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Abstract

Among many neurodevelopmental disorders, Attention Deficient Hyperactivity Disorder
(ADHD) is recognized as the most commonly occurring disorder in childhood. Nature-derived
compounds with neuroblastoma inhibitory effects shall improve the medical condition of
ADHD patients with minimal adverse effects. The aim of the study is to evaluate the inhibitory
effect of Acorus calamus extracts on the neuroblastoma SH-SY5Y cell line using MTT and SRB
assays. The hexane and ethanol extracts of dried Acorus calamus roots and rhizomes were
extracted using the Soxhlet, following the evaporation of the solvent. The neuroblastoma cell
line (SH-SY5Y) was cultured and then MTT and SRB assay was performed using the hexane
and ethanol extract. The in-vitro cell viability studies revealed that both hexane and ethanol
extract exhibited a dose-dependent anti-neuroblastoma effect. The ethanol extract inhibited the
SH-SY5Y cell line to a greater extent, with an 1Cso value of 126.87 pg/mL (MTT) and 110.88
pg/mL (SRB).

Keywords:  Antipsychotic, Percentage viability, ~NAD(P)H-dependent cellular
oxidoreductase, ANOVA, Neuroblastoma cell line.
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Introduction

Among 8% to 10% of all paediatric malignancies are extracranial solid tumors in
children called neuroblastoma (NB). A wide range of clinical behaviours is displayed by this
diverse disease in children. The SH-SY5Y cell line was used in this study [Sharma V, 2020].
The original clone was known as SH-SY, and it was then subcloned into SH-SY5 and then SH-
SH5Y. As they can be differentiated into a more mature neuron-like phenotype with
neuroblast-like morphology that is characterised by neuronal markers like tyrosine hydroxylase
(TH) and D-H, characteristics of catecholaminergic neurons, the SH-SY5Y and SK-N-SH are
widely used for the study of neuronal diseases. [Campos Cogo, 2020]

Acorus calamus, an antioxidant and anti-inflammatory herb is commonly used in
traditional medical systems like Ayurveda, Unani, Chinese, and Siddha for the treatment of
ailments such as nervous disorders, pain, cramps, diarrhoea, indigestion, bronchitis, and
vascular disorders [Bae, 2019; Admin, 2021]. The roots and rhizomes of the Acorus calamus
are rich in volatile oils including B-asarone and a-asarone, saponins, lectins, sesquiterpenoids,
ligands, and steroids [Ascher, 1989; Radusiene, 2007]. Having a- asarone and (-asarone as
predominantly promising active components, the Acorus calamus has various pharmacological
activities such as tranquiliser, antispasmodic, antioxidant, cardiovascular, anticonvulsant, CNS
Depressants, antidiabetic, immunosuppressive, hypolipidemic, cryoprotective, antioxidant,
antidiarrheal, anticancer, and antimicrobial [Schmid, 1990; Lee, 2011].

In this study, an attempt was made to understand the neuroblastoma (SH-SY5Y)
inhibitory effect of Acorus calamus extracts of roots and rhizomes via in-vitro studies. The
physiological difference between the viable cell and the dying cell is the base of all cell viability
assays. The viable cells have the potential to convert the substrate into a product that can be
detected with a plate reader [Wubet, 2009]. Though MTT assay is commonly employed in
various studies for the determination of cell viability, the confounding variable such as cell
number, MTT concentration, incubation time, supernatant removal, and wavelength of optical
density measurement affect the reduction of dye during in-vitro analysis and lead to
inconsistencies [Berridge, 1993; Ghasemi, 2021]. Thus, in this study, the neuroblastoma
inhibitory activity of the Acorus calamus was further confirmed using an SRB assay, which
has a stable endpoint, superior linearity, and higher sensitivity [Kuete, 2017; Schmidt, 2010].
This is one of the methods to validate neurodevelopmental disorders like ADHD, Autism
Spectrum Disorder, etc. Here, the study was done to prove the neuroprotective effect of the
plant Acorus calamus in the neurodevelopmental disorder Attention Deficit Hyperactive
Disorder, with a prevalence of roughly 4-12% in children.

