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Introduction
Equidae are a host of multiple parasites that are considered 
a risk factor in certain equine colic syndromes. Parasitic 
infection is one of the main health problems that hinder 
equine breeding and production and causes heavy losses. 
There are different kinds of damage associated with 

the migration of larvae, especially Strongylus vulgaris 
that may obstruct blood circulation, leading to colic, 
paralysis, heart diseases, or sudden death (Duncan, 1974; 
Gebrewold et al., 2004; Eckert et al., 2008).
Donkeys are usually infected with a large number of 
parasites such as red worms (Strongylus), roundworms 
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Abstract
Background: Parasitic infection is one of the main problems in equidae, particularly donkeys. 
Aim: This study evaluated the oxidative stress in donkeys infected with Strongylus spp by determining the correlation 
between antioxidants levels; malondialdehyde (MDA), total antioxidant capacity (TAC), and the severity of parasitic 
infection. It also compared the therapeutic efficacy of piperazine citrate as an oral anthelmintic drug and Doramectin 
as an injectable one. 
Methods: The study was conducted on 40 donkeys naturally infected with Strongylus spp. These donkeys were divided 
into two groups (20 donkeys each) according to treatment; One group was treated with piperazine citrate (PipTG) and 
the other with doramectin (DoraTG). Thorough clinical examination, hematological, biochemical, and parasitological 
assays were performed before (Day 0) and after treatment (Days 7, 14, 21, and 28). All data were statistically analyzed 
by independent-sample t-test or paired t-test. 
Results: In both groups, mean values of MDA were significantly reduced, while those of TAC were significantly 
elevated after treatment on days 7, 14, 21, and 28. These significant changes were reported after treatment between 
PipTG and DoraTG in favor of DoraTG. Serum concentrations of MDA were significantly reduced, while those of TAC 
were significantly elevated for DoraTG treatment group when their values were compared with those of PipTG either on 
days 7, 14, 21, or 28. Significant correlations were reported in PipTG and DoraTG. Negative significant correlations were 
reported between fecal egg count (FEC) and each of whole blood picture indices (RBCS, Hb, and PCV), serum TAC 
and faecal egg count reduction percentage FECR%. A positive correlation was seen between FEC and MDA. MDA 
exhibited a negative correlation with both blood picture and TAC; hence, TAC was positively correlated with these 
blood picture indices in both PipTG and DoraTG. In PipTG, anthelmintic resistance (R) was present on days 7 and 14, 
while it was suspected (S) at day 21 then it was absent (N) at day 28. In DoraTG, anthelmintic resistance was suspected 
(S) on day 7, then it became absent (N) on days 14, 21, and 28 post therapy. 
Conclusion: The immunological status of the infected donkeys had greatly improved after treatment. The therapeutic 
efficacy of injectable doramectin was more efficient than that of oral piperazine citrate in Strongylus spp. infected 
donkeys.
Keywords: Donkeys, Doramectin, Malondialdehyde, Piperazine citrate, Strongylosis.
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(Parascaris equorum and Parascaris univalens), liver 
flukes (Fasciola hepatica), pinworms (Oxyuris equi), 
lungworms (Dictyocaulus arnfieldi), the larva of botflies 
(Gasterophilus sp), and threadworms (Strongyloides 
westeri) (Eckert et al., 2008).
Strongylosis is the most common parasitic infection in 
donkeys, usually found in the large intestine (Eysker et 
al., 1992; Nielsen et al., 2006). Strongylus of Equidae 
are classified into two subfamilies; large Strongylus 
(Strongylinae) and small Strongylus (Cyathostominae), 
and both of them are highly pathogenic parasites 
(Duncan and Pirie, 1985). The small Strongylus 
(Cyathostomins) is considered one of the most 
important gastrointestinal (GIT) nematodes in horses 
with an incidence of almost 100% (Reinemeyer et 
al., 1984), while the infection rate of large Strongylus 
infections among the GIT nematodes in horses is 
58.5% (Saeed et al. 2010). Strongylus vulgaris has long 
been considered as one of the most common pathogenic 
parasites in Equidae with an incidence of 45%–90% in 
horses (McCraw and Slocombe 1976; Gasser et al., 
2004; Nielsen et al., 2007; Toscan et al., 2012) and 
73.02% in donkeys (Hamed et al., 2019).
Infection with Strongylus spp. is complex and 
causes an inflammatory enteropathy consequently 
causing impairment in intestinal movement and 
microcirculation (Pilo et al., 2011). Clinically, small 
Strongylus (Cyathostominae) infection induces mild 
signs such as weight loss, anorexia, poor hair coat, 
intermittent diarrhea, lethargy, loss of body condition, 
peripheral edema, and disturbed intestinal motility 
(McCraw and Slocombe 1976; Hamed et al., 2019). 
Determining the number of Strongylus eggs per gram 
of feces (EPG) has been the most widely used method 
for diagnosing infection with adult Strongylus (Kaplan 
and Nielsen, 2010; Hamed et al., 2019).
Thiabendazole has been widely used to treat adult 
Strongylus worms (Drudge et al., 1975). Other 
anthelmintics have also been developed, such as 
benzimidazole, tetra hydropyrimidines, and macrocyclic 
lactones (Bagchi et al.,1993; Oliveira and Cechini, 2000; 
Gasser et al., 2004; Gokbulut and McKellar, 2018). 
Inadequate dosage is the major cause of anthelmintic 
resistance, which is a serious problem faced during the 
control of intestinal nematodes in donkeys, particularly 
cyathostomins (Toscan et al., 2012).
Lipid peroxidation is an ongoing physiological process 
that plays an important role in the pathogenesis of several 
parasitic diseases (Bagchi et al.,1993). Moreover, 
several studies have focused on the possible role of the 
highly reactive oxygen free radicals in the pathogenesis 
of parasitic infections (Oliveira and Cechini, 2000; 
Bildik et al., 2004). Free oxygen radicals cause lipid 
peroxidation, and the end product of lipid peroxidation 
is lipid peroxide [malondialdehyde (MDA)]. Estimation 
of MDA evaluates the degree of lipid peroxidation 
and the level of free oxygen radicals indirectly (Yagi, 
1998). Estimating MDA level as an oxidant marker and 

serum antioxidants mainly, Total Antioxidant Capacity 
(TAC) is a major criterion concerning the severity of 
possible peroxidation occurring in the cell membrane 
(Bolfa et al., 2012).
The correlation between Strongylus spp. infection and 
antioxidants levels in donkeys is not well understood, 
particularly its association with therapeutic strategies. 
Therefore, this study evaluated the oxidative stress in 
donkeys infected with Strongylus spp. by determining 
the correlation between oxidant/antioxidants levels, i.e., 
MDA and TAC, and the severity of parasitic infection. 
It also compared the therapeutic efficacy of piperazine 
citrate as an oral anthelmintic drug and doramectin as 
an injectable one. The current study focused on the 
effect of Strongylus spp. on clinical, hematological, 
and biochemical changes such as MDA and TAC in 
donkeys either pre or post-treatment with either oral 
piperazine citrate or injectable doramectin.

