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1  | INTRODUC TION

Oral mucositis (OM) is a common complication of chemotherapy 
(CT). Its occurrence affects 60%–80% of patients under this an-
ti-neoplastic treatment (Peng et al., 2017; Reyes-Gibby et al., 2017; 

Sonis & Villa, 2018). It is a debilitating condition that sets in around 
5–7 days after administration of CT and persists for days to weeks. It 
is an inflammatory response and presents clinically with areas of ul-
ceration of the mucosa, in varying degrees of severity. It is accompa-
nied by painful symptomatology and may result in dysphagia, weight 
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Abstract
Purpose: The aim of this study was to evaluate the clinical, histological, hematological, 
and oxidative stress effects of cannabidiol (CBD) in mice with induced oral mucositis.
Methods: We used 90 mice of the CF-1 strain in which oral mucositis was induced 
using a protocol with 5-fluorouracil (5-FU) chemotherapy. The animals were divided 
randomly into 10 study groups. Three groups were treated with different doses of 
CBD (3, 10, and 30 mg/kg), while 2 were control groups (positive control: 5-FU + me-
chanical trauma + placebo; and negative control: mechanical trauma + placebo), and 
2 experimental times were studied (4 and 7 days). All treatments were by intraperi-
toneal administration.
Results: In the clinical evaluation, the groups treated with CBD showed less severity 
of oral lesions compared with the positive control at both experimental times. The 
intensity of the inflammatory response was also lower in the groups treated with 
this drug, but there was no statistically significant difference when compared with 
the positive control. With regard to erythrocyte, leukocyte, and platelet counts and 
anti-oxidant enzyme activity, the groups treated with CBD showed better results, but 
only some of these variables showed statistically significant differences.
Conclusions: CBD seems to exert an anti-inflammatory and anti-oxidant activity fa-
voring a faster resolution of oral mucositis in this animal model.
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loss, malnutrition, and susceptibility to opportunistic infections. It 
affects the patient's quality of life and may become a dose-limiting 
factor in treatment (Koohi-Hosseinabadi et al., 2017; Reyes-Gibby 
et al., 2017; Sonis & Villa, 2018).

5-Fluorouracil belongs to the class of anti-metabolite anti-cancer 
drugs capable of interfering with essential biochemical processes. 
Generally, it induces cell death during the S phase of cell growth. Its 
main mechanism of action is inhibition of thymidylate synthase, which 
leads to depletion of dTTP pools and subsequent DNA synthesis (Yin 
et al., 2018). It is widely used in the treatment of various solid malig-
nancies such as those of the gastrointestinal tract, head and neck, and 
other anatomical sites. 5-FU therapy is associated with a wide range 
of adverse effects, including gastrointestinal mucositis, and is one of 
the chemotherapeutic agents with the greatest association with the 
incidence of OM (Al-Dasooqi et al., 2013; Focaccetti et al., 2015; 
Kalpadakis et al., 2007; Lalla et al., 2014; Rtibi et al., 2018).

Lesions begin when the oral mucosa is exposed to chemother-
apeutic drugs, resulting in DNA damage and cell death, mainly 
through the production of reactive oxygen species and oxidative 
stress (OS). Various reports demonstrate that oral mucosal lesions 
can be attenuated and even prevented by agents able to limit OS 
caused by free radicals. These agents are called anti-oxidants, which 
act by neutralizing ROS by blocking their formation or by eliminat-
ing them from the body. Their role is to protect healthy tissue cells 
against the oxidizing action of free radicals (Al-Dasooqi et al., 2013; 
Sonis, 2004, 2010, 2011; Sonis & Villa, 2018; Villa & Sonis, 2016; 
Yuan & Sonis, 2014).

Cannabidiol (CBD) is a component of Cannabis sativa (mari-
juana), a plant that exerts potent anti-inflammatory, immunomod-
ulatory, anti-oxidant, anti-emetic, and analgesic effects through 
the activation of cannabinoid receptors (CB1 and CB2) located 
in the central nervous system and immune cells (Lafaye, Karila, 
Blecha, & Benyamina, 2017; MacCallum & Russo, 2018). Studies 
have reported that CBD does not have psychotropic activity 
and exerts beneficial effects in neuropsychiatric diseases and 
inflammatory disorders (Booz, 2011; Burstein, 2015; Cassol-Jr 
et al., 2010; Cuba, Salum, Cherubini, & Figueiredo, 2017; Elbaz 
et al., 2015; Pan et al., 2009; Rajesh et al., 2010; Yang et al., 2014). 
In Wistar male rats, CBD showed an anti-inflammatory action in 
the healing process in trauma-induced lesions (Klein et al., 2018) 
and a decrease in local bone loss and lower NF-kB expression in 
induced periodontitis (Napimoga et al., 2009). These results sug-
gest that CBD can be useful in the control of inflammation caused 
by induced periodontal disease in rats. The possibility of obtaining 
similar results in study models of OM can advance research in this 
area, aimed at obtaining favorable clinical effects. On the basis of 
these premises, it is believed that CBD can be considered an alter-
native in the treatment of CT-induced OM.

In view of the biological complexity of the pathogenesis of OM 
and considering its severity and consequences in the cancer patient, 
the objective of this study was to evaluate the clinical, histological, 
hematological, and oxidative stress effects of CBD in mice with OM 
in the ventral tongue induced by 5-FU.

2  | MATERIAL S AND METHODS

2.1 | Animal model

The sample consisted of 90 male mice of the CF-1 strain, 10 weeks 
old, weighing 30–40 g, obtained from the Center for Experimental 
Biological Models of the Pontifical Catholic University of Rio 
Grande do Sul (CeMBE, PUCRS). The animals were housed and ac-
climatized in the CeMBE, where they were kept in plastic cages 
identified according to their respective groups (9/group; 5/cage), 
which were randomly selected. During the experiment period, 
they were provided with feed and filtered water ad libitum. The 
cages were lined with autoclaved wood shavings and placed in mi-
cro-isolators with constant temperature of 23 ± 1°C, relative hu-
midity of 50 ± 5%, and 12-hr light–dark cycle (lights on at 0700 hr, 
lights off at 1900 hr).

This research was carried out in accordance with the ethical 
principles in force for the use of laboratory animals, established by 
the National Council for Control of Animal Experimentation, and its 
protocol was approved by the Scientific Committee of the Dentistry 
Course of PUCRS and the Ethics Committee on the Use of Animals 
of PUCRS (CEUA No. 1500488).

2.2 | Study groups and experimental times

The animals were identified by their tail as to which group they be-
longed. The distribution of study groups was according to product 
used and dose and experimental time, according to the following 
scheme (Figure 1).

2.3 | Products used

• 5-Fluorouracil (5-FU) (Fauldfluor, 2.5 g/50 ml; Libbs Farmacêutica 
Ltda, São Paulo, Brazil)

F I G U R E  1   Distribution of study groups according to the 
product used, dose, and experimental time

(a)

(b)
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• Ketamine (Dopalen, 1 g/1 ml; Ceva Saúde Animal Ltda, São Paulo, 
Brazil)

• Xylazine (Anasedan, 2 g/100 ml; Ceva Saúde Animal Ltda, São 
Paulo, Brazil)

• Cannabidiol, 99.9% (THC Pharm GmbH, Frankfurt, Germany)
• Tween 80 (oleic acid, ≥58%—Sigma, São Paulo, Brazil): used as sol-

vent for CBD.
• Saline (0.9% sodium chloride): used as vehicle.

