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Abstract: Oral mucositis (OM) is the oral inflammation as manifestation of chemotherapy and/or
radiotherapy. Cinnamomum osmophloeum (CO), of which the constituents possess anti-inflammatory
activities, may have potential to alleviate OM. In this study, laboratory rats were injected with
5-Fluororacil and their oral mucosa were irritated by 18-gauge needle pouching to induce OM. Rats
were randomly divided into six experimental groups: without treatment (WT), only 100 mg/mL
CO leaf extract (COLE) treatment (100-only), only 5-Fluororacil treatment (5-FU), 5-FU then treated
with Triamcinolone acetonide orobase (5-FU+G), 5-FU then treated with 50 mg/mL COLE, and 5-FU
then treated with 100 mg/mL COLE (5-FU+100). Body weights and food and water intakes during
the experimental period were recorded. Macroscopic examination, histopathological analyses, and
serum tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6) levels of
these rats were evaluated or determined. No significant difference was found between the WT and
100-only groups. Results of macroscopic examinations, histopathological analyses, body weight
changes, food and water intakes, and serum IL-1β and IL-6 levels showed significant therapeutic
effects of the 5-FU+100 group compared to the 5-FU group. These finding suggest that COLE can be
one of potential remedies for OM therapy through influencing proinflammatory cytokine levels.

Keywords: Cinnamomum osmophloeum; Oral mucositis; model rat; 5-Fluororacil; IL-1β; IL-6

1. Introduction

Oral mucositis (OM) is the inflammation of oral mucosa as a result of chemotherapy
and radiotherapy. OM clinically manifested as atrophy, swelling, erythema and ulcera-
tion [1]. OM occurrence might increase the budget of treatment and reduce the oral health
quality of life [2–4]. Five stages of the development of OM can be described as initiation,
primary injury response, signal strengthening, ulceration and healing. The first stage (initi-
ation) occurs after radiotherapy and/or chemotherapy exposure. It involves two actions:
DNA collapse and the generation of reactive oxygen species (ROS). In the second stage
of the development (primary injury response), productions of proinflammatory cytokines
including tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and interleukin-1 beta
(IL-1β) play important roles in mediating damage and signaling pathways [5]. The tissue
and peripheral blood were affected by these cytokines and the severity of OM connects
to the increases of proinflammatory cytokines. During third stage (signal strengthening),
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proinflammatory cytokines bring a positive feedback to develop and accelerate remedial
process. In the fourth stage (ulceration) bacterial re-infection provokes macrophage ac-
cretion to cover additional numbers of proinflammatory cytokines. During the fifth stage
(healing), signs from the connective tissue to the bordering epithelium can stimulate the
cells movement, proliferation, and differentiation, resultant in healed mucosa. [6].

Cinnamomum osmophloeum (CO), the indigenous Cinnamomum from Taiwan, had been
reported comprised anti-inflammation, wound repair, antibacterial activities, antioxidation,
antihyperglycemic activities, antidyslipidemia activities, anticancer and antitumor, renal
disease therapy, and antihyperuricemia activities [7]. CO plays a significant role in anti-
inflammatory activities by reducing proinflammatory cytokines including IL-1β [8], IL-6
and tumor necrosis factor receptor (TNF-R) [9]. Previous review explained that CO could
be potential in OM alleviation because of its anti-inflammatory effect, as the activation of
several transcription factors might release the inflammatory reaction in the second phase
of OM [7].

The recent investigations of Cinnamomum on OM potential therapy have been per-
formed in vitro and in vivo [10,11]. The cinnamon bark fractions were biocompatible to
oral epithelial cells and possessed the effect on inflammatory cells and can prevent the ad-
herence of Candida albicans [11]. However, a previous study found adverse oral reactions
due to cinnamon-flavoured chewing gum consumption [12] Cinnamaldehyde, one of cinna-
mon’s major chemical constituents, can alleviate OM rats induced by radiotherapy and has
an effect on salivary antioxidant capacity [10,13]. Constructed from the background and
the above previous studies, the purpose of this study is to analyze the protective effect of
CO leaf extract on OM model rats induced by 5-FU both clinically and histopathologically.

