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Ashwagandha (Withania somnifera L.) is an endangered and vital medicinal
Indian plant. The present study focused on in vitro micropropagation of
Ashwagandha plant material and studied the effects of Chitosan levels as
an elicitor on secondary metabolic bioactivity withanolides (withanolide-A,
withaferin-A). MS medium fortified by BAP (1.0mg/L) and NAA (0.125mg/L)
achieved a maximum of 6 shoots per explant. In vitro shoot elongation and
leaf number (12.33cm and 10.67, respectively) were improved on MS medium
supplemented with BAP at 2.00mg/L and NAA at 0.25. High frequency of
rooting 100% and maximum root length (8.00cm), as well as the number
of white roots (1.00), were achieved on an MS medium supplemented by
NAA (0.5mg/L). Referring to the impacts of Chitosan levels on in vitro
micropropagation, all growth parameters (shoots, roots) were decreased
significantly in an inverse relationship with Chitosan levels. HPLC method
was used for the quantitative importance of bioactive chemical constituents,
withanolide-A, and withaferin-A, to estimate the quantitative importance of
bioactive chemical constituents withanolide-A, and withaferin-A affected
by Chitosan levels as the elicitor in vitro. Chitosan at 100 ppm achieved the
maximum accumulation of the withanolide-A (259.12mg/g), while the highest
concentration of withaferin-A (11.96mg/g) was obtained by 200 ppm Chitosan
in root tissues. In general, the results indicate the possibility of obtaining an
ideal medium for the propagation of Ashwagandha in vitro and the importance
of the effect of Chitosan as a stimulant on the vegetative parameters and
increasing accumulation of active alkaloids in the shoot and root tissues of
Ashwagandha.

Keywords: Chitosan, Elicitor, HPLC, Multiplication, Rooting, Withania
somnifera, Withanolide-A, Withaferin-A.
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INTRODUCTION

Indian Ginseng or Ashwagandha (Withania
somnifera L.) belongs to the family Solanaceae,
and despite its importance as a therapeutic plant, it
is endangered. Ashwagandha is commonly found
in many countries like India, Pakistan, Morocco,
Jordan, and Egypt. It is a perennial plant with
numerous therapeutic purposes in traditional
Ayurveda and modern-day medicine, for its
medicinal attributes are contributed by the active
constituents in its roots and leaves (Kumar, 2013;
Gaurav et al., 2023). The plant possesses a broad
spectrum of pharmacological properties, contains
an abundance of secondary metabolites such as

alkaloids, lactones, steroidal, and flavonoid, thus
considered an anti-tumor, antimicrobial, anti-
inflammatory, anti-stress, cardio-protective, and
neuroprotective. Ashwagandha also has been used
as an Anti-rheumatic, adaptogenic, anti-anxiety,
anti-arthritic, liver tonic, anti-inflammatory,
immunomodulatory ~ activity, = for  treating
sleeplessness, bronchitis, anti-depression, to cure
asthma, ulcers, and dementia (Gaurav & Kumar,
2019; Gaurav et al., 2023).

The conventional method of propagating this
species is by seeds. However, the viability of
the seeds is very poor, and the germination
percentage is low, due to a long dormancy period
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that limits Ashwagandha multiplication rates.
Vegetative propagation is not available for this
plant. The in vitro technique (Tissue culture) is a
valuable alternative for large-scale propagation
via shoot apex and axillary bud (Jhankare et al.,
2011; Khanna, 2013). For that, biotechnological
advancements are urgently needed to increase yield
faster. Tissue culture techniques are a practical
applied biotechnological method for significant
scaling healthy plants, which also makes it easier
to produce high-quality planting materials, in order
to preserve the genetic resources, and improve the
secondary metabolites of medicinal, uncommon,
and exotic plants (Ozyigit, 2023). Moreover, plant
cell and tissue culture techniques used to boost
the production of metabolites active biosynthesis,
benzyl amino purine (BAP) and naphthalene acetic
acid (NAA), Growth regulators, can induce the
shoot stimulation, elongation, and regeneration.
Indole acetic acid (IAA) alone and combined with
indole butyric acid (IBA) can stimulate true roots
in vitro (Ochoa-Villarreal et al., 2016; Shah, 2021;
Lashin et al., 2022).

