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SUMMARY

The anthelmintic properties of tannin-rich plants are being explored as an alternative to chemical drugs. Most data have
been acquired on legume forages, but only few on browse plants. The present study aimed to (i) screen the in vitro effects of
extracts from 7 Mediterranean plants on Haemonchus contortus, (ii) verify the role of tannins using an inhibitor, polyvinyl
polypyrrolidone (PVPP) and (iii) verify the in vivo effects of extracts from 4 plants. Significant inhibition was shown in vitro
using a larval migration inhibition (LIMI) assay for all extracts except that from Olea europaea var. koroneiki. After adding
PVPP, the LMI values were restored to control levels for all plants except Pistacia lentiscus and Ceratonia siliqua,
confirming a role for tannins in the activity. In the in vivo experiment, 48 lambs composed 6 groups, depending on diet. On
Day 0, groups G1-G5 received H. contortus and Trichostrongylus colubriformis larvae and G6 remained uninfected. The
various diets were distributed from Days 14 to 45: P. lentiscus (G1), Quercus coccifera (G2), C. siliqua (G3), Onobrychis
viciifolia (G4), or Medicago sativa for the 2 control groups (G5, G6). Egg excretion, packed cell volumes (PCVs) and
inorganic phosphate were measured weekly throughout the entire experimental period. At slaughter, the worms were
enumerated and their fecundity assessed. Consumption of the 4 browser plants did not provoke differences in patho-
physiological measurements but there were significant decreases in egg excretion, mainly explained by significant decreases
in worm fecundity for both species, without any statistical difference in worm numbers.
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INTRODUCTION forages (family Fabaceae), such as sulla (Hedysarum
coronarium), big trefoil (Lotus pedunculatus), birdfoot
trefoil (Lotus corniculatus), sericea lespedeza (Les-
pedeza cuneata) or sainfoin (Omnobrychis viciifolia)
(Min and Hart, 2003 ; Hoste et al. 2006; Shaik et al.
2006). The consumption by small ruminants of these
tannin-rich forages has usually been associated with a
modulation of nematode biology and with improved
host resilience (Hoste et al. 2005). For most of these
forages, anthelmintic activity has been related to a
role of condensed tannins (Molan et al. 2000, 2003;
Barrau et al. 2005 ; Brunet and Hoste, 2006; Brunet
et al. 2008). Nevertheless, in many small ruminant
production systems, cultivated forages do not charac-
terize the main feed sources, whereas browser plants
(bushes, trees, or shrubs) provide significant nutri-
tion, enabling small ruminants to survive on range-
lands during a prolonged dry period, such as in
Mediterranean climes. These browser plants provide
green forage for grazing animals throughout the

Gastrointestinal nematodes are a major problem in
grazing ruminants throughout the world, because of
the production losses that they cause (Sykes, 1994).
In the past decades, the control of these parasites has
essentially relied on the repeated use of chemical
anthelmintics. However, the worldwide diffusion of
anthelmintic resistance within worm populations
(Jackson and Coop, 2000; Kaplan, 2004) and the
increasing concern of consumers about drug residues
in food have stimulated the search for alternative
solutions (Waller, 1999). These alternatives include
bioactive plants, which are rich in secondary metab-
olites and seem to represent a promising option to
reduce the intensity of nematode infections in small
ruminants.

To date, most studies on bioactive plants have
been dedicated to temperate, tannin-rich legume
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composing the vegetation of rangelands has received
little attention.

Initial in ovitro-screening performed on some
bushes or trees from the Southern part of France,
which represent the feed of goats, indicated anthel-
mintic properties for 6 species, including Quercus
robur, Rubus fructicosus, Corylus avellana, Castanea
sativa, Pinus sylvestris and Evica erigena (see Paolini
et al. 2004 ; Bahuaud et al. 2006). Some recent in vivo-
field studies have also emphasized some anti-
parasitic effects associated with the consumption of
heather (Calluna wulgaris) by naturally infected
Cashmere goats (Osoro et al. 2007a, b). Moreover, it
has been shown that the positive effects of heather
consumption on nematode populations were not as-
sociated with any anti-nutritional effects (Frutos et al.
2008).

In the current study, we investigated the possible
anthelmintic properties of some common, widely
distributed Mediterranean plants. The 7 plants
examined were selected because of (a) their large dis-
tribution around the Mediterranean basin, (b) their
common exploitation by sheep and goats, (c) their
large tannin content according to the literature, and
(d) their possible use of waste products as feed sup-
plements for 2 species (C. siliqua and O. europaea
leaves). The objectives were (i) the in vitro screening
of 8 plant extracts for anthelmintic properties against
Haemonchus contortus, (i1) the evaluation of the role
of tannins in relation to the observed effects by
measuring the tannin content in the different plants
and employing an inhibitor, and (iii) the confir-
mation of an iz vivo anthelmintic activity for 4 of the
plants.

