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Abstract Plant derived antimicrobial compounds that have no or minimal toxicity to host cells are considered candidates
for developing new antimicrobial drugs. Safety is therefore critical in the formulation of antimicrobials. The aim of this study
was to investigate the cytotoxic effects of some South African medicinal plant extracts. The methanolic and aqueous extracts
ofnine South African medicinal plants were screened for cytotoxic activities against MAGI CC5+cells using MTT assay.The
nine plant extracts used in the MTT assayrevealed Herb 2 (Cyanthula inculata) as the most potent extract identified with
activity of (1.4 Cesgvalues of 25.6 mg/ml) and induced over 50% of cell deaths, followed by herb 3 (Croton grattismus) and
Herb 4 (Cassine trasvaalensis) with activity of (0.2 Ccsg values of3.7 mg/ml) each. The herbs that induced the least cell death,
were herbs 5 (Capris tomentosa) and 7 (Hypoxis hemerocallidea), with the activity of (0.05 Ccs( values of 0.9 mg/ml) each.
Of the nine plant extracts, Croton grattisimus and Lycium inerme 2(22%), exhibited minimal toxicity on MAGI cells and
7(77.8%) exhibited 50% toxicity. In a similar study 2(22%) of the methanolic extracts exhibited anti-HIV1 IIIB activities and
against Mycobacterium tuberculosis (TB) only one medicinal plant extract (Lysium inerme) exhibited 29% activity. In this
study, a systematic evaluation of cytotoxic activities of methanolic extracts made from tested medicinal plants showed
minimal toxicity on cell lines. Therefore, such plants could serve as sources for natural antimicrobial therapeutic agents.
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colonization can become infectious in the Eustachian tube or
1. Introduction nasal sinuses where it causes otitis media, sinusitis. The
organism spreads to the bloodstream, initiating bacteraemia
and is carried to the meninges, joint spaces, bones and
peritoneal cavity and may result in meningitis, brain abscess,
septic arthritis or osteomyelitis(2). The risk of pneumococcal
infection is much increased in persons with impaired IgG
specify the subset (e.g. IgGl,2,3, ord) and it possible
molecular physiology activities in the management of
pnemococcal synthesis, phagocytosis or defective clearance
of pneumococci. In particular, the absence of functional
spleen, through congenital asplenia, splenectomy, or
sickle-cell disease predisposes one to a more severe course

) of infection (3).Bovine Tuberculosis and HIVare major
10% of the healthy adults and 20% of healthy children. The  jiseases . which have also impacted on the economies of

Qrganism attaches to the nasopharyngeal cells. through  geveral countries. The morbidities and mortalities due to TB
interaction of bacterial surface adhesions. This normal  p. 1 204 HIV are well documented A3).

The increasing global prevalence of multi resistant
respiratory tract pathogens is becoming a serious public
health and infection control problems worldwide (1). For
instance H. influenzaeis transmitted by respiratory droplets
and may enter the bloodstream, where it can cause
bacteraemia and disseminate to distant sites causing
disorders such as otitis media, sinusitis, epiglottitis,
bronchopneumonia, meningitis, septic arthritis and cellulitis
resulting from invasion of the bloodstream, followed by
localization of H. influenzae in these and other areas of the
body (1,2). S. pneumoniaeis found in the nasopharynx of 5 to

Currently, there is a continuous spread of multi-resistant
isaacmorobe@yahoo.com (Isaac Morobe Morobe) pathogens \fvhlch'have become a serious thr@at to pubh'c
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compounds from other sources including plants (4). It is
expected that plant extracts showing target sites other than
those used by antibiotics will be active against drug resistant
pathogens as plant derived materials have provided the
models for about 50% o f western drugs (5,6). The enormous
benefits of plants in the management of microbial infections
are huge and knowledge of herbal formations made from
roots, flowers, barks and their extracts are well documented
(7). The great civilization of the ancient Chinese, Indians and
North Africans provided written evidence of our ingenuity in
utilizing plants for the treatment of a wide variety of diseases,
including bacterial, viral, fungal and parasitic infections, as
well as immunological disorders (8). It was reported (9,10),
that about 25% of prescribed drugs in the world originated
from plants and about 80% of the population in developing
countries, including South Africa, rely on traditional
plantsfortheir primary health care needs. It was also reported
(10), that Bangladesh had a rich and prestigious heritage of
herbal medicines among the south Asian countries. More
than 500 species of medicinal plants were estimated to be
grown in Bangladesh and about 250 species of them were
used in the preparation of traditional medicines and
treatment of various diseases such as pneumonia, asthma,
bronchitis, epiglottitis, septicaemia, meningitis, cellulitis,
sepsis, arthritis, diabetes, cancer, inflammation and diarrhoea
diseases (11). Medicinal plants may be used for totally
different ailments in different ethnic groups (12). It was
reported (12), that about 70% of South Africans consult
traditional healers and that 1% ofnurses are traditional
healers.

