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  The therapeutic use of essential oils to treat illness and promote physical, emotional, and spiritual well-being is known as aroma-
therapy. Odor stimulation in a closed system with a low concentration of α-pinene, a bicyclic monoterpene in the essential oils of 
pine trees, induces a significant increase in parasympathetic nervous activity, thereby causing physiological relaxation in young adult 
females. Long-term exposure to similar conditions suppresses melanoma growth in mice. When the diluent is triethyl citrate (TEC; 
mw:276), which is used as a solvent and fixative in fragrances, long-term exposure to low levels of odorants, such as α-pinene, alco-
hols, phenols, ketones, and their derivatives, in an open system may activate glomeruli clustered in the lateral domain of the rat dorsal 
olfactory bulb (alcohol/phenol-responsive domain) and could increase hypothalamic β-endorphin levels and inhibit certain types of 
cancers. Meanwhile, μ-opioid receptors in cancer are involved in regulating the malignant transformation of tumors and participating 
in proliferation, invasion, metastasis, and angiogenesis. Notably, μ-opioid receptor expression in transgenic mice with breast cancer 
was observed on larger growing tumors but not on the very small, early tumors. The regulation of stress levels through the modula-
tion of β-endorphin via aromatherapy could not only improve disease progression and promote a sense of well-being in patients, but 
also provide alternative pharmacological treatment for very small, early tumors. 
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Introduction
A seven-fold increase in the μ-opioid receptor in cell lines of hu-

man lung cancer has been observed [1]. When samples from pa-
tients with metastatic lung cancer were separated from a cohort 
of all lung cancer patients, μ-opioid receptor expression increased 
approximately two-fold [1]. Tumors expressing high levels of 
μ-opioid receptors are associated with higher rates of perineural 
invasion and worse cancer outcomes [2]. μ-Opioid receptors are 
involved in regulating the malignant transformation of tumors and 

participating in proliferation, invasion, metastasis, and angiogen-
esis [3,4]. On the other hand, the early detection of cancer or pre-
cancerous lesions and medical intervention hold great promise for 
improving patient survival rates [5]. In particular, predicting the 
tissue of origin of early-stage cancers using a serum miRNA pro-
file could improve patient prognosis [6]. Notably, μ-opioid receptor 
expression in transgenic mice with breast cancer was observed on 
larger growing tumors but not on very small, early tumors, sug-
gesting that the tumor microenvironment, also known as the tu-
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mor immune microenvironment, contributes to μ-opioid receptor 
expression [7,8]. β-Endorphin is an endogenous opioid peptide 
that acts as an agonist for opioid receptors with a high affinity for 
the μ-opioid receptor [9-11]. β-Endorphin is involved in potent an-
algesic effects, reward-centric behaviors, and homeostasis-restor-
ing behaviors [12]. There are two functionally distinct systems for 
the release of β-endorphin: one for peripheral effects via systemic 
circulation, and one directed to the central nervous system using 
synaptic communication and additional volume transport mecha-
nisms provided by the flowing cerebrospinal fluid [12,13]. In the 
former system, the β-endorphin is called plasma, peripheral, or cir-
culating β-endorphin, while in the latter system, the β-endorphin is 
called hypothalamic or cerebrospinal fluid β-endorphin. Although 
there is evidence that peptides such as β-endorphin can penetrate 
the blood–brain barrier to a degree, peripheral and central cere-
bro-spinal fluid levels of β-endorphin are not necessarily related 
[12]. When the hypothalamus releases corticotroponin-releasing 
hormone in response to physiologic stressors, the anterior pitu-
itary gland receives the signal to synthesize and store β-endorphin 
[14]. Plasma β-endorphin is most likely to be excreted in response 
to postoperative pain [14,15]. Meanwhile, in the central nervous 
system, β-endorphin binds to μ-opioid receptors, inhibiting the re-
lease of the inhibitory neurotransmitter, GABA, and causing excess 
production of dopamine [14]. The essential oils used in aroma-
therapy suppress cancer-associated pain, strengthen the immune 
system, and produce anti-stress effects [16]. Odor stimulation with 
a low concentration of α-pinene in a closed system has been shown 
to activate the parasympathetic nervous system in young adult 
females and induce physiological relaxation [17]. In general, long-
term exposure to a low concentration of odorants, such as alcohols, 
phenols, ketones, and their derivatives, may increase rat hypotha-
lamic β-endorphin levels relative to those in control [18,19]. This 
review describes the increase in rat hypothalamic β-endorphin 
levels due to the long-term exposure to a low level of odorants in 
an open system, parasympathetic nerve-mediated cancer suppres-
sion, and the anti-cancer effects of β-endorphin.

