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In Vitro Studies on Egyptian Catharanthus Roseus (L.) G. Don. :
1- Calli Production, Direct Shootlets Regeneration and Alkaloids Determination 
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Abstract: Catharanthus roseus plants produce many of pharmaceutical important indole alakaloids such as

vinblastine and vicristine which are used as antineoplastic medicines. Calli were produced from shoot tip, leaf,

stem ant root explants as well as from seeds of Egyptian C. roseus. MS- media were supplemented with 2,4-D;

2,4-D and Kin ; NAA or NAA and BAp to study their effect on enhancement of calli production or direct

shootlets regeneration. Mass calli were produced from MS medium contained 1 mg/l each of 2,4-D and Kin.

Shoot  tip explants gave highest value of  calli  production  and  direct  shootlets  regeneration  on  modified

MS-medium with 1 mg/l each of NAA and BAp than other explants. Growth dynamics of different type calli

were studied during and after 5 weeks of cultivation. The highest value of total alkaloids was resulted from

shoot tip derived direct shootlets regeneration and root derived calli cultures, respectively. 
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INTRODUCTION

Plants in addition to their aesthetic value constitute

the major natural source of the food we eat, the air we

breathe and  the  medicine  to  cure our many ills.

Recently, the  utilization  of  medicinal  plants  as  a

natural  source of drugs is being increasingly

encouraged . Consequently, medicinal plants have been[5,16]

targeted for uncontrolled collection and destruction as a

result of urbanization, overgrazing, pollution and

expansion of cultivated areas .[14]

Plant secondary metabolism gives rise to the

formation of a vast array of chemically complex

compounds, many of which are commercially important.

Secondary metabolites typically are plant products and

occur as terpenoids, glycosides and alkaloids. Secondary

metabolites are commonly obtained commercially by

extraction from intact plants. Many problems are

associated with the production and marketing of such

compounds as well as the supply of raw materials can be

erratic due  to  several reasons . So, it may become[7]

critical to develop an alternative source of important

therapeutically natural products. 

Plant cell culture provides an environmentally

friendly, renewable alternative for secondary metabolite

supply. Plant cell culture has been explored in the

production of numerous terpenoid and terpenoid-derived

compounds, most notably high-value pharmaceutical

products such as indole alkaloids from Catharanthus

roseus .[15]

Catharanthus roseus (L.) G. Don. (Apocynaceae), is

one  of  the important medicinal plants especially in

Egypt. The  vinca  alkaloids have been used extensively

in cancer chemotherapy. Vinblastine and vicristine are

effective against blood cancer. Also amotine (indole

alkaloid) has a strong anti leukemic activity. Vindesine,

vicristine and vinblastine possess cytotoxic activity.

Vinblastine sulphate is used experimentally for treatment

of neoplasms and is recommended for generalized

Hodgkin’s disease and resistant choriocarcinoma. The

distribution    and   accumulation   of   the   alkaloids  in

C. roseus were studied by Reda . Furthermore, the[17]

biosynthetic pathway of indole alkaloids was studied by

De-Luca and Cutler (1987). Due to the presence of the

therapeutically valuable cytotoxic alkaloids vinblastine

and vincristine, became one of the major field of interest

in modern plant cell biotechnology .[4 ,12 ,19-21]

This  study  aimes  to calli production and direct

shootlets regeneration as a source of antineoplastic agent's

production from Egyptian Catharanthus roseus (L.)

MATERIALS AND METHODS

Plant Materials: Seeds  of Catharanthus roseus (L.)

Don. were kindly obtained from Institute of Horticulture

Research, Agricultural Research Centre, Giza, Egypt.

Seeds were surface sterilized under aseptic conditions of

laminar flow hood, using 70% EtOH for 30 Sec, then

transferred to a solution of 50 % Clorox (containing

5.25%  NACTO)  for  15  min.  Then   these   seeds  were
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aseptically germinated onto basal MS  medium for 4[13]

weeks and used as plant materials. 

