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ABSTRACT

Background: Ocimum sanctum (L.) is a well-known extensively
employed Indian medicinal shrub in traditional and modern therapeutics.
Hairy roots exhibit similar or superior capability to inhibit oxidants
responsible for many disorders. Objectives: Agrobacterium-mediated
transformation protocol has developed for O. sanctum which influences
T-DNA delivery. The antioxidant, antiacetylcholinesterase (AChE)
potential, and in vivo study of hairy root extract of O. sanctum has been
evaluated. Materials and Methods: Sterilized O. sanctum shoot tips
had grown in vitro by employing Murashige and Skoog basal media,
Benzyl amino purine (BAP) (0.5 mg/L), and other additives. In vitro
grown leaf explants were infected by Agrobacterium rhizogenes ATCC
15834 for various time durations. Polymerase chain reaction (PCR)
employed to confirm the genetic assimilation of Agrobacterium. The
hairy root extract's antioxidant potential has been tested by diphenyl
picric hydroxyl (DPPH) and ferrous ion reducing assay (ferrous reduced
antioxidant power [FRAP]) along with anti-AChE potential. /n vivo
study was done employing behavioral and biochemical estimation.
Results: For in vitro culturing of O. sanctum, administration of
BAP (0.5 mg/L) shows growth rate of 32.7% +0.19% in 7 days. The
Agrobacterium-infected explants show the good yield of hairy root in
1 h of infection duration. The PCR results show the genomic integration
of transgene rol A and rol C. The methanolic extracts of hairy roots
showed potential antioxidant activities for DPPH-free radical (66.15%
+0.34%) and FRAP assay (226.35 + 0.17TE/gDW of the sample).
These extracts effectively inhibit AChE (28.710 + 0.26 pg/mL at 3 min
incubation duration). In in vivo study, the pretreatment of OSM (200
and 400 mg/kg) exhibited significant increase of spatial and long term
after administration of scopolamine. Conclusion: The obtained results
exhibited a simple protocol for micropropagation and transgenic roots
production with competently targeting AChE and related disorders.
Key words: Acetosyringone, Agrobacterium, Alzheimer's, mercuric
chloride, meropenem, micropropagation

SUMMARY

e Ocimum sanctum L. is known as one of the indigenous plants of India. It has
numerous phytochemical constituents such as rosemarinic acid, ursolic acid,
eugenol, apigenin, and beta-pinene. In this study, O. sanctum plantlets were
grown by sterilizing them with HgCl,. Agrobacterium rhizogenes-mediated
transformation (ATCC 15834) had performed to procure hairy roots. The
hairy root extracts were tested for FRAP reducing and DPPH scavenging
activity. Along with anti-AChE inhibition, activity of hairy roots in different
concentrations and time durations was tested.

INTRODUCTION

Since the Vedic period, Ocimum sanctum L. (well-known as Ocimum
tenuiflorum, Tulsi) is manifested as a medicinal plant that is indigenous
to India. This plant has been known for its healing power, endorsement
of life’s longevity, and maintenance of an individual’s health. Due to these
traits, it is classified as “Rasayana”Vl O. sanctum L. (Tulsi) is a shrub of
30-40 cm tall, erect, branched with simple opposite green or purple
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Abbreviations used: DPPH: Diphenyl picric hydroxyl; FRAP: Ferrous
reduced antioxidant power; HgCl,: Mercuric chloride; BAP: Benzyl
amino purine; AdSO,: Adenine sulfate; MS: Murashige and Skoog;
YEB: Yeast extract beef extract broth; PCR: polymerase chain reaction;
TBE: Tris, boric acid, EDTA: EDTA: Ethylenediamine tetraacetic acid;
EtBr: Ethidium bromide; DTNB: 5,5"-Dithiobis-(2-nitrobenzoic acid);
ATCI: Acetylcholine iodide; ANOVA: One-way analysis of variance;
BChE: Butyrylcholinesterase; AD: Alzheimer's disease; TPTZ—Fe?*:
2,4,6-Tripyridyl-S-triazine-ferrous complex; TE: Trolox equivalent; MWM:
Morris Water Maze; PSA: Passive Avoidance Paradigm; SOD: Superoxide
dismutase; TBARS: Thiobarbituric acid reactive substances; GSH:
Reduced glutathione; MDA: Malondialdehyde;
STL: Step transfer latency
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leaves. The leaves of the plant consist of strong aroma. Its stems are hairy
in texture. The length of the leaves is up to 5 cm long and has petiole and
ovate. The characteristic feature of the flower consists of purplish color
having elongate racemes, patterned in close whorls. It is bred mainly for
religious and therapeutic purposes.? For the cure of different ailments
such as common flu, digestive, and hepatic issues, the leaf extract of this
flora has been extensively used.** Phytochemical constituents majorly
found in O. sanctum are rosemarinic acid, ursolic acid, eugenol, apigenin,
and beta-pinene.**! It also possesses some nootropic competency against
diazepam, scopolamine in mice models."”

