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ABSTRACT

This work aimed to evaluate the lactoferrin (LF) effect on arsenic (As) and imidacloprid (IMI) toxicity in broiler chicks.
One-week old broiler chicks (n=105) were divided into seven groups (x15 each). The animals were orally supplemented
with As, IMI, and/or LF for 4 weeks as follows: Control (G1) no supplements, G2 supplemented with As, G3 supplemented
with IMI, G4 supplemented with As+IMI, G5 supplemented with As+LF, G6 supplemented with IMI+LF, G7 supplemented
with As+IMI+LF. Body weight and weight gain were recorded on weekly interval. Blood, serum, liver, kidney, and muscle
samples were collected at the end of the experimental period for biochemical and histopathological examination. Body
weight performance, hematological, serum, and liver tissue biochemical analysis revealed adverse changes in G2, G3, and
G4 compared to control, G5, G6, and G7. There was higher tissue residue of As and IMI in G4 compared to G5, G6, and
G7. Liver histopathological changes in the groups supplemented with As and/or IMI were observed with necrosis,
congestion, and inflammatory cell aggregates. The use of LF in broiler chicks improves weight gain performance and

modulates the adverse effects of As and/or IMI toxicity.
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INTRODUCTION

Arsenic (As) is one of the heavy metals that
could be classified as a widespread trace element.
Besides its beneficial impacts, it is also known to be
very hazardous. Arsenic may exist in two prevalent
and toxic inorganic forms, arsenate (pentavalent)
and arsenite (trivalent). Arsenite is much more toxic
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thanarsenate (1). Arsenicin the form ofarsenilic acid
and roxarsone is used in broiler farming to enhance
weight gain and to prevent protozoan parasites. If
broiler feed contains higher arsenic levels, it may
accumulate in the meat and could become a threat
to the human health. Clinical signs of arsenic
toxicity involve reduced feed intake and weight
gain, increased salivation, and general depression
(2). Intermediate metabolites of arsenic are more
toxic. These metabolites and/or iron-dependent
reactive oxygen species (ROS) elevate protein and
lipids membrane peroxidation, resulting in cellular
oxidative damage and carcinogenesis in lungs, skin,
liver, and bladder (3). Usually, biotransformation of
arsenic occurs in the liver and kidneys (4).
Imidacloprid (IMI) is one of the most
popular broad-spectrum, systemic, neonicotinoid
insecticides widely used for the control of sucking,
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boring, and root-feeding insects (5). It is also used in
many veterinary medicinal products to control fleas
in pets and poultry (6). IMI can cause toxic effects
and adverse effects that can be fatal to human and
animals (7). These pesticides can cause oxidative
stress generating free radicals and altering the
antioxidant and free-radical-scavenging enzyme
system (8). Hematological changes could be observed
in chickens exposed to imidacloprid toxicity (9).
Decreased antioxidant activity, increased biomarkers
disruption, and liver histopathological changes may
be observed after As and IMI exposure (10).

Prebiotic lactoferrin (LF) is an iron-binding
glycoprotein belonging to the transferrin family
which plays an important role in regulating
microbial activity due to its specific structure. LF
is excreted through exocrine glands (breast milk
or tears) and mucosae, and it is contained in the
secondary neutrophil granules and in the blood
(11). LF has been reported to increase body weight
and performance in broiler chicks by enhancing
nutrient digestibility and nutrient uptake (12). It has
immune-modulatory roles and could be considered
as a part of the body defense mechanism (13)
having antimicrobial and antiviral properties. It
acts as activator/modulator of iron-related signaling
pathways, reducing inflammatory response,
cytokines, and ROS production (14). Additionally,
LF has antioxidant properties (15).

Numerous studies have demonstrated the
antibacterial, antifungal, and anti-parasitic properties
of LF, but few have addressed its antitoxic effects.
Therefore, this study was designed to investigate the
effect of LF feed supplementation on arsenic and/or
imidacloprid toxicity in broiler chickens.

MATERIAL AND METHODS

Ethical statement

This protocol was approved by the Research
Committee of the Animal Health Research Institute
(c) and authorized by The Institutional Animal Care
and Use Committee (ARC-IACUC)/Agricultural
Research Center (ARC/AHRI/16/24).

Chemicals and medications

Arsenic (As): Sodium arsenite AR (anhydrous)
99% was obtained from Pioche Laboratory
Chemicals Co., Giza, Egypt. It was freshly prepared
and administered orally. Imidacloprid (IMI):
[1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-
2-ylideneamine], 98.9% technical grade was
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obtained from Elhelb Pesticides & Chemicals Co,
New Damietta—Egypt. It was freshly prepared and
administered orally. Lactoferrin (LF): Lactoferrin
was obtained from Dulex lab nutrition and
pharmaceutical company, New Cairo, Egypt, Batch
NO: B2117051.

