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Abstract

The search for sustainable and easily affordable herbal medicines is on worldwide, prompted by emergency of
anthelmintic resistance. Following substantially positive in vitro work, the efficacy and safety of extracts of Peltophorum
africanum was determined against the parasitic gastrointestinal nematodes in sheep. Twenty four (24) weaned male
Dorper lambs were induced with infections (Ls infective stages) of Haemonchus contortus (2,800 each) and
Trichostrongylus colubriformis (3,500 each). Four (4) weeks later, the sheep were dosed with acetone extracts of P.
africanum at doses of 50, 500 and 750 mg kg-'. The control group received no treatment. There was no significant
(p=0.073) faecal egg counts reductions at concentrations of up to 750 mg kg, or reduction in total worm burden.
However, the extracts showed no deleterious effects on the sheep. Feed consumption remained the same for both
treated and untreated controls. Further work on appropriate dosage form or on isolation of effective anthelmintic

compounds from P. africanum is called for.
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6.1. Introduction

One of the important restraints in livestock production is parasitic diseases. In the tropics and sub-tropics,
parasitic gastrointestinal nematodes are prevalent and remain a major constraint to ruminant productivity.
Parasitic nematodes rank as number one in causing production losses arising from stock mortality, severe
weight loss and poor production, especially in small ruminants of resource—poor farmers in tropical Africa
and South Eastern Asia (Perry and Randolph, 1999; Chiejina, 2001; Perry et al., 2002). In various surveys,
Haemochus contortus and Trichostrongylus colubriformis, have been listed among the top ten most
common nematodes hampering production of goats and sheep in tropical countries (Anon, 1992;
Arosemena et al., 1999; Horak, 2003; Horak et al., 2004). Haemonchosis (caused by H. contortus) is
characterised by anaemia, haemorrhagic gastroenteritis, hypoproteinemia, sudden death or chronic

emaciation, whereas infection with T. colubriformis causes protracted diarrhoea with dark stool, weakness,
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loss of production and death (Soulsby, 1982; Urquhart et al., 1996). Adult female H. contortus have high
egg-producing capacity of 5000-15000 eggs per day (Hansen and Perry, 1994), whereas the infective larvae
(Ls) of T. colubriformis have high capacity to survive even in adverse weather conditions (Urquhart et al.,
1996). The high fecundity, combined with the high rainfall and temperatures of the tropics, favour permanent
larval development in the environment leading to the development of the free-living stages to infective larval

forms (Ls) throughout the year.

Control of gastrointestinal nematode infections of small ruminants is almost exclusively by use of proprietary
anthelmintics. However, these drugs are expensive and sometimes unavailable or unaffordable by
subsistence rural farmers or remote pastoralist communities in developing countries, who as a result end up
using adulterated or poor quality products (Monteiro et al., 1998). Alternatively the widespread intensive use
of anthelmintic drugs by commercial farmers has created multiple drug resistance that has led to a failure to
control helminths in ruminants (Prichard, 1990; van Wyk et al., 1997; Wolstenholme et al., 2004; Jabbar et
al., 2006). In South Africa, the anthelmintic resistance situation in commercial farms has been described as
very serious (van Wyk et al., 1999). These constraints have made the reliance on pharmaceutically derived
anthelmintics at present difficult, and necessitate alternative strategies of helminth control (Waller, 1997;
Dang and Bagh, 1999; Sanyal, 2001; Jabbar et al., 2006). Amongst these strategies is use of plants as an
alternative anthelmintic opportunity. Use of effective indigenous plant preparations as livestock dewormers
would appear to be a sustainable and affordable method readily adaptable to rural farming communities
(Hammond et al., 1997; Dang and Bagh, 1999). However, due to concerns for scientific evidence of efficacy
and safety, there is need for scientific validation of herbal medicines before their acceptance and use

worldwide.

