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Abstract
The present study was conducted in order to evaluate the in vivo anthelmintic
activity of ethanolic extract of Callistemon rigidus on goat and define the probable
involved phytochemical compounds. Phytochemical contents were determined
by chemical comparison using gallic acid and rutin as standards. Twenty goats
were artificially infected with 3,000 larvae of Haemonchus contortus. There were
divided in five groups of four animals. The first three groups were treated with
the extract of the plant at 125; 250 and 500 mg/kg respectively. The forth group
was treated with albendazole at 5 mg/kg. The fifth group received distilled
water. Weight, blood and fecal samples were collected before treatment and
once a week after treatment in order to evaluate the body weight gain; the
Packed Cell Volume (PCV) and the percentage of reduction of fecal eggs. On the
day 43, animals were slaughtered and the total worm count was evaluated. The
fertility of females H. contortus was evaluated by counting the number of eggs in
utero. The ethanol extracted polyphenols (56.801 ± 0.40 mg GAE/g), flavonoids
(8.628 ± 0.07 mg RE/g), tannins (20.93 ± 0.28 mg CE/g) and saponins (548 ± 13.54
mg/g). Oral administration of this extract of C. rigidus has induced a reduction of
the fecal egg excretion; parasite load and fertility of female’s parasite. The PCV
and the body weight gain reveal the efficacy of the extract plant on H. contortus.
C. rigidus could be used as alternative anthelmintic for control of H. contortus.
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1. Introduction
Breeding of small ruminants occupies an important place in the economy of many households in Cameroon,
contributing for about $7.244 bn to the livestock product income with a growth rate of 4.8% in 2013 (INS, 2015).
In fact, livestock farming makes it possible both to ensure their food security and to establish an essential
source of income. Parasitic infections by gastrointestinal helminths in general and H. contortus in particular
are a major impediment to animal health and result in a significant decrease in productivity. H. contortus is the
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most important nematode parasite of small ruminants, causing severe anemia and high mortality in all classes
of livestock (Allonby and Urquhart, 1975). The percentage of infestation in different species of Haemonchus
ranged from 50-85% (Qadir, 1967). The principal feature of haemonchosis is anemia, induced by the blood
feeding of adults and larval stage. The average blood loss has been calculated as 0.05 mL/parasite/day (Clark
et al., 1962).

Control of haemonchosis is generally achieved by use of synthetic anthelmintic. The frequent use of these
anthelmintic over years has inevitably led to the development of drug resistance. The emergence of resistance
to anthelmintic drugs which is now a worldwide phenomenon (Jackson and Coop, 2000) and the increased
awareness of consumers about drug residues that potentially enter the food chain have stimulated investigation
into alternative anthelmintic such as medicinal plants. The treatment of gastrointestinal parasites of small
ruminants by medicinal plants is common practice in rural areas (Kabore, 2009). Indeed, the use of traditional
medicinal plants for the treatment of helminthiasis is an alternative, since accessible at all times and inexpensive
(Terrill et al., 2009). According to Lawal et al. (2005); Magaji and Yaro (2006) as well as Kawo et al. (2011),
phytochemical components are responsible for both pharmacological and toxic activities in plants. These
metabolites are said to be useful to the plant itself but can be toxic to animals including man. Among the
therapeutics’ plant, C. rigidus (Bottle Brush) family Myrtaceae is known by traditional healers for the virtues of
deworming animals. It is widely distributed and used to treat various diseases. Essential oil from the plant is
used in traditional medicine for the treatment of cough, bronchitis and respiratory tract infections (Jirovetz
et al., 1997). Anti- Staphylococcal potential activities of C. rigidus have been evaluated by Gomber and Saxena
(2007). Paradoxically, no scientific study has evaluated there in vivo anthelmintic effect. The present study is
carried out to screen for phytochemical properties and evaluates the in vivo activity of the ethanolic extract of
C. rigidus on goat’s haemonchosis.