Callus Production: Four aseptically explants (shoot tip,

leaf, stem and root) were excised from the plantlets as

well as sterilized seeds of C. roseus and placed in 200 ml

jars containing 40 ml of MS-medium. The culture media

were  modified  with  2,4-D  (2,  4-dichlorophenoxy-

acetic  acid)  and  Kin  (6-furfurylaminopurine) or NAA

(1-Naphthaleneacetic  acid)   and   BA   (Benzyl  adenine)

as follow:

MS1= MS + 1mg/l 2,4-D.

MS2= MS + 1 mg/l 2,4-D +1 mg/l Kin.

MS3= MS + 1 mg/l NAA. 

MS4= MS + 1 mg/l NAA +1 mg/l BA. 

After 30 days of cultivation, data of callus induction

were recorded. 

Callus Growth Dynamics: In  this respect, an equal fresh

weight (~ 250 mg) of callus tissues which were

previously   induced   from   the    different   explants  of

C. roseus were aseptically transferred to the best freshly

medium for callus production. Data of callus fresh, dry

weight were recorded during five weeks of cultivation. 

Direct Shootlets Regeneration: The previous

supplementation of two auxins (2,4-D and NAA) and

cytokinins (Kin and BAp) added to MS-culture medium

were subject to induce direct shootlets regeneration from

different explants. After 30 days of cultivation, number of

direct shootlets regeneration and shootlets fresh and dry

weights were recorded. Ten replicates were used for each

treatment. 

Culture media used in this study were supplemented

with 3% sucrose, 100 mg/l myo-inositol and gelled with

0.7 % agar. The pH of the different culture media were

adjusted at 5.8 using 0.1 N NaOH or HCL, then

autoclaved  at  121°C and the pressure was 1.2 Kg. cm2

for 20 min. All cultures were incubated in a growth

chamber at 25±2°C under a 16/8 hrs light dark

photoperiod provided by cool white fluorescent lamps. 

Determination of Total Indole Alkaloids: Preparation of

in vitro derived tissue samples and determination of total

indole alkaloids were carried out according to the method

described by Arvind et al.  on C. roseus plant.[3]

Statistical Analysis: All experiments were designed in a

completely randomized design and obtained data were

statistically analyzed using standers error (SE) according

to the method described by Snedecor and Cochran .[18]

RESULTS AND DISCUSSION

Callus Induction: Data tabulated in Table (1) shows the

1 2 3 4effect of MS , MS , MS  and MS  on calli production

from different explants. The maximum values of calli

production  were observed with shoot tip followed by

2leaf, stem seeds and root  explants,  respectively.  MS

1then MS , gave highest value of mass calli production,

3respectively. On other hand MS  medium showed no

promising response on calli formation from different type

of explants. However, supplementation of MS–medium

4with 1 mg/l of NAA alone (MS ) recorded a little effect

on calli production with leaf, root and seeds explants. 

Callus Production: The growth dynamics  of  the

obtained callus tissue were  determined  during  five

1 2weeks of cultivation on the two best media (MS  and MS

(as follow:

Callus Fresh Weight (g): Data tabulated in Table (2) and

Fig. (1) shows the effect of the two type of culture media

1 2(MS  and MS ) on callus production which previously

induced from different C. roseus explant i.e., shoot tip,

leaf, stem, root and seeds cultures. It was found that callus

fresh weights of different explants were gradually

increased by increasing the time of cultivation. The

maximum values of callus fresh weight (g) were recorded

after the 5  week of cultivation. The best results of callusth

production from the different explants were recorded with

shoot tip, leaf, stem, root and seed explants, respectively.

On the other hand, the relative value of callus fresh

weights (1.76, 1.39, 1.25, 1.15 and 0.99) were recorded

2after  the  3   week  of  cultivation on MS  compared rd

1with MS .

Table 1: Effect of  different  modified  M S-medium  on  callus  induction  from  shoot  tip,  leaf, stem, root and seeds explants of C. roseus,, after

30 days of cultivation

Explants

------------------------------------------------------------------------------------------------------------------------------------------------

Culture media Shoot tip Leaf Stem Root Seeds

M S1 ++ + + + 0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M S2 +++ ++ ++ + 0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M S3 --- + --- + 0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M S4 --- --- --- --- ---

Where: Callus production      +++ High )~90-100%( ++ M edium )~75- 85%( + Low )~50-70%( --- Non 
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Table 2:  Effect  of  culturing  on  two  modified  M S-media  (MS1  and MS2) on fresh weight (g) of callus derived from  the different explants of