2. Materials and Methods
2.1. Sample Preparation

The CO leaves were extracted using lyophilization. The leaves were collected and
stored at –20 ◦C. The chemical contents of the leaves were extracted using 95% ethanol.
The ratio of frozen leaves and the volume of ethanol (w/v) is 1:10 and were taken out with
a Waring blender. The mixture was incubated at room temperature for three days to extract
the active ingredients. The extractions were performed three times and combined. The
supernatant of the extraction was collected with centrifugation at 6000 rpm for 20 min. A
vacuum evaporator was used to remove the ethanol, and the ethanol-free extracts were
freeze-dried. The dried powder was weighed and dissolved in ethanol to obtain the certain
experimental concentration and sterilized by passing through a 0.2-µm filter.

2.2. Experimental Methods
2.2.1. Animal Preparation

Thirty-six male Wistar rats (seven weeks old; 200–225 g) were purchased from Bi-
oLASCO Taiwan Co., Ltd. (Taipei, Taiwan) These animals were fed with a standard
rodent diet (R5001) and sterilized water ad libitum and housed in a temperature-controlled
(20–24 ◦C), humidity-controlled (60 ± 5%), and photoperiod-controlled (12 h light/12 h
dark cycle) animal room. All animal experimental protocols were followed in accordance
with the guidelines of the Institutional Animal Care and Use Committee of Da-Yeh Univer-
sity (protocol number: 109004). After adaption for one week, rats were housed in small
groups of two in standard show box cages. The animals were randomly divided into six
groups (n = 6): treated with the same volume of PBS as the control animals (WT), treated
by 100 mg/mL CO extracts only (100-only), injected with 5-FU only (5-FU only), injected
with 5-FU then treated with 1 mg/kg Triamcinolone acetonide orobase as a positive control
(5-FU+G), injected with 5-FU then treated with 50 mg/mL CO extracts (5-FU+50), and
injected with 5-FU then treated with 100 mg/mL CO extracts (5-FU+100). Excluding rats
with the highest and lowest values in each group, a sample size of four rats per group was
calculated power (1) of 80% with alpha-error threshold of 0.05 based on results of wound
healing in the study of Preethi and Kuttan.
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2.2.2. 5-FU and Sodium Pentobarbital Injections

A 5-FU dose of 150 mg/kg for rats can cause OM (Codacci-Pisanelli et al., 1997). 5-FU
at 50 mg/mL was purchased from Nang Kuang Pharmaceutical Co., Ltd., Tainan, Taiwan.
The dose calculation of each rat was:

Dose of 5-FU for rat:

Rat weight (kg) × 150 mg/kg rat weight
50 mg/mL

A dose of 50 mg/kg rat weight of sodium pentobarbital (Sigma-Aldrich Co., Ltd.,
St. Louis, MO, USA) was used to cause anesthetize the rats. About 1.0 g sodium pentobar-
bital was dissolved in 20 mL phosphate-buffered saline (PBS) (50 mg/mL preparation).
The dose calculation of each rat was:

Dose of sodium pentobarbital for rat:

Rat weight (kg) × 50 mg/kg rat weight
50 mg/mL

2.2.3. Animal Protocol

The animal study was done in two batches. Each batch was 10 days of experiment.
After the rats arrived, we gave the food and water ad libitum for one week. The treatments
were started after the animal adaptation for a week. To mimic the clinical effect of chronic
irritation, the cheek pouch mucosa was irritated by superficial scratching with the tip of
an 18-gauge needle. All rats were sacrificed in the last day of the experiment. The animal
protocol is provided in Figure 1.
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Figure 1. The animal protocol in this study.

