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Abstract

Introduction: Rosmarinusofficinalis consist of many medicinal values like for the treatment of disorders associated with nervous,
cardiovascular, gastrointestinal, menstrual, hepatic and reproductive systems. The main aim is to synthesize silver nanoparticles using
Rosmarinusofficinalisleaf extract and to study the anti-cancer and apoptosis induction on prostate cancer cell line

Materials and method: The plant was collected, pressed and was made into powder. The prostate cancer cell line was purchased and was
subcultured in the laboratory. The cell line and different concentrations of drugs were subjected to MTT assay and an 1C-50 value was found.
The prostate cancer cells RNA were isolated and were under gene expression. The RNA was made into cDNA using reverse transcriptase
which was then subjected to real time polymerase chain reaction for specific genes which promotes anti-cancer and apoptosis induction.

Results: The analysis of MTT assay showed that the 1C-50 where only 50 percent of the cell was alive to certain concentrations of dosage
of the drug used. In this study, it was found out that 200 microgram of concentration was enough to reduce 50 percent of cells in a cell
culture. The genes caspase 3 and caspase 9 were analyzed and showed significant increase at 200 microgram of the drug
Rosmarinusofficinalis.

Conclusion: Rosmarinusofficinalis has a significant role in controlling prostate cancer cell line proliferation by upregulating the gene
expression. The results showed that R.officinalis exert cytotoxic activity on prostate cancer cell line
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INTRODUCTION

Nanoparticles are defined as molecules with a size less than 100 nm. The main key to develop metal nanoparticles with the
appropriate properties, such as size and form, is through a variety of physical and chemical procedures, which have some
significant drawbacks such as being expensive, commodity, and potentially harmful to the environment and living things (1).
Consequently, an alternative, affordable, safe, and biocompatible technology is unquestionably required for the synthesis of
nanoparticles (2). Plant extracts can function as both reducing and fixing agents in the green manufacture of metal nanoparticles
using any secondary metabolic process of therapeutic plants. The green synthesis of nanoparticles involves reduction of size of
certain elements like the silver, selenium, gold, zinc oxide and so on with the help of parts of plants such as stem, leaf, flower
(3). The green synthesis is found to be cost effective and also increase the efficiency and efficacy of working to certain targeted
cells only. The plant mediated green synthesis of nanoparticles was found to be useful in the field of cosmetics and in derma
pharmaceutical applications (4).Green synthesized silver nanoparticles were proved to have shown antimicrobial and antifungal
activities.
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Rosmarinusofficinaliscommonly known as rosemary is best known for its fragrance. The plant are usually found in the
Mediterranean regions and is known to have high medicinal values and are also used as food preservatives. The plant,
Rosmarinusofficinalis has several pharmacological activities such as antimicrobial, anti-inflammatory, antioxidant, anti-
proliferation, anti-tumor and protective, inhibitory and attenuating properties (4,5). Rosmarinusofficinalis consist of many
medicinal values like for the treatment of disorders associated with nervous, cardiovascular, gastrointestinal, menstrual, hepatic
and reproductive systems (6). The plant has so many of these properties because of the presence of phenolic groups present in
the plant. This plant is also considered as one among the biologically important plants.

Prostate cancer, a cancer occurring most commonly in men's prostate. Based on GLOBOCAN (Global Cancer Observatory)
2018, estimates had shown that approximately 1,276,106 new prostate cancer cases were reported across the globe in 2018 with
higher prevalence in developed countries. African American men relatively have a higher incidence of prostate cancer which
was found to be more aggressive compared to normal white men (7). More than a million cases were diagnosed per year.
Symptoms include trouble in urination, blood in semun and urine, losing weight without trying, bone pain and erectile
dysfunction. Treatments like conventional surgical methods or modern radiation or even stem cell mediated therapy can be a
curative treatment for localized disease but have adverse symptoms such as urinary problems (8). However for metastatic
cancer, immunotherapies and harmony mediated therapies were found to be effective with moderate side effects (9).