Ashwagandha consists of many chemical
compounds from diverse chemical classes. These
include lactones, flavonoids, and tannins in different
plant parts, including roots, fruits, and aerial parts.
However, traditional Indian medicine (Ayurveda)
explicitly emphasizes using Ashwagandha root
tissues for therapeutic purposes (Supe et al., 2011).
The medicinal benefits of Ashwagandha are due to
the presence of a distinct group of natural steroidal
lactones called withanolides, which are mainly
found in the roots (Chaurasia et al., 2000; Abdul
Mazeed, 2022). Withanolides are an important
secondary metabolite in Withania somnifera (L.)
plants, which are high-value medicinal as anti-
tumor and antioxidant (Ismail, 2013). A most
important amongst these withanolide-A and
withaferin-A, which have been shown to possess
potent antioxidant activity, and have been shown
to possess various therapeutic properties against
diseases like anti-stress, immunomodulatory,
various forms of cancer, Alzheimer’s disease,
Parkinson’s disease, diabetes, hemopetic adaptogen,
memory enhancing, anti-venom, rejuvenating,
and antidiuretic properties (Sivanandhan, 2012).
Withanolides-A and Withaferin-A are found in plant
roots in relatively higher concentrations. On the
contrary, many studies reported that a large quantity
of withaferin-A and withanolides-A are not formed
only in the roots but also in Ashwagandha aerial
tissue (Prajapati et al., 2003). Similarly, (Pal et al.,
2017; Singh et al., 2017) confirmed that different
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forms of withanolides are found in different plant
parts. Manali (2022) and Singh et al. (2018)
reported that, among withanolides, withaferin-A
and withanolides-A were superior metabolites and
distributed in different parts of tissues in the plant
and with various concentrations.

The in vitro techniques can potentially initiate cells,
organs, and root cultures, especially hairy root
cultures, for increased withanolides production.
Various studies have been conducted using in vitro
techniques to explore the metabolic pathways of
W. somnifera and the involved biosynthesis. Tissue
culture techniques are used on a large scale to
extract secondary metabolites from cultivated plant
cells (Dhar et al., 2013; Anakha & Praveen, 2019).
Tissue culture studies are also used to artificially
increase the accumulation of the withanolide
concentration in the plant by using various elicitors
(Shah 2021; Kaur et al., 2021; Gajala, 2023). Singh
(2017) explained that withanolide-A enhancement
occurs in shoot tissues at levels that match native
roots.

Molecules that produce secondary active
metabolites and maintain their plant survival are
called “Elicitors” (Namdeo, 2007; Manali, 2022).
Different environmental conditions, especially
biotic and abiotic stress, also affect the accumulation
of withaferin-A and withanolide-A content and the
productivity of Withania somnifera. Several abiotic
and biotic elicitors, such as jasmonic acid, Chitosan,
salicylic acid, and polyamines, are efficient tool
that induces the plant to synthesize beneficial
phytochemicals (Kim et al., 2007; ELhefny
et al.,, 2022). Elicitors can modify plant active
metabolism by encouraging the physiological stress
that stimulates phytochemical bioactivity (Baenas,
2014; Narayani & Srivastava, 2017).

Elicitation is used to overcome and face the
limitations of in vitro plant culture technology,
which hampers its extensive commercialization.
The elicitation technique is done by adding
abiotic or biotic elicitors to a plant growth culture.
Several factors are responsible for enhancing
secondary metabolites by in vitro cultures, such as
concentration, type of elicitor, growth stages, etc.
(Singh et al., 2017; Singh, 2001).

Chitosan is considered a biotic elicitor that
affects the in vitro culture of various medicinal
plants in numerous physiological processes like
photosynthesis, enhancing morphogenesis (Gupta
& Jatothu, 2013; Shah, 2021). Chitosan has been
effective in the pharmaceutical accumulation of
important bioactive metabolites. It is a well-known
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elicitor strongly affecting secondary metabolites
and plant biomass production. Using it elicits the
production of various secondary metabolites in
most medicinal plants in vitro (Ferri & Tassoni,
2011). Under similar conditions, adding 100mg/L
of Chitosan achieved higher production of
withanolide compounds than aluminum chloride.
Chitosan improved withanolide productivity,
reaching 100mg/L in W. somnifera cell
suspension culture (Sivanandhan et al., 2014). It
also enhanced the bioactivity of withaferin-A by
69% in Ashwagandha tissues, compared with the
control (Jonathan et al., 2015). In the same result,
withanolide-A was (160% fold) by 100mg/L
of Chitosan compared with the control. Total
withaferin-A content was increased 6.3 and 5.8
times when treated with 10 ppm and 50 ppm of
Chitosan, respectively. Chitosan also stimulated
silymarin in milk thistle callus cultures (Gabr,
2016; Ashwaq & Alaa, 2024).