A wide range of secondary metabolites that profusely found for
pharmacological importance, results in the destruction or uprooting of
the whole plant for the extraction of noble compounds. The production of
the disease-free plant, plant genome transformation, and multiplication
of rare genotypes has profusely depended on the in vitro techniques.® In
vitro techniques such as plant tissue culture, cell suspension techniques
exhibit excellent results. However, the development of hairy roots culture
through varied species of Agrobacterium rhizogenes gave a promising
perspective toward the production of bioactive components.”' It is a
Gram-negative soil-borne bacterium, induces exogenous Ri plasmid into
the host plant cell. The formation of a branch-like neoplastic hairy root
has been caused due to rol genes. The whole phenomenon of induction
is due to stability in the integration of Ri T-DNA in the host plant
genome. The hairy root possesses the ability to grow profusely in devoid
of any phytohormones which is their unique characteristic."*!"! One
of the greatest advantages of the hairy root is that they exhibit similar
or superior capability of secondary metabolites in the comparison of
mother plants.['>*?]

As O. sanctum is a repository of numerous medicinal properties, the
study aimed to germinate the plant by employing potential protocol
in a shorter period. Along with, hairy roots induction in the same
plant and investigation of methanolic extracts of hairy roots for their
potential antioxidant activity using diphenyl picric hydroxyl (DPPH)
radical scavenging activity, ferrous reduced antioxidant power (FRAP),
and antiacetylcholinesterase (anti-AChE) activity assays. These various
antioxidant assays were employed because they are simple and quick
methodologies for the estimation of free radical scavenging capacity.
Anti-AChE cholinergic study has been employed to investigate the
capability of hairy roots to inhibit AChE which is the causative agent
for neurodegenerative diseases such as Alzheimer’s. However, to the best
of our knowledge, there is no analytical report concerning the effect of
hairy roots extract on AChE considering different parameters (i.e. time
duration and concentrations). Further, these in vitro studies had
validated using in vivo model. This in vivo model investigated to
recognize the protective effect of O. sanctum hairy root extract on
scopolamine-induced memory deficits in Swiss albino mice.

MATERIALS AND METHODS

Sterilization of explants and in vitro development of
plantlets

O. sanctum (L.) (Accession No.-T0134) plants were procured from
the medicinal garden of Birla Institute of Technology, Mesra, Ranchi,
Jharkhand. The shoot tips were harvested from the field-grown plants.
Explants were cleaned under running tap water for 10 min washed with
bavistin for another 10 min, and cleansed thrice using distilled water.
The final step of sterilization was followed by mercuric chloride (HgCl,)
treatment in varied concentrations (0.025%, 0.05%, and 0.1%) for
5 min and then thoroughly cleansed with sterilized distilled water.
The sterilized shoot tips were excised up to 1.0 cm and inoculated
onto 0.8% (w/v) agar solidified medium containing benzyl amino
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purine (BAP) (0.5, 1.0, and 1.5 mg/L), adenine sulfate (AdSO,) (25,
50, and 75 mg/L), and citric acid (1.0, 2.0, and 3.0 mg/L) in Murashige
and Skoog (MS) basal™ (Himedia Mumbai, Maharashtra, India)
medium with 30 g/L sucrose, pH 5.8 + 0.2. The explants inoculated in
agar solidified hormone-free MS basal medium employed as control.
The culture established was achieved after 4 weeks of inoculation at
25°C + 2°C and 16/8 h (light/dark) photoperiod. In vitro grown shoot
cultures were maintained by eventual subculturing. Later, these explants
were employed in transformation experiments.

Agroinfection and Induction of hairy roots

The transformation experiments are carried out by employing A.
rhizogenes ATCC 15834. Agrobacterium strain was grown in Yeast
extract Beef extract broth medium! for 24 h at 28°C + 2°C with
shaking (120 rpm) in the dark until absorbance between 0.4 and 0.8 at
600 nm were attained. The bacterial culture grown in liquid medium
was centrifuged at 5000 g for 5 min. Then, bacterial pellets were
re-suspended in 200 ml MS basal liquid medium supplemented with
75 UM acetosyringone.” The cultures were allowed to acclimatize for
another 2-3 h at 28°C + 2°C at 60 rpm.

The leaf explants were excised from the in vitro cultivated plantlets. The
excised explants were cut into 1-2 cm length, wounded carefully using a
sterile blade (Sterile Scalpel Blade No. 22 Himedia, Maharashtra, India).
Then, explants were immersed in bacterial suspension for different
infection time durations (1, 2, and 3 h). The explants were blotted mildly
on sterile paper towels and then co-cultured on MS (full strength, %,
and 1/4) basal medium supplemented with meropenem (6.25 mg/L)!®!
and B5 vitamin (1 ml/L)!"” for 48 h at 25°C + 2°C in the light free zone.
After that, explants were made bacteria free by washing them by sterile
distilled water supplemented with 500 mg/L of cefotaxime (Alkem,
India)!™ for 5 min. Then, explants were relocated to agar-solidified MS
basal medium devoid of any hormone and incubated at 25°C + 2°C
under 16/8 h photoperiod conditions. After 5-6 days of incubation, the
commencement of hairy roots has been observed. All experiments were
repeated five times, each set of experiments consist of twenty explants.
Some of the explants were incubated in MS basal medium without
Agrobacterium infection to serve as the control. Later, profusely grown
hairy roots were transferred to MS basal semi-solid medium for further
growth at 25°C + 2°C with an eventual subculturing process.

