
Journal of Integrated Standardized Homoeopathy • Volume 5 • Issue 3 • July-September 2022 | 63

Original Article

In vitro antitumor activity in breast cancer cells (SKBR3 
and PMC42) of Ruta graveolens in homeopathic dilution
Ana Catarina Viana Valle1, Aloísio Cunha De Carvalho1, Hilana Dos Santos Sena Brunel2, Maria Tereza de Oliveira Rodrigues3, 
Rosângela Vieira De Andrade3

1Department of Scientific Research, Idis Lamasson Institute, Ribeirao Preto, 2Department of in vitro tests, BioInnova Laboratory, 4Department of Genomic 
Sciences and Biotechnology, Catholic University of Brasilia (UCB), Brasília, Brazil.

INTRODUCTION

Breast cancer is one of the diseases that most affect women. It may be related to age, genetic factors 
such as women with a family history of breast cancer, lifestyle and oestrogen exposure, among 
others.[1] The ability to present tumour cell subtypes with different characteristics coexisting in 
the same tumour environment due to its high heterogeneity is among the characteristics of this 
type of cancer.[2]

Radiotherapy is usually recommended for the early stages of breast cancer. Other forms of 
treatment are indicated at the beginning and in more advanced stages of the disease, such as 
neoadjuvant therapy, which aims to decrease tumour size before definitive surgery. This treatment 
modality can also be performed with adjuvant therapy to control and eliminate micrometastases 
that remained after definitive treatment and may also count on endocrine therapy.[3,4] Sometimes, 
tumour resection and chemotherapy are performed by combining alkylating and antimetabolite 
agents. However, the treatment is painful and may generate several cytotoxic side effects for 
patients.[3,5]

ABSTRACT
Objectives: Given the need to establish less invasive treatments that improve the patient’s quality of life and still 
have antitumour effects, this study aimed to evaluate the behaviour of breast cancer tumour cells (SKBR3 and 
PMC42) by treatment with ultradiluted Ruta graveolens (Ruta D35).

Material and Methods: The breast cancer cell lines SKBR3 and PMC42 were treated with ultradiluted Ruta D35 
and the in vitro effects on cell viability was evaluated by MTT cytotoxicity assay.

Results: In the SKBR3 cells, Ruta D35 at concentration of 8 μl/ml induced a significant reduction in cell viability 
when compared to the untreated control. The treatment with Ruta D35 in the PMC42 cells reduced cell viability 
from the treatment at the highest concentrations of 20 μl/ml, 30 μl/ml, 40 μl/ml and 50 μl/ml.

Conclusion: Ruta D35 presented in vitro cytotoxic activity in SKBR3 and PMC42 breast cancer cells, thereby 
reducing cell viability. However, further tests are necessary to better understand the cytotoxic action and the 
potential of R. graveolens for treating breast tumour cells.
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In this context, homoeopathy can be used to improve the 
patient’s quality of life and, at the same time, assist in the 
treatment. This method uses ultradiluted and dynamic 
natural compounds and varies according to the patient’s 
symptom board.[6] Animal cell studies have shown that plant 
compounds may have antitumour effects and are less toxic to 
healthy cells.[7]

Ruta graveolens is a natural compound that has been used 
as a therapeutic for cancer cases. This plant belongs to 
the Rutaceae family and is widely distributed in tropical 
regions.[8] R. graveolens has gained more space in the treatment 
of various diseases in homoeopathy, including inflammatory 
and skin diseases, among others, due to its active compounds 
such as flavonoids, phenolic acids, alkaloids and volatile 
oils.[9,10] R. graveolens presents several compounds of interest 
in medicine, especially in oncology, where previous studies 
have demonstrated the antiproliferative effects of the plant 
extract in tumour cells.[11]

We believe that R. graveolens has antitumour effects on breast 
cancer cell lines. This work was conducted due to the need to 
create cancer treatment tools that could simultaneously help 
patients’ quality of life. We used the ultradiluted R. graveolens 
extract (Ruta D35), once this is the most commonly used 
potency in Brazil, to evaluate it’s in vitro effects on breast 
cancer cells viability.