C. roseus, during five weeks of cultivation. (The initial fresh weight of callus inoculam was ~250 mg).

M S-medium M S1 M S2

Weeks ------------------------------------------------------------------------------- -------------------------------------------------------------------------------

Explants 1  week 2  week 3  week 4  week 5  week 1  week 2  week 3  week 4  week 5  weekst nd rd th th st nd rd th th

Shoot tip 0.53±0.05 0.70±0.06 1.54±0.13 1.23±0.13 1.96±0.14 0.68±0.06 0.84±0.07 1.76±0.12 1.93±0.12 2.25±0.13

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Leaf 0.37±0.03 0.56±0.04 1.36±0.14 1.75±0.15 1.51±0.16 0.44±0.05 0.71±0.06 1.39±0.13 1.65±0.12 1.87±0.16

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Stem 0.36±0.03 0.54±0.04 1.12±0.09 1.23±0.10 1.42±0.13 0.42±0.04 0.67±0.05 1.25±0.13 1.44±0.14 1.73±0.17

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Root 0.34±0.04 0.51±0.05 0.93±0.09 1.15±0.10 1.32±0.11 0.37±0.03 0.61±0.05 1.15±0.12 1.29±0.14 1.49±0.13

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seeds 0.31±0.04 0.51±0.05 0.85±0.06 1.00 ±0.07 1.25± 0.05 0.33±0.05 0.52±0.03 0.99±0.13 1.12±0.09 1.45±0.14

Each value is the average of 10 replicates ± SE (Standard error). 

Table 3: Effect of culturing on two modified M S-media (M S1 and M S2) on dry weight (g) of callus derived from the different explants of C.roseus,

during five weeks of cultivation. (The initial fresh weight of callus inoculam was ~250 mg).

M S- M S1 M S2

medium ---------------------------------------------------------------------------------- ---------------------------------------------------------------------------------

Explants 1  Week 2  Week 3  Week 4  Week 5  Week 1  Week 2  Week 3  Week 4  Week 5  Weekst nd rd th th st nd rd th th

Shoot tip 0.037±0.001 0.063±0.003 0.125±0.009 0.164±0.012 0.184±0.015 0.054±0.003 0.075±0.006 0.143±0.008 0.168±0.014 0.195s±0.016

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Leaf 0.029±0.002 0.053±0.003 0.094±0.005 0.135±0.008 0.146±0.013 0.035±0.002 0.064±0.003 0.125±0.007 0.147±0.085 0.162±0.015

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Stem 0.021±0.004 0.047±0.005 0.085±0.006 0.116±0.045 0.129±0.084 0.030±0.001 0.057±0.004 0.098±0.006 0.126±0.043 0.143±0.062

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Root 0.017±0.005 0.041±0.004 0.074±0.006 0.103±0.055 0.125±0.064 0.025±0.004 0.048±0.005 0.091±0.007 0.105±0.052 0.127±0.085

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seeds 0.015±0.003 0.034±0.005 0.053±0.005 0.085±0.006 0.107±0.009 0.021±0.001 0.042±0.002 0.075±0.004 0.094±0.006 0.115±0.008

Each value is the average of 10 replicates ± SE (Standard error ).

Table 4: Effect  of  different  modified  M S-medium  on  direct  shoot regeneration from shoot tip, leaf, stem, root and seeds explants of C. roseus,

after 30 days of cultivation.

Explants

--------------------------------------------------------------------------------------------------------------------------------------------------

Culture media Shoot tip Leaf Stem Root Seeds

M S1 + + + --- 0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M S2 + --- --- --- 0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M S3 ++ + + --- +++

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M S4 +++ ++ + + +++

Shootlets regeneration     +++ High ++ M edium + Low --- Non

2Fig. 1: Calli production from Shoot tip (A), Leaf explant (B) of C. roseus cultured on MS -medium after 30 days of

cultivation.

