Pharmacogn. Mag.

urnal in the field of Pharmacognosy and Natural Products

ORIGINAL ARTICLE

Elicitation of Phenolics from the Micropropagated Endangered
Medicinal Plant Calligonum polygonoides L. (Polygonoaceae)

Asmaa l. Owis, Nada S. Abdelwahab’, Adel A. Abul-Soad?

Department of Pharmacognosy, Faculty of Pharmacy, Beni-Suef University, Beni-Suef, 'Department of Analytical Chemistry, Faculty of Pharmacy, Beni-Suef University,

Beni-Suef, 2Horticulture Research Institute, Agricultural Research Center, Cairo, Egypt

Submitted: 19-11-2015 Revised: 09-02-2016

ABSTRACT

Background: Calligonum polygonoides L. subsp. comosum (LHér.) Sosk.
is a plant species belonging to family Polygonaceae. Susceptibility to
threaten, presence of various chemical constituents, and many medicinal
effects reported for this plant in addition to rareness of in vitro culture
studies have fuelled the need for its micropropagation and phytochemical
investigations of the produced cultures. Objectives: To employ in vitro
culture technique for ex situ conservation of C. polygonoides, using the fruit
as an explant; establish callus and cell suspension cultures from in vitro
germinated plantlets; investigate the production of phenolics through
callus, redifferentiated shoot, and cell suspension cultures; attempt to
enhance cell capacity to accumulate phenolics using salicylic acid and yeast
extract and provide a brief demonstration of biosynthetic pathway leading
to phenolic production. Materials and Methods: Modified Murashige
and Skoog media supplemented with growth hormones such as kinetin,
1-naphthaleneacetic acid, 6-benzylaminopurine, and indole-3-acetic acid
were used to establish callus, redifferentiated shoots, and cell suspension
cultures. Elicitation of cell suspension culture was performed using
salicylic acid and yeast extracts. A reversed phase-high performance
liquid chromatography method for determination of phenolic content in
the aforementioned cultures was developed. Results: The unorganized
callus and cell suspension cultures contained fewer amounts of phenolic
compounds than redifferentiated shoots. Elicitation produced massive
quantitative reprogramming of phenolic content. Conclusion: The present
study offers an alternative and renewable source for this valuable natural
plant, provide a chance to improve secondary metabolite yield and serve
as a useful tool for studying the biosynthesis of these compounds and its
regulation in plant cells.
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SUMMARY

e In vitro culture techniques provided a strategy for ex situ conservation of the
endangered C. polygonoides.

e Unorganized callus and cell suspension cultures accumulated less phenolic
content than re-differentiated shoots.

INTRODUCTION

Calligonum polygonoides L. subsp. Comosum (LHér.) Sosk. (Polygonaceae)
is a small leafless shrub, which has a reputation in folklore medicine as
a stimulant and astringent, under the local names “ghardaqg,” “rusah,
“arta,” or “Wargat Al-shamas.”!"?! Leaves and stems are chewed to wash
teeth and to treat gummosis while young shoots infusion is used as
tonic.”! It was reported that C. polygonoides possesses hypoglycemic,!
cytotoxic, antioxidant,"" antimicrobial,””! antiulcer, anti-inflammatory,®
antifungal,” and mosquitocidal activities.®) Chemical analysis
from previous studies revealed the presence of (+)-catechin,
dehydrodicatechin A, kaempferol-3-O-rhamnopyranoside, quercitrin,
B-sitosterol-3-0O-glucoside, isoquercitrin, kaempferol-3-O-glucuronide,
and mequilianin.!!  Campesterol, stigmasterol, (3 f, 5 o,

© 2016 Pharmacognosy Magazine | Published by Wolters Kluwer - Medknow

Published: 30-09-2016

e Elicitation produced massive quantitative reprogramming of phenolic content.

