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ABSTRACT

Antibiotic Feed Additives (AFA) have been used to prevent many bacterial infections during weaning of
livestock. The use of these AFA’s resulted in the development of multiresistant bacterial strains and was
therefore banned by the European Union. The United States also restricted the use of these feed
additives considerably. Many scientists have started to search for alternatives in the prophylactic and
therapeutic treatment of bacterial infections. Plants have been used traditionally by resource poor
people all over the world to treat many infections. Diarrhoea not only causes many problems in the high
intensity production of livestock but also leads to many human deaths. A large number of plants have
been used to treat diarrhoea in humans and animals. Several authors have selected one or two species
based on traditional use to evaluate in depth. In this project several different relevant parameters of 53
plant species used traditionally to treat diarrhoea were investigated in order to develop a model that

would identify the species with the highest chance of delivering a useful antibacterial product.

Antibacterial activities against two pathogens important in diarrhoea (Staphylococcus aureus and
Escherichia coli) were positive parameters in selecting species. Because tannins frequently have
antibacterial activity, but are not useful as prophylactic agents due to their effect on production, high
tannin content was considered to be a negative indication. Cellular toxicity was also used as a negative

parameter at a later stage.

In addition to the in vitro assays there are also other parameters to be investigated to evaluate the
potential use of plants. The influence of season of collection was determined on the antibacterial activity
and tannin content of acetone leaf extracts of five plant species traditionally used to treat diarrhoea.
They were Acacia karroo, Acacia sieberiana var. woodii, Peltophorum africanum, Trichilia emetica and

Ziziphus mucronata.

The antibacterial activity varied depending on the season of collection with the best activity generally in
the months of late summer to autumn (January to April). The activity of Acacia karoo against E. coli was
best in the month of April (MIC = 0.11 mg/ml (TA = 332 ml/g)) and against S. aureus in the month of
March (MIC = 0.06 mg/ml (TA = 334 ml/g)). Acacia sieberiana subsp. woodii extracts had the best
activity against E. coli (MIC = 0.10 mg/ml (TA = 303 ml/g)) in March against S. aureus in April (MIC =
0.08 mg/ml (TA = 303 ml/g)). Peltophorum africanum extracts were most active against E. coli in
February (MIC = 0.05 mg/ml (TA = 1188 ml/g)) and against S. aureus in February and March (MIC =
0.04 mg/ml (TA = 1188 ml/g and 1075 ml/g)). Trichilia emetica extracts were generally not very active
against the bacterial strains (best activity: MIC = 0.22 mg/ml (TA = 74 ml/g) against E. coli in May and

MIC = 0.28 mg/ml (TA = 26 ml/g) against S. aureus in December). Ziziphus mucronata was most active
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against both bacterial strains and in May (E. coli: MIC = 0.10 mg/ml (TA = 589 ml/g); S. aureus: MIC =
0.04 mg/ml (TA = 1099 ml/g)). The tannin content varied in the extracts as well. The antibacterial activity

however did not seem to be directly correlated to the tannin content.

Another important parameter in the use of plant species is to determine the interspecies variation of
plants based on genetic or environmental influences. Leaves from 42 plants of Combretum molle were
collected at different locations during the same season. The average MIC against E. coli was 0.227
mg/ml. The low standard deviation of 0.07 indicates that there was very little variation in activity. The
average value against S. aureus was 0.399 mg/ml with a slightly higher standard deviation of 0.16.
However due to the fact that the samples from different areas extracted different amounts, the total
activity varied. The tannin assays revealed that there was with one exception no correlation between the
antibacterial activity and the tannin content. So it can be safe to assume that genetic variation does not

influence the activity too much at least in C. molle leaves

Fifty three plant species traditionally used to treat diarrhoea in published literature were then ranked
using a novel system in order to determine which species had the most potential value. Ranking was
based on the lowest MIC value against E. coli, lower activity against S. aureus (to limit selecting for

general metabolic toxins), low tannin concentration and high extract yield.