Materials and Method

The roots and rhizomes of the Acorus calamus were collected from the Coimbatore
district and authenticated (GSMC/MB-442/21) by Botanist, at the Government Siddha Medical
College, Arumbakkam. The extractives from the dried roots and rhizomes of the Acorus
calamus were obtained using the Soxhlet apparatus. In-vitro evaluation of the neuroblastoma
inhibitory effect of the Acorus calamus was conducted by obtaining the neuroblastoma (SH-
SY5Y) cell line stock culture from “The National Centre for Cell Science” — Pune, that was
used in the investigation. Fetal Bovine Serum (FBS, Himedia), Streptomycin (Pen-strep,
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Himedia), Trypsin (Himedia), MTT (Thermo Fisher Scientific), and Sulforhodamine B were
the materials utilised in the investigation (SRB, Sigma Aldrich). The other chemicals and
solvents such as Dimethyl Sulfoxide, ethanol, Hexane, and trichloroacetic acid used in the
study were procured from Sisco Research Laboratories, India.

Extraction of Bioactive compounds

The authenticated roots and rhizomes of the Acorus calamus were chopped into fine
pieces and shade dried. The dried material was milled into a fine powder. The dry powdered
material was extracted with solvents of increasing order of polarity using Soxhlet assembly
[Autor, 2022]. Herein, 500 g of dry powdered roots and rhizomes of Acorus calamus was
extracted initially with a non-polar solvent n-Hexane through continuous percolation until the
discoloration of solvent, using Soxhlet apparatus. The n-hexane soluble extractives were
concentrated through the evaporation of solvent to obtain a dry mass. Further, the powder for
extraction was collected and dried to remove the n-hexane residual solvent. The extraction
process was repeated with polar solvent ethanol (95%) using a Soxhlet assembly, wherein the
powder for extraction was closely packed. The extracts obtained was dried at 45°C in a hot air
oven A dark red color residue of hexane and ethanol extractive was obtained.

Neuroblastoma Cell culture
Neuroblastoma (SH-SY5Y) cells were cultured in a mixture containing 10% inactivated
FBS, 100 1U/mL penicillin, and 100 pg/mL streptomycin until confluence was reached.

Screening of Cytotoxicity activity

Using appropriate media containing 10% FBS, the monolayer cell culture was collected
by trypsinization (0.03% w/v EDTA solution and 0.25% w/v trypsin). A 100 pL portion of the
diluted cell suspension (1 x 10* cells/well) was put into each well of the 96-well microtiter
plate. After 24 hours, a partial monolayer of cells was created, and the supernatant was flicked
off and rinsed with medium [Lee, 2018; Kamiloglu, 2020]. 100 uL of test samples (hexane
and ethanol extract) at concentrations (3.125 pg/mL, 6.25 pg/mL, 12.5 pg/mL, 25 pg/mL, 50
pg/mL, and 100 pg/mL) were applied to the partial monolayer on microtiter plates and
incubated at 37 °C for 24 h in a 5% CO2 environment. Following treatment, the medium was
washed in phosphate buffer to remove it. MTT and SRB assays were used to measure cell
viability [Shipley MM, 2016].

MTT Assay:

The test media was washed with phosphate buffer as a post-treatment to detach it for the
MTT assay. Each well treated with the test solutions received 20 pL of MTT (2 mg/1 mL of
MTT in PBS), which was then added and incubated for 4 hours at 37°C with 5% CO2. MTT
was carefully removed after the incubation period using 100uL of DMSO. The amount of
formazan formation in each well with the help of a microplate reader at 570 nm gives the viable
cell amount. The following formula was used to determine the percentage of viable cells
[McKim, 2010; Balakrishnan,2022].

Sample Absorbance

Loy —
Cell Viability (%) Control Absorbance x 100 Eq1
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Mean (X), + standard deviation (SD) were used to express the data.

SRB Assay:

In order to prepare the cells for the SRB test, they were post-treated with ice-cold
trichloroacetic acid (100 pL/well, 10% wi/v) for an hour at 4°C. Each test-treated well fixed
with ice-cold trichloroacetic acid received 100 pL of SRB solution (0.057% w/v in 1% aqueous
acetic acid) and was then left at room temperature for 30 minutes. To get rid of the unbound
SRB solution, the plates were washed five times with 1% v/v acetic acid. After that, they were
dried. 200 pL of 10 mM Tris Base (pH 10.5) was then added to each well, and the bound SRB
was solubilized using a vortex shaker for 5 minutes. With the use of a microplate reader, the
absorbance at 570 nm was read to determine cell viability [Chellian, 2017; Omer, 2022].

Equation 2 was used to calculate the percentage of viable cells.
Sample Absorbance

L o —
Cell Viability (%) Control Absorbance x 100 Eq 2

Mean (X), + standard deviation (SD) were used to express the data.
Statistical analysis

The Data are displayed and reported as a percentage of the corresponding controls.
Student T-test, One way -ANOVA analysis, and Regression analysis were employed to assess
the impacts. The inhibitory potential of the extracts was determined using the ICso value.
Regression R?value, standard error, probability, and mean were calculated.

