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Artemisia herba-alba is widely used in the Egyptian folk medicine as vermifuge. The objective of this 
study was to evaluate the proclaimed anthelmintic efficacy of crude aqueous extracts of A. herba-alba, 
ACEA, in comparison to albendazole, ABZ, against Heterakis gallinarum infecting turkey poults. 60, 1 
day old large white turkey poults (males) were divided into four groups. Group 1 was neither infested 
nor treated. Groups 2, 3 and 4 were inoculated with 500 embryonated eggs of H. gallinarum at 1 day old. 
On day 25 post infestation and for three successive days, group 3 was treated with ABZ, 2.5% (20 mg/kg 
B. wt.) and group 4 was treated with ACEA (0.4 g/kg B. wt.) in drinking water. The whole experiment had 
been repeated three times. Seven days post treatments, ABZ and ACEA reduce egg output (97.31 and 
97.78%, respectively), and worm burden of H. gallinarum (95.08 and 96.07%, respectively). The weight 
and feed conversion ratios were improved in group 4. Biochemical analysis and histopathological 
sections revealed the adverse effect of ABZ. ACEA is then considered as a good anthelmintic 
alternative therapy and recommended in the control of ascaridosis in poultry industry, since it is 
effective, safe, available and cheap. 
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INTRODUCTION 
 
Helminthiasis is frequent among Egyptian birds (Khater, 
1993). Infection with intestinal roundworms have been 
estimated to cause production losses in the range of 10 
to 20% due to impaired feed conversion, reduced growth 
and egg production, and increased mortality (Ikeme, 
1971; Soulsby, 1982; Choudury and Das, 1993; Seddiek 
et al., 2007). The nematode Heterakis gallinarum 
(Movsessian and Pkhrikian, 1994) (family: Ascarididae) is 
cosmopolitan in domestic chickens and related birds. The 
worm (1 to 2 cm in length) lives in the cecum, where they 
feed on its contents.  H. gallinarum is one of the most 
important nematodes of poultry due to its role in the 
epidemiology    of    histomoniasis    (blackhead  disease)  
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caused by a flagellate protozoan, Histomonas 
meleagridis, causing a particularly serious disease in 
turkeys (Papini and Cacciuttoli, 2008). H. gallinarum 
infections linked to histomoniasis have been well 
documented in chicken (Homer and Butcher, 1991; 
Permin, 2003). Blackhead disease causes high mortality 
in turkeys, sometimes approaching 100% of a flock. In 
chicken, the mortality may be 10 to 20% with high 
morbidity, although many outbreaks pass unnoticed 
(McDougald, 2005).  

The life cycle of H. gallinarum is simple and direct, 
similar to that of Ascaridia galli with a minimum prepatent 
period of 22 days under temperate climatic conditions 
(Lund and Chute, 1972; Movsessian and Pkhrikian, 
1994). After ingestion of the infective eggs and hatching 
of eggs in the upper small intestine, the larvae reached 
the caeca at the end of 24 h post-infestation (PI). The 
larvae are embedded in the mucosal  layer of  the   caeca  



  

 
 
 
 
for a varying period of 3 to 12 days (Lund and Chute, 
1972), and then the mature worms infest the lumen of 
blind caeca. Fertilization occurred and oviposition starts 
22 to 25 days PI (Movsessian and Pkhrikian, 1994). Eggs 
of H. gallinarum contain a zygote when laid. They 
develop into the infective stage in 12 to 14 days at 22°C 
and can remain infective for four years in soil. Birds 
allowed to roam a barnyard usually are infected (Jansson 
et al., 2004; Roberts and Janovy, 2005). 

If eaten by an earthworm, a juvenile may hatch and 
become dormant in the worm's tissues, remaining 
infective for at a least a year. Since these nematodes do 
not develop further until eaten by a bird, an earth worm is 
a paratenic host (Roberts and Janovy, 2005). Diagnosis 
of H. gallinarum is based on faecal isolation of eggs or 
direct identification of adult worms in the intestine 
(Soulsby, 1982; Roberts and Janovy, 2005). H. 
gallinarum caused severe caecal alterations in the turkey 
poults characterized by necrosis, chronic typhlitis, 
haemosidrosis and nodular formation in the caeca 
(Menezes et al., 2003; Brener et al., 2006). The 
increasing prevalence of anthelmintic resistant strains of 
helminths (Walter and Prichard, 1985; Kaplan, 2004; 
Hoque et al., 2003; Borgsteede et al., 2007; Beech et al., 
2011), drug residues in animal products (Kaemmerer and 
Butenkotter, 1973; McKellar, 1997), and high cost of 
conventional anthelmintics have created an interest in 
studying medicinal plants as an alternative source of 
anthelmintics. The use of plant extracts as mendicants 
may alleviate these obstacles. An additional constraint in 
anthelmintic use comes from the consumer and the ever-
increasing need for the drug-free production of foods 
(Harper and Makatouni, 2002) as they are not only 
natural products but may comprise new therapeutic 
molecules to which resistance has not yet developed.  

