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ABSTRACT Paraquat (PQ) is used as a herbicide
in agriculture and causes oxidative and inflammatory
damage to animal tissues. The current study was con-
ducted to investigate the positive effects of dietary
propolis (PR), as a potent naturally produced antioxi-
dant, on growth performance and immune function of
turkey poults exposed to oxidative stress induced by
PQ injection. Native male turkey poults (n = 120, 49-
d-old) were randomly assigned into 4 groups: poults
received a basal diet with a daily subcutaneous PQ
injection of 5 mg/kg BW for 7 consecutive days (PQ
group), an experimental diet containing 1 g/kg PR with
a daily subcutaneous PQ injection for 7 days (PR+PQ
group), or received the experimental PR diet with a
daily subcutaneous injection of 0.5 mL sterile saline
for 7 days (PR group); while the control poults re-
ceived a basal diet with a daily subcutaneous saline
injection for 7 consecutive days (C group). The pro-
ductive performance in the PQ group showed a signif-
icant (P < 0.05) reduction in the weight gain (WG)
and feed intake (FI), and impaired feed conversion

ratio (FCR). Propolis supplementation in the PR+PQ
group significantly ameliorated the PQ effects on WG
and FCR. Turkey poults of the PQ and PR+PQ groups
had a significant augmentation in the blood malon-
dialdehyde (MDA), tumor necrosis factor-α (TNFα),
and corticosterone levels, and in contrast, a signifi-
cant reduction in the triiodothyronine (T3), when com-
pared to the C group. While propolis significantly
reduced the MDA and corticosterone, and increased
the T3 levels in the PR+PQ group compared to the
PQ group. Furthermore, the dietary PR supplemen-
tation significantly limited the PQ-suppressive effects
on cell- and humoral-mediated immunity and lympho-
cyte proliferation of turkey poults. In addition, propo-
lis supplementation in the PR and PR+PQ groups
markedly reversed the PQ-induced DNA fragmentation
and heat shock protein 70 (Hsp70) over-expression in
blood cells. It can be concluded that PR could im-
prove turkey immunity and performance, particularly
under inflammation and oxidative stress induced by
PQ exposure.
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INTRODUCTION

Oxidative stress develops when the generation of re-
active oxygen species (ROS) in a system exceeds the
system’s ability to neutralize and eliminate them. The
imbalance can result either from a lack of antioxidant
capacity caused by disturbance in production, distri-
bution, or by an over-abundance of ROS from an en-
vironmental or behavioral stressor (Boelsterli, 2003).
ROS could be produced by several agents and stres-
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sors such as heat stress, diseases, proinflammatory cy-
tokines, and toxins. If not regulated properly, the ex-
cess ROS can impair the cell’s lipids, protein, or DNA,
inhibiting its normal functions (Gupta et al., 2012).
DNA damage, malondialdehyde (MDA), proteins car-
bonyl are examples of molecules that can be modified
by excessive ROS in vivo and could be used as impor-
tant and significant biomarkers of oxidative stress (Ho
et al., 2013). Furthermore, oxidative stress can activate
the hypothalamic-pituitary adrenal axis (HPA), result-
ing in the release of glucocorticoids (Colaianna et al.,
2013). High levels of corticosterone induce poor perfor-
mance (Virden et al., 2007) and depression of the in-
nate immune system (Yang et al., 2015). It was found
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that induced-oxidative stress in broiler chickens leads
to proteolysis and gluconeogenesis (Lin et al., 2004),
several pathologies incidence (Fellenberg and Speisky,
2006), DNA damage (Huang et al., 2015), and depres-
sion of immune function and growth performance with
a high mortality rate (Kamel et al., 2017; Mehaisen
et al., 2017). Depending on the severity of the oxida-
tive harm, the consequence of these modulations can
vary from modifying cell function to cell death, which
negatively affects poultry flocks.

Paraquat (PQ; 1,1-dimethyl-4,4-bipyridium dichlo-
ride) is widely used in agriculture as a non-selective con-
tact herbicide with redox activity. PQ is known to exert
its toxic effects via oxidative stress mechanisms (Ray
et al., 2007). The potential mechanism of PQ toxicity
is the cyclic single-electron redox reaction that depletes
cellular nicotinamide adenine dinucleotide phosphate
(NADPH) and generates superoxide anion. Superox-
ide ions may form hydrogen peroxide and hydroxyl rad-
icals; the latter being an extremely potent oxidant that
may damage nucleic acids, proteins, and polysaccha-
rides (Tukmechi et al., 2013). Moreover, trace amounts
of PQ can be detected in more than 100 crops such as
corn, tomatoes, olives, field beans, and fruits (Prasad
et al., 2009). PQ effects in rodent models showed that
prolonged exposure leads to accumulation and persis-
tent damage in the brain, lung, and liver tissues (Ortiz
et al., 2016). A study on paraquat toxicity in turkeys
reported that all injected birds were affected at the
dose of 6.25 mg/kg BW while the lethal dose was about
20 mg/kg and 100 mg/kg by intravenous and intraperi-
toneal injection, respectively (Smalley, 1973).

