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ABSTRACT

The study aimed at initiating suspension cultures and studying different factors to stimulate growth and
cardiac glycosides (CG) production from a wild medicinal plant Calotropis procera (Ait) Ait. f: (Asclepiadaceae).
All the tested factors were significantly different for CG production in cultures of both hypocotyls and
cotyledonary leaves. Using inoculum density (ID) ranged from 0.25 to 5.0 g, significant differences at both 5%
and 1% levels were found. Mean comparisons for increase in fresh weight (FW) and dry weight (DW) showed
that for cotyledonary leaves ID of 0.25 g gave highest mean increase of 16.25 g and 1.45 g respectively, for
hypocotyls ID 0.5 g gave highest mean of 13.1 and 0.98 for increase in FW & DW respectively. Highest
concentration of CG, 3.3 mg/g DW was when using a 0.5 g ID. Media strength ranged from 0.25 to 5.0 X was
used to stimulate growth and CG production; we found that media strength (1X) gave highest mean FW & DW
for cotyledonary leaves, media strength (2X) gave highest mean FW & DW for hypocotyls. For cotyledonary
leaves media strength (2X) gave highest CG of 1.6 mg/g DW, for hypocotyls media strength of (5X) gave
highest mean CG concentration of 1.5 mg/g DW. A range from 4 to 7 pH was pH 6.5 gave highest CG
concentration of 1.2 and 1.0 mg/g for cotyledonary leaves and hypocotyls respectively. Studying temperature
treatments of 35°C and 40°C for 12, 24 and 36 hours we found that 40°C for 24 hrs gave highest mean FW
& DW for both explants; 40°C for 36 hrs gave highest mean CG for cotyledonary leaves of 1.86 mg/g DW,
for hypocotyls 35°C for 24 hrs gave highest mean of 2.0 mg/g DW. A range of concentrations from 5 to 20mg/l
of thiamine and pyridoxine and two combinations (10+10 mg/l) and (20+20 mg/l) were used to test the effect
on FW, DW & CG production, where thiamine 10 mg/l gave highest mean FW for both explants. Mean
comparisons for DW gave highest mean of 1.2 & 0.97 g for cotyledonary leaves and hypocotyls respectively.
Thiamine 20+ pyridoxine 20 mg/l gave highest mean CG of 1.86 mg/g DW for cotyledonary leaves, for
hypocotyls pyridoxine 20 mg/l gave highest mean CG concentration of 2.0 mg/g DW. Studying the effect of
sucrose concentrations on FW, DW & CG was occurred, the used concentrations ranged from 0.75 to 9.0 g %.
For the 2 explants used 3% sucrose gave highest mean FW; higher sucrose concentration of 4.5,6, 7.5 and 9%
gave higher mean DW for cultures from both explants, CG concentrations mg/g was higher from hypocotyls
3.15 than from cotyledonary leaves 1.46 mg/g DW, suspension treated with 7.5% sucrose gave highest mean
CG concentration for both explants of 9.06 mg/g & 2.38 mg/g DW for hypocotyls & cotyledonary leaves
respectively. Six sugars (sucrose, maltose, lactose, fructose, glucose and galactose) were used to test their effect
on FW, DW and CG production, CG concentration for the 2 explants showed that galactose gave highest mean
of 2.5 and 2.1 mg/gDW for cotyledonary leaves and hypocotyls respectively.

Key words: Calotropis procera , suspension cultures, cardiac glycosides, inoculum density, media strength, pH,
temperature, thiamine, pyridoxine, sucrose, sugars.

Abbreviations:

Cardiac glycosides =CG, inoculum density =ID, fresh weight=FW, dry weight =DW, 6-benzyladenine=BA,
2- Naphthalene acetic acid= NAA, Murashige and Skoog medium=MS, Gamborg B5=B5, 
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Introduction

Calotropis procera (Ait.) Ait. Is a perennial shrub or small tree, 3-5 m high that grows wild in tropical
Africa extending northwards, parts of central Asia to India and in Central America.

The plant is used in many countries in folk medicine (Al-Yahya, 1986; Batanouny, 1999). It is known for
its antithelmintic, antidiarrhoeal effects. Also it shows nematicidal and molluscicidal properties. The anticancer
and cytotoxic properties of the latex have been demonstrated (Choedon et al., 2006). 

The chemistry of the plant showed that it contains at least 6 highly toxic cardiac glycosides (0.4-0.8%). It
also contains alkaloids, saponines, sterols, triterpenes, coumarines, tannins and flavonoides (Al-Yahya, 1986;
Malik, 1979; Saleh et al.,1993). Crude extract of C. procera showed the presence of saponins, tannins,
sequiterpenes and alkaloids (Kuta, 2008). The plant is rich in resins, fatty acids (Malik, 1979), proteases (Jilanii
and Khan, 1986), hydrocarbons, amino acids , minerals (Erdman, 1983) and oil  (Kubmarawa & Ogunwande,
2008;  Okiei  et al.,  2009). Seven saturated fatty acid and 11 unsaturated fatty acid were isolated (Khanzada
et al., 2008). Protein content is high especially in the leaves (17.7%). Al-Yemni et al. (2011) demonstrated that
C. procera could be considered as either a bio-indicator or a bio-accumulator for sediments polluted by nutrient
and metals. Joseney et al. (2011) concluded  that C. procera is a cardiotoxic and hepatotoxic plant. The plant
might be used as natural biocides for mosquito control as the leaves extract possess remarkable larvicidal, adult
emergence inhibitor (Abdalla et al., 2009). Recently cardiotonic steroid from C. procera was shown to exert an
anti-cancer activity (Tom et al., 2009). 