* Phenolic biosynthesis was discussed briefly.
-

Clﬂu induced from the
Shoot proliferation

invizro shoot segments
In vitro germinated fruits l

Calligonwm polygonoides L. fruity

Abbreviation used: H,0,; Hydrogen peroxide, Kin: Kinetin,
NAA: Naphthaleneacetic acid, BAP: 6-benzylaminopurine, IAA: Indole-3-acetic
acid, HPLC: High-performance liquid
chromatography.
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C. polygonoides has been quoted in Red Data Book of International Union
for Conservation of Nature and Natural Resources as an endangered plant
species.''! Endangered, threatened, and rare species should be grown
and conserved by in vitro culture because of the efficient multiplication
and small demands on a number of initial plants and space." Another
advantage of this technology is that cell suspension culture systems could
be used for large-scale culturing of plant cells from which secondary
metabolites could be extracted so; it can ultimately provide a continuous,
reliable source of natural products.®! Furthermore, elicitation is one
of the most important approaches to enhance the yield of secondary
metabolites produced by in vitro cultures." Previous attempts for
regeneration of C. polygonoides were fruitful only using green shoots as
explants'™® but were unsuccessful when the seeds are chosen. Therefore,
mature seeds did not germinate in the medium while isolated embryos
provided 58.3% germination but failed to produce callus or organs
and ultimately died.'® Subsequently, achieving a protocol for in vitro
establishment and multiplication from the fruit explants will definitely
assist ex-situ conservation of such valuable plant species. Furthermore,
it will introduce the produced aseptic tissues for investigations of their
phytoconstituents. The accumulation of phenolic constituents by callus,
redifferentiated shoot, and cell suspension cultures has not been studied
before. Thus, the objectives of the present study were to employ in vitro
culture technique for ex situ conservation of one of the medicinally
valuable and environmentally threatened plant species, C. polygonoides,
using the fruit as an explant; establish callus and cell suspension
cultures from in vitro germinated plantlets; investigate the production
of phenolics through callus, redifferentiated shoot, and cell suspension
cultures; attempt to enhance cell capacity to accumulate phenolics
using elicitors such as salicylic acid and yeast extract and provide a brief
demonstration of biosynthetic pathway leading to phenolics production.
The current results are reported for the first time.

MATERIALS AND METHODS
Plant materials

C. polygonoides fruits were collected from western desert, Egypt, on
April 2012, during flowering season and kindly authenticated by
Dr. Abdelhalim Mohamed (Plant Taxonomy Department, Agricultural
Research Center, Cairo, Egypt) for whom the authors are thankful.
Voucher specimen was deposited at Department of Pharmacognosy,
Faculty of Pharmacy, Beni-Suef University under the registration
number BUPD-40.

Fruit surface sterilization and germination

Several trials were performed on the fruits before in vitro germination:

o Clorox treatment: Fruits were surface sterilized by dipping in an
aqueous ethanol solution (70%) for 5, 10, 15, and 30 min, then
in a 5% solution of commercial detergent; Clorox (5.25% sodium
hypochlorite) for 5, 10, 20, and 30 min and finally rinsed exhaustively
with sterilized distilled water three times before in vitro culture

o Boiling water treatment: Fruits were dipped in boiling water for 5,
10, and 20 min then in a solution of commercial Clorox (5%) for 5,
10, 20, and 30 min and finally rinsed with sterilized distilled water

o Abrasion of fruit wall: Fruits were surface-scratched manually using
aknife, dipped in a solution of commercial Clorox (5%) for 5, 10, and
20 min and finally rinsed thoroughly with sterilized distilled water

o Flame treatment: Fruits were exposed to direct flame for 1 s. just to
remove their dense hair surface, dipped in a solution of commercial
Clorox (5%) for 5, 10, and 20 min and finally rinsed exhaustively
with sterilized distilled water

o Sulfuric acid immersion: Fruits were dipped in sulfuric acid 10, 15,
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25,50, and 100% for 5, 10, 15, 20, and 30 min and rinsed exhaustively
with sterilized distilled water
o Cold water maceration: Fruits were soaked in distilled water
overnight, dipped in a solution of commercial Clorox (5%) for 5, 10,
and 20 min and finally rinsed exhaustively with sterilized distilled
water
o Hydrogen peroxide treatments:
o Fruits were dipped in a solution of commercial Clorox (5%) for
5 min followed by hydrogen peroxide (H,0,) for 15 min
e  Fruits were surface-scratched, dipped in a solution of
commercial Clorox (5%) for 5 min followed by H,0, for 15 min
o Fruits were exposed to direct flame for 1 s, dipped in a solution
of commercial Clorox (5%) for 5 min followed by H,O, for
15 min.