Peltophorum africanum (weeping wattle), a plant widespread in southern Africa and other tropical regions,
is traditionally used to treat, inter alia, diarrhoea, dysentery, helminthosis and promotion of well-being and
resistance to diseases in man and animals (Watt and Breyer-Brandwijk, 1962; van der Merwe, 2000; van
Wyk and Gericke, 2000). Condensed flavonoids, a novel cyanomaclurin analogue (Bam et al., 1988),
profisetinidin-type 4-arylflavan-3-ols and related &-lactones (Bam et al., 1990) were found in the heartwood.
Mebe and Makuhunga (1992) isolated bergenin, norbergenin and 11-0-(E)-p-coumaroylbergenin from the
bark, while Khattab and Nasser (1998) isolated coumarins from the leaves. P. africanum extracts have
inhibitory effects against human immunodeficiency virus (HIV-1) reverse transcriptase and integrase
(Bessong et al., 2005, antibacterial (Obi et al., 2003; Samie et al., 2005) and antioxidant activities

(Bizimenyera et al., 2005; Bizimenyera et al., 2007), and ovicidal and larvicidal activities (Bizimenyera et al.,
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2006 a, b) against Haemochus contortus and Trichostrongylus colubriformis. The latter was against both

egg hatching and larval development.

As in vitro efficacy does not necessarily imply corresponding in vivo effect, the aim of the present study was
to determine the efficacy and safety of acetone extracts of P africanum on the reduction of faecal egg and
total worm counts of the gastrointestinal parasites Haemochus contortus and Trichostrongylus colubriformis

in sheep.

6. 2. Materials and Methods

6. 2.1. Collection, storage and preparation of plant material

The plant material (root bark) was collected from mature Peltophorum africanum Sond. (Fabaceae) trees
growing naturally (and labelled S.A Tree No. 215) at the Onderstepoort campus of University of Pretoria,
South Africa. A voucher specimen (PM 001) was stored in the medicinal plant herbarium, Department of
Paraclinical Sciences, University of Pretoria. The collected plant material was dried in the shade, at room
temperature before grinding to powder using a Mascalab mill (Eriez®, Bramley). The powdered material ,

weighing 1.2 kg , was stored in dark tightly closed glass bottles before investigation.

6. 2.2. Plant extraction

The plant material was extracted overnight in acetone (in ratio of 1:10, weight for volume) in glass bottles on
a shaker. To circumvent the problem of incomplete solubility in acetone, the extracts of P. africanum were
not dried (Eloff, 2004). Known volumes of the extract containing 370 mg ml" were put in bottles, which were
sealed and stored in a refrigerator as stock solution before use. Other than use of capsules in the
anthelmintic treatment tests ( due to the residual acetone) , the stock extract was diluted with distilled water
and administered by stomach tube to sheep at three dose concentrations, 50, 500 and 750 mg kg body

weight for three consecutive days.
6. 2.3. Experimental animals
Twenty four (24) young (6 months) weaned male Dorper lambs were bought from reputed breeders. After

weighing on a calibrated scale, the lambs were dosed with albendazole (Valbazen, Pfizer) at the dose of 22

mg kg' before the start of the study. The lambs were housed indoors in four groups of 6 each at the
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University of Pretoria Biomedical Research Centre (UPBRC), Onderstepoort, on concrete floors, under
quarantine conditions. The animals were provided with a commercial ration, lucerne and hay and given free
access to water. They were under supervision of a veterinarian on a daily basis throughout the study. The
health of animals was observed and recorded daily. The cut-off point for salvage treatment for anaemia was

a packed cell volume (PCV) value of 15%.
6. 2.4 Experimental design

The experimental design was a slight modification (use of plant extract instead of drug) of the method
recommended by the World Association for the Advancement of Veterinary Parasitology (WAAVP) second

edition of guidelines for evaluating the efficacy of anthelmintics in ruminants, Wood et al. (1995).
6.2.4.1 Preparation and administration of infective larvae