Although the specices is of economic importance, and could be utilized as a multipurpose plant for
production of number of energy-producing and medicinal compounds (De and Datta, 1988), in vitro culture is
quite limited. Laticifer development and differentiation in callus culture have been studied (Dhir et al.,1984; Suri
and Ramawat, 1995, 1996, 1997). Zafar and Ranju (2004) studied cardiac glycosides production in callus
cultures initiated buds and found that callus produced more cardiac glycosides (0.3%) than natural buds (0.2%).
Anti-inflammatory and anti-nociceptive proteins were present in extracts from both callus and root cultures
(Fabiano  et al. 2011). Other species belonging to the family Asclepiadaceae and of economic and medicinal
value have been more extensively established in culture.

Cell suspension cultures were used to optimize the production of bioactive compounds of Cynanchum
wilfordii (Shin et al., 2003) and Gymnema sylvestre (Rani et al., 2010; Praveen et al., 2011). Also callus
cultures have been established for increasing the yield of secondary metabolites from Hemidesmus indicus
(Neeta and Shanta, 2006), Gymnema sylvestre ( Kanetkar et al.; Devi et al; Gopi, C. &Vatsala, 2006 ;  Upendra
et al., 2010) and Ceropegia juncea (Nikam and Savant, 2009).

Root cultures were used to increase bioactive compounds of Hemidesmus indicus (Sreekumar, 1998). Shoots
regenerated from nodal explants of Tylophora indica  have increased yield of bioactive compounds (Soumitra
& Malabika, 1992).

Production of secondary metabolites influenced by chemical factors [medium salt strength, sucrose, plant
growth regulators, sucrose conc, NH4NO3 + sucrose , NH4NO3, KNO3, CaCl2, MgSO4 & KH2PO4  and
NH4+/NO3-] (Praveen  et al., 2011; Xi-Hua et al.,  2010;  Shin et al., 2003; Soumitra  & Malabika, 1992; and
Lee  et al., 2008) and  physical factors [inoculum size, aeration (Lee  et al., 2008). 

The persent  study was carried out to test the effect of a number of factor on biomass (FW & DW) and
production of bioactive compounds from Calotropis procera through cell suspension cultures of  both hypocotyls
and cotyledonary leaves  of  Calotropis procera.

Material and methods

In Vitro Culture of Calotropis Procera (Ait.) Ait.:
Plant Material:

Ripe fruits of Calotropis  procera were collected from wild plants growing at El-Thaora village, 20 Km
south of El-Kharga oasis, the New Valley, Western Desert, Egypt. Fruits were collected during August, dried
in a cool dry place until open. Seeds were cleaned and stored in paper bags in a cool dry place (22-25EC).

In Vitro Seed Germination:

Seeds were surface sterilized with 95% ethanol for 1-1.5 minutes, followed by immersion 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 H2O. 
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In vitro seed germination was carried out by placing 4 seeds per magenta (GA-7, Sigma) on 1/2 MS media
described by Murashige and Skoog (1962), supplied with 1.5% sucrose and gelled with 1.5 g/l phytagel
(Sigma).Cultures were incubated at 25EC under white fluorescent light (3000 lux) with 8 hrours photoperiod
for 5 days, then moved under 16 hrs photoperiod until explants reached the appropriate size.

Callus Culture and Suspension Culture Initiation:

Cultures from in vitro germinated seeds were initiated using 2 explants cotyledonary leaves and hypocotyls
both excised from 10-12 days old seedlings .Hypocotyls sections (5 mm) were placed on a full strength MS
salts, B5 vitamin and 3% sucrose with NAA (2 mg/l)  and BA (0.5 mg/l). Cotyledonary leaves section (2-3mm)
in width were placed on MS salts, B5 vitamin and 3% sucrose with NAA (4 mg/l) and BA (0.0 mg/l). After
4 weeks callus culture was subcultured. For hypocotyls subculture media was supplemented with half of the
initial hormone concentrations. For cotyledonary leaves subculture media was supplemented with the same initial
hormone concentration. After 4 weeks (2 month  old callus culture) callus transferred to liquid media ( MS salts
B5 vitamin  3% sucrose) full strength with NAA (2 mg/l)  and BA (0.5 mg/l). Initial callus fresh weight of 0.5g
was inoculated in 50 ml media volume (Only healthy callus after removing any debris, dead tissue, and brown
tissue was cut into sample pieces ~ 1-2 mm was used).

Effect of Different Inoculum Density:

The suspension culture was initiated as described before. Initial callus of different  FW  (0.25, 0.5,1,2,3,
4 & 5g) was inoculated in 50 ml media volume (Only healthy callus after removing any debris, dead tissue, and
brown tissue was cut into sample pieces ~ 1-2 mm was used).The initiation media was full strength MS salts,
B5 vitamin and sucrose 3% with NAA (2 mg/l)  and BA (0.5 mg/l). Addition of (10 mls) liquid media with
the same growth regulators concentrations occurred after 14 days of suspension culture initiation. Harvesting
of cells was at 30 days, filtered, weighed fresh (g), dried, weighed (g) and analyzed for CG.

