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Summary: Callus was produced from hypocotyl sections of in vitro germinated seedlings of
Cynanchum acutum on Murashige and Skoog media (1962) containing 0.5 - 4.0 mg/l a-Naphthalene
acetic acid in combination with 0.2-1.0 mg/l Benzyl adenine. After 12 weeks in culture both fresh and
dry weights (g) were significantly higher on 0.5 mg/l NAA and 0.2 mg/l BA. Cardiac glycoside
concentration was highest (1.2 mg/g DW) on the same growth regulators combination. Flavonoids
were highest (0.198 mg/g) on 0.5mg/l NAA and 1.0 mg/l BA. Twenty eight weeks old callus gave
highest cardiac glycosides (1.3 mg/g) on media lacking BA and 0.5 mg/l NAA. Flavonoids
concentration (0.27 mg/g) was highest on the same auxin concentration in the presence of 0.2 mg/l
BA. Regeneration from callus cultures was obtained when 8-weeks old callus was subcultured on MS
hormone free media for 6 weeks. Shoots were rooted on MS supplemented with 0.1 mg/l NAA and
acclimatized in growth chamber. Adventitious shoots showed significantly higher CG (6.5 and 4.3
mg/g) than the wild plants (2.8), while regenerants gave comparable concentration (2.3) to the wild.
Flavonoids were slightly lower in concentration in adventitious shoots (0.19) and regenerants (0.18)
than the wild plant (0.27). Five cell lines were initiated from 8 weeks old individual callus pieces on
NAA and BA containing media. Twenty weeks old cell line (1) showed higher CG (3.46) than the
wild type and slightly lower flavonoid content (0.149). Plating of 12weeks old suspension on MS
containing NAA and BA followed by hormone free media resulted in shoot regeneration, that were
rooted and acclimatized. This represents the first report for regeneration from in vitro culture of C.
acutum, as well as, the production of cardenolides and flavonoids from cultures to concentrations that
are comparable to wild plants.
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INTRODUCTION

The genus Cynanchum L. (Asclepiadaceae) comprises 200 species found in the tropical and warm regions.
Species are perennial herbs, shrubs or woody climbers. Cynanchum acutum L. subsp. acutum is the only
species in the genus Cynanchum found in Egypt. It is a perennial species with twinning stems reaching 2.5
m. It is found in North Africa, South Europe and Southwest Asia (Boulous, 2000). A number of important
phytochemical compounds have been reported from different species of the genus Cynanchum. Steroids and
different steroidal glycosides have been reported from C. aphyllum (Kanchanapoom et al., 2002), C.
ascyrifolium (Yeo et al., 2002), C. paniculatum (Li et al., 2004; Huang et al., 2009), C. atratum (Hong et al.,
2005; Hong et al., 2009), C. forrestii (Liu et al., 2006), C. inamoenum (Wang et al., 2008), C. amplexicaule
(Chen et al., 2008), C. auriculatum (Gu et al., 2009). Flavonoids and flavonoidal glycosides were purified from
C. acutum (Heneidak et al., 2006; Mohamed et al., 2008). The biological activity of different phytochemicals
isolated from a number of Cynanchum species has been studied. Alkaloids from C. vincetoxicum (Stærk et al.,
2002), traditional Chinese medicine (TCM) decoction of C. paniculatum was effective against cancer cell lines
(Guowang et al., 2005; AiRong et al., 2007). Also steroidal glycosides isolated from roots of C. auriculatum
were found to inhibit the growth and induce apoptosis in human breast cancer cells (RuSong et al., 2007) as
well as other cancer cell lines (Peng  et al., 2008). Steroidal alkaloids (gagaminine 1 and gagaminine 2) from
C. caudatum (Lee et al., 2000), TCM from C. paniculatum (AiRong et al., 2007) and from C. atratum (YiYe
et al., 2007), have been shown to have cardiotonic effect, treating premature ventricular contraction and
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enhancing heart function. C. paniculatum aquas extract was inhibitory to anti-hepatitis B virus (Bin et al.,
2005), while pregnane glycosides from C. atratum were both anti-acetylcholinesterase and anti-amnesic (Lee
et al., 2005). 

Flavonoids from C. acutum exhibited significant antioxidant and anti-diabetic activities (Fawzy et al.,
2008). Coumarins from the same species showed anti-inflammatory, analgesic and anti-pyritic activity (Awaad,
2000). Regeneration from in vitro cultures of the different members of Asclepiadaceae have been achieved.
Calotropis  procera (El-Bakry et al., 2007), Pergularia tomentosa (El Hag et al ., 2002), Gymnema Sylvestre
(Komalavalli and Rao., 2000)  have all been successfully regenerated into whole plants, as well as, other
species. Reports on the in vitro cultures of the genus Cynanchum have been few. Cynanchum paniculatum (Bin
et al., 2005), Cynanchum Komarovii (Hu and Ye., 2007) and Cynanchum otophylum (Qiu et al., 2007) have
been studied.

The present work aimed at studying the production of some bioactive compounds (cardenolides and
flavonoids) from callus and suspension cultures of C. acutum, as well as, regeneration of whole plants and their
production level of the compounds.

MATERIALS AND METHODS

Plant Material:
Ripe fruits of Cynanchum acutum were collected from wild plants growing at Helwan governorate, Egypt.

Fruits were collected during November 2006, dried in a cool dry place and stored in plastic bags in a cool dry
place (22 - 25°C) .Seeds were collected as needed.

