture to collect blood, skin, liver and 
kidney samples.

2.4. Hematological and biochemical analyses

The hematological analysis was performed using 4 mL of blood taken 
from each animal and placed in tubes containing EDTA (K3EDTA, 
Vacuette®). The samples were kept under refrigeration between 2 and 
6ºC and processed within a maximum of two hours. The blood was 
carefully homogenized with the anticoagulant by gently shaking the 
tube. The following parameters were determined in a Sysmex Poch- 
100IV.Diff hematological analyzer through impedance detection of 
cyanide-free hemoglobin and counting of blood cells based on electrical 
impulses generated when they were immersed in an electrolyte solution: 
white blood cell count, red blood cell count, hemoglobin, hematocrit, 
mean corpuscular volume, mean corpuscular hemoglobin concentra
tion, mean corpuscular hemoglobin, and platelet count.

Samples with 4 mL of blood were stored in CAT Serum Sep Clot 
Activator tubes (Vacuette®) without anticoagulant to determine the 
values of the following biochemical parameters: aspartate aminotrans
ferase (AST), alanine aminotransferase (ALT), creatinine, and urea. The 
blood was centrifuged at 3500 rpm for 15 minutes to separate the serum 
and clot. Quantifications were carried out using the Beckman Coulter 
AU480 chemistry analyzer (UV kinetic methodology based on the rec
ommendations of the International Federation of Clinical Chemistry - 
IFCC - for transaminases, colorimetric kinetic test for the determination 
of creatinine and UV enzymatic test for urea).

2.5. Morphological and morphometric assessment

Skin, liver and kidney samples were sectioned and immediately 
immersed in a 4 % formaldehyde fixative solution for 72 h. The samples 
were then dehydrated in a gradual series of ethyl alcohol (70, 80, 90, 
and 95 %, for 20 minutes each), diaphanized in xylol, embedded and 
included in paraffin. The blocks were sectioned in a Lupetec MRP09 
microtome, and the histological sections were submitted to the 
hematoxylin-eosin (H-E) staining technique to observe the general 
characteristics of the tissue [29]. The skin slides were also subjected to 
Picrosirius staining to observe the collagen fibers present in the tissue in 
red [52]. The material was examined and photographed using a Leica 
DM500 light microscopy equipped with an ICC50W camera.

2.6. Analysis of results

2.6.1. Semi-quantitative analysis
Tables 1 and 2 summarizes the main structural modifications 

observed in the liver and skin of rats exposed to toxic products based on 
the information available in the literature. Each alteration received an 
importance factor (w), defined by the researchers participating in this 
project, ranging from 1 to 3, according to its relevance in the survival of 
cells and tissues: (1) minimal importance, when the lesion minimally 
affects the morphology and physiology of the cell or tissue evaluated; (2) 
moderate importance, if the function of the cell or tissue is partially lost; 
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and (3) high importance, when the lesion is irreversible, leading to total 
loss of cell or tissue function. After analyzing the slides, the morpho
logical alterations were classified into scores (a) from 0 to 5, with (0) as 
no occurrence and values from 1 to 5 indicating different extents of 
tissue change, expressed as a percentage: (1) 1–20 %; (2) 21–40 %; (3) 
41–60 %; (4) 61–80 %; and (5) 81–100 %. The index of each alteration 
was obtained by multiplying the importance factor by its score 
(INDEXalt = w x a). The total index of each individual was then calcu
lated by the sum of the indices of each observed alteration, according to 
the following formula: INDEXind = Σ (INDEXalt) [40].

2.6.2. Morphometric analysis
Morphometric analysis was performed using the Image J software 

(NIH). All individuals in each group were measured.
The area and perimeter of 50 nuclei and 50 hepatocytes in the liver 

samples were randomly measured. The ratio between the area of the 
nucleus and the area of the hepatocyte was also obtained (R = area of the 
nucleus/area of the hepatocyte) for each individual. The numerical 
density of hepatocytes (Nhep) in the tissue was calculated based on the 
number of hepatocytes in 20 regions of known area (6000 µ2 each), 
making it possible to obtain the estimated number of hepatocytes per 
µm2 by the following formula: Nhep = Σhep/TA, in which Σhep is the 
number of hepatocytes identified in the focal plane and TA is the total 
test area. The percentage of altered nuclei (%Nalt) in the tissue was also 
measured in five random images of each sample (total area 3.54 ×105 

µ2). Irregular, hyper-stained, or pycnotic nuclei (Nalt) and the total 
number of nuclei (Nt) of the evaluated area were counted and used in the 
following formula: %Nalt = (Naltered/Ntotal) x 100. Furthermore, the 
percentage of the tissue occupied by sinusoid capillaries was measured 
in five random images of each sample (total area 3.54 ×105 µ2). For this, 
a grid of 713 points was established in each image and the number of 
points that intercept the structure of interest (sinusoids) was counted. 
The percentage was obtained from the number of points on the sinusoids 
(Psin) and the total number of points of each image (Ptotal), according 
to the formula: %sin = (Psin/Ptotal) x 100.

