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Abstract

Methanolic extracts prepared from 8-week-old Maytenus senegalensis in vitro grown root cultures were screened for antibacterial activity

against Bacillus subtilis, Staphylococcus aureus, Escherichia coli and Klebsiella pneumoniae. Antibacterial activity was only exhibited against

Gram-positive bacterial strains. Root cultures grown on different MS media strengths (1 /4, 1 /2, 3 /4 or full) exhibited antibacterial activity to the

same extent. Extracts prepared from roots cultured in the presence of high sucrose concentrations (100 mg l�1) had no antibacterial activity. Roots

cultured in the dark exhibited a slightly higher antibacterial activity against S. aureus compared to roots cultured in the light.
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Various studies have established that some of the drugs that

owe their origin to plants are amenable to production from

plant tissue cultures (Sharp and Larsen, 1979; Roberts, 1988).

Bioactive secondary metabolites have been produced from

non-transformed root cultures of various plant species such as

Datura stramonium (Maldonado-Mendoza et al., 1992),

Digitalis lanata (Lui and Staba, 1981), Hyoscyamus niger

(Hashimoto and Yamanda, 1986), Linum flavum (van Uden et

al., 1992) and Papaver bracteatum (Kamo and Mahleberg,

1988) among others. Dymowski and Furmanowa (1989) report

on studies conducted on plant tissue cultures of Maytenus

wallichiana and Maytenus emarginata in which extracts of the

callus of these cultures were found to be cytotoxic for

lymphocytic leukaemia and the protozoan T. pyriformis. There

remains however no reports on previous attempts to produce

antibacterial compounds from non-transformed root cultures of

any Maytenus species.

Although the production of bioactive secondary metabo-

lites from tissue cultures is normally in very low concentra-

tions compared to the production in intact plants, some root

cultures do exhibit high levels of secondary metabolite

production. In Salvia miltiorrhiza , the production of
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tanshinones was six times higher than that of the mother

plants (Shimomura and Kitazawa, 1991). A Boerhaavia

diffusa root culture yielded higher levels of punarnavosid

than field grown plants (Pathak et al., 1998). Root bark of

Maytenus senegalensis exhibited good antibacterial activity

(Matu and van Staden, 2003). It was therefore of interest to

establish root cultures of M. senegalensis and determine the

antibacterial activity. This screening is motivated by the

potential to discover new drugs that could be developed for

use later in clinical medicine. Root cultures with the

potential to produce bioactive compounds provide a system

for continuous commercial production.

Seeds of M. senegalensis (collected in Machakos District,

Eastern Province, Kenya) were surface sterilized with 70%

alcohol for 1 min and subsequently with 0.1% mercuric

chloride supplemented with a few drops of Tween 20\ for

12 min. The decontaminated seeds were rinsed three times with

sterile distilled water and germinated on a saltless medium

solidified with 0.8% agar (Agar-Agar powder CP, batch 8522/

151, Associated Chemical Enterprises, c.c. South Africa). The

seeds were germinated in the dark at 25T2 -C. Once

germinated, the seedlings were grown under a 16/8 h light/

dark photoperiod (27 Amol m�2 s�1) at 25T2 -C. The

aseptically germinated seedlings were used as a source of root

explants for the induction of in vitro root cultures.
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Table 1

Effect of sucrose concentration, light and MS media strength on antibacterial

activity of methanolic extracts prepared from 8-week-old in vitro grown root

cultures of Maytenus senegalensis

Treatment Bacterial strains

Bacillus subtilis Staphylococcus aureus

Sucrose concentration (g l�1)

10 0.22T0.02 0.25T0.02

30 0.21T0.01 0.33T0.07

60 0.26T0.06 0.20T0.00

100 0.00T0.00 0.00T0.00

Condition

Light 0.21T0.01 0.38T0.14

Dark 0.25T0.01 0.45T0.14

Media strength

1 /4 0.22T0.02 0.25T0.02

1 /2 0.21T0.01 0.33T0.07
3 /4 0.26T0.06 0.20T0.00

Full 0.00T0.00 0.00T0.00

*Values are the mean inhibition zone (TS.E.) of two experiments.
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When the seedlings were 6 weeks-old, 10 mm long root

segments including root tip were excised and inoculated into

50 ml Erlenmeyer flasks containing 20 ml of MS (Murashige

and Skoog, 1962) liquid medium supplemented with 0.1 mg

l�1 NAA, 100 mg l�1, 100 mg l�1 myo-inositol and 30 g l�1

sucrose. The pH of the medium was adjusted to 5.8 using 1 N

KOH or 1 N HCl prior to autoclaving at 121 -C, 103.4 kPa for

20 min. The cultures were kept in the dark at 25T2 -C and

shaken at 120 Rpm.