Long-term exposure to odorants that activate glomeruli clus-
tered in the lateral domain of the rat dorsal olfactory bulb may 
increase hypothalamic β-endorphin levels

Under long-term exposure to odor stimulation with a low con-
centration of α-pinene in a closed system, the melanoma tumor 
volume of mice was about 40% smaller than that in control mice 
[20,21]. α-Pinene very strongly activated glomeruli clustered in 
the lateral domain of the rat dorsal olfactory bulb (alcohol/phe-
nol-responsive domain) [22], which may reflect parasympathetic 
nerve activity [17], likely increasing hypothalamic β-endorphin 
levels [18,19]. Because α-pinene is highly volatile, these experi-
ments were conducted in a closed system in which air contain-
ing a low concentration of α-pinene was flowed at a constant rate 
[17,20,21]. Open-system experiments using these odorants have 
also been conducted to provide odor stimuli more easily [18,19]. 
Figure 1 shows odorants (1-14) that significantly increased rat 
hypothalamic β-endorphin levels (ng/mg protein) after long-term 
exposure (10 h/day, 7 days) in an open system compared with a 
control group [18,19].

Figure 2 shows the relationship between the percentage in-
crease (%) in rat hypothalamic β-endorphin levels due to long-
term exposure to odorants compared with a control group in an 
open system and the odorant molecular weight (mw). 

Long-term exposure to a low concentration of geranyl linalool 
(1, mw:290), a straight-chain diterpene alcohol with a very weak 
green floral aroma, in an open system increased rat hypothalamic 
β-endorphin levels by approximately two-fold compared with a 
control group (see Figure 2) [19]. When the diluent was ethyl al-
cohol in an open system, guaiacol (13, mw:124) and cis-3-hexenol 
(14, mw:100), which are highly volatile odorants with molecular 
weights of less than 150, rapidly evaporated into the atmosphere; 
therefore, rat hypothalamic β-endorphin levels did not increase 
compared with the control group [19]. On the other hand, when 
the diluent was TEC in an open system, long-term exposure to low 

04

Aromatherapy in early-stage cancers

Citation: Satoru Mihara. “Aromatherapy in early-stage cancers". Acta Scientific Cancer Biology 9.5 (2025): 03-10.



Figure 1: Odorants (1-14) that increase rat hypothalamic β-endorphin levels with long-term exposure in an open system [18,19].

Figure 2: The relationship between the percentage increase (%) in rat hypothalamic β-endorphin levels due to long-term exposure (10 
h/day, 7 days) to odorants in an open system compared with a control group and the odorant molecular weight (mw). Diluent: ethyl 

alcohol (○); TEC (●). See Figure 1 for odorant number.
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concentrations of guaiacol (13, mw:124; ●) and cis-3-hexenol (14, 
mw:100; ●), which have lower molecular weights than α-pinene 
(mw:136), significantly increased rat hypothalamic β-endorphin 
levels compared with the control group (see Figure 2) [19]. Galan-
gal, patchouli, sandalwood, spikenard, and borneol oils showed sig-
nificant sedative effects on mice, and this effect was stronger for 
a mixture of the five oils than for any of the single oils [23]. This 
suggests that the odorant mixture might have a synergistic effect on 
increasing rat hypothalamus β-endorphin levels. In aromatherapy 
for suppressing certain types of early-stage cancers, it should also 
be considered that many odorant receptors are expressed in tumor 
cells and may be associated with cancer progression [24,25]. 

Parasympathetic nerve activities decrease tumor growth and 
metastasis in certain experimental models 

