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ABSTRACT

Ruta graveolens belongs to the family Rutaceae, and it is used to treat inflammatory diseases and some cases of cancer due to its 
anti-inflammatory and analgesic properties. Osteosarcoma (OS) is a bone cancer that mainly affects children and adolescents and 
has a high index in dogs. The treatment of this cancer consists of high doses of chemotherapy, and resection of the area affected 
by cancer, thus making it a painful and invasive treatment for patients. Under this perspective, it is necessary to search for new 
forms of treatment that are less invasive and, at the same time, effective, considering that homeopathy is used as a complementary 
therapy and benefits the patient’s quality of life. This study aimed to compare the in vitro action of the homeopathic medicine 
Ruta D35 on U2OS osteosarcoma cells and canine mesenchymal stem cells (MSC). Our results demonstrate that Ruta D35 has 
a toxic effect on U2OS cells (IC50 16.38µL/mL), reducing cell viability compared to MSC (IC50 67.38µL/mL). Therefore, Ruta 
D35 showed positive results in treating the OS U2OS line, demonstrating a potential activity in treating this cancer.
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INTRODUCTION 

Osteosarcoma (OS) is a bone cancer that affects mainly 
children and adolescents, reaching a second peak of 
occurrence in the elderly above 60 years [1,2]. Although 
the origin of this cancer is unknown, it is believed that 
mutations in mesenchymal stem cells play a crucial role in 
the development of OS since these cells are related to bone, 
cartilage, and muscle development [3].

In dogs, OS is the most common bone tumor, with risk 
factors related to race, sex, trauma, and castration of these 
animals. Its characteristics include swelling and pain in the 
affected region and micrometastases [4]. Some similarities of 
OS in humans and dogs include high heterogeneity of tumor 
cells, tumor development mainly in the metaphyseal regions 
of long bones, a higher incidence in males than females, form 
of treatment, and metastasis capacity [5].

The treatment of OS in both humans and dogs is accomplished 
with high doses of chemotherapy. Resection of the area affected 
by cancer is often performed, making it a painful and invasive 
treatment for patients [4,6,7]. Given the high resistance rate in 
the OS due to treatment [8], the search for new cancer drugs 
becomes essential for treating the disease [9].

Homeopathic therapy can be given along with chemotherapy 
and works as a complementary therapy. Homeopathic 
treatment benefits the patient’s quality of life and minimizes 
the side effects of conventional drugs used to treat the 
disease [10]. Ruta graveolens is among these commonly used 
homeopathic medicines. 

R. graveolens belongs to the family Rutaceae and is distributed 
in the tropical and temperate regions. Due to its anti-
inflammatory, antiandrogenic, and analgesic properties, this 
plant is commonly used to treat dermatological pathologies 
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[11,12], inflammatory diseases, and some cancer cases, in 
which R. graveolens has shown antiproliferative effect [13]. 
Psoralens are one of the chemical compounds found in this 
plant. They are furanocoumarins capable of cross-linking 
DNA that can lead to changes in cell metabolism and generate 
cell death [13].

Since R. graveolens may exhibit toxic effects on tumor cells 
and be used in cancer treatments, the objective of this study 
was to evaluate and compare the in vitro behavior of ultra-
diluted R. graveolens (Ruta D35) in healthy canine cells 
(mesenchymal stem cells) and OS cells. 

MATERIALS AND METHODS

Cell culture 

The cell line osteosarcoma used in these tests, U2OS (ATCC® 
HTB-96™), was 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 cells were cultured with Dulbecco’s Modified 
Eagle Medium (DMEM) added with 10% fetal bovine serum 
and 0.02% amikacin (all products from the Sigma-Aldrich® 
brand). 

Canine mesenchymal stem cells (CTM) were obtained from 
the Bio cell laboratory and cultivated with DMEM low glucose 
added with 10% fetal bovine serum and 0.02% amikacin (all 
products from the Sigma-Aldrich® brand). 

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, 
1 part of the active ingredient was mixed with 9 parts of the 
inert ingredient and succussed 100 times, yielding Ruta D1 
(1×10−1). Then, 1 part of Ruta D1 was used with 9 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. These products were then bottled in 
1.1 mL ampoules.