The sterilized fruits in each case were germinated aseptically on
quarter-strength Murashige and Skoog (MS) basal liquid medium,!”
supplemented with 30 g/L sucrose and 9 g/L agar. The pH of the
medium was adjusted to 5.2. The fruits were kept at 27 + 2°C in the dark.
Germination was expressed as percentage of viable germinated fruits.

Callus formation

The in vitro germinated plantlets were used as explants to produce
calli. Hypocotyls segments (1 cm long) obtained from 14-days-old
young plants were cultured on modified full-strength MS solid medium
containing 30 g/L sucrose, 1 mg/L nicotinic acid, 1 mg/L pyridoxine
HCI, and 10 mg/L thiamine HCI. The following plant growth regulators
have been added, and the two media were tested:

a. 1 mg/L6-benzylaminopurine (BAP) and 0.5 mg/L naphthaleneacetic

acid (NAA)
b. 2 mg/L kinetin (Kin) and 1 mg/L NAA.

The pH of the medium was adjusted to 5.8. The media were solidified with
9 g/L agar and incubated at 27 + 2°C in the dark. Callus was multiplied
on the same medium under the same conditions every 3 weeks for few
subcultures.

Shoot induction and multiplication

Shoot induction was established from 3-month-old callus grown on
modified full-strength MS solid medium involved 30 g/L sucrose,
1 mg/L BAP, and 0.5 mg/L indole-3-acetic acid (IAA) then subcultured
regularly every 3 weeks for proliferation on a medium supplemented
with 5 mg/L BAP. All media were incubated at 27 + 2°C in the
light (intensity 2000 lux).

Establishment of cell suspension culture

Cell suspension culture was established from 3-month-old callus. About
1 g callus tissues were added to 100 ml Erlenmeyer flasks containing
30 ml full-strength liquid MS medium and incubated at 27 + 2°C in the
dark on a rotary shaker at 100 rpm. Cells were subcultured on the same
medium under the same condition every 3 weeks.

Growth time course for cell suspension culture

Growth ratio of the cultured cells was assessed by harvesting cells at
specified times (7, 14, 21, and 28 days) after inoculation. Final fresh
weight of the harvested cells was determined, and the growth ratio was
calculated according to the following equation:

Growth ratio = final fresh weight/initial fresh weight.
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Treatment of cell suspension cultures with elicitors

Two grams fresh weight cells were inoculated into 100 ml Erlenmeyer
flasks containing 30 ml liquid MS medium. Seven-day-old cultured cells
were separately treated for 48 h with filter sterilized aqueous solution of
crude yeast extract (50, 100 ug/ml) or salicylic acid (100, 200 pg/ml).
Control received equivalent volumes of solvent.

Phenolic extraction and high-performance liquid
chromatography analysis

Callus, redifferentiated shoot, and cell suspension cultures (control,
50, 100 ug/ml yeast extract-treated cells, 100 and 200 pg/ml salicylic
acid-treated cells) were separately harvested. The cells of suspension
cultures were separated from the medium by filtration. Callus and
redifferentiated shoot were washed with distilled water to discard
the adherent agar. All cultures were separately extracted with 75%
aqueous methanol (3 x 10 ml) at room temperature and filtered.
Each filtrate was separately pooled and evaporated to dryness.
One gram of each dried extract was separately dissolved in 1 ml
methanol (high-performance liquid chromatography [HPLC]
grade, Sigma-Aldrich), clarified using Millipore filters (0.22 um)
and subjected to HPLC analysis to quantify their phenolic content.
The used HPLC (Agilent 1260 Infinity) instrument was equipped
with an Agilent 1260 Infinity preparative pump (G1361A), Agilent
1260 Diode array detector VL (G1315D), Agilent 1260 infinity
thermostatted column compartment (G1361A), and Agilent 1260
Infinity autosampler (G2260A). Separation and quantitation
were performed on a ZORBAX Eclipse plus C, analytical
column (250 x 4.6 mm i.d, 5 wm particle size). An aliquot of 50 puL
was injected. Phenolics were quantified at 275 nm using peak area
by comparison to a calibration curve derived from commercially
available standards (gallic acid, catechin, taxifolin, isoquercitrin,
kaempferol-3-O-glucuronide, astragalin, quercetin, and kaempferol).
Ambient temperature was used. Elution was carried out at a flow rate
of 1 ml/min using water:formic acid (99.97:0.03, v/v) as solvent A
and methanol:formic acid (99.97:0.03, v/v) as solvent B in a gradient
mode as follows: 0-5 min with 80% A, 5-20 min with 80-50% A,
20-25 min with 50-20% A, 25-30 min with 20-0% A.

