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endangered Searsia tripartita plant (Anacardiaceac)

was developed. Shoot tips and stem node sections from
the mature plant and diverse explants from seedlings were used
as explants. Murashige and Skoog (MS) medium supplemented
with 0.1 mg L' naphthalene acetic acid (NAA) and 1.5 mg L'
benzyl adenine (BA) induced the highest mean length of shoots
5.8, 6.6 and 5.3 cm for shoot tips from mature plants, shoot tips
and stem node sections from seedlings, respectively. This
medium also provided the highest percentage of growth induction
with these three explants. The medium supplemented with 0.1 mg
L' NAA and BA at 1.0 mg L' induced the maximum mean
length of shoots (3.4 cm) with the stem sections from mature
plants. A length of the shoot of 4.7 cm was gained from the
hypocotyl explant with MS medium free from plant growth
regulators (PGRs). MS medium supplemented with several
concentrations of either BA or kinetin (Kin) were used to
determine their influence on shoot multiplication. The highest
rooting percentage recorded 70% on MS medium supplemented
with 3.0 mg L' IBA with 100 mg L 'phloroglucinol (PG) and 1 g
L' activated charcoal (AC). An average of 50-60% of the in
vitro derived transplants were survived after transferring into
greenhouse conditions. Five phenolic compounds with numerous
health benefits were detected by HPLC in a comparative study
between mother plant, in vitro multiplied plants and acclimatized
plants to determine which of them contains high amount of
phenolic compounds.

! n effective protocol for micropropagation of the
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Searsia tripartita (Ucria) Moffett (Synonyms Rhus tripartita (Ucria)
Grande) is a member of Anacardiaceae family, which consists of
approximately 73 genera and 600 species. Searsia (Rhus) is the most
important genus in this family. Sumac is the common name for this genus,
which includes more than 250 species (Tackholm, 1974). This genus extract
showed antimalarial, antimicrobial, antitumori genic, antioxidant, antiviral,
hypoglycaemic, leukopenic, atherosclerosis and anticonvulsant properties
(Itidel et al., 2013). Also, this genus has been used for the treatment of
diarrhea, colitis, GIT diseases, inflammatory diseases, diabetes, dysentery,
haemoptysis, conjunctivitis, animal bites poisons, hemorrhoids, sexual
disease, fever, pain and various cancers. Different parts of this plant have
been used to isolate flavonoids, biflavonoids, isobiflavonoids, catechin,
epicatechin-3-O-gallate, proanthocyanidin oligomers, polymers,
polysaccharides and condensed tannins (Mohammed, 2015). S. tripartita is a
deciduous shrub, reaching 1-2 m high and grown in limestone slopes and
hard rock crevices. This plant is distributed in North Africa (Itidel et al.,
2013). In Egypt, it is an endangered plant (El-hadidi et al., 1991) present in
Gable Elba, South Egypt. It is widely added to food, used in modern and
traditional medicine. The fruits of this plant are edible, and the infusion of
the fruits and the leaves is recommended for gastric and intestinal ailments.
The fruits are consumed fresh, added to drinking water or soaked in milk to
offer an acceptable taste. Leaves contain 18 kinds of flavonoids (Furth and
Young, 1988). The plant extract contains also high phenolic content, vitamin
E and flavonoid substances, so it is used as anti-inflammatory and
antioxidant products (Mahjoub et al., 2010). Phenolics have several health
benefits; ellagic acid is a natural phenolic compound. It is a powerful
antioxidant since it removes several toxins from the body and has a free
radical scavenging activity. Zhang et al. (2014) found that ellagic acid
prevents many types of cancer by breaking the binding of DNA with
different carcinogens and causing cell apoptosis. Ferulic acid, is a ubiquitous
natural phenolic phytochemical. This compound has many industrial and
biological usages. It is known as an antioxidant, antidiabetic, antiaging
agent. Also, it is used in food discoloration, growth enhancing agent, a
precursor of vanillin, as an anticancer agent and also used in cosmetics
(Kumar and Pruthi, 2014). Coumarins are an important class of heterocyclic
compounds belonging to the benzopyrone family. They are effective in
treatment of variety of cancer and exhibit many properties such as; anti-
tumor, anti-viral, anti-inflammatory, anti-coagulant, anti-oxidant, anti-
microbial and enzyme inhibitor (Padte et al., 2017). Quercetin is an
important flavonoid used for the treatment of cancer (Kumar et al. (2017).
Kaempferol is another flavonoid and has major role in the risk of reduction
of developing many disorders as cancer and cardiovascular diseases
(Montano et al., 2011). Variation in secondary metabolite amounts between
in vitro regenerated plants and their wild counterparts as a response to
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environmental alteration has been reported in many plant species
(Chintalwar et al., 2003 and Ranjitha Kumari et al., 2007).

