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ABSTRACT:

Introduction: Cancer is a major cause of death in developed and developing countries. Triphala is a polyherbal medicine
consisting of dried fruits of three plant species. Previous studies have shown that triphala has antioxidant, radioprotective,
and chemoprotective activities, which suggest that it may be able to prevent cancer development. Furthermore, Triphala
has demonstrated strong anti-proliferative and apoptosis-inducing effects against various tumor cell lines and animal
models, without causing damage to healthy cells. Aim: The study aims to analyse the anti-proliferative and pro-apoptic
effect of Triphala ethanol extract against MG - 63 human osteosarcoma cells. Materials and method: For the study,
Triphala powder from IMPCOPS (Chennai, India) was soaked in 95% ethanol for 3 days at room temperature. After
filtering, the crude extract was subjected to rotary evaporation, and 3g of the material was obtained. The extract was
concentrated using vacuum evaporation and stored at 4°C. MTT[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide] assay and Apoptotic stain assay of MG-63 cells were conducted using fluorescent microscopy.
Result: Cells were treated with Triphala extract in different concentration (20, 40, 50, 100, 200 & 300 mg) for 24 h, and
cell viability was evaluated by MTT assay then Acridine orange/Ethidium bromide (AO/EtBr) staining of MG-63 cells
after treatment of 1C50 concentration (70mg/ml) of triphala extract for 24h and compared with untreated control cells
using fluorescence microscopy. The IC50 values represent the concentration of the Triphala extract that could inhibit 50%
of the cell growth. IC50 (70mg/ml) of triphala extract has shown good anti-proliferative and pro-apoptic effects.
Conclusion: This present study concluded that the triphala ethanol extract had shown a good anti-proliferative and pro-
apoptic effect against MG - 63 human osteosarcoma cells. This polyherbal combination shows a promising solution in the
field of drug development for osteosarcoma. Further in-vivo studies are necessary to check the efficacy of triphala in
treatment of osteosarcoma.

KEYWORDS: Ayurvedic, Osteosarcoma, Cytotoxic assay, Apoptotic assay, MTT assay, Innovation and health.
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INTRODUCTION:

Cancer denotes the abnormal growth and proliferation of cells within human body. It interferes
with patients quality of life and is one of the leading causes of death globally .The treatment
necessitates enormous annual control expenses.[1] In addition to their high prices and shortage of
widely accessible cancer medications, these therapies have a long list of adverse effects.[2] In
recent years , the use of medicinal plants in place of or in addition to conventional medications
as a means of controlling and preventing cancer and its complications has garnered a lot of
attention.[3] Previous studies on complementary medicine worldwide have contributed in
managing various illnesses and discovery of new drugs. One of the most well-known and advanced
subspecialties of complementary medicine is Persian medicine (PM), which has discovered herbal
based medications to treat a wide range of illnesses.[4]

In Ayurvedic medicine, triphala has long been used as a general-purpose remedy for a range of
conditions, including stomach illness and tooth decay. It is also believed to promote longevity and
general health. Given that it comprises a range of medicinal plants, it is categorized as a polyherbal
remedy.[5] Polyherbal combination means combinations of herbs that complement one another
well together and are believed to be more potent and beneficial than using any one herb by itself.
These polyherbal combinations helps in illness prevention and health promotion. Triphala is
prepared by combining the dried fruits of three native Indian plants: Haritaki (Terminalia chebula),
Bibhitaki (Terminia bellirica), and Amla (Emblica officinalis).[6] Several studies have out in test
tubes and on animals have demonstrated the protective effects of triphala against specific
malignancies. For instance, it has been demonstrated to inhibit the growth of pancreatic and
stomach tumors in mice, as well as lymphoma.[7] In test-tube trials, this herbal medicine also
caused the death of cancer cells related to the colon and prostate.[8] Research indicates that
triphala's high content of powerful antioxidants such gallic acid and polyphenols may have anti-
cancer properties.