MATERIALS AND METHODS
Plants and preparation

All plants used originated from Creta Island, except
the samples from chestnut trees which were collected
from the Pelion Mountain on the mainland of
Greece. The plant samples were collected from the
field in autumn 2007. In total, 8 samples from 7 dif-
ferent plants were collected: leaves from (a) ever-
green pistache (Pistacia lentiscus), (b) wild pear tree
(Pyrus spinosa), (c) kermes oak tree (Quercus cocci-
fera), (d) carob (Ceratonia siliqua), (e) olive (Olea
europaea var. koroneiki) and fruit from (f) chestnut
tree (Castanea sativa) and (g) carob (Ceratonia sili-
qua). Moreover, a tannin-rich plant, sainfoin (Ono-
brychis viciifolia), known for its anthelmintic activity
(Paolini et al. 2003, 2005), was collected from locally
cultivated forages as a control.

After oven drying (50 °C for 4 days), 5 g of each
plant sample were ground (to 1 mm in size) and then
extracted by shaking in an acetone:water (70:30)
solution for 1 h at <50 °C. The filtrate was concen-
trated under low pressure at 40 °C and then washed
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3 times in 50 ml of dichloromethane to remove
chlorophyll and lipids. Following freeze-drying for
24 h, a powder of plant extract was eventually ob-
tained and subsequently kept at 4 °C until use.

In vitro assay

The larval migration inhibition (LMI) bioassay,
modified by Rabel et al. (1994), was used to de-
termine the potential inhibitory effects of the 8
extracts (at different concentrations) on 5 to 6-
month-old ensheathed third-stage larvae (LL3s) of
H. contortus. The L.3s were produced from eggs from
the faeces from a donor sheep monospecifically in-
fected with H. contortus (MAFF, 1986) and stored
at 4 °C.

For each plant extract, 3 ml containing 3000 L3s
were added to plastic tubes containing a similar
volume of either phosphate-buffered saline (PBS;
0-1 M phosphate, 0-05 M NaCl, pH 7-2), as a negative
control, or with a range of concentrations of indi-
vidual plant extracts diluted with PBS. Four con-
centrations (150, 300, 600 or 1200 ug of extract/ml)
were tested per assay. All incubations were carried
out at 20 °C for 3 h. Thereafter, the LL.3s were washed
(3 times using 3 ml of PBS), and centrifuged (at
2500 g for 5 min). After the last wash, 800 ul aliquots
of the L3 suspension were transferred to inserts
equipped with a 20 yum mesh, positioned in a conical
tube located just above PBS. This mesh was selected
to ensure that the migration of 1.3s through the pores
reflected an active process. Three replicates were
included for each plant concentration as well as for
the negative control. After 3 h at 20 °C, the inserts
were removed. The numbers of .3 that had migrated
through the mesh were counted under a stereo-
microscope at a 40-times magnification. The per-
centage of migration was calculated as M/ T x 100,
where M was the number of L.3 present in PBS and T
the total number of L3 originally deposited in the
insert. When necessary, the percentage of inhibition
was calculated as ('T'—M/T) x 100.

In order to ascertain the role of tannins in the
in vitro effects on H. contortus 1.3, an additional assay
was performed using PVPP (Sigma Aldrich Litd) on
the 7 samples which had shown potential anthel-
mintic activity in the previous LMI assay. O. euro-
paea was not included because it lacked a significant
effect. Extract samples (using a concentration of
1200 ug/ml PBS) were incubated overnight at 4 °C
with or without addition of PVPP (50 mg/ml of
PBS). PVPP was used because of its property to bind
tannins and flavonoids and, consequently, its ability
to deplete the samples of tannins (Doner et al. 1993).
After this first step, the samples were vortexed and
then centrifuged (2500 g for 10 min). The super-
natant was collected for subsequent use in an LLIMI
assay, as described previously. PBS was used as
negative control. Four replicates were run per plant
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extract, plant extract plus PVPP as well as the PBS
control.

In vivo assay

The anthelmintic activity of 4 selected plants was
tested in lambs experimentaly infected with gastro-
intestinal nematodes. Forty-eight, 3-month-old
lambs were allocated to 6 groups of 8 animals each.
Lambs were kept indoors, each group being in a
separate room. LLambs in groups 1 to 4 were fed with
P. lentiscus, Q. coccifera, C. siliqua (flour made from
fruits, incorporated into supplement) and O. wvicii-
folia hay, respectively. The lambs in groups 5 and
6 comprised a (positive) infected and a (negative)
uninfected control group, respectively, receiving
lucerne (Medicago sativa) hay.