High-Performance  Liquid = Chromatography
techniques are commonly used to analyze these
extracts due to their accuracy and reliability.
HPLC analysis plays a crucial role in verifying
the potency and purity of Ashwagandha extracts.
Specifically, it can quantify the efficacy of
specific withanolides (Meena, 2021; Singh et
al., 2021). HPLC methods were used to develop
and assess purity to standardize the compounds.
HPLC analysis provides the simplicity of isolation
for the compounds, which may be markers for
the standardization of the methanol extracts and
preparations in W. somnifera. The Quantitative
determinations of withanolides were quantified
on the plant methanolic extracts using reverse-
phase HPLC (Ismail, 2013; Singh et al., 2021).

The objectives of this work were to obtain the
optimum micropropagation protocol medium for
mass culture of Ashwagandha in vitro, and to study
the effect of elicitor (Chitosan) on the vegetative
parameters as well as the accumulation of two
bioactive Alkaloids withanolides (withanolide-A,
withaferin-A) in Ashwagandha tissues (shoot and
root) in vitro, using reverse-phase HPLC for the
analysis of simultaneous.

MATERIALS AND METHODS

This present study was conducted at the Tissue
Culture Unit, Genetic Resources Department,
Desert Research Centre, Cairo, Egypt.

Plant material
Seeds of Ashwagandha (Withania somnifera L.)

variety Jawahar-20 were collected from Egyptian
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Gene Bank garden.
Culture medium

All in vitro experiments were conducted using
MS (Murashige & Skoog) basal medium
(Murashige & Skoog, 1962) (Sigma-Aldrich,
Germany) fortified by 0.1 mg/l myoinositol,
plant growth regulators (PGR) Table 1, and 30gm
sucrose. The medium pH was adjusted up to 5.7
— 5.8 by using HCI 1.0 M or NaOH 1.0M. Then,
after adjusting the pH, 3% (w/v) of Phytagel was
added. The media was dispensed into sterilized
culture tubes or jars and then sterilized at 121°C
and 1.5 atmospheric pressure for 20min.

Explant preparation and sterilization

Seeds were washed many time under running tap
water for 10min, and then seeds were dipped in
70% ethanol for 3 sec, and then immersion in 15%
of commercial bleaching sodium hypochlorite
(NaOCl 3.25%) twice for Smin. The seeds were
rinsed three times in distilled and sterile water for
10min.

Seed germination

Sterilized seeds were placed under aseptic
conditions in culture jars, containing sterilized
cotton and 30 ml distilled water, 10- 15 seeds
per jar. Seeds were cultured and incubated under
2242°C and in full darkness conditions for 4-6
days until seeds started germination.

In vitro micropropagation

Formultiplication and rooting (micropropagation)
of Ashwagandha culture stock, sterilized plantlets
(5: 7cm) were divided in single node and cultured
in MS medium fortified with sucrose at 30gL!,
and the combination of PGRs. Ten protocols for
multiplication and five protocols of rooting were
recorded in Table 1, One single node cutting
explants were cultured in tubes, with eight
replicates for each protocol, and two tube per
replicate. Cultures were incubated at 22+2C° for
16 hours photoperiod at 2000-lux, (fluorescent
tubes) for 25 -30 days to induce in vitro
proliferated shoots. For mass multiplication of
stock plants, shoots were sub-cultured 3 times on
the optimal multiplication medium before rooting.
Survival percentages shoot number/ single node
cutting, shoot length (cm), and leaves number/
shoot were recorded for the multiplication stage.
Survival percentage, white-truly rooted plantlets
percentage, number/ clusters, and length (cm)
were estimated for the rooting stage.
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Table 1. Plant growth regulators protocols used in Ashwagandha micropropagation (multiplication, rooting) in vitro

