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SUMMARY

Gastrointestinal helminth infections remain a major constraint to livestock production globally. This study evaluated

anthelmintic efficacy of 7 plants used as dewormers by farmers and pastoralists in Kenya. Thus 3 commercial anthelmintics

and 7 plant preparations were tested in lambs infected with 5000 or 3000 L3Haemonchus contortus in 4 experiments. In the

first experiment, ivermectin, levamisole and albendazole were tested in 46 lambs. Seven plant preparations of Hagenia

abyssinica,Olea europaea var. africana,Annona squamosa,Ananas comosus,Dodonea angustifolia,Hildebrandtia sepalosa and

Azadirachta indica were tested in 151 lambs in 3 experiments. All 3 anthelminitics were highly effective in reducing faecal

egg counts (FEC) and total worm counts (TWC) in lambs. Plant preparations had varying levels of crude proteins from

2.6% for O. europaea to 18.4% for A. indica. Compared with controls, no significant reductions in FEC were observed for

any of the treated groups either 2 or 3 weeks post-treatment. Lambs treated with A. squamosa and A. comosus were

slaughtered 4 weeks post-treatment. No significant differences were observed in mean TWC or number of eggs per female

worm between treated animals and the controls. No significant improvements in weight gain were observed in treated

lambs.
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INTRODUCTION

Parasitic diseases remain a major constraint to live-

stock production across all agro-ecological zones and

production systems of Africa. This has been graphi-

cally illustrated by the findings of a comprehensive

review, involving many experts, on the impact of

animal disease on rural poor communities in the

tropics (Perry et al. 2002). Gastrointestinal parasit-

ism in ruminant livestock emerged as having the

highest global index within a wide range of disease

constraints that affect the livelihood of the poor. In

addition, this review specifically identified hae-

monchosis to be among the top 20 conditions having

an impact on sheep and goats belonging to the poor

globally, and among the top 10 most important

conditions having an impact on sheep and goat pro-

duction in East Africa. Worm infections in sheep and

goats are one of the main causes of slow growth rate,

poor reproductive performance and death (Coop &

Kyriazakis, 2001). The main way of controlling

nematode parasites of livestock has been with the use

of synthetic anthelmintics. However, these drugs

may not be readily available to smallholder farmers,

or to remote pastoralist communities. Additionally,

there have been recorded cases of poor or adulterated

drugs inKenya (Monteiro et al. 1998) which, because

of their low price, command a substantial share of the

anthelmintic market in this country. Another com-

plication in the use of anthelmintics in the high

rainfall regions of Kenya is the development of

resistance by nematode parasites of small ruminants

to these drugs (Wanyangu et al. 1996; Maingi et al.

1998), which is following the world-wide trend

(Waller, 1997; Sangster, 2001).

Parasite control by grazing management, such

as rotational grazing, is almost certainly impractical

for smallholder farmers and pastoralists due to com-

plications in land ownership and restrictions in the

size of individual farms. Although parasite-resistant

indigenous breeds are common in these locations,

young, poorly fed animals often succumb to para-

sitism (Roberts & Adams, 1990; Haile et al. 2002).

Alternative approaches to nematode control are

needed to circumvent some of the above constraints.

These approaches include the use of plants with anti-

parasitic properties. InAfrica,many plants have been

used as anthelmintics (Kokwaro, 1993; Bizimana,

1994). Some of these plants which contain condensed

tannins have been demonstrated in vivo to be active

against nematode parasites of small ruminants
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(Kahiya, Mukaratirwa & Thamsborg, 2003), while

others have been shown to have in vitro activity

(Alawa et al. 2003). In Kenya, ethnoveterinary

knowledge has been applied in an attempt to control

nematode parasites (Anonymous, 1996). This in-

cludes the use of herbal preparations and may offer

a cheaper and sustainable alternative to synthetic

drugs, provided of course that they have reasonable

levels of efficacy. A number of plants have been

used in various areas against nematode parasites.

These include Hagenia abyssinica, Olea europaea

var. africana, Annona squamosa, Ananas comosus,

Dodonea angustifolia, Hildebrandtia sepalosa and

Azadirachta indica.