Effect of Different pH:

The suspension culture was initiated as described before .The initiation media was supplemented with NAA
(2 mg/l) and BA (0.5 mg/l) and with different pH. The values of pH used were (4.0,4.5,5.0,5.5,6.0,6.5 & 7.5).
Additions of liquid media to the initial culture were occurred after  20 days of culture initiation( 5 mls) , 40
days (10 mls), 50 days (10 mls) Harvesting of cells was at 60 days , filtered , weighed fresh (g)  dried, weighed
(g) and analyzed for CG.

Effect of Different Temperatures:

The suspension culture was initiated as described before, initiation media was full strength MS salts, B5
vitamin and 3% sucrose supplemented with NAA (2 mg/l) and BA (0.5 mg/l). For suspension derived from
callus of cotyledonary leaves addition of liquid media occurred after 14 days of culture initiation (10 mls), 35
days (10 mls) , 56 days (10mls) & 70 days (10 mls) each containing the same NAA & BA concentration. After
73 days 2 replications for each temperature (35°C and 40°C) were carried out both incubated in dark and for
(12,24, 36 hours), then the cultures were harvested, filtered, weighed fresh (g), dried weighed (g), and analyzed
for CG. For suspension from hypocotyls addition of liquid media occurred after 14 days of suspension culture
initiation (10 mls), 35 days (10 mls), 56 days (10 mls), 70 days (10 mls) & 80 days (10 mls) each containing
the same NAA & BA concentration. After 83 days 2 replications for each temperature (35°C and 40°C) were
carried out both incubated in dark and for  (2,24 & 36 hours), then the cultures were harvested, filtered,
weighed fresh (g), dried weighed (g), and analyzed for cardiac glycosides.

Effect of Different Media Strength:

The suspension culture was initiated as described before, initiation media was MS salts, B5 vitamin and
3% sucrose supplemented with NAA (2 mg/l) and BA (0.5 mg/l) and with different media strength. Media
strength used was ( 0.25, 0.5, 1.0, 2.0, 3.0, 4.0  and 5.0 X) Additions of liquid media to the initial suspension
culture occurred after 20 days of suspension culture initiation (5 mls), 40 days (10 mls) & 50 days (10 mls)
each containing the same growth regulators and media strength.  Harvesting of cells was at 57 days, filtered,
weighed fresh (g) dried, weighed (g), and analyzed for CG.
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Effect of Different Concentrations of Thiamine and Pyridoxine:

The suspension culture was initiated as described before, initiation media was full strength MS salts, B5
vitamin and 3% sucrose and supplemented with NAA (2 mg/l) and BA (0.5 mg/l). Addition of liquid media to
the initial suspension  culture occurred after 14 days (10 mls) , 35 days (10 mls), after 56 days each containing
the same NAA & BA concentration in the last addition 3 replications for each thiamine , pyridoxine, and
combinations of thiamine and pyridoxine were carried out. Three concentrations of each of thiamine and
pyridoxine at 5, 10 & 20 mg/l were used. Two combinations of thiamine and pyridoxine (10+10 mg/l) and
(20+20 mg/l) were used. Harvesting of cells was at 66 days, filtered, weighed fresh (g) dried, weighed (g) and
analyzed for CG. 

Effect of Different Sucrose Concentrations:

The suspension culture was initiated as described before .The initiation media was supplemented with NAA
(2 mg/l) and BA (0.5 mg/l) and with different sucrose concentrations. Sucrose concentrations used were 0.75,
1.5, 3.0, 4.5, 6.0, 7.5, 9.0% and control with no sucrose. Additions of liquid media to the initial culture were
after 20 days of suspension culture initiation (5 mls), 40 days (10 mls) & 50 days (10 mls) each containing
same sucrose concentration. Harvesting of cells was at 60 days, filtered, weighed fresh (g) dried, weighed (g)
and analyzed for CG.

Effect of Different Types of Sugar:

The suspension culture was initiated as described before .The initiation media was supplemented with 3%
of different sugar types and supplemented with NAA (2 mg/l) and BA (0.5 mg/l). Sugars used were sucrose,
glucose, galactose, lactose, fructose, maltose and control with no sugar. Additions of liquid media to the initial
culture were occurred after 20 days of suspension culture initiation (5 mls), 40 days (10 mls), 50 days (10 mls)
each containing the same sugar type and concentration. Harvesting of cells was at 60 days, filtered, weighed
fresh (g) dried, weighed (g) and analyzed for CG.

Extraction and Determination of Total Cardiac Glycosides:

Cardiac glycosides were extracted by weighing 0.3 g from dried powder of tissue culture explants, soaking
in 4.5 ml of 70% MeOH and left to the next day. The extract was removed in a clean beaker and soaking of
material was repeated in 4.5 ml of 70% MeOH and left to the next day. The later step was repeated. All sample
extracted were filtered (which will be about 13.5 ml), then completed volume up to 15 ml with 80% MeOH
in clean cylinder. The samples were ready to measure their absorbance using Kedde's reagent (1947).Ten ml
of spectroscopic methanol were mixed with 10 ml of Kedde's reagent and measured at 560 nm after 2.5 min.
(control). Three ml plant extract were mixed with 3 ml Kedde's reagent measured after 2.5 min.

Statistical Analysis:

Results 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).