Recent clinical studies on triphala demonstrated to have a wide range of biological activities,
including laxative, immunomodulatory, antibacterial, and antioxidative ones.[9-13] It is also
useful in treating a number of other conditions and diseases, such as gingivitis, arthritis, cataracts,
and constipation. Furthermore, a rising amount of experimental research suggests that triphala is a
herbal cancer therapy that may be useful. According to previous studies, triphala exhibits potent
anti-proliferative and apoptosis-inducing properties against various tumour cell lines and animal
models without harming healthy cells. It also shows oxidant, radioactive, and chemoprotective
activities, suggesting that it may be able to stop oncogenesis.[14-16] In addition, triphala can
inhibit tumor invasion and metastasis via controlling angiogenesis and the epithelial-to-
mesenchymal transition.[17]

Metastatic cancers occurs when cancer cells spread from the organ where they started to the distant
part of the body. Bone loss is common in patients with metastatic cancer who also have multiple
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myeloma, breast, prostate, primary colon, lung, and kidney malignancies. The most prevalent
primary malignant bone tumours are Ewing sarcoma (ES), osteosarcoma (OS), and
chondrosarcoma (CS), accounting for about 70% of all malignancies. Of the three cancer forms
discussed above, osteosarcoma is more common in adults and teenagers, and over 80% of patients
experience lung metastases.[18,19] Twenty to thirty percent of people with osteosarcoma survive
in the long run following surgery. Furthermore, osteosarcoma is a lytic tumour that spreads quickly
and frequently affects the lung in humans.

Osteosarcoma is the most frequent primary solid cancer of bone; it is characterized by the presence
of malignant mesenchymal cells that create osteoid and/or immature bone. Adjuvant chemotherapy
has somewhat improved osteosarcoma treatment, but during the past thirty years, little has changed
most likely as a result of drug resistance. Therefore, there is a need for novel innovative for
osteosarcoma treatment methods.[20]

The rationale of the study was that integrating the natural remedies as part of a holistic approach
to health is beneficial since they not only treat symptoms as well as promoting general wellbeing,
natural therapies are advantageous when used in conjunction with a holistic approach to health. To
improve the overall therapeutic effect, people may combine it with allopathic medications to
enhance the overall treatment effect.

The study aimed to evaluate the anti-proliferative and pro-apoptic effect of Triphala ethanol extract
against MG - 63 human osteosarcoma cells.

MATERIALS AND METHODS:

Extract Preparation:

Stem powder of Triphala Powder obtained from IMPCOPS (Chennai, India) was used for the
present study. About 100 g of Triphala powder was soaked in 1000 mL of 95% Ethanol and kept
in room temperature for 3 days in a static condition (Figure 1). Then the solution was filtered with
crude filter paper followed by Whatman filter paper. Fine filtrate aqueous crude extract was
subjected to rotary evaporation after that 3g of the material was obtained. The total ethanol extract
of Triphala was concentrated in a vacuum evaporate and immediately stored at 4°C.
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Ethanol extract of Triphala Powder Rotary evaporator extraction Cytotoxicity assay (MTT) Apoptotic Assay (AO/PI)

Figure 1: Schematic representation of the steps in the methodology

Cytotoxicity Assay:

MTT Assay [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide]:

To assess the cytotoxicity with different concentration (20, 40, 50, 100, 200 & 300 mg/ml) Triphala
extract along with positive and negative control treated on human breast cancer MG-63 cells was
determined over 24hr by MTT assay as we previously described (Koka P et al, 2018.). Briefly,
Triphala crude extract in different concentration was incubated on MG-63 cells were seeded on 96
well culture plate for 24hr respectively. To determine percent viability, the post incubated cells
were replaced with 10 ul of stock MTT dye (10 mg/ml) was added in each well and plate was
incubated again at 37 °C for 4 h. The medium was replaced with 100 ul DMSO in each well to
dissolve the formazan crystals and absorbance was recorded at 570 nm. with Synergy hybrid Multi-
Mode Reader (BioTek, Winooski, VT, US). The following equation was used to determine the
percentage of cell viability:

OD(test sample)-0D (blank)
Cell viability (%) = ------------—mmmmmmmmm - x 100
OD(PC)-0OD (blank)

Acridine Orange/Ethidium Bromide Staining:

The MG-63 cells were seeded in 6 well culture plates, at a concentration of 1 x 10° cells/mL, and
incubated for 24 h. Following incubation, the cells were treated with 70 mg/ml (1C50)
concentration of Triphala crude. After the treatment, the supernatant was collected and transferred
into a falcon tube, whereas, the remaining cells in the flask were trypsinized and collected, using
a scraper. The cells were mixed with 2 mL PBS, resuspended, and mixed with the supernatant in
the falcon tube. The cells were centrifuged at 300xg for 5 min. The supernatant was discarded and
cells were washed again, using 5 mL PBS. The centrifugation step was repeated and the falcon
tube was put on ice. One ml Acridine Orange/Ethidium Bromide (AO/EtBr) solution (Sigma-
Aldrich, St. Louis, MO, USA) was diluted with PBS (1 mL), the process being carried out under
dark conditions, due to the sensitivity of both solutions to light. AO and EtBr solutions (10 mg/mL
of each) were transferred into an Eppendorf tube and the mixture was resuspended, repeatedly,
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until a homogeneous solution was obtained. An aliquot of the cell preparation (10 pL) was mixed
with the prepared AO/EtBr solution. The mixture (10 pL) was transferred on to a slide and viewed
under fluorescent live cell microscope with a 20x objective (EVOS FLoid Imaging System,
Thermo Fisher Scientific - USA).

RESULTS:

Cytotoxicity Assay:

Figure 2 represents bar graph with the cytotoxic effects of Triphala ethanol crude extract on MG-
63 osteosarcoma cancer cells. The X axis indicates percentage of concentration (mg/dl) and Y axis
indicates percentage of cell viability. Cells were treated with Triphala extract in different
concentration (20, 40, 50, 100, 200 & 300 mg) for 24 h, and cell viability was evaluated by MTT
assay. The IC50 values represent the concentration of the Triphala extract that could inhibit 50%
of the cell growth.

MTT ASSAY
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Control 20 40 50 100 200 300
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Figure 2: The cytotoxic effects of Triphala ethanol crude extract on MG-63 osteosarcoma cancer
cells, Cells were treated with Triphala extract in different concentration (20, 40, 50, 100, 200 &
300 mg) for 24 h, and cell viability was evaluated by MTT assay. The IC50 values represent the
concentration of the Triphala extract that could inhibit 50% of the cell growth. Data are shown as
means £ SD (n = 3).
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Apoptotic stain assay using fluorescent microscopy:

In the Figure 3, the picture represents Acridine orange/Ethidium bromide (AO/EtBr) staining of
MG-63 cells after treatment of IC50 concentration (70mg/ml) of triphala extract for 24h and
compared with untreated control cells using fluorescence microscopy. When compared to control
cells that exhibit green fluorescence, those that display intense orange fluorescence are indicative
of apoptosis. When the control and drug-treated groups were compared, the drug-treated group
had fewer cells overall and more cells that were developing orange flourosis, a sign of apoptosis.
Consequently, the results demonstrate the potency of triphala ethanol extract as an antiproliferative
and proapoptotic agent.

