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ABSTRACT

Background: In Ayurveda, “Dashamoolarishta” is one of the important composite herbal formulations.

Mainly, the root and root bark of Oroxylum indicum are used as one of the ingredients in its preparation.

This leads to over exploitation of medicinal plants owing, to excessive demand due to population

expansion and its perceived importance in traditional herbal remedies.

Objective: For the conservation of biodiversity, the present investigation had an objective to prepare the

extracts of different parts of O. indicum plant and to, compare the chemo-profiles as well as to study the

biological activities of the prepared extracts.

Materials and methods: Hydro-alcoholic (HA) and aqueous (Aq) extracts of various plant parts were

prepared and chemical investigation was done with the help of (LC-MS/MS). Further, in vitro biological

activities such as immuno-stimulation (IS) using a cytokine bioassay in RAW264.7 and in vitro anticancer

in TNF-o ELISA in THP-1 cells were studied.

Results: The mass spectral profile of the plant revealed the presence of markers such as oroxylin A and

chrysin in HA and Aq extracts of stem, leaf, bark and root. Cytokine release and TNF-o. secretion was

observed in both hydro-alcoholic and aqueous extracts.

Conclusion: Based on the results from the present study, it can be concluded that it is possible to replace

the roots and the bark of O. indicum with the stem of young plants and leaves. It paves a way for the

conserving the medicinal plants without uprooting and extinguishing the whole plant.

© 2021 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences

and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

extinct due to over harvestation and natural habitat destruction
[3]. About 20% of resources from the wild sources have been

At present the demand for herbal products, secondary me-
tabolites derived from the medicinal plants and the use of me-
dicinal plants is growing swiftly worldwide [1,2]. According to
International Union for Conservation of Nature and the World
Wide Fund for Nature, there are about 50,000—80,000 species of
plants which are used for the medicinal purposes around the
world. Of these, around 15,000 species are going to become
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exhausted due to the increase in the population and utilization of
plants in large quantities [4].

There is an immediate need to create awareness regarding
conserving and sustaining of medicinal plants for their usefulness.
A detailed study of phytochemicals and pharmacological evalua-
tion of various plant parts is required for this purpose. This is the
requirement for the strategy of substitution of plants or plant
parts [5].

In the recent past, exploitation of medicinal plants has been
carried out owing to the population expansion and increased use of
conventional herbal medicines. This resulted in delayed growth
and slow reproduction and thus making the medicinal plants prone

0975-9476/© 2021 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences and Technology and World Ayurveda Foundation. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:aswatharam@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaim.2021.09.001&domain=pdf
www.sciencedirect.com/science/journal/09759476
http://elsevier.com/locate/jaim
https://doi.org/10.1016/j.jaim.2021.09.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaim.2021.09.001

D. Rai, H.N. Aswatha Ram, K. Neeraj Patel et al.

to extinction. To overcome this, there is a need to enforce conser-
vation of plant materials, large scale cultivation or to substitute
parts of the plant such as young stem and leaves instead of roots
without destroying the whole plant. It is necessary to evaluate the
resemblance and variations among plant parts with respect to their
chemical principles and biological properties [5,6].

Similar studies in India are carried out and exemplified for
Musta and Nagaramusta. The first one Cyperus rotundus L. (Musta)
can be used in place of Aconitum heterophyllum Wall. ex Royle
(Ativisha) based on the approach and theory concerning phyto-
chemical and pharmacological evaluation [7]. The latter example is
where, Ayurvedic practitioners use Cyperus scariosus R. Br.
(Nagaramusta) as alternates for Musta [8].

Oroxylum indicum (L.) Kurz. (Family: Bignoniaceae) commonly-
known as Indain trumpet flower or broken bones is an important
plant traditionally used in polyherbal formulations such as “Chya-
wanprash”, “Dashamoolarishta” and “Kutajarishta”, etc., [5,6,9]. The
tree being overused and vulnerable, is facing the risk of getting
endangered. The tree may become extinct in near future and would
thus enter red data book [10]. In our work leaf, stem, root and bark
were considered for chemical analysis. The aerial parts such as leaf
and young stem may be considered as substitute for the vital parts
of the plant i.e., roots and bark for the conservation of the species.
The current study has also focused on the sustainability of plant
using aerial parts such as leaves and young stems which can regrow
from the trees. Since, harvesting flowers and fruits affect the seed
formation and regeneration process, we used only young stems and
leaves in our study.

