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Abstract

Transport disturbs birds’ welfare and health status which lead to oxidative stress and
dietary ascorbic acid mitigates the adverse effects of transport stress. The present
study was aimed to evaluate the impacts of ascorbic acid administration on oxida-
tive stress indices, cortisol, H/L ratio, tonic immobility reaction and rectal tempera-
ture of pigeons exposed to road transport. A total of 80 clinically healthy pigeons were
selected and randomly divided to eight equal groups as follow: (1) Ctrl=: fed by basal
diet and no subjected to transport stress; (2) Ctrl+: fed by the basal diet and sub-
jected to transport stress; (3, 4) 1DBS10 and 1DBS16: received ascorbic acid from 1
day before transport stress at doses of 10 g/100 L and 16 g/100 L of drinking water,
respectively; (5, 6) 3DBS10 and 3DBS16: treated with ascorbic acid from 3 consecutive
days before transport stress at doses of 10 g/100 L and 16 g/100 L, respectively and (7,
8) 7DBS10 and 7DBS16: received ascorbic acid from 7 consecutive days before the
transport at doses 10 g/100 L and 16 g/100 L, respectively. Birds were transported for
3 h over a distance of about 200 km. The total antioxidant capacity, malondialdehyde
and cortisol were measured before transport and at 6, 24 and 72 h post-transportation.
The rectal temperature and tunic immobility reactions were recorded. Dietary ascor-
bic acid led to a decrease in tonic immobility response, hetrophil to lymphocyte ratio,
circulating cortisol and total antioxidant capacity, and an increase in circulating malon-
dialdehyde in pigeons exposed to transport stress compare to Ctrl+ group. In conclu-
sion, ascorbic acid administration at dose 16 g/100 L of drinking water from 3 and 7
days before exposure to stress helps attenuate undesirable effects of oxidative stress

in pigeons.
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1 | INTRODUCTION

Stress is the nonspecific and adaptive responses of the body to
any stressful conditions in birds (Etim et al., 2013). Stress activates
the pituitary-adrenal axis and leads to secrete adrenocorticotropin
(ACTH) hormone, affecting the blood homeostasis system (Scanes,
2016). Stressful conditions affect birds’ physiological status, causing an
increase in cortisol secretion, heart rate and body temperature. Fur-
thermore, stressors increase susceptibility to infectious diseases and
mortality in birds (Etim et al., 2013).

Numerous behavioural and physiological markers have to evaluate
stress in avian (Edelaar et al., 2012). Tonic immobility (TI) reaction,
serum level of cortisol and heterophil to lymphocyte (H/L) ratio used
as reliable behavioural and physiological indicators for assessing wel-
fare and stress status in birds (Alm et al., 2016). Stressful situations
in birds lead to oxidative stress, resulting in an imbalance between
reactive oxygen species (ROS) production and antioxidant defences.
Hence, evaluating the levels of oxidation and the antioxidant compo-
nents in the body could be beneficial for assessing the oxidative status
(Vassalle, 2008). There are various oxidative stress-related biomark-
ers, including malondialdehyde (MDA) and total antioxidant capacity
(T-AOC) to evaluate the oxidative status in avian (Lee et al., 2017). Birds
are exposed to a variety of psychological, physical, chemical, nutritional
or infectious stressors in their lifetime, which decreased their produc-
tive performance, immune response and welfare (Etim et al., 2013).

Transport stress is one of the stress conditions in birds that lead to
disturbs their welfare and health status (Von Borell, 2001). Transport
stress disturbs hormonal, physiological, biochemical and immunologi-
cal responses in birds (Zhang et al., 2017). During transportation, birds
are exposed to various potential stressors such as handling, crowding,
feed withdrawal, insufficient ventilation, vibration, thermal extremes
and noise that can multiply the unfavourable effects of the transport
stress (Al-Aqil et al., 2013). Road transport stress is more vital in sick
birds referred to veterinary clinics, which leads to a change in the
clinical symptoms of the disease, resulting in misdiagnosis and sud-
den death (Minka et al., 2012). Accordingly, attenuation of its adverse
effects is valuable for maintaining the health and welfare of birds (Gha-
reeb et al.,, 2008). Transport stress leads to oxidative stress, which
increases the body’s demands for antioxidants for neutralising the ROS
and protecting the body against oxidative stress (Pisoschi & Pop, 2015).
Thus, administering the natural antioxidants could help ameliorate the
oxidative stress induced by transport (Senay et al., 2019).