*Placebo: Tween 80 in saline (0.2 ml)

2.4 | Induction of OM and treatments

The OM induction protocol consisted of two intraperitoneal (IP) in-
jections of 5-FU (60 mg kg−1 day−1) on days zero and 2 only, based 
on previously published studies (Aras, Sezer, Erkilic, Demir, & 
Dagli, 2013; Ottaviani et al., 2013; Skeff et al., 2014). Groups 5A 
and 5B were not subjected to this 5-FU administration. However, the 
entire sample of this group was handled in a similar way as the others 
and received IP injection of saline.

On the 3rd and 4th days of the experiment, the animals were 
anesthetized with 100 mg/ml ketamine hydrochloride (100 mg/
kg) and 20 mg/ml xylazine hydrochloride (10 mg/kg). Mechanical 
trauma was induced in the middle third of the ventral surface of 
the tongue with the use of an 18G needle, scraping twice with a 
linear movement of 5 mm each, to induce OM. This technique, 
with some modifications, has been extensively used to induce OM 
similar to that occurring in humans (Aras et al., 2013; Ottaviani 
et al., 2013; Skeff et al., 2014). Immediately after the mechanical 
trauma on the 4th day, the animals began to receive CBD treat-
ment determined for each group, IP every 24 hr. Euthanasia in 
the respective groups and times of the study was performed by 
means of deep anesthesia with isoflurane on the 8th and 11th 
days of the experiment, that is, after 4 and 7 days of treatment 
(Figure 2).

2.5 | Hematological analysis

Prior to euthanasia, the animals were anesthetized by inhalation 
of isoflurane and blood samples were then collected by cardiac 

puncture (0.25 ml). Whole blood samples were placed in glass 
vials containing 0.5 μl of EDTA, which were then sealed and 
labeled.

Hematological analyses were performed at CeMBE with whole 
blood samples placed in tubes containing 10% sodium EDTA, using a 
veterinary automated hematological analyzer (Sysmex pocH-100iV 
Diff; Roche, São Paulo, Brazil). Erythrocyte, total leukocyte, and 
platelet counts were performed.

2.6 | Clinical and histological evaluation

Immediately after euthanasia, each animal was clinically evaluated 
by 2 blinded examiners in the region of the tongue subjected to 
trauma, to determine the absence or presence of the induced lesion, 
to measure the extent of the lesion with a periodontal probe, and to 
classify the presence and severity of OM according to the following 
adapted classification (Ottaviani et al., 2013; Patel, Biswas, Shoja, 
Ramalingayya, & Nandakumar, 2014; Skeff et al., 2014):

1. normal
2. erythema
3. epithelial desquamation
4. ulcer on up to 25% of surface
5. ulcer on more than 25% up to 50% of surface
6. ulcer on more than 50% up to 75% of surface
7. ulcer on more than 75% of surface

After the clinical analysis, the tongue was surgically removed 
from each animal. It was fixed in 10% formalin for 24 hr, where the 
longitudinal section of the ulcer area was in the central portion 
of the tongue. The specimens were embedded in paraffin, and 
three consecutive 3-μm-thick sections were cut for each spec-
imen. Slides were prepared and stained with hematoxylin and 
eosin (HE).

The analysis was performed using an Olympus binocular mi-
croscope (Model BX50). A calibrated and blinded examiner evalu-
ated entirely all the sections obtained at magnifications ranging 
from 100× to 400×. Intra-examiner calibration was done by re-
analysis of 20 slides with a 7-day interval between observations 
(kappa = 0.889 ± 0.061, p < .001). Next, the field with the highest 

F I G U R E  2   Time line of study 
procedures from day 0 (D0) until day 11 
(D11). The 4 days represent the period 
from D4 to D7 and 7 days from D4 to D11

D0 D2 D3 D4 D7 D11

5-FU 
administration

5-FU 
administration

Inducing tongue
 trauma 

CBD application in the mouse 
groups 1A, 2A, 3A, 4A, 5A

CBD application in the mouse groups 1B, 2B; 3B, 4B, 5B
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intensity of inflammatory response was chosen to determine the 
score, according to the criteria below (Figueiredo, Pesce, Gioso, & 
Figueiredo, 2001; de Freitas Cuba, Braga Filho, Cherubini, Salum, & 
Fig ueiredo, 2016; Klein et al., 2018):

1. Absent: absence of inflammation
2. Mild: sparse mononuclear cells
3. Moderate: mononuclear infiltrate and/or sparse neutrophils and 

eosinophils
4. Intense: polymorphonuclear infiltrate of neutrophils and 

eosinophils

2.7 | Biochemical analysis of oxidative stress

For OS evaluation, the liver was surgically removed from each se-
lected animal in the day 4 or day 7 groups. The organs were placed 
in an Eppendorf tube and stored at −80°C. The biochemical analy-
sis was performed at the Toxicology and Pharmacology Research 
Center, College of Health Sciences, Pontifical Catholic University of 
Rio Grande do Sul, where the anti-oxidant enzyme catalase (CAT) 
and anti-oxidant reduced glutathione (GSH) were determined using 
a Cary 100 spectrophotometer.

2.8 | Statistical analysis

The data were tabulated and evaluated using SPSS 17.0 software. 
ANOVA followed by Tukey's test was used for comparisons regard-
ing weight loss, erythrocytes, leukocytes, platelets, CAT, and GSH. 
The Kruskal–Wallis test was used for analysis of the inflammatory 
response and classification of OM between the groups, comple-
mented by the Student–Newman–Keuls test. The Mann–Whitney 
test was used in the analysis of inflammatory response and compari-
son of OM between the study times. The significance level was set 
at 5% for all analyses.

3  | RESULTS

3.1 | Weight alterations in mice

During the experiment, 11 animals died. Therefore, 79 mice were 
included in the study with the following distribution:

4 days: 1A—3 mg/kg CBD (n = 8), 2A—10 mg/kg CBD (n = 7); 
3A—30 mg/kg CBD (n = 9); 4A—positive control (n = 9); and 5A—
negative control (n = 7)
7 days: 1B—3 mg/kg CBD (n = 9); 2B—10 mg/kg CBD (n = 7); 
3B—30 mg/kg CBD (n = 5); 4B—positive control (n = 9); and 5B—
negative control (n = 9).
All animals lost weight during the experiment, as shown in 

Figure 3.
Among the groups that received CT, there was no statistical 

difference in the experimental time of 4 days (mean weight loss 
(g) ± SD: 1A = 8.25 ± 2.49; 2A = 7.14 ± 3.72; 3A = 8.11 ± 3.06; 
4A = 11.11 ± 1.36) (p = .135). However, the greatest weight loss was 
observed in group 4A animals (positive control; mean weight loss 
(g) ± SD = 11.11 ± 1.36), which differed significantly from group 5A 
(negative control; mean weight loss (g) ± SD = 3.71 ± 3.86) (p = .001). 
Among the groups treated with CBD, 2A (10 mg/kg CBD; mean 
weight loss (g) ± SD = 7.14 ± 3.72) showed less weight loss, being 
statistically similar to group 5A (negative control; mean weight loss 
(g) ± SD = 3.71 ± 3.86) (p = .326).