Results and Discussion

Acorus calamus was said to have anti-tumorigenic properties since it contains bioactive
substances including a-asarone and (3-asarone [Heliyon, 2019]. The bioactive compounds from
roots and rhizomes of the Acorus calamus were extracted with solvents of increasing order of
polarity. The inhibitory effects of extracts of hexane and ethanol were studied in the
neuroblastoma (SH-SY5Y) cell line using the MTT and SRB assay. According to number of
studies, cell viability was a crucial endpoint in the assessment of the toxicity and safety of
pharmacological molecules. Also, cell viability is considered a marker for quantifying the
effectiveness of antineoplastic or antipsychotic agents. [McKim, 2010]

By indirectly measuring the metabolic activity of cells, the MTT assay was used to
detect the vitality of neuroblastoma cells. The effect of various concentrations of hexane extract
on SH-SY5Y cell survival was shown in figure 1. It was clearly evident from figure 1, that SH-
SY5Y cell inhibitory activity was dose-dependent, and a significant change in the cell
morphology was observed with 100pg/mL of hexane extract. Also, the optical density recorded
for the wells treated with hexane extract was found to be decreased with increased
concentration of extract, confirming their significant neuroblastoma activity.

Further, figure 2 shows the inhibitory effect of various concentrations of ethanol extract
on SH-SY5Y cells. A significant change in the cell morphology was observed with an increased
dosage of ethanolic extract, indicating its dose-dependent inhibitory activity on neuroblastoma
cells. Also, the optical density curve confirmed the significant neuroblastoma activity of the
ethanolic extract.
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Table 1: Analysis of MTT assay using Hexane and Ethanol extracts

98.9624
6.25 0.914 0.0045 98.1037
12.5 0.8796 0.005 94.4186
25 0.8383 0.0025 89.9821
50 0.8143 0.0030 87.4060
100 0.7716 0.0036 73.5241
3.125 0.9143 0.0045 98.1395
6.25 0.899 0.0035 96.4937
12.5 0.862 0.0045 92.5223
25 0.7423 0.0035 79.6779
50 0.666 0.0040 71.4847
100 0.5946 0.0045 63.8282
0 0.9316 0.004 100

3.125ug/mL

6.25pug/mL

12.5pg/mL

CONTROL

http://ymerdigital.com

25ug/ mL 50ug /mL 100pg/ mL

Figure 1: shows the microscopical representation of neuroblastomal cell inhibition by
hexane extract of Acorus calamus at various concentrations.

3:125ug/mL 6.25ug/mL 12.5ug/mL

25ug/ mL 50ug /mL 100pg/ ' mL

Figure 2: Inhibitory effect of ethanolic extract of Acorus calamus at various
concentration on Neuroblastomal cell line
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Figure 3 depicts the comparison of cell viability of hexane and ethanol extract-treated
Neuroblastoma SH-SY5Y cells. The treatment of 100ug/mL of hexane and ethanol extract
showed a cell viability of about 73.52% and 63.83% respectively.
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Figure 4 shows the data of Concentration and Optical Density curve of Hexane and
Ethanolic extract of MTT Assay.
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Figure 5: I1Cso value of a) Hexane Extract, b) Ethanol extract using MTT assay
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Further, linear regression analysis (Figures 5a and 5b) was performed for the plot to
identify the 1Cso value of the hexane and ethanol extracts. The ICso value of the hexane and
ethanol extracts were found to be 193.95 pg/mL and 126.87 pg/mL respectively. The values
indicate that the neuroblastoma inhibitory activity of ethanol extract possessed higher activity
than hexane extract. This higher activity could be mainly due to the presence of both a-asarone
and [-asarone in ethanol extract in higher concentrations than the hexane extract [Balakrishnan,
2022; Chellian, 2017]. Further, this can also be concluded based on the higher solubility of -
asarone in ethanol than in non-polar solvents [Omer, 2022].