MATERIAL AND METHODS

Preparation of Ruta D35

The Mother Tincture was used as the starting point for 
preparing the tested substance (Ruta D35). As described 
in the Brazilian Homeopathic Pharmacopoeia, the 
Hahnemannian Decimal Method was used. Using a sterile 
isotonic solution, one part of the active ingredient was 
mixed with nine parts of the inert ingredient and succussed 
100  times, yielding Ruta D1  (1 × 10−1). Then, one part of 
Ruta D1 was used with nine parts of the inert ingredient and 
succussed 100 times, yielding R. graveolens D2 (1 × 10−2). The 
successive dilution continued till Ruta D35 was obtained.[12] 
These products were then bottled in 1.1 ml ampoules.

Cell culture

The breast cancer cell lines used in these tests, SKBR3 and 
PMC42, were donated by the Biotechnology and Genomic 
Sciences Laboratory from the Catholic University of Brasilia 
(purchased by the ATCC and grown according to the 
protocol). The cell line SKBR3 was cultivated with Dulbecco’s 
Modified Eagle Medium added with 10% foetal bovine serum 
(all products from the Sigma-Aldrich® brand). The PMC42 cell 
line was cultivated with RPMI-1640 added with 10% foetal 
bovine serum (all products from the Sigma-Aldrich® brand).

Cytotoxicity (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl 
tetrazolium bromide [MTT] assay)

Cells were plated in 75 cm2 culture flasks and incubated in 
a controlled atmosphere cell culture oven (37°C, 5% CO2) 
until they reached approximately 80% confluence. Cells were 
then trypsinised with the enzyme TrypLE™ (Thermo-Fisher), 
counted and plated in 96-well plates at a concentration of 
2.5 × 104 cells/ml culture medium.

After 24  h, the medium was replaced with a medium 
containing Ruta D35 at nine concentrations (2, 4, 8, 6, 
10, 20, 30, 40 and 50 μl/ml), remaining for 48 h in culture. 
This procedure was performed in triplicate of wells and 
plates. The control treatment utilised the same water used 
in the dynamisation, at the same nine concentrations 
from 2 to 50 μl of water per ml of medium. Furthermore, 
control wells were used only with a culture medium, with 
no addition of any other product to confirm cell growth. 
After 48 h, the MTT colourimetric assay was performed by 
adding the reagent 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide (Catalogue: Sigma N. M2128) in the 
wells at 0.5 mg/ml followed by incubation for 4 h at 37°C and 
5% CO2. Subsequently, the following steps were performed: 
Dilution of the formazan crystals with dimethylsulphoxide 
(Sigma-Aldrich) and plate absorbance reading at 570 nm in a 
spectrophotometer (Model DR-200BS Kasuaki).

Statistical analysis

Cellular viability was calculated concerning the absorbance 
obtained in the control group. The percentages obtained were 
analysed by the Dunnett’s multiple comparison test using the 
GraphPad Prism® 7.04.

RESULTS

The SKBR3 and PMC42 lines treated with Ruta D35 at various 
concentrations (2–50 μl/ml) demonstrated a dose-response 
effect. Ruta D35 had significantly reduced cell viability in 
the SKBR3 line compared to the control of untreated cells. 
A significant difference was obtained from the concentration 
of 8 μl/ml (P = 0.0391*). At this concentration, it was already 
possible to observe a reduction in cell viability. The dose-
response effect was more evident in SKBR3  cells treated 
with higher Ruta D35 concentrations (50 μl/ml). At this 
concentration, cell viability was more expressively reduced 
than in the control treatment (****P < 0.0001), as shown in 
[Figure 1].

Conversely, Ruta D35 significantly reduced cell viability in 
the PMC42 line at higher concentrations (20–50 μl/ml), as 
shown in [Figure  2]. Cellular damage was observed in the 
SKBR3 line, leading to a significant reduction in cell viability 
at low concentrations (8 μl/ml). In contrast, no significant 



Valle, et al.: In vitro antitumor activity in breast cancer cells (SKBR3 and PMC42) of Ruta graveolens in homeopathic dilution

Journal of Integrated Standardized Homoeopathy • Volume 5 • Issue 3 • July-September 2022 | 65

reduction in cell viability was recorded in the PMC42 line 
when exposed to the same concentration.