Also, the plant extract has cardiovascular beneficial effects (Shahat
et al., 2016). It has been used as a natural dye (Gargoubi et al., 2015). Plant
extract inhibits Agrobabacterium tumefacien in vitro and suppressed tumor
formation on tomato roots in greenhouse (Al-Kurdi et al., 2000). Use of this
species as a fodder plant led to difficulties in its vegetative propagation
because of overgrazing, which make this plant endangered and needs
conservation. There is a demand for developing new methods for efficient
and quick propagation. Plant tissue culture as a technology for ex situ
multiplication is fast, uses small amounts of shoots or seeds and may
succeed when other methods fail (Ye et al., 2011). In recent years, there has
been an increased interest in in vitro culture techniques that offer available
tool for mass multiplication and germplasm conservation of rare,
endangered, aromatic and medicinal plants (Jamal et al., 2011). Although the
wide application of plant tissue culture methodology; little is published on
Sumac micropropagation. Concerning S. tripartita micropropagation, at the
best of our knowledge, this is the first publication on the in vitro propagation
of this plant. The aim of this work was to establish a suitable method for the
propagation of S. fripartita plant via micropropagation technique. Also,
comparing the phenolic content between the mother plant, the in vitro
multiplied plant and the acclimatized plant. Finally, obtaining a pre-
knowledge about the effect of micropropagation techniques on the phenolic
compounds content in the produced plants by comparing them with the
mother plant.

MATERIALS AND METHODS

1. Plant Material

Two different sources were used for preparation of the plant material
used in this study. Mother plant as a mature source and in vitro growing
seedlings. From the mature source two types of explants were used; shoot
tips and stem node sections. However, from the in vitro growing seedlings;
three different types of explants were tried; shoot tips, stem node sections
and the hypocotyls. Explants prepared from shrubs were collected during
spring and summer. For those prepared from in vitro growing seedlings were
collected all over the year.

2. Explant Preparation and Sterilization

Plant materials were washed under running tap water for 20—30 min.
For sterilization, explants were soaked in different concentrations (0.5, 0.8
and 0.8, 1.5% for shoot tips and stem node sections, respectively) of sodium
hypochlorite solution for different periods of 5 and 10 min for shoot tips and
15 and 20 min for stem node sections.
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Seeds were surface sterilized by soaking in 70% ethanol for 10
min, then rinsing 4-5 times with sterile distilled water and then the explants
were transferred to 2.5% sodium hypochlorite solution for 15 min, finally
washed four times with sterile distilled water.

3. Culture Medium and Conditions

The culture medium in the present work was Murashige and Skoog
(MS) salts and vitamins (Murashige and Skoog, 1962) supplemented with
100 mg L' myo-inositol, 3% (w/v) sucrose and 1 g L™ activated charcoal
(AC). The medium was further supplemented with different combinations of
plant growth regulators (PGRs) according to the requirements of every
growth stage, in addition to the control medium without PGRs. The pH of
the medium was adjusted to 5.7-5.8 before the addition of 0.3% (W/v)
phytagel.

The sterilized explants from the mature plant (shoot tips, stem node
sections) and seeds were cultured on the media under complete aseptic
conditions in the Laminar Air Flow Hood. Cultured explants were placed in
an incubation room at 26 £ 2°C under a photoperiod of 16 hours. Two
months old seedlings were used as a source for shoot tips, stem node
sections and hypocotyls for shoot culture experiments.

