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ABSTRACT

Toxicity and anticoccidial efficacy of Azadirachtandica aqueous leaf extract were studied
with four-week old broiler chickens. The acute arsdib-acute toxicity test was performed by
administering varied doses of the extract once dod21 days to the birds. Following toxicity
studies, only mild signs of depression were obsdraenongst the birds that received highest
dose of Azadirachta indica aqueous leaf extract.orihe in vivo AILE anticoccidial effects,
use was made of 25 birds arbitrarily allocated irftee groups (I — V) of five birds each. Group
| birds were the uninfected control group while gups Il — V birds were infected with 200,000
mixed Eimeria tenella and Eimeria maxima sporulatewdcysts. On the detection of oocysts in
all the infected birds, group Il and Il birds werdreated with 200mg/kg of Azadirachta indica
agueous leaf extract once and daily for five daysspectively. Group IV was treated with a
commercial anticoccidial, Embazine forte® (30 g/3i@res of water) while group V was the
infected-untreated group. The body weight, oocystputs, packed cell volume, red blood cell
count, total leucocytes count, hemoglobin concetitba, total protein, serum albumin of the
birds were monitored. Mortalities were not recordémlowing toxicity studies, however, mild
signs of depression were observed especially amiotigs chickens that received the highest
dose of Azadirachta indica aqueous leaf extract.in@tlal signs such as bloody diarrhea,
drooping, ruffled feathers, etc. and lesions of @idiosis including ballooned and bloody
intestines were observed in the infected birds. Retbn and/or cessation of oocyst outputs,
reduction of percentage mortality, disappearance @finical signs and lesions, and
significantly improved body weight and hematologidadices were recorded in Azadirachta
indica aqueous leaf extract treated groups compatedhe infected-untreated group V. It was
therefore concluded that Azadirachta indica agueolesf extract might possess anticoccidial
activity against mixed Eimeria infections of broilehickens with good margin of safety.
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INTRODUCTION

Poultry constitutes a valuable source of animatging especially in rural communities of most Afic
countries [1]. However, diseases including coast constitute a major health problem and linotato
poultry production worldwide [2]. Coccidiosis is damic in Nigeria and has been documented as the
most consistently reported health problem in pgul®]. Nine species oEimeria are known to infect
chickens and mixed infections are usually comm@re$pecially in Southeastern Nigeria.

Control of coccidiosis is mainly by hygiene and mlatherapy involving anticoccidial drugs [5]. Many
anticoccidial drugs have evolved and have been wsmttlwide. However, their continued use and
misuse have resulted in the development of drugtess strains [2], presence of anticoccidial rasglin
poultry products, prolonged withdrawal periods amateased cost of poultry production. The emergence
of drug resistant strains &meriaand the escalating cost of drug development hesatly reduced the
commercial incentive to develop new anticoccidraigs [2]. Thus, there is an urgent need for altierea
cost-effective and affordable remedies for the mdmf these infections, especially under the sreadlle
system of poultry production in the rural commuasti

Amongst the available control options currently emdéivestigation world-wide, use of botanicals is
probably the most promising and affordable in doatale coccidiosis control. Several plants havenbee
claimed traditionally to have medicinal value fdwettreatment of various ailments in both man and
animals in Nigeria [6]. However, the efficacy aradety of these natural products remain doubtfldrdg

a few have been properly identified and documefsed].

The neem Azadirachta indica A. ju3sis a tree of Indian origin with many useful corapds. It is
popularly called Dogonyard in Nigeria. Almost all the parts including theafe bark, flower, fruit, twig,
gum, seed, oil, and root have been shown to hawtcimal values in both man and animals [7]. Studies
have demonstrated the insecticidal, antibacteantjviral, antifungal, anthelmintic and antiproteto
effects of the plant [8]. Few studies are availairighe anticoccidial effects of leaf extract of filant [9,
10]. However, such studies concentrated on theagffi of the leaf extract oBimeria tenella vis-a-vis
oocyst count, feed conversion ratio neglecting fla®matological and toxicity aspects, and mixed
Eimeriainfections, which is very common especially in $matstern Nigeria. Thus, this study aims to
assess the toxicity and anticoccidial efficacy qlieous leaf extract ohzadirachta indicain broilers
experimentally infected with mixedimeria tenellaandEimeria maxima