Antiviral substances have also been isolated from higher
plants such as algae and lichens. The screening of plant
extracts for antiretroviral activity was important because
plant-derived anti-HIV compounds could inhibit the
replication of the virus by interfering with one or more of the
ten steps of the HIV replication cycle (13).
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Inspire of the therapeutic properties of plants derived
products, their usefulness and efficacies will be severely
compromised if they elicit adverse reactions on
administration. This potent that their safety profiles must be
guaranteed or that the side effects will be tolerable and not
toxic to host cells. Therefore a determination of the
cytotoxicity level of any medicinal plant will reveal its safety
as a potential therapeutic agent. Consequently this study
determined the cytotoxic activities of aqueous and
methanolic extracts of nine South African medicinal plants
in order to gauge their usefulness as potential candidates for
eventual drug development.

2. Materials and Methods

2.1. Collection of Plant Material

From June 2010 to June 2011, the leaves, bark, stem, roots
and twigs of nine selected medicinal plants were collected
from different sources in the Eastern Cape and Limpopo
Provinces, South Africa, based on their ethnomedical
application in the treatment of respiratory tract infections,
guided by the information from traditional healers on the
basis of their various uses. The plants (Table 1.) were
identified and authenticated by Taxonomist (Immelman K.L.)
in the Department of Botany, Walter Sisulu University,
South Africa. Voucher specimens MI 001, MI 002, MI 003,
MI 004, MI 005, MI 006, M1 007, MI 008 and MI 009 were
deposited at the University herbarium.

All the nine plants in Table 1 are used by traditional
healers in South Africa, to treat diseases such as pneumonia,
bronchitis, epiglottitis, asthma, septicaemia, cellulitis, sepsis,
meningitis,and arthritis caused by respiratory tract
opportunistic pathogens such as Haemophilusinfluenzae and
Streptococcus pneumoniae.

Table 1. List of nine selected South African medicinal plants with their traditional uses
Botanical name (Family Veracular name Part Used Traditional Uses
Vangueriainfuesta (Rubiaceac) Umviyo Root cough, heart beat
C)(/Iajgma;gzzlea)ta Isinama Leaf cough, chest pains, TB
((ergciltsgogr]z?;iséll;s Umhlabakufeni Leaf cough, bronchitis, headache
Cassinetransvaalensis(Celastraceae) Ingwavuma Stem cough, diarthoea, fever
Capris tomentosa(Capparaceae) Iquaningi Bark Sore throat, fever and cold
Plumbozafingerleaf(P lumbaginaceae) Umpenduli Stem cough, sores, TB, chest pain
Hypoxishemarocallidea(Hyoxidaceae) Ulabatheka Com bronchitis, sorethroat, rush
Lysiumineme(Solanaceae) Umvuthwamini Leaf cough, skin rush, sore throat
Dichrostachyscinerea(Leguminosae) Umnukelambiba Leaf cough, tooth ache, fontanel
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2.2. Preparation of Plant Extracts

Plant materials were washed with sterile distilled water,
dried in an oven for 2h and cut into smallpieces using a sharp
knife and then air dried at room temperature for 7 days as
previously described (14).The dried material (50g) was
ground into a coarse powder using Macsalab mill (Model
200 LAB), Eriez, Bramley as previously described (14).The
ground plant material was reduced to fine powder using an
electric blender and the physiochemical components soaked
in methanol (500ml) for 72h with frequent shakings, as
previously described (14,15).The samples were suction
filtered through Whatman Nol filter paper. The filtrate was
evaporated to dryness under reduced pressure using a rotary
evaporator, collected in 10ml of the solvent, placed in the
tube and allowed to dry at roomtemperature.A stocksolution
0f 0.2g/ml in dimethyl sulfoxide (DMSO) was made for each
extract.Allthe extracts were kept at 4°C in the dark until they
were further used.