4. Shoot Initiation and Multiplication

For shoot initiation, explants were cultured on MS medium
supplemented with 6-benzyl adenine (BA) at concentrations of 0.25, 0.5, 1.0
and 1.5 mg L', in combination with 0.1 mg L' B-naphthalene acetic acid
(NAA) in addition to MS medium free PGRs as control. After 12 weeks of
culture, the percentage of survived explants (%), growth induction
percentage (%) and mean length of shoots (cm) were recorded for shoot tips
and stem node sections from the mature plant. Growth induction percentage
(%) and mean length of shoots (cm) were recorded for shoot tips, stem node
sections and hypocotyls from the seedlings after 8 weeks of culture.

For shoot multiplication, MS medium was supplemented with
kinetin (Kin) or BA, individually at concentrations of 2, 3 and 4 mg L' for
each, in addition to the control treatment of MS medium free PGRs. Mean
number of shoots per explant and the mean length of shoots (cm) were
recorded after 8 weeks.

5. Rooting of Shoots

The multiplied shoots as clusters placed in rooting medium in 1/4
strength MS salts and vitamins in addition to 100 mg L™ myo inositol, 100
mg L' phloroglucinol (PG) and different concentrations (1, 2, 3, 4 and 5 mg
L") of indole butyric acid (IBA) with 1 g L' AC. After 8 weeks, rooting
percentage, mean number of roots per cluster and mean length of roots (cm)
were recorded.
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5. Acclimatization

The rooted plantlets were removed gently from the medium and
washed with sterile distilled water. Plantlets were then transferred to plastic
pots filled with a sterilized mixture of sand, peat moss and vermiculite at
equal volumes. They were covered with plastic bags and transferred to
greenhouse (28+2°C, 70 — 80% relative humidity). After three weeks, plastic
bags were gradually removed from pots for proper hardening, and plantlets
were irrigated with tap water every three days. Three months old plantlets
were transferred in larger pots outside the greenhouse. After another six
months, the plantlets were transferred to the soil.

6. Extraction and Determination of Phenolic Compounds

The aerial parts of the mother plant, in vitro multiplied plant and the
acclimatized plants of S. tripartita were collected and dried. The dried
samples were powdered in a mortar using a pestle before being used for
solvent extraction. For the preparation of extract, 3 g of fine powder was
extracted with 14 ml of 70% ethanol at room temperature for 24 hours. The
extracts were filtrated through filter paper. The ethanol was evaporated from
the supernatants under vacuum with a rotary evaporator at 70°C. After
evaporation, the extract was concentrated and resuspended in 70% ethanol.
Phenolic compounds were extracted from the three filtrated samples.
Samples were analyzed by high performance liquid chromatography (HPLC)
(Dionex Ultimate 3000, Germany) in the Central Laboratory, Desert
Research Center using a method based on that described by Rispail et al.
(2005). The HPLC system equipped with an auto-sampler, quaternary pump
and a diode array detector. The analytical column was BDS Hypersil C18
column (250x4.6 mm) thermostated at 40°C. Separation was performed with
acetonitrile and deionized water (60: 40 v/v) as the elusion solvent at flow
rate of 1 ml min" and the detection wavelength was 246 nm.

7. Experimental Design and Statistical Analysis of Data

The experiments were repeated twice and treatments for each
experiment were represented by at least 10 replicates. Data of all
experiments were statistically analyzed and subjected to the completely
randomized design. Anova program for statistical analysis was used for
variance analysis of data. The differences among means for all treatments
were tested for significance at 5% level using Duncan’s multiple range test
(Duncan, 1955).

RESULTS AND DISCUSSION
1. Sterilization of Shoot Tip and Stem Node Section Explants

In the present investigation two types of explants were subjected to
different concentrations of sodium hypochlorite for sterilization (Table 1). In
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the case of shoot tips, the highest survival percentage was 90.7%, which was
achieved by 0.5% sodium hypochlorite for 10 min. While in the case of stem
node sections, the highest survival percentage was 93.0% using 1.5% of
sodium hypochlorite for 15 min. Despite all treatments used for sterilization,
contamination still persists as a difficult problem. This is possibly due to
some endogenous microorganisms that are harbored within the explant
tissue. Some of these contaminations are slow growing or latent and will not
visually apparent for several subcultures (Hu and Wang, 1983).