Result:
Effect of Different Inoculum:

To study the effect of different inoculum density on the growth and CG concentration of suspension culture,
inoculation of different inoculum density callus tissue into liquid media, and fresh media added till cultures were
30 days old. ANOVA for both FW and DW was significantly different at both 5% and 1% for both explants
(cotyledonary leaves and hypocotyls seedling). Also CG concentration was significantly different at both 5%
and 1%. Mean comparisons for increase in both FW and DW for both explants in Table (1) showed that for
cotyledonary leaves inoculum density 0.25 g gave highest mean of 16.2 and 1.4 g for increase in FW and DW
respectively. For hypocotyls inoculum density 0.5 g gave highest mean increase in FW of 13.1 g and also gave
highest mean DW of 0.98 g followed by 0.85 g at inoculum density 0.25 g.
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Mean of CG in Table (1) showed that CG concentration mg/g was higher from hypocotyls 2.29 than from
cotyledonary leaves 1.95 mg/g for both hypocotyls and cotyledonary leaves explants inoculum density of 0.5
g gave highest CG concentration of 3.38 and 3.37 mg/g for hypocotyls and cotyledonary leaves respectively.

Effect of Different pH:

To study the effect of different pH on the growth and CG concentration of suspension culture, inoculation
of 0.5 g callus tissue into liquid media of different pH values, and fresh media added till cultures were 60 days
old.

ANOVA for FW for both explants (cotyledonary leaves and hypocotyls) was not significantly different. For
DW for cotyledonary leaves was significantly different at both 5% and 1%, but it was not significantly different
for hypocotyls. CG concentration was significantly different at both 5% and 1% for cotyledonary leaves but for
hypocotyls was significantly different only at 5%.

Mean comparisons for FW for cotyledonary leaves in Table (2) showed that pH 5 gave highest FW mean
of 20.2 g followed by pH 6.5 and 4 giving 18.9 and 18.4 g respectively. For hypocotyls in Table (2) pH 5.5
gave highest mean FW of 12.4 g followed by pH 6.5 and pH 4.0 giving 11.5 and 11.4 g respectively. Mean
of DW for cotyledonary leaves showed that pH 7.0 gave highest mean DW of 1.24 g followed by pH 4.5 and
5.5 giving 1.22 g. For hypocotyls pH 5.5 gave highest mean DW of 1.0 g. followed by pH 4.0 and 6.0 giving
0.98 and 0.97 respectively.

Mean of CG from Table (2) revealed that CG concentration mg/g for cotyledonary leaves showed that pH
6.5 gave highest CG concentration giving 1.2 and 1.05 mg/g for cotyledonary leaves and hypocotyls
respectively, followed by pH 7.0 giving 1.075 and 1.003 mg/g for cotyledonary leaves and hypocotyls
respectively.

Effect of Different Temperatures:
       

To study the effect of different temperatures on the growth and CG concentration of suspension culture,
inoculation of 0.5 g callus tissue into liquid media, incubation at 35°C and 40 °C for (12, 24, &36 hours).Then
cultures were harvested after each incubation period .

ANOVA for both fresh and DW was significantly different for cotyledonary leaf explants at 5% only, and
was significantly different at both 5% and 1% for hypocotyls. Also CG concentration was significantly different
at both 5% and 1% for both explants (cotyledonary leaves and hypocotyls). 

From Table (3) 40EC for 24 hrs gave highest mean of 13.9 and 1.1 g for FW and DW respectively for
cultures of cotyledonary leaves. For hypocotyls 40EC for 24 hrs gave highest mean FW of 14.8 0 g followed
by 35EC for 24 hrs giving 14.75 g. For DW 40EC for 24 hrs gave highest mean DW of 1. 10 g, followed by
35EC for 24 hrs & 35EC for 12 hrs giving 1.035 & 1.025 g respectively.             

Mean comparisons in Table (3) revealed that the highest mean CG concentration for cotyledonary leaves
in was 1.86 mg/g at 40EC for 36 hours, for hypocotyls 35EC for 24 hrs gave highest mean of 2. 0 mg/g.

Effect of Different Media Strength:

To study the effect of different media strength on the growth and CG concentration of suspension culture,
inoculation of 0.5 g callus tissue into liquid media of different media strength (0.25, 0.5, 1.0, 2.0, 3.0, 4.0 &5.0
X ) and fresh media added till cultures were 57 days old.

ANOVA for both FW and DW was significantly different at 5% and 1% for both explants (cotyledonary
leaves and seedling hypocotyls).Also; CG concentration was significantly different at both 5% and 1%.

Mean comparisons represented in Table (4) revealed that for cotyledonary leaves the media strength (1X)
gave highest mean FW of 15.7 g followed by media strength (0.5X) gave mean of 14.7 g. For hypocotyls media
strength (2X) gave highest mean FW of 18.8 g. Mean DW for cotyledonary leaves showed that media strength
(1X) gave highest mean DW of 1.13 g. Higher media strength of (2X) gave highest mean of 1.16 g for
hypocotyls explants.

From Table (4) mean CG concentration (mg/g) was higher from cotyledonary leaves 1.18 than from
hypocotyls 0.91 mg/g, suspension initiated from cotyledonary leaves and treated with media strength (2X) gave
highest CG concentration of 1.6 followed by media strength (3X) gave 1.39 mg/g. For hypocotyls media strength
of (5X) gave highest mean CG concentration 1.5 mg/g.
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Effect of Different Concentrations of Thiamine and Pyridoxine:

To study the effect different thiamine and pyridoxine concentrations on the growth and CG concentration
of suspension cultures, inoculation of 0.5 g callus tissue into liquid media containing different thiamine and
pyridoxine concentration, fresh media added till cultures were 66 days old.