The sheep raised under helminth-free conditions
were drenched with albendazole at the recommended
dose rate of 15 mg/kg before the start of the exper-
iment. On day-14, two weeks prior the experimental
infection with nematodes, each group of lambs re-
ceived the specialized diet ad libitum. During the
whole period of the study (i.e. 60 days), all groups
received a fattening (total mixed) ration, which
was isoenergetic and isoproteic and also balanced
for crude fibre, Ca, P and Ca: P ratio. For P. lentiscus,
Q. coccifera and O. viciifolia hay, the quantity of
tannins consumed per day was calculated to rep-
resent 0-1% of the metabolic body weight (BW) for
the whole period of the experiment. For C. siliqua,
this value was estimated to represent only 0-05% of
the metabolic BW.

On day 0, individual lambs in groups 1 to 5 were
infected with a single dose of 7000 H. contortus and
5000 T. colubriformis 1.3s. The L3s had been cul-
tured from the faeces of monospecifically infected
donor lambs and had been stored under optimal
conditions for 1-2 months. The lambs in group 6
remained uninfected. After having been kept indoors
under helminth-free conditions, the lambs were
euthanized at the end of the 45-day experimental
period.

The bodyweights of individual animals were re-
corded monthly, at the beginning (Day-14), one
month (Day 14) and two months (Day 45) in order to
estimate the body weight gain (BWG) rate. The re-
fusal rates per group for the consumption of the 4
plants were measured daily during the entire exper-
imental period. Individual faecal samples were taken
weekly, from Day 0 to Day 45, to determine the
faecal egg counts (FECs), expressed as tricho-
strongylid eggs per gramme (EPG), according to a
modified McMaster technique (Raynaud, 1970). In
addition, during the experimental period (Day 0 to
Day 45), blood samples were collected weekly em-
ploying tubes with and without heparin to measure
the Packed Cell Volume (PCV) using a micro-
haematocrit method and the inorganic phosphate
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values using a photometric assay (Robinson et al.
1971).

At necropsy, the abomasa and the first 12 meters
of small intestine were removed. The worms were
collected from both the luminal contents and the
digesta of either the abomasal or intestinal mucosa
after a 4-h incubation in a pepsin solution at 37 °C.
Worm counts were performed according to a 10%
aliquot technique (MAFF, 1986). Morphological
identification of worm stages, sex and species
were conducted using a standard approach (MAFF,
1986).

The fertility of female worms was measured using
10 worms per lamb. For T colubriformis, eggs in utero
were counted after clearing in 85% lactic acid. For
H. contortus, the fertility was determined using the
method described by Kloosterman et al. (1978). The
worms were soaked for 5 min in a large volume of
distilled water, before being placed individually
in microtubes with 1000 ul of 0-125% hypochloride
solution. After 20 min at room temperature (22—
24 °C), female worms disintegrated in this solution,
enabling the direct counting of eggs under a stereo-
microscope using an aliquot (10%) of the total
volume. All egg counts were performed under a
microscope at a 10-times magnification.

FEvaluation of tannin content

The contents of total phenols, total tannins and
condensed tannins as well as the biological activity
for the 8 plant samples as well as that of M. sativa,
used as the control plant in the in vivo experiment,
were estimated through different measurements.

The biological activity of the plant samples, related
to the tannin content was measured using the Radial
Diffusion Method (Hagerman and Butler, 1978),
which is based on the property of tannins to form
complexes with proteins. We used bovine serum
albumin (BSA) (Sigma Aldrich Ltd) as protein
source and tannic acid (Sigma Ltd) as a standard.
The results were expressed in g-equivalents of tannic
acid/100 g of dry plant (DP).

The Folin Ciocalteu method (Makkar, 2003) was
used to determine the total polyphenols (TPs) and
total tannins ('T'T's) in the extracts. After the initial
measurements of TPs, PVPP (Sigma Aldrich Ltd)
was added to the extract then TT's was calculated as
the difference between TPs measured with or with-
out addition of PVPP in the same extract. The TPs
and T'I's were determined by recording the absor-
bance at 725 nm using a spectrophotometer (UV-
Visible Spectronic Unican, Genesys 8). A tannic acid
standard curve was performed and the results were
expressed as tannic acid equivalents.

The butanol HCI method (Makkar, 2003) was used
to estimate the condensed tannins (C'T's) present in
the various extracts. The results were measured at
an absorbance of 550 nm in a spectrophotometer
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Table 1. Mean measurements (£ s.D.) of total phenols, total tannins, condensed tannins and biological
activity for 8 samples of Mediterranean plants and Medicago sativa
Condensed Biological
Total phenols? Total tannins? tannins® activity*