Materials and methods

Experimental animals

A total of 85 broiler birds were procured at dag fiom a hatchery at Ibadan for this study. Thelsir
were routinely vaccinated against Newcastle disaadenfectious bursal disease. The birds weredtbus
in a deep litter system at the Laboratory animaiseoof the Department of Veterinary Parasitology an
Entomology, University of Nigeria, Nsukka. Standammmercial feed (Vital fe€d UACN, Jos, Nigeria)
were used throughout the experiment and water wasdedad libitium.

Preparation of Azadirachta indicaextracts

The leaves oAzadirachta indicaused in this study were collected from trees atBbtanical Garden of
the University of Nigeria, Nsukka. Voucher specimeh the leaves was deposited following its
confirmation in the Department of Plant Science Biatechnology, University of Nigeria, Nsukka. The
leaves were dried, ground into powder and soxhirtaeted with water for 8 hours at%D The soluble
extract was later concentrated in water bath maietaovernight at 6C after which the concentrated
extract was collected, weighed and stored@tuhtil when required.
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Infective Material

Eimeriaoocysts were obtained from naturally infected lerodhickens, identified as a mixtureEimeria
tenella(80%) andE. maxima(20%), and sporulated using 2.5% potassium dichterfollowing standard
protocols [11].

To determine the infective dose, 25 broiler chickeged 4 weeks old were randomly assigned to five
groups (I — V) of five birds each. Birds in groups- V were infected with 4 - 25 x f6ocysts per bird,
respectively. Those in group | served as the uniatecontrol. Following infection, the birds werailg
examined for the presence of oocysts in faecesfandlinical signs of coccidiosis such as bloody
diarrhea, drooping, ruffled feathers, etc. Thedtife dose was chosen as 20 X h@sed on the severity
of clinical signs and number of oocysts found ia theces.

Acute and Chronic Toxicity Tests

Twenty-five broiler chicks aged four weeks old, damly assigned into five groups (I - V) of five dthér
each were used to determine the acute toxicith@fgueous leaf extract Akzadirachta indicaBirds in
group | (control) were orally given only distillaglater equivalent to the highest volume of the ettra
The birds in groups Il - V were treated orally wghaded doses (200, 400, 800, 1200 and 1600 mg/kg,
respectively) of 0.25 mg/mAzadirachta indicaaqueous leaf extract (AIALE). The birds were obedrv
for 24 hours for signs of toxicity and death.

Twenty-five broiler birds aged four weeks old wedso used for the chronic toxicity test. They were
randomly assigned into six groups (I - V) of fivieds each. Group | birds served as control and were
treated orally with distilled water. The birds irogps Il - V were treated orally with graded do&230,
600, 1200, 1600 and 2000 mg/kg, respectively) efARALE daily for 21days. The birds were monitored
for signs of toxicity and mortality.

In vivo Anti-coccidial Effects of AIALE

Twenty five broiler birds were randomly allocatedoi 5 groups (I — V) of five birds each. Birds irogp

| served as the uninfected control while birds moups Il - V were orally infected with 20 x 410
sporulated oocysts [mixeBimeria tenella(80%) andE. maxima(20%)]. Thereafter, the birds were
observed daily for the development of clinical sigof coccidiosis, changes in body weight and the
presence of oocysts in faeces. Following deteatforocysts in faeces of all infected birds on dgyo4t
infection, group Il birds were treated orally onegh 200 mg/kg of AIALE determined from toxicity
tests while group Il birds were treated for fivayd using the same route and dose of AIALE. Graup |
birds were treated orally with Embazine f6r{@0 g/50 litres of water) for 3 days followed byl@ys of
plain water and another 3 days of Embazine fartedication. Birds in group V were not treated. alot
leucocytes counts (TLC), red blood cell counts (RBR€d packed cell volume (PCV) of the birds were
assessed every other day while hemoglobin condiemréHbC), total protein (TP), serum globulin
concentration (SGC) and serum albumin (SA) of tindsbwere assessed every four days. Post mortem
examinations of the dead and humanely sacrificetslwere also carried out.