Medicinal plants have been used as a source of 
remedies since ancient times. The ancient Egyptians 
were familiar with many medicinal herbs and were aware 
of their usefulness in treatment of various diseases. 
When the Arabs came to Egypt, Arabic medicine was 
practiced and the “art” of healing made use of all 
available knowledge gained from different civilizations 
such as the Persian, Chinese, Greek, as well as the 
Ancient Egyptian. 

It could create an herbal remedy export market and 
thereby create more jobs in the country. Egypt possesses 
an enormous diversity of plant resources, that is used for 
herbal remedies for humans and animals (Hifnawy et al., 
2001; Khater, 2003; Shalaby and Khater, 2005; El Garhy 
and Mahmoud, 2007; Khater and Shalaby, 2008; 
Mobarak et al., 2008; Khater and Khater, 2009; Khater et 
al., 2009, 2011). Many Artemisia spp. (family: 
Asteraceae, formerly Compositae) have a prominent 
position in the herbal de-worming literature (El Garhy and 
Mahmoud, 2002; Iqbal et al., 2004; Caner et al., 2008; 
Urban et al., 2008; Tariq et al.,  2009;   Bashtar  et al., 
2011).   
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They   also   have   a   high value in several fields, as 
food plants (Benmansur et al., 1990; Fenardji et al., 1994; 
Benmansour and Taleb-Bendiab, 1998), anticoccidial 
(Naidoo et al., 2008; del Cacho et al., 2010), and 
antimalaria (World Health Organization, 2005; Ene et al., 
2009) in medicine. The Romans used dried, unexpanded 
flower heads obtained from several species of the genus 
Artemisia in the first century, for the treatment of Ascaris, 
Enterobius and tapeworm infections and it became an 
important member of the European pharmacopoeia until 
the early 20th century (Mohamed et al., 2010). 

The Anthelmentic effect of Artemisia species is caused 
by the sesquiterpene lactone, santonin (Rachkovskaia, 
1978; Akhtar et al., 1982). Artemisia herba-alba, known 
as desert or white wormwood, known in Arabic as shih 
and in French as Armoise Blanche, is widely distributed 
in North Africa. It is used traditionally by the Egyptians as 
a vermifuge in addition to its other medical and veterinary 
uses (Saleh et al., 2006; Seddiek et al., 2007; Mobarak et 
al., 2008; Mohamed et al., 2010.  

It has been used in folk medicine by many cultures 
since ancient times, used in Moroccan folk medicine to 
treat arterial hypertension and/or diabetes (Ziyyat et al., 
1997; Tahraoui et al., 2007; Zeggwagh et al., 2008). 
During an ethnopharmacological survey carried out 
among the Bedouins of the Negev desert, it was found 
that A. herba-alba relieved stomach disorders (Friedman 
et al., 1986). In addition to the previous benefits A. herba-
alba induced hypoglycemic effect (Al- Waili, 1988; Marrif 
et al., 1995). Moreover, the aqueous extract and 
essential oil of A. herba-alba expressed antileishmanial 
activity against Leishmania major (Hatimi et al., 2001). 
Herbal tea from this species has been used as 
antibacterial, analgesic, antispasmodic and hemostatic 
agents (Laid et al., 2008). The plant is used to bandage 
wounds, cure stomach-ache, and neuralgia and other 
pain when mixed with henna and diluted in water and 
applied to the head (Le Floc’h, 1983). Alternative 
treatments for gastrointestinal helminths in poultry (for 
example anthelmintic plants) have been investigated in 
several studies (Mali et al., 2007; Brito et al., 2009; 
Kosalge and Fursule, 2009; Parida et al., 2010).  

However, scientifically validated data on the efficacy of 
herbal treatments against H. gallinarum remain scarce 
and mainly in virto (Nagaich, 2000). As the people 
consume A. herba-alba to cure helminthic infections as 
per the literature, we attempted to investigate this 
medicinal plant for its claimed anthelmintic activity. The 
present study was designed to investigate the efficacy of 
treatments with aqueous cured extract of A. herba-alba 
(ACEA) and albendazole (ABZ), as a reference 
anthelminthic, on turkey poults experimentally infected 
with H. gallinarum eggs.  

Therefore, several parameters have been evaluated 
such as fecal egg count reduction (FECR), worm count 
reduction (WCR), growth performance (body weight, 
body gain and food  conversion ratio, FCR),  biochemical, 
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and histopathological features. 
 
 
MATERIALS AND METHODS 

 
Parasite 

 
H. gallinarum adults were obtained from the caeca (blind portion) of 
the freshly killed turkey poults (naturally infested) and washed 
several times in saline. Heterakid ova were obtained by gentle 
crushing of gravid female worms, with a small spatula, through a 
150 μm sieve into small Petri dishes containing distilled water (2 to 
3 mm in depth). Few drops of 2% formalin solution had been added 
to each Petri dish, and then incubated for 21 to 28 days at 28 ± 2°C 
to permit embryonation of the eggs (Oliver, 1953). 
 