The aim of this study was to evaluate the anthel-

mintic properties of these plants in sheep infected

withHaemonchus contortus. The anthelmintic efficacy

was assessed indirectly by the faecal egg count

reduction (FECR) test. Commercial anthelmintics,

namely ivermectin (IVM), levamisole (Lev) and

albendazole (BZ), were also investigated, both to

validate the test system and to assess any resistance

to these drugs by the strain of H. contortus used in

these experiments.

MATERIALS AND METHODS

Plants

Hagenia abyssinica. This tree is found in the upland

and high mountain rainforest regions of Kenya,

growing to 20 m in height with a leafy and rounded

crown. The dried female flower heads serve as a

reputed, powerful remedy for intestinal worms, es-

pecially tapeworms. It is also claimed that the bark

cures diarrhoea and stomach ache in humans; how-

ever, it is also reputed to cause abortions (Dharani,

2002). Hagenia abyssinica has been used as an an-

thelmintic in ruminants (Anonymous, 1996) and also

against tapeworms in humans (Desta, 1995; Giday

et al. 2003).

Dodonea angustifolia. This is an evergreen, shrubby

tree attaining a height of 3–8 m and distributed

widely from sea level to 2700 m on rocky, stony or

lava sites and forest margins in East Africa. It also

has the advantage of being fire tolerant, and thus

increases in abundance in areas that are regularly

burnt. A decoction of the leaves and twigs is used as

a remedy for stomach disturbances and diarrhoea in

humans (Dharani, 2002).

Olea europaea var. africana (O. africana). This is a

tall tree that grows to 20 m high with a rough dark,

brown bole and spreading grey branches with nu-

merous lenticels. Olea europaea var. africana bark

decoctions have been used for treating tapeworms

and as a general anthelmintic in humans (Kokwaro,

1993; Fratkin, 1996).

Ananas comosus. Large plantations of this plant,

commonly known as pineapple, are found in the

central and coastal regions of Kenya. The leaves and

skin of the fruit have been used in Asia as anthel-

mintic preparations for livestock (Jovellanos, 1997;

Baldo, 2001). The pineapple plant contains cysteine

proteases (bromelain), which are believed to have

some anthelmintic properties. Cysteine proteases

derived from papaya latex were considered to cause

the anthelmintic activity observed against Heligmo-

somoides polygyrus infected mice (Satrija et al. 1995).

Annona squamosa. This is commonly known as

sugar apple, or custard apple. As for A. comosus, the

leaves of this tree have been used in Asia as an

anthelmintic for livestock (Jovellanos, 1997).

Hildebrandtia sepalosa. This is a small shrub of

0.5–2 m in height that grows in arid and semi-arid

bush land of Kenya.Hildebrandtia sepalosa is used by

the Samburu of Northern Kenya as an anthelmintic

for animals (unpublished personal information) and

against stomach problems in humans (Heine, Heine

& König, 1988; Fratkin, 1996).

Azadirachta indica. The tree is synonymously

known Melia azadirachta L and is commonly re-

ferred to as the neem tree. It is a hardy tree growing

to 15–20 m in height, and is usually found through-

out the tropics and subtropics. It flourishes in arid

and semi-arid areas of Eastern Africa. Azadirachta

indica is used throughout the tropics against vari-

ous ailments including helminth parasites (Deka,

Majumdar & Dutta, 1983). An infusion of Neem

leaveswas drenched to cows inTrinidad andTobago,

where 3 or 4 branches were stripped of their leaves,

which were then ground, strained and given to the

cow to drink in a pint bottle, every 3 months (Lans

& Brown, 1998).

However, most of the literature available on usage

of this plant as well as the other studied has not been

published in peer-reviewed journals.