Propolis (PR) is an adhesive resinous material made
by honey bees and it contains a variety of chemi-
cal compounds such as poly-phenols (flavonoid agly-
cones, phenolic acids and their esters, phenolic aldehy-
des, alcohols, and ketones), terpenoids, steroids, amino
acids, and inorganic compounds (Newairy and Abdou,
2013). Flavonoid and phenolic compounds in propolis
have been appeared to be capable of scavenging free
radicals and thereby defending lipids and other com-
pounds from being oxidized or destroyed during oxida-
tive damage (Seven et al., 2009). In addition, propolis
is thought to be responsible for many biological and
pharmacological activities including anticancer, anti-
inflammatory, anti-bacterial, antifungal, antiviral, an-
tioxidant, hepato-protective, and immuno-stimulating
activities (Hašč́ık et al., 2015). Many previous reports
indicated that the inclusion of propolis in the poultry
diet has a positive effect on the humoral immunity of
laying hens (Cetin et al., 2010; Freitas et al., 2011), on
the hatchability and performance of quail chicks (Ay-
gun et al., 2012), and on the hemoglobin concentra-
tions and eosinophil count of blue-fronted parrots (Silva
et al., 2014).

Based on PQ actions, it is a good and well-
documented agent to induce oxidative stress when there
is a need to provide a better understanding of this type
of stress on poultry production. On the other hand,

Table 1. Ingredients and nutrient composition of the experimen-
tal basal diet.

Ingredients % Nutrient composition Levels

Yellow corn 59.50 ME (MJ/Kg) 12.052
Soybean meal (44%) 31.80 Crude protein (%) 21.044
Fish meal 2.00 Calcium (%) 0.971
Corn gluten meal 2.00 Phosphorus available (%) 0.454
soybean oil 1.00 Lysine (%) 1.148
Limestone 1.20 Methionine (%) 0.504
NaCl 0.26
CaHPO4 1.60
Premix1 0.28
DL-Methionine 0.16
Lysine 0.10
Coline chloride 0.10
Total 100.00

1Premix per kg contains 48 × 106 IU vitamin A, 12 × 106 IU vitamin
D3, 100 mg vitamin E, 15 mg vitamin K, 10 mg vitamin B1, 34 mg
vitamin B2, 15 mg vitamin B6, 80 mg vitamin B12, 500 mg biotin, 4.5 g
folic acid, 150 g niacin, 50 g pantothenic acid, 200 mg ethoxyquin, 4 g
Cu, 175 mg I, 50 g Fe, 50 g Mn, 200 mg Se, and 37.5 g Zn.

much research is focused on the ability of propolis to im-
prove production performance, enhance immune func-
tion, and inhibit inflammatory response, which is very
critical for poultry industry. However, it is not clear
whether propolis supplementation could also reverse
the inflammatory status and the negative effects of ox-
idative stress induced by paraquat treatment. Thus, the
current study was designed to investigate the effects of
propolis supplementation on controlling the oxidative
stress induced by paraquat injection to turkeys. The
oxidative stress was determined as the level of MDA,
which is an important and significant biomarker of ox-
idative stress, in the blood. In addition, the inflam-
mation status and immune function were evaluated in
turkey poults after propolis supplementation with or
without paraquat injection. Furthermore, DNA frag-
mentation test and stressed-related protein expression
of heat shock protein 70 (Hsp70) were analyzed in the
blood. In addition, growth performance of turkey birds
was obtained under propolis supplementation in order
to test whether it has the ability to reverse the negative
effects of oxidative stress induced by paraquat.

MATERIALS AND METHODS

Birds and Diet

One hundred and twenty, 49-d-old, male Baladi
turkey poults were used in this investigation. Baladi
turkey is an Egyptian native breed that is characterized
by low growth performance and high immune response.
The turkey poults were reared in an opened-house with
feed and water ad libitum. A basal diet was formulated
according to the recommendations of the Regional Cen-
ter for Food and Feed in Egypt to meet the local needs
and was used as a control diet in the present study. The
composition and the calculation analysis of the basal
diet are presented in Table 1. Propolis was mixed into
the basal diet to produce experimental diet containing
0.10% propolis (1 g propolis/kg diet).
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Table 2. Chemical characteristics of propolis.

Item Mean value

Phenolic acids (μg/mL) 180.89
Flavonoids (μg/mL) 188.90
Free radical scavenging activity (%) 83.3

Ethical Issues

The experimental protocols were approved and car-
ried out according to the regulation and guidelines set
by Cairo University Ethics Committee for the Care and
Use of Experimental Animals in Education and Scien-
tific Research (CU-IACUC).