2.3. Cytotoxic Screening of Nine Medicinal Plants
Extracts

2.3.1. Cell Culture

MAGI CCR5+ cells were used for cytotoxic screening of
the nine medicinal plant extracts. All cell lines were
purchased from ATCC, Manassas, VA 20108, USA. Cell
lines were cultured in Advanced Modified Eagle’s Medium
(DMEM) with 10% 5Mm L-glutamine (Gibco BRL) and
grown at 37°C in a 5% CO, humidified incubator (Thermo
Fisher Scientific, Wakenyaku Co. Ltd, Japan). Cells were
subcultured every 2 days after the confluent growth was
observed.

2.3.2. MTT8 ASSAY 3-(Dimethylthiozole-2-yl-2,
S-diphenyltetrazo lium bromide)

MAGI cells were seeded into two 96 well plates with 10*
cells/well who was this determined?in 100ul of DMEM
supplemented with 10% foetus bovine serum (FBS). 11ulof
herbs was added into 2 wells of row B, with final
concentration of 1/20. Another 11ul of mixture was removed
from Bto C and thento D, E, F, and 10ul was discarded from
F. 100ul of medium was added into each well from B to G.
After 48 h, cells were observed and 150ul of supernatant
from each well was discarded and then 10ul of MTT was
added into each well. The plates were incubated at 37°C for
4h. 100ul of stop solution was added into each well and
ODs7o was checked and then CCsy were determined, as
previously reported (14, 15).

2.3.3. Detection of Anti-HIV-1 IIIB Activity of Nine Herbs
Using MAGI Assay

MAGI CCR5+ cells were seeded into two 96 well plates
with 10* cells per well in 100pl of Dulbecco’s Modified
Eagle’s Medium (DM EM) supplemented with 10% foetal
calf serum. Herbs in 50mg/ml DMSO, were serially diluted
with complete medium, by adding 11l of herbs into 2 wells
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ofrow B, with a final concentration of 1/20. 11ul of mixture
was removed from B to C and then to D, E, F and 10pl
discarded from F in flat bottomed microculture plates. The
diluted virus was added 30 minutes later. HIV-infected
(10ng of p24) or mock-infected MAGI CCR+tcells were
cultured with the extracts continuously present and no cell
washing was performed throughout the culture. Cells were
stained with chlorophenol red p-D-galactopyranoside
(CPRG) as previously described (15). After 3 days of culture,
the medium was removed and the cells were lysed with
100ul of phosphate buffered saline (PBS) containing 1%
Triton X-100 for 30 minutes at room temperature. The cells
were then incubated at 37°C for 1h with 100l of staining
solution containing 0.01 M KH,PO,4 0.1 M K,PO4 2mM
MgCl, and 10 mM CPRG. After 1h the results were observed
under the microscope (14,15).

2.4. Virus Dilution

HIB virus (1/250) was used for screening of nine
medicinal plant extracts in a 96 well microtitre plate, in
which 100l of the virus was added into each well. Cells
were fixed with 1% formaldehyde and 0.2 % gluteraldehyde
in Phosphate buffered saline (PBS) solution for 5 minutes at
room temperature and then washed 3 times with Phosphate
buffered saline. Cells were incubated in 50ul of 4mM
potassium ferrocyanide, 4mM potassium ferricyanide, 2mM
MgCl, and 0.4mg/ml 5-bromo-4-chloro-3-indolyl-2-D-gala
ctopyranoside (X-gal) at 37°C for 1h. The reaction was
stopped by removing the staining solution and washing the
cells twice with Phosphate buffered saline in each well. Blue
cells were counted under a light microscope at X100
magnification (14,15).