2. Materials and methods

2.1. Plant material and preparation of extract

Bark of C. rigidus were collected in Bini/Dang village (Sudano-Guinean zone: Adamawa Region) in Cameroon,
based on ethnopharmacological data. Voucher specimens were identified in the Department of Biological
Sciences of the University of Ngaoundere. A voucher specimen was then deposited in the National Herbarium
of Yaounde/Cameroon with the No 18564/SRF. The collected material was washed, dried and mashed in
other to obtain a powder. Plant extracts were prepared as described by Ndjonka et al. (2012) Briefly 100 g of
powder of the plant were macerated into 1 L of ethanol at 95 °C for 48 h at room temperature. The macerate was
centrifuged at 3,500 rpm/min for 10 min and then filtered over filter papers No. 413 (VWR International,
Darmstadt, Germany). The filtrate was then concentrated under reduced pressure by rotary evaporation (BUCHI
Rotavapor R-200, Switzerland) at 40 °C. Residual solvent was removed by drying in a sweating-room at 35 °C
and the extract was weighed and stored at +4 °C. The plant extract was further dissolved in dimethyl sulfoxide
(DMSO) and PBS to a final concentration of 100 mg/ml, centrifuged and aliquoted to determine their in vivo
activity on H. contortus.

2.2. Quantitative phytochemical evaluation
The total phenolic was assessed using Folin-Ciocalteu reagent (Awah et al., 2012). The absorbance was measured
at 765 nm using a spectrophotometer and the results were expressed as mg of gallic acid equivalents (GAE) per
gram of extract (mg GAE/g). The flavonoid content was determined applying aluminum chloride colorimetric
method described by Barros et al. (2011) and expressed as mg of rutin equivalents (RE) per gram of extract (mg
RE/g). The condensed tannin content was analyzed by using the vanillin assay described by Ba et al. (2011).
The results were expressed as mg of catechin equivalents (CE) per gram of extract (mg CE/g). The saponin
constituent was quantified according to the modified method described by Jamuna et al. (2014). 0.01 g of extract
was added to 10 ml of distilled water and the mixture was vigorously shaken for 30 min. The height of moss
was measured by using a graduated ruler and quantified according to the following formula:

Saponin (mg/g) = [(0.432) *(height of moss in cm after 15 s) + 0.008] / (weight of extract in gram)

2.3. In vivo assay on H. contortus

This work was carried out in accordance with the Animal Ethical Committee of the Ngaoundere Regional
Delegation of livestock; Fisheries and Animal Industries Authority, Cameroon . Number 075/16/L/RA/
DREPI A.
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Twenty goats of 6-8, month-old, were selected for the study. They were divided into five balanced groups
(n = 4), according to the bodyweight (10 ± 2 kg live weight). The breading was done indoors, to avoid any
natural nematode infection. Goats were fed daily with forage (Pennisetum sp) beforehand disinfected with
sodium hypochloride 24 h before and they had free access to water. The grass was suspended from the diet
when the trial started.

2.3.1. Artificial infestation of goats

Goats’ abomasal were obtained from municipal slaughterhouse of Yagoua/Cameroon after necropsy of animals.
Females H. contortus were collected and crushed to free eggs. They were then cultured in vitro in petri dishes at
room temperature for nine days. At the end of the culture, infective larvae were harvested. About 3,000 third-
stage larvae were estimated by counting the number of larvae contained in 0.1 ml of well homogenized solution
of infective larvae. After five repetitions of counting, the mean number of larvae in 0.1 ml of solution was
determined and the volume containing 3,000 third-stage larvae (L3) were measured and inoculated to animals.

2.3.2. Anthelmintic assay

The trial lasted for two months and consisted of three successive periods. A 7-day period for adaptation to the
diet (D-7 to D-l).

A first experimental period (D0 to D20). D0 correspond to the day when the 20 goats were experimentally
infected with 3,000 third-stage larvae (L3) of H. contortus each. The one lasted for 21-days (D21-D42) corresponding
to a period of goats ‘treatment and parasitological analyses. During this experimental period, the animals
were divided into five groups. The treated group (group A; B and C) received orally the ethanolic extract of
C. rigidus during three (03) days and twice a day at doses of 125; 250 and 500 mg/kg respectively. Group D and
E constituted the control group. Group D received albendazole orally at 5 mg/kg and the group E received
distillated water and DMSO.