ANOVA for both fresh and DW was not significantly different for cotyledonary leaves explants, but was
significantly different at both 5% and 1% for hypocotyls explants. CG concentration was significantly different
at both 5% and 1% for both explants (cotyledonary leaves and seedling hypocotyls). 

Table (5) showed mean comparisons for FW, DW & CG. Mean comparisons for FW from cotyledonary
leaves cultures showed that thiamine 10 mg/l gave highest mean of 15.0 g FW followed by pyridoxine 10 and
20 mg/l giving 14.75 and 14.0 g respectively. For DW thiamine 10 mg/l and thiamine+pyridoxine (10+10 mg/l)
gave highest mean DW of 1.2 g followed by pyridoxine 10 mg/l gave 1.15 g. Mean comparisons for hypocotyls
for FW showed that thiamine 10 mg/l gave highest mean of 10.0 g followed by pyridoxine 5 & 20 mg/l and
thiamine 20 mg/l giving 9.5 g. For DW pyridoxine 5 mg/l gave highest mean DW of 0.97 followed by thiamine
20 mg/l gave 0.91 g.                              

Mean CG concentration(mg/g) for cotyledonary leaves explants showed that thiamine 20+ pyridoxine 20
mg/l gave highest mean CG concentration of 1.86 mg/g. followed by pyridoxine 20 mg/l gave 1.82 mg/g.

For hypocotyls pyridoxine 20 mg/l gave highest mean CG concentration of 2.0 mg/g. followed by thiamine
5 mg/l gave 1.9 mg/g.

Effect of Different Concentrations of Sucrose:

To study the effect of different sucrose concentrations on the growth and CG concentration of suspension
culture, inoculation of 0.5 g callus tissue into liquid media containing different concentrations of sucrose and
fresh media added till cultures were 60 days old.

ANOVA for both fresh and DW was significantly different at 5% and 1% for both explants (cotyledonary
leaves and seedling hypocotyls). Also CG concentration was significantly different at both 5% and 1% for both
explants (cotyledonary leaves and seedling hypocotyls). 

Mean comparisons for growth biomass (FW & DW) and CG production showed in Table (6). Mean
comparisons for FW for the 2 explants used showed that 3% sucrose gave highest mean of 9.9 and 9.2 g for
cotyledonary leaves and hypocotyls respectively. Higher sucrose concentrations of 4.5, 6, 7.5 and 9 % gave
higher mean DW for suspension cultures from both explants. For cotyledonary leaves 4.5% sucrose gave 0.93
g DW followed by 0.91 at 3% and 0.8 g at 7.5 %. For hypocotyls a 9% sucrose gave the highest DW 0.8 g
followed by 7.5% and 6% giving 0.79 and 0.77 g respectively. 

Mean CG concentration mg/g was higher from hypocotyls 3.15 than from cotyledonary leaves 1.46 mg/g.
suspension initiated from hypocotyls and treated with 7.5% sucrose gave a 9.06 mg/g mean followed by 9%
treatment giving 5.7 mg/g mean. Suspension from cotyledonary leaves and treated with 7.5% sucrose gave 2.38
mg/g mean followed by 9% treatment giving 1.6 mg/g mean.

Effect of Different Types of Sugar:

To study the effect of different sugar types on the growth and CG concentration inoculation of 0.5 g callus
tissue into liquid media containing different sugar types (sucrose, maltose, lactose, fructose, glucose and
galactose) and fresh media added till cultures were 60 days old.

ANOVA for both fresh and DW was significantly different at 5% and 1% for both explants (cotyledonary
leaves and seedling hypocotyls). Also; CG concentration was significantly different at both 5% and 1%.

Table (7) revealed the mean comparisons for FW, DW & CG, indicating that for the 2 explants used
maltose sugar gave highest mean FW of 10.7 and 11.23 g for cotyledonary leaves and hypocotyls respectively
followed by sucrose giving 10.4 and 10.1 g for cotyledonary leaves and hypocotyls respectively, for
cotyledonary leaves followed by 9.6 g mean FW with lactose sugar. Sucrose sugar gave the highest mean DW
of 0.85 g for cotyledonary leaves explants. For hypocotyls maltose gave highest mean DW of 0.78 g followed
by sucrose gave 0.74 g. 

Mean CG concentration for both 2 explants cotyledonary leaves and hypocotyls showed that galactose gave
highest mean of 2.5 and 2.1 mg/g for cotyledonary leaves and hypocotyls respectively.
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Table 1: Effect of different inoculum density on mean increase in FW (g), increase in DW (g) and CG concentration (mg/g) for 30 days
old suspension culture initiated from cotyledonary leaves and hypocotyls callus. 