Vaccines and vaccination protocol

All birds were vaccinated with Newecastle
disease virus (NDV) (HitchnerBl and La-Sota
at age of 7 and 18 days, respectively), and with
infectious bursal disease (IBD) vaccine at age of 14 days.
NDV vaccines were purchased from Intervet
Boxmeer Company, Holland. Gumboro vaccine was
purchased from Rhone-Merieau Company, France.

Experimental design

One-day-old Cobb broiler chicks (n=105) were
obtained from El-Kahera poultry company 10%
of Ramadan City. They were fed on a balanced
commercial ration purchased from Feed Mix
Company. The birds were acclimatized 7 days
before the experiment. On day 8, the chicks were
randomly divided in 7 groups (15 each). G1 served
as control group and was not given any supplement.
G2 was treated orally with As in a dose of 152 pg/kg
BW (1/50 of LD50) (16). G3 was treated orally
with IMI in a dose of 5 mg/kg BW (1/20 of LD50)
(17). G4 (As+IMI) was treated orally with As and
IMI in the same respective doses. G5 (AstLF)
was treated orally with As in a dose of 152 pg/kg
BW (1/50 of LD50) and with lactoferrin (250 mg/kg
of diet) (18). G6 (IMI+LF) was treated orally with
IMI in a dose of 5 mg/kg BW (1/20 of LD50) and
lactoferrin in a dose of 250 mg/kg of diet. G7
(AsHIMI+LF) was treated orally with As, IMI, and
LF in the same respective doses. The treatment
period for all groups was 4 weeks.

Body weight and weight gain were recorded on
a weekly interval in a period of 5 weeks.

Samples

Two blood samples were collected from wing vein
at the end of experiment (35* day). One blood sample
was collected in EDTA tube for complete blood
count (CBC) (RBCs, Hb, PCV, MCV, MCH, MCHC,
Platelets, WBCs, Lymphocytes, Neutrophil). The
other blood sample was used for serum separation
by centrifugation (3,000 rpm for 5 min). Sera were
stored at -20 °C until biochemical analysis.

Following slaughtering, liver, kidney, and
muscles samples were obtained for antioxidant,
residue detection, and histopathological examination.
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Preparation of liver tissue for antioxidants
assessment

Liver tissues were cut, weighed, and then
minced into small pieces. They were homogenized
with glass homogenizer in 9 volumes of ice-cold
0.05 mm of potassium phosphate buffer (pH 7.4),
obtaining 10% homogenates. They were centrifuged
at 3,000 rpm for 14 min at 4 °C. The supernatant
was used for the evaluation of glutathione
S-transferase (GST), catalase (CAT), superoxide
dismutase (SOD), and malondialdehyde (MDA).
Liver tissues (0.3 g) were cut into small pieces and
were homogenized by a glass homogenizer in 0.6 ml
of 25% met-phosphoric acid (MPA) (ref. No.
253-433-4; Sigma-Aldrich, Germany) and 2.1 ml
of distilled water. The homogenate was mixed,
incubated at 37 °C for 1 h, and centrifuged for
10 min at 3,000 rpm. The clean supernatant was
used for evaluation of reduced glutathione (GSH).

Preparation of arsenic residue sample

The muscle, kidney and liver samples
were thawed at room temperature. A 0.5 g of
the homogenized sample was transferred into
microwave digestion vessels (XP-1500 Plus). A 7 ml
of 65% extremely pure nitric acid was added for
10 min until the yellow fumes dissolved. Hydrogen
peroxide (30% H,0,) was added in volume of 3 ml.
The vessels were sealed and were placed into the
microwave digestion system (19). A clear solution
of the digested sample was transferred into 25 ml
volumetric flasks which were analyzed for As
residue via ICP-MS (Agilent Model: 7700). Blank
samples were processed same as the homogenized
samples.