Apoptosis is a programmed cell death which is initiated by cell blebbing or by shrinkage of cells. Sometimes due to mutation
in genes, there can be an increase in the apoptosis which eventually causes cell death. Many studies were done on apoptosis
induction with the help of medicinal plants. However, it was found out that further research is necessary in view of its therapeutic
use (10). Dysfunctions in the regulation or execution of cell suicide are implicated in a wide range of developmental
abnormalities and diseases (11). Anticancer drugs are drugs used to control the abnormally dividing cells. Despite vast
investment in oncology R&D, the translation of research advances into medicines that substantially improve the treatment of
many cancers remains frustratingly slow (4,5,12). Our team has extensive knowledge and research experience that has translated
into high quality of publications (13)(14-27).

The main purpose of this study is to green synthesize silver nanoparticles by Rosmarinusofficinalisand are used to control the
prostate cancer cell line.

MATERIALS AND METHODS:

Chemicals

Trypsin-EDTA, fetal bovine serum (FBS), antibiotics-antimycotics, Dulbecco’s modified Eagle’s medium (DMEM) and
phosphate buffered saline (PBS) were purchased from Gibco, Canada. JC-1 (5,5 ,6,6 - tetrachloro-1,1 ,3,3 -
tetraethylbenzimidazolocarbocyanine iodide) and real time PCR kit (MESA Green) were purchased from Invitrogen, USA. All
the chemicals used were extra pure of analytical grade.

Extract preparation:

Rosmarinusofficinalis L leaves were soxhlet extracted with 70% ethanol. The extract was then filtered with Whatman no. 1
filter paper and the solvent evaporated at reduced pressure by using a Rotary evaporator apparatus to get a viscous mass, which
was then stored at 4°C until used.

Procurement and culture of PC 3 cells:

The prostate cancer cell line (PC 3), was obtained from The National Centre for Cell Science (NCCS), Pune, India and cultured
according to the cell culture instructions provided. Briefly, PC — 3 cells were grown in MEM containing 10% FBS at 37°C in
an atmosphere containing 5% CO2.
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Cell viability assay:

PC — 3 cells were seeded at a density of 5x105 cells/well in 96-well plates and allowed to attach to the well overnight. After
incubation, cultured cells were stimulated with various concentrations of Rosmarinusofficinalis L leaf extracts in triplicate and
incubated at 37°C in a 5% humidified CO2 incubator for 24h. Subsequently, MTT was added to each well, and incubation was
continued for a further 4 h at 37 C. To dissolve the formazan formed from MTT, the cells were resuspended in 200 ul dimethyl
sulfoxide (DMSO), and the optical density (OD) of the solution was determined using a spectrometer at a wavelength of 570
nm. The experiments were repeated 3 times, independently. The mean optical density (OD) + SD for each group of replicates
was calculated. The entire procedure was repeated 3 times. The inhibitory rate of cell growth was calculated using the equation:

% Growth inhibition = (1 - ODextract treated)/OD negative control x 100.
Gene expression analysis by Real Time PCR

MRNA expression levels were examined using real-time PCR. The total RNA was isolated by using Tri Reagent (Sigma). Total
RNA (2 pg) from each sample was reverse transcribed using a commercial Superscriptlll first strand cDNAsynthesis kit
(Invitrogen, USA) according to the manufacturer’s protocol. Real time-PCR was carried out in a MX3000p PCR system
(Stratagene, Europe). Reaction was performed using MESA Green PCR master mix (It contains all the PCR components along
with SYBR green dye.) Eurogentec, USA. The specificity of the amplification product was determined by melting curve
analysis for each primer pair. The data were analyzed by comparative CT method and the fold change is calculated by 2—CT
method described by Schmittgen and Livak (2008) using CFX Manager Version 2.1 (Bio Rad, USA).

Statistical analysis

Data were expressed as the means + SD of 3 individual experiments performed in triplicate. Statistical analysis was performed
using the one-way ANOVA and p<0.05 was considered to indicate a statistically significant result.

RESULTS AND DISCUSSION:

The MTT assay works on the principal by conversion of MTT to formazan crystals by living cells, which helps in determining
the mitochondrial activity. Since for most cells the total mitochondrial activity is related to the number of viable cells (28). In
MTT assay, the untreated cell line without theRosmarinusofficinalis drugs, the viability is 100 percent. The cell viability
decreases as the amount and concentration of drugs increase. At 50 microgram of dosage of drug, cell viability is decreased to
90 percent. At 100 microgram of Rosmarinusofficinalis drug extract, 60 percent of the cells were alive in the wells. But at 200
microgram of Rosmarinusofficinalisextracts 50 percent of the cells show cell death (Figure 1). Therefore the 1C-50 Point was
obtained which was used for further research. The main reason to take 1C-50 point is because with viability greater than 50
percent, itis very difficult to identify if the drug is actually working as the cell death would be very feeble and with drug dosage
less than 50 percent tend to kill most of the cells and is again very difficult to identify if the drug has actually worked. The IC-
50 (200 microgram of Rosmarinusofficinalis) is used for further characterisation of genes like caspase 3 and caspase 9 genes.