The area occupied by the epidermis in the skin sections was deter
mined in ten random images of each sample and the number of epithelial 
cells in each image was counted to obtain the number of cells per µm2. 
The same procedure was adopted for counting connective tissue cells in 
the dermis. The thickness of the epidermis (distance between the base 
membrane and the apical surface of the stratum corneum) was measured 
in ten randomized images of each individual (total area 7.07 ×105 µ2). 
Three measurements were performed on each image, totaling 30 mea
surements per individual. Moreover, the percentage of collagen fibers in 
the tissue was determined on the slides subjected to Picrosirius staining 
from the Threshold tool of the ImageJ software. Ten images were 
evaluated (total area 7.07 ×105 µ2), and the areas selected for this 
measurement corresponded only to the papillary dermis, without the 
presence of hair follicles.

2.6.3. Statistical analysis
Hematological, biochemical, morphological, and morphometric data 

were evaluated for normality using the Shapiro-Wilk test and statisti
cally compared by the one-way ANOVA test followed by the post hoc 
Tukey test (α = 0.05; GraphPad Prism v. 7.00).

3. Results

3.1. Clinical and behavioral assessment

The rats exhibited tolerance to acetylcarvacrol exposure and main
tained good overall health throughout the study period. No deaths were 
observed. However, animals in the treatment groups showed local 
dermal irritation, pain to the touch, and dermatitis with intense itching. 
Skin lesions were dose-dependent and more evident in rats treated with 
the highest concentration from the third day of application (Fig. 1A-D). 
Abrasions and exudation were associated with skin injury, intensified by 
self-inflicted trauma due to intense itching, and daily application of the 
product provoked skin peeling and the appearance of new wounds. 
Stress and discomfort caused the animals receiving the treatment to 
vocalize with high-pitched squeaks and become more agitated, restless, 
and aggressive immediately after applying the substance. Hair growth 
was inhibited at the site of application.

3.2. Hematological and biochemical analysis

No statistical difference was observed in hematological parameters 
(erythrogram and leukogram) among groups (Tables 3 and 4). In gen
eral, the rats did not show significant changes in biochemical parameters 

Table 1 
Main structural modifications observed in the liver of rats exposed to toxic 
products and their respective importance factors (w) for semiquantitative 
analysis.

Morphological changes Importance factor 
(w)

References

Disorganization of the hepatocyte cords 2 [17,59,7]
Increase in interstitial space 1 [16,17]
Hepatocytes with irregularly shaped 
nucleus

2 [17,26,7]

Hepatocyte with pyknotic nucleus 3 [7,17,26]
Chromatin marginalization in 
hepatocyte nucleus

3 [17]

Hepatocytes with cytoplasmic 
vacuolization

2 [17,26,31,7]

Hepatocytes with cytoplasmic 
granulation

1 [17]

Necrosis 3 [16,25,31,41, 
7]

Apoptosis of the hepatocytes 3 [17]
Hypertrophy of the hepatocytes 1 [17,20,31]
Hyperplasia of the hepatocytes 1 [17,41,5,7]
Increase in the number of Kupffer cells 1 [17,41,5,7]
Congestion in blood vessels 1 [17,31,41,5]
Fibrosis in portal veins 3 [16,41,7]
Cells showing atypical mitosis 3 [37]
Dilation of the sinusoid lumen 1 [16,31,41,7]

Table 2 
Main structural modifications observed in the skin of rats exposed to toxic 
products and their respective importance factors (w) for semiquantitative 
analysis.

Morphological changes Importance factor 
(w)

References

Epidermal hyperplasia 2 [10,13,25,55,60, 
8]

Cytoplasmic vacuolization of 
keratinocytes

2 [47,67]

Epidermal ulcers 3 [10,13]
Chronic inflammation in the 
epidermis

2 [10,60]

Hyperkeratosis 2 [8,10,11,13,53]
Apoptotic keratinocytes 3 [25,67]
Necrotic keratinocytes 3 [25]
Degradation of epidermis 2 [25,47,55,60]
Hair follicle hyperplasia 1 [10,60]
Sebaceous glands hyperplasia 2 [10,13,60]
Dermal fibrosis 2 [10,67]
Decreased number of hair follicles 1 [11]
Increased number of hair follicles 1 [10]
Inflammatory cell infiltrates in the 
dermis

2 [10,11,63,67]

Ulcerative dermatitis 3 [25,63]
Munro’s microabscesses 2 [30]
Parakeratosis 2 [1,13,25,30,63]
Spongiosis 2 [1]
Perifolliculitis 2 [1]
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(Table 5), Only the animals of the group treated with the highest con
centration (T3) showed an slight increase in plasma levels of urea and 
alanine aminotransferase (ALT) compared with the animals of the con
trol group (p = 0.018). The other indexes analyzed were within normal 
standards.

