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ABSTRACT

Catharanthus roseus is still the only source for the powerful antitumor drugs vinblastine and vincristine.
Effects of mercuric (HgCl2) on enhancement the accumulation rate of total indole alkaloids; antineoplastic
agents (vinblastine and/or vincristine) in calli cultures of Egyptian Catharanthus roseus (L.) G. (Don) were
studied. Hgcl2 was used at levels of 0.0, 0.2, 0.4 and 0.8 μm/l, added to modified alkaloid production medium
(MAPM). The obtained results showed that: All tested concentrations of Hg significantly decreased the different
measured growth parameters of shoot and root derived calli, however, the percentage of dry matter content
significantly increased comparing the control treatment.  Moreover, the percentage of total indole-alkaloids was
significantly increased. The highest values of the accumulation rate of total indole- alkaloids, further,
vinblastine and/or vincristine were recorded at the rate of 0.8 mM / Hg in shoot and root derived calli,
respectively.  

Key words: Catharanthus roseus, calli cultures, mercuric (Hgcl2), total indole alkaloids, vinblastine and/or
vincristine.

Introduction

Catharanthus roseus has warranted significant study due to its production of two valuable alkaloids used
in chemotherapy. These indole-alkaloids, vincristine and vinblastine, are produced at extremely low levels
within the plants and remain resistant to feasible chemical synthesis due to their complex structures (Verpoorte
et al., 1997, Hughes and Shanks, 2002 ). C. roseus (Madagascar periwinkle) is the natural source for about
130 terpenoid indole alkaloids (TIA) including the well-known anticancer agents vinblastine and vincristine.
These indole-alkaloids are spindle toxins that have proven effective in chemotherapy treatments for leukemia
and Hodgkin's disease (lymph node and spleen cancer). In addition, it is an important medicinal plant, belongs
to the family Apocynaceae and cultivated mainly for its alkaloids (Datta et al., 1980). Pink flowered cultivar
gives higher yield of foliage; roots and total alkaloids as compared with white flowered cultivar. In addition
to anticancer activity, the total alkaloids and chloroform fraction of crude drug showed significant  sustained
hypotensive action and selective transquilizing properties (CSIR et al., 1992). Moreover, the ethanolic extract
of leaf has significant hypoglycemic activities, nrendering it as a good antidiabetic drug (Kar et al., 2003).

The current work aimed to study the induction and accumulation of the active constituents (vincristine
and/or vinblastin) in different types of C. roseus calli cultures in response to mercuric element.

Materials and Methods

1-Plant materials:
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Seeds of Egyptian Catharanthus roseus (L.) Don.c.v. alba 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, and then transferred to a solution of 50 %
Clorox (containing 5.25 % NaOCl and drops of twin 20) for 15 min. Then they were aseptically germinated
on basal MS (Murashige and Skoog, 1962) medium for 4 weeks and used as plant materials.

2-Calli  production:
Three aseptically segment of shoots and roots were excised from C. roseus sterilized plantlets and placed

in 200 ml jars containing 40 ml of B5 (Gamborg and Shyluk, 1981) solid medium containing 1mg/l each of
2,4-D and Kin (The best medium for callus production  according to Taha et al.(2008). Sub-culturing had been
done every 4 weeks on MS-medium containing 1mg/l kin.

3-Supplementation of B5 medium with mercury (Hg):

The effect of addition of mercury (Hg) in formula of HgCl2 to MAPM medium  on achievement of shoot
and root calli growth parameters as well as on accumulation of total indole alkaloids was determined.  The
tested levels of HgCl2  0.4, 0.6, and 0.8 mM, where’s, these levels are equal of  0.01086, 0.1629 and 0.2172
gm/l; were used. The control treatment was MAPM medium without HgCl2. Thus, there were 4 separated
experiments considering the effect of heavy metal (Hg) at different concentrations, and each one contained 4
treatments. 

4-Determination of calli growth dynamics and total alkaloid production:

The following data were recorded for the experiments of factors affecting the calli growth and total indole
-alkaloid production as follow: 

4.1. Calli fresh and dry weights (g/Jar):

Where shoot and root calli tissues of eight jars per treatment, were freshly weighted, then dried at 60 oC
until constant weight. The average was recorded. 