Sample preparation for imidacloprid residue

IMI residue in muscle, kidney and liver samples
were evaluated by HPLC system (20) (Agilent 1200
series, Software — Agilent Chemi-station) (Agilent
Technologies, Germany), with a pump, degasser,
auto-sampler, DAD detector, and Agilent C18, 100 A,
4.6x250 mm, and 5 pm Chromatographic column
as stationary phase. Standard preparation
was performed by a stock solution in isoctan
that was used for an intermediate solution
preparation (100 mg/L). Working standards were
prepared by using the intermediate solution in blank,
muscle, kidney, and liver (control group) in IMI range
of 10-10,000 pg/L. The standard curve had a good
linearity (r2>0.9996). The samples were digested by
using 1 g of tissue which was cut with scissors and
then homogenized in a Remy-tissue homogenizer
(RQ-127A) with 5 ml of acetonitrile for 4 min. The
homogenized samples were filtered through filter
paper (Whitman No. 1). The sample residues were
re-homogenized and re-extracted twice with 5 ml
of acetonitrile and filtered via Whitman No. 1 filter
paper. The acetonitrile filtrates were transferred to a
clean, dry separator funnel, and n-hexane was added
in 1:1 ratio. The mixture was shaken vigorously for
2 min and was settled for another 2 min until both
phases were clearly separated. The lower acetonitrile
phase was collected in another separator funnel and
re-partitioned twice by n-hexane. The acetonitrile
phase was separated in another conical flask and
evaporated by using a rotary vacuum evaporator.
Finally, the volume up to 1 ml was adjusted with
acetonitrile (HPLC grade). The clear sample was
filtered through a 0.20 pl membrane filter before
injection into the HPLC, with a retention time of
2.89 min for IMI (Fig. 1).
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Figure 1. Chromatogram of imidacloprid with retention time at 2.89 min (21.1 pg/gm) in muscle tissue sample
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Histopathological examination

Liver samples were fixed in 10% buffered
neutral formalin solution for 24 h, dehydrated in
gradual ascending ethanol, cleared in xylene, and
embedded in paraffin wax. Paraffin tissue sections
(5 pum) were sliced with a microtome (Leica RM
2155, England), stained with hematoxylin and eosin
(H&E), and were examined microscopically (21).

Hematological and biochemical analysis

Erythrocyte blood count (RBC, 10%ml),
hemoglobin concentration (Hb, g/dl), white blood
cell count (WBC, 10°/ml), platelets count (PLT,
10*/ml), and packed cell volume (PCV, %) were
evaluated according to Feldman et al. (22). Two
blood-smears were prepared immediately after the
blood collection. Stained blood films by Giemsa
were used for differential leucocyte count according
to Anderson and Latimer (23). Liver status was
assessed by alanine amino transferase (ALT),
aspartate amino transferase (AST), y-glutamyl-
transferase (yGT), and alkaline phosphatase
(ALP) serum levels determined by spectrum kit
(CAT. No 265 001, 260 001, 246 005, and 215 002,
respectively). Kidney status was assessed by urea,
creatinine, and uric acid serum levels determined
by spectrum kit (CAT. No 319 005, 235 004,
and 323 000, respectively). Additionally, total
antioxidant capacity (TAC) and nitric oxide (NO)
were determined by using Bio-diagnostic kit CAT.

No. TA 2513 and No. 25 33, respectively. Liver
tissues were analyzed for MDA, CAT, GSH, SOD,
and GST levels measured with Bio-diagnostic kit
CAT. No. MD 2529, CA 25 17, GR 25 11, SD 25 21,
and GT 25 19, respectively. Serum total protein and
its electrophoretic patterns (total protein, albumin,
globulin, A/G ratio, alpha 1, alpha 2, beta 1, beta 2,
gamma 1, and gamma 2) were assessed with
Spectrum kit CAT. No. 310 001 and polyacrylamide
gel electrophoresis according to Davis (24). The
electrophoresis patterns were calculated according
to SynGene S. No. 17292714518 sme mpcs.

Statistical analysis

The data were presented as mean +standard
error. The values were compared by One-Way
ANOVA (SPSS version 22). The level of significance
was set at p<0.05.

RESULTS

The CBC revealed a significantly lower RBC, Hb,
PCV, MCHC, MCH, and platelets count in groups
G2, G3, and G4, respectively. Significantly higher
values were observed for MCV, WBC, lymphocytes,
and neutrophils compared to the control group
(Table 1). The groups treated with LF (G5, G6, and
G7) showed significantly higher values for the same
parameters compared to G2, G3, and G4.