Materials and Methods
Animals and therapeutic strategy
The experiment was conducted on forty adult male 
donkeys, i.e., local breeds, used for educational purposes 
at the Veterinary Teaching Hospital, Faculty of Veterinary 
Medicine, Assiut University, Egypt. The animals’ age 
ranged between 2 and 10 years, and their weight ranged 
between 170 kg and 250 kg. The donkeys were housed 
under hygienic and sanitary protocol in clean stables 
during the experiment. They were fed a balanced diet of 
mixed grain with hay and free access to water. 
Clinical and laboratory examinations were carried out 
in all donkeys at two main stages; pre-treatment (Day 
0) and post-treatment stages (Days 7, 14, 21, and 28). 
According to fecal analysis, all examined donkeys 
were infected only with Strongylus spp. at day 0. No 
other nematodes were detected. Animals with negative 
presence of Strongylus spp. were excluded. 
According to the treatment, the donkeys were randomly 
distributed into two main groups (20 donkeys each); 
piperazine citrate treated group (PipTG), and doramectin 
treated group (DoraTG). PipTG received piperazine 
citrate powder (B.P. Vet 1977, UCCMA, Egypt) at a 
dose of 300 mg/kg by oral administration on day 0; 
meanwhile, DoraTG received doramectin (Dectomax®10 
mg/ml injectable solution, Zoetis Co., USA) at a dose 
of 1 ml/50 kg by subcutaneous (s/c) injection on day 0 
according to Hamed et al. (2019).
The animals on day 0 either of PipTG or DoraTG were 
described as the control group as they had the highest 
levels of fecal egg count (FEC).
Samples
Whole blood and serum samples were collected, and all 
precautions for collection and preparation of samples to 
achieve an accurate assessment of hematological and 
biochemical indices were taken into consideration as 
described before (Coles, 1986).
Fecal samples were collected directly from the rectum 
of examined donkeys using arm-length plastic gloves 
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and lubricant in clean plastic cup. The identification 
number of each animal was registered. The animals 
were sampled at day 0 before treatment and then again 
on days 7, 14, 21, and 28 post-treatment. The samples 
were protected in clean plastic cups and stored in a 
refrigerator at 4°C and labeled to be processed as soon 
as possible, either immediately or within 24 hours of 
collection. Each sample was divided into two parts; the 
first part was examined on the same day of collection by 
a direct fecal smear using microscopic examination and 
floatation sedimentation test for detection of helminths 
eggs. The second part was used for FEC using the 
McMaster technique (Duncan and Pirie, 1985; Kaplan 
and Nielsen, 2010; Hamed et al., 2019).
For floatation fluid, saturated sucrose solution (sugar 
solution) was prepared by completely dissolving 500 g 
ordinary sugar and 6.5 g phenol in 330 ml distilled water 
and stirring over low heat. This solution was used after 
cooling it to room temperature for both the floatation 
and McMaster techniques (Blagburn and Butler, 2006).
Clinical examination
Body temperature, pulse rate, respiratory rate, lymph 
nodes, mucous membranes, signs of dehydration, and 
Capillary Refill Time (CRT) were examined in all 
donkeys as mentioned before (Garba et al., 2015) on 
day 0 (before treatment) and on days 7, 14, 21, and 28 
following treatment.
Complete blood picture indices
Complete blood picture indices including red blood 
corpuscles (RBCs), total leukocytic count (TLC), 
differential leukocytic count (DLC), hemoglobin (Hb), 
packed cell volume (PCV), and mean corpuscular 
values (MCVs) were manually estimated. Mean 
corpuscular values included; mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), and 
mean corpuscular hemoglobin concentration (MCHC). 
The DLC was determined by using the four-field 
meander method (Coles, 1986; Harvey, 2001; Latimer 
et al., 2011).
Serum biochemical assays
Serum concentrations of MDA and TAC were measured 
for all donkeys by using colorimetric method by 
SPECTRO UV-Vis RS spectrophotometer (Labomed, 
Inc., USA) with commercial kits (Biodiagnostic 
Company, Egypt) according to Satoh (1978); Koracevic 
et al. (2001), respectively.
Fecal analysis and detection of egg shedding
Direct smear and fecal sedimentation flotation were 
carried out to quantify the egg output by McMaster 
technique (Gasser et al., 2004). The counted eggs of 
the parasite were calculated in two chambers, summed 
together, and the total number was multiplied by 50 to 
give EPG. The Strongylus spp. eggs were identified 
based on the morphological characteristics, envelope 
shape, and number of blastomeres. Other parasites,eggs 
were determined according to the manual of veterinary 
parasitological laboratory techniques (Urquhart et al., 
2003).

The degree of infection was obtained from number of 
eggs per gram of feces according to Soulsby (1986) as 
follows: mild infection: less than 500 EPG, moderate 
infection: 500–1,000 EPG, and severe infection: > 
1,000 EPG.
Fecal egg count reduction test was used for detection 
of anthelmintic resistance by counting the worm eggs 
present in fecal samples of the infected donkeys shortly 
before treatment and 7–14 days after treatment. It is the 
method recommended by WAAVP guidelines (Coles et 
al., 1992). The quantitative McMaster technique is used 
to count the eggs in the fecal sample. To calculate the 
percentage reduction within each group, the following 
equation has been used (Kaplan, 2002; Coles et al., 
2006):

FECR% = 

pre − treatment EPG − post 
treatment EPG

pre − treatment EPG
 × 100

Resistance is present (R) if FECR is less than 90%, 
resistance is suspected (S) if FECR equals or more than 
90%, and no resistance (N) if FECR equals or more 
than 95%. In the event when FEC for an individual 
animal increased after treatment, the FECR% was 
considered to be zero. According to Coles et al. (1992) 
the resistance of nematodes in domestic animals can be 
declared when the percentage reduction in egg count 
is less than 95% and/or the lower 95% confidence 
intervals (95% CI) is less than 90%.
Statistical analysis
All statistical analyses were performed using computer 
software (Statistical Package for the Social Sciences 
version 17.0, Chicago, IL). The data obtained were 
analyzed by independent-sample t-test or paired t-test. 
The significance of differences between the means of 
PipTG and DoraTG either in days 0, 7, 14, 21, and 28 or 
between days 0 and each of days 7, 14, 21, or 28 either 
of PipTG or DoraTG was evaluated by Dunnett’s test at 
p < 0.05. Correlation coefficient was calculated using 
Pearson Correlation at p < 0.05 or p < 0.01.
Ethical approval
All experimental protocols were approved by 
Institutional Animal Care and Use Committee 
guidelines of Assiut University, Egypt that was in 
agreement with the Guide for Laboratory Animals Care 
and Use of the National Institutes of Health in the USA 
(NIH publication No. 86-23, revised 1996).