Adrenergic signals consistently exert protumorigenic effects, 
whereas acetylcholine is a neurotransmitter in parasympathetic 
neurons, and cholinergic signaling plays different roles in can-
cer progression depending on the tumor type [26,27]. While the 
parasympathetic/vagal nerves have cancer-promoting effects on 
prostate, gastric, and colon cancer and small cell lung carcinoma, 
they have cancer-suppressing effects on pancreatic and breast can-
cers [28]. Vagus nerve stimulation evokes widespread systemic 
and neural epigenetic effects through DNA methylation and his-
tone modification on a number of pathways involved in stress re-
sponse signaling, inflammatory cascades, and other homeostatic/
endocrine pathways [29]. Action potentials originating in the para-
sympathetic nerve regulate T cells, which in turn produce the neu-
rotransmitter required to control innate immune responses (ace-
tylcholine) [30,31]. The vagus nerve can significantly and rapidly 
inhibit the release of macrophage tumor necrosis factor, thereby at-
tenuating the systemic inflammatory response [32,33]. The vagus 
nerve is the only pathway that transmits parasympathetic signals 
between the brain and thoracoabdominal organs, thereby exerting 
an anti-inflammatory function via the cholinergic anti-inflamma-
tory pathway [34]. It appears that vagus nerve signaling regulates 
the immune response dynamics against disseminated tumor cells 
within milky spots and inhibits the development of peritoneal me-
tastases [34]. 

Anti-cancer effects of β-endorphin
β-Endorphin blocked the expansion of human ovarian keloid 

fibroblast cancer cells in vitro; this effect was counteracted with 
naloxone, which is an opioid antagonist [35,36]. β-Endorphin can 
enhance some immune reactions, such as the lymphocyte prolif-
erative response to mitogens both in vivo and in vitro, or the cyto-
toxic activity of NK cells [37]. Hypothalamic β-endorphin neurons 
suppressed preneoplastic lesion development in a 1,2-dimeth-
ylhydrazine-induced rat colon cancer model [38]. 1,2-Dimethyl-
hydrazine induced tumors in the colons of control rats at 100% 
incidence but failed to induce colonic tumors in 70% of animals 
with β-endorphin neuronal transplants [38]. Early postoperative 
syndrome in cancer patients is characterized by a marked increase 
in plasma β-endorphin levels regardless of the type of surgery 
[39]. On the other hand, chronic pain syndrome in incurable pa-
tients is accompanied by decreased plasma and cerebrospinal fluid 
β-endorphin levels [39]. β-Endorphin, primarily through its inter-
action with μ-opioid receptors, attenuates stress responses and 
reduces pro-inflammatory cytokine levels while simultaneously 
increasing anti-inflammatory cytokine levels [12]. The regulation 
of stress levels through the modulation of β-endorphin could not 
only improve disease progression and promote a sense of well-
being in patients, but also provide an alternative pharmacologi-
cal treatment for tumor growth and development [40]. Plasma 
β-endorphin levels in patients with ovarian cancer [41] or breast 
cancer [40] have been shown to be significantly lower compared 
with a control group. Statistically significantly positive correla-
tions were reported between survival time/disease-free time and 
plasma β-endorphin levels in patients with ovarian cancer [36,41]. 
Higher plasma β-endorphin levels were observed in patients with 
ovarian cancer without recurrence of the neoplastic process than 
those with recurrence [41]. In patients with squamous carcinoma 
of the head and neck, β-endorphin regulated the immune system 
and increased the production of the leukocyte migration inhibitory 
factor, reaching almost normal levels [36]. Immune cells containing 
β-endorphin migrate to inflamed tissue in a site-directed manner 
[42]. β-Endorphin is released in inflammatory environments and is 
rapidly biotransformed to generate various pharmacologically ac-
tive fragments [42]. 
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Comparison of the effects of β-endorphin (an endogenous 
opioid) and morphine (an exogenous opioid) on immune re-
sponses

Low doses or the short-term use of opioids can have a positive 
effect on the immune system [37,43,44], whereas long-term use 
or high doses of opioids may induce the opposite effect [7]. The 
administration of a small dose of morphine (0.5 mg/kg) enhanced 
NK cell cytotoxicity in pigs four-fold compared with saline [37]. In 
a rat model of bone cancer pain, recombinant rat β-endorphin (50 
µg/kg) and plant source morphine (10 mg/kg) were administered 
intraperitoneally every other day for 15 days to evaluate the dif-
ferences in analgesic effects and cellular immune functions [45]. 
Treatments with β-endorphin and morphine had good analgesic 
effects on bone cancer pain, while the analgesia provided by mor-
phine was stronger than that of β-endorphin [45]. Morphine treat-
ment reduced the spleen T cell growth rate and the content of T 
cell subtypes (CD3+, CD4+, and CD8+ cells), whereas β-endorphin 
administration increased T cell proliferation, NK cell cytotoxicity, 
and the relative quantities of T cell subtypes [45]. 

