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ABSTRACT

Hepatocellular carcinoma is a type of cancer with a high mortality
rate since it is primarily diagnosed in an advanced stage. Therefore,
searching for therapies that help in this treatment becomes
increasingly important. Therapies comprising Complementary
Medicine have become more popular and have shown beneficial
effects in treating various types of cancer. Homeopathy, a therapy
established for more than 200 years to treat various diseases, has
become the target of several studies, especially regarding chronic
diseases, which are difficult to control by conventional medicine. This
study evaluated the effect of the homeopathic dilution of Chelidonium
majus D35 (1x10-35) in hepatocellular carcinoma cells (HepG2). Cells
were cultivated in an oven at 37 °C, 5% CO2, and then trypsinized
and plated in 96-well plates for product addition. Chelidonium majus
D35 was added in triplicate to each well at three different
concentrations. The concentrations tested were 20, 40, and 60 pL/mL.
After 48 hours of incubation with the product, cell viability was
measured by MTT, and it was possible to observe a decrease in the
groups that received the treatment compared to the control.

A decrease in cell viability was recorded compared to the control of
cells without treatment, indicating a cytotoxic effect of Chelidonium
majus D35 on tumor cells. Different studies confirm this result due to
the evaluation of biologically active compounds present in extracts of
Chelidonium majus D35 that control cell proliferation and induce
apoptosis. The results of the in vitro tests performed were satisfactory.
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Introduction

Hepatocellular carcinoma (HCC) is a relatively
common type of tumor. It has a high mortality rate
due to late diagnosis associated with the disease
advance and the lack of therapeutic options that
contemplate the cure or even the clinical
improvement of patients’.

Existem tanto fatores externos como infecgSes ou
doencas que favorecem para o surgimento do
carcinoma quanto fatores genéticos e de
desregulagdio de vias de sinalizagdo 2.

The hepatocellular  carcinoma  treatment s
performed according to the cancer stage and the
patient's health conditions. In cases of disease at an
initial stage, it is preferred to do resection,
transplantation, and local ablation. Patients in
intermediate stages are the first candidates for
TACE, and those with advanced disease will first
receive systemic therapies?3.

Therefore, as relevant therapeutic tools,
complementary therapies have been emphasized
daily in doctors' and veterinarians' offices,
prioritizing the relief of clinical signs of the disease
and side effects of conventional drugs. Homeopathy
stands out among these therapies for promoting the
well-being of patients through the administration of
dynamized medicines, which promote the
rebalancing of the organism4. Due to all the
excellent and proven results, especially in patients
with chronic diseases, Homeopathy has increasingly
become an important ally in integrative therapies.
It is based on the "Law of Similars" principle, in
which a substance that causes specific effects can
also be used in low doses to treat them. Therefore,
dilution steps (potencies) are performed to obtain
the homeopathic medicine.5 This alternative
medicine may improve the quality of life of patients
undergoing treatment for various types of cancer. ¢
Among the origin of homeopathic medicines are
those of plant origin, which have established use for
treating various diseases and their undeniable
scientific evidence as herbal medicines. Based on
this knowledge and the Homeopathic Medical
Matter, Chelidonium majus (Papaveraceae family),
originating in the European continent, is indicated in
cases of liver diseases, usually accompanied by
severe local pain and jaundice, among other clinical
signs”. Furthermore, according to NAWAZ et al.
(2022) & SHEN et al. (2022), Chelidonium herbal
extracts have anticancer action by decreasing cell
proliferation and inducing apoptosis. Chelerythrine
(CHE) is the main compound present in this plant,
and studies have shown its antibacterial,
antiparasitic, anti-inflammatory, antidiabetic, and
antiplatelet activities. It also relieves ulcers caused
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by alcohol intake 8. In addition, studies have shown
that Chelidonium majus has anticancer action by
preventing cell proliferation and inducing apoptosis
9,10.

This study evaluated the effect of the D35 (1x10-
35) homeopathic dilution of Chelidonium majus in
hepatocellular carcinoma cells (HepG2) after cell
culturing and treatment with this medicine, using the
MTT in vitro cell viability test.