Molecular characterization of hairy root through
the polymerase chain reaction

All materials used for RNA isolation were free from RNase. Freshly
cut hairy roots were pulverized with a pestle in a mortar having liquid
nitrogen. The total RNA was extracted according to the manufacturer’s
instructions employing a commercial RNA extraction solution (RNeasy
Plant Mini Kit Qiagen, USA).

The cDNA synthesis was done using the protocol suggested by Kang
et al." To study the presence of Ri T-DNA in the hairy root lines, cDNA
was further analyzed. Specific primers were used for amplifying rol A
gene (403 bp) (forward primer: 5’-ACGGTGAGTGTGGTTGTAGG-3;,
reverse primer: 5-GCCACGTGCGTATTAATCCC-3’) and rol C
gene (480 bp) (forward primer: 5~-TGTGACAAGCAGCGATGAGC-3,
reverse primer: 5-AAACTTGCACTCGCCATGCC-3).18191  The
polymerase chain reaction (PCR) reaction was endured in a DNA
thermal cycler (Himedia, Maharashtra, India) under the conditions
as follows: hot start at 96°C, 5 min, 96°C 1 min (denaturation), 55°C
1 min (annealing), 72°C 1 min (amplification), and 72°C out for 35 cycles.
The agarose gel of 0.7% (Duchefa Biochemie, The Netherlands) was
employed for fractionating amplified sequences in 0.5 x TBE (Tris
445 mM: Boric Acid 445 mM: EDTA 0.1M) (Sigma-Aldrich
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Co., USA) buffer. The staining of the gel was performed using
0.5 pg/L ethidium bromide Sigma-Aldrich Co, USA, added during
casting gel and after than electrophorized gel was observed under
ultraviolet-transilluminator (A260).

Antioxidant and antiacetylcholinesterase analysis

The transformed hairy roots were shade dried at room temperature and
grounded finely in a mortar. Two grams of plant powder was extracted in
solvent (methanol) employing the maceration technique for 24 h. After
that, extracts were analyzed by different methodologies.”"!

To determine total antioxidant potential of methanol extracts, FRAP
assay was employed. In this, 200 pl of the extract and 3 ml FRAP reagent
were mixed in test tubes and vortexes, respectively. All the test tubes
containing reaction mixture were incubated carefully in a water bath for
30 min at 37°C, and the absorbance of the samples was recorded against
blank at 593 nm. For these analyses, FeSO,.7H,0O was employed as a
standard curve. The values evaluated were expressed as uM of ferrous
equivalent Fe (I)/g of the sample.2!

DPPH-free radical scavenging method was employed to test the free
radical inhibition activity of extracts. Two milliliters of an extract of
various concentrations (20-100 wl/mL) was taken and mixed with
2 mL of methanol and DPPH solution. In this, DPPH solution devoid
of test sample was taken as control. The mixture was incubated at room
temperature at light-free zone for 30 min. The free radical scavenging
activity of the DPPH was analyzed by evaluating the absorbance at
517 nm until the reaction reached the steady state.??! All the experiments
were performed thrice. The DPPH-free radical scavenging activity was
evaluated by following equation: % inhibition = (A1 — A0/A0) x100

Al and AO are the absorbances of the test sample and control, respectively.
Inhibition of the anti-AChE activity was analyzed using the microplate
reader by following Ellman et al. and Toppo et al. methods with few
modifications.??¥ In these analyses, mixture of 0.IM of sodium
phosphate buffer (pH 8.0), an enzyme solution (20 pl was added
to 20 pl of Ellmans reagent/DTNB [5,5'-Dithiobis-(2-nitrobenzoic
acid)]) (10 mM). Then, the reaction was initiated by the addition of
substrate (10 ul of acetylcholine iodide [ATCI]). The hydrolysis of the
ATCI in the reaction can be observed by the formation of the colored
product 5-thio-2-nitrobenzene anion. This product is formed by the
reaction between DTNB and thiocholine, released due to hydrolysis of
the concerned enzyme. All the experiments were performed thrice. The
development of the colored product was evaluated at 412 nm employing
a microplate reader.

Animals

Swiss Albino Mice (25-30 g) of either sex was procuring from Birla
Institute of Technology, Department of Pharmaceutical Sciences and
Technology, Mesra, Ranchi, Jharkhand. The animals were housed and
maintained at 25+°C (12 h light-dark cycles) in the departmental animal
house. The design of the study has been authorized by the Institutional
Animal Ethics Committee (IAEC) (approval no. 1972/PH/BIT/33/18/
TAEC). The care of the animals had been taken as per the guidelines of the
Committee for the Purpose of Control and Supervision of Experiments
on Animals Ministry of Environment and Government of India.