Blood samples were collected in EDTA coated tube once a week from D21 to D42 for all groups. Blood of each
tube were introduced into micro-haematocrit tubes and centrifuged using a micro-haematocrit centrifuge at
12,000 rpm for 5 min and the Packed Cell Volume (PCV) was determined using a hematocrit reader.

Fecal egg counts were determined by the modified McMaster technique using saturated sodium chloride
solution as floating medium and eggs per gram (EPG) of faeces was determined  by the following formula:
EPG = Total number of eggs in 2 chambers × 50, where. The fecal samples of the animals were collected per
rectum and examined for EPG on day 21 (pre-treatment) and days 25, 28, 35 and 42 (post-treatment). The fecal
egg count reduction test (FECRT%) was determined according to the formula of Bauer et al. (1986).

All animals were weighed before the treatment; and once a week after treatment in order to monitor the
body weight variation.

All subjects were slaughtered at the end of the second experimental period (D21-D42). All parasites present
in the abomasa were counted in a 10% aliquot of the abomasa contents. The percentage of reduction of the
number of parasites was determined using the formula of Enriquez (1994). Fertility of females was evaluated
by counting the number of eggs in utero according to the technique of Kloosterman et al. (1978).

2.4. Statistical analyze
The results expressed are the mean ± standard error of the mean. Statistical analysis was performed by using
the software SPSS version 17.0. The post hoc statistical significance test employed was Duncan, differences
between the means were considered significant at p < 0.05.

3. Results and discussion

3.1. Phytochemical compounds from ethanolic extract of C. rigidus

The ethanolic extract of C. rigidus gave 16, 8% of dry powder. The phytochemical screening of the C. rigidus
barks revealed the presence of alkaloids, total polyphenol; tannins; flavonoids; saponins, and triterpens
(Table 1). Results of the quantitative phytochemical study revealed that ethanolic bark’s extract of C. rigidus
contents 56.801 ± 0.40 mg GAE/g of polyphenols; 8.628 ± 0.07 mg RE/g of flavonoids; 20.93 ± 0.28 mg CE/g of
tannins and 548 ± 13.54 mg/g of saponins. In a study performed by Danga et al. (2014) the same compounds
have been found. Recently in a study, Rajesh et al. (2009) mentioned that an activity of a plant extract depends
on the availability of secondary metabolites like tannins, saponins, triterpens and flavonoids. The ethanolic
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extract of barks of C. rigdus contains almost the same secondary metabolites namely tannins, saponins and
flavonoids which might be toxic for the worms and responsible of the observed anthelminthic activity. According
to Hoste et al. (2009), tannins are able to bind to glycoproteins on the cuticle of parasites. Similar mode of action
of tannins on nematodes was also reported with synthetic phenolic anthelmintics (oxyclozanide, niclosamide,
and nitroxynil) (Martin, 1999) as these drugs interfere with energy generation in helminth parasites by
uncoupling oxidative phosphoryl consequently leading to depletion of parasite ATP (Martin,1999).

3.2. Effect of the ethanolic extract of C. rigudus on the PCV
PCV is a measurement of the proportion of red cells in the blood used to diagnose anemia caused by
hematophagous parasites. It is more often considered as a measurement of resilience, especially in infection
coming predominantly from H. contortus (Baker, 1997). The Table 2 presented the result of the values of PCV of
animals during the experimental period. In general, the PCV has increase in all animals treated with albendazole
from 30 ± 1 to18.66 ± 0.96 and those treated with ethanolic extract of C. rigidus (21.33 ± 4.16 to 27 ± 4.36); (23.67
± 6.11 to28.5 ± 2.12) and (28.67 ± 1.53 to 31 ± 1.73) respectively in doses of 125; 250 and 500 mg/kg. In contrary,
PCV of animals of the control group has decreased form 30 ± 1 to18.66 ± 0.96 during the experiment. Analysis
of variance shows that there is a significant difference (p < 0.05) between the control group and all treated
group except groups treated at doses of 125 and 250 mg/kg on D42.

