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a  b  s  t  r  a  c  t

Hematophagous  gastrointestinal  parasites  cause  significant  economic  losses  in small  rumi-
nant  grazing  systems.  The  growing  reports  of  multi-drug  resistant  parasites  call  for
intensive  research  on  alternative  treatments  for anthelmintics  to help  small  ruminants  cope
with  these  parasites.  Two-month-old  lambs  with  mean  body  weight  (BW)  of  22.5  kg  were
experimentally  infected  with  a multidrug-resistant  Haemonchus  contortus  strain.  Infected
animals  were  dosed  orally  with  Cymbopogon  schoenanthus  essential  oil  to  evaluate  its
anthelmintic  potential.  Eighteen  animals  were  allocated  into  three  groups  of  six  animals,
and  each  received  one  of  the following  treatments:  Group  1 –  control  (10 mL  of  water),
Group  2 – C.  schoenanthus  essential  oil (180  mg/kg  BW);  and  Group  3  – C.  schoenanthus
essential  oil  (360  mg/kg  BW).  Animals  received  the  oil  once  a  day  for 3 consecutive  days.
Lambs were  evaluated  clinically  for blood  biochemistry  before,  at 1, 5,  10,  15  and  20  days
after treatment,  and  then  were  euthanized  to assess  the  total  worm  burden.  No  statisti-
cally significant  reduction  in  fecal  egg  count,  packed  cell volume  or  total  worm  count  was
observed  after  treatments.  Also,  no statistical  difference  among  group  means  for  blood
levels  of urea,  creatinine,  albumin,  alkaline  phosphatase,  aspartate  aminotransferase  and
gamma  glutamyl  transferase  was  found.  Larval  development  assay  (LDA)  and  egg  hatch
assay (EHA)  were  performed  from  feces  of  treated  animals  at 1, 5, 10 and  15  days  after  essen-

tial  oil  administration.  An  inhibition  in  LDA  was  observed  1 day  after  the  3-day  treatment  in
larvae from  feces  of animals  treated  with  360  mg/kg  essential  oil.  In  conclusion,  the  essential
oil at  the  doses  of  180 mg/kg  and  360  mg/kg  was  safe  to  sheep,  but failed  as  an  anthelmintic
treatment  when  applied  to young  sheep  artificially  infected  with  a multidrug-resistant  H.
contortus  strain.
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1. Introduction

Haemonchus contortus is the most important
hematophagous gastrointestinal nematode (GIN), rep-
resenting a major health and economic obstacle for the

feasibility of grazing sheep production systems in the
tropics. Hot and humid conditions favor larval develop-
ment, increasing the reinfection rates of animals grazing
in contaminated pastures. The severe blood loss caused

dx.doi.org/10.1016/j.vetpar.2011.12.003
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by this parasite can result in anemia, anorexia, reduction
in body weight, depression, and death. This scenario is
aggravated by the multi-drug resistance of H. contortus to
several commercial anthelmintics (Rowe et al., 2008).

Alternative methods and anthelmintic products to con-
trol H. contortus are urgently needed for the feasibility
of small ruminant production systems. Regarding alter-
native anthelmintic products, several researchers have
tested plant-derived products, including essential oils. For
instance, Valencia orange essential oil (Squires et al., 2010)
and Eucalyptus staigeriana essential oil (Macedo et al., 2010)
lead to successful reduction in fecal egg count and parasite
burden in sheep and goats, respectively, infected with H.
contortus.

Cymbopogon schoenanthus belongs to the family
Poaceae (Gramineae) and is reported to have sedative,
digestive and aromatic properties, with a strong and char-
acteristic aroma, with some reports on its insecticidal
activity (Ketoh et al., 2002; Koba et al., 2007). Although we
found no studies on the toxicity of C. schoenanthus essen-
tial oil, it is known that geraniol, the main constituent (59%)
from C. schoenanthus has an oral LD50 in rats of 3600 mg/kg,
and geranial (13%), the second main constituent has an
oral LD50 in rats of 4960 mg/kg (Material Safety Data Sheet,
Sigma–Aldrich, 2011).