In the 7-day evaluation, all groups treated with CBD showed 
lower weight loss than the control groups (mean weight loss 
(g) ± SD: 1B = 4.14 ± 1.9; 2B = 2.43 ± 2,23; 3B = 1.00 ± 0.71; 
4B = 7.56 ± 1.94; 5B = 3.11 ± 2.15), although there was a statis-
tically significant difference only in relation to group 4B (positive 
control; mean weight loss (g) ± SD = 7.56 ± 1.94) (p = .000), show-
ing no significant difference compared with group 5B (negative 
control; mean weight loss (g) ± SD = 3.11 ± 2.15) (p = .371). The 
least weight loss was observed in group 3B (30 mg/kg CBD; mean 
weight loss (g) ± SD = 1.00 ± 0.71).

F I G U R E  3   Percent weight loss of 
study groups at 4 and 7 days
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In the comparison between times, it was observed that the great-
est weight loss occurred in the 4-day analysis. But at 7 days, there 
was considerable weight gain, in which only the animals of groups 
5A and 5B (negative control: 5A = 3.71 ± 3.86; 5B = 3.11 ± 2.15) 
(p = .655) did not show a statistically significant difference.

3.2 | Clinical evaluation of OM

The specimens from the negative control groups (5A and 5B) were 
excluded since they did not receive 5-FU, so the lesions present 
could not be considered OM. The induced lesion in the negative 
control groups was found in all animals at 4 days and was completely 
healed in the day 7 analysis (Figure 4). The classification of the OM 
lesions is described in Table 1.

In the day 4 clinical analysis, all animals displayed some degree of 
OM, ranging from grade 3 to grade 5. However, the severity of the 
lesions was greater in group 4A (positive control; mean rank = 25.6), 
differing statistically from the others (mean rank: 1A = 15.1; 
2A = 12.35; 3A = 13.6) (p = .006). When comparing the groups 
treated with CBD, there was no statistical difference between them 
(1A and 2A; p = .580; 1A and 3A; p = .756; 2A and 3A p = .788). In the 
7-day experimental period, there was a decrease in the severity of 
OM in all groups that received CBD treatment (mean rank: 1B = 9.8; 

2B = 13.3; 3B = 12.0), ranging from grade 0 to grade 3, but no sta-
tistically significant difference was found between these groups (1B 
and 2B; p = .419; 1B and 3B p = .659; 2B and 3B p = .792), but dif-
fering statistically from the positive control group (positive control; 
mean rank = 24.8) (p = .001). In animals from groups 4A and 4B (pos-
itive control), lesion severity remained unchanged or worsened in 
most animals, with slight improvement in two animals, varying from 
grade 3 to grade 6; however, no statistical significance was observed 
between experimental times in this group (mean rank: 4A = 25.6; 4B 
24.8) (p = .611) (Figure 4). We observed an improvement in the le-
sions over time in all the groups that received CBD treatment, but 
this was statistically significant only between groups 1A and 1B 
(3 mg/kg CBD) (p = .002) and 3A and 3B (30 mg/kg CBD) (p = .029).

3.3 | Histological analysis of inflammatory response

The intensity of the inflammatory response varied from mild to severe 
(Figure 5) in all groups that received 5-FU in the 4-day analysis, with no 
statistically significant difference between these groups (mean rank: 
1A = 23.3; 2A = 23.7; 3A = 18.9; 4A = 20.3) (p = .763). However, at 
the same experimental time, the negative control group (mean rank: 
5A = 16.0) displayed mild-to-moderate inflammation but not signifi-
cantly different compared with the other study groups (p = .643).

F I G U R E  4   Clinical evaluation of OM. (a) Animal in group 1A immediately after mechanical trauma. (b) Animal in group 2A showing grade 
3 OM. (c) Animal in group 3A showing grade 4 OM. (d) Animal in group 4A showing grade 5 OM. (e) Animal in group 5A. (f) Animal in group 
1B showing a discrete ulcerated lesion. (g) Animal in group 2B showing grade 3 OM. (h) Animal in group 3B showing grade 3 OM. (i) Animal in 
group 4B showing grade 6 OM. (j) Animal in group 5B [Colour figure can be viewed at wileyonlinelibrary.com]

(a) (b) (c) (d) (e)

(f) (g) (h) (i) (j)

www.wileyonlinelibrary.com
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In the 7-day analysis, the inflammatory response scores re-
mained between mild and intense in groups 1B (3 mg/kg CBD), 
2B (10 mg/kg CBD), 3B(30 mg/kg CBD), and 4B (positive control) 
with no significant difference (mean rank: 1B = 22.6; 2B = 18.2; 
3B = 30.5; 4B = 25.5) (p = .095), while most of group 5B (nega-
tive control) animals showed scores reduced to mild (mean rank: 
5A = 7.3) (p = .003).

Progression of the severity of the inflammatory response was 
observed in all groups that received 5-FU in the 7-day period in re-
lation to the 4-day analysis. However, this difference was statisti-
cally significant only between groups 3A and 3B (30 mg/kg CBD) 
(p = .004) and 4A and 4B (positive control) (p = .05). The classification 
of the inflammatory response is described in Table 2.

3.4 | Hematological and biochemical analysis

Table 3 presents the results of the erythrocyte, leukocyte, and plate-
let counts and CAT activity and GSH levels according to the study 
times and groups. In the 4-day period, the positive control group (4A) 
showed lower values than the other groups for all variables; however, 
there was a statistically significant difference in erythrocyte count in 
relation to group 1A (3 mg/kg CBD) (mean ± SD: 1A = 10.29 ± 1.84; 
4A = 7.69 ± 0.26) (p = .001), in leukocyte count in relation to groups 
2A (10 mg/kg CBD) (mean ± SD: 2A = 5.68 ± 2.28; 4A = 2.84 ± 0.59) 
(p = .001) and 5A (negative control) (mean ± SD: 5A = 6.85 ± 1.23; 
4A = 2.84 ± 0.59) (p = .000), and in platelet count only in relation to 
group 5A (mean ± SD: 5A = 1,283.43 ± 139.1; 4A = 830.11 ± 99.0) 

Classification 
of OM

Time

4 days 7 days

1A 
(n = 8)

2A 
(n = 7)

3A 
(n = 9)

4A 
(n = 9)

1B 
(n = 9)

2B 
(n = 7)

3B 
(n = 5)

4B 
(n = 9)

0 – – – – 7 3 3 –

1 – – – – – 1 – –

2 – – – – – – – –

3 5 6 6 1 2 3 2 3

4 2 – 3 2 – – – 1

5 1 1 – 6 – – – 4

6 – – – – – – – 1

p value* .006 .001

Mean rank** 15.1B 12.3B 13.6B 25.6A 9.8B 13.3B 12.0B 24.8A

Note: 1 = 3 mg/kg CBD; 2 = 10 mg/kg CBD; 3 = 30 mg/kg CBD; 4 = placebo.
Abbreviations: CBD, cannabidiol; OM, oral mucositis.
*Comparison between treatment and control. 
**Rank means followed by different letters are significantly different. 