3.3. Histopathology

3.3.1. Skin
The animals of the control group (Fig. 2A-B) presented normal skin 

morphology. The epidermis showed mainly keratinocytes, with different 

morphological characteristics according to the layer in which they were 
located, and melanocytes, with unstained cytoplasm and a small and 
rounded nucleus. The underlying dermis presented blood and lymphatic 
vessels, fibroblasts, hair follicles with sebaceous glands, and sweat 
glands.

In the histopathological analysis, although we observed a small 
reduction in the number of hair follicles, as well as a discrete para
keratosis and a slight occurrence of dose-dependent nonspecific in
flammatory infiltrates, no statistically significant differences in these 
parameters occurred between the groups (p > 0.05). However, animals 
belonging to all treatment groups (Fig. 2C-H) presented sebaceous gland 
hyperplasia (p = 0.0003), when compared with the controls. In the T2 
and T3 groups, epidermal hyperplasia (p = 0.0007) was also present, 
leading to the thickening of epidermis. In addition, vacuolization of 

Fig. 1. Appearance of the animals’ skin at the conclusion of the experiment. It is noted that the occurrence of skin irritation was dose-dependent, compared to the 
control group. (A) Control Group (DMSO 5 %); (B) T1 Group; (C) T2 Group; (D) T3 Group.

Table 3 
Erythrogram of the albino Wistar rats after 21 days of topic exposure to ace
tylcarvacrol in different concentrations.

Erythrogram Groups p- 
value

Control T1 
(26 µL/ 
mL)

T2 
(52 µL/ 
mL)

T3 
(104 µL/ 
mL)

Red cells 
(millions/mm³)

7.29 ±
0.94a

7.86 ±
0.21a

7.16 ±
0.34a

7.82 ±
0.22a

0.249

Hemoglobin (g/ 
dL)

13.82 ±
1.82a

15.60 ±
0.40a

14.44 ±
0.37a

15.43 ±
0.51a

0.123

Hematocrit (%) 38.70 ±
4.50a

42.53 ±
0.85a

40.02 ±
0.97a

42.96 ±
1.24a

0.132

MCV (fL) 53.17 ±
0.78a

54.10 ±
0.40a

55.90 ±
1.86a

51.43 ±
6.09a

0.236

MCH (pg) 18.97 ±
0.09a

19.83 ±
0.05a

20.26 ±
0.72a

19.73 ±
0.11a

0.197

MCHC (%) 35.70 ±
0.62a

36.70 ±
0.20a

36.20 ±
0.18a

35.90 ±
0.36a

0.132

RDW (%) 12.10 ±
1.54a

12.90 ±
0.70a

12.60 ±
0.85a

11.90 ±
0.52a

0.599

Erythroblasts 
(%)

0.00 ±
0.00a

0.00 ±
0.00a

0.00 ±
0.00a

0.00 ±
0.00a

-

Means followed by different lowercase letters in lines differ statistically (one- 
way ANOVA followed by Tukey post-hoc test; p < 0,05). (MCV) Mean corpus
cular volume; (MCH) Mean corpuscular hemoglobin; (MCHC) Mean corpuscular 
hemoglobin concentration; (RDW) Red blood cell distribution width; (g/dL) 
Gram per deciliter; (fL) Femtoliter; (pg) Picogram.

Table 4 
Leukogram of the albino Wistar rats after 21 days of topic exposure to ace
tylcarvacrol in different concentrations.

Leukogram Groups p- 
value

Control T1 
(26 µL/ 
mL)

T2 
(52 µL/ 
mL)

T3 
(104 µL/ 
mL)

Total leukocytes 
(x103/mm³)

3.52 ±
0.50a

4.23 ±
0.15a

3.66 ±
0.90a

4.63 ±
1.75a

0.431

Banded 
neutrophils (%)

0.00 ±
0.00a

0.00 ±
0.00a

0.00 ±
0.00a

0.00 ±
0.00a

-

Segmented 
neutrophils (%)

15.50 ±
8.90a

19.00 ±
4.35a

16.80 ±
7.15a

24.00 ±
13.74a

0.627

Lymphocytes (%) 82.25 ±
9.70a

79.33 ±
3.21a

81.60 ±
7.63a

72.33 ±
14.84a

0.532

Atypical 
Lymphocytes (%)

0.00 ±
0.00a

0.00 ±
0.00a

0.00 ±
0.00a

0.00 ±
0.00a

-

Monocytes (%) 1.75 ±
1.50a

1.66 ±
1.15a

1.20 ±
0.44a

2.33 ±
1.15a

0.572

Eosinophils (%) 0.50 ±
1.00a

0.00 ±
0.00a

0.40 ±
0.50a

1.33 ±
1.15a

0.261

Basophils (%) 0.00 ±
0.00a

0.00 ±
0.00a

0.00 ±
0.00a

0.00 ±
0.00a

-

Means followed by different lowercase letters in lines differ statistically (one- 
way ANOVA followed by Tukey post-hoc test; p < 0,05).
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keratinocytes within the stratum basale (p = 0.0220) and hyperkeratosis 
(p = 0.0011) were statistically different between the T3 group and the 
control group. Due to these differences, the semi-quantitative analysis 
(Table 8) indicated a significant difference between the control group 
and the group T3 regarding the INDEXind (p = 0.0006).