Cytotoxicity (MTT assay)

Cells were plated in 75cm2 culture flasks and incubated in a 
controlled atmosphere cell culture oven (37oC, 5%CO2) until 
they reached approximately 80% confluence. Cells were then 
trypsinized with the enzyme TryPLETM (Thermo-fisher), 
counted, and plated in 96-well plates at a concentration of 2.5 
x 104 cells/mL culture medium. 

After 24 hours, the medium was replaced with a medium 
containing Ruta D35 at five concentrations (10, 20, 30, 40, 

and 50 µmL/mL), remaining for 48 hours in culture. This 
procedure was performed in triplicate of wells and plates. 
The control treatment utilized the same water used in the 
dynamizations, at the same five concentrations from 10 to 50 
µmL of water per mL of medium. Also, control wells were 
used only with a culture medium, without adding any other 
product to confirm cell growth. After 48 hours, the MTT 
colorimetric assay was performed by adding the reagent 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide 
(Catalog: Sigma N. M2128) at 0.5 mg/mL, incubation for 4 
hours at 37oC and 5% CO2. Subsequently, the following steps 
were performed: dilution of the formazan crystals with DMSO 
(dimethyl-sufoxide) (Sigma Aldrich); plate absorbance reading 
at 570nm in a spectrophotometer (Model DR-200BS Kasuaki); 
and calculation of the mean inhibitory concentration (IC50) of 
Ruta D35 in each cell line, i.e., a concentration that inhibits the 
growth of 50% of the cells in culture.

Statistical analysis

From the result obtained in the MTT assay, the mean of the 
triplicates referring to the inhibitory concentrations of 50% 
of the cells (IC50) of each cell line was calculated. This result 
was analyzed by the T-Test using the GraphPad Prism® 7.04.

RESULTS

U2OS and CTM cells were treated with different 
concentrations of Ruta D35 (10 - 50µL/mL), and the results 
showed that cell behavior was different at all concentrations 
tested. The OS cells showed higher sensitivity to the medicine 
since even the concentration of 10µL/mL caused cell damage 
and reduced the viability of approximately 50% of the cells. At 
the highest concentration (50µL/mL), cancer cells presented 
a low cell viability index, whereas MSC cells remained 
with a high percentage of viable cells (Table 1). The two 
cell types had a dose-response effect. However, the highest 
concentration tested was not sufficient to disable most MSC 
cells, and approximately 60% of the cells were alive. On the 
other hand, at this same concentration of 50µL/mL, only 20% 
of the tumor cells remained viable. 

Ruta D35 
Concentration

% Cell viabillity U2OS
(Mean ± DP)

% Cell viabillity CTM 
(Mean ± DP)

0 100 100
10µL/mL 54.934 ± 3.33 98.45 ± 5.677
20µL/mL 46.208 ± 1.439 88.20 ± 5.551
30µL/mL 41.168 ± 1.174 80.03 ± 5.686
40µL/mL 32.704 ± 2.061 70.63 ± 11.576
50µL/mL 21.524 ± 4.095 60.29 ± 10.393

Table 1: Mean U2OS and MSC cell viability after MTT assay with 
Ruta D35 treatment at concentrations of 10µL/mL - 50µL/mL.
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From the results presented in Figure 1, it can be observed that 
there was a significant difference (**) in the IC50 value of tumor 
cells compared to healthy cells since the IC50 values of U2OS 
and MSC were 16.38µL/mL and 67.38µL/mL, respectively.

DISCUSSION

Homeopathy has become a complementary treatment option 
for some diseases, including cancer, due to its ability to improve 
the patient’s quality of life and be less invasive. R. graveolens is 
a plant with analgesic and anti-inflammatory properties that 
has already been associated with antiproliferative effects on 
tumor cells [11–13].