2.5. Detection of Mycobacterium Tuberculosis RV0679c¢
Protein Activity of Nine Herbs Using Enzyme
Linked Immunosorbent Assay (ELIS A)

The antigen (Rv0679c) was diluted with carbonate coating
buffer (2pug/ml) and 50ul of the mixture was added into a 96
well ELISA microplate. The plate was then covered and
incubated at room temperature for 24h. After 24h, the plate
was washed once with phosphate buffered saline (PBS). The
plate was then blocked with 250ul/well of the blocking
buffer (PBS and 1% BSA), sealed and incubated at room
temperature for 2h. The plate was washed 5 times with PBS
and then different herb extracts were added and incubated at
room temperature for lh. After 1h the plate was washed once
and the 1/20000 detection antibody (mAb5D4C2 conjugate)
was added and the plate incubated at room temperature for
2h. After 2h the plate was washed and 1 drop of Vector Elite
ABC reagent was added and the plate incubated at room
temperature for 30 minutes. The plate was then washed and
100pl/well substrate (H,O, and TMB reagent) was added and
incubated in the dark room for 30 minutes. After 30 minutes
100pl of stop solution (2NH,SO4) was added and OD® was
read immediately at 45nm. Inhibition control of the detection
antibody (mAb8G10H;) and crude Human serum from TB
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positive patients was used (Cifuenteset al., 2010). 3.1. Cytotoxic Effects of Nine Medicinal Plant Extracts
(Herbs)
3. Results The results on the Cytotoxic effects of the medicinal plant

extracts tested are presented below.

MTTassayresult

15

1
——1
-2 / -7
A
. \ ——3 05 8
53 “—d ——9
—=5

0 T

15

0OD570
0OD570

0 =

Smg/ml 05 0.05 0.005 0.0005 Smg/ml 0.5 0.05 0.005 0.0005
Herb concentration Herb concentration
Herbs 1 2 3 4 5 6 7 ) 9
CC50 (mg/ml) 0.1 1.4 0.2 0.2 0.05 0.13 0.05 0.13 0.18

Figure 1. 1-Vangueria infausta (Umviyo), 2- Cyanthulainculata (Isinama), 3-Croton grattismus (Umhlabakufeni), 4-Cassine transvaalensis (Ingwavuma),
5-Caparis tomentosa (Iquaningi), 6-Plumboza fingerleaf (Umpenduli), 7-Hypoxis hemerocallidea (Ilabatheka), 8-Lysium inerme (Umvuthwamini),
9-Dichrostachys cinetia (Umnukelambiba)

The nine plant extracts were used in the MTT assay and the results ofthis study revealed Herb 2 (Cyanthulainculata)as the
most toxic extract identified with activity of (1.4 Ccso values of25.6 mg/ml (Figure 1) and induced over 50% of cell death,
followed by herb 3 (Croton grattismus) and Herb 4 (Cassinetrasvaalensis) with activity of (0.2 Ccso values of 3.7 mg/ml)
each. The herbs that induced the least cell death, were herbs 5 (Capris tomentosa) and 7 (Hypoxishemerocallidea), with the
activity of (0.05 Ccsg values of 0.9 mg/ml) each.
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Figure 2. Anti-HIV-1 IIIB activity of nine medicinal plant extracts using MAGI cells
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Figure 3.

1.Vangueriainfausta (Umviyo), 2. Cyanthulainculata (Isinama), 3.Croton grattismus (Umhlabakufeni), 4.Cassinetransvaalensis (Ingwavuma),

5.Caparistomentosa (Iquaningi), 6.Plumbozafingerleaf (Umpenduli), 7.Hypoxishemerocallidea (Ilabatheka), 8.Lysiuminerme (Umvuthwamini), and 9.

Dichrostachyscinetia (Umnukelambiba)

Only extracts 3 (Croton grattismus and 4
(Cassinetransvaalensis) showed anti-HIV-1 IIIB activity
(figure 2). Herb 3 was not included in the list or the
experiment carried out previously by Shenewei on
anti-HI'V-1 IIIB activity. Herb 4 has never being determined
before using MT4 cells MTT Method). However, the results
revealed its anti-HIV-1 activity of 0.1pg/ml and 0.2ug/ml.
For Herb 8 (Lysiuminerme), the plant part used in the
Shenwei experiment was a bark and in the current study, the
stemwas used. Herb 5 (Caparistomentosa) showed the least
anti- HIV-1 activity.