According to Nemi (1993) the PCV in a healthy goat is in the range 19-32%. Thus, a decrease in this
hematological parameter would indicate an anemia. For this purpose, PCV make possible to judge the presence
of hematophagous parasites and in this case that of H. contortus. The average values of PCV as observed in
Table 2 are in the normal range 19-32% in all groups except the control group at D42 where the value of the PCV
is less than 19% .This decline in PCV can be explained by the action of H. contortus. These results highlight are
not different (p > 0.05) from those obtained by other authors (Kabore, 2009; and Ndoutamia and Ganda, 2005).
The PCV values recorded during the treatment of both albendazole treated group and the different doses of
ethanolic extract of C. rigidus barks would indicate an anthelmintic activity on H. contortus.

Table 1: Quantitative phytochemical content of ethanolic extract of C. rigidus bark

Polyphenols (mg GAE/g) Flavonoids (mg RE/g) Tannins (mg CE/g) Saponins (mg/g)

EEBC 56.801 ± 0.40 8.628 ± 0.07 20.93 ± 0.28 548 ± 13.54

Note: EEBC: ethanolic extract of bark of Callistemon rigidus GAE: Gallic Acid Equivalent; RE: Rutin Equivalent; and
CE: Catechin Equivalent.

Table 2: Effect of ethanolic extract on PCV

Pre-treatments                                 Post-treatments

Days D21 D25 D28 D35 D42

Control 30 ± 1a 27.33 ± 2.51a 26.33 ± 3.79a 20.33 ± 3.05a 18.66 ± 0.96a

Albendazole 25.67 ± 4.04a 26.33 ± 7.5a 27 ± 7.55a 29.33 ± 5.13a 30.67 ± 4.73b

125 mg/kg 21.33 ± 4.16a 23.5 ± 2.12a 24.5 ± 2.12a 25.5 ± 0.71a 27 ± 4.36ab

250 mg/kg 23.67 ± 6.11a 24.67 ± 5.86a 25.67 ± 5.13a 25.33 ± 4.73a 28.5 ± 2.12ab

500 mg/kg 28.67 ± 1.53a 29 ± 1a 30 ± 2a 29.67 ± 1.15a 31 ± 1.73b

Note: Values are means ± SEM, n = 4, *p < 0.05, a significant difference compared to the control. SEM: Standard Error of
Mean. Small letters compare means in a column and different letters indicate significant difference at p = 0.05

3.3. Effect of the ethanolic extract of C. rigidus on body’s weight
Oral administration of ethanolic extract of C. rigidus shows a variation in body weight gain during post-
treatment periods (Table 3). Overall, there is a fluctuation in the average body weight gain between groups. A
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non-significant difference (p > 0.05) between the post-treatment periods (D21-D25); (D21-D28) and (D21-D35) with
the exception of the post-treatment period (D21-D42) where a significant difference (p < 0.05) was observed
between the animals of the control group and the animals treated with the ethanolic extract of C. rigidus at a
dose of 125 and 250 mg/kg. Similarly, a significant difference (p < 0.05) was also noted in the post-treatment
period (D21-D42). Animals’ body weight values in the treatment groups at the end of the experiment showed a
significant difference (p < 0.05) at 125 and 250 mg/kg. This result should be due to the fact that the administration
of plant extract at low doses does not induce any harmful effects to the body weight of animals. Indeed, it is
recognized that tannins can lead to high levels of rumen protein misused and induce inhibition of
gastrointestinal enzyme activity (Delaveau, 1988; and Terrill et al., 1992). The ethanolic extracts of C. rigidus
administered at the maximum dose of 500 mg/kg in our study did not induce any change in body’s weight.
This result corroborates that of Terril et al. (1992) who observed that the consumption by ruminants of rations
containing large amounts of tannins results in stunting compared with control animals.