A previous study (Katiki et al., 2011) demosntrated the
in vitro anthelmintic activity of Cymbopogon schoenanthus
essential oil against ovine trichostrongylids through the
egg hatch, larval development, larval feeding, and larval
exsheathment assays.

The objectives of this work were to evaluate the in vivo
and in vitro anthelmintic activities of C. schoenanthus essen-
tial oil in lambs infected with a drug-resistant H. contortus
strain in lambs. In vivo parameters included the fecal egg
count (FEC), total worm count (TWC), packed cell volume
(PCV), and possible toxicity evaluated by changes in the
profile of liver and kidney enzymes of lambs treated with
the essential oil. In vitro parameters included inhibition of
both egg hatch and the larval development of nematodes
collected from lambs experimentally infected and treated
orally with 180 and 360 mg  of essential oil per kg of live
body weight.

2. Materials and methods

2.1. Animals

Eighteen Santa Ines male lambs, approximately 2
months old, and with mean live body weight (BW) of
22.5 kg were kept indoors in collective stalls, where they
were fed Coastcross hay (Cynodon dactylon), mineral salt,
and water “ad libitum”. All experimental protocols were
approved by the FMVZ-UNESP-Botucatu Animal Care and
Use Committee.

2.2. Parasite cleansing pre-experiment
Animals received levamisole phosphate (Ripercol F®,
Fort Dodge, Brazil) and albendazole (Valbazen®, Pfizer,
Brazil) at double prescription dose every 24 h during 3
consecutive days to treat natural infections by nematodes
ology 186 (2012) 312– 318 313

(Amarante et al., 2004). After treatment, fecal samples were
collected directly from the rectum of each animal to con-
firm their worm-free status.

2.3. Artificial infection

One donor sheep was  maintained with a single strain
of H. contortus that was multidrug-resistant (levamizole,
albendazole, ivermectin, moxidectin, closantel and triclor-
fon), as described by Almeida and collaborators (2010).
Fecal cultures were done to obtain infective larvae (L3).
Each lamb was  infected orally with 4000 L3 of this H. con-
tortus strain.

2.4. Groups

Twenty-six days after infection, sheep were weighed
and nematode fecal egg counts (FEC) were recorded for
each animal. Lambs were allocated into experimental
groups based on their FEC (highest to lowest). Animals
were allocated to groups with six animals each. The groups
were: Group 1 – control (10 ml  of water); Group 2 – treated
with C. schoenanthus essential oil (180 mg/kg body weight
(BW)); and Group 3 – treated with C. schoenanthus essen-
tial oil (360 mg/kg BW). These doses were chosen after a
pilot experiment where some efficacy, and no toxicity, was
observed. Animals were fasted for 8 h pre-treatment and
4 h post-treatment. To make sure lambs received correct
volume of essential oil, the volume of oil was  pumped first
into a graduated syringe, and water was  added to a total
volume of 10 ml.  This water volume was sufficient to carry
the oil into the rumen of the animal without losses. This
dosing procedure was  done three times per treated animal
in intervals of 24 h.

2.5. Essential oil chromatographic analysis

C. schoenanthus oil was  purchased from WNF  Ind. & Com.
Ltda (R. Dr. Mario Pinto Serva, 64, Sao Paulo-SP, Brazil), Lot
no. 10608, d = 0.911.

The oil was analyzed by gas chromatography (GC) cou-
pled to a mass spectrometry (MSD) and flame ionization
(FID) detectors (Agilent GC System 6890 Series for the
Mass Selective Detector, and Agilent 5973 Network for the
FID detector). Each sample was analyzed in two separate
columns (HP-5, 30 m,  0.25 mm ID, 0.25 �m film), attached
to either the MSD  or the FID. The conditions for both inlets
and columns were the same with helium as a gas carrier, at
a constant flow of 1 mL/min. Inlet temperature was  220 ◦C,
with a temperature program of 60 ◦C for 1 min, increas-
ing 4 ◦C/min to reach 200 ◦C in 15 min. The temperature for
the FID was set at 220 ◦C and for MSD  at 280 ◦C. Qualita-
tive analysis was  based on a comparison of retention times
and indexes on both columns and mass spectra with corre-
sponding data in the literature and mass spectral libraries
(Wiley 275).
2.6. Pre- and post-treatment clinical evaluation