Results
Clinical findings
All donkeys of both groups exhibited normal body 
temperature, appetite, and lymph nodes with absence 
of ataxia, diarrhea, cough, and abnormal lung sounds 
either before or after treatment. Gradual disappearance 
of dehydration signs and mucous membranes paleness 
as well as clear improvement of CRT were reported 
in PipTG and DoraTG due to therapy (Table 1). The 
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pulse and respiration were significantly (p < 0.05) 
reduced after therapy either in PipTG or DoraTG at 
days 7, 14, 21, and 28 after treatment when compared 
with their values at day 0 within the same group. The 
body temperature, pulse rate, and respiration showed 
no significant changes (p > 0.05) between PipTG and 
DoraTG at each sampling day (0, 7, 14, 21, and 28) as 
shown in Table 2.
Whole blood picture indices
In both groups, mean values of each of RBCs, Hb, and 
PCV showed a significant improvement (p < 0.05) on 

days 7, 14, 21, and 28 post treatment when their values 
were compared with those on days 0 within the same 
diseased group (Table 3). Mean values of MCV were 
relatively reduced post treatment in both groups (Days 
7, 14, 21, and 28) when compared with those at day 
0; however, the values were within the physiological 
levels. Both groups showed a significant decrease (p < 
0.05) in mean values of MCH and MCHC on days 7, 14, 
21, and 28 after treatment when compared with those on 
days 0 (Before treatment), however they were within the 
physiological values (Table 4). Mean values of TLC in 

Table 1. The most common clinical findings in piperazine treated group (n = 20) and DoraTG (n = 20).

Groups
Follow 

up 
period

Anorexia Signs of 
Dehydration

Pale mms 
(conjunctiva)

CRT 
(1–2 s)1 Ataxia

Abnormal 
lung 

sound
Cough Diarrhoea Normal 

LNs

PipTG

Day 0a 0 (0)b 8 (40.00) 14 (70.00) 11 (55.00) 0 (0) 0 (0) 0 (0) 0 (0) 20 (100)
Day 7 0 (0) 6 (30.00) 8 (40.00) 11 (55.00) 0 (0) 0 (0) 0 (0) 0 (0) 20 (100)
Day 14 0 (0) 5 (25.00) 8 (40.00) 13 (65.50) 0 (0) 0 (0) 0 (0) 0 (0) 20 (100)
Day 21 0 (0) 3 (15.00) 5 (25.00) 15 (75.00) 0 (0) 0 (0) 0 (0) 0 (0) 20 (100)
Day 28 0 (0) 3 (15.00) 3 (15.00) 15 (75.00) 0 (0) 0 (0) 0 (0) 0 (0) 20 (100)

DoraTG

Day 0a 0 (0) 10 (50.00) 12 (60.00) 13 (65.00) 0 (0) 0 (0) 0 (0) 0 (0) 20 (100)
Day 7 0 (0) 8 (40.00) 6 (30.00) 14 (70.00) 0 (0) 0 (0) 0 (0) 0 (0) 20 (100)
Day 14 0 (0) 7 (35.00) 3 (15.00) 17 (85.00) 0 (0) 0 (0) 0 (0) 0 (0) 20 (100)
Day 21 0 (0) 4 (20.00) 3 (15.00) 18 (90.00) 0 (0) 0 (0) 0 (0) 0 (0) 20 (100)
Day 28 0 (0) 3 (15.00) 2 (10.00) 18 (90.00) 0 (0) 0 (0) 0 (0) 0 (0) 20 (100)

Reference values according to Gore et al. (2008).
PipTG = piperazine treated group; DoraTG = doramectin treated group; CRT = capillary refill time; MMs = mucous membranes; LNs = lymph nodes.
aTreatment day.
bNumber of donkeys (%).

Table 2. Mean values (M ± SD) of temperature, pulse and respiration in piperazine treated group (n = 20) and 
DoraTG (n = 20).

Groups Follow up 
period

Temperature (37°C ± 1°C)1 

or (37.5°C–38.3°C)2
Pulse (Beat/minute) 
(38 ± 6)1 or (30–45)2

Respiration (/minute) 
(19 ± 6)1 or (10–20)2

PipTG

Day 0a 37.76 ± 0.28 43.29 ± 2.75 20.43 ± 1.72
Day 7 37.77 ± 0.18 36.00 ± 3.11b 16.43 ± 1.13b

Day 14 37.79 ± 0.23 34.57 ± 2.37b 13.43 ± 1.13b

Day 21 37.84 ± 0.30 33.43 ± 1.51b 13.57 ± 1.62b

Day 28 37.83 ± 0.20 32.14 ± 3.02b 12.14 ± 1.95b

DoraTG

Day 0a 37.6 ± 0.39 43.57 ± 2.37 19.57 ± 2.51
Day 7 37.64 ± 0.23 38.00 ± 2.77c 14.86 ± 2.04c

Day 14 37.76 ± 0.32 36.29 ± 1.98c 12.57 ± 1.51c

Day 21 37.93 ± 0.25 34.71 ± 2.29c 12.86 ± 1.57c

Day 28 37.77 ± 0.18 35.71 ± 1.89c 12.43 ± 1.13c

Reference values according to Garba et al. (2015), Gore et al. (2008).
PipTG = piperazine treated group; DoraTG = doramectin treated group.
aTreatment day.
bSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value day 0 in PipTG (p < 0.05). 
cSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value at day 0 in DoraTG (p < 0.05).
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both groups showed a significant increase (p < 0.05) on 
days 7, 14, 21, and 28 post treatment when their values 
were compared with those of days 0 (Table 3).
In both groups, DLC showed a significant increase (p 
< 0.05) in lymphocytes and eosinophils; meanwhile, 
neutrophils showed a remarkable decrease on days 7, 
14, 21, and 28 after treatment upon comparison with 
those of days 0 within each group. (Table 5). There 
were no significant changes between PipTG and DoraTG 
when the values in DoraTG were compared with the 
values in PipTG of each sampling day (0, 7, 14, 21, and 

28) either for RBCs, Hb, PCV, MCV, MCH, MCHC, 
TLC, or DLC (Tables 3–5).
Serum biochemical assays
In both groups, mean values of MDA was significantly 
reduced (p < 0.05) while those of TAC was significantly 
elevated (p < 0.05) post treatment at days 7, 14, 21, 
and 28 upon comparing the values with those of day 0 
within each group (Table 6). These significant changes 
(p < 0.05) were reported after treatment between 
PipTG and DoraTG with favor of DoraTG either at days 
7, 14, 21, or 28 (Table 6). Serum concentrations of 

Table 3. Mean values (M ± SD) of blood picture indices in piperazine treated group (n = 20) and DoraTG (n = 20).