Morphometric analysis (Table 9) revealed no significant differences 
between groups regarding the percentage of collagen fibers in the dermis 
(p = 0.7680). However, there was an increase in the thickness of the 
epidermis in the T2 and T3 groups compared with the animals in the 
control group (p = 0.0002). A significant increase was observed in the 
number of the epidermal cells (p = 0.0088) and papillary dermis cells (p 
= 0.0017) of animals belonging to the T2 and T3 groups when compared 
with the control.

3.3.2. Liver
The histological characteristics of the liver remained preserved in the 

control group (Fig. 3A), with hepatocytes distributed in regular cords 
and with intact morphology, i.e., polygonal shape and cytoplasm stained 
pink by eosin, containing one or two rounded nuclei with dispersed 
chromatin and nucleoli, both stained purple by hematoxylin. Kupffer 
cells were visualized between the hepatic cords, with an elliptical nu
cleus, and sinusoidal spaces, veins and arteries with normal appearance 
were observed.

In general, in rats exposed to acetylcarvacrol (Fig. 3B-D), the liver 
parenchyma demonstrated a preserved structure, with minimal changes, 
especially in the groups T1 and T2. Furthermore, no signs of steatosis, 
necrosis or inflammatory infiltrates were observed in any of the treated 
groups. Slight sinusoidal lumen dilation and congestion in blood vessels 
were observed the T1 and T2 groups (FIG). In the T2 group, there was 
also a slight increase in Kupffer Cells. These same alterations were 
observed to a greater extent in the T3 group. However, no statistical 
difference regarding the indices of each alteration (INDEXalt) was 
observed between the groups in the semiquantitative analysis (Table 6). 
On the other hand, the individual indices (INDEXind) differed between 
the control and T3 group (p = 0.037).

The morphometric analysis (Table 7) also showed no statistically 
significant difference between the treatment groups and the control 
group regarding the area of the and the hepatocyte, nucleus area/he
patocyte area ratio, the percentage of tissue occupied by hepatic sinu
soids and the numerical density of hepatocytes in the tissue.

3.3.3. Kidney
In the control group (Fig. 3E-F), individuals exhibited typical 

morphological characteristics in the kidney. Renal corpuscles contained 

glomeruli surrounded by the squamous cells of Bowman’s capsule, while 
proximal tubules featured cubic epithelial cells with acidophilic cyto
plasm and a distinct striated border, albeit with a sparse lumen. Distal 
tubules, in turn, showed a wider lumen lined by weakly stained cubic 
cells with less evident striated border. Collecting ducts were lined by a 
cubic to columnar epithelium, characterized by pale stained cells. 
Within the medullary region, the thin components of the loop of Henle 
were covered by a simple squamous epithelium.

Overall, rats subjected to lower concentration treatments (T1 and 
T2) showed no discernible morphological alterations. The cortical re
gion displayed unaltered tubules with normal morphology and diam
eter, alongside renal corpuscles exhibiting characteristics similar to 
those of the control group. Furthermore, no alterations were noted in the 
collecting ducts or segments of the loop of Henle. Conversely, in the T3 
group, some individuals exhibited urinary space dilation and congested 
capillaries, while other parameters remained within established normal 
ranges (Fig. 3G-H).

4. Discussion

The results revealed that dermal application with a repeated dose of 
acetylcarvacrol in rats for 21 days caused no mortality. The rodents 
presented a good general condition throughout the study period and 
clear signs of systemic toxicity were not observed. In fact, hematological 
and biochemical parameters indicated preserved liver and kidney 
function in the treated rats, with some exceptions in the T3 group, in 
which a slight increase in the enzyme alanine aminotransferase (ALT) 
levels was detected. Andre et al. [5] showed that the subchronic expo
sure of rats to acetylcarvacrol by gavage at a concentration of 
250 mg/kg, for 28 days, caused no significant differences in biochemical 
and hematological parameters compared to the control group, corrob
orating our results. Additionally, Oliveira et al. [46] observed no 
changes in serum levels of hepatic transaminases, urea, and creatinine 
after administrating acetylcarvacrol orally (2000 mg/Kg) and intraper
itoneally (1000 mg/Kg) in mice. Our observations may indicate differ
ences in the metabolism of this substance after exposure to 
acetylcarvacrol through different routes of administration.

