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INTRODUCTION
Acetylcholine (ACh) is a vital neurotransmitter in the 

human body to enhance memory, promote gastrointestinal 
movement, and regulate glandular secretion. Numerous 
studies have highlighted the intricate connection between 
ACh and the emergence and progression of malignant 
tumors,1-2 an area of research that continues to evolve. A widely 
accepted notion is that ACh can act as a molecular signal, 
binding to its corresponding receptors to stimulate tumor 
growth.3 This phenomenon has been confirmed across various 
cancer types, including gastric cancer,4 colorectal cancer,5 lung 
cancer,6 and breast cancer.7 As our understanding of the ACh-
tumor relationship deepens, it becomes evident that ACh’s 
impact on tumor growth extends beyond this receptor-
mediated mechanism. Recent research underscores the 

ABSTRACT
Objective • This study aims to investigate the potential of 
mustard oil-induced reduction in acetylcholine expression 
as a means to delay the progression of colon cancer within 
the internal environment.
Methods • The study design in this research involved both 
in vitro cellular experiments and in vivo animal experiments 
to employ mustard oil to modulate acetylcholine 
expression levels and evaluate its impact on colon cancer. 
Cellular experiments involved the introduction of six 
concentrations of acetylcholine (10-2, 10-3, 10-4, 10-5, 10-6, 
and 10-7 mol/L) into colon cancer cell cultures to monitor 
cell proliferation. Animal experiments encompassed the 
subcutaneous CT26 colon cancer cells implantation into 
28 Balb/c mice, divided into experimental and control 
groups. After tumor establishment, both groups were fed 
standard diets for two weeks. Serum acetylcholine 
concentrations were measured from eye blood samples.

Additionally, Balb/c mice were inoculated with CT26-
derived colon cancer cells and further categorized into 
experimental and control groups. A total of 14 mice 
comprised each group, with experimental mice fed 
mustard oil and control mice fed soybean oil. Post two 
weeks, serum acetylcholine expression in both groups was  

 
assessed. After sacrifice, subcutaneous tumors were 
excised, and tumor dimensions were measured using a 
Vernier scale.
Results • Acetylcholine concentration augmentation in 
the culture medium corresponded to gradual cell 
proliferation escalation, peaking at 10-5 mol/L, exhibiting 
statistical significance. Comparative analysis revealed 
significantly elevated relative acetylcholine expression 
levels in Balb/c mice with tumor-bearing colon cancers 
compared to normal Balb/c mice. Experimental group 
mice exhibited substantially lower serum acetylcholine 
concentrations than control group mice. Mustard oil 
administration effectively curtailed acetylcholine 
expression in normal Balb/c mice, consequently retarding 
tumor growth. These findings underscore mustard oil’s 
potential to diminish serum acetylcholine expression, 
thereby delaying colon cancer progression.
Conclusions • This study suggests that mustard oil’s 
modulation of acetylcholine expression within the internal 
environment holds the potential for impeding colon 
cancer growth. (Altern Ther Health Med. 2023;29(8):246-
251).
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Tumor Implantation Protocol
Colon cancer cells have the capability to elevate the Ach 

concentration within mouse serum through an autocrine 
mechanism. For this study, we employed non-immune 
deficient Balb/c mice and CT26 murine colon cancer cells. 
The mice were randomly divided into two groups: 
experimental and control groups, each containing 14 mice. 
Subsequently, CT26 colon cancer cells in their logarithmic 
growth phase were subcutaneously implanted into the 
experimental group mice at a specific concentration. 
Experimental and control group mice were provided standard 
feed for two weeks after tumor formation. After this period, 
blood samples were collected from the eyeballs, and serum 
ACh concentrations were assessed using the Elisa method.

Mustard Oil Intervention in Murine Model
A total of 28 6-week-old Balb/c mice, matched in size 

and weight, were randomly allocated into two groups: an 
experimental group and a control group comprising 14 mice. 
The control group mice were given feed containing soybean 
oil (accounting for 15% of the feed composition), while the 
experimental group mice were given feed containing mustard 
oil (with 3% mustard oil constituting 15% of the feed).

Following two weeks, ACh expression levels were 
assessed using the Elisa method. Blood samples were collected 
through eyeball sampling from both groups of mice.