3.2. Detection of Mycobacterium Tuberculosis RW679c¢
Protein Activity of Nine Herbs Using Enzyme
Linked Immunosorbent Assay (ELIS A)

Inhibition control of the detection antibody (mAb8G10H5)
and crude Human serum from TB positive patients showed
an inhibition and binding activity of 52% (figure 3) while
1mg/ml Herb-8 (Lysiuminerme, Umvuthwamini) showed an
inhibition and binding activity of 29%. Other herbs showed
no inhibition and specific binding against Mycobacterium
tuberculosis Rv0679c antigen.

4. Discussion

Microbial pathogens and diseases caused are enormous
and are capable of impacting on several facets of education,
economy and health care systems. Concerted and persistent
efforts are therefore warranted in gauging the efficacies of
plant derived antimicrobials as well as critical evaluations
for their safety profiles.A safety profile is exemplified,
among other factors and considerations, by cytotoxicity

levels, although in-vitro results may not always simulate in
—Vvivo conditions. However in-vitro cytotoxicity determinati
ons could serve as one of the adjuncts in profiling
justifications for clinical trials.

In the present study, we do not have data on each of this
plant extracts and their activities, no significance level
determined, where are the data on binding of this compounds
to the cells? The fact that the compounds bound to the cells
does not signify their ability to kill the cells (cytotoxicity)
leading to opsonisation; we should have the initial number of
cells and the number of cells after the plant extract have been
added to the wells. This assay would be best determinedwith
a Flow cytometery, IEAs or by use of florochomes and not
direct ELISA. medicinal plant extracts were screened for
cytotoxic effects on MAGI cell lines. Of the nine plant
extracts 2(22%), Croton grattismus and Lysiuminerme
exhibited minimal toxicity on MAGI cells and 7(77.8%)
exhibited 50% toxicity. Therefore (Crotongrattismus and
Lysiuminerme) may be suitable for the treatment of
infections caused by designated pathogens and this is
consistent with a previous finding (15).In a similar study
2(22%) of the methanolic extracts exhibited anti-HIV1 IIIB
activities. Human immunodeficiency virus (HIV) is
currently one of the most serious infectious pathogens
causing acquired immune deficiency syndrome (AIDS) and
the observed anti-HIV activity as well as minimal toxicity of
the plants offer promise for chemotherapy. Elucidation of the
structures of the active compounds will be another focus of
study. In a similar study methanolic extracts were screened
against Mycobacterium tuberculosis (TB) and only one
medicinal plant (Lysiuminerme) exhibited 29% toxicity.
Tuberculosis is among the top three leading causes of death
worldwide and it is aggravated by the increased
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susceptibility to the human immunodeficiency virus (HIV).
The results obtained in this study had a slightly lower
toxicities than the previous findings (1, 20)The results in this
study show that the active ingredients of the plant parts are
better extracted with methanol than other solvents, as were
reported for Croton grattismus, Capris tomentosa, Cassine
transvaalensis, Lysium inerme and Cyantula inculata
(16,17,18,19).

Both the methods and result sections are inadequate in
content. They are not informative enough to bring out the
phytochemical activities of the plant extracts.

5. Conclusions

In this study, a systematic evaluation of cytotoxic
activities of methanolic extractsmadefrom tested medicinal
plantsshowed minimal toxicity of 22% on cell lines, therefo
re medicinal plantscould be used as natural antimicrobial
therapeutic agents for the treatment ofdisorders caused by
thedesignated pathogens.
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ABBREVIATIONS

BSA —Bovine serum Albumin

CPRG - B —D - galactopyranoside

DMEM — Dulbecco’s Modified Eagles’s Medium

DMSO — Dimethyl sulfoxide

ELISA - Enzyme Linked Immunosorbant Assay

FBS — Foetus bovine serum

I9G — Immunoglobulin G

MTT-3-(4,5-Dimethylthio zol-2-y1)-2,5-d iphenyltetrazol
iumbromide

TB — Mycobacterium tuberculosis
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