Determination of the Various Parameters

Modified McMaster technique was employed in detaeing the oocysts counts per gram of faeces using
saturated solution of sodium chloride as the flaatnedium [12]. The body weights of the birds were
assessed using a triple beam balance. Packed akling and HbC were determined using the
microhaematocrit method and the cyanomethaemoglokihod, respectively; while RBC and TLC were
estimated using the improved Neubauer techniqué. [38rum albumin was determined using the
bromocresol green method [14], whereas TP was atgirusing direct Biuret method [15].
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Statistical Analysis

The data were summarized as means + standardoéittee mean and variations in means were analyzed
using one way analysis of variance (ANOVA). Varianeéans were separated using Duncan multiple
range test. The level of significance was consiflate < 0.05.

RESULTS

Toxicity Tests

There were no signs of toxicity in the groups atibithat received 200 — 800 mg/kg doseAzddirachta
indica extract following acute toxicity tests. The birdsat received 1600 mg/kg dose of the extract
exhibited mild signs of depression. However, no taldy was recorded. Slight enlargement of therlive
was the only gross lesion observed in 1600 mg/kgedgroup following humane sacrifice. Following
chronic toxicity test, no mortality or signs of toity was observed amongst the groups except fer th
group of birds that received highest dose of theaek (2000 mg/kg). Enlargement of the liver was th
only gross lesion observed in the 2000 mg/kg dosem

Anticoccidial Effects

Clinical Signs

Oocysts appeared in the faeces of all the birdheninfected groups on day 4 post infection. Rdffle
feathers, drooping, depression and bloody diarrlagawhitish streaks, frank blood in faeces andtte
were some of the clinical signs observed. Gradudhgse signs disappeared in the treated groups
whereas it continued in the infected and untreagpesip E. Mortality (100 %) was recorded in the
infected and untreated group V by day 12 post tidaqPl) whereas the uninfected and untreatedpgou
(negative control group) had the lowest (0%) petags mortality. The groups of birds that were itgec
and treated with AIALE for 5 days and Embazine d@rthad a low percentage mortality rate of 20%
(Table 1).

Body Weight

The body weights of the treated infected groupsbiofls significantly p < 0.05) improved when
compared to the infected and untreated group fraynodPI (Figure 1). However, the body weights & th
treated groups were significantly € 0.05) lower compared to the uninfected controugrl.

Table 1. Percentage mortality of broiler chickens xperimentally infected with mixed sporulated
Eimeria tenellaand Eimeria maximaoocysts and treated with aqueous leaf extract of zZadirachta
indica.

Group/Treatment No. in group No. (%) dead
Group | (Uninfected + Untreated) 5 0 (0)

Group Il (Infection +Azadirachta indicax 1 day) 5 2 (40)

Group I (Infection +Azadirachta indicax 5 days) 5 1(20)

Group IV (Infection + Embazine forte 5 1(20)

Group V (Infected + Untreated) 5 5 (100)
Oocyst Output/Counts

Oocyst outputs rose rapidly in the infected groafiaining peak output on day 8 Pl (Figure 2) except
Embazine fort® treated group IV. Although treatments with AlLEdaBmbazine forf&significantly @ <
0.05) suppressed the oocyst output, the oocysubofphe extract treated groups were significafply
0.05) higher than that of the Embazine fBitieeated group. Oocysts were completely clearedays 12,

18 and 16 Pl in groups treated with Embazine fodALE once and AIALE for five days respectively
(Figure 2).