Table (1). Effect of surface sterilization with different concentrations of
sodium hypochlorite (NaOCl) solution and durations on the
survival percentage of shoot tip and stem node section explants
of Searsia tripartita.

Shoot tip Stem node section
NaOCl Duration Survival NaOCl Duration Survival
conc. (%) (min) (%) conc. (%) (min) (%)
0.5 5 73.0 0.8 15 60.14
0.5 10 90.7 0.8 20 74.28
0.8 5 71.2 1.5 15 93.00
0.8 10 62.0 1.5 20 69.00

2. Seeds Sterilization and Germination

The percentage of seed survival after sterilization was 99%. They
were germinated on MS medium without PGRs. After 8 weeks of culture,
the germination percentage reached about 50%.

3. Shoot Initiation

The primary goal of this stage is to obtain a large percentage of
explants free from surface pathogens (Murashige, 1974). Choice of explant,
elimination of contamination, and culture conditions are the main factors
that affect the success of this stage (Hartmann and Kester, 1983).

Data in table (2) and (3) show that axillary shoots can form on all
tested media from all types of explants. For shoot tips and stem node
sections from mature plants, the percentage of shoot tip survival ranged from
60.2 to 95% (Table 2) (Fig. 1a). However, the growth induction percentage
reached 88% in medium supplemented with 0.1 mg L' NAA + 1.5 mg L
BA. The survival percentage was 100% in the same medium for stem node
sections, which also gave the highest percentage of growth induction
(96.5%). However, MS medium supplemented with 0.1 mg L' NAA + 1.0
mg L' BA gave the highest mean length of shoots (3.4 cm). From table (2),
it is noticed that the two media supplemented with high concentrations of
BA (1.5 and 1.0 mg L") with 0.1 mg L' NAA gave the highest mean length
of shoots of 5.8 and 3.4 cm for both shoot tips and stem node sections,
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respectively. Oliveira et al. (2015) have also recorded similar results on
micropropagation of Eucalyptus cloeziana using WPM supplemented with
more than 0.6 mg L' BA + 0.1 mg L' NAA.

Table (2). Effect of PGRs (NAA and BA) and explant type of mature
Searsia tripartita on in vitro shoot initiation on MS medium
after 12 weeks of culture.

Conc. (mg L")

Shoot tip Stem node sections
NAA BA Survived  Growth Mean  Survived Growth Mean
explants induction length of explants induction length of

(%) (%) shoots (%) (%) shoots

(cm) (cm)
0.0 0.00 95.0 50.0 3.7¢ 85.5 49.1 2.3
0.1 0.25 90.1 50.0 4.0° 85.7 50.0 2.0
0.1 0.50 85.0 62.5 4.3b 94.1 70.2 2.0
0.1 1.00 60.2 80.0 5.1% 87.4 71.4 3.4°
0.1 1.50 94.0 88.0 5.8° 100.0 96.5 2.6%

In each column, means followed by the same letter are not significantly different
(p <0.05) according to Duncan’s multiple range test.

Table (3). Effect of PGRs (NAA and BA) and explant type of Searsia
tripartita seedlings on in vitro shoot initiation on MS medium
after 8 weeks of culture.

Conc. Shoot tip Stem node section Hypocotyl
(mg L™
NAA BA Growth Mean Growth Mean Growth Mean
induction length  induction length induction length
(%) of shoots (%) of shoots (%) of shoots
(cm) (cm) (cm)
0.0 0.00 91.0 1.8% 92.3 4.4%® 97.2 4.7*
0.1 025 91.4 2.9¢ 95.7 4.5% 96.7 3.3%
0.1 050 92.9 4.4° 96.6 4.6® 95.0 4.0°
0.1 1.00 96.6 5.6® 97.1 4.8 94.8 3.4%
0.1 150 97.6 6.6 98.0 5.3° 93.3 3.0

In each column, means followed by the same letter are not significantly different
(p <0.05) according to Duncan’s multiple range test.