Table 1. Complete blood cells count

Groups Control As IMI As+IMI As+LF IMI+LF As+IMI+LF
group group group group group group group
Parameters (G) (G,) (G) G) Gy Gy G,)
RBCs 4.35° 2.69° 2.52¢ 2.06¢ 3.27° 3.53b 2.60°
(10%/ml) +0.21 +0.15 +0.18 +0.11 +0.18 +0.20 +0.11
Hb 13.50° 8.43¢ 8.83¢d 7.95¢ 9.78¢ 10.77° 9.67°
(g/dl) +1.03 +0.59 +0.45 +0.37 +0.36 +0.29 +0.47
PCV 37.11° 27.14¢ 28.07¢4 25.74¢ 30.93b¢ 32.89° 28.26%¢
(%) +2.08 +1.16 +2.05 +2.28 +1.97 +2.14 +0.53
MCV 85.36° 100.90¢ 111.40° 124.80° 94.67¢ 93.234 108.60°
(6i)} +1.44 +1.83 +2.80 +5.08 +0.93 +1.02 +2.71
MCH 32.26* 31.92° 28.53¢ 25.90¢ 33.39° 32.74%b 26.92¢
(Pg) +1.18 +0.80 +0.71 +0.27 +0.62 +0.93 +0.37
MCHC 36.34° 31.05¢ 31.49° 30.99° 31.65¢ 32.79b¢ 34.23°
(g/dl) +0.77 +0.86 +1.30 +1.62 +0.84 +1.25 +1.21
Platelets 181.70° 154.700¢ 163.70%0 142.70° 168.7+ 174.3% 159.30%0¢
(10%/ml) +14.60 +9.45 +11.06 +8.08 +14.50 +14.29 +11.50
WBCs 16.48¢ 21.71° 19.01° 21.12° 17.74¢ 16.61¢ 18.03¢
(10%/ml) +0.47 +0.27 +0.85 +0.15 +0.30 +0.25 +0.28
Lymphocytes 10.474¢ 13.76° 11.44¢ 12.68° 10.664 9.90¢ 10.91¢4
(10%/ml) +0.51 +0.31 +0.67 +0.19 +0.14 +0.11 +0.34
Neutrophil 4.92¢ 6.64*° 6.35b¢ 7.02° 5.93¢d 5.594 5.854
(10%/ml) +0.29 +0.49 +0.16 +0.14 +0.16 +0.41 +0.15

Data are expressed as mean + SE.

abedande Quperseript: Significant difference among groups in the same row at p<0.05
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Table 2. Biochemical findings

Groups Control As IMI As+IMI As+LF IMI+LF As+IMI+LF
group group group group group group group
Parameters (G) (G, G, G) Gy Gy G,)
AST 33.82¢ 98.32¢ 74.04° 104.80° 68.20°¢ 65.60¢ 63.50¢
(U/L) +2.56 +6.94 +4.15 +8.35 +4.60 +4.28 +5.79
ALT 20.44¢ 35.42¢ 38.50° 49.382 26.50¢ 26.38¢ 28.50¢
(U/L) +1.87 +1.83 +1.80 +2.25 +1.80 +1.85 +2.06
ALP 159.00¢ 344.20° 354.00° 365.20¢ 233.60%¢ 227.80¢ 249.60°
(U/L) +8.37 +14.70 +19.90 +15.55 +10.41 +19.02 +11.10
GGT 7.128¢ 15.652¢ 17.818° 19.3420 10.746" 12.324¢ 13.110¢
(U/L) +0.380 +0.857 +0.711 +0.711 +0.446 +0.490 +0.358
Urea 7.452¢ 26.196° 26.324° 28.272% 17.844¢ 16.072¢ 17.414¢4
(mg/dl) +0.604 +1.342 +1.297 +1.142 +0.963 +0.637 +1.540
Creatinine 0.382¢ 0.874¢ 1.012° 1.440° 0.676¢ 0.624¢ 0.874¢
(mg/dl) +0.046 +0.044 +0.062 +0.068 +0.051 +0.053 +0.061
Uric acid 3.588" 4.774¢ 5.180° 6.298¢ 4.450¢ 4.070¢ 4.552¢4
(mg/dl) +0.239 +0.278 +0.190 +0.320 +0.277 +0.141 +0.159
TAC 2.046° 1.24824 1.049¢ 0.810¢ 1.514° 1.308"¢ 1.869*
(mU/L) +0.165 +0.212 +0.131 +0.129 +0.118 +0.260 +0.167
NO 14.842¢ 26.554° 26.848° 37.214* 17.652¢ 21.220¢ 21.324¢
(nmol/L) +0.692 +1.417 +1.447 +1.930 +1.331 +1.412 +1.475

Data are expressed as mean = SE

ab.edefade Quperscript: Significant difference among groups in the same row at p<0.05

Table 3. Serum levels of total protein, albumin, globulin, and alpha, beta, and gamma fractions