Propolis Analysis

Propolis was collected from an apiary located at the
Faculty of Agriculture, Cairo University (Giza province,
Egypt). The collected propolis was kept in a clean,
dark bottle at 4◦C until use in the experiment. Phenolic
acids and flavonoid contents were analyzed in a propolis
sample using high-performance liquid chromatography
(HPLC). HPLC was achieved on an Agilent 1260 Infin-
ity HLPC Series (Agilent, Santa Clara, CA) equipped
with Quaternary pump, Zorbax Eclipse plus C18 col-
umn 150 mm × 4.6 mm internal diameters, 5 μm par-
ticle (Agilent), operated at 25◦C. The separation was
achieved using a ternary linear elution gradient with
HLPC grade water 0.2% H3PO4 (v/v), methanol and
acetonitrile. The injected volume was 20 μL and the
variable wavelength detector (VWD) was set at 284 nm
(Ivanauskas et al., 2008). The free radical scavenging
activity of propolis samples was measured according
to methods described by Oktay et al. (2003). Briefly,
the propolis was added to a solution of 0.1 mM of 1,1-
diphenyl-2-picryl-hydrazil (DPPH) in methanol at dif-
ferent concentrations (25 to 75 μg/mL). The mixtures
were shaken vigorously and allowed to stand at room
temperature for 30 min. Then, the absorbance of reac-
tions was measured using an automatic scanning spec-
trophotometer at 517 nm. The chemical characteristics
of propolis used in this experiment are presented in
Table 2.

Experimental Design

At 49 d of age, 120 turkey poults were randomly al-
located into one of 4 experimental groups (three pens
per group × 10 poults in each pen). The first group of
poults served as a control, received the control diet and
a single dose of 0.5 mL sterile saline per day for 7 con-
secutive days through subcutaneous route (C group).
The second group received the control diet and a single
subcutaneously injected of paraquat (Sigma Aldrich,
St. Louis, MO), 5 mg/kg body weight, per day for
7 consecutive days (PQ group). The third group re-
ceived the experimental diet containing propolis and
a daily subcutaneous injection of paraquat for a pe-

riod of 7 days (PR+PQ group). The fourth group
received the experimental propolis diet and a daily sub-
cutaneous injection of saline for a period of 7 days (PR
group). At 56 d of age, blood samples were collected
from the brachial vein of the birds in each treatment
using heparinized syringes and the physiological pa-
rameters were assayed (2 samples from each pen for
each parameter; n = 6), including the MDA and tu-
mor necrosis factor-α (TNFα) levels in the periph-
eral blood mononuclear cells (PBMCs) isolated from
blood, as well as the corticosterone and triiodothyro-
nine (T3) hormone concentration in the plasma. The
immune function of turkey poults in each group was de-
termined by analyzing total white blood cells (WBCs),
heterophil to lymphocyte (H/L) ratio, toe web swelling
in response to phytohemagglutinin-P (PHA-P) injec-
tion as an indicator for the cell-mediated immunity, an-
tibody response to sheep red blood cells (Anti-SRBCs
Ab) injection as an indicator of the humoral-mediated
immunity, and the stimulation index of peripheral T-
lymphocyte proliferation. Furthermore, the DNA frag-
mentation and blotting expression of Hsp70 were an-
alyzed in PBMCs isolated from blood samples in each
group. In addition, the productive performance was ob-
tained for each treatment group as will be mentioned
later.

Productive Performance

The initial and final body weights were recorded in-
dividually at the beginning and at the end of the ex-
periment (49 and 56 d of age). The entire weight gain
was determined for each group. Average daily feed in-
take was measured for each treatment group. The feed
conversion ratio was calculated for each group.

Physiological Parameters

MDA and TNFα Levels in PBMCs At 56 d of age,
blood samples from different birds (n = 6) were col-
lected from each treatment. PBMCs were isolated using
histopaque-1077 (Sigma Aldrich, St. Louis, MO) as pre-
viously described (Mehaisen et al., 2017). The cells were
washed twice using Roswell Park Memorial Institute
(RPMI) 1640 Medium (GIBCOTM, Thermo Fisher Sci-
entific, Waltham, MA), then re-suspended with PBS
(PH 7.2), and the numbers were adjusted to be 106

cells/mL. A 1 mLcell suspension was centrifuged at
1,030 × g for 20 min at 4◦C. The pellets were collected
and stored at −70◦C until processing. The cells were
re-suspended with 1 mL PBS, kept on ice for 60 sec,
and then sonicated for 1 min. The homogenates were
centrifuged at 1,030 × g for 15 min at 4◦C and super-
natants were collected to determine MDA and TNFα
levels. The level of MDA in the supernatant was deter-
mined by the thiobarbituric acid reaction method using
a commercial assay (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). The level of TNFα in the
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supernatant was measured using chicken ELISA com-
mercial diagnostic kit (cat# WAC-016, WKEA MED
SUPPLIES CORP, Changchun, China). The standard
curves and calculations were performed following the
kits protocol for each analysis.

Plasma Corticosterone and T3 Hormone Assay
At 56 d of age, blood samples from each group were
collected (n = 6), centrifuged at 2,000 × g for 10 min
at 4◦C, and then plasma was separated and stored at
−20◦C. Plasma corticosterone and T3 concentrations
were determined in duplicates using chicken ELISA
kits (cat# MBS701668 for corticosterone and cat#
MBS701857 for T3; MyBioSource, San Diego, CA).
The intra- and inter-assay coefficient of variations was
<8% and <10%, respectively for corticosterone, and
was <15% for T3. The dynamic range of the assay was
0.5 to 20 and 0.5 to 8 ng/mL for corticosterone and T3,
respectively.

