
 

 

Phytochemical characterization of essential oils 
from plants of the genus Cinnamomum and 
their effect on diarrhea and disruption of the 
intestinal epithelium induced by 5-FU. 
 
 
 
ABSTRACT 
 
Aims:This article aims to evaluate the phytochemical characteristics and biological activity of 
Cinnamomum cassia Blume and Cinnamomum zeylanicum Blume essential oils, specifically 
their effects on weight loss, diarrhea, and epithelial damage in a murine model of 5-
fluorouracil-induced intestinal mucositis. 
 
Study design:The study consisted of a controlled experimental design using a murine 
model to evaluate the therapeutic potential of essential oils in intestinal mucositis induced by 
chemotherapy with 5-FU. 
 
Study location:This research was conducted at the Medicinal Plant Research Center 
(NPPM), Federal University of Piauí, State of Brazil. 
 
Methodology:The study included albino (swiss) musmuscullus mice weighing 30-40 g, 
divided into different groups (n = 7 per group) to analyze the effects of essential oils 
administered orally. Essential oils were extracted from the bark of Cinnamomum species and 
characterized using gas chromatography-mass spectrometry (GC-MS). Mucositis was 
induced using 5-fluorouracil (5-FU), and the effects of essential oils on animals were 
assessed by measuring animal body mass, diarrhea score, and assessing epithelial damage 
using lactate dehydrogenase release. 
 
Results:The analysis showed that both oils contained predominantly cinnamaldehyde, with 
significant variation in phytochemical diversity. Treatment with essential oils attenuated 
weight loss and severity of 5-FU-induced diarrhea. Specifically, the highest dose (50 
mg/kg/day) of both essential oils significantly reduced lactate dehydrogenase levels, 
indicating reduced epithelial damage. Statistical analysis was conducted using one-way 
ANOVA followed by Bonferroni's post-test, with results showing significant differences (p < 
0.05) in treatment effects compared to the control group. 
 
Conclusion:This study contributes to the theory that the observed beneficial effects of 
Cinnamomum cassia and Cinnamomum zeylanicum essential oils can be attributed to their 
distinct phytochemical compositions. While Cinnamomum zeylanicum oil exhibits greater 
phytochemical diversity, Cinnamomum cassia oil is characterized by a higher proportion of 
cinnamaldehyde, constituting approximately 80% of its composition. The more pronounced 
effects observed with Cinnamomum cassia oil may suggest a potential synergistic dynamic 
where high cinnamaldehyde content plays a critical role, highlighting the importance of 
specific concentrations of compounds to achieve therapeutic efficacy. 
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1. INTRODUCTION 
 

Despite the significant advances in cancer treatment, patients often experience 

debilitating effects that have a significant impact on their quality of life. Gastrointestinal 

mucositis (GIM), also known as erosive gastropathy, is a serious complication that is 

characterized by inflammation and ulceration of the digestive system. In the most severe 

instances, GIM necessitates the suspension of chemotherapy, which further diminishes the 

patient's prognosis (Sousa et al., 2024). 

Chemotherapy-induced intestinal mucositis is caused by the destruction of the intestinal 

epithelium. The initial insult triggers the apoptosis of epithelial cells and the release of pro-

inflammatory cytokines, this creates a progression that amplifies the damage to the mucosa, 

ultimately causing severe intestinal pain and diarrhea. This not only adversely affects 

patientsquality of life, but also frequently impedes the adherence to the prescribed anti-

cancer treatment protocols and their recommended intensity (Basile et al., 2019; Gobbo et 

al., 2024). 

 Currently, there is a lack of specific medications dedicated to preventing or curing 

mucositis, which opens a promising avenue for exploring natural products as potential 

therapeutic agents. 

 In this context, previous studies have demonstrated the antibacterial activity of  

plantsCinnamomum genus essential oil (Sousa et al., 2016). Further studies, such as Freire 

et al. (2014), have documented the activity of cinnamon against various microorganisms, this 

suggests that it may have a role in mitigating the chemotherapy-induced intestinal mucositis. 