Ascorbic acid (AA) is a potent natural antioxidant, which mitigates
the adverse effects of stress and improves productive performance
(Rao et al., 2011; Whitehead & Keller, 2019). AA intake has signifi-
cant impacts on the incidence and severity of infectious diseases and
stress (Khan et al., 2012). Studies have established the positive effects
of dietary AA on improving immune response, growth performance
and health status in birds under stressful conditions. As well as, sup-
plements of AA modulated oxidative stress and increased the survival
rate in broilers under stress (Gouda et al., 2020; Shojadoost et al.,

2021). Various researches have used AA for attenuating the destruc-

tive effects of transport stress on chickens, ostriches, quail and laying
hens (Minka and Ayo, 2008, 2010, 2013).

According to previous findings, it was hypothesised that the AA
intake may reduce the negative effects of road transport in pigeons;
therefore, the present study was aimed to evaluate the impacts of pro-
phylactic administration of AA with low and high doses at three dif-
ferent short, moderate and long term on some oxidative stress indices
of pigeons exposed to road transport. Furthermore, the effects of AA
administration on circulating cortisol, H/L ratio, tonic immobility reac-
tion and rectal temperature of pigeons were investigated. The results
of the present study may also aid to the better management of pigeons

under transport stress.

2 | MATERIALS AND METHODS

2.1 | Birds and experimental groups

The study was carried out on 80 clinically healthy pigeons weighing
398.10 + 18.52 g. During the experiment, they were fed by commercial
diet (Parsdan®, fars, Iran) ad libitum. After 2-weeks adaptation period,
the pigeons were randomly assigned to eight equal treatment groups
(n = 10) as follow (Figure 1): Ctrl~ (negative control): fed by basal diet
and no subjected to transport stress; Ctrl+ (positive control): fed the
basal diet and subjected to transport stress; 1DBS10 and 1DBS16:
received AA from 1 day before transport stress at doses of 10 g/100
L and 16 g/100 L, respectively; 3DBS10 and 3DBS16: treated with AA
from 3 consecutive days before transport stress at doses of 10 g/100 L
and 16 g/100 L, respectively; 7DBS10 and 7DBS16: received AA from
7 consecutive days before the transport at doses 10 g/100 L and 16
g/100 L, respectively. AA (ascorbic acid 50%, Royan Darou Co., Tehran,
Iran) was administrated in two different doses, including low (10 g/100
L) and high dose (16 g/100 L) for three different periods, such as 1, 3
and 7 days (short, moderate and long-term, respectively) before expo-
sure to transport stress via drinking water. The birds had 12-14 h of
natural lighting daily.

2.2 | Transport stress induction

Transport stress induction in pigeons was performed according to a
study by Scope et al. (2002). On transport day, the various groups of
pigeons were colour-marked for easy identification. Then, all groups
expect Ctrl~ were loaded into carrier crates at a stocking density of
about 245 cm?/bird that each basket contained five birds from each
group. Then, birds were transported for 3 h over a distance of about
200 km with an average speed of 60 km/h (between 08:00 and 11:00
a.m.). All treatments were the same transportation conditions. Feed
and water were withdrawn from the birds from 6 and 2 h before tran-
sit, respectively. The feed and water were not available for the pigeons
during transit. The vehicle condition (temperature and humidity) were

similar for all the pigeons, and near the experiment room condition to
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FIGURE 1

at dose of 16 g/100 L from 1 day before transport stress; 1DBS10: AA treated at dose 10 g/100 L from 1 day before transport stress; 3DBS16:
AA-supplemented at dose 16 g/100 L from 3 days before transport stress; 3DBS10: AA-supplemented at dose 10 g/100 L from 3 days before
transport stress; 7DBS16: AA-supplemented at dose 16 g/100 from 7 days before transport stress; 7DBS10: AA-supplemented at dose 10 g/100

from 7 days before transport stress

reduce the effect of heat or cold stress. After transport, all birds were
returned to the experimental rooms and received the same conditions

as before transit.