2.2.4. Rat Body Weight Changes and Water and Food Intakes

Body weights of all rats were recorded at before and after treatments. The body weight
changes were calculated. On day 3 of the study, each rat was provided about 200 g food
and 300 mL sterilized water. At the end of experiment, the residual foods and water were
measured. The consumptions of food and water during treatments were calculated and
defined as water and food intakes per rat. Five sterilized wood pieces were put in the cage
on the day 3 of study and the pictures of original woods were taken. In the end of the
experiment, the pictures of wood pieces bitten by the rats were taken.
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2.2.5. Clinical Evaluation

Rats were observed for clinical evaluation on day 4, 6, and 10 by an investigator
(doctor of dental surgery) who was blinded to the study groups. Cheek pouch mucosa was
photographed for the characterization of the mucositis severity.

2.2.6. Histopathologic Examination

We cut off the oral mucosal tissues of rats in different experimental groups, and then
fixed these tissues in 10% buffered natural formalin (Tonyar Biotech. Inc., Taoyuan, Taiwan)
for more than 16 h, then paraffin embedded, sectioned, and hematoxylin and eosin (H&E)
stained (Rapid Science Co. Ltd., Taichung, Taiwan). The stained tissue sections were
scanned by TissueFAX Plus (TissueGnostics, Vienna, Austria) then observed by TissueFAXS
4.0 Viewer (TissueGnostics).

2.2.7. Serum Proinflammatory Cytokine Levels by ELISA

Plasma concentrations of TNF-α and IL-1β were quantified by rat-specific ELISA kits
(DuoSet kits, P247489 and P247538, R&D Systems Inc., Minneapolis, MN, USA) as the
manufactural instructions. Plasma concentration of IL-6 was quantified using rat-specific
ELISA kit (900-M86) and ABTS ELISA Buffer kit (900-K00) (PeproTech Inc., Rocky Hill, NJ,
USA) as the manufactural instructions.

2.3. Statistical Analysis

Results were presented as the mean ± SD (standard deviation). Statistical analyses of
the data were analyzed via one-way ANOVA followed by least significant difference (LSD)
to compare different treatments using IBM SPSS statistics 26. Statistical significance was
expressed with p < 0.05, p < 0.01 and p < 0.001.

3. Results
3.1. Body Weight Changes of Rats

Results of Figure 2 showed the increase in body weight of nearly 16 % over a period
of 10 days was observed in the WT group (50 ± 6 g) and whereas the 5-FU-only treat-
ment (5-FU) considerably reduced the body weight about 12 % during the study period
(−34 ± 10 g). Treatment with 100 mg/mL CO only (100-only) showed increase in body
weight of about 10 % (32 ± 5 g) similar to the WT group and no significant difference.
Treatment with Triamcinolone acetonide 0.1 % (1 mg/kg) after 5-FU treatment (5-FU+G)
showed decrease in body weight of about 5 % (−17 ± 11 g). Moreover, rats treated with
50 mg/mL CO (5-FU+50) and 100 mg/mL CO (5-FU+100) after 5-FU injection showed
decreases in body weights about 2 % (−7 ± 7 g) and 1 % (−2 ± 8 g), respectively.

One-way ANOVA and post hoc testing using Tukey analysis shows statistically signifi-
cant difference between the 5-FU and WT groups in body weight changes (p < 0.001). More-
over, significant difference was also found between the 5-FU+G and WT group (p < 0.001),
the 5-FU+50 and WT group (p < 0.001) and the 5-FU+100 and WT group (p < 0.001). Body
weight changes of rats in both of the 5-FU+50 and 5-FU+100 groups were significantly
lower than the 5-FU group (p < 0.05). However, there was no significant difference between
the 5-FU+G and 5-FU groups. Results of body weight changes imply that CO shows
therapeutic effect against 5-FU-induced damages, and CO only shows no significant effect
in the rat development.
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Figure 2. The body weight changes (before and after treatment) in six experimental rat groups.
WT: rats injected with the same volume of PBS as the control animals; 100-only: rats treated with
100 mg/mL CO extracts only (100-only); 5-FU: rats injected with 5-FU only; 5-FU+G: rats injected
with 5-FU then treated with 1 mg/kg Triamcinolone acetonide orobase as a positive control; 5-FU+50:
rats injected with 5-FU then treated with 50 mg/mL CO extract; 5-FU+100: rats injected with 5-FU
then treated with 100 mg/mL CO extract. All values are expressed as mean ± SD of each group.
*: p < 0.05 versus the WT group and #: p < 0.05 versus the 5-FU group.