Intestinal dysbiosis, which is characterized by a misbalanced microbiota composition, is 

associated with inflammation and can significantly increase the damage to the tissue 

(Hamouda et al., 2017; Gordon et al., 2024).  

As a result, anti-inflammatory and antibacterial agents have the potential to reduce 

the degree of this condition. As a result, the current study was designed to evaluate the 

phytochemical characteristics and biological activity of essential oils from Cinnamomum 

cassia Blume and Cinnamomum zeylanicum Blume. Specifically, the research aims to 

assess their effects on weight loss, diarrhea, and epithelial disruption in a murine model of 5-

fluorouracil-induced intestinal mucositis. 

 
2. MATERIAL AND METHODS  
 



 

 

2.1 Extraction and obtainment 
The essential oils extracted from the bark of Cinnamomum cassia Blume and 

Cinnamomum zeylanicum Blume were imported from China and Sri Lanka, respectively 

(Yanih PROD Farm LTDA Lot: BRAFEV21 and FerquimaQuímicos LTDA Lot: 219). Both oils 

had a purity level exceeding 99%. 

 

2.2 Characterization of essential oils by gas chromatography coupled with 
mass spectrometry. 

The chemical characterization of the essential oils from Cinnamomum cassia Blume 

and Cinnamomum zeylanicum Blume was conducted using a Shimadzu® gas 

chromatograph coupled with a mass spectrometer (GC-MS), model CGMSQP2010 SE, 

equipped with an AOC-5000 automatic injector (Shimadzu, Kyoto, Japan) and an SLB-5MS 

column (30 m × 0.25 mm × 0.25 µm). The analysis conditions were as follows: helium was 

used as the carrier gas at a flow rate of 1 mL/min, with an injector temperature set at 250 °C. 

The temperature program included an initial temperature of 60 °C (held for 3 minutes), 

followed by a ramp rate of 3 °C/min to a final temperature of 246 °C, maintained for 10 

minutes. The detector temperature was 250 °C, and the injection volume was 1 µL. The 

mass spectrometry conditions involved single electron impact with a quadrupole ion detector 

(70 eV, mass range of 45 to 450 Da). Quadruplicate analyses were performed, and 

identification and relative quantification of components were performed based on the areas 

of corresponding chromatographic peaks and compared with databases and literature 

records (NIST), with a similarity of at least 95%. 

 

2.3 Animals used in research and ethical aspects 
All experiments were conducted in compliance with the Guidelines for the Care and 

Use of Laboratory Animals established by the Brazilian College of Animal Experimentation 

(COBEA) and the National Institutes of Health, Bethesda, MD, USA. This study was 

reviewed and approved by the Ethical Committee for Animal Experimentation 

(CEUA/UFPI/528/18). Euthanasia procedures adhered to Resolution 1000/2012 of the 

Federal Council of Veterinary Medicine. Female albino mice (Switzerland strain) weighing 

between 30 and 40 g were randomly assigned to groups of seven animals for statistical 

analysis (n = 7). Mice were obtained from the Bioterium of the Medicinal Plant Research 

center (NPPM) at the Federal University of Piauí. They were housed at a temperature of 25 

± 1 °C with a 12-hour light-dark cycle, provided with feed and water ad libitum. Animals were 

fasted for 6 hours prior to euthanasia. Euthanasia was performed via an overdose of 



 

 

anesthetics (sodium thiopental 150 mg/kg and lidocaine 10 mg/kg, administered 

intraperitoneally). 

 

2.4 (5-FU)-induced intestinal mucositis experimental model 
Intestinal mucositis was induced by administering 5-fluorouracil (5-FU) at a dose of 

50 mg/kg daily for 6 consecutive days according to Hamouda et al. (2017). Animals were 

treated (for 6 days) with cinnamon essential oil (CC) and Ceylon cinnamon essential oil (CZ) 

in a Tween/saline vehicle (polysorbate 80 0.1% + sodium chloride 0.9%) and administered 

by oral gavage (vo). The doses were 25, 50, and 100 mg/kg/day. On day 7, animals were 

euthanized according to a previously established anesthetic overdose protocol. 