Immunological Parameters

Total WBC Count Total leukocytes were performed
manually in 6 samples per group as described by Gehad
et al. (2008). Briefly, 490 μL of brilliant cresyl blue dye
was mixed with 10 μL whole blood samples, and the
total leukocytes were counted using a hemocytometer.

H/L Ratio H/L ratio was determined manually ac-
cording to Zhang et al. (2009). In brief, blood smears
(6 slides per group) were fixed and stained using Hema-
3 (cat# 22–122,911, Fisher Scientific, Pittsburg, PA).
The differential leukocyte counts were performed for a
total of 200 leukocytes in each slide using light micro-
scope and the H/L ratios were then calculated.

Toe Web Swelling The cell-mediated immune re-
sponse was assessed using the swelling of toe web that
induced by intradermal mitogen injection of PHA-P. At
56 d of age, the left foot of six turkey poults from each
group was injected with 100 μg of PHA-P dissolved in
0.1 mL of sterile PBS buffer into the toe web between
the third and fourth digits. The thickness of toe web
was measured before injection and 24 h after injection.
The toe web swelling response was expressed in mm as
the difference between the thickness before and after
injection (Loa et al., 2001).

Anti-SRBCs AB. The humoral-mediated immune re-
sponse was assessed by evaluating the antibody produc-
tion against SRBCs. Six turkey poults from each group
were injected intravenously with 1 mL of 5% saline sus-
pension of SRBCs at 49 d of age. One wk following the
injection (d 56), blood samples was collected and the
antibody production against SRBCs was determined
by microhemagglutination technique (Loa et al., 2001).
Antibody values were expressed as log2 of the recipro-
cal of the highest dilution where visible agglutination
was observed.

Peripheral T-Lymphocyte Proliferation The
PBMCs layer were carefully isolated from 6 hep-
arinized blood samples obtained from each group

according to the method described by Mehaisen et al.
(2017). After washing in RPMI 1640 culture medium,
the viable lymphocytes were detected using Trypan
Blue dye and plated in triplicate wells (96-well plate) at
6 × 106 cells per well. Then, 50 μL of Concanavalin-A
(Sigma Aldrich) at 45 μg/mL was added to selected
wells to induce the proliferation of T lymphocyte;
while control wells received 50 μL of RPMI-1640
medium. After cells’ incubation (41◦C and 5% CO2
for 68 h), 15 μL of 5 mg/mL 3-[4,5-dimethylthiazol]-
2,5-diphenyltetrazolium bromide (Sigma Aldrich) was
added to each well and incubated for another 4 h.
Subsequently, 100 μL of 10% sodium dodecyl sulfate
dissolved in 0.04 M HCl solution was added to each
well, then the plates were read using an automated
ELISA reader (model 550 Microplate Reader, Bio-Rad
Laboratories, Inc., Hercules, CA) at 570 nm. The
stimulation index for T-lymphocyte proliferation was
calculated as the optical density ratio of experimental
group to blank control.

DNA Fragmentation Test and Hsp70
Expression in PBMC’s

The PBMCs were collected from blood samples (6
samples for each group) as mentioned previously. The
DNA isolation was performed using the cells/tissue
genomic DNA extraction kit (cat# GK0121, Gen-
eray Biotech Co., Ltd., Shanghai, China), according
to the manufacturer’s instructions. DNA fragmenta-
tion was analyzed by 2% agarose gel (Sigma-Aldrich)
electrophoresis for 1 h at 80 V. Visualization of DNA
was analyzed by ethidium bromide fluorescence using
a UVP EC3 Imaging system (UVP Inc., Upland, CA)
with VisionWorksLs Image Acquisition and Analysis
software (version 5.5.3; UVP Inc., Upland, CA).

The expression of Hsp70 in the collected PBMCs (6
samples per group) was analyzed by Western blot tech-
nique. The total protein (40 μg) was loaded and sepa-
rated on 12% polyacrylamide gel containing sodium do-
decyl sulphate (SDS-Page). Separated proteins were
then transferred to poly-vinylidene difluoride mem-
branes using a tank transfer for 2 h at 300 mA in Tris-
glycine buffer containing 20% methanol. Membranes
were blocked with 5% skim milk for 1 h and incubated
overnight at 4◦C with diluted primary anti-rabbit IgG
polyclonal antibody against Hsp70 (1:1,000; Cell Sig-
naling Technology, Inc., Danvers, MA), followed by a
horse radish peroxidase conjugated secondary antibody
against rabbit IgG (1:1,500; Santa Cruz Biotechnology,
Inc., Dallas, Texas). To verify equal loading of sam-
ples, the membrane was incubated with monoclonal
β-actin antibody (1:1,000; Santa Cruz Biotechnology,
Inc.), followed by a horse radish peroxidase conjugated
goat anti-mouse IgG (1:1,000; Santa Cruz Biotechnol-
ogy, Inc.). Hsp70 was detected using the ECL chemi-
luminescence kit (GE Healthcare Life Sciences, Amer-
sham Place, Little Chalfont, Buckinghamshire, UK).
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Table 3. Effect of paraquat injection and dietary propolis supplementation on productive performance in the different turkey
treatment groups.1