2.3 | Blood sampling and serum biochemical
measurement

Blood samples (3 ml) were taken from the wing vein immediately before
transport (zero time) and at 6, 24 and 72 h post-transportation from
all birds in each group. About 2.5 ml of the blood samples were col-
lected into the plain tube, centrifuged at 750 g for 10 min and sep-
arated sera were stored at —20°C until further assay. About 0.5 ml
of the blood samples were collected in heparinised tubes for gather-
ing whole blood. The whole blood samples were smeared on micro-
scopic slides, air-dried and then stained with Wright-Giemsa stain.
H/L ratio was determined under a compound microscope at a magni-
fication of 100x with oil immersion in each slide. In each slide, lym-
phocyte and heterophil cells were counted to 100 cells using the
straight edge method and the H/L ratio was obtained by dividing the
number of heterophils by the number of lymphocytes (Jayaprakash
etal, 2016).

The serum levels of T-AOC and MDA as oxidative indices and cor-
tisol as stress markers were measured. The T-AOC was assayed by
spectrophotometric method (Kiazist life science CO., Iran; sensitivity
equal to 20 nmol/mL; intra-assay and inter-assay CV < 17% and 16%,
respectively). MDA was analysed by colorimetric/fluorometric method
(Kiazist life Science Co., Iran; sensitivity equal to 10 uM; intra-assay and
inter-assay CV < 15% and 19%, respectively). The serum concentration
of cortisol was evaluated by the ELISA technique using the commercial
kits (DIMETRA, Italy) according to the instructions of the manufacturer
of the kit.

2.4 | Rectal temperature and Tl reaction
measurement

The rectal temperature (RT) was recorded as a physiological indicator
in all the pigeons from each group at different times: before the trans-
portation (BT), immediately post-transport (PT) and 3, 6 and 24 h post-
transport. The RT was recorded using a digital thermometer by insert-
ing about 2 cm into the cloacae of birds.

Tl reaction was assessed as a fear response in all the pigeons per
each treatment. The birds were tested individually for the duration of
Tl and the number of inductions to attain Tl at three different times as
follows: 3 (1st test), 24 (2nd test) and 72 (3rd test) h post-transport.
Immediately following the transport stress, the birds were transported
to separate rooms (no visual contact with other birds), and the Tl test
was performed as described by Edelaar et al. (2012). Each bird was indi-
vidually placed on its back for 15 s, fully covering the pigeon with one
hand. After 15 s, the force of the hand was slowly removed. If the pigeon
righted itself before 5 s, the Tl was repeated immediately. If the bird
remained immobile on its back for more than 5 s, the time until the bird
righted itself was recorded as Tl duration using a stopwatch. Further-
more, the number of efforts to induce Tl was documented as the num-
ber of inductions of Tl. The maximum test duration allowed was 10 min,
and no more than five attempts were made to induce Tl (Edelaar et al.,
2012).

2.5 | Statistical analysis

All data obtained were subjected to one-way ANOVA followed by the
Post-Hoc Tukey’s HSD test. Repeated measures ANOVA was employed
for assessing the trend alteration of all the studied parameters. The

effects of groups, time and their interactions on the changes of each
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TABLE 1 The effects of ascorbic acid on serum values of MDA, TAC and cortisol, and ratio of H/L (mean + SE) in different groups of pigeons