2.5 Diarrhea scoring 
On the seventh day of the protocol, body weight and diarrhea score of animals were 

measured according to the criteria outlined by Kurita et al. (2000).  

2.6 Determination of epithelial rupture by luminal release of Lactate 
Dehydrogenase 

To measure epithelial rupture, the small intestines were washed with 3 milliliters of 

water, and the excess fluid was collected and centrifuged. The supernatant was obtained by 

a dry chemistry method using the Vitros 950 analyzer (Ortho-Clinical Diagnostics, 

Rochester, NY, USA). 

 

2.7 Statistical Analysis 
Results were expressed as the mean ± standard deviation for variables that followed 

a normal distribution. Statistical analyses were performed using one-way analysis of 

variance (ANOVA) followed by Bonferroni's multiple comparison post-test to evaluate 

differences between groups. For non-parametric data, the Kruskal-Wallis test followed by 

Dunn's multiple comparison test was used. All analyses were conducted using GraphPad 

Prism 8.0 (Intuitive Software for Science, San Diego, CA), with a significance threshold set 

at p < 0.05 to indicate statistically significant diferences.  

 

3. RESULTS AND DISCUSSION 
 

The composition of the essential oils was characterized by identifying and 

quantifying the major secondary metabolites present. For Cinnamomum cassia, the analysis 

identified a total of six secondary metabolites, among which cinnamaldehyde and p-

methoxycinnamaldehyde were the most prominent. These two compounds together account 



 

 

for 93.7% of total composition of this essential oil. Cinnamaldehyde, in particular, is the most 

significant compound, constituting over 80% of the volatile components of the essential oil 

Cinnamomum cassia. 

The analysis revealed a total of 13 secondary metabolites in the essential oil derived 

from Cinnamomum zeylanicum. This essential oil exhibits a significant chemical diversity, it 

is primarily composed of Cinnamaldehyde (82.8%), followed by (E)-caryophyllene (3.4%), 

linalool (1.3%) and citronelol acetate (0.9%. Additionally, 10 other compounds were 

identified, each contributing less than 2% to the overall composition of the essential oil. The 

secondary metabolites present in the essential oil of Cinnamomum zeylanicum and their 

relative abundances are detailed in Table 1-2.  

The numerical data for each component of the essential oils demonstrates 

consistency across repetitions and highlights the predominance of cinnamaldehyde in both 

essential oils. Despite being primarily composed of cinnamaldehyde, the essential oil of 

Cinnamomum zeylanicum exhibits a more complex bioactive profile due to its diverse array 

of secondary metabolites compared to the essential oil of Cinnamomum cassia (Figure 1). 

 

Figure 1: Comparison of the total ion chromatograms of the essential oils from 

Cinnamomum cassia and Cinnamomum zeylanicum. The chromatograms are presented 

with a standard retention time cut ranging from 5 to 33 minutes. 



 

 

 
 

Table 1.Relative abundance and identification of chemical components in the 
essential oil of Cinnamomum cassia Blume 

Retention 
time 
(min) 

Compound Main fragments 
Relative 

Abundance 
(%) 

standard 
deviation 

18.371 2-methylbenzaldehyde 65, 77, 118, 136 0,65 18,04 

19.929 Cinnamaldehyde 51, 77, 103, 131 80,68 10,27 

27.143 Coumarine 63, 90, 118, 146 1,89 11,80 

27.523 Cinnamyl acetate 92, 115, 133, 176 3,46 11,41 

31.086 p-methoxycinnamaldehyde 91, 119, 131, 162 13,33 10,97 

Legend: The percentages of the identified metabolites in the essential oil represent the 
average values obtained from four independent analyses. 
Table 2. Relative abundance and identification of chemical components in the 
essential oil of Cinnamomum zeylanicum Blume 

Retention 
time (min) 

Compound Main fragments 
Relative 

Abundance 
(%) 

standard 
deviation 

12.170 Linalool 71, 93, 121, 136 2,29 1,95 



 

 

