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ESSENTIAL OILS AND NEOPLASMS: EXPERIMENTAL EVIDENCE AND PERSPECTIVES IN
CHEMOPROPHYLAXY AND INTEGRATIVE CHEMOTHERAPY

OLEOS ESSENCIAIS E NEOPLASIAS: EVIDENCIAS EXPERIMENTAIS E PERSPECTIVAS NA
QUIMIOPROFILAXIA E QUIMIOTERAPIA INTEGRATIVA

Nathanaela Honorio Paulino Batista dos Santos

Abstract. Neoplasms constitute a major public health challenge, with an increasing impact on morbidity and mortality, including in Brazilian regions
such as the Northeast. In this context, complementary therapeutic strategies have been investigated to enhance the effectiveness of conventional treatments
while reducing their adverse effects. Essential oils, natural compounds rich in bioactive volatile metabolites, have attracted growing scientific interest due
to their anticarcinogenic and anticancer properties. This study aimed to analyze the scientific evidence regarding the role of essential oils and their major
chemical constituents in cancer chemoprevention and integrative chemotherapy. This narrative integrative review was based on in vitro experimental studies
and in vivo animal models investigating the molecular and cellular mechanisms underlying the antineoplastic activity of essential oils and their bioactive
metabolites. The findings indicate that monoterpenes and sesquiterpenes, including citral, a-bisabolol, d-limonene, geraniol, 3-elemene, diallyl trisulfide,
and perillyl alcohol, are capable of inducing apoptosis, inhibiting cell proliferation, modulating tumor signaling pathways, interfering with angiogenesis,
and enhancing the effects of conventional chemotherapeutic agents. Furthermore, selective cytotoxicity against tumor cells with reduced toxicity to normal
cells has been observed in experimental models, representing a relevant advantage over traditional cytotoxic therapies. Despite these promising findings, the
available evidence remains predominantly preclinical, highlighting the need for well-designed clinical trials to evaluate the safety, efficacy, dosage, route
of administration, and clinical applicability of these compounds. It is concluded that essential oils have potential as complementary agents in integrative
oncology and should be used cautiously and supported by robust scientific evidence.
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Resumo. As neoplasias constituem um importante problema de satde publica, com impacto crescente na morbimortalidade, inclusive em regides brasileiras
como o Nordeste. Nesse contexto, estratégias terapéuticas complementares tém sido investigadas com o objetivo de ampliar a eficacia dos tratamentos
convencionais e reduzir seus efeitos adversos. Os 6leos essenciais, constituidos por metabdlitos volateis bioativos, vém despertando interesse cientifico
devido ao seu potencial anticarcinogénico e anticancerigeno. O presente estudo teve como objetivo analisar as evidéncias cientificas acerca da atuagdo dos
oleos essenciais e de seus principais constituintes quimicos na quimioprevengao e como estratégias complementares no tratamento das neoplasias. Trata-
se de uma revisdo integrativa da literatura, fundamentada em estudos experimentais in vitro e modelos animais in vivo que investigaram 0s mecanismos
moleculares e celulares envolvidos na a¢do antineoplasica de 6leos essenciais e de seus metabolitos bioativos. Os resultados indicam que monoterpenos e
sesquiterpenos, como citral, a-bisabolol, d-limoneno, geraniol, B-elemene, trissulfeto de dialilo e perilol, apresentam capacidade de induzir apoptose, inibir
a proliferacdo celular, modular vias de sinalizagdo tumoral, interferir na angiogénese e potencializar a a¢do de quimioterapicos convencionais. Observa-se,
ainda, seletividade citotoxica em modelos experimentais, com menor citotoxicidade em células ndo tumorais, aspecto que representa um potencial diferencial
em relagdo as terapias citotoxicas tradicionais. Apesar dos achados promissores, as evidéncias disponiveis concentram-se predominantemente em estudos
pré-clinicos, indicando a necessidade de ensaios clinicos controlados que avaliem a seguranca, a eficacia, a dose, a via de administracdo e a aplicabilidade
desses compostos na pratica assistencial. Conclui-se que os 6leos essenciais apresentam potencial como agentes complementares na oncologia integrativa,
devendo seu uso ser considerado de forma criteriosa e respaldada por evidéncias cientificas.
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INTRODUCTION

Neoplasms are considered one of the main causes of morbimortality in the world, posing an increasing
challenge to the health systems'. In Brasil, a tendency for the progressive growth of mortality by cancer has been
observed, even in states from the northeast, like Paraiba, in which recent analyses point to the consistent increase
in mortality rates from neoplasms in both sexes, accompanied by a more rapid increase in females?. This scenery
reinforces the neeed for theraupeutic strategies that not only amplify the efficacy of conventional treatments, but
also contribute to the reduction of adverse effects and the enhancement in the quality of life for cancer patients.
Chemotherapy remains one of the main therapeautic modalities in cancer treatment, grounding its approach
majorly in cytotoxic agents capable of interfering in the cellular cycle and inducing the death of tumor cells®.
However, the low selectivity of these drugs frequently results in damage to healthy tissues, causing significant
side effects, like immunosuppression, intense fatigue, hematologic changes, mucosal lesions and impairment of
physical and emotional wellbeing*.