subjected to transport stress

Times p Value
Parameters Groups 0 (BT) 6hPT 24hPT 72hPT Group Time Group x Time
MDA (umol/L) Ctrl~ 171.03 +7.21° 118.93 + 6.54° 115.13 +8.05° 105.82 +9.732 <0.001 <0.001 <0.001
Ctrl* 169.69 + 5.62° 214.85+11.55° 204.78 +8.22° 198.45 + 9.49°
1DBS16 172.67 +4.90° 166.24 + 5.16¢ 176.11 + 1.66° 143.83 +7.96¢
1DBS10 165.93 + 5.222 199.13 +2.76¢ 200.02 +3.93° 162.17 +£7.41¢
3DBS16 176.38 + 6.25° 181.63 + 1.62¢ 114.52 +13.49° 95.73 +4.15
3DBS10 182.09 +7.122 182.31+2.83¢ 166.81 +8.05¢ 114.58 +7.66*
7DBS16 196.72 + 5.88? 191.39 + 2.58°4 127.81 +6.98° 88.61+5.934
7DBS10 170.54 + 6.74° 202.70 + 1.76P4 159.37 £ 7.74¢ 83.91+5.714
TAC (mmol/L) Ctrl- 580.98 + 10.982 632.16 +11.112  624.62+12.68% 576.18+13.54° <0.001 <0.001 <0.001
Ctrl* 569.87 +19.43° 34809 +29.15°  338.18+19.54° 42841+ 14.16P
1DBS16  573.73 + 18.03*P 428.97 + 31.63¢ 44583 +23.63° 442.94+20.16°
1DBS10 57276 +19.01*°  273.96+24.86¢  369.80+18.82° 428.26 + 23.54°
3DBS16  587.93+19.32° 510.64+10.75¢ 53126 +26.24¢  602.73 + 35.15?
3DBS10 56253 +18.32° 34524 +1589°  401.60+23.03° 463.94+21.12°
7DBS16 582.09 +20.53? 527.13 + 14.54¢ 558.07 + 11.26¢  549.27 + 30.272
7DBS10 57576 +22.53%°  396.32 + 16.64°¢  430.97 +21.53° 548.99 +24.152
Cortisol (ng/ml) Ctrl- 0.73+0.092 0.84 +06* 0.8072 +0.8? 0.8340+0.06* <0.001 <0.001 <0.001
Ctrl* 0.98 +0.14° 2.89+0.14° 0.8110+0.122 0.8800 +0.04°
1DBS16 0.78 +0.09° 1.99+0.12¢ 0.8700 +0.20° 0.9840 +0.08?
1DBS10 0.93+0.11° 1.86 +0.20¢ 0.9840 +0.16° 0.8120 +0.09°
3DBS16 0.79 +0.05? 1.05 +0.16¢ 0.7880 +0.152 0.8730 +0.102
3DBS10 0.85 +0.08? 0.99 +0.09¢ 0.7310+0.10° 0.8330 +0.04%
7DBS16 0.81+0.12° 0.81+0.104 0.8380+0.132 0.8190 +0.09?
7DBS10 0.94+0.37° 0.83+0.134 0.8240 +0.05% 0.7630+0.10°
H/L Ctrl- 0.60 +0.05° 0.58 +0.03? 0.66 +0.06° 0.63+0.722 <0.001 <0.001 <0.001
Ctrl* 0.61+0.08° 1.89+0.13° 1.75+0.10° 1.63+0.08°
1DBS16 0.60 +0.05% 1.48 +0.14°¢ 1.38 +0.10° 1.47 +0.06°
1DBS10 0.66 +0.04° 1.59 +0.07°¢ 1.42 +0.125¢ 1.21+0.10°
3DBS16 0.70 +0.05° 1.41+0.10¢ 1.18 +0.13¢ 0.88 +0.08¢
3DBS10 0.64 +0.03° 1.68 +0.17¢ 1.00 +0.08¢ 0.82 +0.04>¢
7DBS16 0.57 +0.02° 1.35+0.16¢ 0.74+0.17° 0.60+0.11°
7DBS10 0.64 +0.04* 1.47 +£0.14¢ 1.18 +0.12°¢ 0.70 + 0.04*¢

MDA: malondialdehyde; T-AOC: total antioxidant capacity; H/L: hetrophil to lymphocyte ratio; Ctrl~: negative control; Ctrl*: positive control; 1DBS16: AA
treated at dose of 16 g/100 L from 1 day before transport stress; 1DBS10: AA treated at dose 10 g/100 L from 1 day before transport stress; 3DBS16: AA-
supplemented at dose 16 g/100 L from 3 days before transport stress; 3DBS10: AA-supplemented at dose 10 g/100 L from 3 days before transport stress;
7DBS16: AA-supplemented at dose 16 g/100 from 7 days before transport stress; 7DBS10: AA-supplemented at dose 10 g/100 from 7 days before transport
stress; BT: before transport; h PT: h post-transport. Different superscript letters indicate significant differences in column among different groups (p < 0.05).

parameter were also analysed. Results were expressed as mean + stan-
dard error (mean + SE) and the significance level was set at p < 0.05.