0. coccifera (leaves) 13-36 (+1-33) 7-84 (+0-01) 112 (+£0-23) 8-98 (+0-27)
C. siliqua (leaves) 18-38 (£5-10) 11-57(+0-52) 2:86 (+1-31) 6:54 (+0-33)
P. lentiscus (leaves) 17-84 (+4-72) 10-92(+1-10) 4-66 (+0-90) 2-44 (+0-08)
C. sativa (fruit) 217 (+£0-24) 1-12 (£0-09) 0-98 (£0-17) 2:35 (4+0-16)
O. viciifolia (leaves) 2:37 (+0-34) 0-95 (+0-33) 1-58 (£0-41) 1-50 (£0-05)
C. siliqua (fruit) 2:33 (+0-24) 1-26 (+0-09) 0-42 (£0-07) 1-44 (£0-09)
P. spinosa (leaves) 2-40 (+0-40) 0-71 (£0-08) 0-84 (£0-12) 0-99 (+0-01)
O. europaea var. koroneiki (leaves) 212 (+0-21) 0-86 (+0-10) 0-08 (£0-05) 1-40 (£0-07)
M. sativa 1-45 (£0-33) 0-51 (+0-09) 0-03 (+0-01) 1-16 (+£0-01)

L2 TPs, TTs: expressed as g-equivalent tannic acid/100 g DP.

8 CTs: expressed as g-equivalent leucocyanidin/100 g DP.

4 BA: expressed as g-equivalent tannic acid/100 g of dry plant (DP).

(UV-Visible Spectronic Unican, Genesys 8). Results
were expressed as leucocyanidin equivalents.

Statistical analyses

Significant differences in the LMI values linked to
different experimental groups and concentrations
were assessed using a general linear model (GLM)
procedure with the Systat 9 software (SPSS Ltd,
1999). For the PVPP-based assay, the differences
in results between the PBS control, the extract and
the extract plus PVPP were analysed using a non-
parametric Kruskal-Wallis test. A multiple corre-
spondence analysis ((MCA) was also performed using
the Systat 9 software (SPSS Ltd) to obtain a syn-
thetic description of the relationships between the
effects on larval migration and the main biochemical
characteristics associated with polyphenols and tan-
nins in the various plants. The 5 variables composing
the column of the matrix used for the MCA were
categorical. They included the value of inhibition of
migration, the total phenol, total tannin and con-
densed tannin measurements as well as the value of
biological activity. The 8 rows (individual data) of
the matrix corresponded to the 8 different plants
assayed on H. contortus.

FEC data were log 10(x+ 1) transformed prior to
analysis. For the egg excretion, the PCV and the
inorganic phosphate values, comparisons were first
performed using an analysis of variance on repeated
measurements. In addition, comparison of results to
the control values was conducted date by date on a
one-way analysis of variance (ANOVA) employing
the post-hoc Bonferroni test. The same statistical test
was also used to compare the differences in the
monthly and overall bodyweight gains. The mean
number of each nematode species as well as the total
number of worms recovered at necropsy were com-
pared to the control values using the non-parametric
Kruskal-Wallis test. A similar test was employed to
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examine the differences in fertility of female worms
(both H. contortus and T. colubriformis) between the
experimental and control groups.

RESULTS
Tannin and phenol measurements

By comparison to M. sativa, the tannin-free plant,
the plants tested could be separated into 2 groups,
characterized either by high or low TP and TT
contents (Table 1). The first group included Q. cocci-
fera, C. siliqua (leaves) and P. lentiscus; the second
group comprised C. sativa, O. wviciifolia, C. siliqua
(fruit), O. europaea and P. spinosa. Overall, the high
or low TP and 'T'T of plants coincided with high or
low CT's content, respectively, with the exception of
O. wviciifolia (Table 1).

The plant extracts that showed high protein-
binding activity were Q. coccifera, C. siliqua (leaves).
Extracts of P. lentiscus, C. sativa, O. wviciifolia,
C. siliqua (fruit) and O. europaea revealed moderate
activity. In contrast, the P. spinosa extract showed
the lowest biological activity. The extract of M. sativa
was used as a tannin-free control (Table 1).

Anthelmintic activity in vitro

For the negative control (PBS), the mean percentage
of migration for H. contortus in the different LMI
assays was 93% (£12-9). Overall, most of the plant
extracts tested reduced significantly 1.3 migration.
A significant dose-dependent anti-parasitic effect
was established for Q. coccifera (P <0-001), C. siliqua
fruit (P<0-001), C. siliqua leaves (P<0-001), for
C. sativa (P<0-001) and for P. spinosa (P=0-013)
(Fig. 1). Significant effects were also determined for
P. lentiscus (P<0-001) and O. viciifolia (P<0-001).
However, for the latter 2 plants, the statistical
analysis did not indicate a dose-dependent effect. In
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Fig. 1. Effects of Mediterranean plant extracts at concentrations of 150, 300, 600, 1200 #g/ml on the migration of
infective larvae of Haemonchus contortus. Results are shown as means (+s.D.) of triplicates. PBS was used as a negative
control. Results of statistical comparisons according to the 2 factors: plant extract or dose effect are indicated by

(* P<0-05; ** P<0-01; NS, non-significant).

contrast, when compared with the PBS control
values, no difference was found for the migration of
L3s after contact with O. europaea extracts.