RESULTS
Fruit surface sterilization and germination

The highest germination (100% viable germinated fruits) was achieved in
all cases of H,O, treatment (a, b, c) as shown in Figure 1a and 1b. On the
other hand, the sulfuric acid treatment produced 20% viable germinated
fruits when 100% concentrated solution was used for 30 min. All other
treatments gave 0% viable germinated fruits. In vitro germinated plantlets
were successfully transferred to soil to complete their subsequent growth as
shown in Figure lc.

Callus induction

The highest C. polygonoides callus induction response of 100% was
found in media (b) containing 2 mg/L Kin and 1 mg/L NAA after
4 weeks of hypocotyl segments culture when compared to media
(a) containing 1 mg/L BAP and 0.5 mg/L NAA, which produced callus
from 80% of cultured initial explants. Shoot callus or callus produced
from shoot segments was friable, white to off-white in color as shown in
Figure 1d and 1le.

Shoot differentiation and multiplication

Differentiated callus with green small shoots was observed in the MS
basal medium containing 1 mg/L BAP and 0.5 mg/L IAA after 6-8 weeks
[Figure 1f]. The addition of BAP and IAA to MS medium was effective
in increasing the number of induced-shoots per callus (90%). The shoot
regeneration capacity was improved when the BAP concentration
increased in the medium into 5 mg/L for further subcultures
[Figure 1g and 1h].

Growth time course for cell suspension culture

Growth parameters of cell cultures of C. polygonoides in liquid MS
medium are shown in Figure 2. It showed high growth ratios with an
exponential phase between 6™ and 14" day of culture. The growth ratios
were almost constant after 3 weeks of inoculation.

Figure 1: (a) In vitro germinated Calligonum polygonoides L. fruits treated with H,0, and the produced distinct plantlet (a) shoot (b) root; (c) in vitro plantlet
shifted successfully to soil bed; (d and e) callus induced from the in vitro shoot segments; and (f-h) shoot differentiation and subsequent proliferation
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Table 1: High-performance liquid chromatography determination of phenolic content in different in vitro cultures of Calligonum polygonoides L.

Tissue type Compounds in pg/g dry extract
Gallic acid Catechin Taxifolin  Isoquercitrin Kaempferol-3-O-glucuronide Astragalin Quercetin  Kaempferol
Callus 17.9+0.7 520.1+11.9 28.6+0.9 28.3+0.5 68.1+0.8 21.8+0.1 ND 113.249.4
Redifferentiated shoot 59.7£2.1 1088.14+11.4  40.81+1.7 158.26£6.5 171.0£5.1 52.7£1.9 29.5+0.2 132.2+4.1
Cell suspension ND 108.43+6.1 ND 109.69+4.9 56.0£1.3 50.1+0.8 ND ND
Cell suspension
treated with (ug/ml)
Salicylic acid (100) 68.20+0.4 221.54%5.3 66.99+2.4 97.27+1.1 88.63+0.6 61.82+0.2 41.98+1.0 263.54+5.3
Salicylic acid (200) 237.13+6.3 422.37+4.4 101.83+2.8 156.82+3.9 187.88+8.0 82.38+1.4 87.34+1.8 495.04+7.1
Yeast (50) 57.68+5.2 144.68+3.1 30.17+0.5 95.90+0.8 60.60+0.8 80.61+0.4 23.16+0.0 73.84+0.6
Yeast (100) 114.70+4.2 444.3849.1 142.05+3.5 230.24+4.8 130.80+2.1 89.81+1.9 69.95+0.8 271.96+6.4