3.2. Food and Water Intakes

Results of Figure 3A showed that the average water intakes per rat during treatments
in the WT, 100-only, 5-FU, 5-FU+G, 5-FU+50 and 5-FU+100 groups were 225 ± 32 mL,
250 ± 20 mL, 117 ± 37 mL, 192 ± 6 mL, 189 ± 14 mL and 236 ± 8 mL, respectively.
Parametric analyses using one-way ANOVA had been conducted. Only the 5-FU group
showed a significant decrease of water intakes compared to the WT group (p < 0.001).
Significant differences were also found in the 5-FU group compared to the 100-only group
(p < 0.001) and both the 5-FU+50 and 5-FU+G groups compared to the 100-only group
(p < 0.05). Furthermore, rats in the 5-FU+50 and 5-FU+100 groups showed progressive
increases in water intakes compared to the 5-FU group (p < 0.05). However, there was no
significant difference between the WT and 100-only groups, and between the 5-FU+G and
5-FU+50 groups.
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The average food intake per rat in the WT group showed the highest (100 ± 9 g)
and in the 5-FU group showed the lowest (25 ± 12 g) among the six experimental groups
during treatments (Figure 3B). Rats in the 100-only, 5-FU+G, 5-FU+50 and 5-FU+100 groups
showed average food intakes of 67 ± 8 g, 40 ± 15 g, 51 ± 8 g and 57 ± 8 g, respectively.
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The significant decreases of food intakes were reported in both the 5-FU group and 5-FU+G
groups compared to the WT group (p < 0.001). Furthermore, the significant decreases of
food intakes were also found in the 100-only, 5-FU+50 and 5-FU+100 groups compared to
the WT group (p < 0.05). There were no significant differences between the 5-FU, 5-FU+G
and 5-FU+50 groups. However, the food intakes of rats in both the 100-only and 5-FU+100
groups were significantly higher than those in the 5-FU group (p < 0.05).

In combination of results of body weight changes (Figure 2), and food and water
intakes (Figure 3), we found that 5-FU treatment significantly damaged rats and caused
body weight decrease through dramatic decreases in both food and water intakes. Al-
though high dose of CO treatment (100-only) decreased the food intakes of rats, there
were no significant differences in water intakes and body weight changes between the
100-only and WT groups. Furthermore, the high-dose CO treatment (5-FU+100) showed
more significant therapeutic potential than the low-dose CO (5-FU+50) and Triamcinolone
acetonide 0.1% (5-FU+G) in diminishing the damage of 5-FU, because the 5-FU+100 group
showed significant increases in all body weights, food and water intakes compared to the
5-FU group.

3.3. Wood Appearances

Figure 4 presented the wood appearances in six experimental groups in the end of the
study. Wood blocks put in the cage of the WT group showed bite marks surrounding the
block area and there were several attached pieces of woods in the cage. The woods looked
yellow and contained saliva, and they were darker compared to those in other groups. In
the 100-only, 5-FU+G, 5-FU+50 and 5-FU+100 groups also showed bite marks surrounding
the blocks. However, the 5-FU group only showed bite marks in both side tips of the blocks.
Blocks in the 5-FU group look whiter than those in other groups. From the appearances of
blocks in rat cages, rats in the 5-FU group bit the blocks the least, and then the 5-FU+G,
5-FU-50, 5-FU-100, 100-only groups, and the WT group, in order.
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3.4. OM Clinical Appearances