Explant Cotyledonary leaves Hypocotyls
------------------------------------------------------------------------------------ --------------------------------------------------------------------------
Inoculum density (g) FW DW CG FW DW CG
0.25 16.267+1.272 a 1.45+.113 a 1.95+.04  bc 9.467+.933 b .84+.115 a 3.143+.032 b
0.5 7.6+.808 bc .653+.035 b 3.37+.064 a 13.1+.982 a .986+.003 a 3.38+.099 a
1.0 7.633+1.105 bc .507+.047 bc 2.037+.015 b 8.633+.318 b .603+.032 b 1.917+.033 b
2.0 8.750+.289 b .465+.008 cd 1.39+.03 e 6.85+.202 c .475+.014 bc 1.617+.017 d
3.0 7.12+.174 bcd .337+.012 de 1.883+.066 c 4.595+.384 d .355+.026 cd 1.957+.122 c
4.0 6.033+.291 cd .257+.007 e 1.66+.031 d 5.075+.447 d .257+.060 d 2.010+.030 c
5.0 4.847+.118 d .207+.007 e 1.42+.04 e 4.067+.119 d .281+.001 d 2.053+.075 c
G.Mean 8.321+.804 .554+.089 1.959+.14 7.398+.695 .543+.061 2.297+.142
Means followed by the same letter are not significantly different.

Table 2: Effect of different pH values on the mean FW (g), DW (g) and CG concentration (mg/g) for 60 days old suspension cultures
initiated from cotyledonary leaves and hypocotyls callus.

Explant Cotyledonary leaves Hypocotyls
------------------------------------------------------------------------------------ --------------------------------------------------------------------------
pH Value FW DW CG FW DW CG
4.0 18.45+.433 a 1.105+.003 b .663+.033 c 11.45+.260 a .980+.029 a .94+.030 abcd
4.5 18.10+.173 a 1.225+.014 a .818+.058 bc 10.75+.433 a .905+.020 a .857+.027 bcd
5.0 20.20+.00 a 1.145+.027 b .720+.050 c 11.00+1.097 a .965+.061 a .803+.020 cd
5.5 17.55+.202 a 1.225+.014 a .897+.054 bc 12.45+.722 a 1.020+.040 a .753+.045 d
6.0 17.30+.058 a 1.130+.035 b .880+.040 bc 11.05+.202 a .970+.012 a .967+.067 abc
6.5 18.95+2.050 a 1.080+.029 b 1.297+.230 a 11.55+.375 a .955+.026 a 1.053+.074 a
7 17.90+1.039 a 1.240+.023 a 1.075+.063 ab 11.05+.548 a .947+.049 a 1.003+.084 ab
G.Mean 18.35+.0347 1.164+.015 .907+.055 11.33+.221 .963+.014 .911+.029
Means followed by the same letter are not significantly different. 

Table 3: Effect of different temperature on the mean FW (g), DW (g) and cardiac glycosides concentration (mg/g) for 73 days old for
cotyledonary leaves and 83 days old for hypocotyls, cultures initiated from cotyledonary leaves and hypocotyls callus.

Explant Cotyledonary leaves Hypocotyls
------------------------------------------------------------------------------------ --------------------------------------------------------------------------
Treat FW DW CG FW DW CG
35 °C /12hr 12.50+.866 ab 1.165+.009 ab 1.473+.022 b 11.70+.289 bc 1.025+.043 a 1.313+.007 b
35 °C /24hr 11.80+.693 bc 1.030+.040 c 1.437+.027 b 14.75+.087 a 1.035+.038 a 2.007+.069 a
35 oc /36hr 13.50+.289 1.165+.009 ab 1.290+.010 13.65+1.70 ab .910+.121 ab 1.367+.090 
40 °C /12hr 10.55+.144 c 1.100+.000 abc 1.307+.041cd 10.25+.087 c .775+.014 bc 1.353+.096 b
40 °C /24hr 13.95+.260 a 1.190+.006 a 1.413+.044 bc 14.80+.058 a 1.100+.000 a 1.400+.021 b
40 °C /36hr 12.2+.462 abc 1.085+.049 1.863+.043 a 10.65+.433 c .650+.052  c 1.267+.047 b
G.Mean 12.42+.324 1.12+.016 1.464+.048 12.63+0.51 .916+.043 1.457+.052
Means followed by the same letter are not significantly different.

Table 4: Effect of different media strength on the mean FW (g), DW (g) and CG (mg/g) for 57 days old suspension cultures initiated from
cotyledonary leaves and hypocotyls callus.

Explant Cotyledonary leaves Hypocotyls
------------------------------------------------------------------------------------ --------------------------------------------------------------------------
Media Strength (g) FW DW CG FW DW CG
0.25 7.033+1.426 b .620+.049 bc 1.120+.024 bc 2.100+.451 d .370+.012 d .883+.027 b
0.5 14.77+2.150 a .943+.030 ab .888+.027 cd 3.667+.296 d .527+.032 c .850+.030 bc
1.0 15.76+.41 a 1.133+.033 a .780+.010 d 9.800+1.021 b .813+.068 b .787+.043 bc
2.0 9.867+2.298 b .737+.071b 1.603+.084 a 18.10+.321 a 1.167+.033 a .780+.060 bc
3.0 3.233+.521 c .383+.027 cd 1.397+.189 ab 5.367+.786 c .567+.024 c .763+.003 c
4.0 1.067+.088 c .107+.003 d 1.237+.078 b .467+.133 e .102+.004 e .790+.025 bc
5.0 1.100+.057 c .326+.247 cd 1.300+.078 b .333+.088 e .090+.004 e 1.533+.033 a
G.Mean 7.548+1.342 .607+.081 1.189+.065 5.690+1.331 .519+.080 .912+.059
Means followed by the same letter are not significantly different. 