Analgesic effects of β-endorphin for nociceptive cancer pain
Pain is an early symptom of cancer and often leads to a cancer 

diagnosis, but it can also be a significant source of distress for pa-
tients as the disease progresses [46]. β-Endorphinergic neurons in 
the hypothalamic arcuate nucleus synthesize β-endorphin to alle-
viate nociceptive behaviors [47]. β-Endorphin that is released by T 
cells under inflammatory conditions activates opioid receptors on 
nerve endings, thereby inhibiting the release of substance P and 
pain reception via sensory neurons [11]. Conversely, pain relief 
itself is speculated to regulate plasma β-endorphin levels, serving 
as an objective measure of cancer pain severity and corroborating 
patient reports of pain relief [48]. The lower the pain in primary 
liver cancer patients, the higher the plasma β-endorphin level [49]. 
Plasma β-endorphin levels increased with improvement in pain in 
patients with upper abdominal gastrointestinal malignancies [48]. 

The use of peripherally acting opioids for the prolonged treatment 
of inflammatory pain associated with cancer is not necessarily 
accompanied by opioid tolerance [50]. The continuous presence 
of endogenous opioids might preserve μ-opioid receptor signal-
ing and thereby counteract the development of tolerance [47,50]. 
Therefore, the direct promotion of endogenous β-endorphin syn-
thesis may provide an avenue for the development of analgesia 
without tolerance [47]. 

Conclusion
Aromatherapy may be a complementary therapy for early-stage 

cancer patients. These findings suggest that aromatherapy could 
also be used by cancer patients who have undergone treatments 
such as chemotherapy, radiation therapy, surgery, and immuno-
therapy to reduce the risk of recurrence and support recovery and 
well-being. Developing products such as cosmetics, masks, and 
bedding containing odor molecules that increase hypothalamic 
β-endorphin levels could provide an avenue for the development 
of analgesia without tolerance and also lead to new therapeutic ap-
proaches for certain types of early-stage cancers. 

Acknowledgments
I am indebted to Mr. Ichiro Murakami for his comments and sug-

gestions on the manuscript. 

Informed Consent Statement
The author read and approved the final manuscript.

Data Availability Statement
Not applicable.

Conflicts of Interest
The author declares that they have no conflicts of interest.

07

Aromatherapy in early-stage cancers

Citation: Satoru Mihara. “Aromatherapy in early-stage cancers". Acta Scientific Cancer Biology 9.5 (2025): 03-10.



08

Aromatherapy in early-stage cancers

Citation: Satoru Mihara. “Aromatherapy in early-stage cancers". Acta Scientific Cancer Biology 9.5 (2025): 03-10.

1.	 Singleton PA., et al. “Increased μ-opioid receptor expression in 
metastatic lung cancer”. British Journal of Anaesthesia113.S1 
(2014): i103-i108

2.	 Zhang H., et al. “Association of Mu-Opioid Receptor Expression 
With Long-Term Survival and Perineural Nerve Invasion in 
Patients Undergoing Surgery for Ovarian Cancer”. Frontiers in 
Oncology 12 (2022): 927262. 

3.	 Zhang H., et al. “Targeting the mu-Opioid Receptor for Cancer 
Treatment”. Current Oncology Reports 23.10 (2021): 111.

4.	 Wang R., et al. “Impact of opioids and mu-opioid receptors on 
oncologic metastasis”. American Journal of Cancer Research 14. 
9 (2024): 4236-4247.

5.	 Zhou R., et al. “Emerging strategies to investigate the biology 
of early cancer”. Nature Reviews Cancer 24 (2024): 850-866.

6.	 Matsuzaki J., et al. “Prediction of tissue-of-origin of early stage 
cancers using serum miRNomes”. Journal of the National Can-
cer Institute Cancer Spectrum Cancer Spectrum 7.1 (2023): 
pkac080.

7.	 Argueta DA., et al. “β-endorphin at the intersection of pain and 
cancer progression: Preclinical evidence”. Neuroscience Letters 
744 (2021): 135601. 

8.	 Li Y., et al. “Effects of opioid drugs on immune function in can-
cer patients”. Biomedicine and Pharmacotherapy 175 (2024): 
116665.

9.	 Machelska H and Celik MÖ. “Opioid Receptors in Immune and 
Glial Cells-Implications for Pain Control”. Frontiers in Immunol-
ogy 11 (2020): 300.