Mono-specific larval suspensions of H. contortus and T. colubriformis were obtained from cryopreserved
infective larval (Ls) stocks from Onderstepoort Veterinary Institute. After thorough mixing with a magnetic
stirrer, twenty aliquots of the larval suspension were counted to establish the number of viable Lz per ml.
The required inocula of Ls for both H. contortus and T. colubriformis were mixed in one syringe and orally
administered. The L; were administered over 5 consecutive days yielding an estimated total dose of 3,500
larvae of T. colubriformis and 2,800 of H. contortus per animal (Wood et al., 1995). Treatment was effected
28 days after infection, after the infection had been confirmed through faecal egg counts using sugar

floatation (Hansen and Perry, 1994).
6.2.4.2 Treatment procedures

Each animal was identified by an ear tag and distinctive coat marks. A day before treatment, nine days
later, and before necropsy the sheep were weighed along with a full haematology analysis of each. The
sheep were randomly allocated according to body weight to 4 treatment groups, following a table of random
numbers (Beyer, 1968), and according to the treatment groups: I- Control (no treatment), II- 750 mg kg, lll-
50 mg kg' and IV-500 mg kg (Table 6.1). Extracts (prepared as in 6.2.2 above) were administered by
stomach tube according to body weight on three consecutive days. All animals were subsequently observed

daily for any adverse effects of treatment. Feed intake was also noted.
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6.2.4.3 Full haematology and liver enzyme analysis
Along with the full haematology, blood samples were analysed for liver enzymes, aspartate
aminotransaminase (AST) and gamma-glutamyl transpeptidase (GGT), the enzymes that may reflect liver

function (pathology or hepatobiliary dysfunction) in herbivores.

Table 6.1: Treatment groups and individual doses

Group* No. Weight (kg) Dosage Total dose | Volume (ml)
(mglkg) (mg)

Control (1) 1 325 Nil 0
3 30.6 Nil 0
4 23.3 Nil 0
5 28.4 Nil 0
17 25.8 Nil 0
26 33.2 Nil 0 -

I 7 333 750 24975 67.5
8 26.5 750 19875 53.7
9 24.6 750 18450 50.0
14 30 750 22500 60.8
21 26.2 750 19650 53.1
23 33 750 24750 66.9

Il 2 25.7 50 1285 3.57
6 315 50 1575 4.3
1 29.8 50 1490 4.0
12 26.2 50 1310 35
19 27.5 50 1375 3.7
22 34.6 50 1730 49

v 10 25.7 500 12850 34.7
13 26.1 500 13050 35.3
15 31.3 500 15650 42.3
16 21.7 500 10850 29.3
24 28.1 500 14050 40.0
25 31.6 500 15800 42.7

* Randomly grouped according to Table of Random Units (Beyer, 1968)

6.2.5 Evaluation

6.2.5.1 Faecal egg counts

From 3 weeks after infection, and on day 1 before treatments, day 1 and 6 after treatment, faecal egg
counts were determined on faecal samples collected per rectum with a lubricated gloved hand. The number
of eggs per gram (epg) was determined in the standard manner using the McMaster slide. The faecal

samples were collected at the same time each day to reduce the number of variables in egg counts.
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6.2.5.2 Larval cultures and identification
From faecal eggs collected as 6.2.5.1, an egg suspension (with about 100 eggs per 200 pl water) was
incubated in 48-well microtitre plates at room temperature for 48 hours. A drop of Lugol's iodine was added
to each well, and the larvae (Ls) were counted, and identified according to established identification keys
(Soulsby, 1982; van Wyk et al., 2004). This helped to determine the establishment of infection, and

evaluation of possible effect of P. africanum extracts on the different worm species under investigation.