Study design

After the acclimatization, the animals were divided into five groups

having five animals in each group.

«  Group I: Control group. Animals were given normal saline
(10 ml/kg)

o Group II: Scopolamine-treated group (diseases). Animals were given
scopolamine (1 mg/kg)
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e Group IIT and IV: OSM-treated group. Animals were administered
OSM at the dose of 200 mg/kg and 400 mg/kg

e Group V: Donepezil-treated group. Animals were administered
donepezil (5 mg/kg)

The animals were administered with respective treatments once

daily for 7 days. At the end of the treatment schedule, except

for Group I, all mice were administered with scopolamine

intraperitoneally (1 mg/kg), for 60 min afterward, extract or standard

drug (donepezil) was administration. The parameters for cognition

were estimated after 30 min of scopolamine dosage.*”!

Behavioral study
Morris Water Maze

Spatial learning and memory of the tested animal were
executed by employing a water maze test following protocol by
Raghavendra et al,?®) Tripathi et al.?” with few modifications.
In this experimentation, a circular tank of 90 cm (diameter)
and 45 cm (height) was utilized containing water which was
maintained at 25°C + 2°C. The target platform having dimensions
of 10 cm x 10 cm and 22 cm (height) was used. The platform was
submerged up to 1-1.5 cm beneath the surface of the water. Different
quadrant positions were marked to the tank-like North (N), East (E),
South (S), and West (W). In the trial period, the animal was allowed
to swim in the tank filled with water for 120s. Later, mice were
conceded to stay on the platform for the 20s and then removed from
the platform. In the probe trial, the animal was allowed to swim
in the tank for 120s in the absence of a platform. Ethovision video
tracking (model no. KL35V81S, Noldus) system was employed to
record time for escape latency, target quadrant, and zone frequency.

Passive shock avoidance paradigm

This is experimentation setup employed for the evaluation of long-term
memory in rodents. This is based on the negative reinforcements of
memory.?? It consists of one open compartment and one closed
compartment (dark) box. The dark chamber contains a grid floor. In the
acquisition phase, the mice were placed in an open compartment. Later,
the time taken by mice to move in the dark compartment was recorded.
Afterward, in the vicinity of the grid floor, an electric shock of 50V,
0.2 mA was provided to the mice for 3s. Then, after 24 h, mice were once
again positioned at the open chamber, and the time duration of entrance
in the dark chamber was recorded. The retention trial phase, in the dark
chamber no electric foot was provided, and the cutoftf was recorded as
300s.2"!

Biochemical estimation

After treatment duration, the animals were sacrificed by decapitation
using diethyl ether as anesthesia. Mice brains were removed and
homogenized in 10% of chilled 0.1M of PBS (pH 7.4) solution and
centrifuged at 3000 rpm for 15 min. The supernatant was collected
and transferred in sterilized tubes. The collected supernatant was again
centrifuged at 12,000 rpm for 20 min. The supernatant was collected
in the sterilized tube for the analysis of superoxide dismutase (SOD)
activity. The brain homogenate solution is employed for the estimation
of thiobarbituric acid reactive substances (TBARS) and reduced
glutathione (GSH).”® All the experiments were performed in triplicates.

Estimation of superoxide dismutase activity

The production of toxic products in the body is mainly due to oxidative
stress. To counteract these oxidative stress molecules, the body deploys
antioxidant agents (like SOD) to scavenge these molecules and defend
against cellular level deterioration. SOD level in brain homogenate was
estimated by the method of Zhang et al.*)
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Estimation of thiobarbituric acid reactive substance

Malondialdehyde (MDA) is the common marker of lipid peroxidation.
This affects cell integrity and injuries. MDA was estimated by the color
reaction with TBA. Thus, it is known as TBARS level. Its level was
estimated in brain homogenate by the method of Ameen and Shafi.®!

Estimation of reduced glutathione level

During excessive reactive oxygen species generation production of
glutathione, enzyme takes place. The level of GSH was estimated in the
brain homogenate by the method of Ameen and Shafi.®!!

Estimation of brain acetylcholinesterase activity

The level of AChE activity in the brain was determined by Ellman et al.**!
methodology.

Statistical analysis

Tissue  culture and  transformation  experiments  data
presented (mean * standard deviation [SD]) are the mean value of five
replicates with 20 explants in each set. Antioxidant and anti-AChE
data were carried out in triplicates, along with their mean inhibition
percentage and SD values. All data analyses were carried out employing
GraphPad Prism 5.0 software. Statistical comparisons were elucidated
through one-way analysis of variance (ANOVA) with a significant
difference of P < 0.05. All in vivo data presented as mean * standard
error of mean. Statistical comparisons were elucidated through one-way
ANOVA followed by Dunnetts multiple comparison test with a
significant difference of P < 0.05.