10.	 Gomes I., et al. “Biased signaling by endogenous opioid pep-
tides”. Proceedings of the National Academy of Sciences of the 
United States of America 117 (2020): 11820-11828.

11.	 Scheau C., et al. “Neuroendocrine Factors in Melanoma Patho-
genesis”. Cancers 13.9 (2021): 2277. 

12.	 Pilozzi A., et al. “Roles of β-Endorphin in Stress, Behavior, Neu-
roinflammation, and Brain Energy Metabolism”. International 
Journal of Molecular Sciences 22.1 (2020): 338.

13.	 Veening JG., et al. “Volume transmission of beta-endorphin via 
the cerebrospinal fluid; a review”. Fluids and Barriers of the 
Central Nervous System 9.1 (2012): 16.

14.	 Sprouse-Blum AS., et al. “Understanding endorphins and their 
importance in pain management”. Hawaii Medical Journal 69.3 
(2010): 70-71. 

15.	 Le Blanc-Louvry I., et al. “Operative stress response is reduced 
after laparoscopic compared to open cholecystectomy: the 
relationship with postoperative pain and ileus”. Digestive Dis-
eases and Sciences 9 (2000) : 1703-1713. 

16.	 Sharma M., et al. “Essential oils as anticancer agents: Potential 
role in malignancies, drug delivery mechanisms, and immune 
system enhancement”. Biomedicine & Pharmacotherapy 146 
(2022): 112514.

17.	 Ikei H., et al. “Effects of olfactory stimulation by α-pinene 
on autonomic nervous activity”. Journal of Wood Science 62 
(2016): 568-572.

18.	 Mihara S. “The Effects of β-Endorphin, the Autonomic Nervous 
System and the Environment on Suppressing the Growth and 
Progression of Malignant Tumors (Cancers)”. Acta Scientific 
Cancer Biology 7.4 (2023): 25-35.

19.	 Mihara S., et al. “Effects of olfactory stimulation on β-endorphin 
concentrations in rat hypothalamus”. The 132th Annual Meet-
ing of Pharmacutical Society of Japan (Sapporo). 132.3 (2012): 
172.

Bibliography

https://pmc.ncbi.nlm.nih.gov/articles/PMC4111280/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4111280/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4111280/
https://pubmed.ncbi.nlm.nih.gov/35875149/
https://pubmed.ncbi.nlm.nih.gov/35875149/
https://pubmed.ncbi.nlm.nih.gov/35875149/
https://pubmed.ncbi.nlm.nih.gov/35875149/
https://pubmed.ncbi.nlm.nih.gov/34342720/
https://pubmed.ncbi.nlm.nih.gov/34342720/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11477826/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11477826/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11477826/
https://pubmed.ncbi.nlm.nih.gov/36426871/
https://pubmed.ncbi.nlm.nih.gov/36426871/
https://pubmed.ncbi.nlm.nih.gov/36426871/
https://pubmed.ncbi.nlm.nih.gov/36426871/
https://www.sciencedirect.com/science/article/abs/pii/S0304394020308715
https://www.sciencedirect.com/science/article/abs/pii/S0304394020308715
https://www.sciencedirect.com/science/article/abs/pii/S0304394020308715
https://www.sciencedirect.com/science/article/pii/S0753332224005493
https://www.sciencedirect.com/science/article/pii/S0753332224005493
https://www.sciencedirect.com/science/article/pii/S0753332224005493
https://pubmed.ncbi.nlm.nih.gov/32194554/
https://pubmed.ncbi.nlm.nih.gov/32194554/
https://pubmed.ncbi.nlm.nih.gov/32194554/
https://pubmed.ncbi.nlm.nih.gov/32393639/
https://pubmed.ncbi.nlm.nih.gov/32393639/
https://pubmed.ncbi.nlm.nih.gov/32393639/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8126040/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8126040/
https://pubmed.ncbi.nlm.nih.gov/33396962/
https://pubmed.ncbi.nlm.nih.gov/33396962/
https://pubmed.ncbi.nlm.nih.gov/33396962/
https://pubmed.ncbi.nlm.nih.gov/22883598/
https://pubmed.ncbi.nlm.nih.gov/22883598/
https://pubmed.ncbi.nlm.nih.gov/22883598/
https://pubmed.ncbi.nlm.nih.gov/11052308/
https://pubmed.ncbi.nlm.nih.gov/11052308/
https://pubmed.ncbi.nlm.nih.gov/11052308/
https://pubmed.ncbi.nlm.nih.gov/11052308/
https://pubmed.ncbi.nlm.nih.gov/34963087/
https://pubmed.ncbi.nlm.nih.gov/34963087/
https://pubmed.ncbi.nlm.nih.gov/34963087/
https://pubmed.ncbi.nlm.nih.gov/34963087/
https://jwoodscience.springeropen.com/articles/10.1007/s10086-016-1576-1
https://jwoodscience.springeropen.com/articles/10.1007/s10086-016-1576-1
https://jwoodscience.springeropen.com/articles/10.1007/s10086-016-1576-1
https://www.actascientific.com/ASCB/pdf/ASCB-07-0416.pdf
https://www.actascientific.com/ASCB/pdf/ASCB-07-0416.pdf
https://www.actascientific.com/ASCB/pdf/ASCB-07-0416.pdf
https://www.actascientific.com/ASCB/pdf/ASCB-07-0416.pdf