53



2.00 -+
1.80 -
+ 1.60 -
°
x 1.40 b
N
= 1.20 -~
(@)
O 1.00 -~
= 0.80 A
>
'8 0.60 - ——Group |
o) == Group Il
% 0.40 - Group Il
() %.20 . == Group IV
z (,a.oo T T T T T T T T T T T T T T T IGrOLIJp VI 1
01 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18
Days post infection

Figure 1: Mean body weight of birds infected with nixed Eimeria speciegnd treated with aqueous
leaf extract of Azadirachta indica.

KEY: Group | = Uninfected + Untreated; Group Il = Infegtwith mixedEimeria spp+ AILE x 1 day
on day 4 PI; Group lll = Infected with mixdéimeria spp+ AILE x 5 days on days 4, 5, 6, 7 and 8 PI;
Group IV = Infected with mixe&imeria spp+ Embazine Forfeon days 4, 5, 6, 9, 10 and 11 PI; Group
V = Infected with mixecEimeria spp+ Untreated.
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Figure 2: Mean Oocyst output of birds infected with mixed Eimeria speciesand treated with
aqueous leaf extract of &Aadirachta indicaKEY: same as in Figure 1.
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Table 2. Mean packed cell volume, total leucocytemd red blood cell counts of broiler chickens exp@émentally infected with mixed Eimeria tenella
and Eimeria maximasporulated oocysts and treated with aqueous leaf gact of Azadirachta indica.

Groups/ Days post infection
treatment

0 2 4 6 8 10 12 14 16
Packed cell volume (%)
Group | 35.25+41.75  35.5+1.19 34.5+0°65 34.25+1.11 34.75+0.78 35.5+0.96  34.5+0.5 35.3+0.75 35.8+0.48
Group Il 35.75+1.25  32.5+0.65 22.25+1°31 20.75+0.48 20.75+1.11 24.5+0.68  31.25+1.1% 34+0.71  34+0.58
Group Il 35.75+1.03  32.25+#1.25  22.25+1°25 21.5+0.87  21+1.08 27.75+1.78  32+1.2% 34.3+0.48 34.25+0.85
Group IV 35+0.71 32+1.08 23.75+1244 21.5+1.18  28.5#1.32  32.25+#1.78 34.25+1.78 35.8+0.48 35.5+0.5
Group V 35.5+0.87 31.75+1.55  22.25+1°18 14.5+1.19  14.5+0.87  13.3+0.38  12.67+0.33
Total leucocytes count (x18pl)
Group | 5.83+0.2 6.09+0°1  6.8+0.44 6.54+0.75  5.96+0.8 5.79+1.58  6.33+2.3 6.3+0.65  7.4+0.49
Group I 5.9+0.24 10.69+0.82 14.54+0.12 14.59+0.17 14.34%0.28 11.41+0.88 8.7+0.87 9.3+0.4F  7.6+0.48
Group Il 5.86+0.2 10.1+0.47 14.7+0.18  14.59+0.18 14.14+0.07 10.98+0.8  8.93+0.12  9.1+0.18 7.35+0.13
Group IV 5.15+0.15 10.48+0.22 13.75+0.28 14.97+0.19 9.1+0.17 8.43+0.17  6.15x0.1%f  6.1x0.1F 7.430.87
Group V 5.36+0.06 10.58+0.06 14.73+0.28  15+0.34 13.93+0.28 15.19+0.11 4.75+0.2%
Red blood cell count (x18/pl)
Group | 2.56+0.013  2.76+0.119 2.59+0.017 2.65+0.023 2.62+0.05  2.54+0.01% 2.31+0.244 2.6+0.027 2.55+0.0
Group Il 2.54+0.049  2.24+0.025 2.22+0.014 2.15+0.058 2.14+0.023 2.28+0.044 2.46+0.01% 2.4+0.028 2.51+0.0
Group Il 2.560.036 2.3+0.083 2.19+0.018 2.09+0.02% 2.11+0.018 2.36+0.03% 2.47+0.012 2.4+0.014 2.61+0.053
Group IV 2.59+0.039  2.22+0.083 2.2+0.016  2.08+0.04¥ 2.37+0.078 2.4+0.018  2.52+0.009 2.5+0.008 2.51+0.032
Group V 2.81+0.255  2.13+0.068 2.135+0.022 2.01+0.01® 1.47+0.081 1.42+0.008 1.39+(

aCEigures in a row with different superscripts focle@ematological parameter are significantly déferes§ < 0.05).
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Hematology