Values were expressed as the mean+SD in triplicate at 275 nm. The content of all flavonols is expressed as p1g % w/w quercetin equivalent while taxifolin, catechin,
and gallic acid were calculated in pg % w/w of each equivalent. ND: Not detected; SD: Standard deviation
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Figure 2: Time growth course of Calligonum polygonoides L. cultured cells
cultivated in Murashige and Skoog liquid media. Mean values + standard
error of the mean

Regeneration and production of phenolics

The capacity of callus, redifferentiated shoot, and cell suspension cultures
of C. polygonoides to produce secondary metabolites was investigated
by determining their phenolic content using HPLC. Levels and profiles
of phenolics varied significantly with respect to differentiation state
of the cultures [Table 1]. The unorganized callus and cell suspension
cultures contained fewer amounts of all phenolic compounds than
redifferentiated shoots. Catechin and kaempferol-3-O-glucuronide
were the major compounds in regenerated multiple shoots, whereas
catechin and kaempferol were the majors in case of callus. On the other
hand, isoquercitrin and catechin were prominent in cell suspension
culture which did not produce gallic acid, taxifolin, quercetin, and
kaempferol.

Effect of elicitors on the production of phenolics

Cell suspension cultures of C. polygonoides undergo massive
quantitative reprogramming in response to elicitation with salicylic acid
(100, 200 pg/ml), and yeast extracts (50, 100 ug/ml), added to 7-day-old
cultures for 48 h [Table 1]. Salicylic acid and yeast extracts induced the
accumulation of gallic acid, taxifolin, quercetin, and kaempferol, which
was not detected primarily in the untreated control. Incubation of the
cells with salicylic acid, at a concentration of 100 ug/ml produced an
increase in catechin, kaempferol-3-O-glucuronide, and astragalin levels
by approximately 2, 1.5, and 1.2-fold, respectively, whereas an increase
of approximately 3.8, 3.3, and 1.6-fold, respectively, was observed
when 200 ug/ml salicylic acid was used, in comparison to control cells.
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On the other hand, incubation of the cells with crude yeast extract,
at a concentration of 50 ug/ml produced an increase in catechin,
kaempferol-3-O-glucuronide, and astragalin levels by approximately
1.3, 1, and 1.6-fold, respectively, whereas an increase of approximately
4, 2.3, and 1.7-fold, respectively, was observed when 100 pg/ml crude
yeast extract was used, in comparison to control cells. A little decrease
in isoquercitrin level was observed when both salicylic acid (100 pug/ml)
and yeast extract (50 pg/ml) were used but an increase in its level by
approximately 1.6, 2.4-fold was noticed when higher concentrations of
salicylic acid and yeast were applied, respectively. Extensive browning
and considerable loss of viability were detected in all yeast extract
cultures after 48 h. This browning of cells as well as the culture medium
is a common feature observed after treating cell suspension cultures with
fungal elicitors."*!

DISCUSSION AND CONCLUSION

The present study provides a strategy for ex-situ conservation of the
endangered medicinal plant species, C. polygonoides, through the
application of in vitro culture techniques using the fruits as initial
explants. Sterilization and germination of these fruits were so difficult
due to the structure nature of the fruit. The seed wall adheres with fruit
wall which is characterized by dense long hairy and extra rigid solid
wooden wall. The difficulty of raising seedlings from seeds may be
due to its hard impermeable testa which prevents imbibitions of water
and germination.” In the current study, several trials were performed
on the fruits to overcome these problems and only H,O, and sulfuric
acid treatments succeed. The obtained results conflict with Derbel and
Chaieb, 2007, who reported that integumental inhibition was easily
eliminated by Clorox. About 45% germination was observed when they
used Clorox followed by 30% and 5% for abrasion and boiling water
treatments, respectively.!'”)