The histopathological examination of the liver and kidneys in the 
current study further supports the safety profile of the drug, particularly 
evident in the two lowest concentrations tested and consistent with the 
laboratory findings. However, the INDEXind of animals subjected to 
treatment with a higher concentration of acetylcarvacrol (T3 group), 
indicative of cumulative hepatic damage, may imply mild hepatic 
toxicity in these subjects. Nonetheless, because the semi-quantitative 
analysis revealed no statistical disparities among the hepatic alter
ations identified in this study, caution should be exercised in inter
preting these results. In this group, the increased ALT levels may also 
suggest mild hepatocellular damage. This enzyme, found in the cytosol 
of hepatocytes, is considered a sensitive marker of cellular injury [39, 
43] as it overflows from the cytoplasm due to damage to the plasma 
membrane [27,61]. Andre et al. [5] also observed liver changes after 
acetylcarvacrol administration in rats, such as hepatocyte swelling, 
Kupffer cell hyperplasia, and congestion of the portal and centrilobular 
veins. Additionally, treating Mus musculus mice with thymol, a carvacrol 
isomer, through spray baths caused hepatocyte vacuolation, irregular
ities in the nucleus, and necrosis [17].

No changes in renal parameters were detected in the groups treated 
with the two lowest concentrations of acetylcarvacrol; however, a slight 
increase in plasma urea levels was noted in rats from the T3 group. 
Nevertheless, this marker lacks specificity, as increased serum urea 
levels can result from conditions other than acute renal failure, 
including high protein intake, infection, congestive heart failure, hem
orrhage leading to blood absorption in the gut, sodium depletion, 
trauma, and dehydration [2,58], which were not assessed here. 
Although elevated urea levels observed in the T3 group could be 
attributed to the expansion of urinary space observed in renal 

Table 5 
Platelets (x103/mm3), urea (mg/dL), creatinine (mg/dL), AST (U/L) and ALT 
(U/L) in albino Wistar rats after 21 days of experiment.

Biochemical 
exams

Groups p- 
value

Control T1 (26 µL/ 
mL)

T2 
(52 µL/ 
mL)

T3 
(104 µL/ 
mL)

Platelets 
(x103/mm³)

923.50 ±
93.20a

1049.00 ±
121.20a

977.20 ±
177.90a

972.30±
46.70a

0.669

Urea (mg/dL) 49.40 ±
5.32a

55.80 ±
408ab

58.40 ±
7.20ab

59.80 ±
4.20b

0.033

Creatinine 
(mg/dL)

0.30 ±
0.07a

0.30 ±
0.00a

0.30 ±
0.00a

0.28 ±
0.04a

0.835

AST (U/L) 150.40 ±
22.30a

167.60 ±
32.00a

168.40 ±
5.10a

168.40 ±
5.10a

0.205

ALT (U/L) 57.80 ±
10.30a

56.40 ±
4.50a

62.60 ±
16.20ab

83.20 ±
17.20b

0.018

Means followed by different lowercase letters in lines differ statistically (one- 
way ANOVA followed by Tukey post-hoc test; p < 0,05). (AST) Aspartate 
aminotransferase; (ALT) Alanine aminotransferase; (mg/dL) milligrams per 
deciliter; (U/L) units per liter.
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corpuscles, no other significant changes in renal parenchyma were 
present. Furthermore, creatinine levels, an important marker of renal 
filtration [48,58], remained unchanged across all groups, including T3, 
in our study. When collectively analyzed, the data obtained here do not 
suggest alterations in renal function with clinical significance in the 
treated animals, nor do they indicate nephrotoxic effects of 
acetylcarvacrol.

In the treatment groups, the animals showed dose-dependent clinical 
signs of cumulative irritative contact dermatitis, i.e., pruritus, local 
dermal irritation, pain to the touch, erythema, and edema. Dermatitis 
caused by contact with cosmetics containing plant extracts or substances 
isolated from a plant source in their formulation is very common [64]. 
Recent studies have shown that topical application of carvacrol induced 

itching, hyperplasia, and inflammation in the skin, resembling the 
clinical manifestations of atopic dermatitis [51,65,66].

The stratum corneum corresponds to the primary physical barrier of 
the skin. Therefore, diffusion through this layer is a limiting step for a 
substance to permeate the skin [50]. Dimethyl sulfoxide (DMSO), used 
here as a vehicle, is commonly employed as an enhancer of cutaneous 
penetration of molecules by altering the lipid organization of the stratum 
corneum [12,28,38]. It is also suggested that adding an acetyl radical to 
the chemical structure of carvacrol increases its hydrophobic properties, 
improving its cellular permeability [42]. The use of DMSO as a solvent, 
which favors skin permeation, added to the chemical properties of 
acetylcarvacrol may have contributed to greater absorption of this 
substance by the animals.

Fig. 2. Photomicrographs of the skin of Wistar rats subjected to a repeated dose dermal toxicity test with acetylcarvacrol exposure over a 21-day period, stained with 
hematoxylin-eosin. (A-B) Control Group; (C-D) Treatment Group 1–26 µL/mL; (E-F) Treatment Group 2–52 µL/mL; (G-H) Treatment Group 3–104 µL/mL. Legends: 
(d) dermis; (eh) epidermal hyperplasia; (epi) epidermis; (hf) hair follicle; (hk) hyperkeratosis; (hsg) hyperplasic sebaceous gland; (pk) parakeratosis; (sc) stratum 
corneum; (sg) sebaceous gland. Scale bars: (A-H) 50 µm.
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Our results showed that the effects of acetylcarvacrol on the skin 
were dose-dependent, as demonstrated by the statistically different 
INDEXind in the T3 group compared to the control group. Qu et al. [51]
applied 3 % carvacrol diluted in a saline solution containing 50 % 
ethanol for five consecutive days directly to the ear of mice twice daily 
for five consecutive days, causing inflammatory skin lesions. In turn, 
topical application of 1 % carvacrol solution diluted in 10 % ethanol 
solution to the back of mice for 10 minutes, twice daily, for four 