This study observed that ultra-diluted Ruta at the D35 potency 
decreased the viability of OS cells, indicating a possible 
antitumor effect. The antitumor ability of the R. graveolens 
extract was also demonstrated by Fadalla et al. (2011). The 
authors recorded a dose-response effect in the prostate, 
colorectal, and breast cancer cells, indicating that these tumor 
cells were sensitive to the treatment and the proliferation 
capacity also decreased after the treatment with R. graveolens. 
This reduction in proliferation occurred due to cell cycle arrest, 
in which the cells treated with the plant extract had their cell 
cycle stopped in the S and G2/M phases. Besides that, the R. 
graveolens extracts efficiently activate p53-regulated pathways 
in tumor cells, thus generating cell cycle arrest [13]. Therefore, 
this study agrees with our findings since we also observed a 
dose-response effect in which the U2OS cell viability rate 
decreased as treatment concentration increased. 

In patients with non-small cell lung cancer, it has been 
reported that the homeopathic treatment in conjunction 
with conventional treatment improved the quality of life 
and prolonged survival of patients [14]. The R. graveolens 
cytotoxic activity has also been observed in hematopoietic 
tumor cells. Similar to the other lines mentioned above, the 
treatment with R. graveolens extract was effective against the 
proliferation of these cells, with a higher sensitivity of tumor 
cells under this treatment compared to normal blood cells 
that did not suffer from cytotoxic effects [15].

As a result, the MTT test of the present study showed that the 
in vitro treatment of cells with Ruta D35 was more effective 
in OS cells and that it did not cause high cytotoxicity in 
MSC, thus indicating that the U2OS line was significantly 
more sensitive to the homeopathic treatment and presented 
positive results. However, further studies are needed to better 
understand how Ruta D35 acts on these tumor cells and what 
other effects this treatment can generate on these cells. 

It is crucial to understand and evaluate the effects of Ruta 
D35 on cancer because, in addition to being a plant that has 
active ingredients capable of acting in various pathologies, 
homeopathy has become a new form of treatment for cancer, 
often combined with chemotherapy. Studies demonstrating 
the potential of this treatment modality in the multiple 
types of cancer are still lacking. In vivo studies provide an 
idea of how treatment with various homeopathic agents 
can contribute to the reduction of tumor inhibition [16]. 
However, it is still necessary to deepen in vitro and in vivo 
studies to better understand the capacity of this medicine. 

CONCLUSION

This study leads to a first understanding of the Ruta D35 
action on the U2OS line of osteosarcoma. The results show 
that the in vitro activity of this homeopathic medicine is 
stronger in tumor cells than in healthy cells. Therefore, it may 
be a first indication of the possibility of using such medicine 
as an adjunct in treating bone tumors.

ACKNOWLEDGMENTS 

The authors thank the Injectcenter company for supplying the 
ampoules of the homeopathic medicine Ruta D35.

REfERENCES

1. Ferguson JL, Turner SP (2018) Bone cancer: Diagnosis and 
treatment principles, Am. Fam. Physician. 98: 205–213.

2. Corre I, Verrecchia F, Crenn V, Redini F, Trichet V (2020) 
The Osteosarcoma Microenvironment: A Complex But 
Targetable Ecosystem, Cells. 9: 1–25. https://doi.org/10.3390/
cells9040976.

figure 1. Inhibitory concentration of 50% of U2OS cells 
(osteosarcoma) and canine MSC (mesenchymal stem cells) 
after treatment with Ruta graveolens. The x axle represents the 
cell group, black bar – MSC; gray bar – U2OS. The y axle is the 
IC50 corresponding value. The IC50 in U2OS was 16.38, while 
in MSC was 67.38. Significant difference of p = 0.0022 (**)



© Asian Journal of Complementary and Alternative Medicine, 2022 61

Ana Catarina Viana Valle, et al.

3. Gaebler M, Silvestri A, Haybaeck J, Reichardt P, Lowery CD, 
Stancato LF, Zybarth G, Regenbrecht CRA (2017) Three-
dimensional patient-derived in vitro sarcoma models: Promising 
tools for improving clinical tumor management, Front. Oncol. 7: 
1–14. https://doi.org/10.3389/fonc.2017.00203.

4. Poon AC, Matsuyama A, Mutsaers AJ (2020) Review Article 
Compte renduRecent and current clinical trials in canine 
appendicular osteosarcoma, Can. Vet. J. 61: 301–308.