Root cultures were subcultured every 4 weeks on liquid MS

medium supplemented with 30 g l�1 sucrose, 0.1 g l�1 and 0.1

mg l�1 NAA. The pH of the medium was adjusted to 5.8 prior

to autoclaving at 121 -C, 103.4 kPa for 20 min. The roots were

cultured in the dark at 25T2 -C.
To investigate the influence of sucrose concentration, MS

media strengths and light on the antibacterial activity, 30 mg of

10 mm long root segments (including root tips) were cultured

as described earlier. The influence of the following factors on

antibacterial activity were investigated: (1) different sucrose

concentrations (10, 30, 60 and 100 g l�1); (2) different MS

media strengths (1 /4, 1 /2 and 3 /4 and full strength); and (3)

light (presence or absence). Five flasks were used per

treatment. After a period of 8 weeks, roots obtained from

different flasks of the same treatment were pooled and tested

for antibacterial activity. The harvested roots were cut up,

placed in brown paper bags and dried at 50 -C for 72 h. The

dried roots (1 g) were extracted with 10 ml methanol by

sonication in an ultrasound bath for 30 min and left to macerate

overnight. Extracts were filtered through Whatman No. 1 paper

under vacuum. The filtrates were taken to dryness under

nitrogen. The residues were suspended in methanol to a

concentration of 100 mg residue ml�1. The antibacterial

activities of extracts were determined using the disc-diffusion

bioassay as described by Rasoanaivo and Ratsimamanga-

Urveg (1993) against the following bacterial strains: Bacillus

subtilis (ATCC4698), Staphylococcus aureus (ATCC12600)

(Gram-positive), Escherichia coli (ATCC11775) and Klebsiella

pneumoniae (ATCC13883) (Gram-negative). Neomycin (500

Ag ml�1) and methanol saturated discs were used as positive

and negative controls respectively. The antibacterial activity is

expressed as the ratio of the inhibition zone of the extract to the

inhibition zone of the reference (neomycin, 500 Ag ml�1).

Results given are the mean inhibition zone (TS.E.) of two

experiments. Only positive results are shown.

Antibacterial activity was only detected against Gram-

positive bacterial strains. These results are in agreement with

those obtained for the crude methanolic root–bark extracts of

field grown plants (Matu and van Staden, 2003). However, the

level of activity exhibited by the root culture extracts was about

three times lower than that obtained for the root–bark obtained

from field grown plants. This observation is not unusual.

Studies have shown that in vitro production of bioactive

secondary metabolites is usually at low levels when compared

to that of field grown plants (Shimomura and Kitazawa, 1991).

The extent of antibacterial activity between extracts of roots

cultures on medium supplemented with 10, 30 and 60 g l�1

sucrose was the same (Table 1). However, extracts prepared
from roots cultured in the presence of 100 g l�1 sucrose

exhibited no antibacterial activity. This implies that high

concentrations of sucrose inhibited the production of antibac-

terial compounds. In a study by Kusakari et al. (2000) the

formation of saikosaponins was inhibited at concentrations of

sucrose higher than 90 g l�1.

The roots cultured under dark conditions exhibited slightly

higher antibacterial activity particularly against S. aureus

compared to the roots cultured under light conditions (16/8 h

photoperiod, 27 Amol m�2 s�1) (Table 1). These results

presumably indicate that dark conditions stimulate the produc-

tion of antibacterial compound(s). Light was found to suppress

the production of galloyiglucoses and ricciodin A in Rhus

javanica root cultures (Taniguchi et al., 2000).

The extent of antibacterial activity was the same between

extracts prepared from roots cultured in different media

strengths (Table 1). These results could mean that dilution of

the macro- and micronutrients do not influence the formation

of antibacterial compound(s). The concentration of the medium

does influence the formation of secondary metabolites. For

instance, Cephalis ipecacuanha root cultures optimally pro-

duced two alkaloids viz. emetine and cephaline in 1 /2 strength

MS media (Sumita et al., 1991).

M. senegalensis in vitro grown root cultures exhibited

antibacterial activity against Gram-positive bacterial strains.

Nevertheless, the level of antibacterial activity was about three

times lower when compared to that of extracts obtained from

field grown plants. There were no major variations in the extent

of antibacterial activity by the factors investigated viz. different

media strengths and the presence or absence of light. Root

cultures grown in the presence of 100 g l�1 sucrose had no

antibacterial activity.

The demonstration of antibacterial activity by in vitro grown

root cultures emphasizes the potential of M. senegalensis root

cultures as a source of antibacterial compounds. Although the
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level of activity was lower than that of field grown plants,

unsustainable removal of plant parts such as the roots and the

stem bark may lead to the death of the plants thereby making

root cultures a potential alternative source of antibacterial

compounds. There are reports that M. senegalensis populations

are on the decline in east Africa. Consequently, an alternative

source of bioactive compounds could to an extent reduce the

pressure from the wild stocks. These results form a good basis

for further pharmacological and phytochemical research.

Studies are now underway to determine the nature of the

compounds that are responsible for the observed antibacterial

activity.
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