(PGRP) Protocols
MSr Rooting treatments Rooting MS multiplication treatments Multiplication
(MSr) protocols (MSm) protocols
MS-free medium Protocol 1 MS-free medium Protocol 1
0.125mg/L NAA Protocol 2 005(;) (;Ir;gg/i]?\lf A+ Protocol 2
0.25mg/L NAA Protocol 3 ;8&?55?22; Protocol 3
0.50mg/L NAA Protocol 4 200(;) (;Elg ;L]?\IAAP A+ Protocol 4
1.00mg/L NAA Protocol 5 g?g?ﬁg}f NA/I;: Protocol 5
: : T
: : R
- - 06:5205111n1gg/i?\1fA+ Protocol 8
- - 0. 25 NAA Protaca
-- -- %g%igg/iBI?:; Protocol 10

- MSm; MS multiplication medium protocol.
- MSr; MS rooting medium protocol.

Effect of Chitosan levels in vitro

The effect of the elicitor Chitosan on vegetative
parameters and the accumulation of two
bioactive alkaloids withanolides (withanolide-A
& withaferin-A) in Ashwagandha shoot and root
tissues in vitro was studied.

1. In vitro micropropagation with Chitosan

In vitro propagated plantlets were divided
into single-node cuttings and cultured in tubes
containing 10ml of the optimum multiplication
MS medium fortified with different Chitosan
levels (0.00, 25, 50, 100, 200 ppm) as presented
in Table 2. Twelve tubes with two explants in each
tube were considered as a treatment. Cultures were
incubated at 22+2°C under a 16h photo period
(2000-lux, daily fluorescent tubes). Survival%
shoot numbers, shoot length (cm)/ single node
cutting, leave numbers/ shoot, root numbers, and
length (cm) were counted for cluster after four
weeks of growth.

2. Determination of withanolide-A and
withaferin-A by HPLC method

The quantitative analysis of withanolide-A &
withaferin-A, carried out in vitro for Ashwagandha
shoot and root tissues under the effect of Chitosan
levels, using the reversed-phase HPLC method,
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according to Ganzera et al. (2003). Withanolide-A
and withaferin-A Standards were purchased by
Organic Nation Egypt Ashwagandha extract
(withanolide-A and withaferin-A  5%). The
standard was prepared from (Img/mL) of
withanolide-A and withaferin-A, using HPLC
grade methanol, and then kept at —20 °C until
used. Working solutions were prepared from
70% (v/v) methanol. Samples and standards were
filtered over 0.45 um. The separation compounds
were performed on a (Ultimate 3000) C18, thermal
column (P.S. 250mm * .D. 4.6mm 5um). Mobile
phase consisted of acetonitrile: water (45:55 V/V)
in an isocratic elution at a 0.8 ml/min flow rate.
The column temperature is maintained at 27°C.
Analyses detection was performed by using an
SPD-M20A detector with a photodiode array.

The chromatography system was equilibrated
with the mobile phase using the HPLC technique.
A total of 10pul of samples were injected into the
injection port of the HPLC equipment using a
Hamilton syringe. Samples were allowed to run for
the preset runtime. The time of retention and peak
area of the peak were observed. A standard curve
helped quantify withanolides’ bioactivity in the
samples (Singh et al., 2018). Metabolite contents
were expressed in mg/DW (mg/dry weight).
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Table 2. Chitosan levels used in the in vitro experiment

MS plus Chitosan levels Treatments
MS-free formula CHO
25mg/L Chitosan CH 1
50mg/L Chitosan CH?2
100mg/L Chitosan CH3
200mg/L Chitosan CH4

- CH; MS multiplication medium with Chitosan levels.

The Statistics of analysis and experimental
designs

A completely randomized design form was used for
all Experiments. Recorded data were statistically
analyzed using the analysis of variance (ANOVA)
technique. Statistical analysis was performed using
standard procedures for a completely randomized
design by analysis of variance. Separation of means
was performed to compare the different b between
the means, range test described by Duncan (1955)
by different letters at a significance level of P<
0.05.

RESULTS AND DISCUSSION

The present study was conducted to obtain the
optimum micropropagation medium for mass
production of Ashwagandha in vitro and to study the
impact of Chitosan levels on vegetative parameters
as well as the accumulation of bioactive alkaloids
(withanolide-A and withaferin-A) in the plant.