TA B L E  1   Comparison of classification 
of induced OM in relation to study group 
that received chemotherapy (Kruskal–
Wallis and Student–Newman–Keuls test)

F I G U R E  5   (a) Photomicrograph 
showing sparse mononuclear cells, 
characterizing mild inflammation (HE, 
100×). (b) Photomicrograph showing 
the presence of inflammatory infiltrate 
of mononuclear cells with neutrophils 
and sparse eosinophils, characterizing 
moderate inflammation with the presence 
of epithelial ulceration (HE, 400×). (c) 
Photomicrograph showing remodeling 
of the epithelium in the ulcer area (HE, 
100×). (d) Photomicrograph showing the 
presence of inflammatory infiltrate of 
polymorphonuclear cells, characterizing 
intense inflammation, edema, and 
ulceration (HE, 100×) [Colour figure can 
be viewed at wileyonlinelibrary.com]

(a) (b)

(c) (d)

www.wileyonlinelibrary.com
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(p = .018). For the OS variables, there were no statistically signifi-
cant differences between groups in relation to CAT, but group 4A 
(positive control; mean ± SD: 1.11 ± 0.28) differed from all groups 
treated with CBD (mean ± SD: 1A = 1.41 ± 0.41; 2A = 1.48 ± 0.45; 
3A = 1.45 ± 0.24) (p = .03; p = .004; p = .016).

In the 7-day experimental period, the analysis of hemato-
logical variables showed statistical difference only in relation to 

erythrocytes in comparison between controls 4B (positive) and 5B 
(negative) (mean ± SD: 5B = 8.50 ± 0.47; 4B = 7.11 ± 0.30) (p = .008). 
In the OS evaluation, significant differences were found between the 
positive controls (4B) and groups 1B and 2B for both variables (CAT 
mean ± SD: 4B = 1.27 ± 0.21; 1B = 0.77 ± 0.20; 2B = 0.72 ± 0.28) 
(p = .000; p = .000) (GSH mean ± SD: 4B = 10.67 ± 1.40; 
1B = 4.26 ± 1.24; 2B – 3.82 ± 1.19) (p = .000; p = .000).

TA B L E  2   Comparison of inflammatory response in relation to study group (Kruskal–Wallis and Student–Newman–Keuls test)

Inflammatory response

4 days 7 days

1A 
(n = 8)

2A 
(n = 7)

3A 
(n = 9)

4A 
(n = 9)

5A 
(n = 7)

1B 
(n = 9)

2B 
(n = 7)

3B 
(n = 5)

4B 
(n = 9)

5A 
(n = 9)

Mild 3 2 3 3 3 1 1 – – 7

Moderate 1 2 5 4 4 3 4 – 3 2

Intense 4 3 1 2 – 5 2 5 6 –

p value* .643 .003

Mean rank** 23.3A 23.7A 18.9A 20.3A 16.0A 22.6A 18.2AB 30.5A 25.5A 7.3B

Note: 1 = 3 mg/kg CBD; 2 = 10 mg/kg CBD; 3 = 30 mg/kg CBD; 4 = placebo; 5 = without CT.
Abbreviations: CBD, cannabidiol; CT, chemotherapy; OM, oral mucositis.
*Comparison between groups 
**Rank means followed by different letters are significantly different 

TA B L E  3   Comparison of hematological and oxidative stress response in relation to study group and time (ANOVA and Tukey's test)

Groups/times
1
(Mean ± SD)**

2
(Mean ± SD)**

3
(Mean ± SD)**

4
(Mean ± SD)**

5
(Mean ± SD)**

Erythrocytes

A (n = 8) 10.24 ± 1.84Aa 9.4 ± 0.69ABa 8.09 ± 1.65Ba 7.69 ± 0.26Ba 9.31 ± 0.75ABa

B (n = 9) 7.32 ± 1.72Ab 7.85 ± 0.12ABb 6.44 ± 0.78Aa 7.11 ± 0.30Ab 8.50 ± 0.47Ba

p value* .004 .002 .06 .000 .072

Leukocytes

A (n = 7) 4.15 ± 1.18ABa 5.68 ± 2.28ACa 4.06 ± 0.62ABa 2.84 ± 0.59Ba 6.85 ± 1.23Ca

B (n = 7) 7.47 ± 3.01Ab 8.07 ± 2.06Aa 7.36 ± 7.36Ab 5.45 ± 1.59Ab 5.92 ± 0.39Aa

p value* .011 .075 .017 .001 .174

Platelets

A (n = 9) 994.38 ± 213.7ABa 1,068.71 ± 524.7ABa 1,055.11 ± 236.9ABa 830.11 ± 99.0Aa 1,283.43 ± 139.1Ba

B (n = 5) 1,614.11 ± 306.8Ab 1,593.86 ± 328.1Ab 1,684.8 ± 373.6Ab 1,643.11 ± 428.5Ab 1,460.25 ± 105.8Aa

p value* .000 .044 .002 .000 .096

CAT

A (n = 9) 1.41 ± 0.41Aa 1.48 ± 0.45Aa 1.45 ± 0.24Aa 1.11 ± 0.28Aa 1.32 ± 0.11Aa

B (n = 9) 0.77 ± 0.20Ab 0.72 ± 0.28Ab 0.98 ± 0.25ABb 1.27 ± 0.21BCa 1.48 ± 0.05Ca

p value* .001 .003 .005 .206 .028

GSH

A (n = 7) 12.03 ± 2.40Aa 12.91 ± 1.39Aa 12.19 ± 1.83Aa 9.31 ± 2.09Ba 11.46 ± 0.79ABa

B (n = 9) 4.26 ± 1.24Ab 3.82 ± 1.19Ab 8.09 ± 3.07Bb 10.67 ± 1.40BCa 12.38 ± 1.64Ca

p value* .000 .000 .008 .124 .235

Note: 1 = 3 mg/kg CBD; 2 = 10 mg/kg CBD; 3 = 30 mg/kg CBD; 4 = placebo; 5 = without CT.
Abbreviations: CAT, catalase; CBD, cannabidiol; CT, chemotherapy; GSH, anti-oxidant reduced glutathione; OM, oral mucositis.
*Comparison between times. 
**Means ± SD followed by different upper case letters differ significantly in relation to groups, while different lower case letters differ with regard to 
times. 
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4  | DISCUSSION

OM is a frequent and highly debilitating side effect in patients un-
dergoing anti-neoplastic CT, capable of compromising the prognosis 
and affecting the patient's quality of life. Moreover, to date, there 
are no effective treatments for OM, only palliative strategies (Koohi-
Hosseinabadi et al., 2017; Peng et al., 2017).

The anti-oxidant, anti-inflammatory, and analgesic properties of 
CBD, along with its safety, were decisive factors in stirring interest 
in its use against OM. The effects of the administration of different 
concentrations of CBD were evaluated to establish a dose–response 
relationship, since the literature does not provide a consensus on 
the ideal dose for anti-oxidant and anti-inflammatory action. In pre-
vious studies, the doses tested varied from 1 to 30 mg, but none 
of them stood out as advantageous in relation to the others in this 
study (Aviello et al., 2012; Callejas et al., 2018; Cassol-Jr et al., 2010; 
Chen et al., 2016; Elbaz et al., 2015; Klein et al., 2018; Napimoga 
et al., 2009; Pan et al., 2009; Yang et al., 2014).

The induction of mucositis in animal models is technically diffi-
cult since the protocols already described in the scientific literature 
vary with the species, type of drug, and dose used. The time of de-
velopment of the lesions and their intensity depend directly on the 
protocol used, which can compromise the reliability of the analyses. 
Thus, based on previously published studies, a protocol with 5-FU 
and mechanical trauma in the ventral tongue was chosen (Ottaviani 
et al., 2013; Skeff et al., 2014). The experimental times in this in-
duction protocol were also determined from the existing literature; 
in mice, there is a peak severity of OM lesions at 4 days, followed 
by the beginning of the healing process at 7 days (Aras et al., 2013; 
Ottaviani et al., 2013; Patel et al., 2014; Skeff et al., 2014).

