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PRELIMINARY STUDIES ON THE ESTABLISHMENT AND MULTIPLICATION OF THE ANTI–MALARIAL
PLANT – Cryptolepis sanguinolenta in vitro
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CSIR - Plant Genetic Resources Research Institute. Post Office Box 7, Bunso, Ghana

Abstract
Conventional multiplication of Cryptolepis sanguinolenta is limited due to poor germination and rapid loss of seed viability. This
study aimed to develop simple micro-propagation protocol for generating planting material using tissue culture techniques.
Seed and nodal explants were sterilized with combinations of ethanol, sodium hypochlorite, and mercuric chloride and
established either on Murashige and Skoog’s (MS) basal medium (A) or on MS supplemented with 0.01 mg/l kinetin (B). The
rate of in vitro development (plant height, number of nodes and branches) were evaluated on MS medium supplemented with
0.1, 0.3, 0.4 and 0.5 mg/l kinetin. All sterilization procedures tested were effective for seed explants which showed 92, 91
and 100% clean cultures for A, B, and C treatment regimes. Nodal explants showed 100 and 88 percent contamination with
treatments A and B but 100% clean nodal explants with treatment C. Seed explants with intact seed coat showed less than
5% development while the absence of seed coat resulted in greater than 60% embryo development within 2 weeks, both on
hormone-free (A) and kinetin supplemented medium (B). Murashige and Skoog’s medium supplemented with 0.4 mg/l kinetin
produced the highest number of nodes (unit for initiating cultures) and positive correlation (r = 0.564) was found between
number of shoots and number of nodes. Except for root production, all other parameters (plant height, number of nodes and
branches) did not differ significantly in medium supplemented with various kinetin concentrations.
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Introduction
Malaria falciparum, the disease caused by Plasmodium fal-
ciparum is wide-spread in sub-Saharan African countries in-
cluding Ghana, Nigeria and Guinea Bissau (Adubofour, 1992;
Jansen and Schmelzer, 2010). According to the world health
organization, the parasite (Plasmodium falciparum) is resis-
tant to chloroquine (Adubofour, 1992; Wellems and Plowe,
2001). However, extracts from Cryptolepis sanguinolenta
(Lindl.) Schltr have proven to be efficacious against malaria
falciparum (Addy, 2003; Cimanga et al., 1997; Monney et al.,
2016)(Money et al. 2016; Addy, 2003; Cimanga et al. 1997).
Cryptolepis sanguinolenta, a member of the Apocynaceae
family, has been used in traditional medicine for treatment of
malaria for many generations in the West African sub-region
(Amponsah et al., 2002; Ansah and Gooderham, 2002; Boye
and Ampofo, 1983; Tempesta, 2010) and has been found to
also possess antimicrobial and anti-hyperglycemic properties
(Mills-Robertson et al., 2012). Paulo et al. (1995) for instance
reported that 5 out of 8 (62.5%) standard organisms and 6
out of 8 (75%) clinical isolates were inhibited by fractions
of C. sanguinolenta. However, there are conflicting reports
on the toxicity of C. sanguinolenta extracts. Dwuma-Badu
et al. (1978) indicated some toxicity associated with C. san-
guinolenta extracts. However, later reports showed that the
extracts are clinically safe (Ansah et al., 2005; Ansha and
Mensah, 2013). This could be due to technological advances
facilitating detailed studies. With the effectiveness and safety
proven within the West African sub-region (Boye, 1989; Tem-
pesta, 2010), extracts from C. sanguinolenta could play a
vital role in the formal health delivery system for the treat-