Impact of Mustard Oil on ACh Expression in Colon 
Cancer-Bearing Mice

Intriguingly, we investigated the influence of mustard oil 
on ACh expression in mice bearing colon cancer. CT26-
derived colon cancer cells were implanted beneath the skin of 
Balb/c mice. Once successful inoculation was achieved, the 
colon cancer-bearing mice were arbitrarily divided into an 
experimental and control group comprising 14 mice. The 
experimental group received a diet enriched with mustard 
oil, while the control group was fed a soybean oil diet. Two 
weeks later, serum ACh expression in the two groups of colon 
cancer-bearing mice was evaluated using the Elisa method.

RESULTS
Proliferation Response to Varied Acetylcholine 
Concentrations

The results indicated a notable trend wherein cell 
proliferation gradually increased with rising ACh 
concentrations in the medium, from normal levels to 
10-5mol/L ACh. Notably, the highest proliferation rate was 
observed at 10-5mol/L, with a statistically significant 
difference. Subsequently, as ACh concentration increased 
beyond this point, cell proliferation exhibited a gradual 
decline, even falling below the proliferation rate of cells in the 
normal ACh-free medium. This decline could potentially be 
attributed to the cytotoxic effects stemming from excessive 
ACh concentration, a hypothesis requiring validation 
through further experimentation.

expanding role of the human nervous system as a regulator of 
tumor development within the internal environment,8-9 
wherein ACh assumes a pivotal role as a neurotransmitter.

ACh exerts a crucial influence on tumor growth and 
metastasis by altering the internal tumor environment. Recent 
studies have unveiled ACh’s ability to impact the human 
immune system, fostering tumor progression. ACh operates 
by modulating immune cell functions, consequently 
influencing tumor immune evasion and surveillance 
processes.10-11 These discoveries underscore the significant role 
of ACh as a neurotransmitter within the tumor milieu, capable 
of orchestrating diverse mechanisms to influence tumor 
growth. However, depending only on blocking cholinergic 
receptors might be insufficient to stop tumors from growing. 
Furthermore, the multifarious sources of ACh secretion pose a 
formidable challenge in attempting to intercept its release. 

Considering the above information, our study aimed to 
explore the impact of reducing ACh levels in the body to slow 
down tumor growth. We performed experiments using colon 
cancer cells closely affected by ACh and its effects on their 
growth.

MATERIALS AND METHODS
Cell Culture and Experimental Setup

HCT116 and LoVo cells, procured from the Cell 
Resource Center at the Shanghai Institutes for Biological 
Sciences, Chinese Academy of Sciences, were cultured in 
RPMI-1640 media (ThermoFisher Scientific, Waltham, MA) 
supplemented with 10% fetal bovine serum (FBS). The cell 
lines were cultivated in an incubator maintained at 37℃ with 
a 5% CO2 atmosphere.

Cell Seeding and ACh Concentration Gradients
A specific quantity of HCT116 and LoVo cells, cultivated 

in their logarithmic growth phase, were evenly distributed in 
96-well plates. Six concentration gradients (10-2, 10-3, 10-4, 
10-5, 10-6, and 10-7 mol/L) of ACh-containing medium and 
blank medium were introduced into separate wells.

Incubation and CCK-8 Assessment
After 72 hours, 10 μL of CCK8 reagent was added to 

each well. The plate was then incubated at 37°C for 2-3 hours 
to halt the culture process. This incubation also included the 
addition of 1% fetal bovine serum to the medium.

Preparation of ACh Chloride Concentrations
ACh chloride concentrations were prepared by dissolving 

slightly over 186mg of ACh chloride powder in 10mL of 1640 
medium, yielding a 10-1 mol/L solution. Following filtration, 
subsequent dilutions generated concentration levels spanning 
10-2 to 10-7 mol/L.

Measurement of Cell Proliferation
The optical density (OD value) of each well was assessed at 

450 nm using a microplate reader. The corresponding OD values 
were then employed to quantify the extent of cell proliferation.
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Promotion of Colon Cancer Cell Proliferation by ACh
The experimental findings demonstrated that a specific 

concentration of ACh played a role in promoting the 
proliferation of colon cancer HCT116 and LoVo cells, refer to 
Figure 1. Detailed proliferation rates for colon cancer 
HCT116 and LoVo cells across different ACh concentrations 
are presented in Table 1.