The choice of the animal model as well as the methods used in 
this study was based on the need for a rigid standardization of the 
analysis criteria. Thus, we decide to use the classification of OM 
including criteria according to percentage of ulcerated area, since 
macroscopic analysis does not give any dimension of symptomatol-
ogy, where this limitation is minimized by the standardization of in-
duced trauma and of clinical analysis (Ottaviani et al., 2013; Patel 
et al., 2014; Skeff et al., 2014).

Regarding weight loss during the experiment, this was observed 
mainly at 4 days rather than 7 days, where the animals gained con-
siderable body weight again. The positive control groups showed 
greater weight loss at both experimental times, where this was 
significant in relation to the other groups at 7 days. Weight loss 
is a frequent consequence of anti-neoplastic treatments (Arribas 
et al., 2017; Lin et al., 2018).

According to Gorter, the use of CBD in cancer patients is able 
to stimulate appetite, reduce nausea caused by chemotherapy, and 
promote weight maintenance and even gain (Gorter, 1999). The an-
ti-emetic action of this compound has been reported by several au-
thors and related to the indirect activation of receptors associated 
with these stimuli (Rock et al., 2012; Rock & Parker, 2015). In a re-
cent study published by Callejas et al., where the anti-inflammatory 
potential of CBD in rat intestinal disease was tested, the authors 

demonstrated a significant increase in body weight in the group 
treated with CBD compared with the others due to the reversal of 
the inflammatory process present (Callejas et al., 2018).

The weight loss in mice at 4 days could be attributed to feeding 
problems due to the severity of oral lesions seen at those days.

Considering the 11 deaths recorded, it was observed that 4 of 
these occurred shortly after the anesthetic procedure due to me-
chanical trauma. The others occurred between 6 and 9 days after 
QT. Therefore, it is believed that they may be related to the toxic-
ity of the drug used and not to CBD, since in a recent systematic 
literature review it was found that CBD is not cytotoxic to normal 
cells and is considered safe for use in animals and humans. It should 
also be noted that the administration of CBD seems to be safe at 
the doses used. The literature suggests that this drug has a low ad-
verse effect profile and that its controlled administration is safe and 
well-tolerated in animals and humans, as well as being non-cytotoxic 
to normal cells (Iffland & Grotenhermen, 2017).

In the macroscopic analysis of induced OM, the groups treated 
with CBD showed degrees of severity significantly lower than those 
of the control group at both experimental times. There was a sig-
nificant decrease in the classification of the lesions in the groups 
that received CBD in relation to the time, while the control group 
in contrast did not show the positive development of OM. On the 
other hand, although the control groups showed higher scores at 
both times, the histological evaluation did not display a statistically 
significant difference between the groups. The intensity of the in-
flammatory response was inverse to the clinical findings in the com-
parison between the experimental times, still leaving a question to 
be elucidated. Some additional investigations, such as immunohisto-
chemistry for inflammatory markers (TNF-α, IL-1-β, IL-6), histomor-
phometric analysis of epithelialization, and picrosirius staining, could 
be interesting to enrich the analysis of the effects of CBD on tissue 
repair.

Recent studies that have tested the use of CBD for other dis-
eases of inflammatory origin discuss the ability of the product to 
modulate the immune response by decreasing the production of 
pro-inflammatory cytokines such as TNF-alpha, Nf-Kb, and interleu-
kins, and the migration of neutrophils to the periphery of the dam-
aged tissues, which would reduce the tissue inflammatory reaction 
(Klein et al., 2018; Napimoga et al., 2009; Rajan et al., 2016; Rajesh 
et al., 2010).

Interestingly, the leukopenia observed in the groups that re-
ceived 5-FU in the 4-day period can explain the tissue inflammatory 
response being lower at the beginning of the experiment and more 
intense at 7 days with leukocyte recovery. Hematological analysis 
suggests that CBD may help reduce pancytopenia, which often oc-
curs in patients undergoing CT. Supporting this idea, a literature re-
view by MacCallum and Russo revealed that CBD is able to reduce 
the cytotoxic effects of CT (MacCallum & Russo, 2018).

CAT and GSH are endogenous anti-oxidant agents capable of 
eliminating free radicals. This enzyme activity and metabolite show 
high levels when the body is under OS (Booz, 2011; Cruz et al., 2015). 
The results of the analysis of these biochemical parameters indicate 
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that in the evaluation at 4 days, both agents were increased by CBD 
treatment compared with the control group. In the day 7 analysis, 
the activity of the markers was significantly lower in the groups 
treated with CBD and remained high in the positive control group. 
These results support clinical findings and suggest that CBD was 
able to modulate the OS induced by CT.

Studies have shown that CBD is capable of suppressing the 
production of pro-inflammatory mediators by suppressing the cel-
lular immune response, which may be important in the treatment 
of several diseases of inflammatory origin. Inhibition of adenosine 
uptake and decreased production of some inflammatory media-
tors such as IFN-γ, TNF-α, IL-1β, and IL-10 appear to be crucial in 
the anti-inflammatory action of CBD (Borges et al., 2013; Cassol-Jr 
et al., 2010; Chen et al., 2016; Elbaz et al., 2015; Kozela et al., 2016; 
Rajan et al., 2016; Rajesh et al., 2010).

In a recent study conducted by Klein et al., CBD was tested in the 
treatment of ulcerative lesions of traumatic origin in an animal model 
with Wistar rats, in which the animals received a daily intraperito-
neal injection of CBD (5 or 10 mg/kg body weight) or vehicle alone. 
The data suggested that CBD exerted an anti-inflammatory action in 
the early stages of the healing process (Klein et al., 2018).

Many investigators have noted that the action of CBD on OS 
may be more potent than with classic anti-oxidants, such as α-to-
copherol (Cuba et al., 2017; Klein et al., 2018; Koohi-Hosseinabadi 
et al., 2017). Considering that the increase in free radicals, evidenced 
by cellular damage caused by CT, is capable of generating an imbal-
ance in OS and the production of pro-inflammatory mediators re-
sponsible for the tissue damage in OM, suggest that CBD is capable 
of acting both in OS control and in the suppression of the inflamma-
tory response, playing a protective role in relation to OM.

Recent studies point to CBD as a promising alternative to con-
ventional cancer treatment due to its ability to inhibit the prolifer-
ation, adhesion, migration, invasion, and angiogenesis of neoplastic 
cells. However, the molecular mechanisms involved in these proper-
ties are not well established and they depend on which neoplasms 
are to be treated and their drug (Cuba et al., 2017).

The serious consequences of OM call for new investigations into 
new therapeutic targets. The understanding of its biopathology and 
initiation from the formation of free radicals have promoted a grow-
ing interest in studies relating the role of the most varied types of 
anti-oxidant agents in the prevention of OM. Given the promising 
results in several studies, the applications of CBD in this process 
should be highlighted as an emerging research niche considering the 
potential innovative effects that this substance seems to have in a 
variety of health conditions.

5  | CONCLUSION

The results of this study suggest the use of CBD as an alternative 
for the prevention and treatment of OM, since CBD was found to 
reduce the inflammatory process and the severity of the lesions 
and OS, favoring tissue repair in induced OM. It is believed that the 

findings obtained may support studies involving and favoring the use 
of CBD in different fields of medicine and dentistry.