consecutive days induced epidermal hyperplasia and keratinocyte pro
liferation [65]. In addition, the application of a 2 % carvacrol solution 
dissolved in 30 % ethanol for five consecutive days on the trichotomized 
skin of mice resulted in clinical signs similar to atopic dermatitis, such as 
severe itching, skin lesions, and epidermal hyperplasia [66]. In our 
investigation, the application of acetylcarvacrol for 21 days was neces
sary to trigger skin alterations similar to those observed with carvacrol. 
It is evident that in shorter and regulated applications of acetylcarvacrol 
for tick control, such events are likely mitigated. Based on our findings, 
we recommend a thorough examination of treatment duration in con
trolling R. sanguineus, particularly at the lower concentrations assessed 
in this study, in further studies.

Here, especially in groups treated with the highest concentrations of 
acetylcarvacrol, alterations such as cytoplasmic vacuolization of kera
tinocytes, acanthosis, parakeratosis and hyperkeratosis were observed in 
the epidermis. The inflammatory response in the skin is associated with 
an increased epidermal thickness [63]. Furthermore, epidermal hyper
plasia and hyperkeratosis indicate a hyperproliferative reaction consis
tent with irritative contact dermatitis [9]. In addition, parakeratosis, i. 
e., the persistence of nuclei in the stratum corneum and the absence of the 
stratum granulosum occurs because of the accelerated maturation of 
epidermal cells [30,62].

5. Conclusion

Despite the good tolerance of rats to acetylcarvacrol, direct damage 

Table 6 
Mean ± standard deviation of the indexes of each alteration (INDEXalt) and 
individual indexes (INDEXind) observed in the liver of rats submitted to the 
dermal toxicity test with repeated dose.

Morphological 
change

(w) Groups p- 
value

Control T1 
(26 µL/ 
mL)

T2 
(52 µL/ 
mL)

T3 
(104 µL/ 
mL)

Increase in the 
number of 
Kupffer cells

1 0.00 ±
0.00a

0.00 ±
0.00a

0.20 ±
0.40a

0.80 ±
0.75a

0.063

Congestion in 
blood vessels

1 1.40 ±
0.45a

2.40 ±
0.49a

2.00 ±
0.63a

1.80 ±
0.75a

0.163

Dilation of the 
sinusoid lumen

1 0.00 ±
0.00a

0.40 ±
0.49a

0.80 ±
0.40a

1.20 ±
0.98a

0.039

INDEXind ​ 1.40 ±
0.55a

2.80 ±
0.84ab

3.00 ±
1.22ab

3.80 ±
2.39b

0.028

Means followed by different lowercase letters in lines differ statistically (Krus
kal-Wallis followed by Dunn post-hoc test; p < 0,05). (w) Importance factor.

Table 7 
Measurements of the nuclear (µm2) and hepatocyte area (µm2), ratio between 
the areas of the nucleus and the hepatocyte, percentage of altered hepatocyte 
nuclei (%), percentage of sinusoids present in the tissue (%) and numerical 
density of hepatocytes (x 10− 3/µm2) in rats submitted to the dermal toxicity test 
with repeated doses of acetylcarvacrol.

Parameter Groups p- 
value

Control T1 
(26 µL/ 
mL)

T2 
(52 µL/ 
mL)

T3 
(104 µL/ 
mL)

Nuclear area 
(µm2)

42.76 ±
5.77a

39.14 ±
12.75a

44.91 ±
3.00a

43.54 ±
5.37a

0.378

Hepatocytes area 
(µm2)

179.04 ±
24.23a

159.94 ±
35.33a

186.68 ±
13.82a

181.97 ±
21.91a

0.675

Nucleus/ 
hepatocyte ratio

0.24 ±
0.02a

0.24 ±
0.03a

0.24 ±
0.02a

0.24 ±
0.02a

0.999

Sinusoids (%) 13.16 ±
1.96a

13.26 ±
2.78a

13.24 ±
1.93a

14.44 ±
2.58a

0.796

Numerical 
density (x10− 3/ 
µm2)

33.67 ±
3.61a

33.33 ±
2.04a

33.00 ±
1.39a

32.33 ±
1.90a

0.836

Means followed by different lowercase letters in lines differ statistically (one- 
way ANOVA followed by Tukey post-hoc test; p < 0,05).

Table 8 
Mean ± standard deviation of the indexes of each alteration (INDEXalt) and individual indexes (INDEXind) observed in the skin of rats submitted to the dermal toxicity 
test with repeated dose.