Parameters C PQ PQ+PR PR

Weight gain (g/bird) 354.4 ± 24.53b 142.8 ± 11.83d 211.6 ± 20.53c 426.3 ± 31.23a

Daily feed intake (g/bird) 145.8 ± 10.30a 78.7 ± 6.75b 90.7 ± 8.34b 157.3 ± 13.86a

Feed conversion ratio 2.8 ± 0.38b,c 3.9 ± 0.15a 3.0 ± 0.11b 2.6 ± 0.20c

a–dMeans within the same row with different letters are significantly different (P < 0.05).
1Treatment groups: C, control group; PQ, the group received a basal diet and a 7 consecutive day injection of paraquat; PQ+PR, the group received

a 7 consecutive day injection of paraquat and a diet supplemented with propolis; and PR, the group received a basal diet supplemented with propolis.

Table 4. Effect of paraquat injection and dietary propolis supplementation on some physiological parameters in the different turkey
treatment groups (n = 6).1

Parameters C PQ PQ+PR PR

MDA (μM/mL) 1.1 ± 0.16c 4.0 ± 0.88a 2.4 ± 0.41b 1.1 ± 0.04c

TNFα (pg/mL) 98.2 ± 8.57b 177.3 ± 21.65a 152.3 ± 15.69a 103.7 ± 14.28b

Corticosterone (ng/mL) 2.7 ± 0.18c 10.9 ± 0.66a 6.2 ± 0.34b 2.4 ± 0.13c

T3 (ng/mL) 1.9 ± 0.12b 0.5 ± 0.09d 1.3 ± 0.19c 2.7 ± 0.23a

a–dMeans within the same row with different letters are significantly different (P < 0.05).
1Treatment groups (n = number of birds per group): C, control group; PQ, the group received a basal diet and a 7 consecutive day injection of

paraquat; PQ+PR, the group received a 7 consecutive day injection of paraquat and a diet supplemented with propolis; and PR, the group received
a basal diet supplemented with propolis.

Statistical Analysis

A general linear model was performed using SAS soft-
ware (SAS Institute Inc., 2011) to determine statistical
differences between treatment groups (C, PQ, PR+PQ,
and PR) for the productive traits, physiological param-
eters, and immunological parameters. Significant treat-
ment effects were detected by Duncan’s multiple range
tests. Results are expressed as LSM ± SE and the sig-
nificance level was set at P < 0.05.

RESULTS

Productive Performance

The results reveal that turkey poults in the PQ group
had significantly (P < 0.05) reduced weight gain and
feed intake compared to turkey poults in the C group
(Table 3). In addition, the feed conversion ratio also in
the PQ group was impaired significantly (P < 0.05)
compared to the C group. In contrast, the dietary
propolis supplementation alleviated these reductions in
weight gain and feed intake in the PR+PQ group when
compared to the PR group. Furthermore, administra-
tion of propolis to the diets of the PR group signifi-
cantly (P < 0.05) enhanced the weight gain compared
to the C group. Even though, the feed conversion ratio
tended to be improved when propolis was supplemented
to the diets of both PR+PQ and PR groups; the differ-
ences were not significant (P > 0.05) when compared
to the C group (Table 3).

Physiological Parameters

The change in MDA and TNFα levels in PBMCs
as well as the plasma corticosterone and T3 concentra-

tions after paraquat injection with or without dietary
propolis supplementation in turkey poults are shown in
Table 4. Compared with the control group, PQ injection
significantly (P < 0.05) increased the MDA, TNFα,
and the plasma corticosterone levels in both PQ and
PR+PQ groups. However, adding propolis to the basal
diet minimized (P < 0.05) the MDA level and corticos-
terone concentration in the PR+PQ group compared
to the PQ group. In contrast, the plasma T3 concentra-
tion was significantly (P < 0.05) lower in the PQ group
and higher in the PR group when compared to the C
group. Moreover, dietary propolis supplementation suc-
cessfully alleviated the negative effect of PQ injection
and significantly (P < 0.05) raised the value of plasma
T3 concentration in the PR+PQ group, however, it re-
mained lower than that of the C group (Table 4).

Immunological Parameters

The effects of dietary propolis and paraquat injection
on the immune function are presented in Table 5. Total
WBCs were significantly (P < 0.05) lower in the PQ
group than in the C group. Meanwhile, dietary propo-
lis supplementation significantly (P < 0.05) increased
the total WBCs in the PR group compared to the C
group. Not only that, but it also reversed the negative
effect of PQ injection by significantly (P < 0.05) rais-
ing the total WBCs in the PR+PQ group as compared
to the PQ group. Furthermore, the H/L ratio was sig-
nificantly (P < 0.05) increased in response to oxidative
stress induced by paraquat injection in the PQ group
compared to the C group. Nevertheless, propolis sup-
plementation significantly (P < 0.05) limited the in-
creasing rate of H/L ratio due to PQ injection in the
PR+PQ group compared to the C group (Table 5). In
addition, oxidative stress induced by paraquat injection
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Table 5. Effect of paraquat injection and dietary propolis supplementation on some immunological parameters in the different turkey
treatment groups (n = 6).1