Discussion:

Plants are a potential source of a large number of valuable products. Generally, plants produce secondary
metabolites in nature as a defence mechanism against attack by pathogens & insects. The presence of
cardenolides was confirmed in laticifers but they were not detected in the neighboring parenchyma cells (De
and Datta 1986). Laticifer differentiation in callus culture of Calotropis procera, as affected by latex produced
by C. procera and fractions incorporated in MS medium was described by (Suri 1996) finding that there was
a  marked increased in laticifer differentiation on medium supplemented with  latex as it contained proteins and
complex polysaccharides or inorganic salt. From our results we found that the inoculum density 0.5 g gave
highest amount of cardiac glycosides of 3.37 & 3.38 mg/g for both explants cotyledonary leaves & hypocotyls
respectively which may be due to that this inoculum was most appropriate for cell division in the media volume
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50 ml and may be for production of laticifer differentiation. Stress factors of media strength, sucrose
concentrations & temperature significantly affect the production of cardiac glycosides. By increasing media
strength, the production of cardiac glycosides increased, for cotyledonary leaves media strength (2X) gave
highest cardenolide concentration of 1.6 mg/g while hypocotyls seems to need higher strength as media strength
of (5X) gave highest mean cardenolide concentration 1.5 mg/g this due to that the production of cardiac
glycosides as a secondary metabolite may be activated by increased stress. 

Table 5: Effect of different concentrations of thiamine and pyridoxine on the mean FW (g), DW (g) and CG concentration (mg/g) for
66 days old suspension cultures initiated from cotyledonary leaf and hypocotyl callus.

Explant Cotyledonary leaves Hypocotyls
------------------------------------------------------------------------------------ -----------------------------------------------------------------------
Concentration FW DW CG FW DW C G
-----------------------------
Thiamine Pyridoxine
0 5 12.35+.953 a 1.100+.058 a 1.647+.047 bcd 9.500+.289 a .970+.023 a 1.400+.040 c
0 10 14.75+.722 a 1.150+.029 a 1.707+.043 abc 8.500+.867 a .855+.014 b 1.647+.017 b
0 20 14.00+.577 a 1.127+.072 a 1.820+.074 ab 9.500+.289 a .865+.040 b 2.043+.063 a
5 0 10.75+.144 a 1.000+.000 a 1.503+.035 d 6.250+.722 b .695+.049 c 1.907+.023 a
10 0 15.00+.577 a 1.200+.000 a 1.263+.034 e 10.00+.577 a .850+.049 b 1.490+.070 c
20 0 11.80+1.84 a 1.023+.122 a 1.607+.092 cd 9.500+.289 a .915+.009 ab 1.443+.007 c
10 10 13.75+.144 a 1.200+.000 a 1.607+.037 cd 9.000+.000 a .860+.035 b 1.500+.055 c
20 20 11.75+1.29 a .990+.064 a 1.867+.017 a 9.250+.144 a .855+.003 b 1.533+.023 bc
G.Mean 13.02+.414 1.099+.024 1.628+.04 8.938+.269 .858+.017 1.620+.047
Means followed by the same letter are not significantly different.

Table 6: Effect of sucrose concentrations on the mean FW (g), DW (g) and cardenolide concentration (mg/g) for 60 days old suspension
cultures initiated from cotyledonary leaves hypocotyls callus.

Explant Cotyledonary leaves Hypocotyls
------------------------------------------------------------------------------------ -----------------------------------------------------------------------
Sucrose Conc.% FW DW CG FW DW C G
0.75 1.633+.46 c .16+.03 c .963+.038 d 4.767+.328 d .307+.003 c 1.553+.102 c
1.5 7.3+.75 abc .53+.04 abc 1.267+.055 c 8.233+.176 ab .57+.026 b 1.633+.067 c
3.0 9.9+1.47 a .913+.087 a 1.353+.069 c 9.267+.96 a .71+.072 ab 1.1+0.0 d
4.5 9.2+1.50 a .933+.203 a 1.297+.015 c 7.333+.167 bc .727+.064 ab 1.167+.067 d
6.0 4.0+.75 bc .607+.146 ab 1.367+.075 c 7.7+.058 b .773+.029 a 1.8+.058 c
7.5 5.133+.89 b .837+.149 a 2.383+.077 a 7.5+.265 bc .79+.057 a 9.067+.167 a
9 4.5+.709 bc .38+.025 bc 1.603+.141 b 6.267+.033 c .827+.048 a 5.733+.033 b
G.Mean 5.95+.69 .62+.07 1.46+.09 7.29+.32 .67+.04 3.15+.63
Means followed by the same letter are not significantly different.

Table 7: Effect of different types of sugar on the mean FW (g), DW (g) and cardenolide concentration (mg/g) for 60 days old suspension
cultures initiated from cotyledonary leaves and hypocotyls callus.