AO/EtBr

Control

Drug Treated

Figure 3: Acridine orange/Ethidium bromide (AO/EtBr) staining of MG-63 cells after treatment
of IC50 concentration (70mg/ml) of triphala extract for 24h and compared with untreated control
cells using fluorescence microscopy. Cells showing bright orange fluorescence indicate apoptosis
in comparison to control cells showing green fluorescence.
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DISCUSSION:

Many patients seek complementary or alternative therapies due to the high death rate from cancer
and the numerous adverse effects of medications used in radiation and chemotherapy.[21] The
most crucial cancer prevention strategies are treating inflammatory conditions, stopping smoking,
altering one’s diet, and taking immune-stimulating vitamins. In light of recent advancements in the
field of cell biology, scientists are currently searching for novel, effective chemotherapeutic
approaches to cure cancer with negligible or nonexistent side effects. Chemotherapy is the primary
therapeutic approach for managing malignant tumors in their advanced stages. It also serves as a
preventive measure against potential metastases, which can pose a major risk to the body's normal
cells. Many animal and human ailments have long been treated using plants. In addition to healing
ilinesses, plants help people stay healthy and strong physically. They can eradicate cancer, for
instance, without being hazardous. Over 50% of currently used pharmaceuticals are derived from
naturally occurring substances that have anti-cancer properties.[22] According to WHO estimates,
primary care is provided by traditional medicine to over 80% of the population in underdeveloped
nations. Herbal and traditional medicine has gained global acceptance in recent decades, impacting
both international trade and the medical community at the same time. Herbal remedies are integral
parts of many people's global health systems.[23] Apoptosis is a type of genetically regulated
programmed cell death that eliminates physiologically unnecessary, physically damaged, and
faulty cells, regulating the evolution of multicellular organisms and tissues.[24]

Numerous herbs, like T. chebula and P. emblica, have tonic properties and can strengthen the
body's immunity, according to reports from Persian medicine. However, recent studies support its
qualities, which include immune system stimulation, antioxidants, anticancer, and antibacterial
actions.[25,26] A mixture of T. chebula, T. bellirica, and P. emblica is known as Triphala in
traditional Indian medical materials. Triphala has been proven in earlier research to exhibit
anticancer properties on MCF-7, PC-3, S115, DU-145, T47D, and Barcl-95 cell lines.[27] Tannins,
which are potent primary constituents of these plants, might be essential to this strategy. T. chebula
contains the tannin compounds gallic acid, ellagic acid, chebulic acid, chebulinic acid, and
chebulagic acid. Ellagic acid, gallic acid, ethyl gallate, galloyl glucose, and chebulagic acid are
among those found in T. bellirica, while ellagic acid and gallic acid are found in P. emblica.[28]
Whether in the form of pure molecules or total tannins, tannins are vital in both preventing and
treating cancer. Tannins have excellent potential as preventative and therapeutic agents in the
development of novel anticancer medications.[29] In a study done by Ali et al., the HepG2 cancer
cell line was found to be sensitive to all concentrations of Triphala and its constituents' cytotoxic
action, which may dramatically lower the survival rate as demonstrated by the MTT
experiment.[30]

Limitations of the study:
The study is limited to in-vitro settings, which may not adequately replicate the complex
interactions that occur in the human body. To confirm the observed effects in a more complete
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biological setting, in-vivo studies are necessary. Furthermore, harvesting methods, regional
climate, and geographic location can generate variabilities in the content of plant extracts, which
could jeopardize the findings' repeatability. The synergistic effects of many compounds in the
extracts may also go unnoticed. These disadvantages support extending the research scope in the
future.

Future perspectives of the study:

The future scope is to conduct studies to determine the active components responsible for this
traditional product's cytotoxic action, in-vivo studies and clinical trials can be conducted to
determine the clinical efficacy of the Triphala for osteosarcoma treatment.

CONCLUSION:

This present study concluded that the Triphala ethanol extract had shown good anti-proliferative
and pro-apoptotic effects against MG - 63 human osteosarcoma cells. Triphala can be employed
as adjunct to synthetic medications, potentially mitigating drug resistance and reducing overall
costs while minimizing side effects. The comparison between the herbal formulation and the
standard showed that triphala has good anti-proliferative and pro-apoptotic effect. Further research
is required to determine the clinical effectiveness in the field of drug development in treating
osteosarcoma.