ment of malaria. Cryptolepis sanguinolenta (Lindl.) Schltr.
(Periplocaceae) is a slender stemmed climbing shrub with sim-
ple, opposite leaf arrangement and produces milky sap which
turns orange upon drying (Ajayi et al., 2012; Ghana Herbal
Pharmacopoeia, 1992; Paulo and Houghton, 2003) (Figure 1).
Cryptolepis sanguinolenta grows wild. In Ghana, the popu-
lation of C. sanguinolenta has been reported to be dwindling
in the wild because of the indiscriminate manner in which in-
digenous plant collectors extract the resource (Ameyaw et al.,
2005; Amissah et al., 2016). This dwindling population could
impact negatively on the operations of local pharmaceutical
companies and consequently the local health delivery system.
Cryptolepis sanguinolenta can be propagated either by seed
or root cuttings (Amponsah et al., 2002). Seeds of C. san-
guinolenta lose viability quickly and this limits efforts at
establishing nurseries and subsequent plantations. Tissue cul-
ture micro-propagation has been used to produce planting
materials for crops such as pineapple (Bissah et al., 2009) and
banana (Gallez et al., 2004; Kalimuthu et al., 2007; Nguyen
and Kozai, 2001). Commercial application of tissue culture
technology depends on reliable regeneration protocol, which
involves establishment of plants in culture (initiation), pro-
liferation (multiplication) of cultures and rooting of in vitro
regenerated shoots. Aside the reports by Monney et al. (2016)
and Amissah et al. (2016), which attempted using tissue cul-
ture techniques to propagate C. sanguinolenta, there is hardly
any reference in pertinent literature on micro-propagation of
C. sanguinolenta in Ghana and elsewhere. The purpose of
the study was to streamline procedures to generate planting
materials of C. sanguinolenta using tissue culture method.
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The objectives were to standardize protocols for surface ster-
ilization, initiation and multiplication of C. sanguinolenta in
vitro.

Materials and Methods
Plant materials
Parent materials from which explants were harvested were
planted in the research field of the CSIR – Plant Genetic
Resources Research Institute, Bunso in Ghana. Figures 1 and
2 show the habit of the plant and harvested pods respectively.
Nodal cuttings and seed explants were used at the initiation
stage. Fruits and branches were collected from field grown
plants and seeds were extracted after surface sterilization
of the pods with 70% ethanol. Pods of C. sanguinilenta
contained seeds with coat colours: cream (immature), coffee
brown (matured) and black (dried) (Figure 3a) at different
stages of maturity. The immature and matured seeds were
obtained from pods which were still green whereas the dried
seed were obtained from brown pods.

Figure 1. C. sanguinolenta plant in the field

Test for viability in seeds of C. sanguinolenta ob-
tained from dried and green pods
Three categories of seed: immature (cream), mature (cof-
fee–brown) and dried (black) (Figure 3a) were surface ster-
ilized with 70% ethanol and germinated on wet filter paper
under room temperature conditions around 37 ◦C temperature.
The number of germinated seeds was monitored over a period
of six weeks.

Standardization of surface sterilization procedure
for nodal and seed explants
Four disinfectants: Bendazim 50WP (fungicide), Ethanol,
Sodium hypochlorite and Mercuric chloride were used in
three combinations designated as A, B and C (Table 1) to
surface sterilize nodal and seed explants collected from the
field. The treatments were followed with several rinses with

Figure 2. Pods of C. sanguinolenta

sterilized distilled water to remove traces of chemicals used
in the sterilization process.

Table 1. Regime for surface sterilization of nodal and seed
explants

Label Treatment Regime
A 70% Ethanol (5 min) + 10% NaOCl (10 min)

B 4 g/l Bendazim 50WP (10 min) + 70% v/v Ethanol
(2min) + 10% NaOCl (8 min)

C 1 g/l Bendazim 50WP (10 min) + 50% v/v Ethanol
(5 min) + 10% NaOCl (10 min) 0.5 g/l Mercuric
Chloride (10 min)

Assessment of the effect of kinetin on germination
and development from seed and nodal explants
Two nutrient media based on Murashigi and Skoogs’ basal
formulation were tested for initiating C. sanguinolenta cul-
tures. The first contained no growth regulator and the other
contained 0.1 mg/l kinetin. Development was assessed by the
emergence of radicle or plumule from the seed coat in seed
explants and emergence of plants from axillary buds in nodal
explants.