Method

Obtaining Chelidonium majus D35

The Mother Tincture was used as the starting point
to prepare the tested substance (Chelidonium D35).
The Hahnemannian Decimal Method was used, as
described in  the Brazilion Homeopathic
Pharmacopoeia. One part of the active ingredient
was mixed with 9 parts of the inert ingredient, using
a sterile isotonic solution, and succussed 100 times,
yielding Chelidonium D1 (1X1077). Then, 1 part of
Chelidonium D1 was used with 9 parts of the inert
ingredient and succussed 100 times, yielding
Chelidonium D2 (1X1072). The successive dilution
continued till Chelidonium D35 was obtained. This
product was then bottled in 1.1 mL ampoules.

Type of study
The tests performed in this report used a

randomized in vitro controlled study.

Cell culture and MTT test assay

Human hepatocarcinoma cells (HepG2) were
obtained from a commercial bank and grown in 75
cm? culture flasks with Dulbecco's Modified Eagle
Medium (DMEM) supplemented with an antibiotic.
The culture flasks were incubated in an oven at 37
°C, 5% COa, and the culture medium was changed
every 48 hours until the cells reached a confluence
between 60-80%.

Subsequently, these cells were trypsinized and
plated in 96-well plates at T x 104 cells per well.
After 24 hours of incubation under the conditions
described above, these cells were treated with
Chelidonium majus D35 at 20, 40, and 60 uL/mL.
The control group was not submitted to treatment.
The plates were incubated for another 48h in an
oven.

After incubation, the treatment medium was
removed from the wells, and the MTT reagent was
added. Then, the plate was placed back in the oven
at 37 °C, 5% COg, for 4 hours. After this period,
DMSO was added to the wells, and absorbance
was read in a spectrophotometer. The results were
tabulated, and cell viability (%) was quantified
relative to the control treatment.
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Statistical analysis

Statistical analysis was performed by GraphPrisma
Version 9.5.0. Data were analyzed for normality
by the Shapiro-Wilk test. Afterward, ANOVA and
Dunnett's multiple comparisons test were performed.

Figure 1 HepG2 cells grown in 75 cm? culture flasks
in an oven at 37 °C, 5% COa. Photo taken from an
inverted microscope with 100x magnification
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Results

Obtaining Chelidonium majus D35

The homeopathic Chelidonium majus D35 was
obtained as expected, and the solution was bottled
in 1.1 mL sterile ampoules.

Cell culture

Cells presented morphology and growth as
expected during cell culture in the 75 cm? flasks.
Figure 1 shows HpeG2 cell culture with
approximately 10-20% confluence.

Cell viability

A dose-response effect was observed after treating
the HepG2 cells with homeopathic Chelidonium
majus D35 at 20, 40, and 60 PL/mL. Cell viability
decreased as concentration increased, reaching
values below 50% at the highest concentration
evaluated.

Data were considered normal (parametric), and the
statistics showed that the medicine was highly
cytotoxic at the concentrations tested.
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Figure 1.2 Cellular viability of HepG2 after a 48h treatment with Chelidonium majus D35 at 20, 40, and 60

pL/mL. Control was comprised of untreated cells.

Discussion

This study reported the cell viability
decrease and death of hepatocellular carcinoma
cells (HepG2) after treatment with Chelidonium
majus in the D35 (1x10-35) homeopathic dilution.
Cell death increased with the increase of the
medicine concentration. Therefore, the lower
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concentration caused less damage to HepG2 cells
than the intermediate and higher concentrations.
Chelidonium majus has already been
studied due to its antitumor activity. Among the
bioactive metabolites present in this plant,
chelerythrine (CHE), a substance considered toxic to
the host, can be found when in large quantities. CHE
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is an inhibitor of the protein kinase C, a critical cell
proliferation and survival regulator.

Lin et al. (2022) demonstrated that CHE
could induce oxidative stress, mitochondrial
dysfunction, cell cycle arrest, endoplasmic reticulum
stress, DNA damage, and cell apoptosis in some in
vitro HepG2 cells. The present study recorded that
the cytotoxicity induced by the treatment with
Chelidonium majus D35 (1x10-35) in HepG2 cells is
dose-dependent, as also described by Lin et al.
(2022). It also proved the effectiveness of this
homeopathic medicine by inducing responses similar
to those demonstrated by extracts containing
ponderal doses of the plant and/or bioactive
metabolites in isolation.

Protoberberine is another substance in
Chelidonium majus that can induce apoptosis.
Warowicka et al. (2019) tested protoberberine in
Hela and C33A cells. These authors observed the
induction of apoptosis in treated cells through
changes in the cell membrane, activation of
intracellular caspases, disruption of mitochondrial
membrane, and generation of reactive oxygen
species.!?