REFERENCES:

1. Madhuri S, Pandey G. Some anticancer medicinal plants of foreign origin. Current Science.
2009;96(6):779-83.

2. Salem M, Rohani S, Gillies ER. Curcumin, a promising anti-cancer therapeutic: a review
of its chemical properties, bioactivity and approaches to cancer cell delivery. RSC
Advances. 2014;4(21):10815-29.

3. Klafke N, Eliott JA, Olver IN, Wittert GA. The role of complementary and alternative
medicine (CAM) routines and rituals in men with cancer and their significant others (SOs):
a qualitative investigation. Support Care Cancer. 2014;22(5):1319-31.

4. Emami M, Nazarinia MA, Rezaeizadeh H, Zarshenas MM. Standpoints of traditional
Persian physicians on geriatric nutrition. J Evid Based Complementary Altern Med.
2014;19(4):287-91.

5. Peterson CT, Denniston K, Chopra D. Therapeutic Uses of Triphala in Ayurvedic Medicine.
J Altern Complement Med. 2017;23(8):607-614.

6. Baliga MS, Meera S, Mathai B, Rai MP, Pawar V, Palatty PL. Scientific validation of the
ethnomedicinal properties of the Ayurvedic drug Triphala: a review. Chin J Integr Med.
2012;18(12):946-54.

7. Sandhya T, Lathika KM, Pandey BN, Mishra KP. Potential of traditional ayurvedic
formulation, Triphala, as a novel anticancer drug. Cancer Lett. 2006;231(2):206-14.

Cuest fisioter.2025.54(3):1274-1283 1281



Malavika Pradeep!, INVESTIGATION OF ANTI-PROLIFERATIVE AND PRO-

Q

Surenthar M*?, Amani T?, APOPTOTIC EFFECT OF TRIPHALA ETHANOL EXTRACT \,
Raghunandhakumar S* AGAINST MG-63 HUMAN OSTEOSARCOMA CELLS - AN IN-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

VITRO STUDY

Vadde R, Radhakrishnan S, Reddivari L, Vanamala JK. Triphala Extract Suppresses
Proliferation and Induces Apoptosis in Human Colon Cancer Stem Cells via Suppressing
c-Myc/Cyclin D1 and Elevation of Bax/Bcl-2 Ratio. Biomed Res Int. 2015;2015:649263.
Varadarajan PS, Roy A, Jagadeswaran D. Anticancer Property of Digera muricata Leaf
Extract: An In Vitro Study. Cureus. 2023;15(11):¢49276.

Mukherjee PK, Rai S, Bhattacharyya S, Paul PK. Clinical Study of “Triphala” — A Well
Known Phytomedicine from India. Iranian Journal of Pharmacology and Therapeutics.
2006;5(1).

Baratakke SU, Raju R, Kadanakuppe S, Savanur NR, Gubbihal R, Kousalaya PS. Efficacy
of triphala extract and chlorhexidine mouth rinse against plaque accumulation and gingival
inflammation among female undergraduates: a randomized controlled trial. Indian J Dent
Res. 2017;28(1):49-54.

Kalaiselvan S, Rasool M. Triphala exhibits anti-arthritic effect by ameliorating bone and
cartilage degradation in adjuvant-induced arthritic rats. Immunol Investig.
2015;44(4):411-426.

Gupta SK, Kalaiselvan V, Srivastava S, Agrawal SS, Saxena R. Evaluation of anticataract
potential of Triphala in selenite-induced cataract: in vitro and in vivo studies. J Ayurveda
Integr Med. 2010;1(4):280-286.

Baliga MS. Triphala, Ayurvedic formulation for treating and preventing cancer: a review.
J Altern Complement Med. 2010;16(12):1301-1308.

Sharma A, Sharma KK. Chemoprotective role of triphala against 1,2-dimethylhydrazine
dihydrochloride induced carcinogenic damage to mouse liver. Indian J Clin Biochem.
2011;26(3):290-295.

Takauji Y, Miki K, Mita J, Hossain MN, Yamauchi M, Kioi M, Ayusawa D, Fujii M.
Triphala, a formulation of traditional Ayurvedic medicine, shows protective effect against
X-radiation in HeLa cells. J Biosci. 2016;41(4):569-575.