6.2.5.3 Adult worm counts

At necropsy, the abomasums and small intestines were tied off and freed of excess fat and mesenteric
attachments. Each abomasum and small intestine was opened and its contents thoroughly washed into a
graduated bucket, and the volume of the wash made up to 2-3 L. After thorough mixing, two 5% aliquots of
the contents were fixed in formalin. The nematodes in the 5% aliquots were stained with Lugol’s iodine for

ease of counting. The contents were poured into flat dishes for counting.
6. 2.6. Calculations and statistical analysis

The efficacy of anthelmintic action was determined by comparing the parasite /egg populations in groups of
treated and untreated animals, and dose relationship determined. The following formula (Woods et al.,
1995) expresses the percent efficacy (%E) of a dose given against a given parasite species (S) in a given

treatment group (T) when compared with an untreated control group (C): -

%E=Mean of Sin C-meanof Sin T x 100
Mean of Sin C

T-Test and ANOVA were used to determine whether there were differences between treated and untreated

groups over time schedules.

6.3 Results

Other than transient cough in some animals, no abnormal behavioural changes were observed after
treatment of the animals with the extracts. None of the animals required salvage treatment in the four
weeks post-inoculation with Ls. There was general decline of the PCV in all the infected lambs. There was
no significant difference in faecal egg counts between the treated and control groups (Figure 6.1). By the

time the experiment was terminated only a few animals had PCV values below 20%, but none below 15%.
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Judging from the analysis of enzymes that reflect liver damage (results not shown), gamma-glutamyl
transpeptidase (GGT) and aspartate aminotransaminase (AST), there was no significant pathological or
toxic effect on the animals by the extract treatment.

The faecal egg counts fluctuated, with no significant (with p=0.073) difference between the treated and
control groups after the various treatments (Figure 6.2). More of the H. contours than T. colubriformis

developed (Figure 6.3, 6. 4), despite the fact that the respective infecting doses with Lz were 2,800 and
3,500

Faecal egg counts
25,000
20,000
&
5, 15,000 m-1
oy ml
& 10,000 o6
(o))
L
5,000 -
0 T T T 1
I(Control) (50 IV (500 I (750
mg/kg) mg/kg) mag/kg)
Treatment groups

1 = one day before, 1, 6=one and 6 days after treatment

Figure 6.1: Faecal egg counts
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Figure 6.3: H. contortus adult worm counts
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Figure 6.4: Trichostrongylus colubriformis adult worm counts
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Figure 6.5: Daily hay consumption (kg) per group, after treatment

The extracts did not effect a significant adult worm reduction in treated compared to control animals (Figure
6.3, 6.4). The administration of extracts did not affect the feed consumption in both treated and control

groups significantly, Figure 6.5.

Results of the experiment show that P. africanum extracts are safe but not effective against the H. contortus

and T. colubriformis infections in sheep at doses and dosage forms administered in the current work.
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6. 4. Discussion

The objective of the study was to establish efficacy and safety of P africanum extracts on faecal egg, and
adult worm count reduction in sheep artificially infected with H. contortus and T. colubriformis. This is the
first report of such anthelmintic trial in livestock involving P. africanum. Other investigators have either used
plant powder or plant extracts in analogous work (Githiori et al., 2002; Hérdegen et al., 2003; Hounzangbe-
Adote et al., 2005; Igbal et al., 2006 a), all modifications of the World Association for the Advancement of
Veterinary Parasitology (W.A.A.V.P.) second edition of guidelines for evaluating the efficacy of anthelmintics
in ruminants (Wood et al., 1995). In the in vivo model, up to 750 mg kg™ of acetone extracts did not
significantly reduce faecal egg counts of T colubriformis and H. contortus. Githiori et al. (2004) found that
seven plant species had no significant effect on faecal egg counts on lambs infected with H. contortus and
fed aqueous extracts of the plants. Some factors could explain why extracts that was effective in vitro failed
to show positive results in vivo. The dosage rate (750 mg kg') used in the sheep experiments may not have
provided sufficient knock-down effect. Some workers reported good effect when extracts were administered
at doses of 1-3 g kg! body weight (Akhtar et al., 2000; Suleiman et al., 2005; Igbal et al., 2006b ) .The stock
extract solution was very concentrated (370 mg ml'), and some of the extract adhered to the bottle, possibly
limiting the effective concentration in the administered extract. There could also be stability factors of
anthelmintic components, if plant material had overstayed. However, Eloff (1999) reported that some
chemical components did not change and biological activity did not decrease significantly in over 100 year-
old herbarium plant specimens. Was three days administration of the extracts too short a period? Ademola

et al. (2004, 2005) administered ethanolic extracts for two days.