Autocrine Increase of Acetylcholine Concentration in 
Mouse Serum by Colon Cancer Cells

The results revealed significant variations in the relative 
expression levels of Ach, with tumor-bearing Balb/c mice 
serum exhibiting levels of 402.16 ± 40.51, in contrast to normal 
Balb/c mice serum levels of 362.91 ± 34.79. Statistical analysis 
indicated a significant disparity (t = 2.750, P = .011) between 
the two groups (see Figure 2). Given the consistent experimental 
conditions, we speculate that the observed elevation in serum 
ACh concentration in tumor-bearing Balb/c mice is a 
consequence of the autocrine effect of colon cancer cells.

Mustard Oil Effectively Decreases Serum ACh Expression 
in Normal Balb/c Mice

The experimental findings revealed a significant 
reduction in serum ACh expression concentration among 
the experimental group mice (339.56 ± 25.78) when compared 
to the control group mice (367.39 ± 23.17) (P = .006), refer to 
Figure 3. This finding suggests that mustard oil effectively 
decreased the concentration of ACh expression in normal 
Balb/c mice.

Serum ACh Expression Assessment
Notably, the findings highlighted a substantial reduction 

in ACh expression within the serum of the mustard oil-
treated tumor-bearing mice group (373.20 ± 31.85) in 
comparison to the control group (415.08 ± 38.35), with the 
distinction being statistically significant (t = 3.144, P = .004), 
refer to Figure 4).

Tumor Characterization and Analysis
Upon completion of the experiment, all mice were 

humanely sacrificed, and subcutaneous tumors were excised 
for subsequent analysis. Tumor dimensions were meticulously 
measured utilizing a vernier caliper. Subsequently, tumor 
masses were preserved in a 10% formalin solution, followed 
by standard wax embedding procedures and HE staining. 
Notably, HE staining confirmed the identity of all tissue 
specimens as colon cancer tissue (refer to Figure 5).

Table 1. The proliferation rate of colon cancer HCT116 and LoVo cells at different ACh concentrations

Group\ACh concentration without 10-7 mol/L 10-6 mol/L 10-5 mol/L 10-4 mol/L 10-3 mol/L 10-2 mol/L F P value
OD Value in HCT116 cell 1.01 ± 0.51 1.09 ± 0.28 1.24 ± 0.24 1.68 ± 0.53 1.01 ± 0.50 0.86 ± 0.32 0.62 ± 0.25 6.921 .000
OD Value in LoVo cell 0.91 ± 0.37 0.99 ± 0.33 1.02 ± 0.34 1.53 ± 0.62 1.15 ± 0.45 0.89 ± 0.33 0.68 ± 0.23 4.509 .001

Abbreviations: ACh, acetylcholine; OD, optical density. The table presents the proliferation rate of colon cancer HCT116 and 
LoVo cells at various acetylcholine concentrations (ACh). Optical density (OD) values were measured for HCT116 and LoVo 
cells in response to different ACh concentrations ranging from 10-7 mol/L to 10-2 mol/L.

Figure 1. Cell proliferation rate in different concentrations of ACh.

Note: The figure illustrates the impact of mustard oil on 
serum ACh expression concentration in tumor-bearing 
Balb/c mice. The experimental group received mustard oil 
feed, while the control group was fed soybean oil. Elisa 
method was used to measure ACh expression levels in 
serum samples from both groups.

Figure 2. Expression of ACh in colon tumor-bearing mice 
and tumor-free mice.

Note: The figure depicts the expression of acetylcholine 
(ACh) in two distinct groups: colon tumor-bearing mice and 
tumor-free mice. The figure visually represents the relative 
ACh expression levels between these groups.

Figure 3. Expression of ACh in normal Balb/c mice with 
different diets.