3.4. Effect of the ethanolic extract of C. rigidus on the fecal eggs excretion
After treatment of animals with ethanolic extract of C. rigidus’s bark, the major result outcome of this study
relative to the fecal eggs excretion is the reduction of the level of fecal eggs excretion of H. contortus (Table 4).
Albendazole has significantly reduced eggs excretion during the study. Administration of ethanolic extract of

Table 3: Effect of ethanolic extract of C. rigidus on body weight gain

  
Treatments

                   Body weight gain post-treatment

(D21-D25) (D21-D28) (D21-D35) (D21-D 42)

Control 1 ± 0.41a 0.83 ± 0.04a –0.67 ± 0.05a –1 ± 0.01a

Albendazole 0.67 ± 0.01a 0.67 ± 0.08a 1.03 ± 0.06a 1 ± 0.01ab

125 mg/kg 0.75 ± 0.03a 0.67 ± 0.06a 1 ± 00a 1.75 ± 0.03b

250 mg/kg 1.01 ± 0.09a 1 ± 0a 0.97 ± 0.05a 1.37 ± 0.32b

500 mg/kg 0.67 ± 0.07a 0.77 ± 0.07a 1 ± 00a 1 ± 0.01ab

Note: Values are means ± SEM, n = 4, *p < 0.05, a significant difference compared to the control. SEM: Standard Error of
Mean. Small letters compare means in a column different letters indicate significant difference at p = 0.05.

Table 4: Effect of ethanolic extract of C. rigidus on fecal egg excretion (REPG)

Treatments Pre-treatments                        Post-treatments

D21 D25 D28 D35 D42

Control 1150 ± 50 1164.93 ± 30.411 1183.33 ± 28.87 1133.33 ± 115.47 1257.33 ± 124.34
(–1.36)a (–2.96)a (1.58)a (–9.22)a

Albendazole 1783.3 ± 28.87 95.17 ± 8.80 0 ± 0 0 ± 0 0 ± 0
(94.67)b (100)b (100)b (100)b

125 mg/kg 2083.3 ± 104.08 1165 ± 75.66 940 ± 14.14 878.5 ± 34.65 863.7 ± 51.26
(44.06)ba (54.85)ba (57.87)ba (58.5)ba

250 mg/kg 1100 ± 100 479.25 ± 13.79 719.2 ± 27.23 578.3 ± 25.66 408 ± 13.86
(56.41)b (34.61)ba (47.43)ba (62.91)b

500 mg/kg 4850 ± 229.13 1896.7 ± 95.04 1745 ± 28.28 2100 ± 70.71 1350 ± 70.72
(60.9)b (64.05)b  (56.75)ba (72.14)b

Note: Values are means ± SEM, n = 4, *p < 0.05, a significant difference compared to the control. SEM: Standard Error
of Mean. Small letters compare means in a column and different letters indicate significant difference at p = 0.05,
REPG: Reduction of eggs per gram.
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C. rigidus to animals has not induced significant reduction of the fecal eggs excretion at the dose 125 mg/kg.
On the order hand, administration of the ethanolic extract of C. rigidus has significantly increased the percentage
of reduction of the fecal eggs excretion at the dose 250 mg/kg for days 25 and 42 and at the dose of 500 mg/kg
for all days of observation.

The reduction of the fecal eggs excretion registered in this study is similar to those of Al-Shaibani et al.
(2009) on the anthelmintic activity of Fumaria parviflora against gastro-intestinal parasites of sheep. These
results are also similar to those of Paolini et al. (2003) on the activities of tannins on goats artificially infested
with H. contortus. Elsewhere, Olounladé et al. (2017) show that Newbouldia laevis at the dose of 1.6 g/kg induced
a significant effect on gastrointestinal parasites of sheep.