 
Experimental design 

 
To study the effect of A. herba-alba on H. gallinarum infection, a 
total of 180 male turkey poults were used. The complete 
experimental procedure was repeated 3 times to obtain consistent 
results. In each experiment, 60, 1 day-old poults were divided into 
four groups consisting of 15 birds each. Birds were placed in wire-
floored cages measuring 50 × 50 cm, with an independent supply of 
water and food and elevated approximately 50 cm above the litter. 
A total of 5 birds were placed in one cage and 3 cages were used 
for each group. During the experimental period, birds were given 
balanced commercial starter ration and water ad-libitum from 0 to 
42 day of age. Animals in Groups 2, 3 and 4 were infected, intra 
crop through stomach tube,  with a single dose of 500 embyronated 
eggs of H. gallinarum 1 day after hatching of turkey poults, 
according to Permin et al. (1997). Birds in Groups 1 and 2 were fed 
with food and water free of anthelminthic compounds (non-
medicated control birds). Group 1 was considered as the negative 
control group (non infected, non medicated) and Group 2 was taken 
into account as the positive control group (infected, non medicated). 
25 days post infection, birds in Groups 3 and 4 (medicated birds) 
received anthelmintic compounds in drinking water for 3 
consecutive days. Group 3 was treated with ABZ suspension 2.5% 
(Arabcomed Co, Egypt) in a dose of 20 mg/kg B. wt; whereas, 
Group 4 received crude aqueous extract of A. herba-alba (ACEA) in 
a dose of 0.4 g/kg B. wt. ACEA was prepared by using the soaking 
method of the shoots (leaves and stems). 

The shoots at a dose of 0.4 g/kg B. wt. were soaked in a known 
volume of distilled water for 24 h (Marrif et al., 1995), then sieved 
(stock). The dose for one day was calculated using the formula: 
Dose = 0.4 × average weight of birds at the day of treatment × 
number of birds. Birds were starved overnight prior to treatment 
with the drug the following morning. The drug was dissolved in the 
drinking   water   and  made   available   over   a   6   to 8 h   period.  
The clinical sings were recorded. After slaughtering, the intestinal 
tract was examined and PM lesions were recorded. Egg counts per 
gram (EPGs) were determined in excreta samples taken from each 
subgroups at days 25 and 32 of age (just before treatment and 7 
days post treatment, respectively) to evaluate the degree of 
infestation using modified McMaster technique (Thienpont et al., 
1986).  

The numbers of adult worms were recorded in five sacrificed 
poults (per group) on the 25th day post-infestation (before 
treatment) as well as on the 7th day after treatment according to 
Permin and Hansen (1998). Feed conversion ratio (FCR) values 
were calculated weekly as the ratio of feed intake to weight gain. 
The mean weight gain (MWG) was calculated using the formula: 
 
MWG = (mean final weight of live parakeets birds in a cage) - 
(mean initial weight of all parakeets birds in that cage) + (weight of 
dead parakeets birds). 

 
The group feed conversion ratio (FCR) for the study period was 
calculated using the formula: 
 
FCR = feed consumed per group (g)/(weight gain of surviving birds 
+ weight gain of dead birds). 
 
Individual FCR were not calculated as animals were fed as a group. 
At day 32 of age, seven days post treatment, 5 birds per group 
were sacrificed for detection of post mortem lesions and getting 
liver specimens which immediately fixed in 10% neutral buffered 
formalin. Paraffin sections were stained with hematoxylin and eosin 
(H&E) and examined microscopically according to Bancroft et al. 
(1996). 
 
 
Biochemical analysis 

 
Blood samples were collected from the wing vein of 5 birds per 
group on the 7th

 
day post treatment. Each sample was allowed to 

separate the serum and kept at -20ºC till biochemical analysis. 
Several tests were preformed for determination of the serum 
Alanine aminotransferase (ALT), Aspartate aminotransferase (AST) 
enzyme activity (Reitman and Frankel, 1957), total protein 
(Weichselbaum, 1946), albumin (Doumas, 1971), globulins 
(difference between total protein and albumin), serum uric acid 
(Haisman and Muller, 1977), and creatinine (Husdan and Rapaport, 
1968).  

 
 
Data analysis 
 
The differences among experimental treatments were tested at P ≤ 
0.05 by one-way ANOVA according to Duncan (1955) and 
Snedecor and Cochran (1969) using the SPSS program (SPSS 
v.11,  SPSS 1986).  
 
 
RESULTS 
 
Once infected it took approximately 14 days for the birds 
to demonstrate clinical signs of infection. The observed 
clinical sings were depression (fluffed up feathers, 
appetite loss, irritability, and feather plucking), dullness, 
loss of appetite, emaciation and unthriftness. The 
necropsy (on the 25th day post-infestation) revealed the 
presence of adult worms and inflammation of the caeca 
indicating typhilitis, thickening and nodular formation in 
the caecal mucosa. There were no mortalities among 
birds. Seven days post treatment, ABZ and ACEA treated 
groups were significantly effective (P ≤ 0.05) in reducing 
egg outputs, FECRs were 97.31 and 97.78%, 
respectively, when compared with that of the infected, 
non medicated group, 0% (Table 1).  
In addition, the mean number of worm burden in the 
medicated groups (Groups 3 and 4) was significantly (P ≤ 
0.05) decreased, WCRs were 95.08 and 96.07%, 
respectively, when compared with that of the positive 
control group (Table 2). Body weight, body weight gain 
and feed conversion ratio values till the age of 21 days 
did not differ among infected groups (Groups 2, 3 and 4). 
At the age of 6 weeks, such parameters in turkey poults 
treated with ACAE were significantly (P ≤ 0.05) improved
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Table 1. Eggs per gram of faeces (EPG) of turkey poults infested with Heterakis gallinarum invasive eggs and treated with albendazole 
suspension and Artemisia herba-alba aqueous extract. 