4.2. Calli growth rate:

Calli growth rates were expressed as fresh weight in g/day and estimated according to Dung et al. (1981).

4.3. Calli dry matter content (%):

Calli dry matter contents were calculated according to the following equation: 

  Dry  weight  (g)
Dry matter content (%) =  )))))))))))))) X 100

  Fresh weight (g)

5- Determination of  total indole alkaloids:
5.1. Preparation  and extraction of  crude indole-alkaloid.

Crude alkaloid extract was obtained from each kind of dry plant materials by a modification of the method
mentioned by Hirata et al. (1987). Where two grams as a fine powder of dry plant material was extracted 4
times with ethanol (10 ml) for 15 minutes in a sonic bath at 60 oC. After filtered , the extracted solution was
evaporated at  60oC under reduced pressure in a rotary evaporated and portioned between 5 % sulphuric acid
and diethyl either (1:1). The organic phase was washed 3 times with 5 % sulfuric acid (1:1). The combined
acid solution was adjusted to pH 10 with 10N sodium hydroxide and extracted 3 times with chloroform (1:1).
The combined chloroform phase was evaporated under reduced pressure to give the crude alkaloid extract.

5.2. Quantitative determination of total indole alkaloid and antineoplastic agents (mg/g Dw) using HPLC
technique:

Quantitative analysis of alkaloid contents was carried out using high – performance liquid chromatography
(HPLC) according to the described method by Zhao et al. (2000). Alkaloids enriched medium were directly
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extracted into ethyl acetate after adjusting the medium to pH 10. HPLC conditions: Shimadsu LC -4A
instruments with CR3A integrator and SPD -4A UV-detector (280nm), Nucleosil 5 C18 column (250 x 4.6
mm, 5µ m) ; Samples were eluted with a mobile phase of methanol / acetonitrile/0.025 mol l-1 ammonium
acetate / triethylamine (15:40:45:0.1) at a flow rate of 1 ml /min. Alkaloids were identified by TLC, co- elution
in HPLC and HPLC Diode Array Detection of spectra and compared with standard substances.

6. Statistical analysis:

The statistical analysis was carried out according to the described method by Snedecor and Cochran (1980)
using least significant difference (L.S.D.) at 0.05 level of probability.  

Result and discussion

1.Effect of Mercury (Hg) on calli growth parameters:
1.1. Calli fresh weight (g/Jar):

Data tabulated in Table (1) show the effect of MAP medium fortified with different concentrations of
HgCl2 on shoot and root calli fresh weight. Regarding the shoot and root derived calli, the highest average of
fresh weights 9.285, 9.886 and 7.305, 8.149 (g/ Jar) were recorded with control treatment before and after
subculture for shoot and root calli, respectively. However, the increasing of HgCl2 concentrations, were
subsequently decreased the calli fresh weights (Fig.1 a and b). Moreover, the lowest averages of calli fresh
weights 1.036, 1.006 and 0.948, 0.976 (g /Jar) were noticed with 0.8 µm/l HgCl2 before and after subculture
for shoot and root calli, respectively. Further, there was a significant reduction in the average of fresh weights
with arranged of HgCl2 concentrations from 0.4 to 0.8 µm/l compared with the control treatment. However,
after subculture (the end of the second culture period) the average of fresh weight slightly increased with each
treatment, except with the HgCl2 treatment of 0.8 µm/l in the case of calli derived from shoot explants (Table
1).

1.2. Calli dry weight (g/Jar):

From data presented in Table (1) the average value of shoot and root calli dry weights, it evident that the
differences among the different treatments were significant before and after subculture. In all cases the highest
average of dry weights noticed with the control treatment, and the lowest one was recorded with 0.8 µm/lHg.
There was significant reduction in dry weights with  the arranged concentrations of Hg from 0.4 to 0.8 µm/l
compared with the control treatment. In respect of shoot derived calli, the average value of the control dry
weights 0.4966 and 0.5259 (g/ Jar) were recorded before and after subcultures; respectively. While, 0.8 µm/l
of Hg recorded 0.1096 and 0.0906 (g/Jar) before and after subculture; respectively. However, after sub-culturing
the dry weights slightly increased with the different concentrations of HgCl2 exception of 0.6 µm/l for both
types of calli besides 0.8 µm/l for shoot calli cultures (Table 1).