Pradeep VR, Menaka S, Suresh V, Jayaraman S. Anticancer Effects of Rosmarinus
officinalis Leaf Extract on KB Cell Lines. Cureus. 2024 ;16(2):¢54031.

Lin PP, Pandey MK, Jin F, Raymond AK, Akiyama H, Lozano G. Targeted mutation of p53
and Rb in mesenchymal cells of the limb bud produces sarcomas in mice. Carcinogenesis.
2009;30(10):1789-95.

Walkley CR, Qudsi R, Sankaran VG, Perry JA, Gostissa M, Roth SI, et al. Conditional
mouse osteosarcoma, dependent on p53 loss and potentiated by loss of Rb, mimics the
human disease. Genes Dev. 2008;22(12):1662-76.

Benassi MS, Molendini L, Gamberi G, Ragazzini P, Sollazzo MR, Merli M, et al. Alteration
of pRb/p16/cdk4 regulation in human osteosarcoma. Int J Cancer. 1999;84(5):489-93.
Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA
Cancer J Clin. 2011;61(2):69-90.

Pandey G, Sharma M. Medicinal plants: Better remedy for neoplasm. INDIAN DRUGS.
2006;43(11):869—-674.

Cuest fisioter.2025.54(3):1274-1283 1282



Malavika Pradeep!, INVESTIGATION OF ANTI-PROLIFERATIVE AND PRO-

Surenthar M*?, Amani T?, APOPTOTIC EFFECT OF TRIPHALA ETHANOL EXTRACT \,

Q

Raghunandhakumar S* AGAINST MG-63 HUMAN OSTEOSARCOMA CELLS - AN IN-

23.

24,

25.

26.

27.

28.

29.

30.

VITRO STUDY

Igbal J, Abbasi BA, Mahmood T, Kanwal S, Ali B, Shah SA, et al. Plant-derived anticancer
agents: A green anticancer approach. Asian Pacific Journal of Tropical Biomedicine.
2017;7(12):1129-50.

Calo E, Quintero-Estades JA, Danielian PS, Nedelcu S, Berman SD, Lees JA. Rb regulates
fate choice and lineage commitment in vivo. Nature. 2010;466(7310):1110-4.

Gupta Prakash. Biological and pharmacological properties of Terminalia chebula Retz.
(Haritaki) — An overview. Int J Pharm Pharm Sci. 2012;4(3):62-68.

Mahata S, Pandey A, Shukla S, Tyagi A, Husain SA, Das BC, et al. Anticancer Activity of
Phyllanthus emblica Linn. (Indian Gooseberry): Inhibition of Transcription Factor AP-1
and HPV Gene Expression in Cervical Cancer Cells. Nutrition and Cancer. 2013;65(1):88—
97.

Sandhya T, Mishra KP. Cytotoxic response of breast cancer cell lines, MCF 7 and T 47 D
to triphala and its modification by antioxidants. Cancer Lett. 2006;238(2):304-13.

Singh E, Sharma S, Ashutosh Pareek, Dwivedi J, Yadav S, Sharma S. Phytochemistry,
traditional uses and cancer chemopreventive activity of Amla (Phyllanthus emblica): The
Sustainer. Journal of Applied Pharmaceutical Science. 2012:176-83.

Cai Y, Zhang J, Chen NG, Shi Z, Qiu J, He C, Chen M. Recent Advances in Anticancer
Activities and Drug Delivery Systems of Tannins. Med Res Rev. 2017;37(4):665-701.
Sahragard A, Alavi Z, Abolhassanzadeh Z, Moein M, Mohammadi-Bardbori A, Omidi M,
et al. Assessment of the Cytotoxic Activity of Triphala: A Semisolid Traditional
Formulation on HepG2 Cancer Cell Line. BioMed Research International. 2021;2021:1—
7.

Cuest fisioter.2025.54(3):1274-1283 1283