Animals

In total, 197 male lambs aged between 3 and 6

months at the time of purchase were used in 4 exper-

iments. Dorper and Red Maasai lambs and their

crosses purchased from Kapiti, Machakos District

were used in experiments A and D, while Dorper

lambs purchased in Laikipia District, 200 km North

of Nairobi were used in Experiments B and C

(Table 1). In all instances, the lambs were purchased

after weaning and therefore could have had prior

exposure to nematode parasites. After purchase the

lambs were moved indoors and given a period of

3 weeks to accustom them to feeding on concentrate

pellets and hay. During this period the animals were

dosed with injectable IVM at 200 mg/kg body weight,
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treated with a long-acting tetracycline and sprayed

with an acaricide to remove ectoparasites according

to manufacturers’ instructions. After ascertaining

that the lambs were not shedding nematode eggs,

they were inoculated 4 weeks after purchase with

2 doses of 1500 or 2500 infective larvae (L3) of

freshly harvested Haemonchus contortus given on

consecutive days, as shown in Table 1. The origin of

the parasite used has been described earlier (Githiori

et al. 2002).

Four weeks post-infection the lambs were divided

into 4 blocks (within breed for Experiments A and

D). The lambs were first put into 2 blocks on the

basis of high and low faecal egg count (FEC). Then

each block was further divided into 2 sub-blocks on

the basis of high and low live weight (LWT) using

measurements taken 1 day pre-treatment. The lambs

were then randomly allocated from within sub-

blocks to treatment and control groups.

Efficacy of commercial anthelmintics (Experiment A)

Forty six, 8-month-old lambs were used in this trial.

Following randomization to treatment the lambs

were then weighed and treated with IVM (Ivomec1,

Merial), Lev (Nilzan1, Coopers) and BZ (Valba-

zen1 Pfizer) according to manufacturers’ instruc-

tions based on the individual live weight of each

sheep. The lambs were then monitored for 14 days

with FEC and packed cell volume (PCV) being

determined 3 times a week. After 2 weeks post-

treatment the lambs were slaughtered and total worm

counts (TWC) from the abomasum determined.

Efficacy of plant materials (Experiments B, C

and D)

Following randomization the animals were treated

with the appropriate herbal preparation according

to the methods previously described (Anonymous,

1996; Baldo, 2001; Chandrawathani et al. 2002) or

those used by traditional healers (J. Githori, un-

published data). Each treatment and control group

included at least 15 animals, although a few died of

causes other than haemonchosis leaving 14 animals in

3 of the treatment groups for statistical analysis. A

dose-titration system was applied among the treated

animals: 5 lambs were treated with the ‘traditional ’

doses (Table 1) of the plant preparations, 5 received

half, and 5 double the traditional doses. Nematode

FEC and PCV were determined from samples col-

lected daily for Exp. B, or every 2 days for Exps C

and D in the first week post-treatment, every 2 or 3

days in the second week, and twice in the third week.

Faecal egg counts were determined using the modi-

fied McMaster method with a sensitivity of 50 eggs

per gram (epg) of faeces (Hansen & Perry, 1994)

and PCV determined using the microhaematocrit

method (Hansen & Perry, 1994). The lambs were

monitored daily for changes in behaviour, feeding

or general activity during the post-treatment period.

Live weight gain was estimated by weighing the

lambs once a week pre- and post-treatment.

Two of the treatment groups and the control

animals in Exp. C were slaughtered 4 weeks post-

treatment and TWC, FEC and PCV determined

(Hansen & Perry, 1994). The 2 treatment groups

were selected for necropsy on the basis of an increase

Table 1. Experimental design showing the inoculum, breed, drugs, plants and traditional dose used in

each of the Experiments A to D in lambs infected with Haemonchus contortus

Experiment
Inoculum
of L3a

No. of
lambs Breed usedb Treatment

Dose (mg/kg
bwt)d

A 3000 12 D, RM, DrRM Control Nilc

3000 12 D, RM, DrRM IVMe 0.2
3000 11 D, RM, DrRM BZ 5
3000 11 D, RM, DrRM Lev 7.5

B 5000 16 D Control Nil
5000 15 D H. abyssinica 1000

C 3000 14 D Control Nil
3000 15 D D. angustifolia 1000
3000 14 D H. sepalosa 1600