12.763 2-Phenylethanol 51, 65, 91, 122 0,65 3,26 

16.427 α-Terpineol 59, 93, 121, 136 1,57 2,27 

19.044 Phenethyl acetate 51, 65, 91, 104 0,73 3,52 

19.965 Cinnamaldehyde 51, 77, 103, 131 83,11 1,16 

20.552 E-Anethole 77, 105, 117, 148 1,74 2,55 

23.248 α-Terpinyl acetate 59, 93, 121, 136 0,87 2,79 

23.330 Citronellyl acetate 69, 81, 95, 123 2,01 1,92 

23.494 Eugenol 77, 103, 131, 164 1,43 1,93 

26.534 E-Caryophyllene 69, 93, 133, 161 3,34 0,96 

27.551 Cinnamyl acetate 92, 115, 133, 176 1,40 0,89 

40.479 Benzyl benzoate 77, 91, 105, 212 0,85 3,14 

Legend: The percentages of the identified metabolites in the essential oil represent the 
average values obtained from four independent analyses. 
 

In this study, animals treated with 50 mg/kg/day of 5-fluorouracil (5-FU) for 7 days, 

including those in the control group and those co-treated with essential oils of Cinnamomum 

cassia Blume (CC) and Cinnamomum zeylanicum Blume (CZ) at doses of 25, 50, and 100 

mg/kg, exhibited a significant negative variation in body weight (-20.57 ± 4.4%). This 

indicates a loss of body mass associated with the 5-FU treatment. 

However, the co-administration of CC and CZ essential oils resulted in a reduction in 

weight loss: CC at 25 mg/kg and 50 mg/kg doses mitigated weight loss by 17.9 ± 1.6% and 

19.3 ± 5.4%, respectively (p < .05). Similarly, CZ attenuated weight loss by 21.5 ± 9% at the 

50 mg/kg dose (p < .05). 

The study demonstrated that mice treated with 5-fluorouracil (5-FU) exhibited a 

significant increase in the median diarrheal scores compared to mice in the saline control 

group (p < .05). However, essential oils of Cinnamomum cassia Blume (CC) and 

Cinnamomum zeylanicum Blume (CZ), administered at a dose of 50 mg/kg/day, were 

effective in mitigating the severity of diarrhea. This effect was observed through a reduction 

in the semi-quantitative diarrheal scores in animals with 5-FU-induced intestinal mucositis 

(Figure 2). 

Figure 2 Effect of the essential oils of Cinnamomum cassia Blume and Cinnamomum 

zeylanicum Blume on diarrhea in animals with 5-FU-induced intestinal mucositis.  



 

 

 
Legend: The figure illustrates the outcome of the analysis of the diarrhea scores of the mice 
in the different groups treated with the essential oils of Cinnamomum cassia and 
Cinnamomum zeylanicum, respectively. Data was expressed as the mean ± standard 
deviation. Percentage of weight variation. ANOVA was performed followed by Bonferroni's 
Multiple Comparisons Test. * p <0.05, when compared to the vehicle + 5FU group. 
 

In addition to assessing the structural effect of 5-fluorouracil (5-FU) on intestinal 

tissues, we also evaluated the chemical effects of essential oil administration on 5-FU-

induced intestinal inflammation. The analysis of epithelial damage was conducted by 

measuring the lactate dehydrogenase (LDH) enzyme levels in the intestinal lumen. 

Treatment with 5-FU resulted in a significant increase in LDH content to 1973 ± 95 U/L 

compared to the control group, which had an LDH level of 493 ± 103 U/L. Conversely, 

administration of the essential oils reduced LDH release into the lumen, with levels 

maintained at 935.4 ± 31 U/L and 1052 ± 117 U/L at the highest dose (50 mg/kg/day) of 

Cinnamomum cassia (CC) and Cinnamomum zeylanicum (OCZ), respectively (Figure 3). 

 

 

 

 

 

 

 

 

Figure 3- The effect of the essential oils of C. cassia Blume and C. zeylanicum Blume on the 

levels of lactate dehydrogenase in the intestinal lumen of animals with 5-FU-induced 

intestinal mucositis. 