The plant had been reported to contain several constituents
such as flavonoids, iso-flavonoids, triterpenoids, steroids and
others. Of these constituents, Oroxylin A and Chrysin as the major
flavonoids [11]. The Ayurvedic Formulary of India (AFI) has sug-
gested the use of stem bark as substitutes for roots of Dashamoo-
larishta [12]. Therefore, the present study was aimed at comparing
the leaves and young stems with roots and bark of O. indicum with
respect to their LC-MS profiles. The plant is already reported to
possess immunostimulatory activity via enhancement of humoral
immunity and phagocytosis in the body [13]. The reported phar-
macological activities include antimicrobial, anti-inflammatory,
anti-arthritic, anticancer, anti-ulcer, hepato-protective, anti-
diabetic, antidiarrheal and anti-oxidant were exhibited by its ex-
tracts and isolates [14]. Hence, the present study also aimed at the
screening of extracts for immuno-stimulatory and anti-cancer ac-
tivities by in vitro assays.

2. Materials and Methods
2.1. Plant materials

Leaves (NPD/569/15); young stems (NPD/404/15); bark (NPD/
549/15) and roots (NPD/739/15) of O. indicum (L.) Kurz. were
collected from various parts of Karnataka, India and Andhra Pra-
desh, India and it was authenticated by Dr. Kannan R., Ph.D, Prin-
cipal Scientist, The Himalaya Drug Company, Bangalore, Karnataka,
India and voucherd specimens were deposited. The plant name has
been checked with http://www.theplantlist.org (Accession date:
16.05.2015).

2.2. Chemicals and solvents

Ultra-pure water (Elga, Veolia water, Paris, France) and LCMS
grade acetonitrile/methanol (J.T. Baker, Center Valley, PA, USA)
were used. LR. grade ethanol was purchased from Chanshu Hon-
gsheng Fine Chemicals Co. Ltd., China. Extracts were concentrated
using a vacuum rotary evaporator (Biichi R-215, Switzerland). LC-
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MS analysis was carried out using HPLC SHIMADZU LC-20AD
which is coupled with an API-2000 mass spectrometer-MS/MS,
[Applied Biosystem/MDS SCIEX, Canada]. Cell culture media and
biochemical reagents were obtained from Himedia, Mumbai,
India.

2.3. Extraction

300 g each of young stems, leaves, barks and roots of O. indicum
(L.) Kurz. were taken individually in a macerator and extraction was
carried out separately with 70% ethanol in de-mineralized water
and 100% de-mineralized water with 2 L for 24 h and this process
was repeated thrice. Extracted solution was filtered through
Whatman filter paper No. 1 and three washes were combined, dried
in vacuo to provide the hydro-alcoholic (young stems, OHAS; leaves,
OHAL; bark, OHAB; roots, OHAR) and aqueous (young stems, OAS;
leaves, OAL; barks, OAB; roots, OAR) extracts respectively and the
yields are presented in Table 1.

The aqueous and hydro alcoholic extract, we processed to pro-
duce the final product which was available in dry powdered form.
Before use with cells, either dry powder was weighed and recon-
stituted in distilled water as per the concentration required and
then added to the culture for treatment. The vehicle used for all cell
culture studies was sterilized distilled water.

2.4. Liquid chromatography tandem mass spectroscopy (LC-MS/MS)

LC-MS comprises of an HPLC (Shimadzu LC-20AD) coupled with
an API-2000 mass spectrometer-MS/MS, [Applied Biosystem/MDS
SCIEX, Canada]. 2 mg/mL concentration of the sample was prepared
in LC-grade methanol and injected via the SIL-HTC Shimadzu auto-
sampler.

The MS machine parameters and the experimental conditions
were followed to obtain MS/MS spectrum. An API-2000 mass
spectrometer along with electron spray ionization (ESI) interface
was applied. Batch acquisition as well as data processing were
regulated by Analyst 1.5 version software. Curtain gas (CUR) 25 psi;
Focusing potential (FP) —400 V; Entrance potential (EP) —10 V;
Ionization source temperature 420 °C; Ion source Gas 1 (GS1) 50
psi; ion source Gas 2 (GS2) 60 psi and the chromatographic con-
ditions mentioned below.