D 3000 16 D, RM, DrRM Control Nil
3000 15 D, RM, DrRM A. comosus 1000
3000 14 D, RM, DrRM A. squamosa 1000
3000 16 D, RM, DrRM O. europaea var. Africana 2000
3000 16 D, RM, DrRM A. indica 500f

a Inoculum divided into 2 equal doses administered over 2 consecutive days.
b D, Dorper; RM, Red Maasai; DrRM, DorperrRed Maasai crosses.
c Untreated infected control animals.
d Traditional dose in the case of plant preparations.
e Ivermectin given as an oral preparation.
f Daily dose rate.
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in PCV (A. comosus) and the highest reduction in

FEC (A. squamosa) by week 3. Twenty female worms

were taken from each slaughtered animal and the

average number of eggs per female determined with

minor modifications according to the method de-

scribed byMugambi (1994). Briefly, the worms were

placed in a 5 ml glass tissue grinder and 5 ml of water

added. The worms released eggs and the resulting

suspension was thoroughly mixed and the number

of eggs counted in McMaster slides used for sedi-

mentation.

Preparation of plant material

All plant preparations were extracted using water

and according to the instructions from traditional

healers, or from methods previously described

(Anonymous, 1996). Except where stated, all extrac-

tions in water were carried out overnight as done by

the healers and all extraction methods followed the

instruction and observations made from traditional

healers.

Experiment B

The female inflorescence of H. abyssinica was used

in this study. Thirty grams of the flowers were im-

mersed in 500 ml of water and shredded in a blender.

This was sieved and administered orally to each lamb

at a dose rate of 1 g/kg body weight for those lambs

receiving the traditional dose, and at half and double

this dose for the other lambs.

Experiment C

Fresh D. angustifolia leaves (30 g) were shredded in

a blender with 300 ml of water to make up the tra-

ditional dose per animal. This was later lyophilized

(freeze-dried) and stored until required for use. The

dose was reconstituted with 200 ml water to give a

dose rate of 1 g/kg body weight per sheep for those

lambs receiving the traditional dose, and at half and

double this dose for the other lambs.

The traditional dose of H. sepalosa is composed of

50 g of sun dried root bark added to 300 ml of water

and blended. To ease application, the plant prep-

aration was lyophilized and the traditional dose given

by reconstituting thematerial with 100 ml of water to

provide a dose rate of 1.6 g/kg body weight for those

lambs receiving the traditional dose, and at half and

double this dose for the other lambs.

Experiment D

Fresh leaves of A. indica were collected 3 times per

week andmolasses was added to increase palatability.

The leaves were offered to the lambs every morning

after all feed had been withdrawn. Having consumed

the leaves the lambs were provided with the normal

ration of pellets and hay in the afternoon. Animals

receiving the same dose were housed in one pen and

fed together. The amount of waste each day was

calculated and that amount added to top up the feed

the next day so that by the end of week 3 the required

daily dose rate of 500 mg/kg body weight for the

traditional dose, and half and double for the other

doses, had been achieved.

Anona squamosa leaves were collected and air-

dried. The preparation was lyophilized before ap-

plication and reconstituted to give a dose rate of

1 g/kg for those lambs receiving the traditional dose,

and half and double this dose for the other lambs.

Ananas comosus leaves were air-dried. The leaves

were then milled to provide a traditional dose of

1 g/kg body weight and half and double this dose

for the other lambs. To ease application, the plant

preparations was lyophilized and reconstituted at

the time of treatment.

Bark from O. europaea var. africana was pounded

and soaked overnight in water. A strip weighing 60 g

was used to provide a traditional dose of 2 g/kg body

weight and lighter and heavier strips were used for

the other 2 dose groups.

Feed analysis

All the plant materials collected were ground prior to

carrying out proximate analysis (Lloyd, MacDonald

& Crampton, 1978). This was to determine nitrogen

(for protein), ether extract (for fat), crude fibre and

ash (mineral salts) and soluble carbohydrate in

Weende analysis (Ranjhan, 1993).

