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Abstract
Background and Objective: Astragalus fruticosus  Forssk. is an endangered wild Egyptian plant, with a poor germination ratio and rich
in valuable phytochemicals. This study was aimed to develop an efficient micropropagation protocol as well as a screening of the
cytotoxic,  antidiabetic  activities  and  phenolic  profile  of  the  micropropagated  plantlets.  Materials and Methods: Murashige and
Skoog (MS) medium fortified with different concentrations of N6-Benzyl Amino Purine (BAP), Kinetin (Kn) and thidiazuron (TDZ) either
singly or with auxins as 2, 4-Dichlorophenoxyacetic acid (2,4 D) was used for regeneration studies. Cell viability assay and "-glucosidase
inhibition  methods were used to evaluate cytotoxic and antidiabetic activities, respectively. Results: MS medium supplemented with
1 mg LG1 BAP was optimum for direct shoot regeneration from explants. Regenerated shoots were rooted and complete plantlets were
obtained and successfully acclimatized and grown under greenhouse conditions. Embryogenic callus was induced in MS medium with
1 mg LG1 2,4 D showing 85.3% callusing capacity, small plantlets of 1.3-2.4 cm height were regenerated. Micropropagated plants showed
strong cytotoxic and significant antidiabetic activities. Conclusion: Somatic embryogenesis and direct organogenesis are efficient
regeneration systems that might be suitable for further biotechnological approaches as genetic transformation and somatic hybridization
for improvement of seed germination ratios of this plant species.
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INTRODUCTION

Astragalus L. is the largest genus in the family Fabaceae,
it has been estimated  to  include  about 2000-3000 species
and about  250  taxonomic  sections  in  the world1,2. In Egypt,
Allam et al.3  reported that the genus Astragalus  is
represented by thirty-five species, while Radwan et al.4

reported thirty-two species. Phytochemical investigation on
this genus revealed that it is a rich source of important
medicinally active secondary metabolites as bioactive
saponins5,6, flavonoids7 and polysaccharides8  with a variety of
effects as immunomodulatory9, hepatoprotective3, cytotoxic10

and antioxidant11.
A huge number of plants species are becoming lost

irreversibly because of both the destruction of their habitats
by increasing the expansion in construction by the human
population as well as over-collection for their valuable
phytochemicals. Then the in vitro micropropagation and
regeneration  system  is considered as a potential alternative
to induce the biomass plants tissues and bioactive natural
compounds12-16. Reports regarding Astragalus species
regeneration systems are very few17.

To  date,  no  progress has been made for developing an
in vitro regeneration system for Astragalus fruticosus  Forssk.

In this study, an efficient protocol for micropropagation
of Astragalus  fruticosus via organogenesis is developed for
the first time to produce plant materials for secondary
metabolites studies and to save this medicinally valuable plant
from extinction. Moreover, cytotoxic and antidiabetic effects
of the in vitro micropropagated plantlets were evaluated for
the first time. Phenolic compounds can significantly reduce
the risk of cardiovascular diseases, stroke and certain types of
cancer18.

Therefore, total phenolic and flavonoid contents of the
callus from medium II and the in vitro cultured plantlets
ethanolic extracts were estimated for the first time.

MATERIALS AND METHODS

Study area: The study was carried out at the Department of
Pharmacognosy, Faculty of Pharmacy, Zagazig University,
Egypt from June, 2018-September, 2020.

Plant material: Astragalus fruticosus seeds were collected
from North Sinai,  Egypt  (between  latitude  31E 07’ 09.5’’ N
and longitude 33E41’ 57.1’’ E) in April, 2018. The plant
identification   and   verification   were   kindly   performed  by

Prof. Hussein A. Hussein, Professor of Plant Taxonomy and
Flora, Department of Botany and Microbiology, Faculty of
Science, Zagazig University, Egypt.