There was a significanp( 0.05) decline in the PCV, RBC and HbC of the at#el groups compared to
the uninfected control group | (Tables 2 and 3)ldwang treatment, significanip(< 0.05) improvement
was observed in the treated groups reaching notevals on day 12 Pl compared to the infected
untreated group V. However, the PCV values of tkigaet treated group was significantly lower (p <
0.05) than the Embazine foftéreated group IV on days 8 — 10 Pl. The RBC anc Whlues of the
extract and Embazine foftereated group did not differ significantlp & 0.05). The TLC values of the
infected groups increased significantly followingfdction compared to the uninfected control group
(Table 2). However, following treatment, the TLGumed to its pre-infection level.

The total protein levels of the AILE treated groufisough comparable with that of Embazine fdrte
treated group, were significantlg € 0.05) lower than the uninfected control grouprirday 8 (Table 3).
However, the TP level of the infected untreatedugr®’ was significantly g < 0.05) lower than that of
the treated groups from day 8 PI. Serum albumirueslof the infected untreated group V were
comparable with the treated groups. However, theyewower p < 0.05) than those of group | birds
(Table 3). Also, the values of the AILE treatedugys were lowerg < 0.05) than the uninfected group on
day 16 PI.

Table 3. Mean hemoglobin concentration, total prot& and serum albumin levels of broiler
chickens experimentally infected with mixed sporulted oocysts oEimeria species and treated with
agueous leaf extract of Aadirachta indica.

Groups/treatment Days post infection

0 4 8 12 16
Haemoglobin concentration (g/dl)
Group | 10+0.64 7.310.28.3 5043 7.18+0.24  9.13%0.18
Group I 10.13+0.39  6.38+0.79 7.3320°56  6.5+0.29 8.67+0.43
Group Il 10.35+0.33  6.5+0.38 7.43+0%39 6.5+0.38 8.68+0.18
Group IV 10.13+0.7 6.48+0.35 7.55+0%14 6.73x0.4 8.80.29
Group V 10.13+0.48  6.03+0.13 5.28+0°43 4.1+CF
Total protein (g/dl)
Group | 3.3+0.13 3.130.27 2.75+0.1 3.03+0.08  3.05+0.0%
Group I 3.25+0.1 2.750.1 2.18+0"5 2.38+0.28  2.45+0.18
Group I 3.35+0.17 2.65+0.1 2.45+0°1  2.33x0.27  2.55x0.17
Group IV 3.23+0.15 2.6+0.38 2.55+0%15 2.78+0.1%  2.75+0.f°
Group V 3.25+0.18 2.630.36 2+0907 1.8+0
Serum albumin (g/dl)
Group | 0.78+0.09 0.93+0.03 1.23+0°16 0.83+0.08  1.2+0.14
Group I 0.78+0.06 0.83+0.11 0.95+06 0.7+0.04" 0.95+0.03
Group I 0.8+0.04 0.83+0.05 0.95+086 0.73+0.08°  0.95+0.03
Group IV 0.8+0.04 0.85+0.03 0.95+0H3 0.77+0.07°  1+0.04
Group V 0.83+0.11 0.8+0 0.78+0005 0.59+C

dFjgures in a row with different superscripts focke&ematological parameter are significantly

differencesf < 0.05)

Gross Lesions

Pale carcass, atrophied bursa of Fabricus, corhéseast and thigh muscles, coagulated blood on the
caeca, ballooned and bloody intestines and paleeki&lwere amongst the gross lesions observed in the
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infected groups of birds. However, these lesionsewild in the groups that received Embazine forte
and AIALE for five days.