Feces were collected directly from the rectum to deter-
mine the FEC before, 1, 5, 10, 15, and 20 days after
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Fig. 1. Mean packed cell volume (PCV) from groups of sheep experimen-
tally infected with 4000 L3 Haemonchus contortus and dosed with water
14 L.M. Katiki et al. / Veterinar

reatment. Blood was collected from jugular vein into vac-
um tubes containing EDTA sodium to determine PCV,
nd into vacuum tubes without anticoagulant to evalu-
te albumin, the liver enzymes alkaline phosphatase (AP),
amma  glutamyltransferase (GGT), aspartate aminotrans-
erase (AST), and to monitor urea and creatinine from
idneys before, 5, 10, and 20 days after treatment.

.7. In vitro assays

Fecal samples were collected directly from the rectum
f lambs and mixed. Then, a five-gram sample from each
xperimental group was washed to recover eggs (Coles
t al., 1992) and prepare in vitro assays before, 1, 5, 10, and
5 days after treatment.

.7.1. Egg hatch assay (EHA)
Approximately 100 eggs were added per wells, which

ere filled with distilled water to a final volume of 500 �L.
ests were performed in 24-well plates, with six replicates
er treatment, incubated for 24 h at 27 ◦C, and read in an

nverted microscope to evaluate treatment effect on egg
atching inhibition (Bizimenyera et al., 2006).

.7.2. Larval development assay (LDA)
Approximately 100 eggs, plus nutritive medium

Escherichia coli, yeast extract, amphotericin B), were added
er well, according to Hubert and Kerboeuf (1992).  Tests
ere performed in 24-well plates, with six replicates, incu-

ated at 27 ◦C for 5 days, and read in an inverted microscope
o evaluate treatment effect on larval development.

.8. Total worm count

Twenty days after the last treatment lambs were fasted
or 24 h and euthanized in an abattoir. The abomasa were
eparated; their apertures were closed with a string, iden-
ified, packed individually in plastic bags, and sent to
aboratory in polystyrene box with ice for total worm count.

An incision was made in the major curvature of each
bomasum and the content was deposited in a graduated
ucket (20 l). The mucosa was washed with tap water to a
otal volume of two liters. After mixing this solution, sam-
les were taken from the bucket and placed in flasks to
omplete a 200-mL aliquot, which corresponds to 10% of
otal volume of the abomasal content. Ten milliliters of
ormaldehyde was added to the 200-mL aliquot for preser-
ation and posterior recounting.

Each abomasum was  immersed with the mucosa turned
own in 200 mL  of 0.9% saline solution pre-heated to 40 ◦C
nd kept in an incubator at 40 ◦C during 4 h to release nema-
odes trapped in the mucosa. After incubation, the solution
as placed in flasks and added of 10-mL of formalde-
yde for preservation and posterior recounting (Ueno and
onç alves, 1998).

.9. Statistics
Significant differences between groups for FEC, total
orm count, PCV, plasma protein, albumin, EHA, LDA, AP,
GT, AST, urea, and creatinin were assessed by analysis of
(control) or with Cymbopogon schoenanthus essential oil at 180 mg/kg or
360 mg/kg before, at 1, 5, 10, 15 and 20 days after treatment (DAT). Error
bars represent standard error of the mean.

repeated measures using the General Linear Models (GLM
procedure) of the Statistical Analysis Systems Institute (SAS
9.2, 2008). FEC data were transformed as log10(x + 1) to sta-
bilize the variance. Significant interactions of group × time
were reported in the results.

3. Results

Treatments with 180 mg/kg or 360 mg/kg provided no
anthelmintic activity against H. contortus. The differences
in dynamics of egg output and PCV resulted in signifi-
cant interaction between time × group (P < 0.05). However,
there was  no significant difference in FEC, TWC  or PCV
among group means (Table 1, Fig. 1).