3.5. Effect of the ethanolic extract of C. rigidus on the parasite load
The determination of the parasite load is an important parameter for the evaluation of the in vivo effect of a
drug. Indeed, the use of increasing doses of plant extracts in order to achieve an expected anthelmintic efficacy
in situ is due to the fact that the targeted parasite could develop escape strategies to the administered drug. The
Figure 1 presents the evaluation of the percentage of reduction of the parasite load of the animals subjected to
the experiment; Results of this study show that the different treatments administered to animals’ groups have
induced effectively parasite load. Indeed, as expected, albendazole resulted in a 100% reduction in parasite
load at the end of the study. The ethanolic extract of C. rigidus induced a gradual reduction of the parasite load
in the order of 37.62%; 50% and 64.87% at the respective doses of 125; 250 and 500 mg/kg respectively.
Analyze of variances shows that there is no significant difference (p > 0.05) between animals of doses 125 and
250 mg/kg and the control group. On the other hand, a significant difference (p < 0.05) has been observed
between the ethanolic extract C. rigidus at the dose 500 mg/kg and the control group. According to our study,
after the post-mortem examination of animals, the major result of this study on the evaluation of the parasite
load is a reduction in the number of adult worms in goats that received the ethanolic extract of bark of C. rigidus
(Figure 1). The ethanolic extracts of C. rigidus at the highest dose induced more than 50% parasite load
reduction Mbafor et al. (2014) also achieved a reduction efficiency of more than 50% of the parasite load after
a dose of 500 mg/kg of the methanolic extract of Terminalia glausescens in naturally infested sheep. A non-
significant difference (p > 0.05) was observed in the animals treated with the ethanolic extract at doses of 125
and 250 mg/kg compared to non-treated animals. In contrast, albendazole and ethanolic extract of C. rigidus
barks at the 500 mg/kg dose induced a significant reduction (p < 0.05) compared to the control. The reduction
in parasite load obtained during this study corroborates the results of numerous studies (Niezen et al., 1998;
Kahiya et al., 2003; and Paolini et al., 2003). The administration of tannins to animals leads to a reduction in the
parasite load (Brunet et al., 2008). Polyethylene glycol (PEG) the main reagent used in experiments especially
in the field of nutrition for their ability to deactivate the condensed tannins contained in forages in order to

Figure 1: Anthelminthic activity of C. rigidus bark on parasitic load

Note: Values are means ± SEM, n = 5, *p < 0.05, a significant difference compared to the control. SEM: Standard Error of
Mean.
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neutralize their potential negative effect (Makkar, 2003). Indeed, the combination of PEG with condensed
tannins gives an inert complex (Silanikove et al., 2001). According to several authors (Brunet et al., 2008;
Alonso-Diaz et al., 2008; Hoste et al., 2007 and Kabasa et al., 2000), the combination of Polyethylene glycol with
tannins has no anthelmintic effect on nematodes. This suggests that condensed tannins are largely responsible
for anthelmintic effects.

3.6. Effect of the ethanolic extract of C. rigidus on the fertility of females
The evaluation of the number of eggs in utero of females of H. contortus (Figure 2) shows that ethanolic extract
of C. rigidus did not show important activity (p > 0.05) at the lower doses of 125 and 250 mg/kg but were found
effective (p < 0.05) at the maximum dose 500 mg/kg compared to the group receiving distillate water. The
fertility of adult worms can vary significantly from one animal to another (Olounladé et al., 2017). The main
results of the experiment show that the administration of the ethanolic extracts of C. rigidus to the animals
results to the reduction of the fertility of the female worms as illustrated in the above-mentioned figures.
Indeed, the anthelmintic efficacy of a drug is also reflected in its ability to interact with fertility of female worms
by reducing the number of eggs in utero. The results of our study highlight a significant statistical effect on the
biology (precisely the fertility) of the populations of H. contortus, these consequences on the fertility of the
female worms of H. contortus being especially present with the highest dose (500 mg/kg) of C. rigidus. These
results corroborate those of Sabater (2012), in which the reduction of the fertility of female H. contortus worms
was at the highest doses of quebrecho compared to the control group. The anthelmintic efficacy of C. rigidus is
due to the presence of certain secondary metabolites like polyphenols; flavonoids; saponins and tannins.
According to some studies, administration of tannins to goats resulted in reduction of fertility of female worms
of gastrointestinal parasites (Paolini et al., 2003; and Paolini et al., 2005).

Figure 2: Effect of ethanolic extract of C. rigidus on the fertility of females

4. Conclusion
In summary, this work focused on the in vivo activity of the ethanolic extracts of C. rigidus (Myrtaceae) on the
nematodes H. contortus the goat parasites. It appears from the results that ethanolic extracts of C. rigidus has
anthelmintic effects on fecal eggs excretion; total worms count and the fertility of females. The extract did not
impact the hematocrit and the body weight gain of animals.
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