Parameters C PQ PQ+PR PR

Total WBCs (×103/μL) 45.3 ± 1.79b 25.6 ± 1.51c 51.8 ± 6.79a,b 59.5 ± 3.02a

H/L ratio 0.5 ± 0.04c 1.7 ± 0.16a 1.0 ± 0.08b 0.5 ± 0.07c

Toe web swelling (mm) 0.8 ± 0.03a 0.6 ± 0.04c 0.7 ± 0.05b 0.8 ± 0.04a,b

Anti-SRBC Ab (log2) 5.3 ± 0.56a 3.2 ± 0.31c 4.3 ± 0.33b 6.2 ± 0.47a

Stimulation index of T-lymphocyte proliferation 3.0 ± 0.12b 1.2 ± 0.29d 2.3 ± 0.18c 3.8 ± 0.28a

a–dMeans within the same row with different letters are significantly different (P < 0.05).
1Treatment groups (n = number of birds per group): C, control group; PQ, the group received a basal diet and a 7 consecutive day injection of

paraquat; PQ+PR, the group received a 7 consecutive day injection of paraquat and a diet supplemented with propolis; and PR, the group received
a basal diet supplemented with propolis.

significantly (P < 0.05) reduced the toe web swelling in
response to PHA injection, antibody titers to SRBCs,
and T-lymphocyte proliferation in the PQ group poults
compared to the C group poults (Table 5). In contrast,
adding propolis to the basal diet significantly (P < 0.05)
alleviated the negative effect of paraquat injection on
the previous immune parameters in the PR+PQ group
compared to the C group. Moreover, supplementing the
basal diet with propolis in the PR group significantly
(P < 0.05) enhanced the T-lymphocyte proliferation
compared to the C group (Table 5).

DNA Fragmentation and Hsp70 Expression
in PBMC’s

DNA fragmentation test showed appearance of short
DNA fragments in response to PQ injection (Figure 1).
Meanwhile, the dietary propolis supplementation to
the turkey poults reduced the DNA fragmentation in
either the PR+PQ or the PR group to a normal
level similar to the control group. Furthermore, Hsp70
blotting level was influenced by the PQ injection and
dietary propolis supplementation (Figure 2). An over-
expression of Hsp70 was observed in the turkey poults
of the PQ group compared to the C group. However,
data of Hsp70 expression in both the PR and PR+PQ
groups show that propolis supplementation to the di-
ets of turkey poults normalized the Hsp70 expression
to similar levels of the C group.

DISCUSSION

Paraquat is widely used as an herbicide in agriculture
and may cause chronic health problems to animals and
humans if it is absorbed through the skin or gastroin-
testinal and respiratory tracts (Ortiz et al., 2016). The
deleterious effects of PQ are mainly attributed to the
extreme redox activity that, in turn, induces extensive
damage for several organs and tissues, leading to high
mortality rates in human (Lin et al., 2006; Kang et al.,
2013) and animal populations (Ray et al., 2007; Tuk-
mechi et al., 2013). On the contrary, propolis, due to
its antioxidation and anti-inflammation properties, has
been recently used in poultry feeds as an alternative and
practical way to alleviate deleterious effects of rearing

Figure 1. DNA fragmentation as a response to paraquat injection
(5 mg/kg BW) and dietary propolis supplementation (1 g/kg diet) in
the different turkey treatment groups.

Figure 2. Heat shock protein 70 (Hsp70) expression as a response
to paraquat injection (5 mg/kg BW) and dietary propolis supplemen-
tation (1 g/kg diet) in the different turkey treatment groups.
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under abnormal and stress conditions (Seven et al.,
2009, 2010). So far, the research regarding PQ and PR
effects on growth performance and immune function in
animal science is very limited and the available discus-
sion remains insufficient to understand such effects.

In the present study, it was found that PQ signif-
icantly suppressed weight gain and feed intake, and
impaired feed conversion ratio by 60%, 46%, and 39%,
respectively, compared to the control poults. A simi-
lar low growth performance was obtained by feeding
paraquat to fish (Babatunde and Oladimeji, 2014) or
rats (Kimura et al., 1999). The low performance after
paraquat treatment is attributed to the oxidative stress
that may have been due to active oxygen species formed
by the action of paraquat. Previous reports attributed
the low performance in oxidative stressed-broilers to
the reduction in associated metabolic and endocrine re-
sponses (Lin et al., 2004) or the down-regulation of all
sugar, peptide, and amino acid transporter genes in the
small intestine (Ebrahimi et al., 2015). On the other
hand, dietary propolis ameliorated the suppression of
weight gain, feed intake, and feed conversion in turkey
poults that were exposed to PQ injection. Furthermore,
administration of propolis to the diets of the turkey
poults without PQ stress enhanced the weight gain by
20% compared to the control poults. This enhancement
may probably be due to the ability of propolis to im-
prove nutrients digestibility and absorption as a result
of improving saccharase, amylase, and phosphatase ac-
tivities (Mutsaers et al., 2005). Additionally, Shalmany
and Shivazad (2006) reported that the increase in feed
intake could be linked to the palatable substances in
propolis like resin, wax, honey, and vanillin. Further-
more, Kačániová et al. (2012) found that flavonoids
in propolis have antibacterial activity and prevent the
ability of pathogenic bacteria to attach to the intestinal
epithelium (Parkar et al., 2008); thus improving intesti-
nal health, and consequently, enhance digestion and nu-
trient absorption (Denli et al., 2005).