Groups Follow 
upperiod

RBCs (×1012/l)(6.0 ± 
1.1)1 or (4.7–9.0)2

Hb (g/l)(122 ± 21)1 Or 
(95–165)2

PCV (%) (37 ± 6)1 

Or (28–47)2
TLC (×109/l)(7.2 ± 3.7)1 

Or (5.40–15.50)2

PipTG

Day 0a 4.45 ± 0.95 95.71 ± 4.19 28.86 ± 1.35 9.3 ± 1.79
Day 7 5.28 ± 0.49b 98.86 ± 4.10b 32.14 ± 1.86b 12.16 ± 2.06b

Day 14 5.40 ± 0.37b 103.43 ± 3.64b 31.43 ± 2.57b 10.76 ± 1.50
Day 21 5.94 ± 0.74b 109.86 ± 6.52b 37.00 ± 4.51b 12.38 ± 2.35b

Day 28 7.05 ± 0.61b 113.43 ± 5.53b 38.00 ± 4.80b 12.29 ± 1.51b

DoraTG

Day 0a 4.18 ± 0.80 98.88 ± 5.61 31.29 ± 3.59 10.14 ± 1.23
Day 7 5.01 ± 0.57c 98.71 ± 3.35 33.86 ± 2.12 11.45 ± 1.63c

Day 14 5.75 ± 0.44c 105.71 ± 5.96c 34.57 ± 2.23 11.20 ± 1.56c

Day 21 6.54 ± 0.28c 109.29 ± 7.93c 35.86 ± 1.77c 11.33 ± 1.21c

Day 28 6.70 ± 0.65c 114.86 ± 7.08c 37.57 ± 2.44c 11.74 ± 1.17c

Reference values according to Garba et al. (2015), Grondin and Dewitt (2010).
PipTG = piperazine treated group; DoraTG = doramectin treated group; RBCs = Red blood corpuscles; Hb = Haemoglobin; PCV = Packed cell 
volume; TLC = Total leucocytic count.
aTreatment day.
bSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value day 0 in PipTG (p < 0.05).
cSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value at day 0 in DoraTG (p < 0.05).

Table 4. Mean values (M ± SD) of corpuscular values in piperazine treated group (n = 20) and DoraTG (n = 20).

Groups Follow up 
period MCV (fL) (46–67)1 MCH (pg) (16–23)1 MCHC (g/l) (320–360)1

PipTG

Day 0a 67.41 ± 14.17 22.43 ± 5.09 331.88 ± 11.46
Day 7 61.58 ± 9.10 18.86 ± 1.83b 308.23 ± 18.07b

Day 14 58.84 ± 6.82 19.52 ± 3.40 331.08 ± 31.1
Day 21 63.04 ± 10.00 18.81 ± 3.17 300.36 ± 37.81b

Day 28 54.13 ± 6.89 16.22 ± 1.88b 302.78 ± 42.33

DoraTG

Day 0a 77.72 ± 19.73 24.65 ± 6.20 318.95 ± 35.19
Day 7 68.32 ± 8.43 19.94 ± 2.48c 292.53 ± 20.63
Day 14 60.30 ± 5.02c 18.45 ± 1.58c 306.36 ± 18.21
Day 21 54.89 ± 3.60c 16.75 ± 1.64c 305.7 ± 29.79
Day 28 56.62 ± 7.19c 17.31 ± 2.22c 307.26 ± 32.61

Reference values according to Grondin and Dewitt (2010).
PipTG = piperazine treated group; DoraTG = doramectin treated group; MCV = Mean corpuscular volume; MCH = Mean corpuscular haemoglobin; 
MCHC = Mean corpuscular haemoglobin concentration.
aTreatment day.
bSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value day 0 in PipTG (p < 0.05).
cSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value at day 0 in DoraTG (p < 0.05).
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MDA were significantly reduced while those of TAC 
were significantly elevated for DoraTG when a detailed 
comparison was made with those of PipTG either on 
days 7, 14, 21, or 28.
Fecal egg count
PipTG
The degree of Strongylus spp. infection was moderate 
to severe on day 0 (FEC = 892.86 ± 306.9 egg/g) and 
changed post-therapy to a mild degree as represented 
by the following values: 285.71 ± 167.61, 100 ± 76.38, 

42.86 ± 34.50, and 28.57 ± 39.34 at days 7, 14, 21, 
and 28, respectively. The reduction in FEC increased 
gradually on day 7 till it reached the highest FECR on 
day 28 (Table 7). 
Compared with FEC on day 0, the diseased donkeys in 
PipTG showed a significant (p < 0.05) reduction in FEC 
(egg/g) of Strongylus spp. post-therapy on days 7, 14, 
21, and 28. Also, a remarkable (p < 0.05) elevation of 
FECR of Strongylus spp. was detected post treatment 
for days 7, 14, and 21, as shown in Table 7.

Table 6. Mean values (M ± SD) of malondialdehyde and TAC in piperazine treated group (n = 20) and DoraTG (n = 20).