The elimination of essential oil in feces and its activ-
ity on H. contortus egg hatching and larval development
at 27 ◦C were evaluated by EHA and LDA. Regarding these
two  in vitro tests, there was  significant interaction between
time × group (P < 0.05). A significant decrease in larval
development was  observed 1 day after treatment with
360 mg/kg of C. schoenanthus (P < 0.05). Conversely, signifi-
cantly higher values (P < 0.05) for EHA were obtained in the
same group, 5 days after treatment (Table 2).

No significant differences among group means for the
hepatic or kidney parameters evaluated after treatment
with essential oil (Tables 3 and 4) were found. However,
one animal from the group that received 180 mg/kg was
removed from the experiment due to signs of hepatic dis-
ease (increasing of liver enzymes, jaundice and weight
loss). These clinical signs were noticed 10 days after essen-
tial oil administration.

Gas chromatographic analysis established that geran-
iol (59.42%), geranial (13.49%) and neral (8.98%) were the
major constituents of the C. schoenanthus essential oil used
in this work (Table 5).

4. Discussion
The objectives of this study were to evaluate both in vitro
and in vivo anthelmintic activities of C. schoenanthus essen-
tial oil in lambs experimentally infected with H. contortus,
and possible toxic effects of the essential oil.
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Table 1
Mean ± standard error of values of log10(x + 1) fecal egg count (log FEC) at before, 1 day, 5 days, 10 days, 15 days and 20 days after treatment (DAT)
and  log10(x + 1) total worm count (logTWC) from lambs experimentally infected with Haemonchus contortus and treated with Cymbopogon schoenanthus
essential oil at doses of 180 mg/kg or 360 mg/kg.

Groups logFEC (eggs/g) before logFEC (eggs/g) logFEC (eggs/g) logFEC (eggs/g) logFEC (eggs/g) logFEC (eggs/g) logTWC
1  DAT 5 DAT 10 DAT 15 DAT 20 DAT

180 mg/kg 3.79 ± 0.11 4.18 ± 0.08 4.18 ± 0.10 4.15 ± 0.08 4.08 ± 0.12 4.07 ± 0.09 3.09 ± 0.06
360  mg/kg 3.76 ± 0.10 4.35 ± 0.08 4.05 ± 0.09 4.10 ± 0.07 3.93 ± 0.11 3.87 ± 0.08 3.12 ± 0.06
Controla 3.73 ± 0.09 4.26 ± 0.07 4.04 ± 0.08 4.32 ± 0.07 4.27 ± 0.10 4.15 ± 0.08 3.15 ± 0.05

There was  no significant difference among group means by Tukey test at 5%.
a Control group received 10 ml  of water.

Table 2
Mean ± standard error percentage of in vitro test egg hatch assay (EHA) and larval development assay (LDA) of Haemonchus contortus in lambs at 1 day, 5
days,  10 days and 15 days after treatment (DAT) with 180 mg/kg or 360 mg/kg of Cymbopogon schoenanthus essential oil.

1 DAT 5 DAT 10 DAT 15 DAT

EHA (%)
180 mg/kg 97.50 ± 0.66a 95.00 ± 0.60a 97.16 ± 0.79a 98.66 ± 0.51a
360  mg/kg 95.00 ± 0.72a 98.80 ± 0.65b 99.60 ± 0.86a 98.40 ± 0.56a
Control 97.33 ± 0.66a 95.50 ± 0.60a 99.16 ± 0.79a 98.00 ± 0.54a

LDA  (%)
180 mg/kg 93.33 ± 1.99a 83.80 ± 1.78a 84.33 ± 1.45a 96.83 ± 0.47a
360  mg/kg 71.80 ± 2.18b 84.80 ± 1.95a 87.20 ± 1.59a 96.80 ± 0.52a
Control 86.16 ± 1.99a 88.00 ± 1.78a 87.16 ± 1.45a 97.33 ± 0.47a

For each in vitro test, values with different letters in the columns are significantly different at 5%.

Table  3
Mean ± standard error of serum urea and creatinine evaluated before, at 5 days, 10 days and 20 days after treatment (DAT) in lambs experimentally infected
with  Haemonchus contortus and treated with Cymbopogon schoenanthus essential oil at doses of 180 mg/kg or 360 mg/kg.