Methods:
In Vitro Seed Germination:
1. Seeds Sterilization:

Seeds were collected from dried fruits and rinsed with tap water followed by distilled water for 15 min.
Seeds were immersed in 20% Clorox (5.25 w/v NaOCl) for 20 min with stirring. Under aseptic conditions,
seeds were rinsed 3 times in sterile double distilled water.

2. Culture:
Seeds were placed (5/magenta) (GA-7, Sigma) on 1/2 strength MS medium (1962). Medium was

supplemented with 1.5% sucrose and gelled with 1.5 g/l phytagel (Sigma).

3. Incubation:
Seeds were incubated at 25ºC under white fluorescent light (3000 lux) with 8 hr photoperiod for 7 days,

and then moved under 16 hr photoperiod until the seedlings reached (~5cm).

Callus Cultures:
1. Callus Propagation:

Seeds were sterilized aseptically and germinated as described before. Hypocotyl sections (5mm) in length
were taken from 10-12 days old seedlings. Media used were MS (full strength) with 3% sucrose, supplemented
with 0.5, 1.0, 2.0 &4.0 mg/l NAA. For each NAA concentration, four different BA concentrations 0.0, 0.2,
0.5 &1.0 mg/l were used. The pH was adjusted to 5.8 before sterilization. Media were solidified by adding
2g/l phytagel. Three replication plates (5 explants /plate) for each NAA/BA concentration were carried out.
Plates were incubated at 25ºC under 8 hr light for 28 weeks with 6 subcultures each after 4 weeks on the
media of the same composition.

After 12 weeks, fresh weight for one plate (before cutting) was taken while callus of the other two plates
were divided into equal pieces to give 32 pieces cultured into 8 plates. This subculture regime was repeated
till the cultures completed 28 weeks, then all callus was harvested, fresh weighed (g), air-dried (g) and stored
in plastic bags until cardiac glycosides & flavonoids determination analysis.

2. Regeneration:
A. Induction and Growth:

Seeds were sterilized aseptically and germinated as described before. Hypocotyl sections (5mm) in length
were taken from 10-12 days old seedlings. Media used were MS (full strength) with 3% sucrose, supplemented
with 0.5, 1.0, 2.0 &4.0 mg/l NAA. For each NAA concentration, four different BA concentrations 0.0, 0.2,
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0.5 &1.0 mg/l were used. The pH was adjusted to 5.8 before sterilization. Media were solidified by adding
2g/l phytagel.

Three replication plates (5 explants /plate) for each NAA/BA concentration were carried out. Plates were
incubated at 25ºC under 8 hr light. After 8 weeks, subculture onto MS hormone free-medium (HFM) was
carried out for all treatments and incubated at 25ºC under 8 hr light for 6 weeks. 

b. in Vitro Rooting:
After 6 weeks, some treatments gave rise to shoot and /or roots. These shoots were dissected and cultured on
a rooting medium MS medium with 3% sucrose, supplemented with 0.1mg/l NAA. The pH was adjusted to
5.8 before sterilization .Medium was solidified by adding 2 g/l phytagel.
According to number of shoots available, 3 to 5 replication magentas (3 to 4 shoots / magenta) for each
concentration were carried out. Magentas were incubated at 25º C under 16 hr light for 6 weeks.
Callus of all treatments, after dissecting shoots, were fresh-weighed, air-dried and stored in plastic bags until
cardiac glycosides & flavonoids determination analysis.

c. Acclimatization:
After 6 weeks on rooting medium, for each treatment, half of shoots (not acclimatized) were fresh

weighed, air-dried and stored in plastic bags until cardiac glycosides & flavonoids determination analysis, while
the other half was placed in IBA (0.1mg/l in 100 ml sterile d.d.H2O) and covered by plastic bags and
incubated at 25ºC under 16 hr light for 3 days.

A number of healthy rooted-shoots were then potted in sand and incubated under 8hr photoperiod in an
incubator under 23º C / 17ºC temperature.

After one month, dry weights for the surviving plants were taken and stored until cardiac glycosides &
flavonoids determination analysis.

Suspension Cultures:
1. Suspension Initiation:

Seeds were sterilized aseptically and germinated as described before. Hypocotyl sections (5mm) in length
were taken from 10-12 days old seedlings. Media used were MS (full strength) with 3% sucrose, supplemented
with 1.0 mg /l & 2.0 mg/l NAA. For each NAA concentration, 0.5 mg /l BA was added (N1B0.5 & N2 B0.5).
The pH was adjusted to 5.8 before sterilization. Media were solidified by adding 2 g/l phytagel. Culture plates
were incubated at 25ºC under 8 hr light. After cultures completed 8 weeks, 0.5 gm callus tissue from different
callus pieces of each of the two treatments (N1B0.5 & N2 B0.5) was inoculated in 50ml liquid medium of
the same media composition and flasks were placed on the shaker (130 rpm) at 25ºC for 12 weeks. Five
replication flasks (cell lines 1-5) for the 2 media treatments were carried out. After 6 weeks, 10ml liquid media
were added. Another 10ml of liquid media were added after 10 weeks of culture initiation.

2. Cell Line Maintenance:
After Passage of 12 Weeks of Suspension Initiation:
a. 1st sub-culture for suspension by inoculating 10ml of suspension in 50ml fresh liquid media of the same

composition of the two treatments  and incubated at 25ºC on the shaker (130 rpm) and the 1st addition
was after 6 weeks. After 2 weeks, 2nd subculture was carried out. 

b. Filtration of suspension residues (fine & clumps) after 1st &2nd subcultures was done, fresh weights(g)
and dry weights(g) for all flasks were taken and tissues were stored in plastic bags until cardiac glycosides
and flavonoids determination analysis.

