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Abstract

Peltophorum africanum Sond (Fabaceae), commonly called ‘weeping wattle’, is a plant widely used traditionally for
medicinal purposes in both man and animals. Traditionally the extracts have been used against diarrhoea, dysentery,
helminthosis, acute and chronic pains, resistance to infection and depression. Antibacterial, anthelmintic, and
antioxidant activities have been demonstrated in its extracts in vitro. The safety and toxicity of the extracts has received
little attention. From in vitro toxicity tests, the leaf, bark and root extracts were not toxic to brine shrimp and Vero
monkey kidney cells. The apparent lack of toxicity of the extracts of P. africanum leads to support the promotion of its

use in traditional medicine.
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7.1. Introduction

The use of medicinal plants in treating diseases is an ancient tradition that has co-existed with human
habitation. Herbal medicines form a significant part of culture and traditions of rural people in developing
countries. As a result there is an increasing trend to integrate traditional medicine with primary health care.
This arises because about 80% of people in the developing world today, especially where modern drugs are
not affordable, or are inaccessible or unacceptable, depend on traditional herbal remedies ' 2. Disease
concepts are largely similar in humans and animals. Traditional healers of people are often called to treat
animals (and vice versa), often employing the same herbs, compounds or manipulative techniques 3 4. In
developed Western countries half of all prescriptions dispensed contain substances of natural origin, 50% of
which have plant derived active principles 5.The green movement in Western society has changed attitudes
in the general population, who now conceive naturally derived substances and plant extracts as being
inherently safer and more desirable than synthetic chemical products 6. Hence there is renewed interest in

traditional pharmacopoeias, with researchers determining the scientific rationale of plant usage, discovery of
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new compounds, or using plant-derived compounds as models for chemical syntheses of novel

pharmaceuticals.

Over 122 drugs from 94 plants, covering a wide range of activity such as antibacterial, anti-inflammatory,
antioxidant, anthelmintic, anti-amoebic, antischistosomal, antimalarial, as well as psychotropic and
neurotropic activities have been discovered following botanical leads 7. The trend towards phytotherapy
notwithstanding, many medical and veterinary professionals do not trust the use of herbal medicines 3 8.
Despite extensive use of plants as medicines, herbal remedies are not as safe as frequently claimed. Plants
contain substances (such as saponins, viscotoxins, tannins, cyanogenetic glycosides, furanocoumarins,
pyrrolizidine alkaloids, sesquiterpenes, etc), possibly naturally produced for defense against pathogens and
for discouragement of ingestion by man and animals, which render many herbal medicines poisonous °.
South Africa has made a world contribution with herbal teas and plant remedies such as Cape aloes,
rooibos, buchu, honeybush and devil's claw 0. Nevertheless surveys have indicated many of the medicinal
plants to be toxic or poisonous ' 12 and many people have died from medicinal plant poisoning 3. There are
similar trends in other parts of the world. Hence the need for their scientific validation (for efficacy and

safety) before plant-derived extracts gain wider acceptance and use.

Peltophorum africanum Sond (Fabaceae), is a deciduous tree widely distributed in southern Africa and
other tropics. It is a unique plant in that it is traditionally used to treat more or less similar disease conditions
in man and animals. The bark and root extracts are traditionally used to treat diarrhea, dysentery, acute and
chronic pains, wounds, internal parasites, for boosting resistance to disease, and to treat infertility and
depression 1415.16 Traditional healers have used the root extract as a component in the ‘Kgatla doctors’
mixture to promote wellbeing, fertility and resistance to disease. Livestock farmers use the root and bark
extracts against diarrhoea, dysentery and colic and as a general tonic. In southern Africa, women who lose
their spouses take the bark or root decoctions for up to a year, possibly for relief of post-traumatic stress

and depression.

The phytochemistry of this species has been investigated by many authors who reported mainly flavonoids,
and other phenolic compounds 7. 18.19.20.21 Reports of testing for biological activity of extracts or isolated
compounds are scanty. However, antibacterial 22 23 | antioxidant and antibacterial 2 %, antihelmintic 26.27
and inhibitory properties against HIV- AIDS type 1 reverse transcriptase and integrase 2 have been

reported.
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P. africanum is one of the dominant plants found in the Pretoria medicinal plant market'® and very popular
among the rural Madikwe community where it is used for livestock treatments 2. Based on the traditional
usage and results of in vitro work, the extracts and compounds of P. africanum have potential for health of

both man and animals. The present study aimed at establishing the safety of the plant extracts.
7. 2. Materials and methods
7. 2.1 Plant material

The leaves, stem bark and root bark collected from mature Peltophorum africanum Sond. (Fabaceae) trees
naturally growing at Onderstepoort, Pretoria, South Africa (bearing label S.A. Tree No. 215), were dried in
the shade at ambient temperature. A voucher specimen (PM 001) is stored in the Medicinal Plant
Herbarium, Department of Paraclinical Sciences, University of Pretoria. The dried material was ground to

powder in a Macsalab mill (Model 200 LAB), Eriez®, Bramley.