Whereas ovicidal and larvicidal action of P. africanum extracts on eggs and larval (L4) forms of H. contortus
and T. colubriformis has been reported (Bizimenyera et al., 2006 a, b) , the extracts did not have a similar
action on the adult worm parasites in the current work. The relevance of in vitro studies to in vivo efficacy, in
regard to anthelmintic activity, is greatly influenced by the differences in the physiology and the
bioavailability of plant preparations within animal hosts (Githiori, et al., 2005). The reservoir effect, whereby
the extract gets dissolved in the large volume of fluid in the rumen , and an increase in the mean residence
time in the rumen due to the extract binding to rumen material, with little passing on to the abomasums
may have reduced the bioavailability. What about the potential degradation of the extract by rumen
microflora? Possibly different results could have been obtained if the extracts had been administered by
direct injection into the abomasums or small intestine; Van Wyk and Gerber (1980) injected H. contortus and
T. colubriformis infective larvae Ls to establish infections in abomasums and small intestine respectively.

Athanasiadouou et al., (2001) reported direct anthelmintic astringent effects of condensed tannins on
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gastrointestinal nematodes. Alternatively, the extracts could be administered orally after the oesophageal
groove is closed by suitable methods, such as pre-administraton of copper sulphate solution (Gibson, 1975).

Hence improved methods of extraction to get an anthelmintic rich extract need to be developed.

P. africanum extracts however were found to be safe in the treated animals. Gamma-glutamyl
transpeptidase (GGT) and aspartate aminotransaminase (AST), levels used to assess liver pathology, were
not statistically different between treated and control lambs. Haematological analysis of these enzymes

gives a good indication of liver pathology in herbivores (Reyers, 2005).

Acknowledgements

Staff Development Programme, Makerere University, Uganda, the National Research Foundation, South
Africa, and the Faculty of Veterinary Science, University of Pretoria funded the work. Daniel Phala and
Jacob Mokhele, University of Pretoria Biomedical Research Centre (UPBRC), Onderstepoort, took care of
the experimental animals. Dr. Jan van Wyk provided the H. contortus Ls used in the study, and proof read
the manuscript. Sister D Smith, Production Animal Clinic, Onderstepoort Veterinary Hospital provided a
mouth gag, while Dr. Adriano Vatta, Helminthology Section, Onderstepoort Veterinary Institute provided

facilities for the adult worm harvests and counts.

6. 5. References

Ademola, I. O., Fagbemi, B.,0., Idowu, S.,0., 2004. Evaluation of the anthelmintic activity of Khaya
senegalensis extract against gastrointestinal nematodes of sheep: in vitro and in vivo studies. Vet.
Parasitol., 122: 151-164

Ademola, I. O., Fagbemi, B., O., Idowu, S., O., 2005. Anthelmintic activity of extracts of Spondias mombin
against gastrointestinal nematodes of sheep: studies in vitro and in vivo. Trop. Anim. Health Prod.,
37: 223-235.

Akhtar M S, Igbal Z, Khan M N, Lateef M, 2000. Anthelmintic activity of medicinal plants with particular
reference to their use in animals in the Indo-Pakistan subcontinent. Small Ruminant Research, 38:
99-107

Anon., 1992. Distribution and Impact of Helminth Diseases of Livestock in Developing Countries. FAO
Animal Production and Health Paper 96. Food and Agriculture Organisation of the United Natiions,

Rome.

62



Arosemena N A E, Bevilaqua C M L, Melo A C F L, Girdo, 1999. Seasonal variations of gastrointestinal
nematodes in sheep and goats from semi-arid in Brazil. Review. Medicene Veterinare , 150: 873-
876.