In vitro multiplication

Mass multiplication production of Ashwagandha
was induced in vitro Figure 1, sub-culturing the
healthy single-node cuttings three times. MS
medium protocols (1- 10) were fortified with
different combinations (Table 1) (0.00, 0.50, 1.00,
2.00mg/L) of BAP and (0.00, 0.125, 0.25mg/L) of
NAA. Ranietal. (2014) reported that a combination

of NAA and BAP was more effective than BAP
alone for shoot production and multiplication.
In Ashwagandha, BAP played an important key
role (Panwar et al.,, 2011; Ojha & Choudhary,
2013). Rani et al. (2014) observed that different
combinations of NAA and BAP showed the best
results for shoot elongation and regeneration in
Ashwagandha. Data in Table 3 and Figure (2-4,
5) illustrate that all treatments’ survival % was
100%. Shoot numbers ranged between 1 and 6
shoots per single node cutting, and 6 shoots was
the highest mean number of shoots recorded on
protocol 6 MS medium with 1.00mg/L BAP and
0.125mg/L NAA. This result matches Sivanesan &
Murugesan (2008), who found that the maximum
of 17 shoots were induced from the Ashwagandha
nodal explants in BAP at 1.0mg/L. Manickam et
al. (2000) also reported that the highest number
(8) of Ashwagandha shoots was obtained by nodal
explants cultured on protocol 3 MS medium with
Img/L BAP. Irshad et al. (2013) also reported that
axillary and apical buds of Ashwagandha gave
maximum response on MS medium with 1mg/L
BAP. Results in Table 3 also showed that BAP-
containing medium at 2.00mg/L with 0.25 NAA
(protocol 10) gave the maximum mean values
of shoot length (12.33cm) and leaves number
(10.67). Similar results were also observed by
Rishikesh et al. (2016), who using MS media with
BAP (2.0mg/L) produced the maximum average
shoot length in Ashwagandha. In the same context
also Tamara et al. (2011) reported that the highest
vegetative parameters (number of shoots, shoot
length, average number of leaves/ explants) were
achieved on MS medium with BA at 2.0mg/L
and NAA at 0.1mg/L in the important medicinal
plant (Rollinia mucosa, and Teucrium polium L)
respectively.

Explant preparation and sterilization of Ashwagandha

sterilization
e

Seeds of
Ashwagandha
(Withania
somniferal.)

Sterilized seeds until seeds

were placed under started
aseptic conditions germination

in culture

For (microp i iplicati
rooting of Ashwagandha culture stock

Figure 1. Ashwagandha mass multiplication steps induced in vitro
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Table 3. The effect of plant growth regulators (PGR) protocols on in vitro multiplication parameters/ clusters of
Ashwagandha after 30 days

MSm Parameters
. Shoot Number/ Shoot Length Leaves Number/

Protocols Survival %

cluster (cm) cluster
Protocol 1 100 a 133 ¢ 5.00 d 400 e
Protocol 2 100 a 2.00 bc 6.67 cd 5.00 de
Protocol 3 100 a 2.00 be 7.00 cd 7.00 bed
Protocol 4 100 a 3.00 be 7.00 cd 7.00 bed
Protocol 5 100 a 3.00 be 6.67 cd 6.66 bcde
Protocol 6 100 a 6.00 a 8.00 bed 6.33 cde
Protocol 7 100 a 4.33 ab 9.00 abc 7.00 bed
Protocol 8 100 a 2.00 bc 7.00 cd 8.00 abc
Protocol 9 100 a 5.67 a 11.00 ab 9.33 ab
Protocol 10 100 a 4.33 ab 12.33 a 10.67 a

- MSm; MS multiplication medium protocol.

Shoot Number per Cluster

Shoot Number

Protocel 1

Protocal & Protocol 8
Protocol

Protocol 7

Protocol 8 Pratacal 10

Figure 2. Shoot numbers recorded in vitro per single node cutting, for 10 protocols (Table 3)

Shoot Length (cm)

12

Length (cm)

Protocol 1

Protocol 3 Protocol 4

Protocol 5 Protocol 6
rotocol

8
o

Protocol 7 Protocol 8

Protocol 8 Protocol 10

Figure 3. Shoot length (cm) recorded in vitro per single node cutting, for 10 protocols (Table 3)

172

Egypt. J. Bot., Vol. 65, No. 4 (2025)




Establish an in vitro propagation system and produce secondary metabolites in Ashwagandha (Withania somnifera L.)