RESULTS AND DISCUSSION

Sterilization of explants and in vitro development of
plantlets

The thriving plant tissue culture initiates with a suitable procedure
for explants employed. In this investigation, various concentrations
of HgCl2 were used (0.025%, 0.05%, and 0.1%) for evaluation of
sterilization of shoot tip for overcoming contamination of field-derived
explants of O. sanctum. It has been observed that 26.4% +0.40% explants
of O. sanctum were contamination-free and healthy when treated with
0.1% of HgCl, for 10 min but 0.05% of HgCl, showed 32.7% +0.19%
of survival rate after 7 days of inoculation [Figure la and b]. A similar
study was done by Mishra,® in which 0.1% of HgCl, shows the best
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Figure 1: Effect of HgCl, treatment on micropragation initiation (a)
Optimization of HgCl, treatment for micropropagation of Ocimum
sanctum. Each treatment has five replicates with 20 explants in each set
of experiment. Data represent mean percentage (+) standard deviation
of these replicates. a: Superscript is each value shows the significant
differences (P < 0.001), b: Superscript is each value shows the significant
difference (P < 0.01), c: Superscript is each value shows the significant
difference (P < 0.05). Control refers to the regeneration of explants
untreated with HgCl,. The data were retrieved after 7 days of culture in
respective manner. (b) Inoculated shoot tips after treatment of 0.05%
HgCIzafter 7 days of inoculation. Reproduction size: (at column width)
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result at 3-4 min by having 30% of shooting response. In many works of
literature, 0.1% HgCl, shows aseptic culture survival and bud breaking
of O. citriodorum,™ but in our study, 0.05% was sufficient for the
sterilization process.

For shoot development and multiplication of O. sanctum, various
concentrationsof BAP (0.5,1.0,and 1.5mg/L), AdSO4(25, 50,and 75mg/L),
and citricacid (1.0, 2.0,and 3.0 mg/L) were studied. The highest percentage
has been recorded for the number of shoot bud breaking (48.9 + 0.38) in
MS basal media augmented with 0.5 mg/L of BAP with AdSO, (25 mg/L)
and citric acid (1 mg/L) in 21 days of inoculation [Figure 2a and b].
A study by Susila e al.* on Rauwolfia serpentina Benth. found multiple
shoot formation with a high concentration of BAP (2.5 mg/L) with
a combination of NAA (0.1 mg/L). Similarly, a study by Jamal et al.,*!
in which O. sanctum shoot tip and nodal segment show the maximum
number of shoots in the administration of 2.0 mg/L BAP with 0.5 mg/L
NAA in media. In many works of literature, the reduced concentration of
cytokinin (BAP) has been proved to be significant for bud breaking and
increment in the proliferation of shoots.t**”] AdSO, is also known as a
precursor of adenine. During the DNA replication process, it is indirectly
responsible for the rejuvenation of plant vigor. Therefore, in vitro grown
shoots are supplemented with AdSO, in MS basal medium to rejuvenate
it after subculturing.®® A similar study by Singh et al,®* in which
supplementation BAP in the combination of AdSO, shows a higher rate
of multiplication. Citric acid is a well-known antioxidant in the medium
that can reduce the lethal effect of phenolic compounds responsible for
the browning of tissues and culture medium."*”! From the present study, it
is evident that a combination of BAP, AdSO,, and citric acid could easily
induce shoot proliferation.

Agroinfection and induction of hairy roots

In the present work, transformation protocol through A. rhizogenes
has been developed for O. sanctum as it is well-known source for many

3 7 Day
3 14t Day
B 21stDay

a Media Composition b |

Figure 2: Effect of various concentration of phytohormones on
micropropagation (a) optimization of different concentration of
benzyl amino purine, AdSO, and Citric acid on shoot regeneration.
Each treatment has five replicates with twenty explants in each
set of experiment. Data represent mean percentage (+) standard
deviation of these replicates. a: Superscript is each value shows the
significant differences (P < 0.001), b: superscript is each value shows
the significant difference (P < 0.01), c: Superscript is each value shows
the significant difference (P < 0.05). Control refers to the regeneration
of shoot tips without supplementation of hormones in the respective
media. *The data were retrieved after 30 days of culture in respective
manner. (b) Regeneration of shoots from the explants inoculated
on Murashige and Skoog basal medium supplemented with benzyl
amino purine (0.5 mg/L), dSO, (25 mg/L), and Citric acid (1 mg/L) in
21 days. Reproduction size: (at column width)

Pharmacognosy Magazine, Volume 17, Issue 6, April-June 2021 (Supplement 2)



TOPPO and CHANDRA: Antioxidant and Anti-Acetylcholinestrase Studies of in vitro Regenerated and Transformed Hairy Roots of Ocimum
sanctum (L.)

secondary metabolites. A. rhizogenes is an Agropine type strain which
is mostly utilized for their powerful potential to induce hairy roots."!
Initially, the explants have been inquisition with inflammation within
3-5 days of infection [Figure 3a]. In the next 5-6 days, those leaves
infected with Agrobacterium for 1 h show origination of transformed
roots [Figure 3b and c]. In many works of literature, root initiation
almost took 10 days in the case of Withania somnifera*? 3 weeks in
Ocimum bacilicum™ and 5 weeks in Trachyspermum ammi.*¥ A similar
study was done by Vyas and Mukhopadhyay, in which they observed
root initiation within 4-5 days of infection in leaf explants.