5. Simpson S, Dunning MD, de Brot S, Grau-Roma L, Mongan NP, 
Rutland CS (2017) Comparative review of human and canine 
osteosarcoma: morphology, epidemiology, prognosis, treatment 
and genetics, Acta Vet. Scand. 59: 71. https://doi.org/10.1186/
s13028-017-0341-9.

6. Lilienthal I, Herold N (2020) Targeting molecular mechanisms 
underlying treatment efficacy and resistance in osteosarcoma: A 
review of current and future strategies, Int. J. Mol. Sci. 21: 1–56. 
https://doi.org/10.3390/ijms21186885.

7. Simpson E, Brown HL (2018) Understanding osteosarcomas, 
J. Am. Acad. Physician Assist. 31: 15–19. https://doi.
org/10.1097/01.JAA.0000541477.24116.8d.

8. Fernandes DA, Costa AA, Lahdenperä P (2018) Osteosarcoma 
Genetics and Epigenetics: Emerging Biology and Candidate 
Therapies, Int. J. Constr. Manag. 18: 482–496.

9. Valle ACV, Aguiar LR, dos S.S. Brunel H, Malard PF, Andrade 
RV (2020) Homoeopathic Viscum album extract inhibits the 
growth of osteosarcoma cells , J. Integr. Stand. Homoeopath. 3: 
59–63. https://doi.org/10.25259/jish_32_2020.

10. Catarina A, Valle V, Brunel S, Malard P (2019) Short 
Communication Citotoxicity of Ultradiluted Viscum Album ( 

1x10- 400 ) in a Lineage of Human Osteosarcoma, (n.d.). https://
doi.org/10.31031/ACAM.2019.05.000618.

11. Avallone G, Mastorino L, Agostini A, Merli M, Siliquini N, 
Rubatto M, Fierro MT, Ribero S, Quaglino P (2021) Ruta 
graveolens phytophotodermatìtis, Dermatol. Online J. 27: 
https://doi.org/10.5070/D327754382.

12. Ainiwaer P, Nueraihemaiti M, Li Z, Zang D, Jiang L, Li Y, Aisa 
HA (2022) Chemical constituents of Ruta graveolens L. and 
their melanogenic effects and action mechanism, Fitoterapia. 
156: 105094. https://doi.org/10.1016/j.fitote.2021.105094.

13. Fadlalla K, Watson A, Yehualaeshet T, Turner T (2011) Ruta 
Graveolens Extract Induces DNA Damage Pathways and Blocks 
Akt Activation to Inhibit Cancer Cell Proliferation and Survival, 
Natl. Institutes Heal. 31: 233–241. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC3624763/pdf/nihms412728.pdf.

14. Frass M, Lechleitner P, Gründling C, Pirker C, Grasmuk-Siegl E, 
Domayer J, Hochmair M, Gaertner K, Duscheck C, Muchitsch 
I, Marosi C, Schumacher M, Zöchbauer-Müller S, Manchanda 
RK, Schrott A, Burghuber O (2020) Homeopathic Treatment as 
an Add-On Therapy May Improve Quality of Life and Prolong 
Survival in Patients with Non-Small Cell Lung Cancer: A 
Prospective, Randomized, Placebo-Controlled, Double-Blind, 
Three-Arm, Multicenter Study, Oncologist. 25: e1930–e1955. 
https://doi.org/10.1002/onco.13548.

15. Varamini P, Soltani M, Ghaderi A (2009) Cell cycle analysis and 
cytotoxic potential of Ruta graveolens against human tumor cell 
lines, Neoplasma. 56: 490–493. https://doi.org/10.4149/neo.

16. Kumar KBH, Sunila ES, Kuttan G, Preethi KC, Venugopal CN, 
Kuttan R (2007) Inhibition of Chemically Induced Carcinogenesis 
by Drugs Used in Homeopathic Medicine, 8: 98–102.


	Title
	Abstract 
	INTRODUCTION
	MATERIALS AND METHODS 
	Cell culture  
	Preparation of Ruta D35 
	Cytotoxicity (MTT assay) 
	Statistical analysis 

	RESULTS 
	DISCUSSION 
	CONCLUSION 
	ACKNOWLEDGMENTS
	Figure 1
	Table 1
	References