Groups Follow up period MDA (μmol/l) (0.86 ± 0.15)1 or (1.21 ± 
0.29)2 or (6.98 ± 0.98)3

TAC (mmol/l)  
(0.81 ± 0.04)2

PipTG

Day 0a 24.81 ± 5.20 0.024 ± 0.012
Day 7 18.701 ± 3.43b 0.060 ± 0.021b

Day 14 15.03 ± 2.93b 0.120 ± 0.066b

Day 21 9.54 ± 2.00b 0.215 ± 0.083b

Day 28 5.56 ± 0.72b 0.318 ± 0.035b

DoraTG

Day 0a 20.93 ± 2.59 0.035 ± 0.012
Day 7 9.94 ± 2.08c,d 0.073 ± 0.024c,e

Day 14 8.20 ± 2.56c,d 0.217 ± 0.038c,e

Day 21 6.24 ± 2.22c,d 0.316 ± 0.024c,e

Day 28 3.08 ± 0.81c,d 0.376 ± 0.024c,e

Reference values according to Deger et al. (2009), Hassanpour (2013), Onmaz et al. (2011).
PipTG = piperazine treated group; DoraTG = doramectin treated group; MDA = malondialdehyde; TAC = total antioxidant capacity.
aTreatment day.
bSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value day 0 in PipTG (p < 0.05).
cSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value at day 0 in DoraTG (p < 0.05).
dSignificant when the value of MDA in DoraTG compared with those in PipTG in each sampling day (0, 7, 14, 21 and 28) (p < 0.05).
eSignificant when the value of TAC in DoraTG compared with those in PipTG in each sampling day (0, 7, 14, 21 and 28) (p < 0.05).

Table 5. Mean values (M ± SD) of neutrophils, lymphocytes, monocytes, eosinophils and band cells in piperazine treated group 
(n = 20) and DoraTG (n = 20).

Groups Follow up 
period

Neutrophils (%) 
(68.06 ± 2.3)1

Lymphocytes (%) 
(29.17 ± 1.5)1

Monocytes (%) 
(1.39 ± 0.2)1

Eosinophils (%) 
(0.0 ± 0.1)1

Band cells (%) 
(1.39 ± 0.1)1

PipTG

Day 0a 55.00 ± 8.72 41.00 ± 9.80 2.29 ± 1.60 1.57 ± 1.13 0.14 ± 0.38
Day 7 38.57 ± 7.11b 49.71 ± 8.75b 4.86 ± 3.08 6.71 ± 1.98* 0.14 ± 0.38
Day 14 34.86 ± 5.55b 56.57 ± 6.68b 3.57 ± 2.23 4.71 ± 3.86 0.29 ± 0.49
Day 21 40.29 ± 8.85b 51.86 ± 6.23b 2.29 ± 1.60 2.71 ± 2.14 0.14 ± 0.38
Day 28 43.00 ± 3.16b 52.43 ± 8.26 2.43 ± 2.70 5.00 ± 2.58b 0.14 ± 0.38

DoraTG

Day 0a 56.43 ± 5.33 39.00 ± 6.83 2.29 ± 1.60 1.71 ± 1.50 0.29 ± 0.76
Day 7 36.57 ± 5.59c 50.86 ± 5.93c 4.57 ± 2.88 7.86 ± 2.11c 0.29 ± 0.49
Day 14 38.29 ± 5.79c 52.71 ± 4.46c 3.14 ± 1.86 5.43 ± 2.64c 0.43 ± 0.53
Day 21 41.43 ± 4.35c 51.86 ± 8.40c 2.57 ± 2.23 3.57 ± 2.23 0.43 ± 0.53
Day 28 38.86 ± 4.56 53.43 ± 5.91c 3.00 ± 2.38 5.57 ± 2.37c 0.43 ± 0.53

Reference values according to Garba et al. (2015).
PipTG = piperazine treated group; DoraTG = doramectin treated group.
aTreatment day.
bSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value day 0 in PipTG (p < 0.05); 
cSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value at day 0 in DoraTG (p < 0.05).
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As shown in Table 7, anthelmintic resistance of 
piperazine citrate was present (R) for days 7 and 14, 
suspected (S) on day 21, and absent (N) on day 28 of 
post-therapy 
DoraTG
The degree of parasitic infection was moderate to 
severe for day 0 (FEC = 1,000 ± 505.80) and changed 
post-therapy to a mild degree as follows: 57.14 ± 34.50, 
0, 0, and 0 at days 7, 14, 21, and 28, respectively. The 
reduction in FEC increased gradually on the 7th day 
till it reached the highest FECR from day 14 to day 28 
(Table 7). 
Mean values of FEC (egg/g) of Strongylus spp. were 
significantly (p < 0.05) decreased for days 7, 14, 21, 
and 28, while a remarkable (p < 0.05) increase of FECR 
was detected after 7, 14, 21, and 28 days of treatment. 
Anthelmintic resistance was suspected (S) for day 7 and 
absent (N) on days 14, 21, and 28 post therapy (Table 7).
The efficacy of doramectin as an anthelmintic against 
Strongylus spp. in donkeys was higher than that of 
piperazine citrate as DoraTG showed a significantly (p < 
0.05) higher FECR% than the PipTG on days 7, 14, 21, 
and 28 after treatment (Table 7). 
Correlation relationships for PipTG and DoraTG
In both treatment groups, the FEC before and after 
treatment was positively correlated with MDA and 
negatively correlated with RBCs, Hb, PCV, TLC, TAC, 
and FECR%) as shown in Table 8.
As shown in Table 9, serum MDA concentrations before 
and after treatment were negatively correlated with 
RBCs, Hb, PCV, and TLC in both groups. A positive 
correlation was obtained between TAC and all blood 
picture indices (RBCs, Hb, PCV, and TLC) in PipTG 

and between TAC and RBCs Hb and PCV in DoraTG 
for either pre or post-therapy. In both treatment groups, 
the MDA, either pre or post-therapy was negatively 
correlated with TAC, where the reduction in MDA due 
to therapy was associated with a significant increase in 
TAC.

Discussion
Clinical findings
Strongylosis is the main problem in donkeys and 
constitutes a potential threat to donkey’s health and 
performance (McCraw and Slocombe 1976; Pilo 
et al., 2011; Hamed et al., 2019). The present data 
revealed strong correlations before and after treatment 
in each of PipTG and DoraTG. Moreover, the present 
study revealed that the efficacy of doramectin as an 
injectable anthelmintic therapy had higher efficacy 
than piperazine citrate as oral anthelmintic therapy in 
the case of Strongylus spp. infection in donkeys
In the present study, the clinical findings were variable 
either in severity or in their response to therapy. The 
body temperature, appetite, lymph nodes, lung sound, 
and defecation were normal. At the same time, signs of 
dehydration, paleness of MMs, delayed CRT, increased 
pulse and increased respiration were clearly observed 
in donkeys infected with Strongylus spp (large 
strongyles). After treatment either with piperazine 
citrate or doramectin, these signs gradually vanished 
and almost disappeared on day 28 after treatment. 
The present results of CRT, body temperature, pulse, 
and respiration were in agreements with the reference 
values mentioned by Garba et al. (2015) and Gore et 
al. (2008). In contrast, diarrhea, loss of body weight, 

Table 7. Mean values (M ± SD) of FEC and FECR% in piperazine treated group (n = 20) and DoraTG (n = 20).