Statistical analysis

MeanFEC and PCVswere calculated over each week

(days 0–7, 8–14, 15–21) and weekly weight measure-

ments from weeks 0 to 3 post-treatment for Exps B,

C and D. Measurements for FEC and PCV were

taken thrice in the first week and twice weekly there-

after in all experiments. The mean FECs were then

transformed to log (y+25), while TWCs were log

transformed to log (y+1) prior to statistical analysis.

Faecal egg count, PCV, average daily weight gain and

TWC were then analysed using repeated measures

analysis of variance using SAS software in order to

compare control and treatment means over time.

Terms for breed and block within breed for Exps A

and D and for block in Exps B and C were included

in the model. Block was found to be non-significant

and so initial FEC and PCV were included instead as

covariates in the analysis of FEC and PCV, respect-

ively. Thus the statistical model eventually used was:

yijkl=m+bi+gj+tk+bxijkl+eijkl,

where yijkl is the response variable (weight gain, PCV,

log(Fec+25)), with terms bi for breed in experiments
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A and D, gj ( j=1,…,ng where ng=number of

groups), for treatment groups, tk (k=1,…,nk, where

nk is number of measurement times) and a covariate

term bxijkl for initial weight, PCV and FEC respect-

ively, depending on the response variable.

Least squares linear regression was applied within

groups to test for any dose titration effect. The faecal

egg count reduction (FECR) was determined by the

method described by (Coles et al. 1992) using the

formula FECR%=100r(1xT/C), where T and C

are the geometric means of the number of eggs in the

treated and control groups, respectively, at Week 2

for Exps A and B and Week 3 post-treatment for the

other experiments. A similar formula was used for

percentage TWC reduction (TWCR).

It was considered, a priori, that efficacy of the plant

preparations would be biologically significant if a

reduction in FEC and TWC above 70% occurred.

The sample sizes of 15 sheep were chosen, based on

residual variations observed in previous experiments,

in order to detect such a reduction in FEC in the

treatment group as statistically significant (P<0.05).

All statistical analyses were performed using SAS

system for Windows version 8.2 (SAS Institute Inc.,

Cary, NC, 1999). PROC GLM and PROC MIXED

in SAS were used for all statistical analysis. Pairwise

comparison between treated and control groups was

done by the statement LSMEANS/TDIFF option

in PROC GLM. The standard error of difference

(S.E.D.) calculation was based on the square root of

residual variance multiplied by (1/n1+1/n2) where n1

and n2 are the number of observations per treatment

group respectively for the two means to be compared

and was calculated using the statement LSMEANS/

DIFF option in PROC MIXED.

RESULTS

Commercial anthelmintic (Experiment A)

All 3 anthelmintic drugs were highly effective in re-

ducing the worm counts (Table 2). Levamisole and

BZ had similar reductions on both FEC and TWC

(99%) byWeek 2. Lambs treated with IVM showed a

lower reduction in FEC (92%) while the reduction in

TWC was 96%.

Feed (proximate) analysis

Proximate analysis indicated varying levels of crude

protein, as well as minerals and soluble carbohydrate

content of the plant materials (see Table 3). Olea

europaea var. africana had the lowest and A. indica

the highest protein content.

Effect of plant preparations

Animals on the high dose rate of A. indica (1000 mg/

kg body weight) ate the leaves poorly even after the

addition of molasses. The inoculum of 5000 L3

Table 2. Geometric means (and ranges) of faecal egg counts (FEC) on days 0, 7 and 14 and means

(and 95% confidence intervals) of total worm counts (TWC) on day 14 post-treatment in sheep treated

with IVM, BZ and Lev

Treatment
No. of
lambs

Geometric means (and ranges) of FEC (eggs per gram)

FECR
(%)a

Mean TWC
(95% CI)

TWCR
(%)aDay 0 Day 7 Day 14

Control 12 3400 (450–13 450) 3200 (100–15 350) 3400 (400–12 650) 762 (285–2031)
IVM 12 4700 (1100–12 200) 120 (0–1600) 250 (0–1550) 93 34 (12–91) 96
BZ 11 4200 (1550–8400) 30 (0–300) 40 (0–150) 99 3 (1–11) 99.5
Lev 11 2800 (550–7500) 30 (0–100) 40 (0–150) 99 2 (0–8) 99.7

a Faecal egg and worm counts reduction according to Coles et al. (1992).