Given those limitations, there has been a growing interest in integrative approaches which can act in a

complementary manner, enhancing the antineoplastic activity and minimizing deleterious impacts of conventional
treatments®. In this context, essential oils stand out as complex natural substances, composed predominantly of
monoterpenes and sesquiterpenes, with recognized biological activity®.
Experimental evidence exhibit that these compounds have distinct mechanisms of action compared to conventional
chemotherapeutic agents, including modulation of cellular signaling pathways, selective induction of apoptosis,
interference with tumor angiogenesis and enhancement of the response to chemotherapeutic agents’. Furthermore,
some components of essential oils exhibit less toxicity toward normal cells, suggesting a promissing therapeutic
profile in integrative oncology®.

In line with this context, the present study aims to analyse the scientific evidence available regarding
the performance of essential oils and their main chemical constituents in chemoprophylaxis and integrative
chemotherapy of neoplasms®.

MATERIALS AND METHODS

This is an integrative narrative review of a descriptive-analytical nature, conducted with the objective of
gathering, critically analyzing, and synthesizing the scientific evidence available regarding the anticarcinogenic
and anticancer potential of essential oils and its main chemical contituents, with an emphasis on its application in
chemoprophylaxis and integrative chemotherapy for neoplasms*®.

The review was based on the analysis of experimental, translational, and clinical scientific studies,
including in vitro trials done with human tumor cell lines, in vivo animal models with experimentally induced
carcinogenesis, as well as data from observational clinical studies and preliminary trials''. Consideration was
given to studies that investigated molecular, cellular and biochemical mechanisms involved in antineoplastic
activity of essential oils and their volatile constituents, especially monoterpenes and sesquiterpenes'2.

The bibliographic research included national and international publications from scientific journals with
recognized relevance in the field of Health Sciences, prioritizing articles indexed in widely used databases, like
PubMed/MEDLINE, Scopus, Web of Science and ScienceDirect'. To identify the studies, descriptors selected
from the Descritores em Ciéncias da Saude (DeCS) and their English equivalents (Medical Subject Headings
— MeSH) were used, combined via Boolean operators, including the terms essential oils, neoplasms, anticancer
activity, integrative oncology, chemoprevention and apoptosis'“.

Although no strict timeframe was established, preference was given to studies published within the
last five years, without limiting the inclusion of classic works considered fundamental to the understanding of
the described mechanisms of action'. Studies presenting experimental data or consistent mechanistic analyses
regarding the antineoplastic activity of essential oils were included, as well as relevant reviews that contributed
to the consolidation of the state of the art on the theme. Publications containing insufficient information, lacking
methodological clarity, or bearing no direct relation to the proposed objectives were excluded.
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The analysis of the selected studies was conducted critically and comparatively, enabling the identification
of recurring mechanisms of anticarcinogenic and anticancer activity, potential complementary therapeutic effects
and existing gaps in scientific literature'®. The results were organized in a thematic manner and discussed in light
of available evidence, respecting the limitations inherent to the methodological design adopted.

In addition, secondary data regarding death from neoplasms was used for epidemiological context of the
research problem. The informations were obtained from the Mortality Information System (SIM), made available
by the Department of Informatics of the Unified Health System (DATASUS), through the platform TABNET,
considering deaths by residency classified under Chapter II of the International Classification of Deseases — ICD-
10 (Neoplasms)'”. The data cover the period from 2019 to 2024, stratified by sex for the state of Paraiba, using final
data up to 2023 and preliminary data for the year 2024. For the calculation of death rates, population projections
from the Brazilian Institute of Geography and Statistics (IBGE)'® were used. The analysis of the data was conducted
descriptively, with a graphical presentation of temporal trends and without the application of inferential statistical
tests, with the aim to support the contextualization of the impact of neoplasms in the regional setting.

RESULTS AND DISCUSSION

The analysed studies demonstrate that essential oils and their main chemical constituents present a
diversified set of anticarcinogenic and anticancer mechanisms, acting at different stages of carcinogenesis and
tumor progression'®. These effects involve, mainly, the modulation of oxidative stress, selective induction of
apoptosis, inhibition of cell proliferation, interferance in tumoral signaling pathways and angiogenesis modulation,
acting as potential agents in the context of integrative oncology?.