At the highest concentration of 1200 ug of extract/
ml, the inhibitory effects on H. contortus 1.3 mi-
gration compared with the PBS control values, were
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79-1%, for P. lenticus, 63:8%, for Q. coccifera, 61-5%
and 614 % for C. siliqua fruit and leaves, respectively,
54:6% for C. sativa, 47-4% for P. spinosa and 38-9%
for O. viciifolia.

In the second in vitro experiment significant
differences in L3 migration were shown following


https://doi.org/10.1017/S0031182009991399

F. Manolaraki and others

P.lentiscus

= 125
=]
S a
® 100
& b
e 75 b
D
g 50
St
[+ .
- 25 NN
e I
S e . .
PBS P.L (leaves)  P.L (leaves) + PVPP
Treatment
C.siliqua (fruit)
125 a a
g b
=]
= 100
=
] .
o0
g 75
3 :
> 50 -
z 2
k ;
” 25
o R
PBS [oXS} C.S+PVPP
Treatment
C. sativa
a
125 - a
=
2 100 {
=}
g
20 75 4 b
£
by -
g 501
St
3
= 25 |
0 T T
CAS.S CAS.S+ PVPP
Treatment
0. viciifolia
125 -
a
=
£ 1001 a b
]
St
o0
2 751 -
L
£ 50
S
-]
d 25 -
IS8
0 .
oV O.V + PVPP

Treatment

690
105 Q.coccifera
=
S
g 10 a a
£ a
.- 75 —
g
g
> 50
i
«®
-
s B
0 o .
PBS Qac Q.C +PVPP
Treatment
C.siliqua (leaves)
125 a
I
=
£ 100
] b
20 75 b
£
g -
> 50
=
]
—
s 2
0 o .
PBS (o C.S+PVPP
Treatment
P. spinosa
125 -
= a a
S 100
N
=
5
g 75 4 b
D
£ 50 =
=
3
= 25
0 4 .
PBS P.S P.S + PVPP
Treatment

Fig. 2. Effects of Mediterranean plant extracts at 1200 ug/ml, with or without PVPP addition, on the migration of
infective larvae of Haemonchus contortus. Results are shown as means (£ s.D.) of triplicates. PBS was used as a negative
control. Different superscripts indicate significant differences (P <0-05) between treatments.

contact with 1200 ug/ml of P. lenticus (P<0-001),
C. siliqua fruit (P=0-02), C. siliqua leaves (P<
0-001), C. sativa (P<0-001), P. spinosa (P<0-001)
and O. viciifolia (P=0-03) but not for Q. coccifera
(P=0-313). The addition of PVPP restored values of
LL3 migration close to control values, which did not
differ significantly from those for PBS for C. siliqua
(fruit), C. sativa, P. spinosa, O. viciifolia. In contrast,
for P. lentiscus and C. siliqua (leaves), the values for
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L3 migration remained significantly different from
the PBS control even after the addition of PVPP
(Fig. 2).

The results of the multivariate analysis are dis-
played in Fig. 3, with Axis 1 and 2 representing
nearly 90 % of the total variance. As expected, a close
relationship was found between T'T's and TPs values.
Also a close relationship was found between the C'T's
and the values for the inhibition of .3 migration,
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Fig. 3. Principal plane of interactions obtained from
the MCA analysis applied on a matrix of 5 columns
(variables) describing the tannin and phenol contents
of the plants as well as their biological and anthelmintic
activities and 8 rows corresponding to the different
extracts. INH, inhibition of migration; T'T, total
tannins; TP, total phenols; BA, biological activity;
CT, condensed tannins.

whereas this last variable appeared less related to the
biological activity.

Testing in vivo

The consumption of the 5 plants offered (P. lentiscus,
Q. coccifera, C. siliqua, O. viciifolia and M. sativa)
was high during the entire experimental period for
all groups of lambs. No refusal (<5 %) of intakes was
observed, irrespective of the plant tested. During the
experimental period, 1 lamb died in the Q. coccifera,
C. siliqua, O. viciifolia and the positive control
groups, both because of haemonchosis (in the control
or Q. coccifera groups) and 2 died due to heat stress.

In the first month of the experiment, no statistical
difference in growth was found between the 6 exper-
imental groups (Table 2). In contrast, in the second
month, a statistical difference (P<0-01) was deter-
mined among the groups. All of the infected groups
differed from the uninfected control, except the
C. siliqgua group. As a consequence, when considering
the overall, cumulative BWG for the experimental
period of 2 months, a statistical difference (P <0-01)
was demonstrated between the 5 infected groups
when compared with the negative control, but no
differences were found among the various exper-
imentally infected groups.

The analysis of variance on repeated measure-
ments revealed statistical differences in the PCV
values for all the infected groups compared with the
negative control, whatever the diet. In contrast, the
comparison between the different infected groups
did not indicate any statistical differences in PCV
(data not shown). In contrast, for the inorganic
phosphate values, the difference found using the
analysis of variance of repeated measurements was
not significant, albeit close, to significance (P <0-08)
(data not shown).
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Table 2. Mean values of bodyweight gain on the
1st and 2nd month of the start of the experiment in
the groups of lambs receiving the different plants

(Statistical differences from uninfected control values:
* P<0-05; ** P<0-01.)