 

 

 
Legend: Sections A and B demonstrate the result of the release of the lactate 

dehydrogenase enzyme into the intestinal lumen of groups treated with the essential oils 

from Cinnamomum cassia [A] and Cinnamomum zeylanicum [B]. The data was expressed 

as the mean ± standard deviation. Lactate dehydrogenase levels in intestinal lavage were 

analyzed. Statistical analysis was conducted using ANOVA followed by the Bonferroni 

Multiple Comparisons Test * p <0.05 when compared to the 5-FU + vehicle group. 

 

The chemical evaluation of essential oils by gas chromatography linked to mass 

spectrometry helped in the characterization of these oils. The analysis unveiled a diversified 

profile of secondary metabolites in the essential oils, partly agreeing with the work of Firmino 

et al. (2018) for Cinnamomum cassia Blume and that of Singh et al. (2007) for Cinnamomum 

zeylanicum Blume. One of the major similarities that drew our attention to these two oils is 

the fact that cinnamaldehyde is the major compound in both species. Cinnamaldehyde 

comprises more than 70% of the volatile oil composition of both species, which is concurrent 

with the literature (Lee, Roberta; Balick, 2005). This compound was defined as a pleiotropic 



 

 

bioactive agent, showing many beneficial effects related to the biological activity of 

cinnamon.Its known reactivity and a degree of chemical richness are at the base of its 

numerous beneficial features, comprising marked antimicrobial and anti-inflammatory 

activities (Autelitano et al., 2017, Silva et al., 2017; Wang, Kang, Kwon, 2021; Singh, Yadav 

et al., 2024;  Zhao et al., 2024; Yan et al., 2024). 

Chemotherapy-induced mucositis is characterized by an inflammatory process that 

plays a crucial role in the perpetuation of tissue damage (Hamouda et al., 2017; Kircadere et 

al., 2024). The search for therapies that modulate this inflammatory response is therefore 

essential. Essential oils, due to their complex composition of secondary metabolites, have 

the potential to modulate different biological pathways relevant to mucositis. 

Essential oils, due to their complex composition of secondary metabolites, have the 

potential to modulate different biological pathways relevant to mucositis. Additional studies 

are needed to elucidate the specific mechanisms of action of these compounds (Figures 4 

and 5) and determine whether they have anti-inflammatory effects that may be beneficial in 

the context of chemotherapy-induced mucositis. 

 The present investigation showed that essential oils had a significant effect on 

reducing the body mass loss of animals that were treated with 5-FU. This weight loss is 

considered the hallmark of the consumptive process in 5-FU-induced intestinal mucositis. It 

results from a combination of reduced food intake, impaired nutrient absorption due to 

inflammation in the intestinal wall, and fluid loss into the intestinal lumen, leading to altered 

fecal output. (Eduardo et al., 2018; Keefe, 2007).  

The toxic effects of chemotherapies on the intestine, particularly with compounds 

like 5-FU that are antimetabolites, are caused by the destruction of the protective barrier of 

mucus that lines the intestine. This condition is traditionally referred to as mucositis, but it is 

now recognized as a complex process that involves both epithelial damage and the 

activation of the mucosal immune system, as well as the release of pro-inflammatory 

cytokines (Lee, Chun Seng; Ryan; Doherty, 2014; Logan et al., 2008). The small intestine's 

high rate of cellular regeneration causes it to be particularly susceptible to agents that inhibit 

the proliferation of cells, such as 5-FU, these agents negatively affect the maintenance of 

intestinal homeostasis and are therefore considered an antimetabolic agent. The 

inflammation associated with mucositis is caused by damage to both the epithelial and 

subepithelial components, these components include the Lieberkühn crypts and microvilli 

(Leocádio et al., 2015; Tsujii et al., 2023). 

 

To assess the degree of epithelial damage, we used the lactate dehydrogenase 

(LDH) assay on the fluid excreted by the intestine, as described by Zanotto-Filho et 



 

 

al.(2011). LDH, a cytosolic enzyme that is released during the lysis of cells, serves as a 

means of injury detection. While LDH data are potentially complex and sensitive, our results 

indicate that the treatment of 5-FU with essential oils may mitigate some of the epithelial 

harm caused by the chemical. 