7. 2.2 Extraction

A previous study showed that acetone was the best extractant for P. africanum compared to ethanol,
hexane and dichloromethane 2. Therefore, acetone was the solvent selected for the bioassays, in the ratio
of plant material to acetone of 1:10 (weight to volume) in an overnight extraction. As the dried extracts
extracted by acetone do not fully dissolve back in acetone, the extracts were not concentrated to dryness 30

and made to a stock concentration of 100 mg ml-*.
7.2.3. Toxicity assays
7.2.3.1 Brine shrimp lethality

The brine shrimp lethality test is fully described by Solis et al. 3" who used the test for plant extracts in a
range of concentrations to obtain an LDsg value. The brine shrimp (Artemia salina) eggs were obtained from
alocal pet shop, and hatched in artificial sea water (3.8 g NaCl + 100 ml distilled H,0), yielding phototrophic
nauplii (larvae). The acetone extracts of the leaf, bark and root were tested at concentrations of 0.1, 1, 2,
and 5 mg ml, in 4 (four) replicates, the test solution made to required volumes with distilled water. The
final acetone concentration acted as solvent blank control for the nauplii, whereas Podophyllotoxin (Sigma)
was the positive control, and distilled water acted as negative control. Four (4) 96-well microtitre plate

replicates, with each well having 100 pl, of plant extract solution and 100 of larvae suspension containing
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10-15 nauplii were incubated for 24 h at room temperature (23°C). A stereomicroscope was used in
observing and counting the larvae, and any deaths in controls were adjusted for in the treated plates by

using Abbott’s formula described by Rasoanaivo and Ratsimamanga-Urverg 32,

Corrected mortality percent = m-M x 100
S

m= mean of dead larvae in treated plates %
M= mean of dead larvae in controls %
S= mean of living larvae in controls %

(The reference compound Podophyllotoxin®, LCs= 5 g ml)

7.2.3.2 MTT assay (cell line cytotoxicity ) of extracts

Moosmann # fully describes the assay, that essentially is based on the reduction of the yellow coloured 3-
(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide (MTT), by mitochondrial dehydrogenases of
metabolically active cells (live cells) to a purple formazan. The viable cell growth after incubation with
extracts was determined using MTT (Sigma), for measuring cell proliferation and cytotoxicity. The intensity
of colour (measured spectrophotometrically) of the formazan produced by living, metabolically active cells is
proportional to the number of live cells present. Formazan is an insoluble purple substance, a result of

reduction of the yellow water soluble tetrazolium dye (MTT) by the live and not dead cells.

The growth medium used was Minimum Essential Medium (MEM, Highveld Biological, Johannesburg),
supplemented with 0.1% gentamicin (Virbac) and 5% foetal calf serum (Adcock-Ingram). Cells of a
subconfluent culture of Vero monkey kidney cells , obtained from the Department of Veterinary Tropical
Diseases, University of Pretoria, were harvested and centrifuged at 200xg for 5 minutes, and re-suspended
in growth medium to 2.4 x 103 cells ml-'- A total of 200 pl of the cell suspension was pipetted into each well
of columns 2 to 11 of a sterile 96-well microtitre plate. Growth medium (200 ul) was added to wells of
column 1 and 12 to minimize the “edge effect” and maintain humidity. The plates were incubated for 24 h at
37°C in a 5% CO, incubator, until the cells were in the exponential phase of growth. Then the MEM was
aspirated from the wells using a fine tube attached to a hypodermic needle, and replaced with 200 pl of test
extract at different concentrations prepared in growth medium. The cells were disturbed as little as possible
during the aspiration of the medium and addition of the test extracts. Each dilution was tested in
quadruplicate. The microplates were further incubated for 5 days at 37°C in a 5% CO, incubator with the

test material. Untreated cells and positive control, Berberine Chloride (Sigma) was included.
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After incubation, 30 ul MTT (a stock solution of 5 mg ml" in PBS) was added to each well and the plates
incubated for a further 4 h at 37°C. After incubation with MTT the medium in each well was carefully
removed, without disturbing the MTT crystals in the wells. The MTT formazan crystals were dissolved by
addition of 50 pl DMSO to each well. The plates were shaken gently until the crystals were dissolved. The
amount of MTT reduction was measured immediately by detecting the absorbance in a microplate
spectrophotometer reader (Versamax®) at wavelength of 570 nm. The wells in column 1, containing the
medium and MTT but no cells, were used to blank the plate reader. The LCso  values were calculated as

the concentration of test extract resulting in a 50% reduction of absorbance compared to untreated cells.
7.2.4 Safety of extracts in sheep

In a related work reported elsewhere (Chapter 6), acetone extracts were administered by stomach tube to

sheep artificially infected with Haemonchus contortus and Trichostrongylus colubriformis.
7.2.5 Statistical analysis

The Excel package was used in data analysis.