3. Regeneration from Suspension Culture:
After Passage of 12 Weeks of Suspension Initiation:
a. Cutting of suspension clumps of the two treatments and sub-cultured on a solid medium contains 0.5 mg

/l NAA & 0.1 mg/l BA for 11weeks and incubated at 25ºC under 8 hr light were carried out. After 11
weeks, clumps were subcultured on their original media composition (N1B0.5 & N2 B0.5) for 10 weeks.
After 10 weeks, clumps of (N1B0.5 ) gave shoots and roots while (N2 B0.5) clumps gave only roots so,
these clumps were subcultured on MS hormone-free medium (HFM). After 2 weeks, shoots appeared from
callus were dissected and subcultured on a rooting medium for 11 weeks while callus was fresh weighed
(g), air-dried and stored in plastic bags at freezer. 
After 11 weeks, rooted-shoots were acclimatized.
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b. Plating of 10ml of the old liquid suspension fine of the two treatments on a solid medium contains 0.5
mg /l NAA & 0.1 mg/l BA for 11weeks and incubated at 25º C under 8 hr light were carried out. After
11 weeks, fine residues were subcultured on their original media composition (N1B0.5 & N2 B0.5) for
10 weeks.
After 10 weeks, all fine residues were fresh weighed (g), air-dried and stored in plastic bags at freezer.

Quantitative Estimation of Total Cardiac Glycosides: 
Plant Extract:

A weight of 0.4 g of the air dried powdered plant tissue were percolated with 70% methanol three times
(macerating 24 hr). The percolated extract was filtered and then up to 20 ml with 80% methanol.

Determination of Cardiac Glycosides Using Kedde's Reagent:
Three ml of the extract and 3 ml of freshly prepared Kedde's reagent (Kedde, 1947) were mixed together.

The absorbance of mixture was measured after 2.5 min at 560 nm (Jenway, 6300).

Calibration Curve of Digoxin Using Kedde's Reagent:
Twenty five mg of Digoxin was dissolved in 25 ml spectroscopic methanol in a volumetric flask. The

following volumes: (0.025,0.05,0.1,0.2,1,1.4,2,3,4,5,6 ml) were withdrawn to volumetric flasks and each one
was completed to 10 ml with spectroscopic methanol. These were equivalent to the corresponding
concentrations (0.025,0.05,0.1,0.2,1,1.4,2,3,4,5,6 mg/10ml). 10ml of freshly prepared Kedde's reagent was added
to each one. The absorbance of the mixture was measured after 2.5 min at 560 nm. Against a blank of 10 ml
of Kedde's reagent mixed with 10 ml of spectroscopic methanol.

Quantitative Estimation of Flavonoid Content:
Preparation of Extracts:

One gm of the air-dried powdered were separately extracted repeatedly with alcohol (70 %) containing
1 % HCl on a boiling water bath till exhaustion. The combined alcohol extracts were filtered; the filter paper
was washed with the same solvent until free from any traces of the examined compounds. The filtrate was
transferred quantitatively to a 100 ml volumetric flask and the volume was adjusted to 50 ml with 70 %
alcohol. 

Determination of Total Flavonoids:
a. To 10 ml of each of the prepared alcoholic extract, 2 ml of hydrochloric acid were added and the

solutions were heated on a boiling water bath under reflux for 30 minutes. The heated mixtures were then
cooled and extracted with successive portions of ether (each of 20 ml) till exhaustion. The combined ether
extracts were washed with water (10 ml x 2), the washings were rejected and the ethereal solutions
(containing the original free flavonoids present in the plants and the liberated aglycones after hydrolysis)
were completed to 100 ml in volumetric flasks where the volume was adjusted.

b. 10 ml of each of the ethereal solutions containing total flavonoids were transferred to test tubes, the
solvent was evaporated to dryness, the residue left in each test tubes was dissolved in 2ml 0.1 M
aluminum chloride and the color developed was measured by a spectrophotometer at ? max = 426 nm
within one hour.
The concentrations of the flavonoids in the callus were calculated from the calibration curve of Quercetin

using Al Cl3 reagent at λmax = 624 nm.

Statistical Analysis:
Results (fresh weights (g), dry weights (g), concentrations of cardiac glycosides (mg/g) & flavonoids

(mg/g) were statistically analyzed by a factorial analysis of variance, in completely randomized design
according to the procedure outlined by Snedecor and Cochran (1981) . Means were compared by multiple range
test (Duncan, 1955).

Results:
Callus Cultures:
Growth, Cardenolide and Flavonoid Content:

Hypocotyls from 10-12 days old in vitro germinated seedlings were used to initiate callus on media
containing 0.5, 1.0, 2.0 and 4.0 mg/l NAA. For each NAA concentration, 0.0, 0.2, 0.5 and 1.0 mg/l BA were
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used. Subculture after 4 and 8 weeks was carried out onto the same media for callus growth. 
At the end of the 12th week in culture, ten callus pieces were cut under aseptic conditions and cultured

onto the same media for callus growth and propagation. Both sample collection and cutting for callus
propagation were carried out every 4 weeks till the final callus age was 28 weeks. By the end of the 12th
week, samples were collected for fresh weight, dry weight and biochemical analysis.