Callus was successfully established from in vitro germinated plantlets.
The kind and concentration of plant growth regulators in the medium
were very important for shoot induction and differentiation. It is well
known that plant regeneration ability from callus is usually enhanced
by the synergistic action of auxins and cytokinins. BAP is considered
as the most effective plant growth regulator for shoot proliferation
and breaking dormancy in several medicinal plant species.!” It worth
to mention that the above-mentioned protocol for micropropagation
from the fruit explants into ex vitro plants will strengthen the efforts to
conserve such plant and may be other similar species ex-situ.

Callus when cultivated in MS liquid medium produced cell suspension
culture which showed stable growth and accumulated phenolic
constituents. This phenolic content was higher when the cells were
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organized into shoots. Our results were in agreement with previous
studies where the production of secondary metabolites was higher
in differentiated structures than in nondifferentiated cells.?*?"! The
expression of secondary metabolic pathways in redifferentiated cultures
is actually not surprising because it mimics exactly what the plant does.
However, the inconvenience of manipulating plants or parts of them, and
relatively slow growth remains the main disadvantage of this plant tissue
culture system.””” To overcome these problems, a great effort has been
directed toward increasing secondary metabolite production from cell
culture using various techniques such as elicitation.

Elicitation is an effective strategy to enhance the production of
secondary metabolites such as alkaloids, terpenoids, flavonoids, and
phenolic compounds.! Cell suspension cultures are preferred due to its
rapid growth cycles. They have been used for generating large amounts
of cells for quantitative or qualitative analysis of growth responses and
metabolism of novel chemicals.? It can ultimately provide a continuous,
reliable source of natural products.® This was in agreement with our
results where the capacity of cell suspension culture to accumulate
phenolics was enhanced after application of salicylic acid and yeast
extract thus provide a chance to improve yield.

The successful production of phenolic compounds from in vitro
cultures may serve as a useful tool for studying the biosynthesis of these
compounds and its regulation in plant cells. The flavonoid pathway is
part of the larger phenylpropanoid pathway, which produces a range of
other secondary metabolites such as phenolic acids, lignins, lignans, and
stilbenes. The key flavonoid precursors are phenylalanine, obtained via
the shikimate and arogenate pathways, and malonyl-CoA, derived from
citrate produced by the TCA cycle.® Expression of the phenylpropanoid
biosynthetic pathway is precisely regulated in response to developmental
signals, nutrient status, and environmental stimuli such as light, heat,
and pathogen attack. The induction of phenylpropanoid synthesis under
conditions of stress is the result of increased transcription of genes
encoding the corresponding biosynthetic enzymes.? Elicitors from
physical or chemical origin have been widely employed to increase a
target natural product formation in plant cell cultures, and this strategy
has been effective in stimulating the production of many chemical
classes of secondary metabolites including flavonoids. Elicitation has
also been employed to dissect plant-microbe interactions and plant
defense responses as well as signaling pathways involving elicitors.?”
Salicylic acid can potentiate the elicitation of several defense responses
in plants and enhance the accumulation of phenylpropanoid products
through elicitation of the phenylpropanoid genes phenylalanine
ammonia-lyase and 4-coumarate: CoA ligase.? Yeast crude extract can
elicit potent defense responses in plant cells through its complex mixture
content of chemicals including chitin, N-acetylglucosamine oligomers,
B-glucan, glycopeptides, and ergosterol. It can act as a pathogen mimic,
induces phenylalanine ammonia-lyase activity and hence, phenolic
production.?! The observed little decrease in isoquercitrin level followed
by the increase in its level, when salicylic acid and yeast extract were
applied to culture media, might be due to that isoflavonoids occupy a
later position than other flavonoids in the biosynthetic pathway leading
to their production in C. polygonoides cells.

In conclusion, this experiment with C. polygonoides is another example
for the power of tissue culture technique to offers an alternative and
renewable source for endangered valuable medicinal plant, provide a
good chance to improve secondary metabolite yield and facilitate a better
understanding of biosynthetic pathway of these compounds which is
mandatory for using biotechnological methods instead of field crops as a
basic source of this important pharmaceutical raw material. Our results
are reported for the first time.
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