BWG; (kg)
1st month after
the start of the

BWG, (kg)
2nd month
after the start

Group experiment of the experiment
P. lentiscus 2:81 (£0-26) 1-07 (£0-53)*

Q. coccifera 2:94 (+0-62) 0-93 (£1-62)**
C. siliqua 2-50 (£ 0-46) 1-57 (+£0-67)

O. viciifolia 2:94 (+£0-62) 1-07 (£0-45)*
Control (+) 2-70 (£0-46) 0-57 (£0-93)**

Control (—) 2-75 (+0-60) 3-00 (+0-46)

Overall, for the last 3 weeks of the experiment, the
results obtained using the ANOVA for repeated
measurements indicated that, when compared with
the control values observed in the lambs receiving
M. sativa, the egg excretion was significantly lower
in lambs consuming P. lentiscus, O. wiciifolia or
Q. coccifera (P<0-01) and for those consuming
C. siliqgua (P<0-05) (Fig. 4). Reductions in EPG
increased between the fourth and sixth week fol-
lowing inoculation with infective L3s. Compared
with the control (i.e. M. sativa), the reductions
ranged from 55-2 to 61:3% for P. lentiscus, from 36-5
to 63-:9% for Q. coccifera, from 33-7 to 55:3% for
C. siligua and from 49-0 to 79-9% for O. viciifolia.
This trend towards an increase in reduction of egg
output with time was assessed by the analysis of
variance performed date by date. No difference to the
control group was found 4 weeks after inoculation; a
statistical difference (P <0-05) was only found for the
O. wviciifolia group after 5 weeks. In contrast, stat-
istical reductions in EPGs in the P. lentiscus, Q. cocci-
fera and O. viciifolia groups were assessed at 6 weeks
following inoculation.

No statistical difference was observed either in the
mean total number of worms between the 5 infected
groups at necropsy, or in the total number of
H. contortus or in the total number of T'. colubriformis
recovered (Table 3), although when compared with
the M. sativa control group, the number of T'. colu-
briformis was substantially lower, e.g. by —28:1%, in
the lambs consuming C. siliqua, by —41-5% and
—40-2% in those consuming Q. coccifera and O. vicii-
folia, respectively.

Compared with the control infected group, the
number of eggs per female H. contortus was reduced
significantly in the lambs consuming P. lentiscus or
O. viciifolia (P<0-05). In addition, in the group fed
Q. coccifera, the difference was almost significant
(P<0:06). In contrast, no statistical difference
was observed for the C. siliqua group. For T. colu-
briformis, the fertility of female worms differed
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Fig. 4. Comparison of faecal egg counts (arithmetic mean values) on the 4th, 5th and 6th week post-infection, in the

groups of lambs fed on browse plants, O. viciifolia or M. sativa. Results of statistical analysis based on analysis of

variance on repeated measurements * P<0-05; ** P<0-01.

significantly from the control values for the 4 ex-
perimental groups (P<0-05) (Table 3).

DISCUSSION

Under Mediterranean conditions, the breeding of
small ruminants usually relies on the exploitation
of rangelands which are covered with a variety of
plants belonging to various botanical families. These
plants are usually rich in plant secondary metabolites
(PSMs). In the last 10 years, increasing evidence has
accumulated to support the hypothesis that anthel-
mintic properties are associated with some PSMs
(Stepek et al. 2004; Rochfort et al. 2008). In par-
ticular, the interest has turned to tannin-rich plants,
whose negative effects on gastrointestinal nematodes
have been substantiated by consistent experimental
results (Hoste et al. 2006). However, the majority of
studies have focused on temperate legume forages.
In contrast, there is a paucity of information on
browse plants (Paolini et al. 2004; Bahuaud et al.
2006), despite their palatability and their significance
in covering the nutritional needs of small rumi-
nants, whenever grass availability is low in the
Mediterranean areas (Morand-Fehr et al. 1983).
Based on the present in wvitro screening for an-
thelmintic properties using the LLMI assay, all of the
plant extracts, except those of O. europaea, showed
anthelmintic activity, which ranged from 31-1 to
79-1% at the highest concentration. With the ex-
ception of P. lentiscus and O. wiciifolia, this anthel-
mintic activity was dose dependent. To our
knowledge, this is the first evidence of anthelmintic
activity for C. siliqua, P. lentiscus, P. spinosa. For 3
other plants, the results confirmed previous data
obtained either on the same plant with a different in
vitro assay (C. sativa; see Bahuaud et al. 2006), or
with the same LIMI assay on a related plant species
(O. robur instead of Q. coccifera; Paolini et al. 2004).
The lack of anthelmintic activity for Olea europaea
var. africana was demonstrated in vivo (Githiori et al.
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2004). Furthermore, the anthelmintic property of
O. wviciifolia has often been evaluated in different
in vitro assays (Paolini et al. 2004 ; Barrau et al. 2005).
Indeed, this tannin-rich fodder was included in the
present study as a positive control.