DISCUSSION

Homoeopathy appears as a complementary treatment using 
ultradiluted and dynamic natural compounds. Concerning 
cancer disease, homoeopathy may assist the patient due 
to its ability to decrease the side effects generated by 
conventional treatments.[13,14] Preliminary studies showed 
that patients with hormone-sensitive breast cancer receiving 
aromatase inhibitor treatment combined with treatment 
using R. graveolens 5CH and Rhus toxicodendron 9CH 
(homoeopathic compounds) presented reduced joint pain 
and stiffness.[15]

In the present study, we evaluated the in vitro effects of 
different dilutions of Ruta D35 for treating two breast 
cancer lines (SKBR3 and PMC42). We used the MTT assay, 
a standard well consolidated and diffused test commonly 
used to evaluate the metabolic activity of cells in vitro. Cell 
viability levels were compared with the viability of untreated 
cells. Thus, it was demonstrated that breast cells had a 
dose-response effect and became sensitive to the treatment 

with Ruta D35. This result suggests that this homoeopathic 
compound can generate cell death in these cancer lines.

Acridone alkaloids are among the compounds present in 
R. graveolens. Isolated acridone alkaloids tested in different 
dilutions to treat breast cancer lines showed significant 
pro-apoptotic and antiproliferative effects compared to 
cisplatin.[16] Our findings on the effects of Ruta D35 on 
the viability of the SKBR3 and PMC42 breast cancer lines 
corroborate previous studies in which breast cancer cells, 
such as MCF-7, presented cell viability reduction, p53 
pathway activation and damage to the mitosis process after 
treatment with R. graveolens extract.[11] These results indicate 
R. graveolens potential for reducing the viability and causing 
cellular damage in tumoural lines.

We observed that the various Ruta D35 dilutions produced 
cytotoxic effects in the breast lines. Similar results were 
reported in colon cancer lines treated with various potencies 
of R. graveolens. These lines had their cell cycle damaged 
in the G2/M phase and cell viability was reduced due to 
the apoptosis process, similarly to solid tumours, which 
presented reduction when treated with Ruta dilution at 
200C.[17,18]

Figure  1: MTT cell viability assay. The X-axis corresponds to the 
Ruta D35 concentration and the Y-axis represents the percentage 
of cell viability. The untreated SKBR3  cells comprise the control 
treatment. Cells treated with 8 μl/ml presented cellular damage 
and consequent reduction of cell viability when compared with the 
control (*P = 0.0391). Reduction in viability became more evident 
at 10 μl/ml (***P = 0.0003), and following the dose-response 
effect, cell viability significantly reduced at higher concentrations 
(20–50 μl/ml; ****P<0.0001.

Figure  2: MTT cell viability assay. The X-axis corresponds to the 
Ruta D35 concentration and the Y-axis represents the percentage 
of cell viability. The untreated PMC42  cells comprise the control 
treatment. Cells treated with 20 μl/ml presented cellular damage 
and consequent reduction of cell viability when compared with the 
control (**P = 0.0035). Reduction in viability became more evident 
at 30 μl/ml (***P = 0.0002), and following the dose-response effect, 
cell viability significantly reduced at higher concentrations (40 and 
50 μl/ml; ****P<0.0001.
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Studies reporting the effects of homoeopathic treatments 
are extremely important due to the limited data on the 
efficacy of this treatment in cancer patients.[19] Studies on 
the effects of homoeopathic treatment, especially in the case 
of R. graveolens, have shown promising results regarding 
antitumour effects on cancer lines. Therefore, it is essential to 
elucidate the mechanisms behind this effect and the benefits 
of using this complementary treatment.

CONCLUSION

Ruta D35 presented in vitro cytotoxic damage to the SKBR3 
and PMC42 breast cancer cells, thereby reducing cell 
viability. Both cell lines showed sensitivity to the treatment 
with several Ruta D35 dilutions compared with untreated 
cells. Our results indicate that ultradiluted R. graveolens has 
antitumour capacity. However, further tests are necessary to 
better understand the cytotoxic action and the potential of 
R. graveolens for treating breast tumour cells.

Acknowledgements

The authors thank the Injectcenter Company for supplying 
the ampoules of the homoeopathic medicine Ruta D35.

Declaration of patient consent

Patient’s consent not required as there are no patients in this 
study.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Sun YS, Zhao Z, Yang ZN, Xu F, Lu HJ, Zhu ZY, et al. Risk 
factors and preventions of breast cancer. Int J Biol Sci 
2017;13:1387-97.