DISCUSSION

Cessation of oocyst outputs, disappearance ofcaliriigns and lesions and an improvement of body
weight are the common indices for evaluating actiatial efficacy of botanicals [16]. In the present
study, AIALE induced dramatic cessation of oocystpats, disappearance of clinical signs and lesions
and significantly improved the haematological imdicand body weight of the treated birds. These
anticoccidial effects of AIALE could be attributéd the ability of the extract to interfere with the
multiplication of the parasites and mitigate thendges in the intestinal cells induced by the ptessi
The findings of the present study are analogoubkeadindings of Nweze and Obiwulu [17] and Gaidep
al.[18] using Ageratum conyzoidesxtract and combined aqueous extractsAr&diracta indicaand
Khaya senegalensisespectively. Biuet al[9] reported 100 % survival rates, cessation ofysbc
production and an improvement in the body weightbéls following administration of 800 mg/kg
Azadiracta indicaextract However, 200 mg/kg of the extract was utilizedhia present study. Five days
AIALE treatment produced better anticoccidial effélsan the single treatment in the present study
though the difference is not significant, perhape tb the sustained and increased concentratidimeof
extract in the birds.

The haematological indices (RBC, WBC, PCV, HbC),ard SA of the infected birds were significantly
improved following treatment with AIALE. This coulde ascribed to the extract's haemopoietic and
anticoccidial effects. National Research Coundlrgported an increase in red blood cells, whitzod!
cells and lymphocyte counts following oral intakeneem; thus, enhancing cellular immune responde an
antibody production. Ola-Fadunsin and Ademola [T et al. [20] and Gotepet al[18] also observed
improvement in the hematological indices of theatéd birds treated with extractsMbringa oleifera
garlic and combination dkzadirachta indicaandKhaya senegalensiespectively.

The antioxidant properties @zadirachta indicahave been reported [8] and could also be attribtae

the anticoccidial effects recorded by AIALE in theesent study. Neem has been reported to decrease
oxidative damage andEimeria infection severity [21] by preventing increasedriai oxide and
malondialdehyde production and glutathione lossiéed byEimeria parasites, thereby decreasing the
rate of lipid peroxidation [22].

The anticoccidial effects of AIALE observed in thieidy could also be due to the bio-active molecules
contained in the extract acting additively or syigically at single or multiple target sites. Tlgbuthe
phytochemical analysis of AIALE was not performedtihe present study, AIALE has been shown to
contain alkaloids, terpenoids, azadirachtin, flande, glycosides, tannins, saponins, limonoids,
guercetin, coumarin [23]. Azadirachtin, a major fithemical component of AIALE is reported to be
responsible for both the antioxidant and antipro&édzffects of the extract [21]. Limonoids in AIALE
thought to compromise parasites’ nutrient utiliaat[8] while saponins induce parasite death vieraig
parasite membrane integrity and loss of homoeasf24].

The toxicity results revealed that none of the aisnm the different dose groups died during tayitest,
though mild signs of toxicity were observed in tireups that received the highest doses (2000mg/kg),
thus indicating the safety of AIALE. Water suspensi of herbal extracts have been reported by Hashem
et al. [25] to be non-toxic in birds when administere@lly: Biu et al[26] also recorded no mortality
with leaf extract ofAzadirachta indicaat doses of up to 3200mg/kg, although there wese-dlependent
gross and histopathological changes. The livelnésnhajor site for biotransformation of drugs antivac
principles of extracts [27]. Thus, damages (grassohs) observed in the liver could have occurred
following biotransformation of the extract.
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In conclusion, this study highlighted the safetg anvivo anticoccidial efficacy of AIALE against mixed
Eimeria species infections in broiler birds. Consequerithg, leaf extract oAzadirachta indicamay be
useful as phytomedicine for the treatment of ageccidiosis.
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