The caspase 9 mRNA is one of the molecules involved in the apoptosis pathway whose down regulation usually signifies the
presence of cancer cells (29). In the graph, as the concentration of dosage of Rosmarinusofficinalis increases, fold changes
increase which signifies that there is inhibition of apoptosis in the prostate cancer cell line.

An inability to undergo apoptosis is widely thought to contribute to both tumorigenesis and tumor progression. One of the key
mediators of apoptosis is the thiol protease caspase3 (30). The caspase 3 mRNA deficiency may exhibit specific defects in
apoptotic pathways including delayed kinetics and lack of DNA fragmentation during brain development (31). The graph shows
slight increase in the fold change compared to that of control which provides the evidence that the apoptosis inhibition is
occurring at 200 microgram of Rosmarinusofficianlisat greater rate (Figure 2). Nanoparticles can be hazardous at greater doses
but are harmless at lower doses. Commonly, cells exposed to different nanoparticle concentrations exhibit an amount of the
drug rise in cell inhibitory activity. Different silver nanoparticle formulations have dosage effects that might change cytotoxicity
or enhance anticancer efficacy.

W Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 6| 2022 -




The presence of high concentrations of flavonoid components including carnosic acid, rosmarinic acid, and ursolic acid, which
are present in maximum concentration, is thought to contribute to R.officinalis anticancer activities. In several different tumor
cell lines, rosemary extracts showed anti-proliferative activity. This characteristic has been linked to the presence of certain
chemicals, including carnosol, carnosic acid, and rosmarinic acid, which have been reported to have antioxidant action (32).

The study was limited to in vitro study. The time duration taken was longer than expected. In cases of treatment based on
nanomedicine, the AgNPs demonstrated remarkable potential. However, in order to influence the future direction of their
utilization, clinical trials of AgNPs-based nanomedicine are essential. Research into biodegradability, dosage, and delivery
methods are currently the main challenges that need to be overcome in clinical studies. Additionally, AgNPs are a crucial tool
for early cancer diagnosis and cancer cell imaging and detection. The potentiality of Rosmarinusofficinalis can also be further
exploited and further research can be done in combination with anti-cancer effects and other important pharmaceutical and
pharmacological applications.

MTT assay

100

% of cell viability

Figure 1: MTT assay
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Figure 2: Caspase 3 and Caspase 9 mRNA expression
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CONCLUSION:

Using the R.officinalis extract, silver nanoparticles were biosynthesised in a cost-effective, non-toxic, and ecologically
sustainable manner. A possible anticancer agent for cancer therapy, green synthesis nanosilver exhibits a good cytotoxic effect
against prostate cancer cells. The Rosmarinusofficinalishas a significant role in controlling prostate cancer cell proliferation via
activation of caspase 3 and caspase 9 mRNA.

Acknowledgement: The authors would like to thank Saveetha Dental college and Hospitals, Saveetha Institute of Medical and
Technical Sciences, Saveetha university for providing research laboratory facilities to carry out the study.

Source of funding:

The present project was funded by

° Saveetha Institute of Medical and Technical Sciences
° Saveetha Dental College and Hospital

o Saveetha University

° Kasturi dental clinic

Conflict of interest: All the authors declare that there was no conflict of interest in the present study
Author Contributions:

GokulVimalT :Literature search, Data collection analysis, Manuscript drafting

Dr.R. GayatriDevi :Data Verification, Manuscript draft

Dr.J.Selvaraj: Data collection analysis, Data Verification, Manuscript draft

REFERENCES

=

Narayanan KB, Sakthivel N. Biological synthesis of metal nanoparticles by microbes. Adv Colloid Interface Sci. 2010 Apr 22;156(1-2):1-13.