Table 3. Proximate analysis of the plants used in Experiments C to D

Plant DM%a ASH% CP% EE% CF% NFE%

H. abyssinica 94.2 9.0 12.1 9.16 29.3 40.3
D. angustifoliab NA NA NA 1.22 NA NA
H. sepalosa 78.1 4.0 8.6 1.09 16.4 34.0
A. comosus 91.2 7.9 7.3 3.89 35.9 44.9
A. squamosa 89.8 10.0 17.3 5.84 22.4 44.4
A. indica 91.1 10.4 18.4 2.84 28.8 39.65
O. europaea var. africana 93.4 4.9 2.6 5.93 49.5 37.2

a DM, dry matter; ASH, ash content (mineral content) ; CP, crude protein
(proteins) ; EE, esterified ethers (fats) ; CF, crude fibres (non soluble carbo-
hydrates) ; NFE, Non-fatty ethers (soluble carbohydrates).
b Sample not adequate for all analyses.
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H. contortus used in Exp. B was reduced to 3000 in

all other experiments after some animals exhibited

signs of haemonchosis and 2 of them died. Other-

wise, no behavioural changes were observed in any

of the animals after treatment with the plant pre-

parations.

No significant reductions in FEC were observed

between the control and treated lambs by 2 weeks

post-treatment in Exp. B and by 3 weeks post-

treatment in Exps C and D (Table 4), nor was there

any significant dose effect. No breed effect was ob-

served in Exp. D. Dodonea angustifolia and A. squa-

mosa produced the highest, though non-significant,

reductions in FEC. Lambs treated with the tra-

ditional and the double doses of A. indica showed

reduced feed intake, and significantly higher FECs

were observed in lambs fed on this plant than in

controls (Table 5).

Animals treated with A. comosus had significantly

higher PCVs than control animals by Week 3 (Table

5). No other plant preparations resulted in a signifi-

cant effect on PCV and by Week 4 the mean PCV

in the A. comosus group had declined closer to the

controls (Table 6). A time with group interaction was

observed for animals treated with A. indica which

appeared to lose more weight than control lambs,

Table 4. Geometric mean faecal egg counts (FEC) and 95% confidence intervals for Week 1 to Week 3

post-treatment for controls and lambs treated with different plant preparations (average group size 15)

after infection with Haemonchus contortus

Experiment Treatment

Geometric mean of FEC (r102) (eggs per gram)

FECR (%)aWeek 1 Week 2 Week 3

B Control 473 (392–570)b 358 (203–424) NAc

H. abyssinica 558 (456–683) 443 (369–533) NA x23

C Control 149 (129–172) 100 (76–132) 162 (120–221)
D. angustifolia 140 (122–161) 107 (82–139) 112 (83–151) 31
H. sepalosa 135 (116–157) 92 (69–123) 126 (92–174) 22

D Control 56 (44–71) 64 (48–86) 50 (36–69)
A. comosus 54 (42–68) 60 (44–82) 43 (31–61) 14
A. squamosa 55 (42–68) 67 (49–92) 36 (26–51) 28
O. europaea var. africana 67 (53–84) 51 (38–69) 46 (33–63) 8
A. indica 103 (82–130) 112 (83–151) 104 (75–145) x108***

a See footnote to Table 2.
b 95% confidence interval.
c Experiment B: follow up period 2 weeks post-treatment for FEC and PCV and 3 weeks for weight measurements.
*** Statistically significant (P<0.001).