The deprotonated molecular ion [M—H]~ of Oroxylin A and
Chrysin obtained at m/z 283.1 and m/z 253.1 Further, both parent
ion subjected to product ion scan yielded m/z 267.8 and m/z 142.7 at
collision energy —25 V and —35 V, respectively.

The separation was achieved through Maisch GmbH C18
Reprosil-Pur Basic (100 x 3 mm, 3 pm) column and column
temperature 40 °C was maintained through Shimadzu CTO-10 AS
VP column oven. Mobile phase was delivered at flow rate of
0.5 mL/min through Shimadzu LC-20 AD series binary gradient
pump with Shimadzu DGU-20A3 degasser. The mobile phase
composed of solvent-A which contains water with 0.1% formic
acid as well as solvent-B as a mixture of acetonitrile and water in
70:30 ratios. The solvent B was linearly ramped from 20% to 50% in
8 min and was further ramped to 80% in 7 min. The solvent B was
brought to initial concentration in 3 min and re-equilibrated for

Table 1
Extractive yield (% w/w) of Oroxylum indicum extracts.

S. No. Plant part Hydro-alcoholic ext. Aqueous ext.
1. Leaves 3.8 4.2
2. Young stems 31 41
3. Bark 1.2 33
4. Root 33 4.0
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Fig. 1. a—d) LC-MS chromatograms of Oroxylum indicum extracts at 277 nm and Mass fragmentation with the R; 15.03 (Chrysin) and 15.47 (Oroxylin A).
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Fig. 2. a—d) LC-MS chromatograms of Oroxylum indicum extracts at 277 nm and Mass fragmentation with the R; 15.03 (Chrysin) and 15.47 (Oroxylin A).

an additional 2 min. Chromatographic Peak was monitored at 2.5. Cell culture

277 nm and 324 nm. The injection volume 20 pLwas injected

through Shimadzu SIL-HTC autosampler and 20min. was the total RAW 264.7 cells (macrophage derived), THP-1 and 1929 cells
analysis run time. were acquired from National Center for Cell Science (NCCS), Pune,
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Fig. 3. a—d) LC-MS chromatograms of Oroxylum indicum extracts at 277 nm and Mass fragmentation with the R; 15.03 (Chrysin) and 15.47 (Oroxylin A) and the chemical structures

of major chemical constituents.

India and it was grown in 96 well plates in DMEM HG, RPMI and
DMEM low glucose correspondingly with 10% FBS and were incu-
bated at 37 °C with 5% CO,.

2.6. Cell viability assay

RAW 264.7 cells and THP-1 cells were grown in 96 well
plates in DMEM HG and RPMI media respectively, with 10% FBS
and it was incubated for assay purpose. The initial stock solu-
tion of test product (10 mg/mL) was prepared by dissolving in
DMEM HG medium with 2% FBS and subsequent dilutions were
prepared to achieve concentrations of 1000, 500, 250, 125, 62.5,
31.25 and 15.62 pg/mL. The dilutions (100 pL/well) were added
to the RAW264.7 and THP-1 cells and the plates were incu-
bated at 37 °C with 5% CO,. Cell control and positive control
(SDS) were also maintained. The morphological changes in the
cells were observed after 24 h of incubation using an inverted
microscope and cell viability was assessed by MTT assay where
10 puL of MTT (5 mg/mL) solution was added into each well and
incubated for 4 h at 37 °C. Once the cell supernatant was

discarded, the dye bound to the cell was extracted by adding
100 pL of DMSO into each well. Absorbance was measured at
540 nm and percentage toxicity was assessed from the absor-
bance values of the groups treated with drug and untreated
with drug.

2.7. Tumor necrosis factor (TNF)-a stimulatory assay and ELISA

TNF assay in RAW 264.7 cells was carried out as described
previously [15,16]. RAW264.7 cells were treated with Oroxylum
extracts at two non-toxic concentrations for 24 h and the levels of
TNF-a. in the cell culture supernatant was measured on L929 cells.
Cell control and positive standard (LPS -1 pg/mL) was also main-
tained. The TNF-a induced toxicity in L929 cells was determined by
MTT assay.