09

Aromatherapy in early-stage cancers

Citation: Satoru Mihara. “Aromatherapy in early-stage cancers". Acta Scientific Cancer Biology 9.5 (2025): 03-10.

20.	 Kusuhara M., et al. “Fragrant environment with α-pinene de-
creases tumor growth in mice”. Biomedical Research 33.1 
(2012): 57-61.

21.	 Kusuhara M., et al. “A Fragrant Environment Containing 
α-Pinene Suppresses Tumor Growth in Mice by Modulating 
the Hypothalamus/Sympathetic Nerve/Leptin Axis and Im-
mune System”. Integrative Cancer Therapies 18 (2019): 1-9.

22.	 Uchida N., et al. “Odor maps in the mammalian olfactory bulb: 
domain organization and odorant structural features”. Nature 
Neuroscience 3 (2000): 1035-1043.

23.	 Fujiwara Y and Ito M. “Synergistic Effect of Fragrant Herbs in 
Japanese Scent Sachets”. Planta medica 81.3 (2015): 193-199.

24.	 Chung C., et al. “Odorant receptors in cancer”. BMB Reports 
55.2 (2022) : 72-80.

25.	 Park SJ., et al. “From odor to oncology: non-canonical odorant 
receptors in cancer”. Oncogene 43 (2024): 304-318.

26.	 Reijmen E., et al. “Therapeutic potential of the vagus nerve in 
cancer”. Immunology Letters 202 (2018) : 38-43.

27.	 Arese M., et al. “An Overview of the Molecular Cues and Their 
Intracellular Signaling Shared by Cancer and the Nervous Sys-
tem: From Neurotransmitters to Synaptic Proteins, Anatomy 
of an All-Inclusive Cooperation”. International Journal of Mo-
lecular Sciences 23.23 (2022): 14695.

28.	 Takahashi R., et al. “The Role of Neural Signaling in the Pancre-
atic Cancer Microenvironment”. Cancers (Basel). 14.17 (2022): 
4269.

29.	 Kumaria A. “Parasympathetic influences in cancer pathogen-
esis: further insights”. Clinical and Translational Oncology 23 
(2021): 1491-1493.

30.	 Rosas-Ballina M., et al. “Acetylcholine-synthesizing T cells re-
lay neural signals in a vagus nerve circuit”. Science 334 (2011): 
98-101. 

31.	 Zhang Y., et al. “Hijacking of the nervous system in cancer: 
mechanism and therapeutic targets”. Molecular Cancer 24 
(2025): 44. 

32.	 Wang H., et al. “Nicotinic acetylcholine receptor alpha7 subunit 
is an essential regulator of inflammation”. Nature 421.6921 
(2003): 384-388.

33.	 Wang H., et al. “Role of the nervous system in cancers: a re-
view”. Cell Death Discovery 7 (2021): 76. 

34.	 Futoh Y., et al. “Vagus nerve signal has an inhibitory influence 
on the development of peritoneal metastasis in murine gastric 
cancer”. Scientific Reports 14.1 (2024): 7832.

35.	 Kikuchi Y., et al. “Inhibition of Human Ovarian Cancer Cell Pro-
liferation in Vitro by Neuroendocrine Hormones”. Gynecologic 
Oncology 32 (1989): 60-64.

36.	 Sánchez ML., et al. “Involvement of the Opioid Peptide Family 
in Cancer Progression”. Biomedicines 11.7 (2023): 1993. 