Figure 5 showed the clinical features of oral skin (right buccal mucosa) of a repre-
sentative rat from each group. The clinical evaluation from the WT group performed
normal healthy mucosa. The features were pink and absence of erythema or ulcer (A). The
features of rats in the 100-only group were pink and more likely dark compared to those in
the WT group (B). The extensive erythema was clinically showed in the 5-FU group (C).
Slightly erythema was found in the 5-FU+50 group (E). Moreover, both the 5-FU+G (D)
and 5-FU+100 (F) groups showed no erythema or ulcer.
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The bar charts of OM severities in rats of the six experimental groups in the end of
the study were analyzed (Figure 5G). Rats in the 5-FU group developed OM to score 3
(presence of ulcer) or score 2 (presence of extensive erythema). Rats in the 5-FU+G group
showed reduces in the severities of OM. Three rats in the 5-FU+G group had developed
OM to score 1 (presence of slightly erythema) and two rats to score 2. Development of OM
into score 3 in the 5-FU+G group was not found. OM severities were slightly lower in the
5-FU+50 group compared to the 5-FU group. The identical decline of OM severities was
showed in rats of the 5-FU+100 group compared to both the 5-FU+G and 5-FU+50 groups.
No OM to score 3 was found in the 100-only group. There was one rat with no OM, two
rats with slightly erythema, and two rats with extensive erythema in this group.

3.5. Histopathology of Oral Mucosa

Results of histopathological analyses (Figure 6) showed that oral mucosa were normal
(absence of inflammation) in the WT group, and few epithelial changes found in the 100-
only group showed. Severe epithelial changes with the loss of epithelium and depletion
of stratum corneum (keratinized layer) were observed in the 5-FU group. The depletion
of stratum corneum was also found in the 5-FU+50 group. The alteration in the basal cell
layer without the disruption of the keratinized layer, fibroblast and leucocyte proliferation
was observed in both the 5-FU+G and 5-FU+100 groups.
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Figure 6. Representative histopathological images of skin sections from oral buccal mucosa of rats
in the six experimental groups. (A): WT group; (B): 100-only group; (C): 5-FU group; (D): 5-FU+G
group; (E): 5-FU+50 group; (F): 5-FU+100 group. Skin sections were hematoxylin and eosin (H&E)
stained. The upper region shows images with 200 times magnification; the lower region shows
enlarged images of 5 µm.

3.6. Serum Proinflammatory Cytokines

Serum concentrations of the major proinflammatory cytokines in rats have been as-
sessed (Figure 7). TNF-α levels of the 100-only and 5-FU groups were significantly higher
than the WT group (p < 0.05). IL-1β levels of the 100-only and 5-FU groups were signifi-
cantly higher than the WT group (p < 0.01). Only the 5-FU+G group showed significant
increases in IL-6 levels compared to the WT group. Furthermore, both IL-1β and IL-6 levels
in the 5-FU+100 group showed significant differences with those of the 5-FU group. IL-1β
level of the 5-FU+100 group was significantly lower compared to the 5-FU group (p < 0.01)
and IL 6 level of the 5-FU+100 group was significantly higher compared to the 5-FU group
(p < 0.05). The 5-FU+G group showed dramatic increases in IL-6 levels and increases in
IL-1β levels compared to the 5-FU group (p < 0.001). Both IL-1β and IL-6 levels in rat
serums showed dose-dependent effects in the 5-FU+50 and 5-FU+100 groups. These results
indicated that 5-FU treatment significantly increased TNF-α and IL-1β levels but not IL-6
levels in rat serums. Furthermore, only treatment with 100 mg/mL CO extracts (5-FU+100)
could significantly reduce the 5-FU-induced IL-1β levels. However, both treatments with 1
mg/kg Triamcinolone acetonide orobase (5-FU+G) and 100 mg/mL CO extracts (5-FU+100)
significantly increased IL-6 levels compared to the 5-FU group.