Analysis of variance for fresh weight showed significant differences at both 5% and 1% levels between
all NAA treatments and between all BA treatments with no significant interaction between NAA and BA
concentrations. Mean comparisons for fresh weight showed that 0.5 mg/l NAA gave the highest mean of (3.419
g) and 4 mg/l NAA was the lowest mean (1.929 g) while the presence of BA at any of the 3 concentrations
used (0.2, 0.5 and 1.0 mg/l) gave significantly higher weights than when BA was absent. A 0.5 mg/l NAA
and 0.2 mg/l BA was the highest interaction for fresh weight means of (4.044 g) for all treatments (Table 1).

Analysis of variance for dry weight showed significant differences at both 5% and 1% levels between all
NAA treatments and between all BA treatments with no significant differences between NAA and BA
interaction treatments. Mean comparisons for dry weight showed that 0.5 mg/l NAA gave the highest mean
of (0.269 g) and 4 mg/l NAA was the lowest mean (0.138 g) while 0.2 mg/l BA of was the highest dry mean
of (0.223 g). 0.5 mg/l NAA and 0.2 mg/l BA was the highest interaction dry weight mean of (0.348 g) for
all treatments (Table 1).

Analysis of variance for cardiac glycosides concentrations (mg/g dry weight) showed significant differences
at both 5% and 1% levels between all NAA treatments, between all BA treatments and between NAA and BA
interaction treatments. Mean comparisons for cardiac glycosides showed that 0.5 mg/l NAA gave the highest
mean of (1.16 mg/g) and 0.2 mg/l BA of (1.064 mg/g) was the highest mean while 2.0 mg/l NAA and 0.2
mg/l BA gave the highest interaction mean of (1.235 mg/g) (Table 1).

Analysis of variance for flavonoids concentrations (mg/g dry weight) showed significant differences at both
5% and 1% levels between all NAA treatments, between all BA treatments and between NAA and BA
interaction treatments. Mean comparisons for flavonoids showed that 2 mg/l NAA gave the highest mean of
(0.15 mg/g) and 1.0 mg/l BA of (0.148 mg/g) was the highest mean while 0.5 mg/l NAA and 1.0 mg/l BA
was the highest interaction for flavonoids means of (0.198 mg/g) (Table 1). It should be noted that mean
cardiac glycoside and flavonoid concentration in wild plants was 2.503 &0.279 mg /g dry weight respectively.
After passage of 28 weeks, callus was harvested, fresh and dry weighed, followed by analysis for cardiac
glycosides and flavonoids content.

Analysis of variance for fresh and dry weight showed significant difference at 5% and 1% for BA, NAA
and NAA/BA interaction in fresh weight but at 5% only for NAA/BA interaction in dry weight. Mean
comparisons (Table 2) for fresh and dry weight showed that the presence of BA at any of the 3 concentrations
used (0.2, 0.5 and 1.0 mg/l) gave significantly higher weights than when BA was absent. BA at 0.2 mg/l
concentration gave highest fresh and dry weights (3.044 and 0.219 g respectively).The 2 mg/l NAA gave
highest fresh weight of (2.907 g) while the presence of NAA at any of the 3 concentrations used (0.5, 1.0 and
2.0 mg/l) gave significantly higher dry weights than when NAA was absent.

Analysis of variance for cardiac glycosides content showed significant difference at 5% and 1% for BA,
NAA and NAA/BA interaction. Mean comparisons (Table 2) showed highest mean of (1.035 mg/g) cardiac
glycosides when BA was absent.NAA concentrations of 0.5 and 1.0 mg/l gave the highest means of (1.060
and 1.106 mg/g) while 0.5 mg/l NAA gave the highest interaction mean of (1.315 mg/g) (Table 2) when BA
was absent.

Analysis of variance for flavonoid showed significant difference at 5% and 1% for BA, NAA and
NAA/BA interaction. Mean comparisons (Table 2) showed highest flavonoid concentration of (0.237 mg/g) at
0.2 mg/l BA and (0.197 mg/g) at 0.5 mg/l NAA, while 0.5 mg/l NAA and 0.2 mg/l BA was the highest
interaction for flavonoids means of (0.279 mg/g) (Table 2). It should be noted that mean cardiac glycoside and
flavonoid concentration in wild plants was 2.47 & 0.279 mg/g dry weight respectively.

Regeneration from Callus Culture:
Hypocotyl sections excised from 10-12 old days in vitro grown seedlings were cultured on MS media

supplemented with 0.5, 1.0, 2.0 and 4.0 mg/l NAA. For each NAA concentration 0.0, 0.2, 0.5 and 1 mg/l BA
was added .Subculture of the growing callus was carried out onto a hormone-free medium after 8 weeks. After
6 weeks, regenerated shoots ranging from 4.5-8 cm in length were excised then subdivided into two groups:
The first was rooted onto a rooting medium consisting of  MS medium + 0.1 mg/l NAA, then acclimatized
after 6 weeks ;the second was weighed fresh then dried and weighed followed by analyzing for their cardiac
glycoside and flavonoid content.
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Analysis of variance for adventitious shoots harvested directly from callus showed significant difference
at 5% and 1% for BA concentration for both shoot fresh and dry weights. Mean comparisons for dry weight
of shoots showed that the presence of BA at any of the 3 concentrations used (0.2, 0.5 and 1.0 mg/l) gave
significantly higher weights than when BA was absent. BA at 0.5 mg/l concentration gave highest dry weight
of 0.037g (Table 3). 