Browning in this stage led to several problems especially with
explants from mature source. In all tested media in this experiment, AC was
added in 1 g L' to avoid browning injuries. Senarath (2010) reported that
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browning is a major problem in plant tissue culture, so the juvenile sources
in micropropagation is usually preferred in several plant species. Das and
Srivastav (2015) found that explant death in Aloe vera can be caused by
oxidation of phenolic compounds, which can be reduced by addition of AC
at 2 g L. During the propagation of Pomegranate (Punica granatum),
addition of AC at 200 mg L™ into the medium reduces browning in nodal
segments of mature explants (Singh and Patel, 2016).

Explants form shoots when the concentration of cytokinins is higher
than auxin. In the initiation stage, low concentrations of auxin in
combination with high concentrations of cytokinins increases apical
dominance and promotes growth without inducing callus formation (George
et al.,, 2008). The combination between auxins and cytokinins promotes
shoot growth and in vitro multiplication of many plant species (Fracaro and
Echeverrigaray, 2001).

For the shoot tips and stem node sections from seedlings, data
shown in table (3) indicate that for shoot tip explants, the growth induction
percentage ranged from 91.0 to 97.6%. MS medium supplemented with 0.1
mg L' NAA and 1.5 mg L' BA gave the highest growth induction
percentage (97.6%) and the highest mean length of shoot (6.6 cm) (Fig. 1b).

Concerning the stem node sections, differences were approximately
insignificant in all tested media for the mean length of shoots. However, the
medium supplemented with 0.1 mg L' NAA + 1.5 mg L' BA gave the
highest mean length of shoots (5.3 cm) and also gave the highest growth
induction percentage (98%). Moreover, it can be noticed that the growth
induction percentage and the mean length of shoots increased by increasing
BA concentration, this can be explained by the presence of 0.1 mg L' NAA
in the media in addition to the endogenous auxin in the plant. Results of the
establishment of stem node sections agree with Cheruvathur et al. (2015),
who claimed that MS medium supplemented with 3.0 mg L' BA and 0.5 mg
L' NAA induced the highest shoot induction response in Ipomoea sepiaria,
an important ethanomedicinal plant. Keng et al. (2009) reported that shoot
proliferation from nodal segments of Gynura procumbens, an important
medicinal plant, was achieved by culturing on MS medium with 2.0 mg L
BA and 0.5 mg L' NAA.

For hypocotyl explants, it was noticed that MS medium without
PGRs was the best medium for the mean length of shoots (4.7 cm) and the
percentage of growth decreased by increasing BA concentration (Table 3).

In conclusion, the best medium for establishment of all tested
explants was MS medium supplemented with 0.1 mg L' NAA + 1.5 mg L™
BA since it gave the highest growth percentage, mean length of shoots and
there were no significant differences between this medium and that
containing 0.1 mg L' NAA + 1.0 mg L' BA for mature stem node sections.
Only the hypocotyl explants preferred MS free PGRs. The best explant for
shoot initiation was the shoot tip from juvenile source since it gave the
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highest mean length of shoot. The juvenile explant source was more
advisable than the mature source because of the death occurs to mature
shoots after subculturing because of browning. There is an inverse
correlation between the explant age and the regeneration capacity, since the
regeneration capacity decreases with older explant source (Yildiz et al.,
2002).

4. Shoot Multiplication

The results of multiplication of the in vitro established S.
tripartita shoots are presented in table (4). Stem node sections were placed
in MS medium supplemented with different concentrations of Kin or BA (2,
3.0 and 4.0 mg L") in addition to MS basal medium free of PGRs.

Table (4). Effect of cytokinin (BA or Kin) on shoot multiplication of
Searsia tripartita after 8§ weeks.

Conc. (mg L) Mean number of = Mean length of
shoots/explant shoot (cm)

BA Kin

0.0 0.0 1.25¢ 4.9%
0.0 2.0 1.75° 3.8
0.0 3.0 2.25b 5.4%
0.0 4.0 3.00° 2.5°
2.0 0.0 3.10° 3.6
3.0 0.0 4.00° 4.8°
4.0 0.0 2.50% 4.2°

In each column, means followed by the same letter are not significantly different
(p <0.05) according to Duncan’s multiple range test.