 

Age in days  Group 1 -ve control Group 2 +ve control  Group 3 ABZ Group 4 ACAE  LSD 

25 days 0.00± 0.00
b
 153.00± .65

a
 154.50± 2.61

a
 153.42± 2.84

a
 153.00* 

32 days 0.00± 0.00
c
 157.67± 2. 66

a
 4.25±0.46

b
 3.50±1.68

bc
 4.25* 

Production (%) 0 100 2.70 2.22  

FECR (%) 0 0 97.31 97.78  
 

Eggs per gram faeces  (No. X 1000); (Mean ± SE, n = 12); Data were analyzed by one way ANOVA. LSD: least significance difference among 
means at P ≤ 0.05. Means with different alphabetical superscripts in the same row are significantly different. ABZ: albendazole. ACAE: crude 
aqueous extract of Artemisia herba-alba. 25 days (just before treatment); 32 days (7 days post treatment). FECR= Reduction % of fecal egg 

count 
 
 
 

Table 2. Worm burden of turkey poults infested with Heterakis gallinarum invasive eggs and treated with albendazole suspension 
and Artemisia herba-alba aqueous extract. 

 

Age in days  Group 1 -ve control Group 2 +ve control  Group 3 ABZ Group 4 ACAE  LSD 

25 days 0.00± 0.00 
b
 67.20 ± 1.86

a
 66.40 ± 0.81

a
 66.20

 
± 2.13

a
 66.20

 *
 

32 days 0.00± 0.00 
c
 61.00 ± 0.71

a
 3.00± 0.32

 b
 2.40 ± 0.25

b
 2. 40 

*
 

Production (%) 0 100 4.92 3.93  

WCR (%) 0 0 95.08 96.07  
 

(Mean ± SE, n = 5); Data were analyzed by one way ANOVA. LSD: least significance difference among; means at P ≤ 0.05. Means with 
different alphabetical superscripts in the same row are significantly different. ABZ: albendazole; ACAE: crude aqueous extract of Artemisia 
herba-alba.25 days (just before treatment); 32 days (7 days post treatment). WCR= Reduction % of worm count. 

 
 
 

when compared with those of the positive control and 
albendazole treated groups (Table 3). Among ABZ 
treated group, some biochemical parameters were 
significantly (P ≤ 0.05) altered when compared with those 
of the other groups (Groups 1, 2 and 4). Such alterations 
included reduction in the total protein, globulin and 
albumin levels and elevation of the levels of ALT, AST, 
creatinine and uric acid (Table 4).  

Microscopically, male H. gallinarum infested the caeca 
of turkey poults is very conspicuous with two unequal 
spicules (Figure 1). Histological sections of the liver of 
turkey poults treated with ABZ revealed mild vacuolar 
degeneration of the hepatocytes and moderate numbers 
of mixed inflammatory cells in sinusoids (Figure 2). 
Whereas those of the treated group with ACAE indicated 
normal   histological   appearance  of    the    hepatocytes 
(apparently healthy) and low numbers of inflammatory 
cells in sinusoids (Figure 3). 
 
 
DISCUSSION 
 

The infestation of turkey poults with H. gallinarum, in this 
study, appeared to cause depression, dullness, 
emaciation, dehydration and lower locomotion. In 
addition, cross sections of cecum of infected turkey 
poults indicated the presence of H. gallinarum and 
inflammatory reaction of the submucosa. Similar 
observations were reported (Brener et al., 2006). 

Pathological changes included congestion, hemorrhages 
and nodules with necrotic center in the caecum were 
noted. Alike lesions were recorded (Choudury and Das, 
1993; Roberts and Janovy, 2005; Menezes et al., 2003; 
Brener et al., 2006). Because of the longevity of the eggs, 
4 years, it is difficult to eliminate H. gallinarum form a 
domestic flock. Although adult chickens may affect a self-
cure, infective eggs are available for the following spring, 
when new chicks hatch. Furthermore, as earth worms 
feed in contaminated soil, they accumulate large 
numbers of juveniles, which in turn cause massive 
infections in unlucky birds that eat them (Roberts and  
Janovy, 2005). Generally speaking, H. gallinarum is not 
highly pathogenic in itself. However, H. meleagridis, is 
transmitted between birds within eggs of H. gallinarum 
(Long et al., 1987) leading to histomoniasis which cause 
necrosis of the caecal mucosa, swelling of the caecum 
and liver necrosis (Papini and Cacciuttoli, 2008).  