Seeds sterilization and germination: Mature seeds of
Astragalus  fruticosus  were  surface-sterilized through
washing with 70% ethyl alcohol for different periods (1, 3 and
5 min) then shaking with 5% hypochlorite solution for
different  periods  (3,  5  and  15 min). Seeds were then rinsed
3  times  with    sterile   double   distilled   water   for   2  min. 
A. fruticosus  has  poor  seed  germination  capacity due to
hard seed coat so, mechanical scarification was so helpful.
Scratched and non-scratched seeds were cultivated over
Murashige and Skoog (MS) medium (4.4 g LG1, Duchefa,
Germany), with 3% sucrose (Adwick, ARE) either in liquid form
or solidified  with 0.8% agar (Bioworld, USA), either without
any  phytohormones  or  supplemented   with   different
concentrations of phytohormones and Gibberellin A3 (GA3).
Moreover, 6-8 seeds were inoculated into sterile petri-dish
with sterile moistened filter paper. PH was adjusted to 5.6-5.8.
Jars were incubated at 25EC under a white fluorescent lamp
(16/8 hrs photoperiod). Seed Germination was investigated
using seed germination percentage, 4 weeks after cultivation.

Callus induction: Explants (0.5-1 cm) were excised aseptically
from the stem and leaf of 28-day-old seedlings. Then cultured
in jars containing MS media with 30 g LG1 sucrose, 8 g LG1 agar
and supplemented with different concentrations of plant
growth regulators.

Medium I: 1   mg  LG1  2,  4-D,  Medium  II: 0.1  BAP+1  mg LG1

2, 4-D+0.5  mg LG1 TDZ, Medium III: 2 mg LG1 2, 4 D+1  mg LG1

Kinetin, Medium IV: 0.5  mg LG1 BAP, Medium V:1  mg LG1 BAP,
Medium VI: 0.5  mg LG1 TDZ, Medium VII: 1  mg LG1 Kinetin and
Medium VIII: 1 mg LG1 NAA+0.1  mg LG1 BAP. PH was adjusted
to 5.6-5.8 and jars were maintained in the dark at 25EC. The
best medium was selected by determination of callusing
capacity and callus dimensions.

Growth dynamics: The greatest callusing capacity was
observed on medium II providing healthy calli with the largest
dimensions so, it was chosen to study the growth dynamics.

Growth curve: To characterize the callus growth in medium II,
a growth  curve  was  established. One gram of 5 weeks old
calli was subcultured on the same medium, cultures were
maintained  at  25EC  in  the  dark. Fresh and dry weights were
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measured every 3 days for 30 days and the mean values of
triplicate readings were plotted against time to obtain the
growth curve19,17:

Ge GstartGrowth index (GI) = 
Gstart


where, Ge is callus weight at the end of generation (final fresh
weight), G start is callus weight at zero time (Initial fresh
weight). Relative Growth Rate (RGR) was determined on fresh
weight using the following Eq.20:

1 1
3 3

Wf Wi
RGR = 3 

tf-ti



where, ti is Beginning of the subculture, tf is Final day of
subculture, after 30 days, Wi is Initial Weight of calli biomass
(at ti), Wf is Final weight of calli biomass (at tf), tf-ti is 30 days
of subculture.

Specific growth rate (µ):

lnx lnxoµ = 
t


where, xo is the initial weight of dry biomass and x is the
biomass weight at time t (30 days)19.

Doubling time is the required time for doubling of
biomass of cells and is denoted as (dt). It can be determined
by the following Eq.:

2dt = ln 
µ

where, µ is the specific growth rate19.

Shoot induction: Explant segments (0.5-1 cm) were
aseptically dissected from 28-day-old seedlings, then
aseptically cultured in jars containing MS media with 30 g LG1

sucrose, 8 g LG1 agar and supplemented with various
concentrations of phytohormones, Medium IV: 0.5  mg LG1

BAP, Medium V: 1  mg LG1 BAP, Medium VI: 0.5  mg LG1 TDZ,
Medium VII: 1  mg LG1 Kinetin and Medium VIII: 1  mg LG1

NAA+0.1  mg LG1 BAP.  PH was adjusted to 5.6-5.8 and jars
were incubated at 25EC under a white fluorescent lamp with
a 16/8 hrs light/dark period. The most appropriate medium for
shoot induction was selected by determination of the number
of explants produced shoots and the number of produced
shoots per explants after the third subculture.