ACKNOWLEDG MENTS
This study was funded in part by the Coordenação de 
Aperfeiçoamento de Pessoal de Nivel Superior—Brasil (CAPES)—
Finance Code 001 and the Pontifical Catholic University of Rio 
Grande do Sul (PUCRS). The authors thank Dr. A. Leyva (USA) for 
English editing of the manuscript.

CONFLIC T OF INTERE S T
The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS
Letícia de Freitas Cuba: Conceptualization; data curation; formal 
analysis; funding acquisition; investigation; methodology; project 
administration; resources; software; validation; visualization; writ-
ing–original draft; writing–review and editing. Fernanda Gonçalves 
Salum: Visualization; writing–original draft. Francisco Silveira 
Guimarães: Resources; visualization; writing–original draft. Karen 
Cherubini: Visualization; writing–original draft. Ruchielli Loureiro 
Borghetti: Data curation; investigation; resources. Maria Antonia 
Zancanaro de Figueiredo: Conceptualization; data curation; formal 
analysis; funding acquisition; investigation; methodology; project 
administration; supervision; validation; visualization; writing–origi-
nal draft; writing–review and editing.

ORCID
Letícia de Freitas Cuba  https://orcid.org/0000-0001-9439-436X 
Karen Cherubini  https://orcid.org/0000-0003-0913-477X 

R E FE R E N C E S
Al-Dasooqi, N., Sonis, S. T., Bowen, J. M., Bateman, E., Blijlevens, N., 

Gibson, R. J., … Lalla, R. V. (2013). Emerging evidence on the patho-
biology of mucositis. Supportive Care in Cancer, 21(11), 3233–3241. 
https://doi.org/10.1007/s0052 0-013-1900-x

Aras, M. H., Sezer, U., Erkilic, S., Demir, T., & Dagli, S. N. (2013). 
Effect of dietary boron on 5-fluorouracil induced oral mucositis 
in rats. European Journal of Dentistry, 7(3), 310–314. https://doi.
org/10.4103/1305-7456.115415

Arribas, L., Hurtós, L., Taberna, M., Peiró, I., Vilajosana, E., Lozano, A., 
… Virgili, N. (2017). Nutritional changes in patients with locally ad-
vanced head and neck cancer during treatment. Oral Oncology, 71, 
67–74. https://doi.org/10.1016/j.oralo ncolo gy.2017.06.003

Aviello, G., Romano, B., Borrelli, F., Capasso, R., Gallo, L., Piscitelli, F., … 
Izzo, A. A. (2012). Chemopreventive effect of the non-psychotropic 
phytocannabinoid cannabidiol on experimental colon cancer. Journal 
of Molecular Medicine, 90(8), 925–934. https://doi.org/10.1007/
s0010 9-011-0856-x

Booz, G. W. (2011). Cannabidiol as an emergent therapeutic strategy for 
lessening the impact of inflammation on oxidative stress. Free Radical 
Biology and Medicine, 51(5), 1054–1061. https://doi.org/10.1016/j.
freer adbio med.2011.01.007

Borges, R., Batista, J., Viana, R., Baetas, A., Orestes, E., Andrade, M., … 
da Silva, A. (2013). Understanding the molecular aspects of tetra-
hydrocannabinol and cannabidiol as antioxidants. Molecules, 18(10), 
12663–12674. https://doi.org/10.3390/molec ules1 81012663

https://orcid.org/0000-0001-9439-436X
https://orcid.org/0000-0001-9439-436X
https://orcid.org/0000-0003-0913-477X
https://orcid.org/0000-0003-0913-477X
https://doi.org/10.1007/s00520-013-1900-x
https://doi.org/10.4103/1305-7456.115415
https://doi.org/10.4103/1305-7456.115415
https://doi.org/10.1016/j.oraloncology.2017.06.003
https://doi.org/10.1007/s00109-011-0856-x
https://doi.org/10.1007/s00109-011-0856-x
https://doi.org/10.1016/j.freeradbiomed.2011.01.007
https://doi.org/10.1016/j.freeradbiomed.2011.01.007
https://doi.org/10.3390/molecules181012663


1492  |     CUBA et Al.

Burstein, S. (2015). Cannabidiol (CBD) and its analogs: A review of their 
effects on inflammation. Bioorganic and Medicinal Chemistry, 23(7), 
1377–1385. https://doi.org/10.1016/j.bmc.2015.01.059

Callejas, G. H., Figueira, R. L., Gonçalves, F., Volpe, F., Zuardi, A. W., 
Crippa, J. A., … Sbragia, L. (2018). Maternal administration of can-
nabidiol promotes an anti-inflammatory effect on the intestinal 
wall in a gastroschisis rat model. Brazilian Journal of Medical and 
Biological Research, 51(5), 1–9. https://doi.org/10.1590/1414-
431x2 0177132

Cassol-Jr, O. J., Comim, C. M., Silva, B. R., Hermani, F. V., Constantino, 
L. S., Felisberto, F., … Dal-Pizzol, F. (2010). Treatment with canna-
bidiol reverses oxidative stress parameters, cognitive impairment 
and mortality in rats submitted to sepsis by cecal ligation and punc-
ture. Brain Research, 1348, 128–138. https://doi.org/10.1016/j.brain 
res.2010.06.023

Chen, J., Hou, C., Chen, X., Wang, D., Yang, P., He, X., … Li, H. (2016). 
Protective effect of cannabidiol on hydrogen peroxide-induced 
apoptosis, inflammation and oxidative stress in nucleus pulposus 
cells. Molecular Medicine Reports, 14(3), 2321–2327. https://doi.
org/10.3892/mmr.2016.5513

Cruz, É. D. P. D., Campos, L., Pereira, F. D. S., Magliano, G. C., Benites, B. 
M., Arana-Chavez, V. E., … Simões, A. (2015). Clinical, biochemical 
and histological study of the effect of antimicrobial photodynamic 
therapy on oral mucositis induced by 5-fluorouracil in hamsters. 
Photodiagnosis and Photodynamic Therapy, 12(2), 298–309. https://
doi.org/10.1016/j.pdpdt.2014.12.007

Cuba, L. F., Salum, F. G., Cherubini, K., & Figueiredo, M. A. Z. (2017). 
Cannabidiol: An alternative therapeutic agent for oral mucositis? 
Journal of Clinical Pharmacy and Therapeutics, 42(3), 245–250. https://
doi.org/10.1111/jcpt.12504

de Freitas Cuba, L., Braga Filho, A., Cherubini, K., Salum, F. G., & de 
Figueiredo, M. A. Z. (2016). Topical application of Aloe vera and vita-
min E on induced ulcers on the tongue of rats subjected to radiation: 
Clinical and histological evaluation. Supportive Care in Cancer, 24(6), 
2557–2564. https://doi.org/10.1007/s0052 0-015-3048-3

Elbaz, M., Nasser, M. W., Ravi, J., Wani, N. A., Ahirwar, D. K., Zhao, H., 
… Ganju, R. K. (2015). Modulation of the tumor microenvironment 
and inhibition of EGF/EGFR pathway: Novel anti-tumor mechanisms 
of Cannabidiol in breast cancer. Molecular Oncology, 9(4), 906–919. 
https://doi.org/10.1016/j.molonc.2014.12.010