Table 5. Mean packed red cell volume (PCV) in Weeks 1 to 3 and average daily live weight (LWT) gain

from 0 to 3 weeks post treatment in controls and lambs treated with different plant preparations infected

with Haemonchus contortus

Experimenta Treatment

PCV (%) Mean daily LWT gain (g/d)

Weeks post treatment

1 2 3 3

B Control 17.7 15.1 NAc x37
H. abyssinica 16.9 (0.93)b 16.0 (1.06) NA x30 (19)

C Control 22.1 22.1 22.0 53
D. angustifolia 22.4 (0.72) 21.9 (0.85) 22.7 (0.76) 50 (13)
H. sepalosa 23.4 (0.74) 21.1 (0.87) 22.7 (0.78) 40 (13)

D Control 24.2 24.9 24.2 x23
A. comosus 25.2 (0.68) 25.9 (0.74) 26.0 (0.78)* x7 (26)
A. squamosa 25.2 (0.70) 25.2 (0.76) 24.2 (0.79) 15 (27)
O. europaea var. africana 24.3 (0.67) 24.8 (0.73) 24.9 (0.77) x25 (26)
A. indica 26.8 (0.67) 24.9 (0.73) 23.8 (0.77) 10 (26)

a See footnote to Table 2.
b Standard error of difference between treatment and control means.
c See Table 4.
* P<0.05.
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although not significantly so (Table 5). Animals

treated with the other plants did not significantly

gain, or lose, more weight than control lambs.

Although control animals as well as experimental

animals lost weight on average over the 3 weeks ob-

servation period, the magnitude of these losses were

considered insignificant in view of the short length of

observation period.

No significant differences were observed between

TWC and eggs per female worm in animals treated

with A. squamosa or A. comosus and control animals

(Table 6). Similarly there were no significant dif-

ferences between FEC and PCV in animals treated

with A. squamosa or A. comosus and control animals

determined on the day of slaughter (Table 6).

DISCUSSION

All the commercial anthelmintics significantly re-

duced the number of H. contortus worms, as well as

the faecal egg counts in lambs. Levamisole and BZ

caused reductions of 99% or greater in FEC and

TWC, confirming previously reported technical data

of anthelmintic efficacy of these two drug classes for

sensitive strains. The efficacy of IVM was slightly

less than expected. Anthelmintic efficacy tests re-

cently conducted in the same ranch (Kapiti Plan-

tation Ltd) had indicated a high degree of efficacy of

injectable IVM and an oral preparation of Lev but a

lower response to BZ (J. M. Mugambi, unpublished

data). In contrast, an oral preparation of IVM was

used in our study.

None of the plants resulted in any significant

reduction in FEC, either after 2 or 3 weeks post-

treatment, and therewas no significant dose response.

Nodifferences in nematode egg countswere observed

in a previous study in goats with natural parasite

infections when treated with H. abyssinica, although

some reduction in cestode egg counts was reported

(Abebe et al. 2000). The plant H. abyssinica is re-

putably active against tapeworms in humans (Desta,

1995; Giday et al. 2003) and purportedly has some

effect againstMoniezia spp. in sheep (Mesfin&Obsa,

1994), but in this study no activity was shown against

nematode parasites.

The lack of effect on FECR observed in lambs

feeding on leaves of the neem tree (A. indica) in this

study is in contrast to other studies where significant

reductions in FEC were observed in animals either

fed daily on fresh neem leaves (Pietrosemoli et al.

1999; Chandrawathani et al. 2002). In contrast to the

study in Malaysia (Chandrawathani et al. 2002),

leaves were collected 3 times per week and stored

before use in our study, as opposed to the daily

offering of fresh leaves in Malaysia, where it was

reported that such fresh material is readily consumed

by young sheep. The significant increase in FEC

compared to control lambs in this study may have

been due to the reduced feed intake observed in

animals feeding on the medium and high dose rates

of neem. No indications of the anthelmintic proper-

ties of this plant were observed in the present study.

Similarly no anthelmintic activity was observed in

sheep artificially infected with H. contortus and Tri-

chostrongylus colubriformis and treatedwith powdered

A. indica seeds (Hordegen et al. 2003).

Similar to our studies, young pineapple (A.

comosus) fruit juice had no in vivo anthelmintic

activity against the cestode Hymenolepis nana and

pinworm Aspicularis tetraptera although in vitro

activity was demonstrated (Satrija et al. 2001).