Athanasiadou, S., Kyriazakis, L., Jackson, F., Coop, R. L., 2001. Direct anthelmintic effects of condensed
tannins towards different astrointestinal nematodes of sheep: in vitro and in vivo studies. Vet.
Parasitol., 99: 205-219.

Bam, M., Ferreira, D., Brandt, E., 1988. Novel cyanomaclurin analogue from Peltophorum africanum.
Phytochem., 27: 3704-3705

Bam, M., Malan, J. C. S., Young, D. A., Brandt, E. V., Ferreira, D., 1990. Profisetinidin- type 4—arylflavin-3-
ols and related d-lactones. Phytochem., 29: 283-287

Bessong, P. O., Obi, C. L., Andréola, M., Rojas, L. B., Pouységu, L., lgumbor, E., Meyer ,J. J. M., Quideau,
S., Litvak, S., 2005. Evaluation of selected South African medicinal plants for inhibitory properties
against human immunodeficiency virus type 1 reverse transcriptase and integrase. J.
Ethnopharmacol., 99: 83-91

Beyer, W. H. (Ed.), 1968. In: Handbook of tables for probability and statistics. 2" Ed., The Chemical Rubber
Company. Cranwood Packway, Ohio, pg. 480-481.

Bizimenyera, E. S., Swan, G. E., Chikoto, H., Eloff, J.N., 2005. Rationale for using Peltophorum africanum
(Fabaceae) extracts in veterinary medicine. J. S. Afr. Vet. Assoc., 76: 54-58.

Bizimenyera, E.S., Githiori, J. B., Swan, G. E., Eloff, J. N., 2006 a. In vitro ovicidal and larvicidal activity of
the leaf, bark and root extracts of Peltophorum africanum Sond.(Fabaceae) on Haemonchus
contortus. J. Anim. Vet. Adv., 5: 608-614

Bizimenyera, E. S., Githiori, J. B., Eloff, J. N., Swan, G. E., 2006 b. In vitro activity of Peltophorum
africanum Sond. (Fabaceae) extracts on the egg hatching and larval development of the parasitic
nematode Trichostrongylus colubriformis. Vet. Parasitol., 142: 336-343

Bizimenyera, E. S., Aderogba, M. A., Eloff, J. N., Swan, G. E., 2007. Potential of neuroprotective
antioxidant-based therapeutics from Peltophorum africanum Sond. (Fabaceae). Afr. J. Trad. CAM, 4:
99-106

Chigjina, S. N., 2001. The epidemiology of helminth infections of domesticated animals in the tropics with
emphasis on fascioliasis and parasitic gastroenteritis . In: Perspectives on helminthology (Chowdhury
N and Tada | ,Eds). Science Publishers, Inc. Enfield, pg 41-87.

Dang, A. R. and Bagh, H., 1999. Use of herbal medicine against helminths in livestock — renaissance of an
old tradition. World Anim. Rev., 93: 60-67.

Eloff, J. N., 1999. It is possible to use herbarium specimens to screen for antibacterial components in some
plants. J. Ethnopharmacol., 67: 355-360

63



Eloff, J. N., 2004. Quantification of the bioactivity of plant extracts during screening and bioassay guided
fractionation. Phytomedicine, 11: 370-371

Gibson, T. E.,1975. Veterinary anthelmintic medication. 2" Ed., Commonwealth Agricultural Bureau.
Slough, England.

Githiori, J. B., Hoglund, J., Waller, P. J., Baker, R. L., 2002. Anthelmintic activity of preparations derived
from Myrsine Africana against the nematode parasite, Haemonchus contortus, of sheep. J.
Ethnopharmacol., 80: 187-191

Githiori, J. B., Hoglund, J., Waller, P. J., Baker, R. L., 2004. Evaluation of anthelmintic properties of some
plants used as livestock dewormers against Haemoncus contortus infections in sheep. Parasitology,
129: 245-253

Githiori, J. B., Hoglund, J., Waller, P. J., 2005. Ethnoveterinary plant preparations as livestock dewormers:
practices, popular beliefs, pitfalls and prospects for the future. Anim. Health Res. Rev., 6: 91-103

Hammond, J. A., Fielding, D., Bishop, S. C., 1997. Prospects for plant anthelmintics in tropical veterinary
medicine. Vet. Res. Commun., 21:13-28.