THP-1 cells (1 x 10%/mL) were treated with test samples at 100
and 200 pg/mL and it was incubated for 24 h at 37 °C with 5% CO,.
Cell control as well as LPS control (1 ug/mL) were maintained. Cell
free conditioned media were assayed for TNF-a. by commercially
available kit (Krishgen Biosystems, India).
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Fig. 4. a and b) Cytotoxic effect of extracts on RAW 264.7 and THP-1 cells.

2.8. Statistical analysis

Results were depicted as mean + S.E.M. and statistical analysis
was conducted by One-way ANOVA with Dunnett's post-test using
Graph Pad Prism version 4.01 for Windows, GraphPad Software,
San Diego California USA. ‘P’ value less than 0.05 was regarded as
statistically significant.

3. Results and discussion

Roots of 0. indicum (L.) Kurz. rich in flavonoids are commer-
cially exploited and generally, its aqueous extracts are used in
polyherbal formulations such as “Chyawanprash”, “Dashmoolar-
ishta” and “Kutajarishta” etc. that results in step-down and
rooting out of this plant. Therefore, it is necessary to collect and
substitute the parts of the plant such as leaves and young stems
rather roots and bark [5,6]. O. indicum (L.) Kurz. reported to have
immunostimulatory activity via. enhancement of humoral im-
munity phagocytosis of the body [13]. Cytokines maintain tissue
homeostasis and mediate immunological responses during
chronic and acute infections [17]. A variety of cytokines are
released by immune cells, against infectious pathogens such as
virus, bacteria, fungus, toxins etc. depending on various pro-
tective mechanisms. The cytokines include tumor necrosis factor
(TNF), interferons, interleukins, colony stimulating factors (CSF)
and transforming growth factors (TGF) [18]. Drug candidates
known to alter the immune responses by modulating immune
signalling molecules are of importance in various therapeutic

conditions [19]. Natural products of herbal origin with immu-
nomodulatory activity has been reported for a long time and is
generally considered safe and used as adjuvants in modulating
immune responses [20].

In the present study, chemical profile of the young stems, leaves,
barks and roots of O. indicum (L.) Kurz. were compared by LC-MS/MS.
Oroxylin A and Chrysin belongs to the flavone class and responsible
for varied pharmacological activities attributing to stem, leaf, root
and bark of this plant. Flavonoid compound Oroxylin A (57-
dihydroxy-6-methoxy-2phenyl-4H-1-benzopyran-4-one) [21] was
reported to possess anti-cancer activity in human ovarian cancer
[22], human breast cancer cells [23], induces differentiation of t (8;
21)-positive Kasumi-1 and primary acute myeloid leukemia cells
[24]. Another important constituent is Chrysin which is a hydrox-
ylated flavone [25] and it is capable of killing lung, breast, cervical,
liver, leukemia, colon, nasopharyngeal, prostate, glioblastoma, thy-
roid and pancreatic cancer cells in both in vitro and in vivo models
[26]. Therefore, Oroxylin A and Chrysin were chosen as biomarkers
for the current study. Extracts were also evaluated for immunosti-
mulatory activity using ELISA in RAW 264 cells.

Results revealed that there was not majorly difference in the
aqueous extraction yield of plant materials (~4%) except bark (3.3%).
Hydro-alcoholic and aqueous extracts of stems, barks, leaves and
roots were found to be qualitatively chemical similar and revealed
the presence of marker compounds such as oroxylin A (R; 15.47)
and chrysin (R; 15.03) at 277 nm (Figs. 1-3a—d).

Extracts showed varied toxicity to RAW 264.7 and THP-1 cells
and the Cytotoxic effect of extracts on RAW 264.7 and THP-
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1 cells (Fig. 4a and b). The aqueous extracts were mostly non- extracts (98 + 5.8 pg/mL) followed by OHAR (70.90 + 2.50 pg/mL),
toxic to RAW 264.7 and THP-1 cells at test concentrations OHAS (66.10 + 8.90 pg/mL) and OHAB (16.60 + 4.40 pg/mL). Among
(15.62—1000 pg/mL) whereas the hydro-alcoholic extracts of the aqueous extracts, OAS showed the maximum TNF-a secretion
bark showed moderate toxicity for RAW264.7 and THP-1 cells. followed by OAB, OAR and OAL. The percentages of TNF-o release in
Hence, two non-toxic concentrations (100 and 200 pg/mL) were aqueous extracts were 175.70 + 14.10, 143.20 + 17.60, 128.30 + 10.3
used for further studies. and 112.80 + 0.60 for OAS, OAB, OAR and OAL at 200 ug/mL