In this study, leaves show root initiation specifically from midrib and
leaf blades in 1 h of infection duration. We observed that, from the
blades and midrib portion of the leaves explants, the growth of single
and multiple hairy roots was higher in number. In many works related
to Agrobacterium, transformation observed that 2 h or 1 day of infection
produce a good yield of hairy roots.*>* However, in our case, 1 h of
infection duration initiates hairy root within 5-6 days (18.6 + 0.51
mean number of the hairy roots in 7* day). The mean number of roots
was higher in 1 h of infection (32.0 + 1.53 in 21* day) as compared to
2h (17.5 £ 1.42) and 3 h (8.75 + 2.08) [Figure 4a].

The variation in the infection time depends on the type of explants and
plant species. Hence, identification of optimal or exact infection time
could be critical to enhance the transformation capability of particular
plant species. It has been realized that the characteristic of relocation
and unification of T-DNA calculated on the optical density of the
Agrobacterium culture. Hence, we can say that this factor would be
responsible for attaching bacterial cells to explants’ wounded sites. Yang
et al" had even observations in their article’s Figure 2b exhibits a higher
rate of transformation in 60 min of an infection duration that other time
durations (5, 30, and 120 min).

The features observed in the initial stages of hairy root obtained in this
work were mostly unbranched and densely covered with hairy roots. In
later stages, the hairy roots had a moderate root length of 7-9 cm.

The supplementation of 75 uM of acetosyringone in the coculture media
exhibitsacompelling effect on the transformation ability of Agrobacterium
strain. The studies by Balasubramanian et al. and Dehdashti et al.l!4
reported that the enhancement of hairy roots was more effective after

Figure 3: Hairy roots initiation and its growth (a) Initiation of hairy root
in leaf explants of Ocimum sanctum (b) Emergence of hairy roots from
transformed leaves (in 5-6 days) in 1/4 Murashige and Skoog basal
media (c) Prolonged growth of hairy root after 30 days of infection.
Reproduction size: (at column width)
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supplementation of 75 uM acetosyringone in coculture media for leaf
explants.

It is noticeable in various studies that the biomass accumulation of
hairy roots by A. rhizogenes significantly exhibits variations building
upon on the nature of the media.'” Biomass accumulation was
higher (8.42 + 0.52 g FW; 1.26 + 0.09 g DW) in 1/4 MS basal medium
in comparison to other the other media (MS and 1/2 MS) [Figure 4b].
In respect to the usage of media, in the study reported by Liu et al.,l*! in
which adoption of 1/4 MS basal salts to obtain steady expression of the
transgene in Sedum alfredii and S. plumbizincicola.

polymerase chain reaction-based confirmation of
transformed root cultures

For determination of the genetic prominence of the transformed roots,
PCR-based analysis was targeted toward rol A and rol C of A. rhizogenes.
The difference in the integration site and copy numbers of Ri-TDNA
could be the differentiation and regeneration potential of various root
lines.*) The confirmation of Ri plasmid T-DNA incorporation in the
plant genome had detected by the presence of rol A (403 bp) and rol
C (480 bp). Amplification of long fragments of rol A and rol C showed
transgene integration into the plant genome. There were no amplification
products obtained from the nontransformed plant [Figure 5a and b]. As
rol C gene present on the plant-derived DNA and located on TL-DNA of
Ri plasmid confirms the integration of the plant genome. The expression
of the rol gene is important for increased biomass of transformed plants.
It also causes increased branching, internodes shortening, and reduced
apical dominance.*”! All hairy root lines selected based on their profuse
growth in 1/4MS media devoid of any growth hormones.

Antioxidant and anti-acetylcholinesterase analysis

To evaluate the antioxidant capability of samples, FRAP and DPPH are the
most accepted assays that have been being employing in several studies.
The estimation of ferric ion reducing antioxidant potential (FRAP)
samples can deduce by their capacity to oxidize colorless TPTZ-Fe ** to
TPTZ-Fe** (2,4,6-Tripyridyl-S-triazine-ferrous complex) (blue colored
samples). In the case of DPPH, the hydrogen donating ability of the
compound attributes the scavenging capability of the extract.” The
antioxidant activity of transformed roots enhances as the capability of
the sample used for assay increased from 20 to 100 ug/mL in both the
assays [Figure 6a and b]. In the case of O. sanctum, we have recorded
a hike in 226.35 + 0.17 FRAP TE/g dry weight of sample and 66.15%
+0.34% scavenging activities of the transformed plant in 100 ug/ml of
sample. Furthermore, the extracts of ATCC 15834 hairy root have the
potential to inhibit DPPH-free radicals in a concentration-dependent
manner.