1.3. Calli growth rate:

Similar to the results previously mentioned the highest values of shoot and root calli growth rate were
observed with the control treatment either before or after subculture in both types of calli (Table 1). In
addition, it noticed that by increasing the concentration of Hg, the formation of new calli tissues, significantly
was decreased compared to the control treatment. For shoot derived calli, the average of control treatment
growth rates 0.3316 and 0.3534 (g/d) were recorded before and after subculturing, respectively, followed by
Hg treatments of 0.4, 0.6 and 0.8  µm/l; respectively. Considering of the growth rate of root derived calli
0.261 and 0.291 (g/d) were recorded before and after subculturing, respectively. However, those recorded
0.0339 and 0.0349 (g/d) with 0.8 µm/l of Hg before and after subculturing; respectively. The arranged
concentrations of Hg from 0.4 to 0.8 µm/l were revealed to be inhibitory of calli growth rate. These results
were expected hence there were a direct relation between fresh weight and growth rate. Further, an increment
was observed in the average of growth rate with different  treatments after subculture except using Hg at the
level of 0.8 and 0.6 (µm/l) reduced the shoot and root derived calli (Table 1).

1.4. Calli dry matter content (%):
Percentage of calli dry matter contents relative to its fresh weights are presented  in Table (1). An opposite

behavior was observed in this phenomenon, where there an apparent trend towards increasing the percentage
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of dry matter in correlation with increasing of Hg concentrations. The average percentage of dry matter at Hg
concentrations arranged from 0.4 to 0.8 (µm/l) was significantly higher than those the control treatment either
before or after subculture for shoot and root derived calli. Respecting the highest average of shoot calli dry
matter contents 10.580 and 9.046 (%) were noticed with Hg concentration of 0.8 µm/l before and after
subculture; respectively, followed by 0.4, 0.6 and 0.0 µm/l, where the latest one had 5.347 and 5.320 (% )
before and after subculture, respectively (Table 1). Respecting to the highest percentage of root dry matter
content 9.470, 8.470, 8.430 6.107(%) were recorded with Hg concentration of 0.8, 0.4, 0.6 and 0.0 (µm/l)  and
control treatments, before subculturing, respectively. However, after subculture, the highest averages 9.850 %
followed by 9.310, 8.660 and 5.689 (%) were recorded with Hg concentrations of 0.4, 0.8, 0.6 and 0.0 µm/l,
respectively (Table 1). After sub-culturing, there was a slight reduction in the percentage of dry matter with
all treatments in the case of shoot derived calli. The same observation was recorded with root derived calli
at the treatments of control and 0.8 µm/l Hg. While the percentage of dry matter was slightly increased with
the treatments of 0.4 and 0.6 µm/l of Hg (Table 1).

Fig. 1: Shoot (a) and root (b) derived calli of Catharanthus roseus (L.) G. Don, subcultured for 4 weeks onto
APM medium supplemented with 0.0 (1) 0.4 (2), 0.6mM (3) and 0.8 (4) mM of HgCl2 from left to
right and incubated under light condition.

        
The obtained results mentioned before regarding of C. roseus calli growth parameters were in accordance

with those reported by Tallevi and Cosma (1988), where, they reported that there was a significant reduction
in the fresh and dry weights of callus as a result of addition of heavy metals. In addition, it was clear that the
reduction in calli fresh weights may be related to the toxic effects of HgCl2. Moreover, the average value of
dry weight was decreased with increasing the concentrations of Hg HgCl2, which may be related to the highly
toxic effect of HgCl2 (Table 1).