Hansen, J. and Perry, B., 1994. In: The epidemiology, diagnosis and control of helminth parasites of
ruminants. International Laboratory for Research on Animal Diseases (ILRAD). Nairobi, pg 19
Hérdegen, P., Hertzberg, H., Heilmann, J., Langhans, W., Maurer, V., 2003. The anthelmintic efficacy of five
plant products against gastrointestinal trichostrongyloids .in artificially infected lambs. Vet. Parasitol.,

117: 51-60

Horak, I. G., 2003. Parasites of domestic and wild animals in South Africa. XLIl. Helminths of sheep on four
farms in the Eastern Cape Province. Onderstepoort J. Vet. Res., 70:175-186.

Horak, I. G., Ursula Evans, Purnell, R. E., 2004. Parasites of domestic and wild animals in South Africa.
XLV. Helminths of dairy calves on dry-land Kikuyu grass pastures in the Eastern Cape Province.
Onderstepoort J. Vet. Res., 71: 291-306.

Hounzangbe-Adote, M. S., Zinsou, F. E., Hounpke, V., Moutairou, K., Hoste, H., 2005. In vivo effects of
Fagara leaves on sheep infected with gastrointestinal nematodes. Tropical Anim. Health Prod., 37:
205-214.

Igbal, Z., Lateef, M., Akhtar, M. S., Ghayur, M.N.,Gilani, A.H., 2006,a. In vivo anthelmintic activity of ginger

against gastrointestinal nematodes of sheep. J. Ethnopharmacol., 106: 285-287.

lgbal, Z., Lateef, M., Jabbar, A.., Ghayur, M.N.,Gilani, A.H., 2006,b. In vitro and in vivo. anthelmintic activity
of Nicotiana tabacum L. leaves against gastrointestinal nematodes of sheep. Phytother. Res.,20: 46-
48

64



Jabbar, A., Igbal, Z., Kerboeuf, D., Muhammad, G., Khan, M. N., Afag, M., 2006. Anthelmintic resistance:
The state of play revisited. Life Sciences, 79: 2413-2431

Khattab, A. M., Nasser, M. 1., 1998. Phytochemical and molluscidal studies on Peltophorum africanum and
Seshania sesban. Bulletin N.R.C., Egypt 23: 401-407

Mebe, P. .P, Makuhunga, P., 1992 . 11-(E)-p-coumaric acid ester of bergenin from Peltophorum africanum.
Phytochem., 31: 3286-3287.

Monteiro, A. M., Wanyangu, S. W., Kariuki, D. P., Bain, R., Jackson, .F, McKellar, Q. A. ,1998.
Pharmaceutical quality of anthelmintics sold in Kenya. Vet. Rec., 142: 396- 398.

Obi, C. L., Potgieter, N., Bessong, P. O., Masebe, T., Mathebula, H., Molobela, P., 2003. In vitro
antibacterial activity of Venda medicinal plants. S. Afr. J. Botany, 69: 199-203

Perry, B. D., Randolph,T. F., 1999. Improving assessment of the economic impact of parasitic diseases and
their control in production animals. Vet..Parasitol., 84:145- 168.

Perry, B. D.,Randolph, T. F., McDermott, J. J., Sones, K. R., Thorton, P. K. (2002). Investing in Animal
Research to Alleviate Poverty. ILRI (International Livestock . Research Institute). Nairobi, Kenya.

Prichard, R. K., 1990. Anthelmintic resistance. Vet. Parasitol., 54: 259-268.

Reyers, F., 2005. Enzymology in Small Animal Veterinary Science. Proceedings of 30 World Congress of
the World Small Animal Veterinary Association. May 11-14, 2005. Mexico City, Mexico.