Experimental evidence of antineoplastic potencial of essential oils

The Table 1 synthesizes the main compounds of essention oils described in scientific literature with
antineoplastic activity, highlighting their chemical classification, pharmacological effects, experimental models
used and corresponding references?.. It is observed that monoterpenes and sesquiterpenes constitute the prominent
class amidst the investigated constituents, which reinforces the relevance of these secondary metabolites in the
development of complementary therapeutic strategies.

TABLE 1 — Constituents of essential oils with antineoplastic potential, pharmalogical effects and experimental
models used.

Constituent / Chemical classification  Antineoplastic effect Experimental Reference

Essential oil model

Citral Monoterpene Glutatione-S-transferase Rats (in vivo) ~ Nakamura
(GSTP1) induction, anticar- et al.

cinogenic activity

a-Bisabolol Sesquiterpenoid Selective induction of apop-  Tumor cell Cavalieri et
Alcohol tosis in glioma cells cultures and al.
animal models
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Constituent /
Essential oil

B-Elemene

Geraniol

d-Limonene

Diallyl Trisulfide
(DATS)

Perillyl alcohol

Chemical classification
Sesquiterpene hydrocar-

bon

Monoterpenoid alcohol

Monoterpene

Organosulfur

Hydroxylated monoter-

Antineoplastic effect

Increase in glioma survival

Inhibition of thymidine synthase
and thymidine kinase; enhance-
ment of 5-fluorouracil
Anti-angiogenic and pro-apopto-
tic activity, inhibition of farnesyl-
transferase

Cell cycle arrest in the G2/M
phase and apoptosis induction
Inhibition of angiogenesis and

123

Experimental model

Clinical data from
patients

Colon cancer cells and
mice with xenograft

In vitro and in vivo
models

Human hepatic tumor
cells

Diverse tumor models

Reference

Tan et al.

Carnesecchia et
al.; Mans et al.

Guang et al.;
Kaji et al.;
Srinivas

Wu et al.;
Thomson & Ali

Loutrari et al.

pene apoptosis induction
Human and murine

cell lines

Melissa officinalis Complete essential oil Cytotoxicity in multiple tumor

lines

Source: Adapted from Edris AE. Pharmaceutical and therapeutic potentials of essential oils and their individual
volatile constituents: a review. Phytother Res. 2007;21(4):308-323.

Citral demonstrated the capacity to induce the expression of phase Il enzymes, like glutatione-S-transferase,
favoring cellular detoxication processess and reducing formation of mutagenic agents?. The a-bisabolol stood out
due to the selective induction of apoptosis in glioma cells, with less impact on normal cells, a feature considered
advantageous compared to traditional cytotoxic chemotherapy drugs?.

B-elemene presented translational relevance demonstrated by increased survival in patients with gliomas,
while being one of the few constituents of essential oils with associated clinical evidence?. Geraniol demonstrated
acting like a tumor sensitizer, inhibiting enzymes related to chemotherapy resistence, enhancing fluoruracil
activity®. In a similar manner, d-limonene demonstrated anti-angiogenic and pro-apoptotic properties, in addition
to interfering in protein activation involved in tumor progression?.

Organosulfur compounds like diallyl trisulfide presented capacity of blocking the cell cycle in the G2/M
phase and inducing apoptosis in human hepatic tumor cells ?’. Perillyl alcohol and Melissa officinalis essential
oil demonstrated cytotoxicity in multiple tumor cell lines, suggesting a spectrum of activity that is broad and
unrestricted to only one type of neoplasm?®.

Molecular mechanisms involved in antineoplastic activity
The anticarcinogenic mechanisms attributed to essential oils are synthesized in Figure 1, which represents
its activity in tumor chemoprophylaxis, including the inhibition of carcinogen-activating enzymes, reduction in

the formation of mutagenic metabolites, modulation of oxidative stress and induction of detoxification enzyme
systems?.
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FIGURE 1 — Anticarcinogenic mechanisms of essential oils in tumor chemoprophylaxy.
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Meanwhile, Figure 2 illustrates the main molecular mechanisms associated with anticancer activity of
essential oils in established neoplasm cells, emphasizing alteration in mitochondrial permeability, increase in the
production of reactive oxygen species, release of cytochrome-c and the activation of caspases, culminating in
cellular apoptosis®. These mechanisms differ, partially, from those observed in conventional chemotherapy, which
may explain the lower relative toxicity observed in experimental models®'.