2. Effect of mercury (Hg) on qualitative and quantitative determination of total indole alkaloids:
2.1. Total indole alkaloid contents:

Data in Table (2) shows the effect of different concentrations of Hg on total indole alkaloid yields from
shoot and root derived calli grown on modified MAP medium. Regarding the average of total  indole alkaloid
expressed as mg per jar, it was found that in case of callus formed by shoots, the control treatment had the
highest average 6.703 and 7.341 (mg/jar) before and after subculture, respectively. The presence of Hg in
culture medium resulted in significant decreases in amounts of total indole alkaloid produced in jar comparing
with the control. The reduction of total indole alkaloids was increased with increasing of Hg rate and the
lowest average 2.68 and 2.12 (mg/ jar) was recorded before and after subculture, respectively (Fig.2). The same
trend was seen in the case of root derived calli, where the highest and the lowest averages of total indole
alkaloids were recorded with Hg rate of 0.0 (control) or 0.8 µm/l of Hg; respectively. For the root formed calli,
the checked treatment had averages of 5.53 and 5.96 mg total alkaloids per jar, while 0.8 µm/l Hg treatment
had those of 1.80 and 1.81 mg per jar before and after subculture; respectively. Moreover, there were some
increments in total indole alkaloid production per jar after subculture at different treatments except at those
of 0.8 µm/l of Hg in both cases of calli besides 0.6 µm/l in the case of root formed calli (Fig.3).

These results mentioned before were in agreement with those obtained by Tallevi and Cosma (1988) who
reported that the depression of alkaloids accumulation was associated with the high amounts of heavy metal
and which had an inhibitory effect on metabolic processes.

2.2. Quantitative determination of antineoplastic agents using HPLC technique:

Determination of indole alkaloid in whole cultures was carried out using HPLC technique. As shown in
chromatogram of Fig.(4) vincristine was detected (retention time = 10.86 min.). The analysis indicated that
vinblastine was not detected and this may be related to the used cultivar. Table (3) show that  total alkaloids
content 14.730 mg/g DW was recorded with whole tissues, while vincristine content recorded 404 µg/g DW
with a percentage of 2.743 % relative to the total alkaloids. Vincristine was isolated from the crude indole
alkaloid extracted by preparative TLC technique.
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Fig. 2: Effect of different concentrations of mercury on total alkaloids mg/jar before and after subculture of
shoot callus tissues of Catharanthus roseus.

Fig. 3: Effect of different concentrations of mercury on total alkaloids mg/jar before and after subculture of
root callus tissues of Catharanthus roseus.

2.3.Total indole alkaloids  and antineoplastic agent contents cultured on  B5 medium:

As shown in Table (3) shoot derived calli contained a total indole alkaloid 15.530 mg/ g DW  and those
overcame the original plant with 0.8 mg/g DW. The concentration of vincristine was 128.672 µg/g DW with
a percentage of 0.829 % relative to the total alkaloids (Table 3). It was clear that  vincristine was decreased
comparing with the original material. This decrease was supported by the obtained results of Morris et al.
(1988). Absence of vinblastine in this study was similar to that mentioned by Tikhomiroff and Jolicoeur (2002)
on C. roseus and in contrast to the results reported by Pardsani et al. (1979), Mandel and Maheshwani (1987),
Hirata et al. (1989), Parr et al. (1989), Renault et al. (1999) and Uniyal et al. (2001) may be this related to
the used genotype.

Regarding root derived calli, the total indole alkaloids content was 12.765 mg /g DW, which less than
those of shoot derived calli and origin materials, (Table 3). Vinblastine was not detected, but vincristine was
found at 117.524 µg / g DW with a percentage of 0.921 % relative to the total indole alkaloids content (Table
3). These results were similar to those mentioned by Bereznegovskaga et al. (1977), Lapinjoki et al. (1987)
and Fatah Allah (1997) on C. roseus. The difference between shoot derived calli and root derived ones may
be due to the biochemical potential of each calli type under the culture conditions used in the present work.
In the same field, Moiura et al. (1988) found that the yield of alkaloids in the leaf tissues was higher than that
in the root calli cultures of C. roseus which similar to the present results.   

2.4. Determination of total indole alkaloids and antineoplastic agent contents cultured on MAP medium:

The results of shoot derived calli indicated that the total indole alkaloids contents were 13.494 and 13.959
mg/ g DW  before and after subculture on MAP medium. Concerning, vincristine was detected at the rate of
101.970 µg/gDW with a percentage of 0.755 % relative to the total indole alkaloids content. After subculture
vincristine was detected at the rate of 101.580 µg/ gDW with a percentage of 0.728 % relative to the total
indole alkaloid contents. As shown in Table (3) all these values were less than those detected in the original
materials. Regarding root derived calli, the total alkaloids contents were 12.567and 12.976 mg /g DW before
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and after subculture on MAPM, respectively. Vincristine rates were 0.346 and 0.342 µg/g DW before and after
subculture; respectively with percentages of 0.003 % relative to the total alkaloids content either before or after
subculture (Table 3).