37.	 Borman A., et al. “Small doses of morphine can enhance NK 
cell cytotoxicity in pigs”. International Immunopharmacology 
9.3 (2009): 277-283.

38.	 Murugan S., et al. “Hypothalamic β-endorphin neurons sup-
press preneoplastic and neoplastic lesions development in 
1,2-dimethylhydrazine induced rat colon cancer model”. Jour-
nal of Cancer 8.16 (2017): 3105-3113.

39.	 Pavlova ZV., et al. “Concentration of β-endorphin in blood plas-
ma and cerebrospinal fluid during various types of anesthesia 
in the early postoperation period and in incurable oncological 
patients”. Bulletin of Experimental Biology and Medicine 128 
(1999): 1150-1154.

40.	 Ramírez-Expósito MJ., et al. “Circulating levels of β-endorphin 
and cortisol in breast cancer”. Comprehensive Psychoneuroen-
docrinology 5 (2021): 100028.

https://pubmed.ncbi.nlm.nih.gov/22361888/
https://pubmed.ncbi.nlm.nih.gov/22361888/
https://pubmed.ncbi.nlm.nih.gov/22361888/
https://pubmed.ncbi.nlm.nih.gov/31018712/
https://pubmed.ncbi.nlm.nih.gov/31018712/
https://pubmed.ncbi.nlm.nih.gov/31018712/
https://pubmed.ncbi.nlm.nih.gov/31018712/
https://www.nature.com/articles/nn1000_1035
https://www.nature.com/articles/nn1000_1035
https://www.nature.com/articles/nn1000_1035
file:///C:/Users/Acta/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20Pdf%27s%20data/ASCB/ASCB-25-RW-029/google.com/search?q=
file:///C:/Users/Acta/OneDrive%20-%20Acta%20Scientific%20Publications%20Private%20Limited/Desktop/07-02-2022/Acta%20Pdf%27s%20data/ASCB/ASCB-25-RW-029/google.com/search?q=
https://pubmed.ncbi.nlm.nih.gov/30077536/
https://pubmed.ncbi.nlm.nih.gov/30077536/
https://pubmed.ncbi.nlm.nih.gov/36499024/
https://pubmed.ncbi.nlm.nih.gov/36499024/
https://pubmed.ncbi.nlm.nih.gov/36499024/
https://pubmed.ncbi.nlm.nih.gov/36499024/
https://pubmed.ncbi.nlm.nih.gov/36499024/
https://pubmed.ncbi.nlm.nih.gov/36077804/
https://pubmed.ncbi.nlm.nih.gov/36077804/
https://pubmed.ncbi.nlm.nih.gov/36077804/
https://pubmed.ncbi.nlm.nih.gov/33398710/
https://pubmed.ncbi.nlm.nih.gov/33398710/
https://pubmed.ncbi.nlm.nih.gov/33398710/
https://pubmed.ncbi.nlm.nih.gov/21921156/
https://pubmed.ncbi.nlm.nih.gov/21921156/
https://pubmed.ncbi.nlm.nih.gov/21921156/
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-025-02246-5
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-025-02246-5
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-025-02246-5
https://pubmed.ncbi.nlm.nih.gov/12508119/
https://pubmed.ncbi.nlm.nih.gov/12508119/
https://pubmed.ncbi.nlm.nih.gov/12508119/
https://pubmed.ncbi.nlm.nih.gov/38570542/
https://pubmed.ncbi.nlm.nih.gov/38570542/
https://pubmed.ncbi.nlm.nih.gov/38570542/
https://www.mdpi.com/2227-9059/11/7/1993
https://www.mdpi.com/2227-9059/11/7/1993
https://pubmed.ncbi.nlm.nih.gov/19059365/
https://pubmed.ncbi.nlm.nih.gov/19059365/
https://pubmed.ncbi.nlm.nih.gov/19059365/
https://pubmed.ncbi.nlm.nih.gov/29158781/
https://pubmed.ncbi.nlm.nih.gov/29158781/
https://pubmed.ncbi.nlm.nih.gov/29158781/
https://pubmed.ncbi.nlm.nih.gov/29158781/
https://link.springer.com/article/10.1007/BF02433425
https://link.springer.com/article/10.1007/BF02433425
https://link.springer.com/article/10.1007/BF02433425
https://link.springer.com/article/10.1007/BF02433425
https://link.springer.com/article/10.1007/BF02433425
https://pubmed.ncbi.nlm.nih.gov/35754450/
https://pubmed.ncbi.nlm.nih.gov/35754450/
https://pubmed.ncbi.nlm.nih.gov/35754450/


10

Aromatherapy in early-stage cancers

Citation: Satoru Mihara. “Aromatherapy in early-stage cancers". Acta Scientific Cancer Biology 9.5 (2025): 03-10.