The observed beneficial effects of the essential oils from Cinnamomum cassia and 

Cinnamomum zeylanicum may be attributed to their distinct phytochemical compositions. 

While Cinnamomum zeylanicum oil exhibits a greater phytochemical diversity, Cinnamomum 

cassia oil is characterized by a higher proportion of cinnamaldehyde, constituting around 

80% of its composition. This key compound, cinnamaldehyde, has been well-documented for 

its anti-inflammatory properties, which may stem from its ability to suppress pro-inflammatory 

gene expression and block macrophage activation (Kim et al., 2018; Ghardashpour et al., 

2023). The more pronounced effects observed with Cinnamomum cassia oil could suggest a 

potential synergistic dynamic where the high cinnamaldehyde content plays a critical role, 

underscoring the importance of specific compound concentrations in achieving therapeutic 

efficacy. 

 
4. CONCLUSION 
 

These data indicate that the essential oils of Cinnamomum cassia and 

Cinnamomum zeylanicum have distinct chemical diversity and their biological activity in the 

5-FU-induced musocyte model can be attributed to their distinct phytochemical 

compositions. While Cinnamomum zeylanicum oil exhibits a greater phytochemical diversity, 

Cinnamomum cassia oil is characterized by a higher proportion of cinnamaldehyde, 

constituting about 80% of its composition. The more pronounced effects observed with 

Cinnamomum cassia oil may suggest a potential synergistic dynamic where the high 

cinnamaldehyde content plays a critical role, highlighting the importance of specific 

concentrations of compounds to achieve therapeutic efficacy. 

 
 
 
ETHICAL APPROVAL  
 
All experiments were performed in accordance with the Guidelines for the Care and Use of 
Laboratory Animals, established by the Brazilian College of Animal Experimentation 
(COBEA) and in accordance with the guidelines of the National Institutes of Health, 
Bethesda, MD, USA. T This work was submitted to and approved by the Ethics Committee 
for Animal Experimentation of the federal University of Piaui (CEUA/UFPI/528/2018). 
Regarding euthanasia, all samples were collected and examined in accordance with the 
guidelines of the CONCEA (NR37) and Brazilian Federal Council of Veterinary Medicine 
(Resolution 1000/2012). 



 

 

 
REFERENCES 
 
Sousa, I. J. O., Barbosa, B. S., Nogueira, K. M., Ferreira, P. M. P., & Oliveira, R. C. 
M. (2024). Inovações interdisciplinares em adjuvantes terapêuticos para a 
quimioterapia oncológica: fluxo de desenvolvimento de um nanocomplexo funcional 
de origem natural. Caderno Pedagógico, 21(10), e8665. 
https://doi.org/10.54033/cadpedv21n10-054 

Basile, D., Di Nardo, P., Corvaja, C., Garattini, S. K., Pelizzari, G., Lisanti, C., 
Bortot, L., Da Ros, L., Bartoletti, M., Borghi, M., Gerratana, L., Lombardi, D., & 
Puglisi, F. (2019). Mucosal Injury during Anti-Cancer Treatment: From Pathobiology 
to Bedside. Cancers (Basel), 11(6), 857. https://doi.org/10.3390/cancers11060857. 
PMID: 31226812; PMCID: PMC6627284. 

Gobbo, M., Joy, J., Guedes, H., Shazib, M. A., Anderson, C., Abdalla-Aslan, R., et 
al. (2024). Emerging pharmacotherapy trends in preventing and managing oral 
mucositis induced by chemoradiotherapy and targeted agents. Expert 
OpinPharmacother, 25(6), 727-742. 
https://doi.org/10.1080/14656566.2024.2354451. Epub 2024 May 29. PMID: 
38808634. 

Gordon, H., Burisch, J., Ellul, P., Karmiris, K., Katsanos, K., Allocca, M., et al. 
(2024). ECCO Guidelines on Extraintestinal Manifestations in Inflammatory Bowel 
Disease. J Crohns Colitis, 18(1), 1-37. https://doi.org/10.1093/ecco-jcc/jjad108. 
PMID: 37351850. 