In both shoot and root derived calli, vinblastine was not detected. All results indicated that both callus
types contained lower amounts of the total alkaloids and vincristine corresponding to those detected in the
original plants (Table 3). These results were in harmony with those reported by Moiura et al. (1988) and
Toivonen et al. (1989).

Fig. 4: Chromatogram of alkaloid extracted  from whole original mother plant of C. roseus, where vincristine
was detected at 10.86.

Table 1: Effect of different concentrations of Hg on growth of shoot and root derived  calli of Catharanthus roseus L.G.Don, before and after  subculture 1).
SHOOT
Hg Conc. mg/l Fresh weight(g) ± SE Dry weight (g) ± SE Dry matter Content (%) Growth rate g/days Increase value 

------------------------------------------------ ---------------------------------------------------- ----------------------------------------- --------------------------- --------------------------
Before After Before After Before After Before After Before After
0.0 9.285 a ± 0.2553 9.886 a ± 0.4244 0.4966 a ± 0. 0180 0.5259a ± 0.0246 5.347c (13.44) 5.32c (13.31) 0.3316a 0.3534a 17.571a 18.773a
0.01086 1.650 b ± 0.2592 1.849 b ± 0.2583 0.1548 b ± 0.0203 0.1666b ± 0.0141 9.39ab (17.85) 9.03ab (17.46) 0.059bc 0.066b 2.3bc 2.698b
0.1629 1.450 b ± 0.2707 1.488 bc ± 0.2275 0.129 bc ± 0.0141 0.1265bc ± 0.0152 8.896b (17.36) 8.587b (17.05) 0.052bc 0.053bc 1.99bc 1.958bc
0.2172 1.036 b ± 0.1263 1.006 c ± 0.0754 0.1096 c ± 0.0138 0.0906 c ± 0.0073 10.58a (19.00) 9.046a (19.00) 0.037c 0.036c 1.073c 1.012c

ROOT
0.0 7.305a ± 0.4817 8.149a ± 0.4115 0.440a ± 0.0151 0.4596a ± 0.0128 6.107c (14.30) 5.689c (13.81) 0.261a 0.291a 13.588a 15.298a
0.01086 1.558b ± 0.2303 1.696b ± 0.2505 0.1318b ± 0.0160 0.1449b ± 0.0217 8.47b (16.95) 9.85a (18.24) 0.0556b 0.0606b 2.116b 2.392b
0.1629 1.435b ± 0.2285 1.305b ± 0.1678 0.1206bc ± 0.0160 0.1139bc ± 0.0156 8.43b (16.85) 8.66b (17.16) 0.0513b 0.0466b 1.87b 1.61b
0.2172 0.948b ± 0.1120 0.976b ± 0.0692 0.0898c ± 0.0135 0.0909c  ± 0.0081 9.47a (17.95) 9.31a (17.76) 0.0339b 0.0349b 1.896b 1.952b
Values are the mean ± SE. Each value is the average of Eight replicates Initial weight = 0.5± 0.05 g 
1) Figures followed by the same letters are not significantly deferent using L.S.D. test at 0.05 level of probability.   

Table 2: Effect of different concentrations of Hg on indole alkaloids (mg/g dry weight) of shoot and root derived calli of Catharanthus roseus L.G.Don, before and after subculture.
SHOOT
Hg conc. mg/l Dry weight (g)Jar Total alkaloid mg/g/DW Total alkaloid % Total alkaloid mg/jar

------------------------------------- ---------------------------------------- ---------------------------------------- --------------------------------------------------
Before After Before After Before After Before After