Consequently, reducing the number of eggs in litter 
through treatment of anthelmintics, is a highly desirable 
feature which should be taken into account in the control 
of ascaridiasis that is characterized by high biotic 
potential and large number of eggs which may 
accumulate in deep letter houses (Davis and Jayner, 
1955). Concerning conventional anthelmintics, our results 
indicated that ABZ was highly effective in controlling H. 
gallinarum as FECR was 97.31% and WCR was 95.08%. 
Analogues to our result, ABZ in a single dose of 20 mg/kg 
B. wt. is highly effective in the treatment of chickens for  
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Table 3. Growth performance parameters of turkey poults infested with Heterakis gallinarum invasive eggs and treated with albendazole suspension and Artemisia herba-alba 
aqueous extract. 

 

Time (days) Growth performance parameters Group 1 -ve control Group 2 +ve control Group 3 ABZ Group 4 ACAE LSD 

1 day old Body weight 65.67 ± 0.95
a
 66.87 ± 0.96

a
 45.20± 2.90

a
 65.93

 
± 0.90

a
 NS 

       

7 day old 

Body weight 239.33 ± 0.86
a
 231.47 ± 1.03

b
 233.83 ± 1.39

b
 233.13

 
± 1.38

b
 5.40* 

Body gain 171.53 ± 1.91
a
 162.60 ± 1.57

b
 164.87

 
± 0.85

b
 166.13 ± 1.39

b
 5.40* 

FCR 1.31
 
± 0.01

a
 1.33 ± 0.01

a
 1.32 ± 0.02

a
 1.32

 
± 0.01

a
 NS 

       

14 day old 

Body weight 449.40 ± 1.81
a
 356.88 ± 1.46

b
 358.33 ± 2.17

b
 353.60

 
± 2.01

b
 91.10* 

Body gain 215.60 ± 2.36
a
 137.47 ± 2.03

b
 133.33 ± 1.89

b
 132.93 ± 1.40

b
 78.13* 

FCR 1.35 ± 0.01
b
 1.58 ± 0.02

a
 1.58 ± 0.01

a
 1.57 ± 0.01

a
 0.23* 

       

21 day old 

Body weight 770.20 ± 1.83
a
 556.87 ± 4.19

b
 549.33 ± 3.18

b
 549.00 ± 3.14

b
 213.33* 

Body gain 320.80 ± 3.03
a
 191.20

 
± 3.35

b
 192.27± 2.68

b
 193.93 ± 2.78

b
 127.87* 

FCR 1.54 ± 0.02
b
 2.41 ± 0.03

a
 2.39± 0.03

a
 2.41 ± 0.02

a
 0.86* 

       

28 day old 

Body weight 1261.67± 5.18
a
 757.47 ± 2.82

c
 947.33 ± 8.09

b
 951.27 ± 8.45

b
 189.87* 

Body gain 491.53 ± 4.67
a
 200.47± 5.49

c
 398.73 ± 7.69

b
 401.13

 
± 8.04

b
 90.40* 

FCR 1.55 ± 0.01
c
 2.43 ± 0.02

a
 1.87± 0.02

b
 1.87

 
± 0.02

b
 0.32* 

       

35 day old 

Body weight 1814.13 ±  6.87
a
 1049.47

 
± 10.94

c
 1406.00 ± 6.85

b
 1415.33 ± 8.27

b
 356.53* 

Body gain 545.87 ± 5.99
a
 290.60 ± 12.34

c
 458.67 ± 8.02

b
 465.40

 
± 8.67

b
 80.47* 

FCR 1.57 ± 0.02
d
 2.58

 
± 0.03

a
 1.92

 
± 0.02

b
 1.81

 
± 0.03

c
 0.11* 

       

42 day old 

Body weight 2754.67 ±  6.24
a
 1392.00 ± 15.19

d
 2235.33 ± 7.41

c
 2292.34 ± 7.79

b
 36.00* 

Body gain 947.20 ± 4.80
a
 323.27 ± 18.48

d
 829.00 ± 9.24

c
 867.33 ± 8.85

b
 38.33* 

FCR 1.61 ± 0.01
 d

 2.41 ± 0.04
a
 1.88± 0.01

 b
 1.70 ± 0.02

c
 0.10* 

 

Mean ± SE, n = 15; Data were analysed by one-way ANOVA. ACAE: crude aqueous extract of Artemisia herba-alba. ABZ: albendazole; LSD: least significance difference among means at P ≤ 
0.05, NS = non significant; Body gain (g); Means with different alphabetical superscripts in the same row are significantly different. 

 
 
 
H. gallinarum and A. galli as its efficacies for 
controlling larvae and adult burden were 98.9 and 
94.9% for H. gallinarum and 98.2 and 100% for A. 
galli, respectively (Tucker   et   al.,    2007).   
Phenothiazine    is     effective against H. 

gallinarum, in vitro (Oliver, 1953). Unfortunately, 
the increasing prevalence of anthelmintic resistant 
strains of helminths (Walter and Prichard, 1985; 
Kaplan, 2004; Beech et al., 2011),   for   example   
albendazole  resistance  in gastrointestinal 

nematode parasites (Hoque et al., 2003; 
Borgsteede et al., 2007) has been developed. 
Many great research challenges and prospects for 
the identification of new, safe and environmentally  
acceptable anthelmintics such as medicinal plants   
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Table 4. Biochemical parameters of turkey poults infested with Heterakis gallinarum invasive eggs and treated with albendazole suspension 
or Artemisia herba-alba aqueous extract. 
 