In vitro  propagation of Astragalus fruticosus
Regeneration of Astragalus fruticosus  plantlet  via somatic
embryogenesis: Three  months-old  nodular embryogenic
calli grown on Medium I and Medium II were aseptically
transferred to solid MS media with the same hormonal
composition with 8 g LG1 agar and 30 g LG1 sucrose. Then they
were kept at room temperature, in a dark condition. The
cultures were maintained at 25EC in the dark.

Regeneration  of  Astragalus  fruticosus  plantlet via
organogenesis: Two months-old shoots (4-8 cm) from
Medium V were transferred individually into jars containing
half-strength rooting media consisting of ½MS with 30 g LG1

sucrose, 0.6% agar and 1  mg LG1 NAA. Cultures were
incubated at 25EC under a white fluorescent lamp with a 16/8
hrs photoperiod.

Acclimatization of the in vitro regenerated plantlets:
Healthy regenerated plantlets were removed from their
culture vessels, gently washed under running tap water then
transplanted into plastic pots containing sterile soil: sand (1:1)
under 16/8 hrs photoperiod and covered with perforated
transparent plastic bags which were removed after one week.
Pots were maintained in the greenhouse.

Cytotoxic activity: MCF-7 (human breast cancer) cell line and
HL-60 (human promyelocytic Leukemia carcinoma) cell lines
(VACSERA, Egypt)  were used to evaluate the cytotoxicity of
the micropropagated plantlet alcoholic extract at different
concentrations  (500, 250, 125, 62.5, 31.25, 15.6, 7.8 and 3.9 µg) 
using cell viability colorimetric assay21 and cisplatin as a
standard. The optical density was measured with the
microplate reader (SunRise, TECAN, Inc, USA) to determine the
number of viable cells and the percentage of viability was
calculated as:

ODt 100 (%)
ODc



where, ODt is the mean optical density of cells treated with a
tested sample and ODc is the mean optical density of
untreated cells. The survival curve of each cell line was
constructed. IC50 was estimated22.

Antidiabetic activity: "-glucosidase inhibitory activity of
varying concentrations (1000 - 7.81 µg mLG1) of ethanolic
extract of in vitro regenerated plantlets was carried out
according to the method reported by Shai et al.23. The
absorbance    was     measured   at   405   nm   using  Multiplate
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Reader.  Acarbose  was  included  as a standard. The results
were  expressed  as  percentage  inhibition,  using  the
formula:

1 AsInhibitory activity (%) = ×100
Ac


where, As is the absorbance of the reaction mixture in the
presence of the tested sample and Ac is the control
absorbance. The IC50 was estimated24.

Estimation of total phenolic content: Spectrophotometric
estimation of total phenolic content in the ethanolic extracts
of callus and in vitro  cultured plant was performed using the
Folin-Ciocalteu colorimetric methods 25.  The absorbance was
measured using the spectrophotometer at 765 nm. Gallic acid
was used as a standard (50-300 µg mLG1) in 95% ethanol.
Phenolics concentration (mg mLG1) in the extracts was
deduced from the gallic acid calibration curve and expressed
as gallic acid equivalent (mg of GA gG1 extract).

Estimation of total flavonoid content: Spectroscopic
determination of total flavonoids content in callus and in vitro
cultured plant extracts was carried out using aluminium
chloride colorimetric method26. The absorbance of the mixture
was measured at λmax 415 nm (using a UV/Vis
spectrophotometer). Quercetin was used as a standard, the
standard  curve  was  plotted  (50-300 µg mLG1) in 95%
ethanol. Total flavonoid contents of the tested extracts were
expressed as quercetin equivalent (mg of QU gG1 of the
extract).