From this ranking, five plants were chosen to investigate their potential value further: Acacia sieberiana
var. woodii (E. coli: MIC = 0.13 mg/ml, TA = 108 ml/g; S. aureus: MIC = 0.13 mg/ml, TA = 108 ml/g;
Yield = 14 mg), Albizia adianthifolia (E. coli: MIC = 0.14 mg/ml, TA = 239 ml/g; S. aureus: MIC = 0.04
mg/ml, TA = 765 ml/g; Yield = 34 mg), Deinbollia oblongifolia (E. coli: MIC = 0.17 mg/ml, TA = 158 ml/g;
S. aureus: MIC = 0.08 mg/ml, TA = 338 ml/g; Yield = 27 mg), Spirostachys africana (E. coli: MIC = 0.13
mg/ml, TA = 300 ml/g; S. aureus: MIC = 0.09 mg/ml, TA = 438 ml/g; Yield = 38 mg) and Tetradenia
riparia (E. coli: MIC = 0.09 mg/ml, TA = 214 ml/g; S. aureus: MIC = 0.13 mg/ml, TA = 149 ml/g; Yield =
20 mg). None of the plants contained any tannin.

The next step towards the recommendation of a plant for the development of a commercial product was
to evaluate the cytotoxicity of the selected five species. The following values were obtained: Acacia
sieberiana var. woodii LCsp = 0.026 mg/ml, Albizia adianthifolia LCso = 0.068 mg/ml, Deinbollia
oblongifolia LCso = 0.078 mg/ml, Spirostachys africana LCso = 0.025 mg/ml and Tetradenia riparia LCso
=0.028 mg/ml.

Deinbollia oblongifolia (for its low LCso value) and Spirostachys africana (for its good antibacterial
activity and total activity) were potentized by removing inactive compounds through solvent-solvent

fractionation. The antibacterial activity against E. coli was increased this way (MIC = 0.08 mg/ml for
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Deinbollia oblongifolia (chloroform fraction) and MIC = 0.08 mg/ml for Spirostachys africana (chloroform
fraction)) The LCso values for both chloroform fractions were determined (LCso = 0.188 mg/ml for
Deinbollia oblongifolia and LCso = 0.062 mg/ml for Spirostachys africana). The selectivity index (Sl) was
also determined and proved that the potentization was indeed successful (Deinbollia oblongifolia SI =
2.35 compared to a value of 0.45 for the crude extract; Spirostachys africana SI = 0.78 compared to a
value of 0.19 for the crude extract). Based on these values, the chloroform fraction of Deinbollia
oblongifolia was chosen as the less toxic one with similar activity and a higher selectivity index to be
worked on further. One of the active compounds was isolated and evaluated for its activity against E.
coli (MIC = 0.74 mg/ml) The LCsp value of 0.042 mg/ml indicated that the activity of the extract was a
result of synergism rather than being due to a single active compound (the selectivity index (SI) was

0.06 compared to the values of 0.45 for the crude and 2.35 for the potentized extract).

The plant extracts should of course be as effective against pathogenic strains as they were against the
ATCC strains and so the extracts and pure compound of Deinbollia oblongifolia were tested for their
activity against four different pathological E. coli strains. The results showed that the crude extract and
the fraction were as active as in the preliminary screening results against only one of the four
pathological strains. The pure compound on the other hand was more active against all four pathological

strains than against the ATCC strain.

The next step was to test the safety of the extracts of Deinbollia oblongifolia in mammals. Unfortunately
neither the crude extract nor the chloroform fraction of Deinbollia oblongifolia could be used safely in a
living organism or in an isolated organ study. A part of the problem may have been caused by the

vehicle used in the study despite reports in the literature that an acetone water mixture is safe to use.

In general all the species investigated had good antibacterial activity against E. coli this supports the
traditional use of these species although we used acetone as extractant rather than the water used
traditionally. There were major differences in antibacterial activity over a season indicating that mature
leaves were more active than young leaves before senescence started. At least in the case of
Combretum molle there was little difference in the antibacterial activity of many plants collected at

different locations during the same season.

The results obtained in this study could be useful in further studies to develop extracts that can be used
to control diarrhoea in animals. Possibly more emphasis should be put on the difference in activity
towards E. coli and S. aureus to eliminate the presence of general metabolic toxins. Such an approach
would lead to a different priority order for species to examine. A major first step would probably be to

test the in vitro and in vivo toxicity of selected species.
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