Parameters  Group 1 -ve control Group 2 +ve control Group 3 ABZ Group 4 ACAE LSD 

ALT (IU/L) 18.80± 0.31
b
 18.15± 0.27

b
 21.10

 
± 0.29

a
 19.04

 
± 0.30

b
 5.94* 

AST (IU/L) 217.58± 0.96
b
 218.25± 2.16

b
 262.40

 
± 2.33

a
 221.70± 2.42

b
 42.26* 

Total protein (gm/dl) 4.34± 0.20
a
 4.35

 
± 0.21

a
 3.40

 
± 0.17

b
 4.86

 
± 0.13

a
 0.78* 

Serum albumin (gm/dl) 1.62
 
± 0.06

a
 1.75

 
± 0.06

a
 0.59

 
± 0.06

b
 1.16

 
± 0.14

a
 0.50* 

Serum globulin (gm/dl) 2.72± 0.07
b
 2.60± 0.05

b
 2.81

 
± 0.08

b
 3.70

 
± 0.07

a
 0.89* 

Creatinine (IU/L) 0.08
 
± 0.01

b
 0.07

 
± 0.005

b
 0.11

 
±0.009

a
 0.07

 
± 0.004

b
 0.02* 

Uric acid (mg/dl) 3.40± 0.21
b
 3.59± 0.22

b
 5.40± 0.35

a
 3.70± 0.18

b
 1.60* 

 

Mean ± SE, n = 5; Data were analysed by one-way ANOVA. ACAE: crude aqueous extract of Artemisia herba-alba. ABZ: albendazole; LSD: least 
significance difference among means at P ≤ 0.05. Means with different alphabetical superscripts in the same row are significantly different. 

 
 
 
are very crucial.  

Treatment with ABZ and ACAE, in this study, indicated 
high FECR, 97.31 and 97.78%, respectively, and worm 
burden was significantly reduced  (95.08  and  96.07%)  
in  both medicated groups (ABZ and ACEA, respectively) 
than that of the positive control groups. Similar to our 
results, complete reduction of egg production (100%) has 
been recorded for ACAE against A. galli infecting 
chickens (Seddiek et al., 2007) and Artemisia cina 
against Moniezia spp. infecting sheep (Bashtar et al., 
2011). Lower FECR (67.2%) has been recorded after 
treatment of different species of nematodes in naturally 
infested sheep with Artemisia brevifolia crude aqueous 
extract (CAE) (Iqbal et al., 2004). A. herb- alba 
possesses several constituents that induced anthelmintic 
effect, such as santonin (Khafagy et al., 1971) and eight 
polyphenolics and related constituents (Mohamed et al., 
2010). Synthetic phenolic anthelmintics interfere with the 
energy generation in the helminth parasites by 
uncoupling the oxidative phosphorylation. Another 
possible mechanism of action is that they bind to free 
proteins in the gastrointestinal tract of the host animal or 
to glycoprotein on the cuticle of the parasite and cause 
death (John et al., 2009). 

Additionally, plant possess “antioxidant activity” 
(Mohamed et al., 2010)  which   is   capable of   reducing  
the  nitrate  generation  which  could interfere in  local  
homeostasis which  is  essential  for  the development of 
helminthes (Borba  et al.,  2010).  Similar  to  our  results, 
methanolic extract of Caesalpinia crista Linn. seeds and 
piperazine (200 mg/kg) are equieffective, in vivo, in 
treating A. galli infecting chickens (Javed et al., 1994). 
Several anthelminthic plants are effective in vitro, such as 
A. sativum has shown anthelminthic action against H. 
gallinarum and A. galli (Nagaich, 2000); Carica papaya, 
Sapindus trifoliatus, Butea frondosa and Momordica 
charantia were more effective against A. galli than 
piperazine hexahydrate (Lal et al., 1976); and aqueous 
and ethanolic extracts of Morinda citrifolia fruit (noni) 
were effective against A. galli (Brito et al., 2009). Use of 
A. galli and Raillietina species as a suitable model for 

screening of anthelmintic drug was advocated earlier 
(Kaushik et al., 1974). Furthermore, several assays were 
performed in vitro using adult earthworm (Pheretima 
posthuma) for preliminary evaluation of anthelmintic 
activity, owing to its anatomical and physiological 
resemblance with the intestinal roundworm parasites, 
such as Ascaris lumbricoids, of human beings (Dash et 
al., 2002; Shivkumar and Kumar et al., 2003). Some 
herbs show in vitro anthelmintic activity against P. 
posthuma, tapeworms (Raillietina spiralis) and 
roundworms (A. galli) such as the aqueous extract of 
Thespesia lampas (Cav.) roots (Kosalge and Fursule, 
2009) and crude extracts and  fractions of Pterospermum 
acerifolium (Parida et al., 2010). In addition, the crude 
alcohol and aqueous extracts of the seeds of Cleome 
viscosa. Linn. shows anthelmintic activity against P. 
posthuma and A. galli (Mali et al., 2007). Santonin 
present in A. herb- alba (Khafagy et al., 1971) induces an 
anthelmintic effect. The vermifuge effect of santonin 
substance, prepared from the Artemisia spp., induced 
changes in the musculocutanous sac (cuticle, hypoderm 
and muscle cells) of the worm through its direct action on 
muscle cells of the worm resulting in complete relaxation 
of its muscular layer leading to its expulsion to outside 
(Rachkovskaia, 1978).  