Figueiredo, J. A. P., Pesce, H. F., Gioso, M. A., & Figueiredo, M. A. Z. 
(2001). The histological effects of four endodontic sealers implanted 
in the oral mucosa: Submucous injection versus implant in polyeth-
ylene tubes. International Endodontic Journal, 34(5), 377–385. https://
doi.org/10.1046/j.1365-2591.2001.00407.x

Focaccetti, C., Bruno, A., Magnani, E., Bartolini, D., Principi, E., Dallaglio, 
K., … Albini, A. (2015). Effects of 5-fluorouracil on morphology, cell 
cycle, proliferation, apoptosis, autophagy and ros production in en-
dothelial cells and cardiomyocytes. PLoS One, 10(2), 1–25. https://
doi.org/10.1371/journ al.pone.0115686

Gorter, R. W. (1999). Cancer cachexia and cannabinoids. Forschende 
Komplementarmedizin, 6(3), 21–22. https://doi.org/10.1159/00005 
7152

Iffland, K., & Grotenhermen, F. (2017). An update on safety and side 
effects of cannabidiol: A review of clinical data and relevant animal 
studies. Cannabis and Cannabinoid Research, 2(1), 139–154. https://
doi.org/10.1089/can.2016.0034

Kalpadakis, C., Pangalis, G. A., Dimopoulou, M. N., Vassilakopoulos, T. P., 
Kyrtsonis, M.-C., & Korkolopoulou, P. … Angelopoulou, M. K. (2007). 
Rituximab monotherapy is highly effective in splenic marginal zone 
lymphoma. Hematological Oncology, 25(3), 127–131. https://doi.
org/10.1002/hon

Klein, M., de Quadros De Bortolli, J., Guimarães, F. S., Salum, F. G., 
Cherubini, K., & de Figueiredo, M. A. Z. (2018). Effects of cannabi-
diol, a Cannabis sativa constituent, on oral wound healing process in 

rats: Clinical and histological evaluation. Phytotherapy Research, April, 
1–7. https://doi.org/10.1002/ptr.6165

Koohi-Hosseinabadi, O., Ranjbar, Z., Sepehrimanesh, M., AndisheTadbir, 
A., Poorbaghi, S. L., Bahranifard, H., … Iraji, A. (2017). Biochemical, 
hematological, and pathological related healing effects of Elaeagnus 
angustifolia hydroalcoholic extract in 5-fluorouracil-induced oral 
mucositis in male golden hamster. Environmental Science and Pollution 
Research, 24(31), 24447–24453. https://doi.org/10.1007/s1135 
6-017-0137-5

Kozela, E., Juknat, A., Gao, F., Kaushansky, N., Coppola, G., & Vogel, Z. 
(2016). Pathways and gene networks mediating the regulatory ef-
fects of cannabidiol, a nonpsychoactive cannabinoid, in autoim-
mune T cells. Journal of Neuroinflammation, 13(1), 1–19. https://doi.
org/10.1186/s1297 4-016-0603-x

Lafaye, G., Karila, L., Blecha, L., & Benyamina, A. (2017). Cannabis, 
cannabinoids, and health. Dialogues in Clinical Neuroscience, 19(3), 
309–316.

Lalla, R. V., Bowen, J., Barasch, A., Elting, L., Epstein, J., Keefe, D. M., 
… Elad, S. (2014). MASCC/ISOO clinical practice guidelines for the 
management of mucositis secondary to cancer therapy. Cancer, 
120(10), 1453–1461. https://doi.org/10.1002/cncr.28592

Lin, M. C., Shueng, P. W., Chang, W. K., Mu-Hsin Chang, P., Feng, 
H. C., Yang, M. H., & Lou, P. J. (2018). Consensus and clinical rec-
ommendations for nutritional intervention for head and neck 
cancer patients undergoing chemoradiotherapy in Taiwan. Oral 
Oncology, 81(February), 16–21. https://doi.org/10.1016/j.oralo ncolo 
gy.2018.03.016

MacCallum, C. A., & Russo, E. B. (2018). Practical considerations in 
medical cannabis administration and dosing. European Journal of 
Internal Medicine, 49(January), 12–19. https://doi.org/10.1016/j.
ejim.2018.01.004

Napimoga, M. H., Benatti, B. B., Lima, F. O., Alves, P. M., Campos, A. 
C., Pena-dos-Santos, D. R., … Guimarães, F. S. (2009). Cannabidiol 
decreases bone resorption by inhibiting RANK/RANKL expression 
and pro-inflammatory cytokines during experimental periodontitis in 
rats. International Immunopharmacology, 9(2), 216–222. https://doi.
org/10.1016/j.intimp.2008.11.010

Ottaviani, G., Gobbo, M., Sturnega, M., Martinelli, V., Mano, M., 
Zanconati, F., … Zacchigna, S. (2013). Effect of class IV laser therapy 
on chemotherapy-induced oral mucositis: A clinical and experimental 
study. American Journal of Pathology, 183(6), 1747–1757. https://doi.
org/10.1016/j.ajpath.2013.09.003

Pan, H., Mukhopadhyay, P., Rajesh, M., Patel, V., Mukhopadhyay, B., & 
Gao, B. (2009). Cannabidiol attenuates cisplatin-induced nephro-
toxicity by decreasing oxidative/nitrosative stress, inflammation, 
and cell death. Alcohol, 328(3), 708–714. https://doi.org/10.1124/
jpet.108.147181.cells

Patel, A., Biswas, S., Shoja, M. H., Ramalingayya, G. V., & Nandakumar, K. 
(2014). Protective effects of aqueous extract of Solanum nigrum Linn. 
leaves in rat models of oral mucositis. The Scientific World Journal, 
2014, https://doi.org/10.1155/2014/345939

Peng, H., Chen, B.-B., Chen, L., Chen, Y.-P., Liu, X. U., Tang, L.-L., … Ma, 
J. (2017). A network meta-analysis in comparing prophylactic treat-
ments of radiotherapy-induced oral mucositis for patients with head 
and neck cancers receiving radiotherapy. Oral Oncology, 75(October), 
89–94. https://doi.org/10.1016/j.oralo ncolo gy.2017.11.001

Rajan, T. S., Giacoppo, S., Iori, R., De Nicola, G. R., Grassi, G., Pollastro, 
F., … Mazzon, E. (2016). Anti-inflammatory and antioxidant effects 
of a combination of cannabidiol and moringin in LPS-stimulated 
macrophages. Fitoterapia, 112, 104–115. https://doi.org/10.1016/j.
fitote.2016.05.008