Yan, S., Bao, S., Chen, T., Chen, J., Zhang, J., Hu, X., et al. (2024). 
Cinnamaldehyde alleviates aspirin-induced gastric mucosal injury by regulating 
pi3k/akt pathway-mediated apoptosis, autophagy and ferroptosis. Phytomedicine, 
132, 155791. https://doi.org/10.1016/j.phymed.2024.155791. Epub ahead of print. 
PMID: 38901284. 

Singh, Neetu & Yadav, Surender. (2024). Antimicrobial and anticancer insights of 
cinnamaldehyde Schiff bases and metal complexes. Inorganic Chemistry 
Communications, 167, 112724. https://doi.org/10.1016/j.inoche.2024.112724. 

Wang, S., Kang, O. H., & Kwon, D. Y. (2021). Trans-Cinnamaldehyde Exhibits 
Synergy with Conventional Antibiotic against Methicillin-Resistant Staphylococcus 
aureus. Int J Mol Sci, 22(5), 2752. https://doi.org/10.3390/ijms22052752. PMID: 
33803167; PMCID: PMC7963149. 

Zhao, X., Miao, R., Xu, T., Du, X., Zhang, X., Zhao, W., Xie, H., Zhang, L., He, J., 
Ma, Z., & Liu, H. (2024). Changing Cinnamaldehyde Skeleton Achieves Antibacterial 
Nanoswitch. ACS Appl Mater Interfaces, 16(14), 17838-17845. 
https://doi.org/10.1021/acsami.3c18277. Epub 2024 Apr 1. PMID: 38556984. 

Ghardashpour, M., Saeedi, M., Negarandeh, R., Enderami, S. E., Ghorbani, A., 
Lotfizadeh, A., Jafari, A., Arezoumandi, A., Hassannia, H., &Molania, T. (2023). 



 

 

Anti-inflammatory and tissue repair effect of cinnamaldehyde and nano 
cinnamaldehyde on gingival fibroblasts and macrophages. BMC Oral Health, 23(1), 
1014. https://doi.org/10.1186/s12903-023-03682-9. PMID: 38110929; PMCID: 
PMC10729471. 

Autelitano, A., Minassi, A., Pagani, A., Taglialatela-Scafati, O., & Appendino, G. 
(2017). The reaction of cinnamaldehyde and cinnam(o)yl derivatives with thiols. 
Acta Pharm Sin B, 7(4), 523-526. https://doi.org/10.1016/j.apsb.2017.06.005. Epub 
2017 Jul 8. PMID: 28752040; PMCID: PMC5518654. 

Eduardo, F. P., Bezinelli, L. M., Gobbi, M. F., Pereira, A. Z., Vogel, C., 
Hamerschlak, N., & Corrêa, L. (2018). Impact of Oral and Gastrointestinal Mucositis 
on Body Weight Alterations during Hematopoietic Stem Cell Transplantation. Nutr 
Cancer, 70(2), 241-248. https://doi.org/10.1080/01635581.2018.1412476. Epub 
2017 Dec 26. PMID: 29278934. 

Hamouda, N., Sano, T., Oikawa, Y., Ozaki, T., Shimakawa, M., Matsumoto, K., 
Amagase, K., Higuchi, K., & Kato, S. (2017). Apoptosis, Dysbiosis and Expression 
of Inflammatory Cytokines are Sequential Events in the Development of 5-
Fluorouracil-Induced Intestinal Mucositis in Mice. Basic Clin PharmacolToxicol, 
121(3), 159-168. https://doi.org/10.1111/bcpt.12793. Epub 2017 May 10. PMID: 
28374966. 

Keefe, D. M. (2007). Intestinal mucositis: mechanisms and management. Curr Opin 
Oncol, 19(4), 323-7. https://doi.org/10.1097/CCO.0b013e3281214412. PMID: 
17545794. 

Kim, M. E., Na, J. Y., & Lee, J. S. (2018). Anti-inflammatory effects of trans-
cinnamaldehyde on lipopolysaccharide-stimulated macrophage activation via 
MAPKs pathway regulation. ImmunopharmacolImmunotoxicol, 40(3), 219-224. 
https://doi.org/10.1080/08923973.2018.1424902. Epub 2018 Jan 22. PMID: 
29355056. 