Analysis of variance for the cardiac glycoside content for the adventitious shoots showed significant
differences at 5% and 1% for the BA concentration used and for the interaction between NAA and BA. Mean
comparisons showed that the BA concentration of 0.5 and 1.0 mg/l gave the highest means of 4.0 and 3.6
mg/g cardiac glycosides respectively which was significantly higher than in the wild plant (2.8 mg/g) (Table
3). The interaction between NAA and BA concentration and their effect on the concentration of cardiac
glycosides was clear. A 6.5 mg/g concentration of cardiac glycosides was measured from shoots produced on
4.0 mg/l NAA and 0.5 mg/l BA. Another significantly high concentration of 4.3 mg/g was produced in shoots
regenerated on media containing 0.5 mg/l NAA and 0.2 mg/l BA. Most of the in vitro regenerated adventitious
shoots gave higher concentrations of cardiac glycosides than in the wild plants. 

Adventitious shoots harvested from callus cultures initiated on 1.0 and 2.0 mg/l NAA in combination with
0.5 mg/l BA gave significantly different flavonoid concentrations at 5% and 1%. Mean comparisons of
flavonoid concentrations (mg/g) were 0.193 and 0.137 on 1.0 and 2.0 mg/l NAA respectively, where the wild
plant gave 0.279 mg/g concentration (Table 4).

Regenerated plants successfully acclimatized (R0) were harvested after one month, dried, weighed and
analyzed for their cardiac glycoside and flavonoid content.

NAA, BA and their interaction were significantly different at 5% and 1% for the dry weight of the
acclimatized plants. Plants were variable in their dry weights as manifested by mean comparisons. Dry weights
were highest at 0.0 mg/l BA (0.138 g) which was not significantly different for plants produced on 0.2 and
0.5  mg/l BA, which gave (0.105 and 0.129 g) respectively. NAA at a concentration of 1.0 mg/l gave the
highest mean dry weight (0.163 g). Highest mean dry weight for all NAA and BA concentrations 0.315 g was
produced on 1.0 mg/l NAA in the absence of BA (Table 3). 

Measuring the cardiac glycoside content (mg/g dry weight) of the acclimatized plants gave significantly
different ANOVA at 5% and 1% for NAA, BA concentrations and their interaction. NAA concentration at 1.0
and 2.0 mg/l gave the highest cardiac glycosides of 1.8 and 2.01 mg/g respectively. The interaction of NAA
and BA on the cardiac glycoside content of the regenerated plants was significant in the mean comparisons. 
NAA at 2.0 with BA 0.5 mg/l produced plants with the highest content of 2.31 mg/g which was not
significantly different from the wild control (2.82 mg/g) (Table 3). 

Flavonoid concentration in the regenerated plants was significantly different at 5% and 1%. Mean
comparisons showed a concentration of 0.18 mg/g for plants regenerated on 2.0 mg/l NAA and 0.5 mg/l BA
lower than the wild plants (0.279 mg/g) (Table 4).

Regeneration of both shoots and roots in C. acutum occurred either on separate callus pieces or on the
same callus. The frequency and number of organs formed seemed to be controlled by growth regulators
concentration and ratio. Highest frequency of shoot regeneration (Fig. 1a) was on N2B0.2 (43.3%), as well
as, highest mean number of shoots produced (0.6). Callus induction on N1 and N2 seem to stimulate shoot
organogenesis in the presence of BA. On the contrary, absence of BA for all NAA concentrations stimulated
rhizogenesis. Only in N4 did a concentration of 0.2 mg/l BA enhance the frequency of rhizogenesis to 76.6%
(Fig. 1b). Highest mean number of adventitious roots (Fig. 2b) was produced on N4 in the absence of BA
(3.68). The presence of both NAA and BA in the induction media was necessary for shoot production, while
NAA alone or in combination with low BA concentration produced adventitious roots.

Although number of shoots produced was low, they were healthy, grew vigorously and produced roots on
different rooting media. RO plants produced in vitro could be successfully acclimatized and grown ex vitro. 

Cell Suspension Cultures:
Cell Line Maintenance, Cardenolide and Flavonoid Content:

Suspension cultures were initiated from 8 weeks old callus cultures onto liquid MS media containing either
1 mg/l NAA and 0.5 mg/l BA or 2 mg/l NAA and 0.5 mg/l BA. Cultures were agitated at (130 rpm) for
12weeks with addition of liquid media of the same composition after 6 weeks and 10 weeks of suspension
initiation. Subculture after 12 weeks was carried out onto the liquid media of the same composition with
addition after 6 weeks. A 2nd subculture followed 2 weeks later with addition after 8 weeks. Tissue was
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harvested after 20 weeks in culture, filtered and fresh weight (g), dry weight (g), cardiac glycosides (mg/g)
dry weight and flavonoids (mg/g) dry weight were measured.

Analysis of variance of the different cell lines (1-5) showed no significant differences in both fresh and
dry weights. Significant difference at 5% and 1% were found for cardiac glycosides and flavonoids from the
different cell lines. Mean comparisons between the different cell lines (Table 5) showed no significant
differences in fresh and dry weights, although fresh weight ranged from (12.6 g in cell line 5 to 6.3 g in cell
line 4). For the same cell lines, dry weights were (0.87 g and 0.43 g) respectively. Means for cardiac
glycosides were significantly different. Cell line 1 gave a (3.46 mg/g cardiac glycoside concentration) which
was higher than in the wild type (2.81 mg/g). Cell line 4 was non-significantly different from the wild type
(2.46 mg/g). Flavonoid concentration varied between the different cell lines and the  wild type, with the wild
type giving a higher concentration (0.279 mg/g) than the cell lines. Cell line 1, higher in cardiac glycoside
content, gave also the highest concentration of flavonoides (0.149 mg/g).