Analysis  of  extracts  by  High-Performance  Liquid
Chromatography (HPLC): Phenolic and flavonoid
components of the ethanolic extracts of callus and in vitro
cultured plant were studied using HPLC (Agilent1100 series)
using standard phenolic acids (caffeic, gallic, protocatechuic,
ellagic,  syringic,  ferulic,  ascorbic,   chlorogenic,   p-coumaric, 

eugenol and pyrogallol) in addition to standard flavonoids as
rutin, naringenin, apigenin, luteolin, kaempferol, 3-hydroxy
flavone and myricetin (Sigma®) according to the method
reported by Zuo et al.27.

Standard curves were established (10, 20, 40, 60, 80, 100
and 200  mg LG1). Phenolics in tested samples were detected
(UV detector)  through  a  gradient elution of the mobile
phase.  Chromatograms were recorded at 255 nm for luteolin,
kaempferol, 3-hydroxy flavone and rutin, 340 nm for apigenin,
370 nm for myricetin and 325 nm for caffeic acid, syringic acid
and other phenolics.

RESULTS AND DISCUSSION

Seeds decontamination rate and seeds germination
capacity: The best seed sterilization condition with 100%
germination  was  achieved  by  exposure  of  the  seeds to
70% ethanol for  5  min  then  5%  sodium  hypochlorite    for
15 min. Maximum   seeds  germination  percentage,  (100%)
was  achieved  on  the  second  day of culture in all culture
media and conditions only for scratched seeds as shown in
Fig. 1a-e and Table 1. While there was no sign of seed
germination was observed for non-scratched seeds, (0%
germination). Seed  dormancy  is   common   in  most
Fabaceae species due  to  the  hard  seed  coat  that blocks
water passage to  the  embryo28.  Mechanical  scarification  of 
A. fruticosus  seeds  was  a  vital  step for seed germination.
Seed coat incision in Astragalus cariensis  Bioss. Erisen et al.29

provided successful germination percentages similar to our
results.

Callus induction: Explants cut ends showed the earliest sign
of callus formation after 2 weeks of culture then spread
towards the middle region of explants. The effect of
phytohormones  on  the  in  vitro   induced calli and the
callusing capacity as  well  as,  the  morphological characters
on different  media   after   5   weeks   of cultivation were
shown  in  Fig.  2a-e  and  Table  2. Medium II showed the best

Table 1: Germination percentage of A. fruticosus seeds
Germination (%)
-------------------------------------------------------------------

Media Phytohormones Scratched seeds Non-scratched seeds
Liquid  MS No phytohormones 100 No germination
Liquid  MS 50 mg LG1 GA3 100 No germination
Liquid  MS 100 mg LG1 GA3 100 No germination
Liquid  MS 150 mg LG1 GA3 100 No germination
Solid MS No phytohormones 100 No germination
Solid MS 1 mg LG1 BAP 100 No germination
Solid MS 1 mg LG1 2,4-D 100 No germination
Solid MS 0.1 mg LG1 BAP+1 mg LG1 2, 4-D+0.5 mg LG1 TDZ 100 No germination
Filter paper moistened with sterile dist.H2O No phytohormones 100 No germination
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Fig. 1(a-e): Seed germination (a) One day  old  seedling,  (b)  Three  days  old  seedling,  (c)  One-week  old  seedling,  (d)  Two 
weeks  old  seedling and  (e) Four weeks old seedling (bar 1 cm, a-e)

Fig. 2(a-e): Callus induction in different media, (a) Callus on medium I with cotyledonary leaves, (b)  Callus on medium II with
cotyledonary leaves, (c) Callus on medium III, (d) Callus on medium IV and (e) Callus on medium V (bar 1 cm, a-e)