41.	 Schneider-Matyka D., et al. “Evaluation of the Influence of 
Biological Factors during the Course of Treatment in Patients 
with Ovarian Cancer”. International Journal of Environmental 
Research and Public Health 19 (2022): 10516.

42.	 Asvadi NH., et al. “Biotransformation of beta-endorphin and 
possible therapeutic implications”. Frontiers in Pharmacology 
5 (2014): 18. 

43.	 Liang X., et al. “Opioid system modulates the immune func-
tion: a review”. Translational Perioperative and Pain Medicine 
1.1 (2016): 5-13.

44.	 Szczepaniak A., et al. “Opioids in Cancer Development, Pro-
gression and Metastasis: Focus on Colorectal Cancer”. Current 
Treatment Options in Oncology 21.1 (2020): 6.

45.	 Du JY., et al. “Effect of systemic injection of heterogenous and 
homogenous opioids on peripheral cellular immune response 
in rats with bone cancer pain: A comparative study”. Experi-
mental and Therapeutic Medicine 12.4 (2016): 2568-2576. 

46.	 Mardelle U., et al. “From pain to tumor immunity: influence of 
peripheral sensory neurons in cancer”. Frontiers in Immunol-
ogy 15 (2024): 1335387. 

47.	 Tao Y., et al. “Epigenetic regulation of β-endorphin synthesis 
in hypothalamic arcuate nucleus neurons modulates neuro-
pathic pain in a rodent pain model”. Nature Communications 
14 (2023): 7234. 

48.	 El-Sheikh N and Boswell MV. “Plasma Beta-endorphin lev-
els before and after relief of cancer pain”. Pain Physician 7.1 
(2004): 67-70.

49.	 Ho S., et al. “The relationship of plasma beta-endorphins and 
pain dimensions in primary liver cancer patients using the 
Chinese Cancer Pain Assessment Tool”. Pain Clinic 18.4 (2006): 
297-313.

50.	 Zöllner C., et al. “Chronic morphine use does not induce pe-
ripheral tolerance in a rat model of inflammatory pain”. Jour-
nal of Clinical Investigation 118.3 (2008): 1065-1073. 

https://pubmed.ncbi.nlm.nih.gov/36078233/
https://pubmed.ncbi.nlm.nih.gov/36078233/
https://pubmed.ncbi.nlm.nih.gov/36078233/
https://pubmed.ncbi.nlm.nih.gov/36078233/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3928545/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3928545/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3928545/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6976545/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6976545/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6976545/
https://www.spandidos-publications.com/10.3892/etm.2016.3647
https://www.spandidos-publications.com/10.3892/etm.2016.3647
https://www.spandidos-publications.com/10.3892/etm.2016.3647
https://www.spandidos-publications.com/10.3892/etm.2016.3647
https://pubmed.ncbi.nlm.nih.gov/38433844/
https://pubmed.ncbi.nlm.nih.gov/38433844/
https://pubmed.ncbi.nlm.nih.gov/38433844/
https://pubmed.ncbi.nlm.nih.gov/37945654/
https://pubmed.ncbi.nlm.nih.gov/37945654/
https://pubmed.ncbi.nlm.nih.gov/37945654/
https://pubmed.ncbi.nlm.nih.gov/37945654/
https://pubmed.ncbi.nlm.nih.gov/16868614/
https://pubmed.ncbi.nlm.nih.gov/16868614/
https://pubmed.ncbi.nlm.nih.gov/16868614/
https://www.tandfonline.com/doi/abs/10.1163/156856906778704669
https://www.tandfonline.com/doi/abs/10.1163/156856906778704669
https://www.tandfonline.com/doi/abs/10.1163/156856906778704669
https://www.tandfonline.com/doi/abs/10.1163/156856906778704669
https://pubmed.ncbi.nlm.nih.gov/18246198/
https://pubmed.ncbi.nlm.nih.gov/18246198/
https://pubmed.ncbi.nlm.nih.gov/18246198/

	_GoBack