Evaluation of four kinetin concentrations for multi-
plication of C. sanguinolenta
Four Kinetin concentrations: 0.01, 0.03, 0.04 and 0.05 mg/l
were evaluated in Murashige and Skoog’s basal medium for
shoot development in nodal explants of C. sanguinolenta.
Three replicates of ten cultures were evaluated for each treat-
ment. Growth of cultures were evaluated based on the follow-
ing parameters: numbers of node, roots, shoots per explant,
branches and height of plants.
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Culture conditions for in vitro establishment of Cryp-
tolepis sanguinolenta
Murashigui and Skoog’s (MS) media (Murashige and Skoog,
1962) was used as basal medium in this study. All media were
supplemented with 30 g/l sucrose and 5.0 g/l agar. The pH of
all media was adjusted to 5.7 ± 0.1 and autoclaved at 121◦C
and 103.42 KPa steam pressure for 15 minutes. Cultures
were grown in incubation room with 16 hrs photoperiod and
between 25 - 27◦C temperatures.

Results and Discussion
Test for viability in seeds of C. sanguinolenta
Table 2 shows percentage germination of C. sanguinolenta
seeds grown on wet filter paper. The percentage seed germina-
tion recorded was lowest in the dried seed lot (0%) while the
highest was recorded in the matured seed lot (23.3%) (Table
2 and Figure 3b). Seeds germination in the immature seeds
was 3.3% at 6 weeks. The absence of development seen in the
dried seeds could possibly be because the seeds had lost viabil-
ity. In the matured seed coat category, 23.3% germination was
observed at 6 weeks. It was concluded that the coffee seed
coat stage might be the right physiological stage for seeds
to germinate; hence, coffee-coloured seeds were selected for
subsequent experiment. However, the low germination rate
(23.3%) observed in seeds with intact seed coat signifies that
there might be other factors aside the maturity of seeds that
influences germination. Two reasons could possibly account
for poor germination: seed coat being too hard for developing
embryos to penetrate or seed coat contained inhibitory sub-
stances which prevented embryo development as indicated by
dark-colouration of filter paper which may have been caused
by phenolic compounds which exuded from the seed coat
(Figure 3b).

Table 2. Percentage seed germination in C. sanguinolenta
seeds based on maturity (seed-coat colour) at five weeks

Seed coat colour Percentage seed germination
Cream 3.3
Coffee 23.3
Black 0

Evaluation of two explants and three sterilization
regimes for establishing in vitro cultures of C. san-
guinolenta
Table 3 shows the effect of sterilization regime and explants
on establishment of cultures of C. sanguinolenta. Contamina-
tion rate of nodal explants obtained from field-grown plants
were high (100% and 88%) for treatments (A and B) but 0%
for treatment C which contained mercuric chloride (Table 3).
Surface sterilization of explants is an important and sensitive
step in plant tissue culture because microbial contaminants are
found on the surface and within plant bodies (Omamor et al.,
2007). Many reports on eliminating pathogens from explants

Figure 3. Germination of seeds of C. sanguinolenta: a (Top) -
Assay at Day 0; b (Buttom) – Development at 6 weeks