Groups AsHIMI AstLF IMHLF  AstIMISLF
Control As IMI group group group group group
Parameters™~.__ 87°UP (G)  group (G)  (Gy G, G (G, G,
Total protein _ 5.603* 4.566" 4.621° 4553 5 488" 5.408° 5.462°
(g/dI) 0232 0215 +0219 0188 <0389  +0334 0361
Albumin 1.669* 1.189" 12020 1.198" 1.624¢ 1618 1.631°
(g/dI) £0.199 0103 0097 +0.095  +0.196  +0.204 £0.209
Globulin 3.934 3377° 3.419° 3355 3.864° 3.810° 3.832°
(g/dI) £0205  +0158  +0.26  +0.108 0211 £0.171 0.189
A/G ratio 0.426° 0352" 0351 0357 0.419° 0.424° 0.425¢
(%) 20062 0029  +0017 0022  +0034  =0.047 0,043
Alpha 1 (a,) 0.424° 0.364" 0369° 0362° 0.417° 0.411° 0.413°
(g/dI) 0022 +0017  =0014 0012 0023  =0.0I8 £0.020
Alpha 2 (a,) 0.486" 0383" 0.388" 0381° 0.477° 0.471° 0.473°
(g/dI) 0025 0018 +0014 0012 =002  =0.021 0023
Beta 1 (B,) 0.645 0.621 0.629 0.617 0.633 0.624 0.628
(g/dI) 0034 +0029  +0.023 0020 +0.035  +0.028 0031
Beta 2 (B,) 0.614° 0.561° 0568 0557 0603 0595 0598+
(g/dI) 0032 £0026  +0.021 0018 0033 +0.027 0.029
Gammal(y) 1467 1158 11720 1.150° 14410 14210 1.429°
(g/dI) 0076 +0.054  +0.043 0037 0079 +0.064 £0.070
Gamma2(y) 0298 0.290 0293 0288 0.293 0.289 0.290
(g/dI) 0016 0014 =001l £0009 0016 +0013 £0.014

Data are expressed as mean + SE

amdb Superscript: Significant difference among groups in the same row at p<0.05

There were significantly higher values for AST,
ALT, ALP, GGT, urea, creatinine, uric acid, and
NO levels, and significantly lower for TAC in G2,
G3, and G4 compared to the control. G5, G6, and
G7 groups treated with LF showed significantly
lower AST, ALT, ALP, GGT, urea, creatinine, uric
acid, and NO levels, and significantly higher levels

of TAC compared to G2, G3, and G4 (Table 2).
G2, G3 and G4 had significantly lower values for
total protein, albumin, globulin, A/G ratio, alpha 1,
alpha 2, and gamma 1 compared to the control, G1,
or LF-treated groups G5, G6, and G7. The control
had significantly higher levels of beta 2 compared
to G2 and G4, but non-significantly higher than
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the other groups. Beta 1 and gamma 2 were
non-significantly different between the groups.
LF-treated groups (G5, G6, and G7) showed
non-significant differences in total protein, albumin,
globulin, A/G ratio, alpha 1, alpha 2, and gamma 1
levels compared to the control group (Table 3).
CAT, SOD, GSH, and GST Ilevels were
significantly lower, whereas MDA was significantly
higher in G2, G3, and G4 compared to the control.
LF-treated groups G5, G6, and G7 had significantly

higher CAT, SOD, GSH, and GST levels, and
significantly lower MDA level compared to G2, G3,
and G4 (Table 4).

Body weight and weight gain were significantly
lower in G2, G3, and G4 compared to the control.
LF-treated groups G5, G6, and G7 had significantly
higher body weight and weight gain compared
to the other groups treated with As and/or IMI.
This was more pronounced in the last week of the
experiment (Table 5).