Leaves Number per Cluster

&

bed bed
| I I
e
| . I
]

Protacol 1 Protocol 2 Protocol 3 Protocol 4

Leaves Number

a
ab
abc
bed
bcde
I |
Protocol otacol 8

5 Pr
Protocol

Protocol 7 Protocel 8 Protocol 9 Protocol 10

Figure 4. Leaves numbers recorded in vitro per single node cutting, for 10 protocols (Table 3).

In vitro rooting

MS rooting medium was supplemented with
different NAA concentrations (five protocols),
Table 1, for the induction of transparent and
white-true rooted plantlets in vitro. In general,
transparent roots were first formed, and then
plantlets formed white-roots. Table 4 and
Figure 6 demonstrate the impact of different
NAA concentrations on the rooting parameters
(white-true roots) in Ashwagandha in vitro.
Tamara et al. (2011) reported that NAA was
the only growth regulator that promotes root
induction in the Teucrium polium L. medicinal
plant. The survival percentage reached 100%
on all treatments except for the highest NAA
concentration, which gave 91.67 % without any
significant difference between the treatments.
The rooted explants percentage reached 100%
with one (1.00) root number/plantlet recorded on
both NAA at 0.50mg/L and 1.00mg/L (protocols

A i —_— % .
Figure 5. In vitro culture of shoots on MS medium protocols (MSm 7-10) of Ashwagandha explants

4 and 5). Krishnamurthy & Patel (2013) observed
that W. somnifera regenerated shoots produced
a maximum (80-90%) rooting percentage with
4-5 roots/ shoot when cultured on MS media
with 0.4mg/L. NAA. Also, the highest mean
value of whit root length (8.00cm) was recorded
at 0.50mg/L of NAA (protocol 4). Control MS
medium and NAA at 0.125mg/L (protocols 1
and 2) did not record significant values. The
same results were investigated by Sivanesan &
Murugesan, (2008), who referred that addition
of NAA, showed that the highest rooting
response (%), as well the highest roots number
of Ashwagandha observed in MS medium with
NAA (Img/L), while the highest mane value of
roots length was recorded on NAA at 0.1mg/L.
Also, Tamara et al. (2011), found that adding
NAA only promotes the best rooting parameters
(number and length of roots) in the medical plant.

Egypt. J. Bot., Vol. 65, No. 4 (2025)
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Table 4. The effect of NAA protocol concentrations on the white-true roots induction after 40 days in Ashwagandha in

vitro
Parameters
MSr - . - -
Protocols Survival% White true rooted % ‘White, true root/ | White, true root
plantlets/ cluster plantlet length. (cm)

Protocol 1 100.00 a 0.00 ¢ 0.00 b 0.00 ¢
Protocol 2 100.00 a 0.00 ¢ 0.00b 0.00 ¢
Protocol 3 100.00 a 61.6 b 0.67 ab 2.33 bc
Protocol 4 100.00 a 100.00 a 1.00 a 8.00 a
Protocol 5 91.67a 100.00 a 1.00 a 4.00 b

- MSr; MS rooting medium protocol.

) N I
B £ 1

MSm 3

i

Figure 6. In vitro white-true roots induction on MS media protocols (MSr 1-5) of Ashwagandha plantlets

In vitro effect of Chitosan

Chitosan is a polysaccharide compound more
soluble than chitin. It is used as a biotic elicitor
produced from shrimp shells. The impact of
Chitosan levels (Table 2) as an abiotic elicitor
on the vegetative parameters and the contents
of two types of withanolides (withanolides-A
and withaferin-A) in Ashwagandha tissues
(shoots and roots) in vitro was studied.