Lee, C. S., Ryan, E. J., & Doherty, G. A. (2014). Gastro-intestinal toxicity of 
chemotherapeutics in colorectal cancer: the role of inflammation. World J 
Gastroenterol, 20(14), 3751-61. https://doi.org/10.3748/wjg.v20.i14.3751. PMID: 
24744571; PMCID: PMC3983434. 

Lee, S. H., Lee, S. Y., Son, D. J., Lee, H., Yoo, H. S., Song, S., Oh, K. W., Han, D. 
C., & Kwon, B. M., & Hong, J. T. (2005). Inhibitory effect of 2'-
hydroxycinnamaldehyde on nitric oxide production through inhibition of NF-kappa B 
activation in RAW 264.7 cells. BiochemPharmacol, 69(5), 791-9. 
https://doi.org/10.1016/j.bcp.2004.11.013. Epub 2005 Jan 16. PMID: 15710356. 

Leocádio, P. C., Antunes, M. M., Teixeira, L. G., Leonel, A. J., Alvarez-Leite, J. I., 
Machado, D. C., Generoso, S. V., Cardoso, V. N., & Correia, M. I. (2015). L-arginine 
pretreatment reduces intestinal mucositis as induced by 5-FU in mice. Nutr Cancer, 
67(3), 486-93. https://doi.org/10.1080/01635581.2015.1004730. Epub 2015 Mar 24. 
PMID: 25803482. 



 

 

Logan, R. M., Gibson, R. J., Bowen, J. M., Stringer, A. M., Sonis, S. T., & Keefe, D. 
M. (2008). Characterisation of mucosal changes in the alimentary tract following 
administration of irinotecan: implications for the pathobiology of mucositis. Cancer 
ChemotherPharmacol, 62(1), 33-41. https://doi.org/10.1007/s00280-007-0570-0. 
Epub 2007 Aug 17. PMID: 17703303. 

Silva, C. S., Figueiredo, S., De Oliveira, P. V., de Silva, W. F., Saminez, R. M. D., 
Rodrigues, J. F. S., & Grisotto, M. A. G. (2018). Óleo essencial da Canela 
(Cinamaldeído) e suas aplicações biológicas. Revista De Investigação Biomédica, 
9(2), 192-197. https://doi.org/10.24863/rib.v9i2.143. 

Singh, G., Maurya, S., DeLampasona, M. P., & Catalan, C. A. (2007). A comparison 
of chemical, antioxidant and antimicrobial studies of cinnamon leaf and bark volatile 
oils, oleoresins and their constituents. Food Chem Toxicol, 45(9), 1650-61. 
https://doi.org/10.1016/j.fct.2007.02.031. Epub 2007 Feb 28. PMID: 17408833. 

Zanotto-Filho, A., Braganhol, E., Schröder, R., de Souza, L. H., Dalmolin, R. J., 
Pasquali, M. A., Gelain, D. P., Battastini, A. M., & Moreira, J. C. (2011). NFκB 
inhibitors induce cell death in glioblastomas. BiochemPharmacol, 81(3), 412-24. 
https://doi.org/10.1016/j.bcp.2010.10.014. Epub 2010 Oct 30. PMID: 21040711. 

Kurita, A., Kado, S., Kaneda, N., Onoue, M., Hashimoto, S., &Yokokura, T. (2000). 
Modified irinotecanhydrochloloride (CPT-11) administration schedule improves 
induction of delayed-onset diarrhea in rats. Cancer Chemother Pharmacol, 46, 211–
220. 

Sousa, I. J. O., Leopoldino, G. L., Agostinho, L. S., Silva, M. C. P., Ferreira, P. M. 
P., & Barreto, H. M. (2016). Desenvolvimento de sabonete líquido antibacteriano: 
produto direcionado ao uso hospitalar. Em Congresso Nacional Acadêmico 
Profissional De Farmácia No Piauí, Teresina. Revista Integrada De Ciências 
Farmacêuticas e Saúde, 4. Teresina: UIFARPI. 

 