Explant Cotyledonary leaves Hypocotyls
------------------------------------------------------------------------------------ -----------------------------------------------------------------------
Sugar type FW DW CG FW DW C G
0 .2+.058 c .01+0.00 c _ 1.033+.133 e .026+.001 e _
Sucrose 10.4+.808 a .85+.029 a 0.98+.011 cd 10.167+.669 a .74+.05 a .942+.051 d
Maltose 10.7+.058 a .575+.014 c 1.457+.182 b 11.233+.371 a .783+.015 a 1.167+.127 bcd
Lactose 9.65+.779 a .685+.078 b 1.158+.113 bc 7.850+.087 bc .59+.006 b 1.319+.126 bc
Fructose 3.65+.375 b .345+.026 d .955+.033 cd 8.5+.115 b .53+.017 bc 1.48+.229 b
Glucose 4.75+.144 b .345+.003 d 0.67+.067 d 7.1+.493 c .503+.048 c 1.103+.091 cd
Galactose 3.65+.029 b .335+.014 d 2.563+.271  a 3.967+.731 d .327+.022 d 2.143+.162 a
G.Mean 6.143+.86 .449+.058 1.297+.157 7.121+.749 .5+.0543 1.359+.106
Means followed by the same letter are not significantly different. 

With increasing sucrose concentration from 0.75% till 7.5% the cardiac glycosides concentration increased,
the highest increase in cardiac glycosides concentration was observed in higher sucrose concentrations  7.5%
{gave cardiac glycosides concentrations of 2.3 & 9.06 mg/g for both explants cotyledonary leaves & hypocotyls
respectively}. Temperature 40EC for cotyledonary leaves (gave 1.86 mg/g CG.) and 35EC for hypocotyls (gave
2.0 mg/g CG).This conclusion agree with Ramesh et al. (2009) which they suggested that the Calotropis procera
plants synthesize phenolic compounds (a secondary metabolite) under stress conditions in their natural habitat
for defence purposes; they found that total phenols and flavonoids content were high in latex of field-grown
plants and lowest in the extracts of in vitro roots cultures. We also found that the weak acidic medium (pH=6.5)
gave highest cardiac glycoside concentration of 1.2 and 1.0 mg/g for both explants cotyledonary leaves &
hypocotyls respectively which may be most suitable for  CG  formation and stability.

Galactose gave higher cardiac glycoside concentration {of 3.65 & 2.14 mg/g for both explants cotyledonary
leaves & hypocotyls respectively}. Shin et al. (2003) studied the effects of culture conditions on cell growth
and gagaminine (a steroidal alkaloid isolated from the roots of Cynanchum wilfordii) synthesis in suspension
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culture. Gagaminine production was increased markedly when cell growth proceeded to the death phase. Cell
growth was more effective with 5% (v/v) sucrose, in the light (at 38 micro E/m2.s), on medium containing
2,4-D 2 mg/litre, with 2.5 g/10 ml medium as the initial cell concentration. The concentration of gagaminine
was optimum with 3% sucrose, in darkness on medium 2,4-D 1 mg/litre, with 2.5 g/10 ml medium as an initial
cell concentration. However, the highest growth rate was 0.18 d-1, when the gagaminine concentration was
seven- and three-fold (at 140 micro /ml) higher than that of the plant stem and 10 ml of medium, respectively,
on the 50 ml of medium in suspension culture. Lee et al. (2008) investigated the effects of chemical (medium
salt strength, sucrose, plant growth regulator) and physical (inoculum size, aeration volume) environments on
cell culture of Gymnema sylvestre. Strength of MS medium (1/4 MS, 1/2 MS and 1 MS) did not significantly
affect cell growth, while sucrose concentration affected cell growth, showing maximal cell growth at 3%
sucrose. Sucrose concentration higher than 3% inhibited cell growth due to low water potential in the medium.
The optimal inoculum size was  60 g L-1 as evidenced by the highest growth rate. For fresh weight the results
obtained by Lee et al (2008)  agrees with our data which show that highest FW was at 3% sucrose, but  for
DW & CG it disagree with our results. The highest DW was at 4.5% & 9.0% sucrose for cotyledonary leaves
and hypocotyls respectively, and the highest CG was at 7.5% sucrose for both explants. When we used
inoculum density in range from 0.25 to 5.0 g the cell growth (FW & DW) and CG production was more
effective with a 0.5 g inoculum density on 50 ml medium in suspension culture.

The highest production of CG was from higher media strength 2X and 5X for cotyledonary leaves and
hypocotyls respectively. These results agree with the general trend of Praveen et al. (2011) which they studied
the optimization of cell suspension culture system of Gymnema sylvestre for the production of biomass and
gymnemic acid and investigated effects of macro elements (NH4NO3, KNO3, CaCl2, MgSO4 and KH2PO4 -
0.0, 0.5, 1.0, 1.5 and 2.0x strength) and nitrogen source [NH4+/NO3- ratio of: 0.00/18.80, 7.19/18.80,
14.38/18.80, 21.57/18.80, 28.75/18.80, 14.38/0.00, 14.38/9.40, 14.38/18.80, 14.38/28.20 and 14.38/37.60 (mM)]
of MS medium on accumulation of biomass and gymnemic acid content. The highest accumulation of biomass
(FW and DW) was recorded in the medium with 0.5x concentration of NH4NO3 and the highest production
of gymnemic acid content was recorded in the medium with 2.0x KH2PO4. The NH4+/NO3- ratio also
influenced cell growth and gymnemic acid production; both parameters were greater when the NO3-
concentration was higher than that of NH4+. Maximum biomass growth (FW and DW) was achieved at an
NH4+/NO3- ratio of 7.19/18.80, and gymnemic acid production was also greatest at the same concentration of
NH4+/NO3- ratio.
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