Groups Follow up 
period

FEC (egg/g) [mild (<500), moderate 
(500−1,000) severe (>1,000)]1 FECR% Resistance [R (FECR<90%), S 

(FECR ≥ 90%)or N (FECR ≥ 95%)]2 

PipTG

Day 0a 892.86 ± 306.9 0 ………
Day 7 285.71 ± 167.61a 65.95 ± 24.53a R
Day 14 100 ± 76.38a 87.51 ± 9.51a R
Day 21 42.86 ± 34.50a 94.69 ±4.14a S
Day 28 28.57 ± 39.34a 97.46 ± 3.19a N

DoraTG

Day 0b 1,000 ± 505.80 0 ……….
Day 7 57.14 ± 34.50c,d 92.10 ± 6.11c,e S
Day 14 0c,d 100c,e N
Day 21 0c,d 100c,e N
Day 28 0c,d 100c,e N

Reference values according to (1): Soulsby (1986); (2): Coles et al. (1992).
PipTG = piperazine treated group; DoraTG = doramectin treated group; FEC = faecal egg count; FECR% = faecal egg count reduction percentage; 
R = Resistance is present; S = Resistance is suspected; N = No resistance.
aSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value day 0 in PipTG (*p < 0.05). 
bTreatment day.
cSignificant when the values at each sampling day (7, 14, 21 or 28) compared with the value at day 0 in DoraTG (p < 0.05). 
dSignificant when the value of FEC in DoraTG compared with those in PipTG in each sampling day (0, 7, 14, 21 and 28) (p < 0.05).
eSignificant when the value of FECR in DoraTG compared with those in PipTG in each sampling day (0, 7, 14, 21 and 28) (p < 0.05).
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Table 8. Pearson correlation coefficient between FEC and each of blood picture indices, biochemical parameters 
and FECR% in piperazine treated group (n = 20) and DoraTG (n = 20).

Variables PipTG DoraTG

FEC (egg/g)

RBCS (×1012/l)
Correlation (r) = −0.595** Correlation (r) = −0.675**

p value = 0.00017 p value = 0.00088

Hb (g/l)
Correlation (r) = −0.651** Correlation (r) = −0.425*

p value = 0.00023 p value = 0.01090

PCV (%)
Correlation (r) = −0.528** Correlation (r) = −0.598**

p value = 0.00112 p value = 0.00015

TLC (×109/l)
Correlation (r) = −0.391* Correlation (r) = −0.314

p value = 0.02023 p value = 0.06642

MDA (μmol/l)
Correlation (r) = 0.843** Correlation (r) = 0.666**

p value = 0.00021 p value = 0.00012

TAC (mmol/l)
Correlation (r) = −0.735** Correlation (r) = −0.658**

p value = 0.00051 p value = 0.00017

FECR (%)
Correlation (r) = −0.957 Correlation (r) = −0.917**

p value = 0.00028** p value = 0.00093

PipTG = piperazine treated group; DoraTG = doramectin treated group; FEC = faecal egg count; RBCs = red blood corpuscles; Hb 
= haemoglobin; PCV = packed cell volume; TLC = total leucocytic count; MDA = malondialdehyde; TAC = total antioxidant 
capacity; FECR % = faecal egg count reduction percentage.
*Significant (two-tailed) p < 0.05.
**Significant (two-tailed) p < 0.01.

Table 9. Pearson correlation coefficient between malondialdehyde, TAC and blood picture indices in piperazine 
treated group (n = 20) and DoraTG (n = 20).

Variables PipTG DoraTG

MDA (μmol/l)

RBCS (×1012/l)
Correlation (r)= −0.691** Correlation (r) = −0.814**

p value = 0.00044 p value = 0.00027

Hb (g/l)
Correlation (r) = −0.684** Correlation (r) = −0.642**

p value = 0.00059 p value = 0.00032

PCV (%)
Correlation (r) = −0.643** Correlation (r) = −0.588**

p value = 0.00031 p value = 0.00021

TLC (×109/l)
Correlation (r) = −0.414* Correlation (r) = −0.428

p value = 0.01352 p value = 0.01040*

TAC (mmol/l)

RBCS (×1012/l)
Correlation (r) = 0.676** Correlation (r) = 0.829**

p value = 0.00084 p value = 0.00080

Hb (g/l)
Correlation (r) = 0.746** Correlation (r) = 0.696**

p value = 0.00027 p value = 0.00035

PCV (%)
Correlation (r) = 0.478** Correlation (r) = 0.589**

p value = 0.00365 p value = 0.00020

TLC (×109/l)
Correlation (r) = 0.257 Correlation (r) = 0.238

p value = 0.13568 p value = 0.16842

MDA (μmol/l) TAC (mmol/l)
Correlation (r) = −0.807** Correlation (r) = −0.813**

p value = 0.00048 p value = 0.00029

PipTG = piperazine treated group; DoraTG = doramectin treated group; MDA = Malondialdehyde; TAC = Total antioxidant capacity; 
RBCs = Red blood corpuscles; Hb = Haemoglobin; PCV = Packed cell volume; TLC = Total leucocytic count.
*Significant (two-tailed) p < 0.05.
**Significant (two-tailed) p < 0.01.
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subcutaneous limb edema, and/or ventral abdomen 
edema were the more common signs in small 
strongylidae infection than for large strongylidae with 
a mortality rate of >50% (Love et al., 1999). Also, in 
contrast to our finding of normal body temperature in 
the infected donkeys, Pilo et al. (2011) stated that fever 
in Strongylus vulgaris infection is attributed to tissue 
damage or a toxic substance elaborated by larvae.
Whole blood picture indices
The infected donkeys suffered from anemia as RBCs 
on day 0 were lower than the reference values reported 
by Grondin and Dewitt (2010). This may be attributed 
to the blood-sucking nature of Strongylidae that causes 
several changes in the hematological values like 
reduced cell survival. Both treatment groups showed a 
significant improvement as a result of treatment. In the 
present study, the low number of RBCs explained the 
clinical signs of dehydration, pale MMs, and delayed 
CRT. These findings agree with those reported by earlier 
workers as Waqas et al. (2015) reported a reduction in 
the blood values in strongylosis infected donkeys that 
are suggestive of anemia. 
In the current work, mean corpuscular values were 
reduced after treatment; however, they were within 
the physiological values reported before (Grondin 
and Dewitt, 2010). This could be explained by the 
significant elevation in blood picture items such as 
RBCs, Hb, and PCV that indicates the success of both 
therapies. Saleem et al. (2000) and Abd Ellah et al. 
(2011) also noticed that in both moderate and severely 
infected donkeys with Strongylus spp., anemia was 
evident because Strongylidae is a voracious blood 
sucker.
Both PipTG and DoraTG showed a significant increase 
in TLC post-therapy that was not highly different from 
reference values reported by previous workers (Grondin 
and Dewitt, 2010; Garba et al., 2015). Moreover, there 
was no significant difference between PipTG and DoraTG 
in each sampling day regarding the increase in TLC. 
In the present study, DLC showed a significant increase 
in lymphocytes and eosinophils after treatment and 
a significant decrease in neutrophils in both PipTG 
and DoraTG for days 7, 14, 21, and 28, with no 
significant difference between both treatment groups. 
These findings were due to IgE's extremely elevated 
levels in parasitized animals that mediate mast cell 
degranulation, thereby stimulating the release of 
eosinophil chemotactic factor of anaphylaxis. This 
material, in turn, mobilizes the body’s eosinophil pool 
resulting in the release of a large number of eosinophil 
into the circulation (Tizzard, 1982).
No significant changes were reported between PipTG 
and DoraTG in each sampling day (0, 7, 14, 21, and 
28) for the blood picture indices. The other literature 
mentioned that change in the blood picture associated 
with Strongylus vulgaris was not unlike that seen in 
bacterial infections (Drudge et al., 1984). Alterations 
in blood’s biochemical and hematological parameters 