MDA is one of the final products of lipid peroxida-
tion and could be used as a direct indicator of oxida-
tive stress induced by potential oxidants like paraquat
in the present study. The significant increase in MDA
levels upon treatment with PQ in turkey poults in-
dicates the oxidative damages occurred to PBMCs.
These results are consistent with the finding that var-
ious concentrations of PQ increase the cellular perox-
idation (Zhang et al., 2010). When propolis was sup-
plemented to the diets of turkey poults, a reduction in
MDA level was obtained in the PR+PQ group com-
pared to the PQ group. Previous studies reported that
the supplemental antioxidants extracted from propo-
lis, such as flavonoids and caffeic acid phenethyl es-
ter, block ROS production and protect cell membranes
against oxidants (Seven et al., 2010). It was also sug-
gested that polyphenols of propolis can reduce the neg-
ative effects of oxidative stress either by chelation of
iron or by free radical trapping (Thirugnanasampandan
et al., 2012).

It was reported that TNFα is one of the cytokines
involved in the early inflammatory phase of PQ poi-
soning (Amirshahrokhi, 2013) through the ROS path-
way. PQ-induced ROS accumulation could promote the
production of TNFα to trigger the tissue injury; and re-
versely, increased TNFα concentration could promote
further ROS generation (Edwards et al., 2004). Re-
sults of the present study demonstrate that TNFα
concentration in the PBMC’s was higher in the PQ
and PR+PQ groups compared to the C group. The
positive effect of propolis was not statistically signifi-
cant in this study, however, it is well documented that
propolis supplementation may attenuate the adverse ef-
fects of environmental stress and stress induced tissue
damage by modulating the levels of cytokines such as
TNFα (Fitzpatrick et al., 2001; Hu et al., 2005). In ad-
dition to the increase in the TNFα concentration in the
PBMC’s, PQ injection also induced a significant high
plasma corticosterone concentration. This high corti-
costerone levels probably decreased feed intake and re-
duced intestinal absorptive surface area as reported by
Hu et al. (2010). Furthermore, the release of corticos-
terone and inflammatory cytokines exerted catabolic ef-
fects on proteins and lipids (Siegel, 1995). These find-
ings may be responsible for the lower body weight
gain in the PQ poults as previously reported in the
present study.

In addition, the thyrotrophic [triiodothyronine (T3)
and thyroxine (T4)] axis is considered to be prerequi-
sites for normal growth and development (Decuypere
et al., 1983). It is shown in the current study that
turkey poults of PQ group had significant reduction in
the plasma T3 concentration compared to the C group.
Steenland et al. (1997) reported an increased hypothy-
roidism in the people intoxicated with paraquat herbi-
cide and found detectable levels of paraquat in their
thyroid glands. Goldner et al. (2010) observed thyroid
adenomas in rats exposed to paraquat and suggested
that the thyroid could be susceptible to the effects of
paraquat. In contrast, the plasma T3 was significantly
higher in the PR group than in the C group. The pos-
itive effects of propolis on T3/T4 ratio was previously
reported in broilers reared under heat stress condition
(Amen et al., 2015), reflecting improvement in thyroid
hormones secretions and higher conversion rate to the
active form of thyroid hormone which is responsible
for metabolism. The current study also demonstrates
that dietary propolis supplementation significantly in-
creased plasma T3 concentration in the PR+PQ group
compared to PQ group which, consequently, alleviated
the negative effect of paraquat injection on the growth
performance of turkey poults.

The immunological data obtained in the current work
show that PQ injection impaired the overall immune
function of turkey poults. In PQ group, the H/L ra-
tio was increased, while the total WBCs, the toe web
swelling in response to PHA injection, antibody titers
to SRBCs, and T-lymphocyte proliferation were sig-
nificantly decreased compared to the C group. These
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results are consistent with the data presented by Riahi
et al. (2010) who concluded that paraquat administra-
tion at high dose (intra-peritoneal injection of 1 mg/kg
BW for 21 d) in mice has an inhibitory effect on the
cell-mediated and humoral immunity; including higher
neutrophil cells number, and lower hemagglutination
antibody titer and lymphocyte proliferation. The in-
crease in H/L ratio in the PQ group may be due to
the inflammation (Dinis-Oliveira et al., 2008), which
was represented by corticosterone and TNFα elevation
in the same group. In a recent study, Mehaisen et al.
(2017) reported that corticosterone treatment has im-
munosuppressive effect in broiler chickens. In addition,
free radicals are known to attack unsaturated fatty acid
side chains of phospholipids, causing a substantial de-
crease of the membrane integrity and fluidity of immune
cells (Smith and Heath, 1974). It is possible that free
oxygen radicals generated by paraquat could inhibit T
cell proliferation via membrane lipids peroxidation (Ri-
ahi et al., 2010). In contrast, dietary propolis supple-
mentation enhanced the total WBCs and T-lymphocyte
proliferation in the PR group compared to the C group.
Not only that, but it also reversed the negative effect
of paraquat injection on the immune function in the
PR+PQ group. These positive effects of PR and its
ability to alleviate the PQ effects on immunity may
be due to the stimulation of intracellular antioxidants,
which are important in lymphocyte activation and pro-
liferation (Annunziata and Iorio, 2004).