Regeneration from Suspension:
Suspension cultures were initiated from 8 weeks old callus cultures onto liquid MS media containing either

1 mg/l NAA and 0.5 mg/l BA or 2 mg/l NAA and 0.5 mg/l BA. The different cell lines initiated from single
callus pieces grew and were maintained in liquid media. 

Suspension cultures of 90 days old were filtered under aseptic conditions and separated into 2 major
groups:

Large cell clumps 7-10 mm in diameter and fine cell aggregates that are a heterogeneous mixture of
different low cell numbers. The 2 types were manually separated and cultured onto media N1B0.5 and
N2B0.5.
Shoots were regenerated only from large cell clumps from 3 only of the 5 cell lines studied on low NAA
(Fig. 3a). Adventitious roots were regenerated on all media from both cell types cultured with highest total
numbers on N2B0.5 (Fig. 3b) from larger cell clumps.
Shoots produced when reaching 3 cm in length were excised under aseptic conditions and cultured on
rooting medium (MS medium +0.1 mg/l NAA).
Regenerated plants were successfully acclimatized ex vitro at 25°C and 16 hr light photoperiod (Fig. 4).

Table 1: Callus culture after 12 weeks fresh weight (g), dry weight(g), cardiac glycosides (mg/g) and flavonoid concentration (mg/g)
using different NAA concentrations mg/l (0.5=N0.5;1.0=N1; 2.0=N2 & 4.0 = N4) with BA mg/l (0.0=B0; 0.2 = B0.2; 0.5 = B0.5

&1.0 = B1).
Parameters N0.5 N1  N2  N4 B

Fresh wt (g)
B0 2.295 a 2.014 a 2.065 a 1.477 a 1.963 b
B0.2 4.044 a 2.379 a 2.539 a 2.59 a 2.888 a
B0.5 3.676 a 2.698 a 3.221 a 1.564 a 2.789 a
B1 3.661 a 2.389 a 2.517 a 2.086 a 2.663 a
N 3.419 a 2.369 bc 2.586 b 1.929 c

Dry wt (g)
B0 0.207 a 0.172 a 0.143 a 0.115 a 0.159 b
B0.2 0.348 a 0.187 a 0.189 a 0.167 a 0.223 a
B0.5 0.272 a 0.177 a 0.218 a 0.130 a 0.199 ab
B1 0.252 a 0.183 a 0.163 a 0.141 a 0.185 ab
N 0.269 a 0.179 b 0.178 b 0.138 b

CG (mg/g)
B0 1.1 bcd 0.938 fg 0.835 h 1.06 cde 0.983 b
B0.2 1.2 a 0.930 fgh 1.235 a 0.89 gh 1.064 a
B0.5 1.185 ab 1.063 cde 0.61 I 0.915 gh 0.943 b
B1 1.155 abc 1.028 def 0.988 efgh 0.97 efg 1.035 a
N 1.16 a 0.989 b 0.917 c 0.959 bc

Flav. (mg/g)
B0 0.065 L 0.164 c 0.175 b 0.130 hijk 0.133 c
B0.2 0.130 h 0.135 f 0.138 e 0.132 g 0.134 b
B0.5 0.127 i 0.113 j 0.159 d 0.133 g 0.133 c
B1 0.198 a 0.160 d 0.126 i 0.109 k 0.148 a
N 0.130 c 0.143 b 0.150 a 0.126 d
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Table 2: Callus culture after 28 weeks fresh weight (g), dry weight (g), cardiac glycosides (mg/g) and flavonoid concentration (mg/g)
using different NAA concentrations mg/l (0.5 = N0.5;1.0 = N1; 2.0 =N2 & 4.0 = N4) with BA mg/l (0.0 = B0; 0.2 = B0.2; 0.5
= B0.5 &1.0 = B1).

Parameters N0.5 N1  N2  N4 B
Fresh wt (g)

B0 1.22 i 1.472 hi 2.493 cdefg 1.904 abcdefg 1.772 c
B0.2 3.152 ab 2.988 abcd 3.426 a 2.608 bcdef 3.044 a
B0.5 1.99 fgh 3.1 abc 2.245 efg 2.771 bcde 2.527 b
B1 3.167 ab 3.1 abc 3.462 a 2.382 defg 3.028 a
N 2.665 ab 2.383 b 2.416 b 2.907 a

Dry wt (g)
B0 0.15 a 0.153 a 0.202 a 0.141 a 0.162 c
B0.2 0.258 a 0.221 a 0.229 a 0.169 a 0.219 a
B0.5 0.186 a 0.226 a 0.150 a 0.157 a 0.180 bc
B1 0.260 a 0.179 a 0.226 a 0.156 a 0.205 ab
N 0.195 a 0.214 a 0.156 b 0.202 a

CG (mg/g)
B0 1.315 a 1.1 b 0.93 cd 0.796 ef 1.035 a
B0.2 0.933 cd 1.045 bc 0.774 ef 0.898 de 0.912 b
B0.5 1.145 b 1.165 b 0.879 de 0.69 f 0.97 b
B1 0.848 de 1.115 b 0.853 de 0.865 de 0.92 b
N 1.106 a 1.060 a 0.812 b 0.859 b