Note: Figure 3 illustrates the expression of acetylcholine 
(ACh) in normal Balb/c mice subjected to different diets. The 
figure visually represents the variation in ACh expression 
levels among mice fed soybean oil (control group) and those 
fed with mustard oil (experimental group). The comparison 
between these dietary conditions provides valuable insights 
into the influence of different diets on ACh expression.
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Effect on Tumor Morphology and Volume
Remarkably, the results underscored a significant 

variance in tumor tissue between the soybean oil and 
mustard oil groups. Tumors in the soybean oil group appeared 
notably enlarged and predominantly irregular in shape. In 
contrast, the mustard oil group exhibited predominantly oval 
tumor shapes, accompanied by markedly smaller tumor 
volumes (1.27 ± 0.56) in contrast to the soybean oil group 
(2.18 ± 0.81). This dissimilarity was statistically significant  
(t = 3.43, P = .002); refer to Figure 6 and Figure 7, indicating 
that mustard oil intervention may contribute to reduced 
tumor growth and distinct morphological features.

DISCUSSION
The influence of ACh in promoting the emergence and 

advancement of diverse tumors, particularly in colorectal cancer, 
has garnered substantial attention.12 Studies have revealed the 
pronounced overexpression of M3 muscarinic receptor (M3R) 
mRNA and protein within colon cancer. ACh operates via M3R 
to actively facilitate the invasion and migration of tumor cells, a 
phenomenon underscored by existing research.13 However, 
while strides have been made in this realm of investigation, the 
practical application of these findings has encountered 
limitations, impeding significant advancement.

Figure 4. Expression of ACh in colon tumor-bearing mice 
with different diets.

Note: Figure 4 showcases the expression of acetylcholine 
(ACh) in colon tumor-bearing mice subjected to distinct 
diets. The figure visually portrays the variations in ACh 
expression levels between mice fed with soybean oil (control 
group) and those fed with mustard oil (experimental group).

Figure 5. HE staining of colon cancer in tumor-bearing mice 
(a:×50, b:×100, c:×200 and d: ×400).

Note: the figure presents histopathological images of colon 
cancer in tumor-bearing mice, showcasing different 
magnifications. The images captured at ×50, ×100, ×200, and 
×400 magnifications (a, b, c, and d, respectively) provide 
detailed visualizations of the tumor tissue morphology. 
Hematoxylin and eosin (HE) staining was employed to 
enhance tissue contrast, revealing cellular and structural 
characteristics of colon cancer.

Figure 6. Colon cancer tissue of tumor-bearing mice fed with 
mustard oil and soybean oil 

Note: The figure compares colon cancer tissue from tumor-
bearing mice subjected to different diets: the mustard oil 
group (a) and the soybean oil group (b). The figure visually 
contrasts the tissue characteristics between these two dietary 
conditions. The use of mustard oil and soybean oil as dietary 
factors offers insights into potential variations in the tumor 
microenvironment.

Figure 7. Colon cancer tissue of tumor-bearing mice fed with 
mustard oil and soybean oil

Note: a: Mustard oil group b: soybean oil group.
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with mustard oil exhibited lower serum ACh expression 
levels, reinforcing that mustard oil’s potential to curtail colon 
cancer growth stems from its capacity to optimize the 
tumor’s internal environment and diminish ACh expression.

Study Limitations
This study, while providing valuable insights, has certain 

limitations. The focus primarily on mustard oil’s effect on 
ACh expression in serum leaves unexplored the potential 
influence of ACh in other bodily fluids like intestinal fluid. 
Additionally, the specific mechanisms through which 
mustard oil affects ACh expression require further 
investigation, including whether it directly impacts ACh or 
acts through specific enzymes. The small sample size of mice, 
chosen due to ACh’s short lifespan, could limit the 
generalizability of findings. This preliminary study’s 
exploratory nature suggests the need for more comprehensive 
investigations. Factors such as emotional states and diet 
influencing ACh were not accounted for, potentially affecting 
outcomes. While promising, the application of mustard oil 
for tumor growth control requires further clinical validation, 
considering potential long-term effects and its applicability 
to human responses.

CONCLUSION
In conclusion, this study sheds light on the potential of 

mustard oil to modulate ACh expression and its impact on 
tumor growth. The observed reduction in ACh concentration 
within serum and its association with slowed tumor growth 
highlights a promising avenue for future research. While the 
findings offer initial insights, further investigations are 
warranted to unravel the intricate mechanisms underlying 
ACh modulation and its applicability as a therapeutic strategy. 
This preliminary exploration serves as a stepping stone 
toward advancing our understanding of ACh’s role in cancer 
progression and the potential implications of mustard oil in 
tumor growth control.
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