0.0 0.4966 0.5259 13.498 13.958 1.35(6.8) 1.40(6.8) 6.703 7.341
0.01086 0.1548 0.1666 21.49 20.91 2.149(8.53) 2.091(8.33) 3.33 3.49
0.1629 0.129 0.1265 22.22 22.73 2.222(8.53) 2.273(8.72) 2.87 2.89
0.2172 0.1096 0.0906 24.33 23.28 2.433(8.91) 2.328(8.72) 2.68 2.12
Means ± SE 0.2225 ± 0.0918 0.2274 ± 0.1007 20.3845 ±2.3731 20.2195 ±2.1477 8.1925 ±0.4727 8.1425 ±0.4568 3.8958 ± 0.9456 3.9603 ±1.1613
ROOT
0.0 0.440 0.4596 12.567 12.976 1.257(6.55) 1.298(6.55) 5.53 5.96
0.01086 0.132 0.145 18.76 18.32 1.876(7.92) 1.832(7.71 2.48 2.66
0.1629 0.121 0.114 19.11 19.09 1.911(7.92) 1.909(7.92) 2.31 2.18
0.2172 0.0898 0.0909 20.01 19.92 2.001(8.13) 1.992(8.13) 1.80 1.81
Means ± SE 0.1957 ±0.0819 0.2024 ±0.0865 17.6118±1.7021 17.5765±1.5679 7.6300±0.3634 7.5775±0.3531 3.0300±0.8458 3.1525±0.9519
Whereas Ind. Alk. = Indole Alkaloids content (mg/g dry weight).

2.5. Determination of total indole alkaloids and antineoplastic contents cultured on MAP medium supplemented
with 0.8 µM/l of Hg:

Table (3) show the total indole alkaloids and vincrstine contents, extracted from the shoot or root derived
calli before and after subculturing onto MAPM supplemented with 0.8 µM/l of Hg. Regarding the average of
total alkaloid expressed as mg /gDW, and it found that the highest averages 24.330 and 23.278 mg/g DW were
recorded before and after subculture, respectively. The reduction of total alkaloids was increased with
increasing of Hg concentrations.  In the case of root derived calli , the highest average of total indole alkaloid
recorded with  Hg of 0.8 µm/l. HPLC analysis showed that vincrstine contents 51.33 and 51.580 µg/g DW
with the same percentage of 0.005 relative to the total alkaloids content were recorded with shoot calli  formed
before and after subculture. However, vincrstine contents 0.510 and 0.630 µg/g dry weight with the
percentages of 0.00255 and 0.00316 relative to the total alkaloids content were recorded with formed callus
by roots, before and after subculture; respectively.
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These results mentioned before were in contrast with those obtained by Tallevi and Cosma (1988) who
reported that the reduction of alkaloids accumulation was associated with the high amounts of heavy metal and
which had an inhibitory effect on metabolic processes.

It was clear that the Hg element caused a stress for the callus when added to the media, however,
enhanced the callus to produce higher total alkaloid contents. The HgCl2 supplementation to the medium was
a good stress factor for indole alkaloid accumulation in spite of the depression of weight. The total alkaloid
content in callus grown on MAPM supplemented with 0.8 mM/l of Hg was higher than those in the original
plants, but vincrstine was lower.

Table 3: Determination of total alkaloids and vincrstine contents and vincristine relative percentage using HPLC for original intact
plants, different types of calli cultures of Catharanthus roseus.

Analyzed material Original plants and different calli
-----------------------------------------------------------------------------------------------

 Total alkaloids Vincrstine Vincrstine (%)
(mg/g d w) (µg /g d w)

Original intact plants 14.730 404.000 2.74
Shoot callus grown on B5 medium 15.530 128.672 0.83
Root callus grown on B5 medium 12.765 117.524 0.92
Shoot callus grown on APM before sub. 13.498 101.970 0.76
Shoot callus grown on APM after sub. 13.959 101.580 0.73
Root callus grown on APM before sub. 12.567 0.346 0.003
Root callus grown on APM after sub. 12.976 0.342 0.003
Shoot callus grown on APM+ 0.8 mM/l Hg before sub. 24.334 51.334 0.21
Shoot callus grown on APM+ 0.8 mM/l Hg after sub. 23.278 51.580 0.22
Root callus grown on APM+ 0.8 mM/l  Hg before sub. 20.011 0.510 0.003
Root callus grown on APM+ 0.8 mM/l Hg after sub 19.923 0.630 0.003
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