have used various combinations of sterilizing agents includ-
ing ethanol, sodium hypochlorite and calcium hypochlorite
(CaOCl2) with different success rate. All treatment regime
evaluated were effective in surface sterilizing seed explants.
Similar results has been reported in Carissa carandas, also
a member of the Apocynaceae family, where various steriliz-
ing agents were used to successfully produce aseptic cultures
from seed explant (Bhadane and Patil, 2016).
In the current study, Bendazim 50WP, ethanol and sodium
hypochlorite failed to effectively sterilize nodal explants col-
lected from field grown plants. In a preliminary work (Un-
published), ethanol and sodium hypochlorite combination
proved effective in sterilizing nodal explants sourced from
plants raised in the nursery from seeds. Thus the high level of
contamination in nodal explants could be because the mother
plants were grown in the field where they were exposed to high
loads of microbes. Explants sourced from the wild have been
reported to show consistently high risk of both internal and
external contamination (Dohling et al., 2012; Hennerty et al.,
1987; Misaghi and Donndelinger, 1990). The current finding
agrees with the report of Saldana et al. (2002) who indicated
after repeated experiments that 70% ethanol in combination
with dilutions of commercial bleach showed no consistency
in eliminating pathogens in coffee explants.
Mercuric chloride treatment proved the most effective for
surface sterilizing nodal explants from matured field grown
plants. The suitability of mercuric chloride for surface steril-
ization of materials collected from the wild has been reported
previously. Dohling et al. (2012) successfully surface steril-
ized Dendrobium longicornu, an endemic orchid of Northeast
India with 10% (v/v) sodium hypochlorite solution in com-
bination with 0.1% (w/v) Mercuric chloride. Tiwari et al.
(2012) also used 0.1% mercuric chlorides followed by 90%
ethanol to surface sterilize sugarcane leaf explants. In the
current study, nodal explants surface sterilized with Mercuric
chloride did not survive the treatment as culture development
was observed in very few cultures which failed to develop
beyond the first leaf stage after 6 weeks of culture (Figures
4a and 4b). Post emergence death in plantlets sterilized with
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Table 3. Response to surface to surface sterilization treatment

Explant Type Treatment
Code

Surface Sterilization Protocol No. of explants Contamin
-ation(%)

No. of deve-
loping cul-
tures at 2
weeks

Nodal cutting A 70% Ethanol (5min) + 108 100 -
10% NaOCl (10min)

Nodal cutting B 4g/l Bendazim 50WP (10min) + 108 88 33
70% v/v Ethanol (2min) +
10% NaOCl (8min)

Nodal cutting C 1g/l Bendazim 50WP (10min) + 108 0 0
50% v/v Ethanol (5min) +
10% NaOCl (10min)
0.5g/l Mercuric chloride(10min)

Seed A 70% Ethanol (5min) + 97 8 0
10% NaOCl (10min)

Seed B 4g/l Bendazim 50WP (10min) + 102 9 2
70% v/v Ethanol (2min) +
10% NaOCl (8min)

Seed C 1g/l Bendazim 50WP (10min) + 132 0 0
50% v/v Ethanol (5min) +
10% NaOCl (10min)
0.5g/l Mercuric chloride(10min)

Seed B 4g/l Bendazim 50WP (10min) + 75 11 57
70% v/v Ethanol (2min) + (0.1 mg/l kin)
10% NaOCl (8min)

Seed coat removed 80 7 49
(hormone-
free)

mercuric chloride could be due to toxicity resulting from high
doses of the chemical used and possibly the long exposure
period. Bhadane and Patil (2016) has earlier observed that
inappropriate concentrations of sterilants have lethal effect
on growth and development of explant. The concentration
of Mercuric chloride used in the present study was high than
reported in cited literature. Hence, further studies will be
necessary to find a balance between pathogen elimination and
development of sterilized nodal explants of C. sanguinolenta.

Effect of Kinetin on germination and development
from seed explants
The effect of Medium A (Hormone-free) and Medium B
(Kinetin supplemented) on the development of C. sanguino-
lenta cultures are shown in Figures 5a-c and Figures 6a and 6b.
Culture development was generally better on kinetin supple-
mented medium than on the Hormone free medium. After six
weeks of culture, most seeds grown on growth regulator free
medium had their first leaves fully opened (Figure 5a) whereas
plants developing on medium containing 0.1 mg/l Kinetin had

Figure 4. Culture developments in nodal explant after: a – 2
weeks and b – 6 weeks of initiation

attained three or more internodes (Figure 5b). When nodal
explants were sub-cultured into the same medium, (Results
not shown, Figure 6a and 6b), culture development (num-
ber of buds, leaf formation and plant elongation) was better
on medium B (Figure 6b) than on medium A (Figure 6a).
Medium B therefore proved superior to medium A in terms
of generating more materials in culture. No root development
was however observed on both media after three months of
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culture. From these observations, it was concluded that kinetin
enhanced seed development (Figure 5c) in C. sanguinolenta
and could be a useful additive for the multiplication of C.
sanguinolenta in vitro. Cytokinins have generally supported
cell division and multiplications in plant tissue culture.
Monney et al. (2016) reported that Benzyl Adenine (BA) at
3.0 mg/l concentration was efficient in shoot induction and
multiplication in C. sanguinolenta in vitro.