Apoptosis induction caused by Chelidonium
majus was also evaluated at the gene expression
level, and studies demonstrate an increase in the
BAK1, BAD, and BNIP3 expression in the presence
of this plant extract. The Bak protein synthesized by
the BAK1 gene acts on the formation of
mitochondrial ~ transmembrane  channels  and
mediates the release of pro-apoptotic factors from
the intra-mitochondrial space, including cytochrome
c. In its turn, the BAD protein increases the pro-
apoptotic activity of Bak. Finally, BNIP3 acts by
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synthesizing proteins that neutralize those that are
anti-apoptotic.’3

Another study evaluated the action of
Chelidonium majus on A431 human epidermoid
carcinoma cells and identified that its extract
induces apoptosis through caspase activation and
NF-kB inhibition via a MAPK-independent
pathway.14

The cytotoxicity of Chelidonium majus was
also compared with Mahonia aquifolium and
Canadian Sanguinaria, and the authors observed
that Chelidonium majus exhibited higher cytotoxicity
to melanoma cell lines compared to the other
extracts. 15

Based on these findings, it is possible to
observe that Chelidonium majus has confirmed
antitumor action in different cell lines and induces
apoptosis. This effect was observed in the present
study since there was a decrease in the HepG2 cell
viability after treatment with the homeopathic
Chelidonium majus D35.
All these results corroborate the findings of the
present study indicating the cytotoxic activity of the
medicine in tumor cells.

Conclusion

The treatment with Chelidonium majus D35
effectively induced HepG2 tumor cell death.
Although more studies need to be carried out to
evaluate the action mode of this medicine on liver
tumor cells, this medicine may be a candidate to be
included in the treatment of hepatocellular
carcinoma.

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /4089 4


https://esmed.org/MRA/index.php/mra/article/view/4089
https://esmed.org/MRA/mra

Medical
Research

References

1. Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M.,
Soerjomataram, l., Jemal, A., & Bray, F. Global
Cancer Statistics 2020: GLOBOCAN Estimates
of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries. CA: A Cancer Journal
for Clinicians, 2021:71(3). doi:
https: //doi.org/10.3322 /caac.21660

2. Timen, D., Heumann, P., Gilow, K., Demirci, C.-
N., Cosma, L.-S., Muller, M., & Kandulski, A.
Pathogenesis and Current Treatment Strategies
of Hepatocellular Carcinoma. Biomedicines,
2022: 10(12), 3202. doi:
https://doi.org/10.3390/biomedicines10123
202

3. Llovet, J. M,, Kelley, R. K., Villanueva, A., Singal,
A. G., Pikarsky, E., Roayaie, S., Lencioni, R.,
Koike, K., Zucman-Rossi, J., & Finn, R. S.
Hepatocellular carcinoma. Nature Reviews
Disease Primers, 2021: 7(1), 6.
https: //doi.org/10.1038 /s41572-020-
00240-3

4. Millward, J., McKay, K., Holmes, J. T., & Owens,
C. T. Pharmacist Knowledge and Perceptions of
Homeopathy: A Survey of Recent Pharmacy
Graduates in Practice. Pharmacy, 2022: 10(5),
130. doi:
https: //doi.org/10.3390 /pharmacy1005013
0

5. Wagenknecht, A., Dorfler, J., Freuding, M.,
Josfeld, L., & Huebner, J. Homeopathy effects
in patients during oncological treatment: a
systematic review. Journal of Cancer Research
and Clinical Oncology, 2023: 149(5), 1785—
1810. https://doi.org/10.1007 /s00432-022-
04054-6

6. Trager-Maury, S., Tournigand, C., Maindrault-
Goebel, F., Afchain, P., de Gramont, A.,
Garcia-Larnicol, M.-L., Gervais, H., & Louvet, C.
[Use of complementary medicine by cancer
patients in a French oncology department].
Bulletin Du Cancer, 2007: 94(11), 1017-1025.

7. Kang, K., Jiang, H., Zhang, S., & Cheng, B.
Antitumor Effects of Chelerythrine: A Literature
Review. Natural Product Communications,
2022: 17(6), 1934578X2211030. doi:
https: //doi.org/10.1177 /1934578X221103
028

8. Kang, K., Jiang, H., Zhang, S., & Cheng, B.
Antitumor Effects of Chelerythrine: A Literature
Review. Natural  Product  Communications,
2022: 17(6), 1934578X221103028. doi:
10.1177/1934578X221103028

9. Nawaz, A, Arif, A,, Jamal, A., Shahid, M. N.,
Nomani, I., & Bahwerth, F. S. Medicinal plants
show remarkable antiproliferative potential in

10.