2. Karthik L, Vishnu Kirthi A, Ranjan S, MohanaSrinivasan V. Biological Synthesis of Nanoparticles and Their Applications. CRC Press; 2020.284 p.

3. Hussain I, Singh NB, Singh A, Singh H, Singh SC. Green synthesis of nanoparticles and its potential application. BiotechnolLett. 2016 Apr;38(4):545—
60.

4. Paiva-Santos AC, Herdade AM, Guerra C, Peixoto D, Pereira-Silva M, Zeinali M, et al. Plant-mediated green synthesis of metal-based nanoparticles for
dermopharmaceutical and cosmetic applications [Internet]. Vol. 597, International Journal of Pharmaceutics. 2021. p. 120311. Available from:
http://dx.doi.org/10.1016/j.ijpharm.2021.120311

5. Nieto G, Ros G, Castillo J. Antioxidant and Antimicrobial Properties of Rosemary (Rosmarinus officinalis, L.): A Review [Internet]. VVol. 5, Medicines.
2018. p. 98. Available from: http://dx.doi.org/10.3390/medicines5030098

6. de Oliveira JR, Camargo SEA, de Oliveira LD. Rosmarinusofficinalis L. (rosemary) as therapeutic and prophylactic agent. J Biomed Sci. 2019 Jan
9;26(1):5.

7. Drake CG. Prostate cancer as a model for tumour immunotherapy.Nat Rev Immunol. 2010 Aug;10(8):580-93.

8. Litwin MS, Tan HJ. The Diagnosis and Treatment of Prostate Cancer: A Review. JAMA. 2017 Jun 27;317(24):2532-42.

9. Wirth MP, Hakenberg OW, Froehner M. Antiandrogens in the treatment of prostate cancer. Eur Urol. 2007 Feb;51(2):306-13; discussion 314.

10. Rezadoost MH, Kumleh HH, Ghasempour A. Cytotoxicity and apoptosis induction in breast cancer, skin cancer and glioblastoma cells by plant extracts.
MolBiol Rep. 2019 Oct;46(5):5131-42.

11. Meier P, Finch A, Evan G. Apoptosis in development. Nature. 2000 Oct 12;407(6805):796-801.

12. Hait WN. Anticancer drug development: the grand challenges [Internet]. Vol. 9, Nature Reviews Drug Discovery. 2010. p. 253—4. Available from:
http://dx.doi.org/10.1038/nrd3144

13. Rao TD, Kumar MPS. Analgesic efficacy of paracetamolvs ketorolac after dental extractions. J Adv Pharm Technol Res. 2018;11(8):3375.

14. Felicita AS. Quantification of intrusive/retraction force and moment generated during en-masse retraction of maxillary anterior teeth using mini-
implants: A conceptual approach. Dental Press J Orthod. 2017 Sep;22(5):47-55.

15. Jain AR. Prevalence of Partial Edentulousness and treatment needs in Rural Population of South India. World J Dent. 2017 Jun;8(3):213-7.

35354 Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 6| 2022 y |




16.
. Sivamurthy G, Sundari S. Stress distribution patterns at mini-implant site during retraction and intrusion--a three-dimensional finite element study.

18.
19.

20.
21

22.
23.
24.
25.

26.
. Lakshmi T, Krishnan V, Rajendran R, Madhusudhanan N. Azadirachtaindica: A herbal panacea in dentistry - An update. Pharmacogn Rev. 2015

28.
29.

30.
3L

32.
33.
34.
35.
36.
37.

38.

.Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 6 | 2022

Kumar S. The emerging role of botulinum toxin in the treatment of orofacial disorders: Literature update. Asian J Pharm Clin Res. 2017 Sep 1;10(9):21.

ProgOrthod. 2016 Jan 18;17:4.

Kumar MS, Vamsi G, Sripriya R, Sehgal PK. Expression of matrix metalloproteinases (MMP-8 and -9) in chronic periodontitis patients with and
without diabetes mellitus. J Periodontol. 2006 Nov;77(11):1803-8.

Azeem RA, Sureshbabu NM. Clinical performance of direct versus indirect composite restorations in posterior teeth: A systematic review. J Conserv
Dent. 2018 Jan;21(1):2-9.

Krishnan V, Lakshmi T. Bioglass: A novel biocompatible innovation. J Adv Pharm Technol Res. 2013 Apr;4(2):78-83.