A similar work involving the evaluation of DPPH inhibiting capability
of hairy roots were studied in Bacopa monneri*® induced with MTCC
532. In the case of Lactuca serriola hairy roots infected with strain
AR15834 correlated with control, a hike in total reducing power and
antioxidant potential observed.® Matvieieva et al.*? and Muthusamy
and Shanmugam® recorded a higher amount of antioxidant activities
in the hairy roots of Artemisia vulgarise and Raphanus sativus. Through
various works of literature and observations, we can assume that
the T-DNA insertion in the plant genome enhances its antioxidant
potential. It intermeddles with the biosynthetic pathway responsible
for the secondary metabolite production. Hence, the biologically active
secondary metabolites of the plant upgrade its quality of secondary
metabolite in Ri transformed plants.

AChE is known as predominant cholinesterase in the human brain. It
hydrolyzes the ACh to choline and acetate results in hindering in the
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effect of neurotransmitter at cholinergic synapses, causes neuronal
loss also affects due to oxidative stress. Therefore, AChE is the key
factor in negotiating the cholinergic failure in AD patients. Current
pharmaceutical additives for AD are limited and show an area of
need that is currently unmet. Suggested by many theories, oxidative
damage due to free radical and oxidative stress captures a key role in
the degeneration of brain cells. Hence, prevention and treatment for
AD could go both hands in hand, when treatments entirely eradicate
oxidative stress.* In this case, plants from the Lamiaceae family have
been enumerating to acquire a wide array of biological conditioning
and a wide variegation of phytochemicals.® Findings say that the
alcoholic extracts of Lamiaceae species plants such as Romarinus
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officials, Salvia offcinalis, Lavandula agustifolia, and Teucrium
polium reported AChE inhibitory ability in a dose-dependent
manner.” In the present study, the evaluation has executed for
different concentrations of hairy root extract for the inhibitory effect
on the activity of AChE on different time durations. This study shows
that a concentration of 15 ug/mL concentration of hairy roots extract
exhibits maximum inhibition percentage (28.710 * 0.26 ug/mL) in
3 min of time duration followed by 20 ug/mL (15.470 + 0.35 ug/mL)
and 10 ug/mL (10.0 + 0.18 pug/mL) [Figure 6¢]. In many works of
literature, 0.25, 0.50, and 1 mg/mL showed inhibition when the
reaction mixture incubated for 10 min. However, in the present
study (methanol), extract of hairy roots from O. sanctum exhibited
inhibition within 3 min of incubation. The previous reports say that
alcoholic extract ofleaf and aerial parts of O. sanctum consists of many
flavonoids, alkaloids, and phenols. Some of them are ursolic acid,
luteolin, apigenin-7 O-glucoronide, luteolin, orientin, gallic acid,
rosmarinic acid, etc., which were responsible for many antioxidant
activities. Oliveira et al.’”) studied on Huntington’s mouse striatal
cells showed a positive effect due to the luteolin derivative contains
antioxidant potential. Although in our best of knowledge, current
work shows the first report about the hairy roots’ methanolic extract
obtained through the leaf hairy roots of O. sanctum, exhibits the
quick reactivity toward the inhibition of AChE. Similarly, a study
by Kuzma et al.’®! observed the inhibitory action of hairy roots of
S. austriaca toward AChE and BChE separated from human blood.
The observed efficacy recommend that not only the extract have the
capability to inhibit AChE but also the liberation of these extracts
may positively regulate human biology under circumstances of
excessive oxidative stress.

Behavioral study

Induction of scopolamine to cause memory impairment is extensively
assessed in an in vivo study to estimate the antiamnesic effects of the
drug. Scopolamine impairs learning and memory in mice as it is an
antagonist of muscarinic acetylcholine.!
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Morris Water Maze Test

To estimate spatial learning (short or long term), Morris water
maze (MWM) test has been employed. Among all the groups, the
scopolamine-induced animals show increased escape latency as
compared to the control group (P > 0.05) [Figure 7a]. During the
probe trial, the significant group induced with extract OSM (200 and
400 mg/kg) exhibited lower swimming times as compared to other
groups [Figure 7b and c]. Mice pretreatment with O. sanctum hairy
root extracts (methanol) exhibited swimming latencies toward the
goal platform. This indicates their impaired spatial memory through
the MWM. Animals present in the scopolamine-induced group shown
compromised effects of spatial memory as they were not able to find
the target quadrant. Similar results were also observed by Raghavendra
et al.,** in which extracts of O. sanctum leaves successfully reserved the
impact of neurotoxins.

Passive avoidance paradigm

The passive avoidance step transfer latency (STL) best was performed
after 7 days of the study to estimate the effects of OSM, scopolamine,
and donepezil in mice. The dosage of scopolamine (1 mg/kg, i.p.)
exhibited a significant (P < 0.05) decrease in STL when compare to the
control group which proves the impairment in mice’s memory. In the
case of donepezil (5 mg/kg) and OSM (200 and 400 mg/kg), treatment
significantly (P < 0.05) shows the capability to revert the effects of
deprivation caused by the introduction of scopolamine in mice’s body

system [Figure 7d]. In the case of the passive avoidance paradigm, the
animal’s memory was significantly increased escape latencies with OSM
treatment. This indicates an improvement of cognition with contemplate
to negative augmentation to electric shock. The passive avoidance
paradigm works on anxiety, while the MWM works on spatial learning. ¢!
In different works of literature, it was noted that scopolamine is
responsible for causing the generation of free radicals, results in lipid
peroxidation, detriment endogenous antioxidants levels, and neuronal
death. 61

Biochemical and acetylcholinesterase estimation

For biochemical analysis, antioxidant markers such as SOD, GSH, and
lipid peroxidation (TBARS) levels estimation assays have enumerated
in scopolamine-induced and pretreated drug-induced animal groups.
Memory impairment in mice can be related to increased oxidative stress
in neuronal cells, can be explored by an increased level of free radicals,
and decreased level of endogenous antioxidant activity.l® O. sanctum is
rich in phytoconstituents and is known to posses’ antioxidant activity.2!