Figure 5. Culture Development in seed explants (without
seed coat) on two media at initiation stage after 6 weeks at 27
± 2◦C

(*) in Figure 5c: Developing Axillary bud 0.01 mg/l kinetin

Figure 6. Growth in nodal explants of C. sanguinolenta
sub-cultured in two growth media (A and B) after three
months of culture at 27 ± 2◦C

a: A (MS + 0.00 mg−1Kinetin)
b: Medium B (MS + 0.10 mg−1Kinetin)

Evaluation of four kinetin concentrations for multi-
plication of C. sanguinolenta
Results from application of four (0.1, 0.3, 0.4 and 0.5 mg/l)
kinetin supplemented media in culture development after 35
days is presented in Table 4. Cultures were examined for the
following parameters: number of shoots, number of roots,
shoots height, branches and number of nodes. Mean shoot
height ranged from 3.33 cm on 0.1 mg/l kinetin to 4.59 cm
on 0.3 mg/l kinetin. This is relatively higher than mean shoot
height (1.28 cm) reported by Monney et al. (2016). The

highest number of nodes produced at 6 weeks was observed
in medium supplemented with 0.4 mg/l kinetin. In the re-
port of Monney et al. (2016) 2.1 + 0.28 nodes/culture was
observed on MS medium supplemented with 3.0 mg/l Ben-
zyl Adenine (BA) and 0.1 mg/l Indole Butyric Acid (IBA).
Mean root development was less than 1.0 in all treatments.
Axillary bud development (branching) was highest on 0.1
mg/l kinetin followed by 0.5 mg/l, 0.4 mg/l and 0.3 mg/l,
whereas summary statistics (Table 4) showed some differen-
tial response to kinetin treatment for the various parameters
evaluated, the analysis of variance (Table 5) indicated that
differences observed in the parameters were not significant
with the exception of the number of root produced. However,
correlation analysis (Table 6) showed positive association (r2

= 0.564) between shoot number and number of nodes. Since
the number of nodes is equivalent to the rate of multiplica-
tion, it suggests that inducing more shoot formation could
increase the rate of plant regeneration. Exogenous applica-
tion of kinetin (cytokinin) in culture is known to induce cell
division, elongation, growth of lateral buds by releasing them
from apical dominance (Dodds and Roberts, 1985). In the
current study, Kinetin treatments did not lead to significant
differences in height and number of shoot produced. Amissah
et al. (2016) earlier reported tissue culture media that signifi-
cantly induced multiple shoot formation from callus cultures
of C. sanguinolenta. Some cultures readily rooted in the
course of multiplication in all treatment (Figure 7), however,
variable responses were observed within treatments and no
particular Kinetin concentration could be considered optimum
for root development (Table 4). Therefore it may be necessary
to root regenerated shoots in auxin supplemented medium as
suggested by Sathyanarayana and Verghese (2007).