Before 5 DAT 10 DAT 20 DAT

Urea (mg/dL)
180 mg/kg 40.80 ± 1.56 20.00 ± 2.61 21.40 ± 2.98 26.20 ± 3.49
360  mg/kg 40.00 ± 1.56 19.40 ± 2.61 23.00 ± 2.98 30.00 ± 3.49
Control 40.57 ± 1.32 22.14 ± 2.21 27.71 ± 2.52 30.57 ± 2.95

Creatinine (mg/dL)
180 mg/kg 0.86 ± 0.03 0.92 ± 0.05 1.07 ± 0.05 0.94 ± 0.04
360  mg/kg 0.82 ± 0.03 0.86 ± 0.05 0.97 ± 0.05 0.89 ± 0.04
Control 0.84 ± 0.02 0.92 ± 0.04 1.00 ± 0.04 0.92 ± 0.03

There was  no significant difference among group means according to Tukey’s test at 5%.

Table  4
Mean ± standard error of albumin, liver biochemical enzymes alkaline phosphatase (AP), aspartate amino transferase (AST) and gamma  glutamyl transferase
(GGT)  evaluated before, at 5, 10 and 20 days after treatment (DAT) in lambs experimentally infected with Haemonchus contortus and treated with Cymbopogon
schoenanthus essential oil at doses of 180 mg/kg or 360 mg/kg.

Before 5 DAT 10 DAT 20 DAT

Albumin (g/dL)
180 mg/kg 2.86 ± 0.10 2.76 ± 0.10 2.9 ± 0.14 2.96 ± 0.10
360  mg/kg 2.75 ± 0.13 2.81 ± 0.10 2.75 ± 0.13 2.81 ± 0.10
Control 2.77 ± 0.08 2.81 ± 0.08 2.85 ± 0.12 2.70 ± 0.09

AP  (UI/L)
180 mg/kg 113.60 ± 25.57 79.4 ± 19.17 87.20 ± 21.74 73.80 ± 18.21
360  mg/kg 144.60 ± 25.57 88.00 ± 19.17 81.60 ± 21.74 88.00 ± 18.21
Control 116.3 ± 21.61 107.00 ± 16.20 93.6 ± 18.37 84.57 ± 15.39

AST  (UI/L)
180 mg/kg 54.16 ± 3.05 55.20 ± 5.06 58.20 ± 5.34 57 ± 4.7
360  mg/kg 50 ± 2.43 56.6 ± 5.06 68.20 ± 5.34 58.8 ± 4.7
Control 52.42 ± 2.84 57.14 ± 4.27 59.57 ± 4.51 60 ± 3.97

GGT  (UI/L)
180 mg/kg 44.66 ± 1.46 38.6 ± 3.66 41.6 ± 4.02 42.6 ± 3.33
360  mg/kg 51.33 ± 3.79 41.2 ± 3.66 39.6 ± 4.02 44.2 ± 3.33
Control 49.29 ± 2.06 41.71 ± 3.09 42.85 ± 3.4 43.85 ± 2.81

There was  no significant difference among group means according to Tukey’s test at 5%.
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Table 5
Retention index (RI), retention time (RT), components and their relative
percentage in Cymbopogon schoenanthus essential oil according to Wiley
275  spectra library.

RI RT Component Relative percentage

858 4.68 (E)-2-hexenal 0.74
988 7.67 6-Methyl-5-hepten-2-one 0.40

1100 11.14 Linalool 0.99
1156 12.88 Citronellal 0.84
1206 14.61 N-decanal 0.42
1232 15.39 Citronellol 3.18
1245 15.8 Neral 8.98
1259 16.28 Geraniol 59.42
1274 16.77 Geranial 13.49
1303 17.78 Geranyl formate 0.17
1356 19.41 Citronellyl acetate 0.33
1360 19.54 Eugenol 0.34
1385 20.37 Geranyl acetate 4.80
1425 21.61 (E) Caryphyllene 2.19
1460 22.65 �-Humulene 0.28
1504 24.01 �-Muurolene 0.13
1528 24.69 �-Cadinene 0.48
1554 25.43 Cadina 1,4 diene 0.25
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1589 26.46 Caryophyllene oxide 0.43