Akhtar et al. (1982) reported that the percentage 
reduction in EPG counts in the calves naturally acquired 
Neoascaris vitulorum and treated with 15 mg/kg of 
santonin on the seventh day, these values were 100, 100 
and 99.7% in moderate, high and heavily infected calves, 
respectively. Both piperazine and santonin were 
associated with some side effects like diarrhea, 
restlessness, etc. Santonin has an efficacy similar to 
piperazine given at the 88 mg/kg dose level for the 
treatment of ascariasis in buffalo calves. Low 
concentrations of santonin are reported to have a 
selective toxic action on the ganglion located in the nerve 
ring of Ascaris spp. (Sollman, 1957). Against other 
nematodes, such as Oxyuris spp and cestodes, santonin 
is not effective (Steinegger and Hänsel, 1972). With 
regard to weight performances, the present study 
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Figure 1. Posterior end of H. gallinae adult worm (male), 
ventral view, infesting the caecum of turkey poults 
showing two unequal spicules. 

 
 
 
indicated that infection with H. gallinarum significantly 
reduced body weight, body gain and increased FCR 
values highlighting the detrimental effect of the infection 
with this parasite on the performance of poults.  

Similarly, reduction of growth performance in chickens 
of 2 weeks PI had been recorded (Choudury and Das, 
1993). ABZ and ACEA treatments exerted beneficial 
effects by significantly improving body weight gain and 
feed conversion ratio values compared to the positive 
control group. Moreover, ACEA significantly (P ≤ 0.05) 
enhanced growth performance of turkey poults than that 
of ABZ. Comparable to our results, A. herba-alba 
improved the growth performance of chickens infested 
with A. galli (Seddiek et al., 2007) and chickens fed on 
ration contaminated with aflatoxin-B1 (Mobarak et al., 
2008). In addition to the anthelminitc effect of the used 
herb, it improved weight performances indirectly because 
of its other biological activities. A. herba-alba improves 
the general health of infected turkeys because it possess 
antibacterial (Yashphe et al., 1979; Juteau et al., 2002; 
Laid et al., 2008; Elturbi et al., 2011), anti-oxidant (Aniya 
et al., 2000; Juteau et al., 2002; Kim et al., 2003; Kadri et 
al., 2011), and antifungal activities (El-Shayeb and 
Mabrouk, 1984; Saleh et al., 2006).  

Moreover, A. herba-alba is used for digestive disorders, 
abdominal pain, colic and liver failure (Le Floc’h, 1983). 
Moreover, santonin induces significant antipyretic, anti- 

 
 
 
 
inflammatory effect and inhibit granuloma formation (Al-
Harbi et al., 1994). Ideally, plants should provide, besides 
the  anthelmintic  effect,  an alternative source of nutrition 
foranimals of A. herba-alba is also suggested to be 
important as a fodder for sheep and for livestock in the 
plateau   regions  of Algeria where it grows abundantly 
(Benmansur et al., 1990; Fenardji et al., 1994; 
Benmansour and Taleb-Bendiab, 1998). 
The liver of turkey poults treated with ABZ showed 
vacuolar degeneration in the hepatocytes indicating the 
toxic effect of ABZ on the liver cells, meanwhile the liver 
of turkey poults treated with ACEA showed no 
degenerative   changes   in   hepatocytes    which    
seemapparently healthy. The histopathological results 
ensured that ACEA has no adverse effect on 
hepatocytes. Biochemical analysis in the present study 
indicated the side effect of treatment with albendazole, 
for example reduction in the total protein and albumin 
levels and elevation of the levels of serum ALT and AST 
enzymes, when compared with that of ACAE medicated 
group. This may be due to side (toxic) effect of ABZ on 
the liver cells. Similar results were recorded in human 
(Choi et al., 2008) and in rat (Abd El-Rahman et al., 
1999). Our results indicated that ACAE has no side effect 
on the liver cells. A. herba-alba has hepatoprotective 
effect (Aniya et al., 2000; Israpil et al., 2002) and it 
enhances bilirubin clearance (Mobarak et al., 2008). The 
adverse effect of ABZ on kidney functions has been 
confirmed by the elevated levels of creatinine and uric 
acid. Such elevation was not recorded for ACAE. A 
comparable result has been recorded for A. herba-alba 
(Marrif et al., 1995). A single dose of ABZ is safe and no 
adverse effects were observed on

 
bird appearance, 

behavior, apparent appetite and weight gain (Tucker et 
al., 2007). Although ABZ is one of the most important 
antiparasitic drugs with high margin of safety, some 
unwanted side effects cannot be ignored (Abd El-
Rahman et al., 1999). The adverse effect of ABZ in 
Group 3 on the liver and kidney functions and tissue may 
be due to the use of ABZ for somewhat longer time, to 
imitate what farmers in Egypt do to ensure that all birds 
get treated, than that recommended by the producer (20 
mg/kg B. wt. for 3 successive days instead of a single 
dose). 