Morphological change (w) Groups p-value

Control T1 (26 µL/mL) T2 (52 µL/mL) T3 (104 µL/mL)

Epidermal hyperplasia 1 0.00 ± 0.00a 6.00 ± 0.00ab 7.20 ± 1.10b 9.20 ± 1.10b 0.0007
Cytoplasmic vacuolization of keratinocytes 2 0.00 ± 0.00a 0.00 ± 0.00a 0.80 ± 1.79ab 1,60 ± 0.89b 0.0220
Hyperkeratosis 2 0.00 ± 0.00a 1.60 ± 2.19a 4.40 ± 0.89ab 6.80 ± 1.10b 0.0011
Sebaceous glands hyperplasia 2 0.00 ± 0.00a 6.00 ± 0.00b 6.00 ± 0.00b 6.00 ± 0.00b 0.0003
Decreased number of hair follicles 1 0.00 ± 0.00a 0.60 ± 0.89a 0.00 ± 0.00a 0.60 ± 1.34a 0.2839
Inflammatory cell infiltrates in the dermis 2 0.00 ± 0.00a 1.60 ± 1.67a 3.20 ± 2.28a 3.20 ± 1.79a 0.0523
Parakeratosis 2 0.00 ± 0.00a 0.00 ± 0.00a 1.20 ± 2.68 3.20 ± 3.03a 0.0775
INDEX(ind) ​ 0.00 ± 0.00a 15.80 ± 3.03ab 22.80 ± 4.82ab 30.60 ± 2.61b 0.0006

Means followed by different lowercase letters in lines differ statistically (one-way ANOVA followed by Tukey post-hoc test; p < 0,05). (w) Importance factor.

Table 9 
Epidermal and dermal cells numerical density (x 10− 3/µm2), thickness of the 
epidermis (µm) and percentage of collagen in the dermis (%) in rats submitted to 
the dermal toxicity test with repeated doses of acetylcarvacrol.

Parameter Groups p- 
value

Control T1 
(26 µL/ 
mL)

T2 
(52 µL/ 
mL)

T3 
(104 µL/ 
mL)

Numerical 
density of the 
epidermal 
cells (x 10− 3/ 
µm2)

6.35 ±
0.61a

7.10 ±
1.08ab

7.78 ±
0.61b

8.20 ±
0.69b

0.0088

Numerical 
density of the 
dermal cells 
(x 10− 3/µm2)

2.36 ±
0.26a

3.38 ±
0.59ab

3.95 ±
0.63b

3.92 ±
0.75b

0.0017

Thickness of 
the 
epidermis 
(µm)

41.09 ±
10.41a

69.99 ±
11.33ab

81.20 ±
11.27bc

111.18 ±
30.57c

0.0002

Collagen (%) 79.10 ±
1.73a

78.00 ±
1.31a

77.60 ±
3.93a

77.94 ±
1.44a

0.7680

Means followed by different lowercase letters in lines differ statistically (one- 
way ANOVA followed by Tukey post-hoc test; p < 0,05).
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to the skin was evident. Thus, the use of acetylcarvacrol as an acaricide 
should be evaluated with caution. Considering its potential in the con
trol of ticks, we suggest that the application of reduced concentrations of 
acetylcarvacrol for shorter periods of time and/or in association with 
other chemicals that can act synergistically may enhance its results and 
reduce its adverse effects mainly in the skin of the hosts.
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Writing – review & editing, Validation, Formal analysis. Rafael Neodini 
Remedio: Writing – review & editing, Validation, Supervision, Meth
odology, Funding acquisition, Formal analysis, Conceptualization. Aline 
Chaves Reis: Methodology, Investigation, Formal analysis. Isaac Filipe 
Moreira Konig: Methodology, Investigation, Formal analysis. Gabriela 
Pereira Brito: Methodology, Investigation, Formal analysis.

Declaration of Competing Interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgements

The authors would like to thank for the financial support: Coor
denação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES, 
Brazil).

Data availability

Data will be made available on request. 

References

[1] K. Adachi, N. Yamada, Y. Yoshida, O. Yamamoto, Subchronic exposure of titanium 
dioxide nanoparticles to hairless rat skin, Exp. Dermatol. 22 (4) (2013) 278–283, 
https://doi.org/10.1111/exd.12121.

[2] T. Addis, E. Barret, L.J. Poo, D.W. Yuen, The relation between the serum urea 
concentration and the protein consumption of normal individuals, J. Clin. Invest. 
26 (5) (1947) 869–874, https://doi.org/10.1172/JCI101878.

[3] O.T. Adenubi, A.S. Ahmed, F.O. Fasina, L.J. McGaw, J.N. Eloff, V. Naidoo, 
Pesticidal plants as a possible alternative to synthetic acaricides in tick control: a 
systematic review and meta-analysis, Ind. Crop. Prod. 123 (2018) 779–806, 
https://doi.org/10.1016/j.indcrop.2018.06.075.