Table 4. Antioxidant levels in liver tissues

Groups Control As IMI As+IMI As+LF IMI+LF As+IMI+LF
group group group group group group group
Parameters G) (G) G) (G) (G) (G (G)
CAT 89.05° 75.46¢ 80.85° 74.97¢ 92.320° 89.92¢ 89.85
(U/g) +3.96 +2.99 +3.27 +3.16 +4.505 +3.54 +5.24
SOD 47.65* 23.298¢ 26.160¢ 22.646° 34.12¢ 37.020° 33.644¢
(U/g) +2.33 +2.298 +2.197 +1.392 +2.84 +2.046 +1.465
GSH 23.442 13.16¢ 13.60¢ 13.084¢ 19.38° 17.652¢ 17.177¢
(nmol/g) +1.07 +0.58 +0.38 +0.583 +1.45 +1.440 +1.515
MDA 4.316¢ 7.544° 6.556° 7.458° 4.844¢°4 4.906¢ 4.714¢4
(nmol/g) +0.391 +0.493 +0.376 +0.519 +0.475 +0.270 +0.312
GST 10.174* 6.174¢ 5.882¢ 5.174¢ 8.382° 7.768¢ 7.731¢
(U/g) +0.461 +0.272 +0.391 +0.414 +0.437 +0.427 +0.491
Data are expressed as mean + SE.
ab.edande Superscript: Significant difference among groups in the same row at p<0.05
Table 5. Body weight and weight gain
Group Control As IMI As+IMI As+LF IMI+LF As+IMI+LF
Times group group group group group group group
Item G) Gy Gy G) Gy Gy G)
0-da 39.60 39.80 39.40 40.00 39.60 40.40 39.40
y £1.34 +1.30 £1.14 £1.58 +1.52 £1.95 +1.67
I 145.60 145.40 143.20 144.80 146.80 144.00 143.40
week +3.05 +3.58 +2.39 +4.60 +4.66 +3.16 +3.97
2nd 362.20¢ 321.80*° 295.00° 277.60° 322.80%° 304.20° 292.40°
Bofl);lt week +16.41 +12.50 +15.84 +12.12 +20.13 +16.95 +19.26
wei
(2 8 3rd 849.40° 829.00° 682.00¢ 707.80°¢ 849.40° 721.80°¢ 755.60°
week +22.06 +28.37 +35.64 +37.50 +34.78 +30.30 +28.89
4 1463.00°  1422.00° 1082.00¢ 1108.00¢ 1432.00° 1251.00¢ 1354.00°
week +45.22 +50.70 +49.60 +53.83 +56.30 +44.31 +44.47
5 2288.00°  2227.00° 1432.00¢ 1830.00" 2373.00° 1956.00¢ 2152.00¢
week +63.01 +64.67 +79.58 +66.44 +85.56 +90.12 +78.55
1 106.00 105.60 103.80 104.80 107.20 103.60 104.00
week +1.87 +2.30 +1.30 +3.11 +3.35 +1.34 +2.55
2nd 216.60° 176.40° 151.80%¢ 132.80° 176.00° 160.20°* 149.00°¢
week +16.67 +11.06 +16.65 +14.46 +15.67 +13.94 +15.78
Weight 3rd 487.20°  507.20%° 387.00° 430.20¢ 526.60* 417.60¢ 463.20°
gain (g) week +10.83 +18.69 +21.82 +27.66 +21.77 +15.19 +19.42
4t 613.60* 593.00*° 400.00¢ 400.20¢ 582.60° 529.20¢ 598.40°
week +26.22 +23.35 +31.00 +31.18 +22.40 +20.29 +27.47
5t 825.00° 805.00° 350 ¢ 722.00¢ 941.00* 705.00¢ 798.00°
week +30.00 +20.78 +35.64 +28.60 +55.95 +51.43 +41.21

Data are expressed as mean + SE.

abedefide Quperscript: Significant difference among groups in the same row at p<0.05
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Figure 2. Arsenic residue in liver, kidney, and muscle tissue sample
abcandd Quperscript: Significant difference among groups in the same organ at p<0.05
1.2.and3 Quperscript: Significant difference of organ residue in the same group at p<0.05
Liver tissue samples from the experimental Liver  histopathology  revealed  normal

groups had As residues (Fig. 2). G4 had higher
As residues in all organ samples. G2 and G4
had higher As residue levels in liver, kidney, and
muscle samples, while LF-treated groups (G5 and
G7) had lower. IMI residues were detected in the
kidney samples of the experimental groups (Fig. 3).
The highest IMI level was in G4, while, LF-treated
groups (G5 and G7) had significantly lower residues
in all organ samples. G7 had lowest IMI residue in
muscle tissue samples.

histological appearance of hepatic acini, portal
areas, and central veins in the control group
(Gl) (Fig. 4-A, B). G2 had numerous vacuolated
hepatocytes, congested blood vessels with
edematous wall and hyperplastic changes within
bile ducts (Fig. 4-C, D). G3 had focal necrotic
areas, severe congestion in most hepatic blood
vessels, hyperplasia of bile duct epithelium with
destruction of the lining epithelium (Fig. 4-E, F).
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Figure 3. Imidacloprid residue in liver, kidney, and muscle tissue samples