Callus Dry Weight (mg): Dry weight (mg) of callus tissue  derived from the cultures of different explants shoot tip, leaf,
stem root and seeds cultures of C. roseus were determined weekly during and after 5 weeks of cultivation. The data

presented in Table (3) showed that, the best results were recorded with MS2. Shoot tips derived callus showed the best
results of dry weight as compared  with those derived from the other explants. The descending order of callus dry weight
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3Fig. 2: Effect  of  two  modified   MS-medium   (MS

4and MS ) on number of direct shootlets
regeneration/explant from shoot tip, leaf, stem,

root and seeds cultures of C. roseus after 30 days
from cultivation.

3Fig. 3: Effect of two modified MS-medium (MS  and

4MS ) on fresh weight (gm) of direct shootlets

regeneration /explant from shoot tip, leaf, stem
root and seed cultures of C. roseus after 30 days

from cultivation.

at the end of the 5 week from cultivation was 0.195,th  

0.162, 0.143, 0.127 and 0.115 (g) with shoot tip, leaf,

stem, root and seeds cultures, respectively. The third week
showed the significant week for optimum value of callus

dry weight. 

Direct Shootlets Regeneration: The effect of different
supplementation of auxins and cytokinins to MS-medium

on  direct  shoot regeneration form the different explants
of C. roseus is tabulated in Table (4). The best culture

medium for direct shootlets regeneration was recorded

4 3with MS  followed by MS . However, the low observation

2of direct shoot regeneration was observed with MS  as

1compared with MS .Regarding the type of explant, it was

found that the maximum value of direct shootlets
regeneration was noted with shoot tip, leaf, seeds, stem

and root cultures, respectively. 

Fig. 4: Direct  shootlets regeneration from shoot tips of

4C. roseus after 30 days of cultivation on MS

medium. 

Number of Direct Shootlets Regeneration: Number of

directed shootlets regeneration from the different explants

of C. roseus was recorded in Fig. (2). The highest number

of induced shoot regeneration were 189, 167, 135, 115

and 5 shoots / explant with shoot tip, leaf, seeds, stem and

root explants, respectively. The best culture medium for

direct shootlets regeneration was MS4 as a compared with

MS3-medium.

Fresh Weight  of  Direct Shootlets Regeneration (g):

Fig. (3) shows the effect  of  two  modified MS-media

3(MS ) or on fresh weights of shoot regenerated from

different explants i.e., shoot tip, leaf, stem root and seeds

cultures of C. roseus. The descending orders of the best

results of fresh weights (g) for direct shoot regenerated

were 15.84, 9.75, 7.33, 6.75 and 0.23 (g) with shoot tip

(Fig.4), leaf, seeds,  stem  and  root  explants. The  best

medium  for  high regenerated shoots was MS4-medium.

3However, in case of MS -medium the best results of fresh

weights were, 8.33, 5.45, 4.25, 3.17 and 0.15 (g) for shoot

tip, leaf, stem root and seeds cultures of C. roseus

respectively. 

Dry Weight of Direct Shoots Regeneration (g): Fig. (5)

4shows the effect of two modified MS-media (MS ) or

3(MS ) on dry weights of shoot regenerated from different

explants i.e., shoot tip, leaf, stem root and seeds cultures

4of C. roseus. MS  showed the best results of dry weights

(g) were 1.54, 0.83, 0.64, 0.56 and 0.03 (g) with shoot tip,

leaf and seeds, stem and root explants, respectively.

Meanwhile, in case of culturing C. roseus explants on

3MS , it was 0.75,0.41,0.35,0.31 and 0.01 (gm) with shoot

tip, leaf, seeds, stem and root explants, respectively. 

Total   Alkaloids   Determination:   As   shown  in

Tables (5 and 6) the highest percentages of  total

alkaloid1.116,  0.995  and  0.934  were  resulted from root
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3Fig. 5: Effect  of  two modified MS-medium (MS  and

4MS ) on dry weight (g) of direct shootlets

regeneration /explant from shoot tip, leaf, stem

root and seed cultures of C. roseus after 30 days

from cultivation. 

Table 5: Quantitative com parison of the total alkaloids in different

callus cultures, obtained from different explants of C. roseus.