Samie, A., Obi, C. L., Bessong, P. O., Namrita, L., 2005. Activity profiles of fourteen selected medicinal
plants from rural Venda communities in South Africa against fifteen clinical bacteria species. Afr. J.
Biotechnol., 4: 1443-1451

Sanyal, P. K., 2001. Integrated management of parasitic gastroenteritis in ruminants. In: Perspectives on
helminthology (Chowdhury N and Tada I, Eds). Science Publishers, Inc. Enfield, pg 439-460.

Soulsby, E. J. L., 1982. In: Helminths, arthropods and protozoa of domesticated animals. Bailliere Tindall,
70 Ed. London, pg 212-218.

Suleiman, M. M., Mamman, M., Aliu, Y. O., Ajanusi, J. O., 2005.Anthelmintic activity of the crude methanol
extract of Xylopia aethiopica against Nippostrongylus brasiliensis in rats. Veterinarski Arhiv, 75: 487-
49

Urquhart, G. M., Armour, J., Duncan, J. L., Dunn, A. M., Jennings, F. W., 1996. In: Veterinary Parasitology.
Blackwell. Oxford, pg 10-26

Van der Merwe, D. , 2000 . Use of ethnoveterinary medicine plants in cattle by Setwana-speaking people in
the Madikwe area of the North West Province. M.Sc thesis, University of Pretoria, South Africa

Van Wyk, J. A., Gerber, H. M., 1980. Survival and development of larvae of the common nematodes of
ruminants after long-term cryopreservation and investigation of different routes of infestation.
Onderstepoort J. Vet. Res., 47: 129-136

65



Van Wyk, J. A, Malan, F. S., Randles, J. L., 1997. How long before resistance makes it impossible to
control some field strains of Haemonchus contortus in South Africa with any of the modern
anthelmintics? Vet. Parasitol., 70: 111-122

Van Wyk, J. A., Stenson, M. O., Van der Merwe, J. S., Vorster, R. J., Viljoen, P. G., 1999. Anthelmintic
resistance in South Africa: Surveys indicate an extremely serious situation in sheep and goat farming.
Onderstepoort J. Vet. Res., 66:273-284.

Van Wyk, B. E., Gericke, N., 2000 . In: People’s plants (1t edn). Briza Publications,pg130 Pretoria.

Van Wyk, J. A., Cabaret, J., Michael, L. M., 2004. Morphological identification of nematode larvae of small
ruminants and cattle simplified. Vet. Parasitol., 119: 277-306

Waller, P. J., 1997. Nematode parasite control of livestock in the tropics/subtropics: the need for novel
approaches. Int. J. Parasitol., 27:1193-1201.

Watt, J. M., Breyer-Brandwijk, M. G. , 1962 . The medicinal and poisonous plants of Southern and Eastern
Africa (2nd Ed). E & S Livingstone, London, pg. 638

Wolstenholme, A. J., Fairweather, |., Prichard, R. K., von Samson-Himmelstjerna, G., Sangste, N. C., 2004.
Drug resistance in veterinary helminths. Trends Parasitol., 20: 515-523.

Wood, I. B., Amaral, N. K., Bairden, K., Duncan,J. L., Kassai, T., Malone J. B., Jr., Pankavich, J.
A.,Reinecke, R. K., Slocombe, O., Taylor, S. M., Vercruysse,J.,1995. World Association for the
Advancement of Veterinary Parasitology (W.A.A.V.P.) Second edition of guidelines for evaluating the

efficacy of anthelmintics in ruminants. (bovine, ovine, caprine). Vet. Parasitol., 58: 181-213

66



	Front
	Chapters 1-2
	Chapters 3-4
	Chapter 5
	CHAPTER 6
	6.1. Introduction
	6.2. Materials and Methods
	6.3 Results
	6.4. Discussion
	6.5. References

	Chapter 7
	Chapter 8
	Chapters 9-10
	Back