abcandd Quperscript: Significant difference among groups in the same organ at p<0.05
I.2.and3 Quperscript: Significant difference of organ residue in the same group at p<0.05
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Figure 4. Histopathological findings of liver samples: (A, B) Normal histological finding of hepatic acini and
central vein in Control group Gl1. (C, D) Large number of vacuolated hepatocytes, congested portal vein with edematous
wall and mild hyperplastic changes within bile ducts in arsenic (As) treated group G2. (E, F) Focal necrotic areas,
severe congestion in most portal vein, hyperplasia of bile duct epithelium with destruction of some lining epithelium
in imidacloprid (IMI) group G3. (G, H) Extensive areas of degenerative changes, severe congestion of portal vein,
thickening of bile duct wall with hyperplastic epithelium in As + IMI group G4. (I, J) Mild portal inflammatory cells
aggregates and mild vacuolated hepatocytes in As + LF group GS5. (K, L) Mild congestions of hepatic sinusoids with
perivascular round cells in IMI + LF group G6. (M, N) Moderate vacuolated hepatocytes, edematous portal areas with

lymphocytes infiltrates in As + IMI + LF group G7

Extensive areas of degenerative changes severe
congestion of portal veins, chronic cholangitis
with hyperplastic epithelium and bile stasis
were observed in G4 (Fig. 4-G, H). G5 had
mild portal inflammatory-cell aggregates and
mildly vacuolated hepatocytes (Fig. 4-1, J). Mild
congestions of hepatic vessels with perivascular
round cells were observed in G6 (Fig. 4-K, L).
Moderate vacuolated hepatocytes, edematous
portal areas with lymphocytic infiltrates were seen
in G7 (Fig. 4-M, N).

DISCUSSION

The current study aimed to assess the effect of
LF in reducing the As and IMI induced changes on
immunological and serum biochemistry parameters
in broiler chicks. The decreased RBC, Hb, and
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PCV values in G2, G3, and G4 were consistent
with similar studies in chicken exposed to As (25)
and in broiler chicks exposed to IMI (9, 26). Metal
and insecticide induced toxicity on erythrocytes
is exerted by oxidative damage that could lead to
anemia and hypoxia. They can have direct effect
on the bone marrow, liver, and kidney thus altering
hemopoiesis and erythropoietin production (2). This
effect was more highly expressed in animal groups
that were treated with more than one toxin.
Hematological parameters were higher in LF-treated
groups. This was confirmed in another study
with iron-rich LF-supplemented diet which improved
anemia in treatment groups. This suggests that the
animal’s physiological state and the availability of
iron are contributing to the LF’s ability to improve
hematological indices (27). Elevated WBC,
lymphocytes, and neutrophil levels in G2, G3, and
G4, may be related to the toxins-induced leucopoiesis.
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However, they may exert immunosuppressive
properties as well (9). This type of leukocytosis
was recorded in chickens exposed to inorganic As
(25). Arsenic can cause immunosuppression by
altering the activity of lymphocytes, macrophages,
and monocytes (28). The LF capacity to alleviate the
negative effects of toxins on blood cells indicates its’
regulatory role on the immune system (15).

The significantly lower total protein, albumin,
and globulin levels in G2, G3, and G4 were
similar to the findings in chicks exposed to IMI
(26). The reduced serum protein content could be
explained with the negative effect of IMI on hepatic
protein synthesis at post-transcriptional level via
competitive inhibition of phenylalanine t-RNA
synthesis resulting in inhibition of amino-acylation
and peptide elongation (29). IMI impairs amino acid
gut absorption which contributes additionally to the
lowered protein profile (30). Heavy metals such as
As also have a carcinogenic effect and causes liver
damage leading to inhibition of hepatic protein
synthesis. Arsenic toxicity in birds was observed
with decreased serum proteins due to reduced
feed intake and increased protein catabolism.
It also causes extensive damage to capillaries
resulting in increased permeability (2). Increased
liver enzymes with concomitant proteolysis could
additionally contribute to decreased serum proteins
(31). Reduced albumin levels could be used as an
indicator of glomerular and mucus membranes
destruction. This is mostly related with the As
potential to accumulate in the liver and kidneys (4).