In addition to the MTT assay, an SRB assay was performed for the hexane and ethanol
extracts to confirm the neuroblastoma inhibitory activity of the Acorus calamus.
Sulforhodamine B's capacity to bind to fixed cellular protein components on culture plates is
the basis for the SRB assay. Figure 6 clearly indicates a significant dose-dependent inhibitory
activity of hexane extract and, was confirmed by the optical density measurements. Further,
figure 7 confirms the substantial neuroblastoma activity of various concentrations of ethanol
extract on SH-SY5Y cells. A comparison chart of cell viability of hexane and ethanol extract
treated Neuroblastoma SH-SY5Y cells was shown in figure 10. The treatment of 100ug/mL of
hexane and ethanol extract showed a cell viability of about 83.16% and 59.79% respectively.
Further, The 1Cso value of hexane and ethanol extracts calculated using linear regression
(figures 10a and 10b) analysis were found to be 303.91 pg/mL and 110.88 pg/mL respectively.

The neuroblastoma inhibitory activity of ethanol extract was found to be higher than
the hexane extract, due to the presence of both bioactive a-asarone and 3-asarone. Overall, The
MTT and SRB assay results indicate that extracts of the Acorus calamus significantly reduced
the viability of the neuroblastoma SH-SY5Y cell line.

Table 2: Analysis of SRB assay using Hexane and Ethanol extracts

99.0679
6.25 0.491 0.0035 98.0692
12.5 0.4703 0.0041 93.9414
25 0.4516 0.003 90.2130
50 0.439 0.0045 87.6830
100 0.4163 0.0040 83.1557
3.125 0.488 0.0035 97.4700
6.25 0.4706 0.004 94.0079
12.5 0.4383 0.0032 87.5499
25 0.3766 0.003 75.2330
50 0.325 0.0030 64.9134
100 0.2993 0.0030 59.7869
0 0.5006 0.0036 100
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12.5pug/mL

CONTROL
25pg/ mL 50ug /mL 100ua/ mL

Figure 6: Effect of Acorus calamus hexane extracts on SH-SY5Y cell line at different
concentrations using SRB assay

3.125ua/mL 6.25ug/mL

3.125pg/mL 6.25ug/mL 12.5pg/mL

25ug/ mL 50ug /mL

Figure 7: Effect of Acorus calamus Ethanol extracts on SH-SY5Y cell line at different
concentrations using SRB assay
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Figure 8: Comparison of cell viability between Hexane extract and Ethanol extract
(SRB)
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Figure 9: reveals the Concentration — Response (Optical Density) of Hexane and
Ethanolic extract of Acorus calamus in inhibiting the Neuroblastomal cell line.
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Figure 10: 1Cso value of a) Hexane Extract, b) Ethanol extract using SRB assay

Conclusion

Acorus calamus, an antipsychotic drug being used for the treatment of ADHD, Bipolar
disorder, etc. Though the plant is having many pharmacological activities such as
gastrointestinal, respiratory, metabolic, kidney, and liver dsorders, neurological benefits
overcome the other benefits of it. Acorus calamus has been tested intensively to understand its
effects on the SH-SY5Y cell line. The study reported that hexane and ethanolic extracts of
Acorus calamus possess an excellent neuroblastomal cell inhibitory effect. Further, a dose-
dependent effect on cell viability was observed for both hexane and ethanol extract. In both
MTT and SRB assay, it was observed that ethanol extract showed significantly higher activity
than hexane extract. Based on MTT and SRB assay, the ICsg value of ethanol extract was found
to be 126.87 pg/mL and 110.88 pg/mL respectively. Preclinical studies are also needed to
confirm the pharmacokinetic and pharmacodynamic properties of Acorus calamus’ ethanolic
extract against ADHD. To establish the pharmacological action and toxicity of the Acorus
calamus, dose-dependent in-vivo investigations are needed in addition to the ethanol extracts'
in-vitro neuroblastoma inhibitory effect. From this study, we arrived that the possible
mechanism of action may be due to a few mechanisms like neutralizing the free radical
formation in the brain (which seems to be neuroprotective) or reducing inflammatory mediators
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like cytokines and interleukins. Also, the proven antipsychotic activity [Menon MK, 1967] of
this plant shows that the plant has effective in modulating the neurotransmitter level in brain.
The current analysis is anticipated to have widespread knowledge and may offer guidance to
researchers studying immunopharmacology and neuropharmacology. In future, this concept
may be carried forward to treat various neurological disorders like Parkinson’s disease, ADHD,
OCD, anxiety, intracranial tumor etc. Our future aim is to extract the chemical components
from this plant and prove the same neuroprotective action by in-vivo studies.

Abbreviations

ADHD - Attention Deficit Hyperactive Disorder

FBS - Fetal Bovine Serum

MTT - 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
SRB - Sulforhodamine B

PBS - Phosphate Buffer Saline

OCD- Obsessive-compulsive disorder
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