It was noticed that BA was more effective than Kin regarding to the
mean number of shoots. Shoots cultured on MS medium supplemented with
3 mg L' BA gave the highest mean number of shoots / explant (4 shoots)
with mean length of shoots of 4.8 cm (Fig. 1¢). Medium fortified with 2 mg
L' BA gave the second highest shoot number (3.1 shoots) of 3.6 cm in
length. However, increasing BA concentration than 3.0 mg L' gave lower
mean number of shoots. Concerning Kin, there was a positive correlation
between shoot multiplication rates and the concentrations of Kin. The
highest mean number of shoots (3 shoots) was obtained with the highest
concentration of Kin (4 mg L) Kin. Dan and Reichert (2001) reported that
shoot regeneration process needs cytokinins as a primary hormone at
optimum concentrations. /n vitro regeneration with high number of shoots
per explant using BA were demonstrated in many woody and medicinal
plants, such as Searsia dentata (Prakash and Staden, 2008), Amygdalus
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communis (Namli et al., 2011) and Chlorophytum borivilianum (Ashraf et
al., 2014).

It can be concluded that, BA is better than Kin as a cytokinin and 3.0
mg L' BA was the optimum concentration for shoot multiplication.
However, more than this concentration considered a supraoptimum
concentration, which led to decreasing in shoot number. These results agree
with Hiti-Bandaralage et al. (2017), who reported that cell division is
directed by RNA, DNA and protein synthesis, which controlled by optimum
concentrations of cytokinins. Suboptimum or supraoptimum concentrations
of cytokinins result in adverse effects in shoot regeneration.

5. Rooting and Acclimatization Stages

In vitro multiplied shoots (2-4) at least 3 cm long (clusters) were
tested for rooting. Preliminary trials were carried out to stimulate
adventitious root formation using different strengths of MS medium and
sucrose. Quarter strength MS medium and 30 g L™ sucrose were the best for
root induction. Data in table (5) indicate that 4 MS nutrient medium
supplemented with 3 mg L' IBA with 100 mg L' PG + 1 g L AC gave the
highest percentage of roots formed per explant (70%) (Fig. 1d) with the
highest mean number of roots / shoot (7.5 roots) and mean length of roots
(7.55 cm). The highest mean length of roots (8.88 cm) was obtained from
medium containing 4 mg L' IBA. It is noticed that increasing IBA
concentration to 3 mg L™ resulted in increasing in the percentage of rooting
and also increasing in mean number of roots/shoot. However, more than this
concentration led to decreasing in both rooting percentage and number of
roots/shoot. Sharifian et al. (2009) recorded that phloroglucinol plays an
important role in increasing the proportion of shoots that can be rooted.
Maximum number of roots were sprouted in woody and medicinal plants in
the presence of half strength MS medium, PG and IBA in Diospyros
virginiana (Palla and Beasley, 2013) and Tinospora cordifolia (Jani et al.,
2015). Also, 100% in vitro rooting of Prunus empyrean was achieved on
half strength MS medium supplemented with 0.5 mg L™ IBA (Sadeghi et al.,
2015). Senarath (2010) found that rooting percentage with full strength MS
medium was significantly lower (20%) than half strength MS medium
(100%) in the medicinal plant Coscinium fenestratum. Rooting in Pistacia
vera shoots family Anacardiaceac was achieved on 2 MS medium
supplemented with 2.5 mg L' IBA (Benmahioul, 2017).

Also, by studying the effect of different strengths of MS media in
rooting of the medicinal plant Typhonium flagelliforme (Rezali et al., 2017).
It was found that there was a negative correlation between MS strength and
the number of roots. IBA was more effective on root formation in several
woody and medicinal plants, Panax ginseng (Kim et al., 2003), Gentiana
lutea (Mariya et al., 2011), Plectranthus amboinicus (Rahman et al., 2015)
and Bambusa arundinacea (Venkatachalam et al., 2015).
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). Effect of different concentrations of IBA in Y4 MS medium
supplemented with 100 mg L' PG + 1 g L' AC
on the in vitro rooting of Searsia tripartita after 8 weeks of
culture.