One of the key questions regarding the potential
anthelmintic activity linked to natural products is to
determine what is (are) the active compound(s). As
stated, the different plants tested here were selected
because of their large range of tannin contents, in-
cluding hydrolysable and condensed tannins. Our
second objective aimed at testing the proposal that
tannins play a major role in the anti-parasitic efficacy
measured.

The latter hypothesis was supported by results of
the multivariate analysis, which related the various
biochemical measurements of the 8 plant samples
with the severity of the inhibition of larval migration.
The overall conclusions confirm a major role of
tannins, particularly condensed tannins. Secondly,
the hypothesis was further supported by the results
of the experiment performed using PVPP, which is
known for its ability to bind and inactivate tannins
and polyphenols (Doner et al. 1993; Lorimer et al.
1996 ; Makkar, 2003). Therefore, any restoration of
values towards control ones following the addition of
PVPP to extracts suggests a major role for tannins in
anthelmintic activity.

With the exception of Q. coccifera, the exper-
imental results were consistent between the two LMI
assays. The difference observed for Quercus might
relate to the lower number of duplicates used to
validate the activity in the second assay with PVPP,
since only the highest dose was examined. The re-
sults obtained for C. siliqua fruit, C. sativa, P. spinosa
and O. viciifolia indicated that, for those 4 plant ex-
tracts, tannins are largely involved. In contrast, for
the extracts of C. siliqua leaves and P. lentiscus, the
results were not conclusive, as the addition of PVPP
did not fully restore to control values. For both

species, a possible explanation could be their


https://doi.org/10.1017/S0031182009991399

Anthelmintic activity of Mediterranean plants

693

Table 3. Mean number of worms and mean female fecundity (+s.D.) of the two nematode species
recovered from the lambs according to the different feeding regimes

(Each lamb was infected with 7000 and 5000 third-stage infective larvae of H. contortus and T'. colubriformis respectively.
Results of the statistical analysis by comparison to the control values: ¥ P<0-05; # P<0-06.)

Worm number

Female fecundity

H. contortus

T. colubriformis

Total worms

H. contortus

T. colubriformis

P. lentiscus
Q. coccifera
C. siliqua
O. viciifolia
Control (+)

4083 (+1330)
3460 (+2133)
3620 (+1952)
3238 (+1527)
3880 (+1238)

1492 (+1207)
1002 (+761)
1230 (+509)
1025 (+973)
1714 (+385)

5576 (+1553)
4462 (+2216)
4850 (+2283)
4264 (£1674)
5594 (+1108)

241-5 (+69)*
2273 (+60)#
3070 (+£97)
2549 (+91)*
3250 (£72)

208 (+1-4)*
196 (+1-2)%
220 (+1-4)*
203 (£2:3)*
256 (£2°1)

high T'T's and CTs contents. Therefore, the PVPP
quantity used might have been insufficient to inac-
tivate all the tannins in the extracts tested. Another
explanation could be the presence of secondary
metabolites other than tannins which have potential
efficacy against gastrointestinal nematodes. Similar
results were shown previously by Barrau et al.
(2005), who found that in O. wiciifolia, besides
tannins and flavan-3-ols, some flavonol glycosides
(e.g. rutin, narcissin and nicotiflorin), also had an
effect on gastrointestinal nematodes.

Studies have emphasized the existence of essential
oil in the aerial part of P. lentiscus, consisting of ter-
penes as major components (Llusia and Penuelas,
1998 ; Ahmamdi et al. 2009). In particular, Barazani
et al. (2003), when analysing the extract obtained
from P. lentiscus leaves, showed the presence of 12
monoterpenes, 7 sesquiterpenes and 1 linear non-
terpenic compound. The potential activity of essen-
tial oils of various plant species against H. contortus
has previously been illustrated. For example, the in
vitro hatching of H. contortus eggs was inhibited ef-
ficiently by the essential oil of Ocimum gratissimum,
in relation to its main component eugenol (Pessoa
et al. 2002) or by the essential oils of Croton zehnineri
and Lippia sidoides and their respective major con-
stituents, anethol and thymol (Camurca-Vasconcelos
et al. 2007). The anthelmintic effect could be ex-
plained by the existence in high quantities of such
constituents, which are not bound by PVPP, in the
acetone extract of P. lentiscus. Further studies
are necessary to assess the role of these various
components and to establish their mode of action
against gastrointestinal nematodes.