Sekar D, Lakshmanan G, Mani P, Biruntha M. Methylation-dependent circulating microRNA 510 in preeclampsia patients. Hypertens Res. 2019
Oct;42(10):1647-8.

Felicita AS, Chandrasekar S, Shanthasundari KK. Determination of craniofacial relation among the subethnic Indian population: a modified approach -
(Sagittal relation). Indian J Dent Res. 2012 May;23(3):305-12.

Neelakantan P, Subbarao C, Subbarao CV, De-Deus G, Zehnder M. The impact of root dentine conditioning on sealing ability and push-out bond
strength of an epoxy resin root canal sealer.IntEndod J. 2011 Jun;44(6):491-8.

Jain RK, Kumar SP, Manjula WS. Comparison of intrusion effects on maxillary incisors among mini implant anchorage, j-hook headgear and utility
arch. J ClinDiagn Res. 2014 Jul;8(7):2C21-4.

Johnson J, Lakshmanan G, M B, R M V, Kalimuthu K, Sekar D. Computational identification of MiRNA-7110 from pulmonary arterial hypertension
(PAH) ESTs: a new microRNA that links diabetes and PAH. Hypertens Res. 2020 Apr;43(4):360-2.

Keerthana B, Thenmozhi MS. Occurrence of foramen of huschke and its clinical significance. J Adv Pharm Technol Res. 2016;9(11):1835.

Jan;9(17):41-4.

van Meerloo J, Kaspers GJL, Cloos J. Cell Sensitivity Assays: The MTT Assay [Internet]. Methods in Molecular Biology. 2011. p. 237-45. Available
from: http://dx.doi.org/10.1007/978-1-61779-080-5_20

Fulda S. Targeting apoptosis for anticancer therapy [Internet]. VVol. 31, Seminars in Cancer Biology. 2015. p. 84-8. Available from:
http://dx.doi.org/10.1016/j.semcancer.2014.05.002

Weinstein DJ. Photofrin Il Causes the Activation of Caspase-3 and Apoptosis in Human Breast Cancer Cell Line MCF-7¢3. 2003. 52 p.

Winter RN, Kramer A, Borkowski A, Kyprianou N. Loss of caspase-1 and caspase-3 protein expression in human prostate cancer. Cancer Res. 2001
Feb 1;61(3):1227-32.

Kontogianni VG, Tomic G, Nikolic I, Nerantzaki AA, Sayyad N, Stosic-Grujicic S, et al. Phytochemical profile of Rosmarinusofficinalis and Salvia
officinalis extracts and correlation to their antioxidant and anti-proliferative activity. Food Chem. 2013 Jan 1;136(1):120-9.

Agarwal, Priti, et al. "Green synthesis of silver nanoparticles using callus extract of Capsicum annuum L. and their activity against microorganisms."
International journal of nanotechnology and application 4.5 (2014): 1-8.

Astalakshmi, A., et al. "Evaluating the potentiality of leaves of Manilkara zapota (L.) P. Royan and Mimusopselengi L. in the synthesis of silver
nanoparticles." International Journal of Metallurgical & Materials Science and Engineering 4.2 (2014): 25-36.

Talpada, JAGDISH S., and P. V. Ramana. "The theoretical analysis of H20-LiBr absorption refrigeration system using Al203 nanoparticles.”
International Journal of Mechanical and Production Engineering Research and Development (IIMPERD) Vol 9 (2019): 303-322.
Abdullah, HUSSAIN ISMAIL, and Lamyaa Jabbar Abbas. "Photosynthesis of chromium oxide nanoparticles from chromium complexes.” Int. J. Appl.
Phys. BioChem. Res 7 (2017): 1-8.

Moffatt, Stanley, and Mutune Wangari. "Enhanced Silencing of Bmi-1 and Htert Gene Expression with Ngr-Pei-Coupled Sirna Lipoprotein Nano-
Complexes." TIPRC: Journal of Medicine and Pharmaceutical Science (TIPRC: JMPS) 2 (2016): 9-18.

CHANDER, MUKESH. "A Comparative Study of Bioactive Molecules in Treatment and Control of Cancer." International Journal of Mechanical and
Production Engineering Research and Development (IJMPERD) 10.3 (2020): 10499-10514.