The increase of ALT and AST enzymes was obtained 
in rat given ABZ in a dose of 400 mg/kg B. wt. as a single 
dose (Abd El-Rahman et al., 1999). Moreover, birds of 
the order Columbiformes, such as pigeon and dove, are 
susceptible to toxicosis after ABZ and fenbendazole 
(FBZ) administration (Howard et al., 2002). Regarding the 
nematicidal activity of A. herba-alba, ACEA “eradicate” 
intestinal infection with Enterobius vermicularis within 3 
days in all 10 patients treated (Al-Waili, 1988). Ascaridae 
from hogs and ground worms were killed by the oil of 
theLibyan A. herba-alba in a short time (Callegari and 
Rossi, 1939, 1940). The powdered shoots of A. herba-
alba expressed anthelmintic activity against experimental 
haemonchosis in Nubian goats which manifested by the 
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Figure 2. Liver of turkey poults infected with H. gallinae and treated with albendazole suspension 
(2.5%) showing mild vacuolar degeneration (arrow) of the hepatocytes and moderate numbers of mixed 
inflammatory cells (arrow head) in sinusoids stained with hematoxylin and eosin (X 400). 

 
 
 

 
 
Figure 3. Liver of turkey poults infected with H. gallinae and treated with A. herba-alba extract 

showing normal histological appearance of the hepatocytes and low numbers of inflammatory cells 
(arrow head) in sinusoids stained with hematoxylin and eosin (X 400). 
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absence of eggs in the faeces or adult worms in the 
abomasum at necropsy and of significant lesions in the 
tissues of the goats and return of the concentrations of 
serum ammonia, sodium, potassium, total protein, 
creatinine and aspartate aminotransferase (GOT) to 
normal (Idris et al., 1982). The leaf extract of A. herba-
alba was the most effective among twenty Jordanian 
plant species against two species of root-knot 
nematodes, in vitro (Al-Banna et al., 2003). In addition to 
its nematicidal activity, A. herba-alba induces pesticidal 
activity as it “induced” larvicidal activity against Culex 
pipiens mosquito, insecticidal activity against houseflies 
Musca  domestica L.,  and  rodenticidal   activity   against 
white mice Mus musculus (Hifnawy et al., 2001). 
Furthermore, extracts of A. herba-alba are highly 
effective against arthropods of agricultural importance, 
such as Tetranychus cinnabarinus mites (Azaizeh et al., 
2007), Bemisia tabaci (Gennadius), Aphis gossypii 
(Glover) and Thrips tabaci (Lindman) (Soliman, 2006, 
2007), Acanthoscelides obtectus (Coleoptera: Bruchidae) 
(Tani et al., 2008), A. obtectus, responsible for green 
beans rot (Derwich et al., 2009) and cotton leafworm 
Spodoptera littoralis (Biosd.) larvae (Hifnawy et al., 
2001). Due to narrow therapeutic window (safety index) 
of and toxicity of A. herba-alba, the crude drug santonin 
is no longer used (Reynolds and Prasad, 1982; Tyler et 
al., 1988; De Smet, 1997). Fortunately, A. herba-alba 
contains very few amount of santonin, 0.99% w/w 
(Khafagy, 1971). Like our result that indicated safety of 
ACEA, it (85 mg/kg) induces hypoglycemic effect and 
doses did not cause any acute toxicity or behavioral 
changes in rabbits (Iriadam et al., 2006) and the crude C. 
crista powder appears to be potent and safer than its 
methanol extract on the basis of the side effects 
observed (Javed et al., 1994). It is

 
highly advisable that 

pre- and posttreatment helminth levels
 
be determined in 

flocks to monitor the levels of parasitism
 
suffered by the 

birds and to ensure effective removal of parasites
 
by 

herbal intervention. Efficacies below 90% are not 
considered therapeutic in the evaluation

 
of anthelmintics 

for effectiveness (Yazwinski et al., 2003). Impacts of 
using medicinal plants for GI parasite control can be 
measured by: increased weight gain, improved FCR, 
decreased host mortality, reduced use of commercial 
anthelmintics, decreased EPG and reduced L3 larvae 
counts in coprocultures (Ketzis et al., 2006). In the 
present study, it was observed that ACEA was effective 
and well comparable with the standard drug, ABZ. 
 
 
Conclusion 
 
A. herba-alba induced anthelminthic effect as it reduced 
egg shedding and worm burden in the infected birds, in a 
similar manner to that of albendazole. The herbal extract 
produced significantly improved FCR over the other 
infected groups (positive control and albendazole treated  

 
 
 
 
group) and had no adverse effect on liver and kidney of 
treated poults. Taking together all these findings, we 
suggest that A. herba-alba could be used for controlling 
heterakid infection as an alternative to standard 
anthelmentic drugs. Attempts for the isolation and 
characterization of the active constituents responsible for 
such activities are currently under progress. Further 
studies are necessary to understand the exact 
mechanism of action. 
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