were detected in a proportion of infected horses 
(Dowdall et al., 2004).
Serum biochemical assay
In both treatment groups, the mean values of MDA 
were significantly reduced, while those of TAC were 
significantly elevated after treatment. Moreover, 
there was a significant difference between DoraTG 
and PipTG regarding the changes in MDA and TAC 
levels after days 7, 14, 21, or 28 of treatment. The 
decrease of MDA level is due to a reduction in the 
amount of reactive oxygen radicals that cause lipid 
peroxidation; meanwhile, the increase of TAC level 
is due to improvement of antioxidant capacity of the 
host. Although the MDA and TAC levels did not reach 
their reference values that were reported by Deger et 
al. (2009) and Hassanpour (2013), even after 28 days 
of post-treatment, the reported levels at day 28 after 
treatment are in agreement with those reported by 
Mudgal et al. (2013). MDA values on day 28 agreed 
with those reported by Onmaz et al. (2011). The 
increase in the MDA level in donkeys infected with 
Strongylus spp. might be due to the combined effect 
of chronic intestinal inflammation, immunostimulation, 
resultant local secondary bacterial infection, and 
reduced absorption caused by the intestinal parasites 
(Moreau and Chauvin, 2010).
Mudgal et al. (2013) observed that blood MDA levels 
in helminths positive horses before treatment were 
significantly higher than those in healthy control horses. 
MDA levels decreased significantly after treatment, and 
levels reached equal to that of normal healthy horses 
after 15 days of treatment. The other reports explained 
the trend of changes in blood MDA via that helminths 
infected horses suffer from oxidative stress (El-
Moghazy, 2011). This might be due to the combined 
effect of chronic intestinal inflammation (Wang et al., 
2008), immunostimulation (Moreau & Chauvin, 2010), 
resultant local secondary bacterial infection (Drudge 
et al., 1966), and reduced absorption of feed or fodder 
caused by the helminths parasites (Ramakrishna et al., 
2006).
Here, these significant changes in MDA and TAC were 
reported between the two groups where mean values 
of MDA were significantly reduced. At the same time, 
those of TAC were significantly elevated for DoraTG 
due to treatment when the values in DoraTG compared 
with those in PipTG either on days 0, 7, 14, 21, or 28. 
On the other side, several reports indicate that infection 
with various parasites is associated with a marked 
elevation in lipid peroxidation (MDA) (Bagchi et al., 
1993; Oliveira and Cechini, 2000; Bildik et al., 2004). 
Deger et al. (2009), Ambawat et al. (1999) reported 
a significantly increased level of lipid peroxidation 
product (MDA), which was detected in both horses 
and mules infected with T. equi and B. caballi, and in 
donkeys infected with B. equi. This increase in lipid 
peroxidation in equids may indicate oxidative stress and 
erythrocytic injury caused by babesiosis or theileriosis.
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FEC and FECR%
PipTG
The diseased donkeys in PipTG showed a significant 
decline in FEC (egg/g), hence, a remarkable elevation 
of FECR% of Strongylus spp. post-therapy was 
detected when their values were compared with the 
values obtained on day 0. Khan et al. (2015) added that 
the seasonal use of anthelmintic is the key to suppress 
the disease and avoid anthelmintic resistance.
The present results, according to Soulsby )57(, revealed 
that the degree of parasitic infection, i.e. Strongylus 
spp. was moderate to severe on day 0; meanwhile, it 
changed to a mild degree post-therapy (Days 7 and 14) 
as FEC reduced gradually till reached its lowest value 
at day 28 even though FECR was increased gradually 
from day 7 (65.95% ± 24.53%) till reached its highest 
value at day 28 (97.46% ± 3.19%). Poynter (1955) 
said that Strongylus spp. FEC reduced from 500 EPG 
to 21 EPG after piperazine citrate administration in 
bran mash. The current study mentioned that FEC was 
reduced from 892.86 ± 306.9 EPG (Day 0) to 28.57 
± 39.34 EPG (Day 28) in PipTG. Hence, according to 
Coles et al. (1992), Kaplan (2002), and Coles et al. 
(2006), the present study reported that the anthelmintic 
resistance of piperazine citrate was present (R) as 
FECR was <90% on days 7 (65.95% ± 24.53%) and 14 
(87.51 ± 9.51), while it was suspected (S) as FECR was 
≥90% (94.69 ± 4.14) at day 21 then it was absent (N) as 
FECR (97.46% ± 3.19%) was ≥ 95% at day 28. Pook 
et al. (2002), Lyons et al. (2016) reported anthelmintic 
resistance of piperazine citrate against Ascarids, 
Strongyles, and Strongyloides in horse foals. Saleem et 
al. (2000) studied the efficacy of various anthelmintic 
drugs for control of horse strongylosis; the efficacy of 
anthelmintic was evaluated on the reduction of EPG 
on 7th, 14th, and 21st-day post medication, he noticed 
that the efficacy of albendazole was 64.2%, 53.1%, 
and 42.1%, respectively, for oxfendazole was 100%, 
98.7%, and 94%, respectively, and for piperazine was 
52.3%, 38.8%, and 28%, respectively, on 7th, 14th, and 
21st day post medication. In contrast, DiPietro et al. 
(1985) observed that horses infected with strongylosis 
when treated with febantel and piperazine at all dosage 
(25 or 55 mg base/kg) had significantly lower mean 
Strongylidae EPG counts and greater percentage 
reduction in mean Strongylidae EPG counts (99.7% to 
99.9%) 7 days after treatment, respectively.
DoraTG
Mean values of FEC (egg/g) of Strongylus spp. were 
found to be significantly decreased on days 7, 14, 21, and 
28, while a remarkable increase of FECR was detected 
after treatment when their values were compared with 
those of day 0. Based on the results reported by Soulsby 
(1986), the present results revealed that the degree of 
parasitic infection with Strongylus spp. in examined 
donkeys was moderate to severe on day 0; meanwhile, 
it changed to a mild degree post-therapy as FEC reduced 
gradually till it reached its lowest value on day 28 even 