Dry weight Weight of Total % of total

Callus sample (gm) alkaloids (gm) alkaloids

Control (Intact plant) 0.696 0.0051 0.732

Shoot tip M S1 0.565 0.0025 0.442

Shoot tip M S2 0.626 0.0044 0.703

 Leaf M S1 0.665 0.0047 0.706

Leaf M S2 0.824 0.0082 0.995

Stem M S1 0.506 0.0025 0.494

Stem M S2 0.621 0.0058 0.934

Root M S1 0.687 0.0030 0.437

Root M S2 0.887 0.0099 1.116

Seeds M S1 0.500 0.0026 0.52

Seeds M S2 0.455 0.0012 0.264

1Where: M S  = M S + 1 mg/l 2,4-D 

2 M S  = M S + 1 mg/l 2,4-D + 1 mg/l Kin 

Table 6: Quantitative com parison of the total alkaloids in direct

shootlets regeneration cultures, obtained from different

explants of C. roseus.

Dry weight Weight of Total % of total

Callus sample (gm) alkaloids (gm) alkaloids

Control (Intact plant) 0.696 0.0051 0.732

Shoot tip M S3 0.875 0.0165 1.885

Shoot tip M S4 0.885 0.0175 1.977

Leaf M S3 0.725 0.0095 1.310

Leaf M S4 0.750 0.0125 1.667

Stem M S3 0.650 0.0092 1.415

Stem M S4 0.645 0.0119 1.845

Root M S3 0.763 0.0085 1.114

 Root M S4 0.536 0.0105 1.958

Seeds M S3 0.542 0.0077 1.420

Seeds M S4 0.503 0.0099 1.97

3Where: M S  = M S + 1 mg/ NAA

4M S  = MS + 1 mg/l NAA + 1 mg/l BA

2 1 2(MS ), stem (MS ) and stem (MS ) calli derived cultures,

respectively. However, the maximum percentages of total

alkaloids 1.977, 1.97 and 1.958 were resulted from shoot

4 4 4tip (MS ), Seeds (MS ) and root (MS ) derived direct

shootlets regeneration, respectively. 

Discussion: It  is  well  know  that  utilization of

medicinal plants as a natural source of drugs is being

increasingly encouraged. These plants have been targets

for uncontrolled collection and destruction as a result of

urbanization. Callus or cells could be used for the large

scale culturing of plant cells from which active agents can

be extracted . C. roseus callus or cell cultures have been[16]

studied extensively as an alternative for production

therapeutically important alkaloids, such as vinblastine,

catharanthine,  ajmalicine  and  serpentine.  In  this

respect, Kutney and Atta-Ur-Rahman  believed that[10]

biotechnology and synthetic chemistry are routes to

clinically  important  natural  products.  They  believed

that the development of plant cell culture methods, in

combination with chemistry, afford an attractive and often

powerful route for the synthesis of complex natural

products.

In agreement with our obtained results, Ferderique

and Leslie  reported that cytokinins have more effect on[6]

accumulation of indole alkaloids in periwinkle callus

cultures. They reported that, the exogenously applied

cytokinin  increased  the ajmalicine and serpentine

content of untransformed callus culture obtained from

cotyledons. On same respect, Abdelouahab et al.[1]

studied the interaction between cytokinins and ethylene

on alkaloids accumulation in a periwinkle cell cultures.

They reported that, either exogenously applied cytokinins

or ethylene greatly enhanced ajmalicine accumulation in

cell subcultured in 2,4-D free medium.

Furthermore, Jacqueline et al.  reported that,[9]

catharanthine is routinely detected in cell and tissue

cultures of C. roseus but the accumulation of stable and

significant levels of vindoline has been elusive. 

However, Miura et al.  reported that a multiple-[1 1 ]

shoot culture line, Msc-B-1 induced from seedlings and

maintained  for more than 18 months in the presence of

1.0 mg BA/liter, produced about 15 ng vinblastine/g DW.

They reported that the alkaloids were found mostly in the

leaf tissue and the yield was considerably higher than that

reported in callus culture (1 ng / g DW), but lower than in

the parent plant. Also, Hirata and his coworkers  studied[8]

the effect of near ultra-violet light on alkaloid production

in  multiple  shoot  cultures  of  C.  roseus. They found

that near ultraviolet, with peak at 370 nm stimulated the

production of leurosine and to a lesser extent, vinblastine,

while contents of vindoline and catharanthine decreased.
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