FIGURE 2 — Main molecular mechanisms involved in the anticancer activity of essential oils.
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Epidemiological context of neoplasms
The analysis of secondary mortality data from neoplasms in the state of Paraiba, during the period of 2019
to 2024, highlights the magnitude of cancer as a public health issue in the regional scene®. Figure 3 shows that

mortality from neoplasms in males has had a growth tendency during the analized period, even with interannual
variations, possibly related to differences in the incidence profile, late diagnosis and access to health services*.

FIGURE 3 — Mortality rate from neoplasms in males. Paraiba, 2019-2024.
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Source: Mortality Information System (SIM/DATASUS); Brazilian Institute of Geography and Statistics (IBGE).

Figura 4 demonstrates that mortality from neoplasms in females has had a more consistent and progres-
sive growth, suggesting more stability in the temporal trend®*. This pattern may be associated with the incidence
of hormone-dependent cancers, population aging and environmental and behavioral factors, emphasizing the need
for continuous strategies of prevention and treatment.

FIGURE 4 — Mortality rate from neoplasms in females. Paraiba, 2019-2024.
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Clinical relevance and implications for integrative oncology

The epidemiological findings reinforce the need for therapeutic approaches that go beyong the cytotoxic
model exclusively, incorporating complementary strategies capable of acting in prevention as well as in neoplasm
treatment™®. In this context, the experimental results presented in this review indicate that essential oils can play a
relevant role as supporting agents in integrative oncology, contributing to the potentiation of chemotherapy and the
reduction of adverse effects®.

The analysis of secondary data about death from neoplasms in the state of Paraiba, during the period of
2019 to 2024, shows the magnitude and epidemiological relevance of cancer as a public health issue in the region®”.
The mortality rates were analysed in a descriptive manner, stratified by sex, making it possible to identify distinct
temporal trends between men and women®.

As shown in Figure 3, it is evident that mortality from neoplasms in males has had a tendency of growth
during the analysed period, although with more variability among the years®. This oscilation may reflect differen-
ces is the distribution of types of cancer, in the access of health services, in late diagnosis and in response to treat-
ment, aspects frequently associated to a male epidemiological profile. Nevertheless, the ascending rate behaviour
reinforces the persistence of neoplasm as a relevant cause of mortality in this population.

On the other hand, Figure 4 demonstrates that mortality from neoplasms in females has had more con-
sistent and progressive growth along the analyzed years*. The observed tendency suggests more stability in the
growth rate, which can be related to incidence of hormone-dependent cancers, to population aging and factors
associated with lifestyle and environmental conditions.

These epidemiological findings reinforce the urgency of therapeutical approaches that go beyong the
cytotoxic model exclusively, incorporating complementary strategies capable of acting in prevention as well as in
neoplasm treatment*!. In this context, the experimental results presented on Table 1 gain relevance, demonstrating
that essential oils and its chemical constituents have biological mechanisms capable of interfering in fundamental
processes of carcinogenesis and tumor progression*?. The integration between the regional epidemiological sce-
nery and the mechanistic evidence described in scientific literature strengthens the relevance of integrative onco-
logy as a promissing field in health care, especially when guided by a solid scientific foundation®.

CONCLUSION

The analysed scientific evidence in this integrative review point that essential oils and its main chemical
contituents present relevant anticarcinogenic and anticancer potential, acting through multiple biological mecha-
nisms, like selective induction of apoptosis, modulation of tumoral signaling pathways, interference in angiogene-
sis and potentiation of the actions of conventional chemotherapeutic agents*. These mechanisms differ, partially,
from those observed in classic cytotoxic drugs, suggesting a promissing complementary therapeutic profile in the
context of integrative oncology.

The epidemiological analysis of mortality from neoplasms in the state of Paraiba reinforces the magnitu-
de of cancer as a public health issue, and emphasizes the need for therapeutic strategies that transcend exclusively
the cytotoxic model*’. In this scenery, essential oils emerge as potential complementary tools in chemoprophylaxis
as well as in care during chemotherapy, as long as its use is fundamented in scientific evidence and integrated with
conventional practices in an ethical and rigorous manner.

Despite the promissing results observed in experimental studies and in preliminary clinical evidence, it is
worth noting that most of the scientific findings are still concentrated in preclinical models, which limits direct ex-
trapolation to healthcare practice*®. Therefore, it is essential to make controlled clinical trials, translational studies
and systematic reviews that consolidate safety, efficacy and usage protocols of essential oils in oncology.

In conclusion, essential oils possess potential as complementary agents in oncology care, contributing to
approaches that are more integrative, human and patient-centered. Their incorporation in health practices must be
guided by interdisciplinarity, scientific rigor and adequate professional training, especially in Nursing and Integra-
tive and Complementary Health Practices®’.
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