though FECR was increasing gradually from day 7 
(92.10% ± 6.11%) till it reached its highest value on 
days 14, 21, and 28 (100%). Seri et al. (2005) stated 
that doramectin induced 100% efficacy (FECR = 100%) 
for 28 days after treatment in donkeys suffering from 
gastrointestinal nematodes in donkeys (Equus asinus). It 
may be due to seldom use of doramectin in the treatment 
of equine parasite. The current study mentioned that 
FEC was reduced from 1,000 ± 505.80 EPG (Day 0) 
to 0 EPG (Days 14, 21, and 28) in DoraTG. Gokbulut et 
al. (2005) stated that doramectin has effective plasma 
concentration for at least 30 days in donkeys.
The present study, based on the results reported by 
Coles et al. (1992), demonstrated that the anthelmintic 
resistance of doramectin in infected donkeys was 
suspected (S) as FECR was ≥90% (92.10% ± 6.11%) on 
day 7, then it became absent (N) as FECR was ≥ 95% 
(100%) at days 14, 21, and 28 post therapy. Davies and 
Schwalbach (2000) mentioned that a 100% reduction 
in FECs (FEC = 0) was reported in horses treated with 
intramuscular injectable doramectin (Day 14 post-
therapy). These findings indicate the high efficacy of 
doramectin against adult Cyathostomes, Strongylus 
spp., and Trichostrongylus axei in horses. Bauer et 
al. (1986) added that resistance was defined as a FEC 
reduction of less than 90% after anthelmintic treatment.
The present article revealed that the efficacy of 
doramectin as an injectable anthelmintic therapy 
had higher efficacy than piperazine citrate as oral 
anthelmintic therapy in the case of Strongylus spp. 
in donkeys where FEC was significantly reduced for 
DoraTG when their values after treatment for days 7, 
14, 21, and 28 were compared with those of PipTG. 
DoraTG also showed a significant elevation in FECR% 
after treatment (Days 7, 14, 21, and 28) when their 
values were compared with those of PipTG. Davies 
and Schwalbach (2000) and Prichard (1990) supported 
the current results. They mentioned that intramuscular 
injection of doramectin against adult Cyathostomes and 
Strongylus spp equine ensures that no anthelmintic is 
dissipated. Therefore no under-dosing occurs, provided 
the animals’ mass is accurately calculated. Under-
dosing has been proposed as an essential factor in 
accelerating resistance development, which is often a 
risk associated with oral dosing, as spillage frequently 
occurs.
In contrast, Eysker et al. (1992) said that equine treated 
with oral anthelmintic (non-ivermectin) drugs had lower 
EPG values of Cyathostomes than those treated with 
doramectin, probably due to the effect of macrocyclic 
lactones on late larval stages in the bowel lumen that give 
a longer inhibition of fecal egg output compared with other 
anthelmintics. Campbell et al. (1989) added that parenteral 
injection of anthelmintics, including endectocides, is not 
utilized in equine species. After parenteral administration, 
rare adverse reactions such as Clostridium spp. infections 
and anaphylaxis have been observed in the animals. These 
undesirable effects were responsible for the withdrawal of 
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the parenteral preparation of macrocyclic lactones for use 
on horses in 1984. 
The present data revealed strong correlations in each 
of PipTG and DoraTG. A strong correlation was reported 
between the reduction in FEC and improvements of 
each blood picture indices serum TAC and FECR%. 
FEC was positively correlated with MDA, where the 
reduction in FEC was associated with a reduction in 
serum levels of MDA. MDA was negatively correlated. 
Meanwhile, TAC was positively correlated with blood 
picture parameters (RBCS, Hb, and PCV). MDA was 
negatively correlated with TAC, where the reduction in 
MDA due to therapy was associated with a significant 
increase in TAC. Saes et al. (2016) also studied the time 
required by different anthelmintic agent (ivermectin, 
moxidectin, febendazole, piperazine, or no treatment) 
to reduce Strongylidae egg shedding in horses 
according to fecal examinations that were performed 
4, 8, 12, 18, 24, 36, and 48 hours after anthelmintic 
treatment. FEC revealed the absence of eggs from 
the fecal analysis starting from 72 hours and 4 days, 
respectively, following treatment with moxidectin or 
ivermectin. After treatment with piperazine 48 hours 
up to 9 days, FECR was greater than 95%, with its 
highest FECR value (98.1%) reported after 7 days 
of post-treatment. However, the FECR was below 
90% in the last two samplings (26th and 28th day of 
post-treatment). The lowest efficacy was stated in the 
febendazole group presented as FECR and was below 
90% in all samplings. 

Conclusion
The immunological status of the infected donkeys was 
greatly improved after treatment as the levels of MDA 
was highly decreased, and those of TAC were highly 
increased in PipTG and DoraTG. This improvement was 
greater in DoraTG as compared to PipTG. Consequently, 
the resulting imbalance between oxidant and antioxidant 
processes might play a central role in the pathologic 
conditions associated with Strongylus spp. infection 
in donkeys. Significant correlations were reported in 
each of PipTG and DoraTG. A remarkable correlation 
was demonstrated between the reduction in FEC and 
improvements of the blood pictures, serum TAC and 
FECR%. FEC was positively correlated with MDA. 
MDA was negatively correlated; meanwhile, TAC 
was positively correlated with the whole blood picture 
(RBCS, Hb, and PCV). MDA was negatively correlated 
with TAC. The therapeutic efficacy of doramectin as an 
injectable anthelmintic therapy was more efficient than 
that of piperazine citrate as oral anthelmintic therapy in 
the case of Strongylus spp. in donkeys.
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