Estimation of thiobarbituric acid reactive substance
The effect of OSM on the TBARS level is shown in Figure 8a when the
control was compared with the scopolamine-induced group; there is a
significant increment of MDA. In the groups which are pretreated with
hairy root extract (OSM 200 mg/kg), their MDA level decreased as
compared to the scopolamine-induced group (P < 0.05).
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Figure 8: Effects of test compound on thiobarbituric acid reactive substances (a), superoxide dismutase (b), reduced glutathione (c) and
acetylcholinesterase activity (d). Data are expressed as mean + standard error of mean, analyzed by one way analysis of variance using Dunnett’s
Comparison Test (n = 5). *P < 0.05, P < 0.0001 when scopolamine group compared with control group. **P < 0.01, P < 0.001, P < 0.0001 when control
group compared with donepezil induced group. ***P < 0.05, P < 0.01, P < 0.0001 when control group compared with OSM 200. ****P < 0.01, P < 0.001

when control group compared with OSM 400
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Estimation of superoxide dismutase activity

The SOD is an antioxidant enzyme. The enzyme was compared
among the control and the scopolamine-induced group there is
a significant (P < 0.0001) decrease in SOD level. The groups were
pretreated with OSM (200 and 400 mg/kg) exhibited increment of SOD
activity (P < 0.05) as compared to the scopolamine-induced animal
group [Figure 8b].

Estimation of reduced glutathione level

The level of GSH decreases significantly (P < 0.05) in the
scopolamine-induced group as compared to the control. In case of animal
groups which were pretreated with OSM (200 and 400 mg/kg) exhibited
increment in the GSH group (P < 0.0001, P < 0.001) as compared with
the scopolamine-induced group. These results show the promising
antioxidant potential of OSM against memory impairment caused by
scopolamine [Figure 8c].

Similar work is done by Kochan et al.®*! 2020, in which P. quiquefolium
shows significant results by decreasing the level of intracellular
oxidative stress (GSH) and activate the intracellular enzymatic
defense.

Estimation of brain acetylcholinesterase activity

ACh is one of the known biomarkers of the cholinergic neutron system.
The administration of scopolamine is responsible for the inducement of
the B-amyloid precursor protein. This protein triggers the deposition of
[-amyloid plaques.'*!

As the oxidative stress increases in the brain, AChE enzyme comes
into play, which was estimated by Ellman’s assay.””) The AChE activity
increases significantly (P < 0.05) in the scopolamine-induced group
as compared with the control. Animal groups pretreated with OSM
extracts (200 and 400 mg/kg) significantly (P < 0.01, P < 0.001) exhibited
a decrease in AChE activity as compared to the scopolamine-induced
animal group [Figure 8d]. Pretreatment with donepezil and OSM
defined a significant declination of AChE activity in mice brain affected
by scopolamine. In different works of literature, the extract of O. sanctum
significantly responsible for the decrement of the level of AChE in the
mice model.l*!

Hence, in the present study, O. sanctum hairy root extract (200 and
400 mg/kg) administered orally improved learning and memory of
mice estimated by the behavioral models such as passive avoidance,
MWM, and also biochemical models like AChE, SOD, GSH, and
TBARS method well emulated with the scopolamine-induced

group.
CONCLUSION

In the present study, the improvised and productive micropropagation
procedure for field-grown O. sanctum has been achieved. The
transformation through Agrobacterium was reported in many plants.
However, in some cases, many of them are still recalcitrant. The present
study introduces many effective agents to overcome the challenges, with
the optimization of many aspects in media to enhance the efficiency
of transformation. The hairy root derived from ATCC 15834 in O.
sanctum exhibits higher antioxidant and anti-AChE potential. The rol
A and rol C genes in genetically transformed hairy roots were verified
using PCR. Apart from all these, this paper presents the first-ever data
for AChE inhibitory activities employing hairy root’s extract of O.
sanctum at a concentration of 15 ug/mL achieves maximum inhibition
within 3 min of incubation. In case of in vivo study, the pretreatment
of OSM effectively enhance the cognition of animal’s brain. Hence, we
suggest that the present study could be competent for the development

Pharmacognosy Magazine, Volume 17, Issue 6, April-June 2021 (Supplement 2)

of antioxidants and therapeutic compounds at an industrial scale for
significant health benefits by employing the O. sanctum hairy root
culture system.
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