However, anthelmintic activity of the same juice

has been reported against the nematode Ascaris

lumbricoides (Kaleysa, 1975) and against nematodes

in cattle and sheep fed boluses made of pineapple

leaves in the Philippines (Jovellanos, 1997; Baldo,

2001). Aqueous and alcoholic extracts of the plant

have also been described to have significant taeni-

cidal activity (Feroz, Khare & Srivastava, 1982).

However, in contrast to observations by Baldo (2001)

and Jovellanos (1997), no significant reduction of

FEC (or TWC) occurred in lambs treated with

A. comosus in our study. A similar lack of effects on

FEC as observed in our study, was recently observed

Table 6. Mean total worm counts (TWC), faecal egg counts (FEC) and mean number of eggs per female

in recovered worms for control and sheep treated with A. comosus and A. squamosa leaf preparations after

infection with H. contortus

Treatment
No. of
lambs

TWC

TWCR
(%)b Eggs per femalec

FEC
(eggs per gram)d

FECR
(%)b

PCV (%)d

Mean S.E.D.a Mean S.E.D.a

Control 16 840 1070 (860–1330)e 5450 (3700–8000) 24.7
A. comosus 15 835 114 1 980 (780–1230) 5350 (3600–7950) 2 24.9 1.21
A. squamosa 14 765 116 9 1140 (920–1410) 5250 (3600–7700) 3 25.1 1.22

a Standard error of difference between treatment and control.
b See foot note to Table 2.
c Average number of eggs in recovered female worms.
d FEC and PCV collected on day of slaughter 4 weeks post-treatment.
e 95% confidence interval.
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by Hordegen et al. (2003) in sheep treated with

powdered pineapple leaves.

The fruit ofA. squamosa has been described to have

anthelmintic properties (Asprey & Thornton, 1955)

and a reduction of 95% in FEC was demonstrated in

cattle treated with a bolus of driedA. squamosa leaves

(Jovellanos, 1997). In contrast, althoughA. squamosa

had one of the highest effects on FEC in the present

study, the reduction in FEC was not significant. No

necropsy was carried out in the study by Jovellanos

(1997), and so no effect of the plant on TWC re-

duction was recorded. Another plant in Nigeria of

the same genus, Annona senegalensis, has also been

found to have activity in vitro against H. contortus

and againstNippostrongylus brasiliensis in rats (Alawa

et al. 2003).

Infusion of the bark ofO. europaea var. africana has

been described to relieve colic in animals, and a leaf

infusion has been used for treatment of babesiosis

(Minja, 1994) and for treatment of eye conditions

amongst the Samburu pastoralists (Githiori, J.,

unpublished data). Although the bark decoction

has previously been described to have anthelmintic

properties (Kokwaro, 1993) none, however, were

observed in this study. The plant has also been

reported to have anthelmintic properties against

human tapeworms (Heine et al. 1988; Fratkin, 1996).

However, there was no mention of the effect of these

plants against animal tapeworms, or nematodes.

Various uses of D. angustifolia have been recorded

including treatment of fever, colds, influenza, rheu-

matism, arthritis and wounds in humans (van Wyk,

van Oudtshoorn & Gericke, 1997). Although D.

angustifolia had the highest effect of the plants tested

in this study against nematodes, the FECR value of

31% was not statistically significant and well below

the level of 70% deemed to be of biological signifi-

cance.

The root infusion of H. sepalosa has been used

against constipation in humans (Beentje, 1994) but

there is no report of veterinary usage. No effect on

FEC was observed.

In conclusion, commercial anthelmintics were

highly effective against the strain ofH. contortus used

to artificially infect the animals indicating that this

strain was highly sensitive to these drugs.Most of the

published information on the purported anthelmin-

tic efficacy of plants has not been scientifically vali-

dated and often appears in un-refereed reports. None

of the 7 plants tested in the current study caused any

significant reduction of FEC at the doses and pre-

parations used. Similarly, no effect on TWC among

lambs was observed for the 2 treatments in which

total worm counts were determined.
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