Total analyzed 94.09

C. schoenanthus essential oil is a complex mixture of
erpenes. The oil used in our study had 19 identified com-
onents, from which geraniol, geranial and neral were the
ain ones. Studies with Caenorhabiditis elegans (Kumaran

t al., 2003) concluded that geraniol had anthelmintic
ffects against this nematode. A previous study with this
ssential oil (Katiki et al., 2011) resulted in high in vitro
nthelmintic activity against sheep trichostrongylids, eval-
ated by the EHA, LDA, larval feeding inhibition assay
LFIA), and the larval exsheathment assay (LEA). Thus, to
ollow up on the in vitro anthelmintic effects of C. schoenan-
hus, this in vivo test was carried out to confirm or refute
ts anthelmintic activity, and to evaluate the potential oil
oxicity to sheep.

In the present experiment, neither 180 mg/kg nor
60 mg/kg of C. schoenanthus essential oil resulted in sig-
ificant reduction in FEC or TWC, refuting the anthelmintic
ffects observed in the previous in vitro study (Katiki
t al., 2011). The two doses of essential oil tested were
hosen after a pilot test in naturally infected lambs. The
oses lead to decreasing values of EPG 15 days after ani-
als were drenched, with no signs of toxicity. In this
anuscript we repeated the experiment with the same

uccessful doses. However, lambs from all groups main-
ained a similarly high FEC throughout the experiment,
s recorded at the beginning of the experiment. Although
t is possible that oral doses higher than the ones tested,
nd provided as a single oral dose, could result in better
nthelmintic effects, it also could lead to toxicity in the
ost. A study with Valencia orange oil, containing 95% of
he terpene limonene, was very effective in reducing FEC
f H. contortus-infected sheep. A single dose of 600 mg/kg
educed FEC by 97.4% compared to the control (Squires

t al., 2010). These authors reported better results using

 single high dose than when dosing animals for 3 con-
ecutive days. FEC reduction of 76.57% also occurred in
oats 15 days after treatment with Eucalyptus staigeriana
ology 186 (2012) 312– 318

essential oil (500 mg/kg, single dose), which also had
limonene (28%) as the major oil component (Macedo et al.,
2010). In contrast, C. schoenanthus oil used in the present
study did not have limonene (Table 5).

Besides the nematocidal effect, plant
extracts/compounds are tested for their ability to impair
egg hatching and larval development from feces of infected
animals treated with those plant extracts/compounds.
Desired effects can result in reduced re-infection and
reduced worm loads leading to decreased pasture con-
tamination levels (Ketzis et al., 2002; Max, 2010). The
essential oil of C. schoenanthus was  very effective in in vitro
tests with a LC50 of 0.045 mg/ml  for the EHA and a LC50 of
0.063 mg/ml  for the LDA (Katiki et al., 2011). Although the
elimination of this oil in feces was  found to partially inhibit
larval development 1 day after the three daily treatments
of 360 mg/kg, egg hatching was not inhibited.

When a plant extract or compound is tested in vivo,
questions are raised about its bioavailability. How much
is being absorbed and metabolized versus how much was
not metabolized and was  eliminated with the gastroin-
testinal matter. According to Fandohan and collaborators
(2008), essential oils are generally absorbed by the gas-
tro intestinal tract, metabolized in the liver and excreted
by the kidneys. In addition, a review on the bioavailabil-
ity and pharmacokinetics of volatile terpenes (essential
oil components) in human and animals reported that 14C-
labeled terpenes used in three studies with rats found
91–95% of the radioactivity in feces and urine with seven
metabolites identified by HPLC (Kohlert et al., 2000).
Urine metabolites point to absorption and metabolism of
the terpenic compounds, while compounds that are not
absorbed and metabolized are found in feces, such as
the sesquiterpene artemisinin found in the feces of goats
given oral artemisinin (Ferreira and Gonzalez, 2008). How-
ever, without an encouraging anthelmintic effect in vivo,
it is counterproductive to investigate bioavailability and
metabolism.