7.3 Results

The leaf, bark and root extracts (at the maximum concentration of 5 mg ml-* employed) did not show toxic

in the brine shrimp or Vero monkey kidney cell line assays, Table 7.1.

ity
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Table 7.1: Cytotoxicity of P. africanum root, bark and leaf extracts

Item Brine shrimpa MTT®
LCso (ugml' ) | LCso(pgmlt )
Root* >1000 >1000
Bark* >1000 >1000
Leaf* >1000 >1000
Podophytotoxin | 7.01
Berberine 9.82

Key:

aBrine shrimp larval mortality assay

bCytotoxicity assay aginst Vero Monkey kidney cell line

*Extracts at 5 mg mi' | the highest concentration used

The administration of extracts did not affect the sheep in any manner, whether by way of feed consumption,
or any deleterious effect or expression.The haematological parameters and liver enzymes of the sheep that

received treatment with P. africanum extracts for parasitic nematodes were not affected, Figure 7.1.
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Figure 7.1: Haemoglobin and liver function tests of four treatment groups

Notes: i) Units of values, Hb=g/l and IU/l for AST & GGT
ii) 1-4 are extract treatment groups; 1 being control with no treatment
iii) B=before infection with parasitic nematodes, I= during the course of infection and T= after

treatment with extracts.
7.4 Discussion
P. africanum has been traditionally used in the treatment of a wide range of conditions including diarrheoa,
dysentery, acute and chronic pain, wounds, anxiety and depression, and as a tonic for fertility and

resistance to diseases' 1.6, The root and bark from P. africanum are important components of the

products sold in informal medicinal plant markets in Pretoria '8, cattle markets of Setswana-speaking people
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of Madikwe area %, traditional healers gatherings of Botswana 34, and other regions in southern Africa. This
has stimulated scientific research studies on the medicinal plant. In addition to several phytochemists who
have isolated various compounds, bioassay characterization studies have shown that extracts of P.

africanum have antibacterial 2223 | antioxidant and anthelmintic 26:27.25 as well as anti-HIV/AIDS 28 activities.

P. africanum is not toxic, as the brine shrimp and Vero monkey kidney cell line cytotoxicity assay results
have showed. Bessong et al. 28 found no toxicity when they tested P. africanum extracts in a HeLaP4 cell
line. Brine shrimp assay has been used in in vitro cytotoxicity screening tests 3, and the test is also
routinely used in the plant extracts 12 10.35 in South Africa. However, some plants known to be toxic to
livestock have displayed non-toxicity to brine shrimp 3%, casting a doubt whether the brine shrimp assay is
capable of detecting toxic effects of plant extracts. Therefore cell-line cytotoxicity was applied alongside the
brine shrimp assay for P. africanum extracts in the present work, as mammalian cell line gives better

correlation.

In another related work pending publishing, P. africanum extracts were administered (by stomach tube) to
lambs artificially induced with Haemochus contortus and Trichostrongylus colubriformis infections. There
were no abnormal behaviors, toxicity signs or any other abnormality in the lambs attributable to the extracts
that were given up to a maximum dosage rate of 750 mg kg'. Setswana-speaking pastoralists of the
Madikwe area of the North West Province, South Africa, who give the extracts to cattle for diarrhea and as a
general tonic for resistance to disease, reported no side effects or toxicity in treated animals 2. To
paraphrase Weiss and Fintelmann %, “if a plant extract has been used for ages, repeatedly asked for by
patients and prescribed by doctors, one must assume that it is effective and safe, even without double-blind
studies”. By the same token, from the traditional use, and from research tests carried out to date, P.
africanum extracts may be assumed safe. This, nevertheless, gives no room for complacency as many
herbal medicines are toxic ® ' 2, requiring more defined laboratory and clinical tests. Though Joubert 3
purified a proteinase inhibitor (a potent poison like snake venom) from the seeds of P. africanum, animals
routinely browse the leaves and young stock 38.3°. Nevertheless, mature trees are unpalatable and shunned

by browsing wild ruminants 40

In conclusion, the extracts of P. africanum Sond. (Fabaceae) appear to be safe. But further laboratory and
clinical work is called for. There is a great potential for the ubiquitous plant (P. africanum ) in the promotion
of health, in both man and animals. The traditional use of the bark and root for medication is a practice that
may not be sustainable, as in some parts of South Africa the tree has been stripped bare (D. E. N. Mabogo,

personal communication). More research is required to innovate better extraction methods that would utilize
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the leaves. Furthermore, if the active compounds were isolated, their synthetic varieties could be made

available. This would reduce the demand of the plant material, with a view to conserving the environment.
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