2. Yeo SK, Guan JL. Breast cancer: Multiple subtypes within a 
tumour? Trends Cancer 2017;3:753-60.

3. Fisusi FA, Akala EO. Drug combinations in breast cancer 
therapy. Pharm Nanotechnol 2019;7:3-23.

4. Shien T, Iwata H. Adjuvant and neoadjuvant therapy for breast 
cancer. Jpn J Clin Oncol 2020;50:225-9.

5. Akram M, Iqbal M, Daniyal M, Khan AU. Awareness and 
current knowledge of breast cancer. Biol Res 2017;50:33.

6. Milazzo S, Russell N, Ernst E. Efficacy of homoeopathic 
therapy in cancer treatment. Eur J Cancer 2006;42:282-9.

7. Gentile MT, Ciniglia C, Reccia MG, Volpicelli F, Gatti  M, 
Thellung S, et al. Ruta graveolens L. induces death of 
glioblastoma cells and neural progenitors, but not of neurons, 
via ERK 1/2 and AKT activation. PLoS One 2015;10:e0118864.

8. Ahmad G, Jahan N, Parray SA, Bhat JU, Ahmad G, Sofi G, 
et al. Ruta graveolens: From traditional system of medicine to 
modern pharmacology: An overview. Am J Pharm Tech Res 
2012;2:239-52. Available from: https://www.ajptr.com/www.
ajptr.com [Last accessed on 2022 Jun 01].

9. Raghav SK, Gupta B, Agrawal C, Goswami K, Das HR. 
Anti-inflammatory effect of Ruta graveolens L. in murine 
macrophage cells. J Ethnopharmacol 2006;104:234-9.

10. Ainiwaer P, Nueraihemaiti M, Li Z, Zang D, Jiang L, Li Y, 
et al. Chemical constituents of Ruta graveolens L. and their 
melanogenic effects and action mechanism. Fitoterapia 
2022;156:105094.

11. Fadlalla K, Watson A, Yehualaeshet T, Turner T. Ruta 
graveolens extract induces DNA damage pathways and blocks 
Akt activation to inhibit cancer cell proliferation and survival. 
Anticancer Res 2011;31:233-41.

12. BRASIL. Farmacopeia Homeopática Brasileira, Farm. 3rd  ed. 
Brasil: Homeopática Bras; 2011. p. 364. Available from: https://
portal.anvisa.gov.br/documents/33832/259147/3a_edicao.pdf/
cb9d5888-6b7c-447b-be3c-af51aaae7ea8 [Last accessed on 
2022 Jun 01].

13. Catarina A, Valle V, Brunel S, Malard P, Carvalho A, 
Andrade RV. Short communication cytotoxicity of ultradiluted 
Viscum album (1x10-400) in a lineage of human osteosarcoma. 
Adv Complement Altern Med 2019;5:000618.

14. Rostock M, Naumann J, Guethlin C, Guenther L, Bartsch HH, 
Walach H. Classical homoeopathy in the treatment of cancer 
patients a prospective observational study of two independent 
cohorts. BMC Cancer 2011;11:19.

15. Karp JC, Sanchez C, Guilbert P, Mina W, Demonceaux A, Curé 
H. Treatment with Ruta graveolens 5CH and Rhus toxicodendron 
9CH may reduce joint pain and stiffness linked to aromatase 
inhibitors in women with early breast cancer: Results of a pilot 
observational study. Homoeopathy 2016;105:299-308.

16. Schelz Z, Ocsovszki I, Bózsity N, Hohmann J, Zupkó I. 
Antiproliferative effects of various furanoacridones isolated 
from Ruta graveolens on human breast cancer cell lines. 
Anticancer Res 2016;36:2751-8.

17. Arora S, Tandon S. DNA fragmentation and cell cycle arrest: 
A hallmark of apoptosis induced by Ruta graveolens in human 
colon cancer cells. Homoeopathy 2015;104:36-47.

18. Preethi KC, Kuttan G, Kuttan R. Anti-tumour activity of Ruta 
graveolens extract. Asian Pac J Cancer Prev 2006;7:439-43.

19. Dos Santos AP, Cardoso TN, Waisse S, Bonamin LV. 
Homoeopathy in experimental cancer models: A  systematic 
review. Homoeopathy 2021;110:76-85.

How to cite this article: Viana Valle AC, Carvalho AC, Brunel HD, 
Rodrigues  MT, Andrade RV. In vitro antitumor activity in breast cancer 
cells (SKBR3 and PMC42) of Ruta graveolens in homeopathic dilution. 
J Intgr Stand Homoeopathy 2022;5:63-6.

View publication stats