IBA conc. Rooting Mean no. of Mean length of
(mgL™) (%) roots/cluster roots (cm)
0.0 40 1.50 « 4.20 <
1.0 40 3.00° 4.90 ¢
2.0 50 5.25° 1.45°¢
3.0 70 7.50° 7.55°
4.0 30 1.50 < 8.88 "
5.0 30 1.00¢ 3.10¢

In each column, means followed by the same letter are not significantly different (p
<0.05) according to Duncan’s multiple range test.

Rooted plantlets of S. tripartita were successfully acclimatized in
plastic pots in peat moss and soil mixture (1:1). An average of 50-60% of the
in vitro derived transplants was survived and showed normal development as
that of the mother plants (Fig. le and 1f).

o d

Fig. (1). Micropropagation of Searsia tripartita plant. a. Shoot initiation

7

from stem node sections from mature plants on MS medium
containing 0.1 mg L"' NAA and 1.0 mg L BA. b. Shoot initiation
from juvenile shoot tips on MS medium containing 0.1 mg L
NAA and 1.5 mg L BA. ¢. Shoot multiplication on MS medium
containing 3.0 mg L™ BA. d. Rooting on MS medium containing 3
mg L' IBA and 100 mg L' PG. e. Two months old acclimatized
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plantlets. f. Nine months old acclimatized plantlets. g. Out
greenhouse grown plants.

6. Analysis of Phenolic Content in Searsia tripartita

In this study, the phenolic content was analyzed and compared
between three plant materials; mother plant, in vitro multiplied plant and
acclimatized plant. Data in table (6) reveal that, five phenolic compounds
were detected. Among them, coumarin amount was the major in all tested
tissues followed by ellagic acid. By comparing the amount of the obtained
compounds, mother plant showed high amounts of allagic acid, ferulic acid
and coumarin than other tissues. These amounts were 5.1, 1.8 and 8.4 mg g’
dry weight for allagic acid, ferulic acid and coumarin, respectively.

Table (6). A comparison between the concentration of phenolics of the
mother plant, in vitro multiplied plants and acclimatized plants
of Searsia tripartita.

Sample Concentration of phenolic compounds (mg g dry weight)
Ellagic acid  Ferulic acid  Coumarin Quercetin  Kaempferol
Mother plant 5.1 1.8 8.4 1.2 0.4
In vitro multiplied - 0.3 3.8 0.7 0.2
plants
Acclimatized plants 2.0 1.2 8.2 1.5 0.5

Whereas in the acclimatized plants, they were present at 2.0, 1.2 and
8.2 mg g for the allagic acid, ferulic acid and coumarin, respectively. This
can be explained by the biotic or abiotic stresses, which face plants grown
under environmental conditions (Mallick et al, 2016). These difficult
conditions trigger plants to produce large amounts of some secondary
metabolites. On the contrast, the amount of quercetin and kaempferol were
high in the acclimatized plants than in the mother plant that were 1.5 and 0.5
mg/g, respectively in the acclimatized plants; although they were 1.2 and 0.4
mg g, respectively in the mother plant. Production of high amount of some
phenolic compounds in the acclimatized plants may be a kind of adaptation
due to the sensitivity of the plant to the new environment until it becomes
resistant (Jeeshna and Paulsamy, 2011).

In the in vitro multiplied plants, only four phenolics were detected in
small amounts than both of the mother and the acclimatized plants (Table 6).
This can be explained by another kind of stress faces the plantlets grown
under controlled conditions. Since the production of some secondary
metabolites are temperature dependent enzymes. Therefore, the production
of some biochemical substances in the same plant may not be similar under
different conditions (Jeeshna and Paulsamy, 2011).

It can be concluded that, it is important to apply the in vitro
propagation protocol for the production of S. tripartita through shoot tips
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and stem node section explants and conserve this endangered plant, which
contains phenolic compounds with several health benefits. Further studies
using different elicitors should be conducted to produce these phenolics in a
large scale in the in vitro multiplied plants.
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