3.7. Mortality Rates

In the normal control group (WT), all animals survived with body weight increases
during the entire study period. In the OM group (5-FU), rats showed obvious body weight
losses and 33.3% mortality was observed on the 10th day. In the Triamcinolone acetonide
treated group (5-FU+G), rats still showed obvious body weight losses and one rat died on
the sixth day with 16.7% mortality. Although rats still showed limited body weight losses,
no rat death was observed in both the 5-FU+50 and 5-FU+100 groups during the entire
study period.
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Figure 8 showed the clinical finding of rats treated with 5-FU only. We observed
some abnormal changes after 5-FU administration at day 6 and 10. Some rats showed
“old-looking” bodies with the bent down appearance from the side view and the rat’s hair
looking dull. The area around their eyes looked reddish which may have included scarring
and periorbital edema. In the dead rat, we dissected the rat’s body and found colon edema,
damage the in kidneys and dark lungs.
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Figure 8. The clinical findings of rat eye, mouth, body shape, and organs on the sixth day and tenth
day of experiment. (A) The appearance of a rat in the5-FU+100 group like rats in the WT group;
(B) the appearance (arched back) of a rat in the 5-FU group; (C) the perioral edema of a rat found in
the 5-FU group; (D) the periocular tissue changes including scarring and periorbital edema in a rat of
the 5-FU group; (E) the colon size and intestinal organs in a rat of the WT group; (F) the abnormal
enlargement of colon (megacolon), kidney rupture, and the dark lung found in a dead rat in the
5-FU+G group.
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4. Discussion

In this study, we demonstrated that CO leaf extract had a therapeutic effect against
5-FU-induced OM in rats. The results of the oral clinical features of the 5-FU+100 and 5-
FU+G groups showed a healing process of OM on buccal mucosa. Our finding corroborates
previous study that reported the potential remedy of CO leaves as tyrosinase suppressor,
which could exhibit notable effect on wound healing [13]. The wound healing effect of
CO leaf extract was also observed histopathologically. Presence of hemorrhagic and the
depletion of keratinized layer induced by 5-FU was significantly reduced after CO leaf
extract treatment, and the absence of hemorrhagic was also showed after Triamcinolone
acetonide treatment.

Previous study reported that proanthocyanidins, one of cinnamon’s chemicals, played
an important role in declining two proinflammatory cytokines, IL-6 and IL-8, which
assist as considerable cytokines in the OM development [11]. On the contrary, our study
found the increase of serum IL-6 after not only 100 mg/mL CO leaf extract but also 0.1%
Triamcinolone acetonide treatments. The decrease of serum IL-1β level after CO leaf
extract treatments explained its OM alleviation effect. TNF-α and IL-1β are suggested
to play key roles in OM development [6]. IL-1β inhibition by CO leaf extract treatments
in this study also supports previous study that reported the anti-inflammatory effect via
declining IL-1β [8]. In contrast, our study found the different results from previous study
which reported cinnamaldehyde, one of CO constituents, inhibited the production of IL-
6 [14]. The finding that IL-6 levels were increased after CO leaf extract and Triamcinolone
acetonide treatments demonstrate the influence of therapy in serum IL-6. It suggests the
future study to determine IL-6 levels in gingival crevicular fluid (GCF). IL-6 in GCF of
periodontal diseases were inhibited after scaling and root canal therapy combined with laser
treatment [15]. IL-6 is a main modulator of both of the inflammatory and healing processes
including in the differentiation, stimulation and propagation of leukocytes, endothelial cells,
keratinocytes and fibroblasts [16]. The initiation of the acute stage response by IL-6 has been
observed as part of an attempt to uphold homeostasis. A previous review explained that IL-
6 seems to contribute to hepatocyte propagation and initiation of protecting pathways [17].
The increase of IL-6 in the 5-FU+100 and 5-FU+G groups may mediate the healing process
of OM through proliferation of leukocytes, keratinocytes and fibroblasts, which observed
in histopathologic assessment.

Results of nonparametric analyses showed that 0.1% Triamcinolone acetonide and
100 mg/mL CO had therapeutic effects on 5-FU-induced OM. This study supports previous
study that considered the therapy effect of Triamcinolone acetonide to reduce the mucositis
score in the patients with OM [18]. Results of this study reported that 50 mg/mL CO did
not show a significant therapeutic effect as 100 mg/mL CO in 5-FU-induced OM. This
finding suggests a dosage-dependent manner of CO leaf extract used in OM therapy.