In the present study, the toxicity exhibited by L929 cells was respectively. The Immuno-stimulatory effects of aqueous and hydro
used as the measure to assess the TNF-o release by the drug alcoholic extracts are shown in Fig. 5a and b.

treatment. In other words, the viability of L929 cells was inversely In the in vitro experiment, the objective was to study the effects
proportional to the TNF-o, levels secreted to the culture medium by of extracts on anti-cancer activity. “Tumor Necrosis Factor” (TNF-
RAW?264.7 cells as a response to the drug. alpha) was recognized as the serum mediator of innate immunity

Extracts elicited cytokine production in RAW264.7 cells. The having the ability of inducing hemorrhagic necrosis in tumor and it

percentages of cytokine release in aqueous extracts were has the capacity to directly kill tumor cells in vitro [27]. Immuno-
41.30 + 5.60, 25.50 + 4.90, 21.40 + 4.20 and 20.30 + 2.90% for OAS, stimulatory cytokines like TNF-a, IL-1B, MIP-1a act as effective
OAL, OAR and OAB at 200 pg/mL, respectively. The percentages of messenger molecules in an immune response. A well balanced

cytokine release in hydro-alcoholic extracts were 57.60 + 4.10, secretion of these cytokines under normal conditions ensures
52.90 + 9.40, 35.30 + 2.0 and 13.70 + 2.70% for OHAB, OHAL, OHAS proper functioning of the immune system. An agent which stimu-
and OHAR at 200 pg/mL, respectively (Fig. 5a and b). In the present lates the secretion of immunostimulatory cytokines resulting in
study, LPS-a known TNF-o stimulator was used as positive control; dendritic cell activation and subsequently enables efficient func-
which at 1 pg/mL showed a 309.85 pg/mL elevation of TNF-o tioning of T-cells is said to possess strong immunostimulatory ac-
production. tivity. In the present study, a substantial increase was observed in

The TNF-a. in the cell culture supernatant was quantitatively secretion of cytokines and TNF-o from RAW 264.7 and THP-1 cells
estimated using a commercially available ELISA kit. The untreated after 24 hours of treatment with extracts, indicating the immuno-
THP-1 cells exhibited a basal release of TNF-a. at a concentration of stimulatory potential of O. indicum. This could be attributed to
11.28 (+0.29) pg/mL. The THP-1 cells treated with LPS (1 pg/mL) the constituent, a polyphenolic compound chrysin which block
showed an increase in the TNF « levels, which was 54.63 + 3.12 pg/ TNF-o triggered ICAM-1 expression by inhibiting ERK, JNK and P38
mL. At 200 pg/mL, maximum TNF-a secretion was found in OHAL in epithelial cells [28,29].
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Fig. 5. a) Immuno-stimulatory effects of aqueous extracts on RAW 264.7 (left) and THP-1 (right) cells. OAB: Bark; OAL: Leaves; OAS: Stem and OAR: Root (**p < 0.05). b) Immuno-
stimulatory effects of hydro alcoholic extracts on RAW 264.7 (left) and THP-1 (right) cells. OHAB: Bark; OHAL: Leaves; OHAS: Stem and OHAR: Root (**p < 0.05).
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4. Conclusion

The present study is an attempt to evaluate the young stems,
bark, leaves and roots of O. indicum based on their phyto-chemical
and pharmacological parameters. Liquid chromatography mass
spectrometric analysis confirmed the presence of oroxylin A (R;
15.47) and chrysin (R; 15.03) in aqueous and hydro-alcoholic ex-
tracts in the plant parts studied. All the extracts showed mild to
moderate cytokine secretion and TNF-o release. Thus, the leaves
and young stems can be explored as a substitute to bark and roots
for its therapeutic benefits in pharmaceutical industries. The
experimental results also warrant further mechanistic studies to
evaluate and compare the immune—modulatory activity of the
different plant parts of this plant. This investigation also aids in
biodiversity conservation. The leaves and young stems can be a
used as substitute to bark and roots, thereby preventing mass
destruction of O. indicum.
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