Table 2: Morphological characteristics and dimensions of the callus from seedling explants
Medium Morphological  characteristics Dimension Callusing capacity (%)
I Yellowish green, friable +++ 85.3
II Yellowish green, compact ++++ 100.0
III Yellowish white, friable ++ 45.7
IV Yellowish white, friable, small in  diameter   with   direct  shoot formation + 10
V Yellowish white, friable, very small in  diameter  with direct shoot formation from explants + 6.2
VI No sign of callus formation but direct shoot formation   from explants --- 0.0
VII No sign of callus formation but direct shoot formation from explants --- 0.0
VIII No sign of callus formation but direct shoot formation from explants --- 0.0
+: Very weak growth (2-5 mm in diameter), ++: Moderate growth (5-10 mm in diameter), +++: Good growth (10-15 mm in diameter) and ++++: Very good growth
(20-25 mm in diameter)

callusing capacity so, it was  chosen  for  further investigations.
It has never been reported before in any literature for the
genus Astragalus.

Growth  parameters: The  growth  curve for 5 weeks old callus
grown on medium II as shown in Fig. 3 was established
depending on fresh and dry weight measurement. It showed 
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Fig. 3: Growth curve of Astragalus fruticosus callus on medium II
Mean±SD, n = 3

Fig. 4: Direct shoot induction in medium V

a sigmoidal shape with different growth phases. The medium
composition can influence the duration of each phase30. The
lag phase  is  characterized  by  weight accumulation, with no 
cell division31. In this study, the lag phase started from the
beginning of the culture till the 9th day. The exponential
phase  showed maximum cell division and growth rates of
calli, it occurred between the 9th and 15th days. The linear
phase showed a reduction in cell division and an increase in
cell volume31. It occurred from the 15th-24th day. Between the
24th and the 27th day, the deceleration phase was observed
where, the calli must be transferred to a fresh medium, due to
nutrients deprivation and toxic substances accumulation30.
The stationary phase began on the 28th day when no cell
division or weight increasing occurs. Growth parameters were
as following:

GI = 2.45 RGR = 0.04
µ = 0.03 dt = 17.8 days

Shoot induction from in vitro germinated seedlings: The
highest percentage of explants giving shoot (75.8%) was
observed on Medium V, with about 10-25 shoot per explants,
with length range (3-8 cm) after the third subculture as shown
in Fig. 4. It was reported that BAP was the most commonly
used cytokinin for in vitro culture of different Astragalus
species17.

In vitro propagation of Astragalus fruticosus
Regeneration of Astragalus fruticosus plantlet via somatic
embryogenesis: Continuous subculture of calli on Medium I
and Medium II, different forms of somatic embryos including
globular, heart  and  torpedo-shaped  forms were detected
Fig. 5a-c. Upon subculture of embryogenic calli on hormonal
free medium only calli browning was detected. Mature
embryos on Medium II germinated successfully into
cotyledonary  embryos  then  into   cotyledonary   leaves of
0.5-1.0 cm height (Fig. 2b). Embroid on Medium I showed
further development giving small plantlets of 1.3-2.4 cm
height (Fig. 5d). Embryogenic callus induction was promoted
by a high concentration of auxins as 2,4-D that causes
hypermethylation  of  nuclear DNA resulting in the formation
of embryogenic cells32. So, calli with high embryogenic
potential were  observed  in medium II then medium I.
Somatic embryogenesis  was  used  for  in vitro  regeneration
of species as Astragalus  melilotoides  using a combination of
2.69 µM NAA and 4.44 µM  BAP32.