Effect of different Chitosan levels on in vitro
vegetative growth

Compared to the control media, the results
show that all growth parameters decreased
significantly as Chitosan levels increased. Most
biotic and abiotic elicitors have an inhibitory
impact on the vegetative parameters of the plant.
The degree of the effect often varies according
to the type of elicitor, its level, and exposure
time. According to Shah (2021), vegetative
biomass production depends on Chitosan

concentration; higher Chitosan concentration
up to 5.0 ppm decreases the biomass production
in Silybum marianum (L.). Regarding survival
percentage, the data in Table 5 and Figure 7
demonstrate that it reached 100% by 25.00
ppm and 50 ppm of Chitosan and MS control
medium. The highest mean values (4.00,
9.00cm, and 7.00, respectively) were recorded
on MS control medium (protocol 1) for shoot
number, length, and number of leaves. In
contrast, the significantly lowest mean values
were recorded at the highest level of Chitosan
(200 ppm). The highest average true roots
number and length (1 and 8cm, respectively)
were obtained on the control treatment, and the
lowest mean values (0.33 and 1.17cm) were
obtained using 200 ppm. In the same way,
Ashwaq & Alaa (2024) observed that adding
Chitosan significantly reduced Ashwagandha
callus parameters (more than 70% decreases)
compared with the control MS medium.
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Table 5. The effect of different Chitosan levels on the Ashwagandha vegetative parameters in vitro

Chitosan Parameters

levels

treatments ' Shoots St g Leaf True-roots True-roots

(ppm) Survival % number/ i) number/ Number/ e
cluster cluster plantlets

CHO 100.00 a 4.00a 9.00 a 7.00 a 1.00 a 8.00 a

CH1 100.00 a 2.67 ab 6.33 ab 6.33 ab 1.00 a 2.16b

CH2 100.00 a 1.77 be 4.67 be 5.00 ab 1.00 a 2.67b

CH3 85.67 a 1.7 be 4.26 be 3.76 be 1.00 a 3.83b

CH4 16.67 b 0.33¢ 1.50 ¢ 1.00 ¢ 0.33b 1.17d

- CH; MS multiplication medium with Chitosan levels.

Figure 7. In vitro effect of different Chitosan levels on the vegetative parameters of Ashwagandha plantlets

Effect of different Chitosan levels on the
withanolide-A and withaferin-A content.

Withanolide alkaloids are naturally found
accumulating inmostspecies ofthe Withania genus,
especially Withania somnifera (Ashwagandha).
Researchers found that withanolide-A and
withaferin-A are distributed in the Ashwagandha
plant parts (Baenas et al., 2014). Elicitors are
stress, enhance secondary metabolites synthesis,
or produce natural plant products from abiotic and
biotic sources. To estimate the impact of Chitosan
levels on stimulating and the accumulation of
withanolides, an HPLC method for profiling
withanolide-A, withaferin-A as mg/ g of dry tissues
in both in vitro shoots and roots of Ashwagandha
was used. Although the inhibition impacts of
elicitors on the vegetative growth of plants, it also

increases the activity of secondary metabolism in
these cultures, producing secondary metabolites.
The data obtained in this investigation showed
that the increase in Chitosan levels directly
increased concentrations of both withanolide-A
and withaferin-A in plant tissues compared to
the MS control media. Also, Santosh (2012)
noticed a significant accumulation enhancement
on the yield of withanolides-A and withaferin-A
observed in the controlled environment relative
to the wild environment. The current study on
Ashwagandha,  considering  withanolide-A,
found that it was highly accumulated in root
tissue compared to the shoot tissue. Dhar (2013)
referred that Chitosan caused an increase in the
accumulation of withanolides in the Ashwagandha
adventitious root in vitro. Data in Table 6 and
Figures 8-17 show that highest concentration
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of withanolide-A (259.12mg/g dry Wight) was
obtained using 100 ppm Chitosan in root tissues,
followed by 193.32 mg/g dry Wight which
recorded by 200 ppm Chitosan with shoot tissues,
as well the lowest concentration (53.94mg/g) in
shoot tissues, followed by 74.54 mg/g with root
tissue were obtained on MS control medium
without Chitosan. The same results were obtained
by Ashwaq & Alaa (2024, who reported that
Chitosan at 100 ppm stimulates the biosynthesis
of 27-OH-withanolide-A with a 160% increase
compared to the control, in Ashwagandha
callus tissues, for Withaferin-A accumulation
correlated positively with Chitosan levels. The
highest concentrations (11.96 and 11.84mg/g dry
Weight) in root tissue were recorded respectively
at 200 and 100 ppm Chitosan. Meanwhile, the