Lambs used in this study had no significant changes in
either hepatic (albumin, AST, AP, GGT) or renal (urea, cre-
atinine) parameters, indicating that there was no toxicity
of the essential oils at the doses tested. However, lambs
from all groups presented marked reduction in serum urea
values 5 days after treatment (Table 3). This reduction
occurred as a response to their fast pre (8 h) and post
treatment (4 h). Urea is synthesized in the liver, result-
ing from protein that is catabolized into ammonia and
eliminated through kidney. The possibility of a change
in kidney activity was refuted because no abnormality
was  found in creatinine. Serum creatinine is a non-proteic
nitrogen substance resulting from muscular metabolism,
eliminated through the kidneys, and not influenced by
protein catabolism or diet (Kaneko, 1997). Also, reduction
alkaline phosphatase was observed after 5 days post treat-
ment in all groups (Table 4). According to Bain (2011),
a possible reason for this decrease is that young ani-
mals have a higher concentration of this enzyme (about

three times more) than adult animals. As we  used 2-
month-old animals in our experiment for a period of
20 days, this reduction (not significant) occurred due to
the decrease of osteoblastic activity from those animals
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that were undergoing a decrease in growth rate. In small
ruminants, alkaline phosphatase has two isoenzymes: L-
alkaline phosphatase (hepatic source – this enzyme would
predict toxic effects of essential oils), and B-alkaline phos-
phatase (bones source – high in young animals), and
both enzymes were detected by the biochemical tests
done.

Although general safety of the oil was observed, one
animal that received 180 mg/kg was removed from the
experiment, possibly due to toxicity of the essential oil
(increasing of AST and GGT at the 10th day after treat-
ment. Toxicity symptoms caused by the essential oil were
observed at 360 mg/kg, with signs of discomfort, apathy,
lethargy, and drowsiness in treated animals. Those symp-
toms were noticeable for at least 4 h post-treatment with
the oil, but disappeared after that. Although no informa-
tion about the LD50 of C. schoenanthus oil was found in
literature, geraniol, the main constituent (59%) from C.
schoenanthus had a high oral LD50 (3600 mg/kg) in rats
(MSDS Sigma, 2011). For instance, Ketzis et al. (2002)
tested 0.1, 0.2 and 0.4 ml/kg of Chenopodium ambrosioides
essential oil in mixed nematode infection in goats without
anthelmintic effect and with high toxicity due to ascari-
dol (major oil component), which has a LD50 of 200 mg/kg
(MSDS, Chemcas.com, 2011).

5. Conclusion

There were no statistically significant reductions in FEC
or TWC  after treatment of lambs artificially infected with
H. contortus and treated with C. schoenanthus essential
oil at either 180 mg/kg or 360 mg/kg. No statistical differ-
ence among group means regarding blood levels of urea,
creatinine, albumin, AP, AST and GGT were found. Feces
from animals that received the essential oil were evalu-
ated in vitro and larval development was slightly inhibited
1 day after treatment at dose of 360 mg/kg. Lambs that
received 360 mg/kg showed signs of apathy, lethargy and
anorexia. Thus, although previous in vitro studies using four
anthelmintic assays with C. schoenanthus essential oil were
encouraging, these results could not be confirmed in lambs
artificially infected with multidrug-resistant H. contortus
treated with 180 or 360 mg/kg. Other doses need to be
evaluated as well as formulations and adjuvant that could
improve efficacy. Further tests with different doses regi-
men, different hosts (such as goats), and a different strain
of H. contortus should be considered before discarding the
oil of C. schoenanthus as a possible anthelmintic against
trichostrongylids of small ruminants.

Conflict of interest

The authors declare no conflict of interest. The mention
of proprietary names is solely for the convenience of the
reader and does not imply endorsement by the authors of
the products cited here over similar products.
Acknowledgements

The authors are grateful for the financial support from
Embrapa Pecuária Sudeste (CPPSE), and for the technical
ology 186 (2012) 312– 318 317

support of Dr. Sergio Novita Esteves, Dr. Simone Fernandes,
Dr. Helder Louvandini, Barbara Rubert, and Camila Olivo de
Carvalho.

References

Almeida, F.A., Garcia, K.C.O.D., Togerson, P.R., Amarante, A.F.T., 2010.
Multiple resistance to anthelmintics by Haemonchus contortus and
Trichostrongylus colubriformis in sheep in Brazil. Parasitol. Int. 59,
622–625.