Regeneration  of  Astragalus  fruticosus  plantlets  via
organogenesis: Upon culturing of shoots from Medium V into
rooting media, roots started to appear after 4 weeks. The
plantlets showed  well-developed  roots  (0.5-3 cm in length)
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Fig. 5(a-d): Stages  of embryogenic calli of A. fruticosus and plantlet regeneration via somatic embryogenesis,  (a)
Globular-shaped embryo, (b) Heart-shaped embryo, (c) Torpedo-shaped embryo and (d) Developed plantlet from a
somatic embryo on medium I

Fig. 6: Root induction in rooting medium

Fig. 7: Regenerated plant after transferring into the soil

3 weeks later as shown in Fig. 6. Smaller concentrations of
auxins  were  more  favourable  for  rhizogenesis  than  higher
concentrations as higher auxins concentrations promoted
callusing before roots induction resulting in an impaired
vascular connection between the induced roots and shoot
system.  In the current research, a half-strength MS medium
supplemented  with  1  mg  LG1  NAA  was utilized for roots
induction, in agreement with results reported for Astragalus
cicer  in vitro  propagation system33.

Acclimatization of the in vitro regenerated plantlets:
Regenerated plantlets were transplanted into pots containing
sterile soil: sand (1:1) as shown in Fig. 7. Pots were maintained
in the greenhouse, plantlets can survive for two months in the
soil after transplantation.

Results of biological activities
Cytotoxic  activity:  As  shown  in Table 3, the
micropropagated plantlets ethanolic extract showed a
stronger    cytotoxic     activity     against    MCF-7  cells,  with
IC50 = 28.3±0.7 µg mLG1 than its activity against HL-60 cells,
with IC50 = 49±1.9 µg mLG1 compared to Cisplatin standard
with IC50 = 5.69±0.57 and 7.74±0.62 µg mLG1, respectively.
The reported results indicated that Astragalus saponins,
polysaccharides  and  flavonoids  have  antitumor activities34.
It was reported that there is a continuous increase in the
global demand for anticancer drugs35. Hence, Astragalus
fruticosus could be  considered  a precious drug to fight
cancer.

Antidiabetic activity: The in vitro micropropagated plant
ethanolic extract significantly inhibited the "-glucosidase
enzyme. Percentages of "-glucosidase enzyme inhibition by 
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Fig. 8: "-Glucosidase inhibitory activity of the  in vitro  regenerated plantlets extract

Table 3: Cytotoxicity of plantlet extract against MCF-7 and HL-60 cell lines 
Extract concentration (µg mLG1)
-------------------------------------------------------------------------------------------------------------------------------------------
0 3.9 7.8 15.6 31.25 62.5 125 250 500
-------------------------------------------------------------------------------------------------------------------------------------------

Cell line Plant part used Cell viability (%) IC50
MCF-7 Micropropagated 100 98.73 94.06 79.14 43.29 28.75 12.94 5.87 2.34 8.3
HL-60 Plantlet extract 100 100 98.59 88.24 64.27 39.16 24.52 13.96 6.23 49

Table 4: Total phenolic and flavonoid contents in the ethanolic extract of callus and in vitro  cultured Astragalus fruticosus
Plant part used Total phenolic (mg GAE gG1) Total flavonoid  (mg QE gG1)
Callus extract 8.73±0.54 15.38±0.64
In vitro plant extract 15.95±0.79 12.24±0.62

different concentrations of tested sample (0-1000) µg mLG1,
compared  to  acarbose  standard  were shown in Fig. 8. The
IC50 value of the  tested  extract  was  44.8±1.7 compared to
the acarbose standard   with   IC50   30.57±1.2   as  shown in
Fig. 9. Previous  studies  estimated  the "-glucosidase
inhibitory action of other Astragalus species specially
Astragalus membranaceus  root  where the ethanolic extracts
 showed "-glucosidase  inhibitory   activity  of 49.71  µg  mLG1.
The "-glucosidase inhibitory activity was suggested to be
mainly attributed to the presence of flavonoids and phenolic
compounds36.

Estimation of total phenolic and flavonoid contents: Total
phenolics  concentrations  were  estimated  in the callus and
in vitro plant ethanolic extracts using the Folin Ciocalteu
method. The results as shown in Table 4 were estimated in
terms of Gallic Acid Equivalent (GAE) from the standard curve.
The phenolics concentrations in the callus and in vitro plant
extracts  were 8.73±0.54 and 15.95±0.79 mg gG1,
respectively.