The presence of OM caused the difficulty in biting and chewing that reduced the
body weight of rats during the experiment [19,20] and decreased the oral health quality
of life [2,4]. On the first day and the end of experiments, all rats were weighed and
compared their body weight changes after treatments. Our finding shows significant
eliminating effects on loses of body weight, food and water intakes induced by 5-FU,
a common chemotherapy agent. The effects of 5-FU in losses of food intake and body
weight in this study support a previous animal study stating that methotrexate-induced
OM caused similar effects [21]. The weight-loss effect can be explained by the reduces
of food intake and water intake in rats of the 5-FU group. Previous panel data analysis
reported weight loss as the side effects in patients who received chemotherapy for lung
cancer or mesothelium [21]. Moreover, weight losses were also found in rats with 5-FU
administrations and then treated topically using both Triamcinolone acetonide and CO.
We also analyzed the differences in weight losses between rats with 5-FU administration
only and 5-FU administration with topical interventions. Our findings demonstrate that
the topical interventions using 50 mg/mL and 100 mg/mL CO may protect the OM model
rats from significant weight loss.
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The results showed that chemotherapy of 5-FU treatment reduced the water intake
of the rats. However, the topical treatments in buccal mucosa using 0.1% Triamcinolone
acetonide, 50 mg/mL CO and 100 mg/mL CO increased water intakes after 5-FU adminis-
tration. We also found that rats giving only 100 mg/mL CO treatment (100-only) had less
food intake and similar water intake than the WT rats. Moreover, the body weight increases
were similar in rats of these two groups and no significant difference was obtained.

Our findings showed other side effects of 5-FU chemotherapy in rats. Some rats
with 5-FU administrations were observed with periorbital inflammation, intestinal organs
failure, and abnormal body appearance. A previous review about side effects of 5-FU
treatment, which was used for such malignancies as breast and gastrointestinal cancer
therapy, described that 5-FU may cause myelosuppression, nausea and stomatitis. Ocular
side effects were not infrequent and the most common of which was increased lacrima-
tion [22]. Patients receiving chemotherapy such as imatinib mesylate appeared to be caused
in part by periorbital oedema [23]. Moreover, gastrointestinal side effects, particularly with
high-dose administration of chemotherapy, may cause gingivitis, pharyngitis, stomatitis,
anorexia, hematemesis, melena, gastrointestinal ulceration and bleeding. In rare cases,
chemotherapy using methotrexate may induce colitis and toxic megacolon [24]. This study
reports the mortalities of 5-FU administration on the day 6 and day 10. In line with the
result, previous study reported mortality rate which was determined during the study
period of 12–15 days in animal mucositis control [13]. The in vitro investigation showed
that CO had antioxidant and antibacterial activities against several bacterial strains asso-
ciated with OM. The results of our animal study showed the effect of CO leaf extract in
alleviation of OM. The findings of an in vitro study and our in vivo animal study corrob-
orate several previous studies related to natural agents and confirm the mechanisms for
OM’s protection are antibacterial activity, antioxidant activity, modulation of inflammation
and wound-healing activity [11,25–30]. To the best of our knowledge, this is the first study
investigating the potential use of CO, a hardwood forest product in Taiwan, in alleviating
5-FU-induced OM.

5. Conclusions

Our investigations showed the therapeutic effect of CO leaf extract on OM model
rats induced by 5-FU in vivo. The finding demonstrated the significant differences on
OM development, food intakes, water intakes, body weight changes between OM control
rats (5-FU) and OM rats that treated with CO leaf extract, especially with 100 mg/mL.
Thickening of the stratum corneum confirmed the clinical outcome of OM healing in
which extensive erythema was not found in rats of CO-treated groups. The inhibition
of a major proinflammatory cytokine, IL-1β, explained the therapeutic effect of CO leaf
extract and reported the potential remedy of CO intervene the second stage of OM. The
increase of IL-6 may mediate the healing process of OM through proliferation of leukocytes,
keratinocytes and fibroblasts. This report is a pilot study, and further studies may provide
the identification of specific chemical constituent of CO leaf extract that plays a role in
alleviation of OM, especially in human patients.
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