Rajesh, M., Mukhopadhyay, B., Bátkai, S., Patel, V., Saito, K., Matsumoto, 
S., … Pacher, P. (2010). NIH public access. Journal of the American 
College of Cardiology, 56(25), 2115–2125. https://doi.org/10.1016/j.
jacc.2010.07.033.Canna bidiol

https://doi.org/10.1016/j.bmc.2015.01.059
https://doi.org/10.1590/1414-431x20177132
https://doi.org/10.1590/1414-431x20177132
https://doi.org/10.1016/j.brainres.2010.06.023
https://doi.org/10.1016/j.brainres.2010.06.023
https://doi.org/10.3892/mmr.2016.5513
https://doi.org/10.3892/mmr.2016.5513
https://doi.org/10.1016/j.pdpdt.2014.12.007
https://doi.org/10.1016/j.pdpdt.2014.12.007
https://doi.org/10.1111/jcpt.12504
https://doi.org/10.1111/jcpt.12504
https://doi.org/10.1007/s00520-015-3048-3
https://doi.org/10.1016/j.molonc.2014.12.010
https://doi.org/10.1046/j.1365-2591.2001.00407.x
https://doi.org/10.1046/j.1365-2591.2001.00407.x
https://doi.org/10.1371/journal.pone.0115686
https://doi.org/10.1371/journal.pone.0115686
https://doi.org/10.1159/000057152
https://doi.org/10.1159/000057152
https://doi.org/10.1089/can.2016.0034
https://doi.org/10.1089/can.2016.0034
https://doi.org/10.1002/hon
https://doi.org/10.1002/hon
https://doi.org/10.1002/ptr.6165
https://doi.org/10.1007/s11356-017-0137-5
https://doi.org/10.1007/s11356-017-0137-5
https://doi.org/10.1186/s12974-016-0603-x
https://doi.org/10.1186/s12974-016-0603-x
https://doi.org/10.1002/cncr.28592
https://doi.org/10.1016/j.oraloncology.2018.03.016
https://doi.org/10.1016/j.oraloncology.2018.03.016
https://doi.org/10.1016/j.ejim.2018.01.004
https://doi.org/10.1016/j.ejim.2018.01.004
https://doi.org/10.1016/j.intimp.2008.11.010
https://doi.org/10.1016/j.intimp.2008.11.010
https://doi.org/10.1016/j.ajpath.2013.09.003
https://doi.org/10.1016/j.ajpath.2013.09.003
https://doi.org/10.1124/jpet.108.147181.cells
https://doi.org/10.1124/jpet.108.147181.cells
https://doi.org/10.1155/2014/345939
https://doi.org/10.1016/j.oraloncology.2017.11.001
https://doi.org/10.1016/j.fitote.2016.05.008
https://doi.org/10.1016/j.fitote.2016.05.008
https://doi.org/10.1016/j.jacc.2010.07.033.Cannabidiol
https://doi.org/10.1016/j.jacc.2010.07.033.Cannabidiol


     |  1493CUBA et Al.

Reyes-Gibby, C. C., Melkonian, S. C., Wang, J., Yu, R. K., Shelburne, S. 
A., Lu, C., … Shete, S. (2017). Identifying novel genes and biological 
processes relevant to the development of cancer therapy-induced 
mucositis: An informative gene network analysis. PLoS One, 12(7), 
1–21. https://doi.org/10.1371/journ al.pone.0180396

Rock, E. M., Bolognini, D., Limebeer, C. L., Cascio, M. G., Anavi-Goffer, 
S., Fletcher, P. J., … Parker, L. A. (2012). Cannabidiol, a nonpsychotro-
pic component of cannabis, attenuates vomiting and nausea-like be-
haviour via indirect agonism of 5-HT 1A somatodendritic autorecep-
tors in the dorsal raphe nucleus. British Journal of Pharmacology, 165(8), 
2620–2634. https://doi.org/10.1111/j.1476-5381.2011.01621.x

Rock, E. M., & Parker, L. A. (2015). Synergy between cannabidiol, canna-
bidiolic acid, and Δ9-tetrahydrocannabinol in the regulation of emesis 
in the Suncus murinus (house musk shrew). Behavioral Neuroscience, 
129(3), 368–370. https://doi.org/10.1037/bne00 00057

Rtibi, K., Selmi, S., Grami, D., Amri, M., Sebai, H., & Marzouki, L. (2018). 
Contribution of oxidative stress in acute intestinal mucositis in-
duced by 5 fluorouracil (5-FU) and its pro-drug capecitabine in rats. 
Toxicology Mechanisms and Methods, 28(4), 262–267. https://doi.
org/10.1080/15376 516.2017.1402976

Skeff, M. A., Brito, G. A. C., de Oliveira, M. G., Braga, C. M., Cavalcante, 
M. M., Baldim, V., … Leitão, R. F. C. (2014). S-nitrosoglutathione ac-
celerates recovery from 5-fluorouracil-induced oral mucositis. PLoS 
One, 9(12), 1–25. https://doi.org/10.1371/journ al.pone.0113378

Sonis, S. T. (2004). Pathobiology of mucositis. Seminars in Oncology 
Nursing, 20(1), 11–15. https://doi.org/10.1053/j.soncn.2003.10.003

Sonis, S. T. (2010). New thoughts on the initiation of mucositis. Oral Diseases, 
16(7), 597–600. https://doi.org/10.1111/j.1601-0825.2010.01681.x

Sonis, S. T. (2011). Oral mucositis. Anti-Cancer Drugs, 22(7), 607–612. 
https://doi.org/10.1097/CAD.0b013 e3283 462086

Sonis, S. T., & Villa, A. (2018). Phase II investigational oral drugs for 
the treatment of radio/chemotherapy induced oral mucositis. 
Expert Opinion on Investigational Drugs, 27(2), 147–154. https://doi.
org/10.1080/13543 784.2018.1427732

Villa, A., & Sonis, S. T. (2016). Pharmacotherapy for the manage-
ment of cancer regimen-related oral mucositis. Expert Opinion on 
Pharmacotherapy, 17(13), 1801–1807. https://doi.org/10.1080/14656 
566.2016.1217993

Yang, L., Rozenfeld, R., Wu, D., Devi, L. A., Zhang, Z., & Cederbaum, A. 
(2014). Cannabidiol protects liver from binge alcohol-induced ste-
atosis by mechanisms including inhibition of oxidative stress and in-
crease in autophagy. Free Radical Biology and Medicine, 68, 260–267. 
https://doi.org/10.1016/j.freer adbio med.2013.12.026

Yin, J., Ren, W., Huang, X., Deng, J., Li, T., & Yin, Y. (2018). Potential mech-
anisms connecting purine metabolism and cancer therapy. Frontiers 
in Immunology, 9, 1697. https://doi.org/10.3389/fimmu.2018.01697

Yuan, A., & Sonis, S. (2014). Emerging therapies for the prevention and 
treatment of oral mucositis. Expert Opinion on Emerging Drugs, 19(3), 
343–351. https://doi.org/10.1517/14728 214.2014.946403

How to cite this article: Cuba LDF, Salum FG, Guimarães FS, 
Cherubini K, Borghetti RL, de Figueiredo MAZ. Cannabidiol 
on 5-FU-induced oral mucositis in mice. Oral Dis. 
2020;26:1483–1493. https://doi.org/10.1111/odi.13413

https://doi.org/10.1371/journal.pone.0180396
https://doi.org/10.1111/j.1476-5381.2011.01621.x
https://doi.org/10.1037/bne0000057
https://doi.org/10.1080/15376516.2017.1402976
https://doi.org/10.1080/15376516.2017.1402976
https://doi.org/10.1371/journal.pone.0113378
https://doi.org/10.1053/j.soncn.2003.10.003
https://doi.org/10.1111/j.1601-0825.2010.01681.x
https://doi.org/10.1097/CAD.0b013e3283462086
https://doi.org/10.1080/13543784.2018.1427732
https://doi.org/10.1080/13543784.2018.1427732
https://doi.org/10.1080/14656566.2016.1217993
https://doi.org/10.1080/14656566.2016.1217993
https://doi.org/10.1016/j.freeradbiomed.2013.12.026
https://doi.org/10.3389/fimmu.2018.01697
https://doi.org/10.1517/14728214.2014.946403
https://doi.org/10.1111/odi.13413