Amarante, A.F.T., Bricarello, P.A., Rocha, R.A., Gennari, S.M., 2004. Resis-
tance of Santa Ines, Suffolk and Ille de France lambs to naturally
acquired gastrointestinal nematode infections. Vet. Parasitol. 120,
91–106.

Bain, P.J. Liver, p. 216 (Chapter 7). Latimer, K.S., 2011. Duncan & Prasse’s
Veterinary Laboratory Medicine – Clinical Pathology, 5th ed. Weiley-
Blackwell, Iwoa, 509 p.

Bizimenyera, E.S., Githiori, J.B., Eloff, J.N., Swan, G.E., 2006. In vitro activity
of Peltophorum africanum sond. (Fabaceae) extracts on the egg htch-
ing  and larval development of the parasitic nematode Trichostrontylus
colubriformis.  Vet. Parasitol. 142, 336–343.

Coles, G.C., Bauer, C., Borgsteede, F.H.M., Geerts, S., Klei, T.R., Taylor, M.A.,
Waller, P.J., 1992. W.A.A.V.P. methods for the detection of anthelmintic
resistance in nematodes of veterinary importance. Vet. Parasitol. 44,
35–44.

Fandohan, P., Gnolonfin, B., Laleye, A., Gbenou, J.D., Darboux, R., Moudachi-
rou, M.,  2008. Toxicity and gastric tolerance of essential oils from
Cymbopogon citratus, Ocimum gratissimum and Ocimum basilicum in
Wistar rats. Food Chem. Toxicol. 46, 2493–2497.

Ferreira, J.F.S., Gonzalez, J., 2008. Chemical and biological stability of
artemisinin in bovine rumen fluid and its kinetics in goats (Capra
hircus).  Brazil. J. Vet. Parasitol. 17 (Suppl. 1), 103–109.

Hubert, J., Kerboeuf, D., 1992. A microlarval development assay for the
detection of anthelmintic resistance in sheep nematodes. Vet. Rec.
130, 442–446.

Kaneko, J.J., 1997. Clinical Biochemistry of Domestic Animal, 5th ed. Aca-
demic Press, New York, 932 p.

Katiki, L.M., Chagas, A.C.S., Bizzo, H.R., Ferreira, J.F.S., Amarante, A.F.T.,
2011. Anthelmintic activity of Cymbopogon martinii, Cymbopogon
schoenanthus and Mentha piperita essential oils evaluated in four dif-
ferent in vitro tests. Vet. Parasitol. 183, 103–108.

Ketoh, G.K., Glitho, A.I., Huignard, J., 2002. Susceptibility of the bruchid
Callosobruchus maculates (coleopteran: Bruchidae) and its parasitoid
Dinarmus basalis (Hymenoptera: Pteromalidae) to three essential oils.
J.  Econ. Entomol. 95, 174–182.

Ketzis, J.K., Taylor, A., Bowman, D.D., Brown, D.L., Warnick, L.D., Erb, H.N.,
2002. Chenopodium ambrosioides and its essential oil as treatments
for Haemonchus contortus and mixed adult-nematode infections in
goats. Small Rumin Res. 44, 193–200.

Koba, K., Poutouli, P.W., Nenonene, Y.A., Songai, M.S., 2007. Chemical
composition and anti-termite activity of three tropical essential oils
against térmite species trinervitermes geminates. J. Sci. Technol. 5,
39–46.

Kohlert, C., van Rensen, I., März, R., Schindler, G., Graefe, E.U., Veit, M.,  2000.
Bioavailability and pharmacokinetics of natural volatile terpenes in
animals and humans. Planta Med. 66, 495, 505.

Kumaran, A.M., D’Souza, P., Agarwal, A., Bokkolla, R.M., Balasubrananiam,
M.,  2003. Geraniol, the putative anthelmintic principle of Cymbopogon
martinii.  Phytother. Res. 17, 957.

Macedo, I.T.F., Bevilaqua, C.M.L., Oliveira, L.M.B., Camurç a-Vasconcelos,
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