Paraquat was found to affect the animal cell through
oxidative damage in cellular macromolecules includ-
ing DNA (Lascano et al., 2012). In the present study,
the DNA fragmentation test showed an appearance of
short DNA fragments in response to PQ injection. The
paraquat toxicity may be due to the excessive release
of ROS which, in turn, initiate lipid peroxidation, par-
ticularly in the polyunsaturated lipid compound of cell
membranes (Hayes and Laws, 1991). Furthermore, the
paraquat toxicity involves depletion of cellular reduc-
tion agent of NADPH which is used as a cofactor for
lipid and nucleic acid synthesis (Kelner and Bagnell,
1989). These events induced by PQ-oxidative stress may
increase the DNA damage at the cellular level (Ribas
et al., 1995), and consequently, the DNA fragmentation
occurred in the PBMCs lead to the impaired immune
function of the turkey poults that were injected with
PQ in the current study. On the other hand, Hsp70,
which is classified as a constitutive protein synthesized
to protect cells from stress (Al-Aqil et al., 2009), was
also analyzed in the PBMCs of turkey poults in the
present study. The Hsp70 was over blotted in the PQ
group compared with the C group. In accordance with
our results, previous reports demonstrated higher ex-
pressions of Hsp70 in rats (Crum et al., 2015) and mice
(Nakanishi and Yasumoto, 1997) that received PQ com-
pound in comparison with the controls. These findings
show that PQ administration appeared to activate ox-
idative degradation in the cell, and consequently, in-
creased the level of oxidized proteins, which stimulate

self-defense mechanism of the cell to increase the level
of Hsp70.

The dietary propolis supplementation to the turkey
poults reduced the DNA fragmentation and the over ex-
pression of Hsp70 in the PR+PQ and the PR groups to
normal levels similar to the C group. Phenolic acids and
flavonoids are known as the basic compounds of propo-
lis according to its quality and type (Kurek-Górecka
et al., 2013), and these compounds have a powerful
antioxidative activity (Gülçin, 2006). It was demon-
strated that such compounds inhibit the activity of par-
ticipated enzymes in the ROS creation such as cAMP
phosphodiesterase, protein kinase C, ascorbic acid oxi-
dase, lipoxygenase and Na+/K+ ATPase (Pietta, 2000).
Moreover, the antioxidant compounds of propolis de-
crease the activity of xanthine oxidase, an oxidase
of NADPH, which is responsible for the appearance
of superoxide anion radical (Harborne and Williams,
2000). In addition, propolis could activate the Cu/Zn-
superoxide dismutase, one of the most important an-
tioxidant enzymes (de Sá et al., 2013). These antiox-
idative characteristics of propolis may participate in the
mechanism of inhibiting the DNA damage and Hsp70
over-expression in PBMCs of turkey treated with PQ,
and then finally these birds can express a normal im-
mune function.

In conclusion, the PQ injection in turkey poults in-
duces an oxidative stress status and impairs the growth
performance and immune function in treated poults.
The negative effects of PQ could be justified by the high
levels of MDA and TNFα in PBMC’s, and the high cor-
ticosterone with low T3 concentrations in the plasma.
Furthermore, the DNA fragmentation and Hsp70 ex-
pression in the PBMCs explain the malfunction of these
cells and the low immunity in the PQ-treated poults.
In contrast, the dietary propolis supplementation can
alleviate the negative effects of PQ-induced oxidative
stress on the productive, physiological, and immunolog-
ical parameters of turkey poults. The positive effects of
antioxidative compounds in the propolis can decrease
the MDA, TNFα, corticosterone, DNA fragments, and
Hsp70 levels. Therefore, the addition of propolis at a
rate of 1 g/kg to the diet of turkey poults could be
recommended as a potential nutritional strategy in or-
der to improve their immunity and performance, espe-
cially under oxidative stress conditions by herbicides
like paraquat.
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Hašč́ık, P., I. O. Elimam, M. Kročko, M. Bobko, M. Kačániová,
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of in vitro antioxidant activity of fennel (Foeniculum vulgare)
seed extracts. LWT - Food Sci. Technol. 36:263–271. Available at
http://linkinghub.elsevier.com/retrieve/pii/S0023643802002268.

Ortiz, M. S., K. M. Forti, E. B. Suárez Martinez, L. G.
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