Flav. (mg/g)
B0 0.206 d 0.073 m 0.192 f 0.187 g 0.164 c
B0.2 0.279 a 0.258 b 0.196 e 0.214 c 0.237 a
B0.5 0.089 L 0.189 g 0.089 L 0.122 k 0.122 d
B1 0.213 c 0.163 i 0.128 j 0.174 h 0.170 b
N 0.171 c 0.197 a 0.174 b 0.151 d

Table 3: Mean comparisons for dry weight (g) & cardiac glycosides (mg/g) of adventitious shoots & (RO) plants harvested from
regenerated callus cultures (0.5 = N0.5; 1.0 = N1; 2.0 = N2 & 4.0 = N4) different NAA concentrations mg/l using with BA
concentrations mg/l (0.0 = B0; 0.2 = B0.2; 0.5 = B0.5 &1.0 = B1).

Adventitious shoots
Parameters N0.5 N1  N2  N4 B

Dry wt (g)
B0 0.03 a 0.029 a 0.039 a 0.000 a 0.033 b
B0.2 0.043 a 0.048 a 0.035 a 0.023 a 0.037 a
B0.5 0.032 a 0.039 a 0.053 a 0.022 a 0.037 a
B1 0.026 a 0.029 a 0.041 a 0.046 a 0.036 ab
N 0.033 a 0.037 a 0.042 a 0.031 a

CG (mg/g)
Wild plant 2.81 de 2.81 de 2.81 de 2.81 de 2.81 c
B0 2.55 e 3.83 bcd 2.56 e 0.00 f 2.234 d
B0.2 4.37 b 3.27 cde 2.8 de 2.76 de 3.29 b
B0.5 2.79 de 3.19 cde 3.64 bcde 6.55 a 4.04 a
B1 2.89 de 3.68 bcde 3.56 bcde 4.27 bc 3.6 ab
N 3.08 a 3.36 a 3.07 a 3.279 a

RO plants
Dry wt (g)

B0 0.07 bcd 0.32 a 0.028 cd
B0.2 0.108 b 0.102 bc 0.000 d 0.00 d 0.138 a
B0.5 0.108 b 0.102 bc 0.127 b 0.129 b 0.129 ab
B1 0.078 bc 0.102 bc
N 0.096  b 0.163  a 0.09 bc 0.109  c

CG (mg/g)
Wild plant 2.82 a 2.82 a 2.82 a 2.82 a 2.82 a
B0 1.11 ef 2.10 bc 1.585 cde 0.000 g 1.119 c
B0.2 1.93 bcd 1.32 def 0.000 g 0.000 g 0.811 d
B0.5 0.928 f 1.13 ef 2.313 ab 1.90 bcd 1.568 b
B1 1.245 ef 1.94 bcd 1.36 def 0.853 f 1.348 bc
N 1.606 b 1.86 a 1.615 b 1.115 c
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Table 4: Mean comparisons for flavonoids (mg/g) of adventitious shoots & (RO) plants regenerated from callus cultures using different
NAA concentrations mg/l (1.0 = N1 & 2.0 = N2) with BA = 0.5mg/l. 

Treatments Adven. shoots RO plants
---------------------------------------------------------------------------------------------------------------------
Mean ± SE Mean ± SE

Wild plants 0.279 ± 0.0003 a 0.279 ± 0.0003 a
N1B0.5 0.193 ± 0.0003 ab 0.164 ± 0.0003 c
N2 B0.5 0.137 ± 0.0003 b 0.180 ± 0.0006 b

Table 5: Mean comparisons for fresh weight (g), dry weight (g), cardiac glycosides (mg/g) and flavonoids (mg/g) of five different cell
lines (20 weeks old Suspension).

Cell lines Fresh wt (g) Dry wt (g) CG (mg/g) Flav. (mg/g)
Wild plant ------------- ------------- 2.81 ± 0.625 ab 0.279 ± 0.0003 a
1 12.38 ± 4.36 a 0.65 ± 0.23 a 3.46 ± 0.187 a 0.149 ± 0.000 b
2 8.93 ± 2.23 a 0.57± 0.07 a 1.99 ± 0.301 bc 0.064 ± 0.0003 e
3 8.62 ± 3.94 a 0.54 ± 0.20 a 1.52 ± 0.065 c 0.056 ± 0.000 f
4 6.32 ± 3.56 a 0.43 ± 0.20 a 2.46 ± 0.307 b 0.127 ± 0.0003 c
5 12.66 ± 2.11 a 0.87 ± 0.01 a 1.37 ± 0.067 c 0.119 ± 0.000 d

Fig. 1: Regeneration from callus cultures. (a) Frequency of shoots; (b) Frequency of roots produced. N0.5 =
0.5, N1= 1, N2 = 2 and N4 = 4mg/l NAA.  B0 = 0.0, B0.2 = 0.2, B0.5 = 0.5 and B1 =1.0 mg/l BA.