Serum ALT, ALP, AST, yGT, urea, creatinine,
and uric acid levels were significantly higher in G2,
G3, and G4 compared to the control. These findings
are similar with studies conducted in mice (32) and
in chickens exposed to IMI (26, 33). The increased
liver and kidney enzymes might be related to the
hepato-renal damage induced by As and IMI due
to enhanced cell membrane permeability. Liver
damage observed in the current study may be
related to increased ROS production during the
As and IMI metabolism which was observed with
highly decreased TAC and significantly reduced
antioxidant enzymes (10). Increased ALP and
ALT might be attributed to As toxicity on liver,
intestines, bile duct epithelium, and hepatocytes.
ALP elevation could also be related with the
disruption of the hepatic flow due to cirrhosis and
enzyme reabsorption into the blood (34). High level
of urea, creatinine, and uric acid were related with
the biotransformation of arsenic in the kidneys
and the concomitant renal and glomerular failure
(4). Conversely, LF-treated group had significantly

different values for these biomarkers compared to
the groups treated with As and IMI. These findings
are confirmed with another report where LF is
attributed to support hepato-renal functions through
the reduction of protein loss, tissue damage, and
enzyme release (15). Serum albumin, alpha-, beta,
and gamma- globulins are considered as reliable
diagnostic indices. The LF-treated chicks in this
study had elevated levels of gamma globulins.
Therefore, LF could be considered with hepato-
protective and immunomodulatory properties (13).

The lower TAC, CAT, SOD, GSH, and GST, and
higher NO in the serum and liver samples in the
group that was treated with As and IMI was similar
to the results recorded in chicks exposed to IMI (26).
Decreased SOD, CAT, and GSH, with increased
MDA, were recorded in chickens exposed to
inorganic As in other studies (25, 34). These studies
confirmed that the oxidative stress was related with
As-toxicity due to overproduction of free radicals
and depletion of the antioxidant enzymes (35). This
leads to increase in lipid peroxidation products
(MDA) (10). Additionally, the combined As and IMI
administration caused a greater decrease in liver
antioxidant enzymatic activities compared to a single
administration of each (36). The elevated MDA in the
current study indicate on decreased cell membrane
integrity and cellular functions (37). The higher
antioxidants activity in the groups administered with
As and/or IMI, and treated with LF, may be attributed
to its role to reduce the levels of intracellular ROS
and MDA and to regulate cellular antioxidants
enzymes. Additionally, increased CAT and SOD
activities may be associated with the ability of LF to
reduce lipid peroxidation by iron sequestration (15)
and with its iron-binding properties. Hence, these
enzymes require the iron-sulfur cluster and iron-
protoporphyrin as a cofactor (13).

The decreased body weight and weight gain
observed in the groups, administered with As
and IMI, were in compliant with the studies in
chickens fed with a diet contaminated with IMI (9,
33). They concluded that IMI had adverse effects
on general health status and growth performance.
The decreased body weight may be due to the high
oxidative instability leading to low nutritional
intake and decreased metabolism in chickens.
As-toxicity in broiler chicks may lead to general
depression, decreased body weight, feed intake,
and feed conversion (38). Higher body weight and
weight gain observed in LF-treated groups was
previously reported in other similar studies (15, 18).
LF enhanced nutrient uptake and digestibility (11,
12) even during As and IMI exposure.
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The withdrawal period of a medication is the
time elapsed between the administration and its
concentration fall to the approved level. This period
guaranties that food from animal origin does not
contain medications above the maximum residue
limit. Inthis study, the repeated oral supplementation
of IMI and As has significantly increased their
residue concentrations in liver, kidney, and muscles.
The accumulation of IMI and As in different tissues
is a good indicator for their absorption in chickens
(39). Our findings are in accordance with previous
studies in rabbits which reported As accumulation
in different organs, with higher tendency for the
liver compared to kidney and muscles (40). The
As biotransformation generally occurred in liver
and kidneys (4). The highest accumulation was
recorded in groups that were administered both
with As and IMI because the latter potentiates
As toxicity and tissue accumulations (10). Again,
LF-treated groups had lower toxin residues due to
its modulating effects on As and/or IMI.

The liver changes in the current study were
recorded with necrosis, congestion, inflammatory
cellular aggregates, and edema in the portal triad.
Similar findings were reported in chicks exposed
to As (34) and in mice exposed to IMI (32). The
histopathological findings in the LF-treated group
showed mild amelioration in hepatic tissue changes
compared with the groups that were administered
with the toxins. This confirms the LF role in
modulating the toxicants by preventing ROS
accumulation and subsequent oxidative damage.

CONCLUSION

Toxicity of As and/or IMI adversely affects CBC,
serum biochemistry, liver antioxidant activity and
body weight with concomitant histopathological
changes in the liver tissue of broiler chicks. IMI
potentiates As toxicity and tissue accumulations.
LF is capable to modulate As and/or IMI toxicity
and to reduce IMI-induced oxidative stress in
chickens by increased cellular antioxidant activity.
Furthermore, LF may be used as natural growth
stimulant in broiler chickens as it has positive effect
on growth performance even during As and/or IMI
administration.
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