11.

12.

13.

14.

15.

Archives Cell Viability Assessment by MTT After Treatment of Hepatocellular Carcinoma Cells

human  cancer  cell lines. Bioscience,
Biotechnology, and Biochemistry, 2022: 86(3),
362-367. doi:

https: //doi.org/10.1093 /bbb /zbab225
Shen, L., Lee, S., Joo, J. C,, Hong, E., Cui, Z. Y.,
Jo, E., Park, S. J., & Jang, H.-J. Chelidonium
majus Induces Apoptosis of Human Ovarian
Cancer Cells via ATF3-Mediated Regulation of
Foxo3a by Tip60. Journal of Microbiology and
Biotechnology, 2022: 32(4), 493-503. doi:
https: / /doi.org/10.4014 /jmb.2109.09030
Lin, Y., Zhang, Q., Xie, B., Jiang, H., Shen, J.,
Tang, S., & Dai, C. Chelerythrine-Induced
Apoptotic Cell Death in HepG2 Cells Involves
the Inhibition of Akt Pathway and the Activation
of Oxidative Stress and Mitochondrial
Apoptotic Pathway. Antioxidants, 2022: 11(9),
1837. doi:

https: //doi.org/10.3390/antiox11091837
Warowicka, A., Popenda, t., Bartkowiak, G.,
Musidlak, O., Litowczenko-Cybulska, J., Kuzma,
D., Nawrot, R., Jurga, S. & Gozdzicka-
Jézefiak, A. Protoberberine compounds
extracted from Chelidonium majus L. as novel
natural photosensitizers for cancer therapy.
Phytomedicine, 2019: 64, 152919. doi:
https://doi.org/10.1016 /j.phymed.2019.152
919

Och, A., Zalewski, D., Komstaq, t., Kotodziej, P.,
Kocki, J., & Bogucka-Kocka, A. Cytotoxic and
Proapoptotic  Activity of  Sanguinarine,
Berberine, and Extracts of Chelidonium maijus L.
and  Berberis  thunbergii DC. toward
Hematopoietic Cancer Cell Lines. Toxins, 2019:
11(9), 485. doi:

https://doi.org/10.3390 /toxins11090485
PARK, S.-W., KIM, S. R., KIM, Y., LEE, J.-H.,
WOO, H.-J.,, YOON, Y.-K.,, & KIM, Y. il
Chelidonium majus L. extract induces apoptosis
through caspase  activity via  MAPK-
independent NF-kB signaling in  human
epidermoid carcinoma A431 cells. Oncology
Reports, 2015: 33(1), 419-424. doi:
https://doi.org/10.3892/0r.2014.3566

Han, J. M., Song, H. Y., Kim, K. il, Park, W. Y.,
Park, S. H., Byun, E. B.,, & Byun, E. H.
Polysaccharides from Annona muricata leaves
protect against cisplatin-induced cytotoxicity in
macrophages by alleviating mitochondrial
dysfunction. Molecular Medicine Reports, 2023:
27(1). doi:

https: //doi.org/10.3892 /mmr.2022.12903

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /4089 5



https://esmed.org/MRA/index.php/mra/article/view/4089
https://esmed.org/MRA/mra
https://doi.org/10.3322/caac.21660
https://doi.org/10.3390/biomedicines10123202
https://doi.org/10.3390/biomedicines10123202
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.3390/pharmacy10050130
https://doi.org/10.3390/pharmacy10050130
https://doi.org/10.1007/s00432-022-04054-6
https://doi.org/10.1007/s00432-022-04054-6
https://doi.org/10.1177/1934578X221103028
https://doi.org/10.1177/1934578X221103028
https://doi.org/10.1093/bbb/zbab225
https://doi.org/10.4014/jmb.2109.09030
https://doi.org/10.3390/antiox11091837
https://doi.org/10.1016/j.phymed.2019.152919
https://doi.org/10.1016/j.phymed.2019.152919
https://doi.org/10.3390/toxins11090485
https://doi.org/10.3892/or.2014.3566
https://doi.org/10.3892/mmr.2022.12903