Discussion:
In the present work, regeneration from in vitro cultures of C. acutum resulted in fully grown healthy plants

from both callus and suspension cultures. Regeneration from callus cultures was carried out using a simple
procedure depending on induction on NAA and BA, removal of growth regulators for shoot growth and
subsequent in vitro rooting. Although the numbers of regenerated shoots and RO plants was low (97 and 51
respectively), vigorous growth both in vitro and ex vitro have been observed. Regeneration from callus cultures
from other members of Asclepiadaceae has been reported. Shoot bud induction and regeneration of Tylophora
indica (Reddy et al., 2010), induction of morphogenetic callus and multiple shoot regeneration in Ceropegia
pusilla (Kondamudi et al., 2010), efficient plant regeneration system with in vitro flavonoid accumulation for
Hylotelephium tatarinowii (Wang et al., 2010).      
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Fig. 2: Mean comparison regeneration from callus for (a) No. of shoots; (b) No. of roots using different NAA
and BA concentrations: N0.5 = 0.5, N1 = 1, N2 = 2 and N4 = 4mg/l NAA. B0 = 0.0, B0.2 = 0.2, B0.5

= 0.5 and B1 = 1.0 mg/l BA.

Fig. 3: Regeneration from suspension (a) Total number of shoots; (b) Total number of roots. N0.5 = 0.5, N1=
1, N2 = 2 and N4 = 4mg/l NAA. B0= 0.0, B0.2 = 0.2, B0.5 = 0.5 and B1 =1.0 mg/l BA.
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Fig. 4: Regeneration from cell suspension cultures. (a) Adventious root production from callus produced
11weeks after plating of fine suspension on media containing 1.0mg/l NAA and 0.5mg/l BA; (b)
Callus clumps cultured on media containing 2.0mg/l NAA and 0.5mg/l BA producing roots (11weeks
old); (c) Callus clumps cultured on media containing 1.0mg/l NAA and 0.5mg/l BA producing shoots
(21 weeks old); (d) Excised shoots on rooting media (0.1mg/l NAA); (e) Vigorous growth of shoots
after rooting; (f) Acclimazited plants produced from cell line 3.

Suspension cultures of C. acutum in the present study have been observed to contain aggregates of cells
and tissues forming callus clumps of relatively large sizes (~1cm in diameter). Plating of separate, manually
selected callus pieces on solid media containing 0.5 mg/l NAA and 0.1mg/l BA followed by subculture on
media containing 1.0 &2.0 mg/l  NAA and 0.5 mg/l BA resulted in the regeneration of strong healthy green
shoots in addition to roots from the same tissue origin. Plating of cells and small cell aggregates resulted in
callus growth that regenerated roots only. Reports on the regeneration from suspension cultures from other
members of Asclepiadaceae are few. Cell suspension culture and plant regeneration in the latex producing plant
Calotropis gigantean (Roy et al., 2000).

The production of cardenolides during the in vitro cultures of C. acutum showed quite an interesting
pattern. Both 12 and 28 weeks old callus produced comparable values (1.2 and 1.3 mg/g) of cardenolides
which was lower than the wild type (2.8 mg/g). Adventitious shoots gave a high concentration of cardenolides
reaching a 6.5 mg/g, which was higher than the wild type. Regenerated plants from callus cultures gave
slightly lower values than the wild type. Cell lines grown on liquid media ranged from 1.37 - 3.46 mg/g in
their cardenolide content, being comparable to the wild type.

Multiple shoot regeneration and alkaloid cerpegin accumulation in callus culture of Ceropegia  juncea
showed maximum cerpegin 470 micro g/g dw (Nikam and Savant., 2009), seven steroidal glycosides isolated
from the roots of Cynanchum amplexicaule (Chen et al., 2008), in vitro culture and the production of
cardenolides and other secondary metabolites in Pergularia tomentosa showed that callus and suspension
cultures were positive for cardenolides (El Hag et al., 2002), cardiac glycosides in callus culture of Calotropis 
procera showed high amounts of cardiac glycosides 0.3% w/w (Zafar et al ., 2004),  gagaminine synthesis in
suspension culture of Cynanchum wilfordii showed high growth rate of 0.18 d-¹ when gagaminine concentration
at 140μ/ml (Shin et al., 2003). Cardenolides Genin pattern in  Isoplexis plants and shoot cultures showed 20-40
μ mol g-¹ dw from seeds and 6 μmol g-¹ dw from shoot cultures (Schaller and Kreis., 2006).
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Flavonoids in C.acutum cultures showed a different behavior than cardenolides .Flavonoids at 28 weeks
of callus growth gave a concentration of 0.279 mg/g which was significantly higher than the concentration in
12 weeks (0.198), and which was comparable to the wild type (0.279). In suspension cultures, all cell lines
produced significantly lower flavonoid concentrations than the wild type. 

Isoflavonoid production by callus cultures of Maackia amurensis (Fedoreyev et al., 2000), isolation and
structure determination of  bioactive isoflavones from callus culture of Dipteryx odorata (Januario et al., 2005),
induction of flavonoid production by UV-B radiation in Passiflora quadrangularis callus cultures (Antognoni
et al., 2007), spectral composition of irradiation regulates the cell growth and flavonoids biosynthesis in callus
cultures of Saussurea medusa Maxim( Bin  et al., 2007), in vitro culture of  Hypericum rumeliacum Bioss.
and production of phenolics and flavonoids (Danova et al., 2010) are all reported and show the behavior of
different in vitro cultures for bioactive compound production .

The present work reports regeneration from both callus and suspension cultures of C. acutum, a member
of an important family (Asclepiadaceae), known for its characteristic phytochemical properties. We also report
the production of two important phytochemical groups, namely cardenolides and flavonoids from callus and
suspension cultures to levels comparable to, or exceeding the wild type. 
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