Figure 7. Effect of four kinetin concentrations of culture
development at five weeks:

a: 0.1 mg/l, b: 0.3 mg/l, c: 0.4 mg/l and d: 0.5 mg/l kinetin

Figure 8. C. sanguinolenta cultures in quadruplicate growing
on MS basal medium supplemented with 0.5 mg/l kinetin at 8
weeks
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Table 4. Culture development on medium supplemented with various kinetin concentrations at 6 weeks

Traits Kinetin Concentration (mgL−1) S.E. CV% LSD
0.1 0.3 0.4 0.5

No. of Nodes 2.63 3.79 5.01 4.06 2.217 57 1.405
No. of Roots 0.211 0.077 0.733 0.438 0.4789 138.3 0.3034
Height (cm) 3.33 4.59 3.83 4.46 3.812 93.5 2.415
Shoot/explant 1.211 1.24 1.281 1.312 0.5865 46.6 0.3715
No. of Branches 1.57 0.6 0.65 0.82 1.113 126.4 0.354
Data presented as means + standard errors

Table 5. Analysis of variance showing

Source of variation df. Nodes Roots Height Shoot Branching

Treatment 3 19.228 ns 1.8385** 7.06 ns 0.0367 ns 4.037 ns

Rep. 1 9.032 ns 5.2063** 9.75 ns 2.6855 ns 4.294 ns

Treat. Rep. 3 3.581 ns 3.2958** 8.35 ns 0.6845 ns 3.018 ns

Residual 71 4.916 0.2294 14.53 0.344 1.238
** - Highly significant, ns- Not significant

Table 6. Correlation matrix showing relationship between growth parameters

Nodes 1
No. Roots 0.038 1
height 0.247 -0.041 1
No. of Shoot 0.564 -0.221 0.036 1
Kinetin concentration 0.293 0.197 0.081 0.056 1

Nodes Roots height shoot Kinetin concentration

Table 7. Estimate of possible number of plants produced at various growth cycle

Kinetin concentration (mg/l) Multiplication rate Multiplication cycle
1◦ 2◦ 3◦ 4◦ 5◦

0.01 2.63 2.63 6.9169 18.19145 47.84351 125.8284
0.03 3.79 3.79 14.3641 54.43994 206.3274 781.9807
0.04 5.01 5.01 25.1001 125.7515 630.015 3156.375
0.05 4.06 4.06 16.4836 66.92342 271.7091 1103.139

Correlation analysis (Table 6) indicated that number of roots,
number of shoots and shoot height positively correlated with
the number of nodes. The highest association (r2 = 0.564)
was observed between number shoot and number of nodes,
followed by Kinetin concentration (r2 = 0.293). The node is
the explant for initiating C. sanguinolenta cultures. This result
implies that more nodes (higher multiplication rate) could be
produced if more shoot are generated and kinetin concentra-
tion increased. The association between kinetin concentration
and all traits were positive but not significant. Number of
roots however negatively correlated with number of shoots
and shoot height, signifying that root development hinders
multiplication rate. Nodal explants are used in establishing
fresh cultures in C. sanguinolenta and therefore the average
number of node in each treatment determines the multiplica-
tion rate. Although ANOVA showed no significant difference
in kinetin concentrations, the total number of materials gener-

ated from the treatment means, presented in Table 4, and at
any given time could be different barring any contaminations,
as illustrated in Table 7. It is possible to generate 3156.375
and 1103.139 plantlets using media augmented with 0.4 or
0.5 mg/l kinetin with a multiplication rate of five (5) and four
(4) respectively (Table 7). Multiplication in C. sanguinolenta
cultures could be achieved on MS medium supplemented with
0.5 mg/l Kinetin as shown in (Figure 8).

Conclusion
Cryptolepis sanguinolenta has been established and multiplied
by tissue culture technique without any visible morphological
anomaly. Three sterilization methods for seeds explants of
C. sanguinolenta and a multiplication medium for nodal ex-
plants have been reported in this study. Seed explants without
seed coat can be initiated on MS medium supplemented with
0.1 mg/l kinetin. Nodal explants from developing plantlets
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could be transferred into MS medium supplemented with 0.4
mg/l or 0.5 mg/l kinetin either for multiplication or full plant
development. The method described can readily be used for
the rapid large scale regenerations of C. sanguinolenta. How-
ever, root induction did not readily occur on tested media.
Hence further work to standardize root formation and accli-
matize regenerated plants need to be carried out to complete
the process of protocol development for micro-propagation of
C. sanguinolenta.
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