Sallam, 2025

lowest value of 0.88mg/g was obtained in root
tissue, followed by 1.59 mg/g in shoot tissues
on MS control medium. No recorded values of
withaferin-A were noticed for Chitosan levels
(50 and 100 ppm) in shoot tissue and (25 and 50
ppm) in root tissues. Sivanandhan et al. (2012)
proved that the Chitosan levels at 100 mg/l
stimulated the accumulation of withanolides in
the adventitious cultures of Ashwagandha root,
compared to aluminum chloride treatment. As
for Singh (2022), Chitosan application increased
the accumulation of withanolides-A by 11.3-fold
in vitro. Also, the maximum withanolide-A and
withaferin-A content was recorded by Chitosan
(100 ppm) in leaves, stems, and root tissues of
Ashwagandha. Root thickness was increased
directly with increasing Chitosan levels

Table 6. Effect of different Treatments, Chitosan levels (25, 50, 100, 200 ppm), on the quantification of total withanolides
(withanolide-A and withaferin-A) content in Ashwagandha shoots and roots tissue after 45- 60 days in vitro

Quantification of withanolides (mg/ g dry weight)
MS+ Chitosan Shoots Roots
levels ppm
Withaferi
Withanolide-A Withaferin- A Withanolides -A ' Ze”"
CHO 53.94 1.59 74.54 0.88
CH1 81.23 1.82 77.88 -
CH2 92.36 -- 154.88 --
CH3 185.17 -- 259.12 11.84
CH4 193.32 2.44 161.39 11.96
- CH; MS multiplication medium with Chitosan levels.
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Figure 9. HPLC chromatogram of standards

Figure 8. HPLC chromatogram of standards withanolide-A &

withaferin-A in shoot tissue samples on MS control medium
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withanolide-A & withaferin-A in shoot tissue samples
on MS + (25 ppm) Chitosan medium
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on MS + (100 ppm) Chitosan medium
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withanolide-A & withaferin-A in shoot tissue samples on
MS + (200 ppm) Chitosan medium
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Figure 14. HPLC chromatogram of standards

withanolide-A & withaferin-A in root tissues sample on
MS + (25ppm) Chitosan control medium
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withanolide-A & withaferin-A in root tissue samples on
MS control medium
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Figure 15. HPLC chromatogram of standards

withanolide-A & withaferin-A in root tissues sample on
MS + (50ppm) Chitosan control medium
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Figure 16. HPLC chromatogram of standards

withanolide-A & withaferin-A in root tissues sample on

MS + (100ppm) Chitosan control medium
CONCLUSION

Ashwagandha has proven to be important in
pharmaceutical industries because it is rich in
the varied bioactive compounds (withanolides),
which are most available in various plant parts.
Also found that the elicitors, such as Chitosan,
were very effective in inducing the enhanced
accumulation of withanolide-A and withaferin-A
in the plant tissues in vitro. Three experiments
were conducted in this investigation. For in
vitro propagation, MS media fortified by BAP
alone or with NAA achieved the maximum
micropropagation parameters. White-true roots
were produced only by MS with NAA protocols.
Chitosan at high levels achieved the maximum
withanolide-A and withaferin-A in the root
tissues. Also, adding Chitosan to culture media
decreased all micropropagation parameters, which
negatively correlated with increased Chitosan
levels. HPLC was used to estimate the quantitative
content of withanolides affected by Chitosan
levels. In future investigations, we will need more
attention to establishing a true roots culture system
in Ashwagandha as a promising application for
biomass accumulation of secondary metabolic
bioactivity (withanolides) production, to present
a broad spectrum of pharmacological, and to
overcome many health problems. Also, studies
have shown that withanolides can be obtained
from plant shoots in quantities approaching those
existing in the roots. This method can be more
sustainable because it does not require uprooting
the entire plant, allowing regrowth and multiple
harvests. Ashwagandha is a drought-tolerant plant
that can grow especially in arid and semiarid
regions and help conserve water resources. Also,
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Figure 17. HPLC chromatogram of standards

withanolide-A & withaferin-A in root tissues sample on
MS + (200ppm) Chitosan control medium

finally, conservation of Ashwagandha germplasm
is an essential demand to ensure future availability
and diversity for sustainability.
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