Total  flavonoids  contents  of  the  callus  and in  vitro
plant extracts  were  evaluated by the aluminium chloride
method in terms of Quercetin  Equivalent  (QE)as  shown  in
Table  4  and  were deduced from the standard curve.
Flavonoid concentrations in the callus and in vitro plant
extracts were 15.38±0.64 and 12.24±0.62 mg gG1,
respectively.  In  this  research, the total phenolic and
flavonoid   contents  in  addition  to  their  compositions  in 
the extracts of callus and in vitro cultured plants were
examined  for  the  first  time.  It  was  reported  that  phenolic
and  flavonoid  contents  of  the  flowering  aerial  parts  of  the
wild  A.   squarrosus   were  23.3  and 26.0  mg gG1,
respectively11  that  slightly  higher  than  our results.  The 
higher  values  of  phenolic  and  flavonoid  contents of the
wild  plants  may  be  attributed  to  their  exposure  to
different stress circumstances in the field environment that
caused a raising in the phenolic constituents for adaptation
and  survival.  Whereas,  the  in vitro grown plants had no
stress conditions and so, no need for over-production of
phenolics37.
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Fig. 9: Antidiabetic IC50 (µg mLG1) of the  in vitro  regenerated plantlets extract

Table 5: HPLC analysis of phenolics and flavonoids in the ethanolic extract of callus and in vitro cultured Astragalus fruticosus
Concentration of compounds (mg mLG1)
------------------------------------------------------------------------------------------------------------------------

Identified compounds In vitro  plant Callus
Pyrogallol 14.12 -
Eugenol - -
Caffeic acid - 6.51
Gallic acid - 7.14
Protocatechuic acid 20.41 8.12
p-Coumaric acid 7.26 -
Syringic acid - 8.10
Chlorogenic acid 5.06 -
Ferulic acid 8.31 -
Ellagic acid 5.66 15.36
Ascorbic acid - -
Rutin - -
Naringin - -
Apigenin - 10.05
Luteolin 8.09 22.41
Kaempferol 13.30 -
3-Hydroxyflavone - 9.48
Myricetin - -

Analysis of extracts  by  High-Performance  Liquid
Chromatography (HPLC): Phenolic and flavonoid
compositions  of  the  tested  extracts  were  examined by
HPLC as shown in Table 5. Protocatechuic, ellagic acid and
luteolin were identified  in  both  extracts.  While,  pyrogallol,
p-coumaric acid, chlorogenic acid and kaempferol were
identified only in the in vitro plant extracts. Caffeic, gallic and
syringic acids were identified only in the callus extracts.
Protocatechuic  acid   is   the   main  phenolic  compound in
the in vitro plant extracts  (20.41  mg  mLG1) while, ellagic acid
is the main phenolic  compound   in   the   callus  extracts
(15.36 mg mLG1). Luteolin (22.41 mg mLG1) and kaempferol

(13.30 mg mLG1) are the main flavonoids in the extracts from
the callus and the in vitro plants, respectively.

CONCLUSION

In   the   presented   study,   plant   micropropagation  of
A. fruticosus has been achieved. Somatic embryogenesis as
well as  direct  organogenesis  are  efficient  regeneration
systems that might be suitable for further biotechnological
approaches. To the best of our knowledge, there is no report
for Astragalus fruticosus micropropagation. Moreover, the
micropropagated  plants  showed   promising   cytotoxic  and
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antidiabetic activities, in addition to reasonable phenolic and
flavonoid contents that all screened for the first time.

SIGNIFICANCE STATEMENT

This study revealed the best condition for seed
germination, callus and shoot induction to develop an
efficient micropropagation protocol for the endangered
Astragalus fruticosus  Forssk. plant.  Moreover, the study will
help the researchers to perform further biotechnological
studies on this plant and other related plant species. Also, our
results suggested that Astragalus fruticosus could serve as a
precious source of bioactive agents to fight global health
problems like cancer and diabetes.
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