Our third objective was to confirm, under in vivo
conditions, some of the in wvitro results. Three of
the browse plants (P. lentiscus, C. siliqua, Q. cocci-
fera) with the highest anthelmintic activity in the
LMI assay were thus compared with a locally grown
O. viciifolia hay. To our knowledge, this is the first
in vivo study focusing on the anthelmintic effects of
these 3 widespread Mediterranean browse plants,
which are commonly consumed by sheep and goats.
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Overall, the in vivo results confirmed the in vitro
findings. By comparison with the control group fed
on M. sativa, the lambs receiving the 3 browse plants
or the O. wviciifolia showed significant decreases in
FECs, which seemed to increase with the length of
plant consumption, since, in the last week of exper-
iment, some values of reduction reached 80% com-
pared with control levels. Because caution was taken
to make the diet in all groups isoenergetic and iso-
proteic, and because no differences in refusals were
observed between the experimental groups, it is
suspected that these main differences in the biology
of worms were not related to quantitative differences
in the diet composition (Coop and Kyriazakis, 1999),
but rather to qualitative differences due to the pres-
ence of some active PSMs.

Some studies have examined in vivo the anthel-
mintic effects associated with the consumption of
O. viciifolia in infected sheep (Heckendorn et al.
2006, 2007) or goats (Paolini et al. 2003, 2005).
Although the mode of infection (experimental or
natural conditions) and the parasitic species differed,
our current results are in agreement with those
of these previous studies. Sheep or goats consuming
O. viciifolia usually presented significant reductions
in nematode egg output, which were related either to
a decreased worm fertility (Paolini et al. 2005) or to
a reduced worm number (Heckendorn et al. 2006,
2007). In contrast to tannin-rich forages, only a few
browse species have been investigated in vivo for
their potential anthelmintic effects on gastrointesti-
nal nematodes. Osoro et al. (2007a, b) tested the effect
of Calluna vulgaris consumption, a tannin-rich plant
that thrives in temperate areas, on naturally infected
goats and have shown consistent reductions in
nematode egg excretion. Similarly, Acacia cyano-
phylla, a tanniniferous legume shrub, appeared to
be able to constrain the parasitic infection due to a
significant reduction of FECs in sheep (Akkari et al.
2008).

In the different previous studies on tanniniferous
forages (Hoste et al. 2006), two different parameters
(reduction of worm number and/or of worm fertility)
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seemed to explain the significant decreases in FECs.
However, depending on the plant species, the
nematode species and/or the anatomical location,
their relative importance varies. In the present study,
for Haemonchus number, no statistical difference
from the control values was found, whatever the
experimental diet. The maximum reduction (16-5 %)
was found for O. viciifolia. Although important re-
ductions in the intestinal worm numbers, close
to 30—40 %, were found in the lambs fed on C. siliqua,
Q. coccifera or O. viciifolia, the differences from the
control group were again not significant. Differences
in the effects of tannin-rich plants between abomasal
and intestinal nematodes have been reported pre-
viously. For instance, using quebracho as a source
of condensed tannins, Athanasiadou et al. (2001)
found more severe effects on the intestinal genera
Trichostrongylus and Nematodirus than on abomasal
parasites, such as Haemonchus and Teladorsagia.
Paolini et al. (2005) also recorded a higher suscepti-
bility in intestinal compared with abomasal species
in naturally infected goats receiving O. wiciifolia.
However, Heckendorn et al. (2006, 2007) found the
opposite in lambs infected with Haemonchus and
Cooperia.

In the present study, the significant reductions of
FECs were principally associated with significant
reductions in worm fertility for both nematode
species. The sole exception was for H. contortus in
lambs fed on C. siliqua. After O. wviciifolia con-
sumption by goats, Paolini et al. (2005) also associ-
ated the reductions in egg excretion with significant
decreases in female worm fertility, for both intestinal
and abomasal species. Similarly, Lange et al. (2006)
related FEC reductions in sheep receiving sericea
lespedeza to a decrease in fecundity in Haemonchus.
In contrast, Heckendorn et al. (2006, 2007) related
FEC decreases to reduced worm burdens when
testing the effect of O. wviciifolia hay or silage in
experimentally infected sheep.

Opverall, the present results obtained for 3 browser
plant species support their potential use to improve
the sheep health and welfare, because of the presence
of PSMs. Recent studies (Ben Salem et al. 2003,
2007, 2008) have emphasized the interest of such
shrub and tree resources in mountainous, arid and
semi-arid zones for animal feed either by direct use
or by use of agro-industrial by-products. However,
the potential negative, anti-nutritive effects of some
PSMs was also indicated (Ben Salem et al. 2007).
Therefore, it is clear that further research is needed
to better understand the exact nature of the plant
secondary metabolites responsible for the anthel-
mintic effects and to analyse their mode of action on
the nematodes. On the other hand it will be important
to estimate the trade-off between the negative and
positive consequences of PSMs either on parasitism
or on digestive physiology and to develop technol-
ogies enabling the controlled distribution of active
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compounds to small ruminants to achieve optimal
benefits in production.
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