[4] D.O. Agwunobi, Z. Yu, J. Liu, A retrospective review on ixodid tick resistance 
against synthetic acaricides: imiplications and perspectives for future research 
prevention and mitigation, Pestic. Biochem. Phys. 173 (2021) 104776, https://doi. 
org/10.1016/j.pestbp.2021.104776.

[5] W.P.P. Andre, J.R. Paiva Junior, G.S. Cavalcante, W.L.C. Ribeiro, J.V. Araújo Filho, 
J.M.L. Santos, A.P.N.N. Alves, J.P. Monteiro, S.M. Morais, I.N.G. Silva, L.M. 
B. Oliveira, F.O.M. Abreu, C.M.L. Bevilaqua, Anthelmintic activity of 
nanoencapsulated carvacryl acetate against gastrointestinal nematodes of sheep 
and its toxicity in rodents, Braz. J. Vet. Parasitol.. 29 (1) (2020) 1–16, https://doi. 
org/10.1590/S1984-29612019098.

[6] W.P.P. Andre, W.L.C. Ribeiro, G.S. Cavalcante, J.M.L. Santos, I.T.F. Macedo, H.C. 
V. Paula, R.M. Freitas, S.M. Morais, J.V. Melo, C.M.L. Bevilaqua, Comparative 
efficacy and toxic effects of carvacryl acetate and carvacrol on sheep 
gastrointestinal nematodes and mice, Vet. Parasitol. 218 (2016) 52–58, https:// 
doi.org/10.1016/j.vetpar.2016.01.001.

[7] M. Bakir, F. Geyikoglu, S. Colak, H. Turkez, T.O. Bakir, M. Hosseinigouzdagani, 
The carvacrol ameliorates acute pancreatitis-induced liver injury via antioxidant 
response, Cytotechnology 68 (4) (2015) 1131–1146, https://doi.org/10.1007/ 
s10616-015-9871-z.

[8] M. Behl, M.B. Kadiiska, M.R. Hetmancik, D. Vasconcelos, R. Chhabra, Subacute 
oral and dermal toxicity of tert-butyl hydroperoxide in Fischer F344/N rats and 
B6C3F1 mice, Cutan. Ocul. Toxicol. 31 (3) (2012) 204–213, https://doi.org/ 
10.3109/15569527.2011.641194.

[9] J.H. Bruner, Pathological processes of skin damage related to toxicant exposure, in: 
D.W. Robson (Ed.), Dermal and Ocular Toxicology: Fundamentals and Methods, 
CRC Press, Boston, 1991, pp. 80–85.

[10] N.R. Catlin, R. Herbert, K. Janardhar, M.R. Hejtmancik, L.M. Fomby, M. Vallant, G. 
E. Kissling, M.J. DeVito, Dose-response assessment of the dermal toxicity of 
Virginia cedarwood oil in F344/N rats and B6C3F1/N mice, Food Chem. Toxicol. 
98 (2016) 159–168, https://doi.org/10.1016/j.fct.2016.10.016.

[11] S.A. Chandra, R.A. Peterson, D. Melich, C.M. Merrill, D. Bailey, K. Mellon-Kusibab, 
R. Adler, Dermal irritation of petrolatum in rabbits but not in mice, rats or 
minipigs, J. Appl. Toxicol. 34 (2014) 857–861, https://doi.org/10.1002/jat.2895.

[12] B. Chen, D. Liu, W. Pan, X. Yang, J. Shou, J. Wu, Q. Mao, J. Wang, Use of 
lipolanthionine peptide, a toll-like receptor 2 inhibitor, enhances transdermal 
delivery efficiency, Mol. Med. Rep. 10 (2014) 593–598, https://doi.org/10.3892/ 
mmr.2014.2251.

[13] R.S. Chhabra, M.R. Elwell, A. Peters, Toxicity of 4-Vinyl-l-cyclohexene diepoxide 
after 13 weeks of dermal or oral exposure in rats and mice. Fund. Appl. Toxicol. 14 
(1990) 745–751, https://doi.org/10.1016/0272-0590(90)90299-y.

[14] M. Contreras, P. Alberdi, I.G.F. Mera, C. Krull, A. Nijhof, M. Villar, J. De la Fuente, 
Vaccinomics approach to the identification of candidate protective antigens for the 
control of tick vector infestations and Anaplasma phagocytophilum infection, Front 
Cell Infect. Microbiol. 7 (2017) 1–15, https://doi.org/10.3389/fcimb.2017.00360.

[15] S. Coskun, O. Girisgin, M. Kürkcüoglu, H. Malyer, A.O. Girisgin, N. Kirimer, K. 
H. Baser, Acaricidal efficacy of Origanum onites L. essential oil against Rhipicephalus 
turanicus (Ixodidae), Parasitol. Res. 103 (2) (2008) 259–261, https://doi.org/ 
10.1007/s00436-008-0956-x.

[16] L.C. Cunha, F.S. Azeredo, A.C.V. Mendonça, M.S. Vieira, L.L. Pucci, M.C. Valadares, 
H.O.G. Freitas, A.A.S. Sena, R.S. Lino Junior, Avaliação da toxicidade aguda e 
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