3 | RESULTS

Table 1 shows the effects of AA administration on the H/L ratio and
serum levels of cortisol, MDA, T-AOC in different groups of pigeons

subjected to transport stress. There were no significant differences
in different parameters between various treatments at time zero
(Tables 1-3; p> 0.05). At all times (6, 24 and 72 h post-transport stress)
the Ctrl+ group had significantly the lowest level of the T-AOC and the
highest levels of MDA and the cortisol compared to all other groups
(Table 1; p < 0.05). At 6 h post-transport, the serum concentration of
MDA was significantly lower in the 1DBS16 group than all groups that
received AA (Table 1; p < 0.05). As shown in Table 1, the Ctrl~, 3DBS16
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TABLE 2 Effect of AA administration on rectal temperature at different pre- and post-transport times at different groups of pigeons subjected
to transport stress
Times p Value
Parameter Groups BT PT 3hPT 6hPT 24hPT Group Time  Group x Time
Rectal Ctrl- 41.66 +0.12*  40.21+0.69° 40.22+1.02 40.33+1.02* 4043+0.34° <0001 <0.001 <0.001
temperature ¢+ 410340547 4157+081° 4086+103° 4064+103" 40.32+0.58°
1DBS16 41.80+0.76* 41.42+0.64°> 40.48+0.98% 40.44+0.95% 40.67 +0.75°
1DBS10 41.71+0.86* 41.77+0.97° 40.38+1.43* 40.32+0.82* 40.28 +0.93?
3DBS16 41.09+0.97* 40.96+0.99¢ 40.33+0.91® 40.33+0.83* 40.28+0.78°
3DBS10 41.82+1.09% 40.78+0.86%¢ 40.37+0.75% 40.46+0.92° 40.36 +0.76°
7DBS16 41.08+1.05 40.61+1.12¢ 40.57+0.75° 40.27+0.93* 40.49+0.97°
7DBS10 41.15+0.76° 40.39+0.87*¢ 40.21+0.94° 40.21+120° 40.29+0.93°

AA: ascorbic acid; Ctrl™: negative control; Ctrl*: positive control; 1DBS16: AA treated at dose of 16 g/100 L from 1 day before transport stress; 1DBS10: AA
treated at dose 10 g/100 L from 1 day before transport stress; 3DBS16: AA-supplemented at dose 16 g/100 L from 3 days before transport stress; 3DBS10:
AA-supplemented at dose 10 g/100 L from 3 days before transport stress; 7DBS16: AA-supplemented at dose 16 g/100 from 7 days before transport stress;
7DBS10: AA-supplemented at dose 10 g/100 from 7 days before transport stress; BT: before transport; h PT: h post-transport. Different superscript letters

indicate significant differences in column among different groups (p < 0.05).

TABLE 3 Effects of AA administration on Tl duration and number of Tl induction (mean + SE) at different times in pigeons subjected to
transport stress
Times (h) p Value
Indices Groups 3hPT 24hPT 72hPT Group Time Group x Time
Tl duration (s) Ctrl~ 41.40 + 5.69° 31.30 +5.052 30.40 +5.712 <0.001 <0.001 <0.001
Ctrl*+ 145.20 + 7.83° 84.70 + 5.43° 36.10 £ 5.64%
1DBS16 136.30 + 12.38° 68.30 +4.35¢ 40.40 +5.53°
1DBS10 13320+ 7.21° 68.10 +4.70° 37.00 + 2.08?
3DBS16 103.30 + 4.60° 69.30 +6.87¢ 4410 +4.19°
3DBS10 96.50 + 7.07%4 68.80 + 6.42° 32.40 +2.51°
7DBS16 99.01 + 9.54¢¢ 48.20 + 4.69¢ 27.70+2.08%
7DBS10 79.70 + 4.44¢ 54.10 + 5.64%4 30.00 +3.142
Number of Tl Ctrl~ 0.80 + 0.09° 0.80+0.13? 0.80 + 0.102P <0.001 <0.001 <0.001
induction Ctrl* 230+0.13 1.60+£0.145 1.00 +0.09°
1DBS16 2.00+0.21° 1.30+0.12° 1.00 +0.14°
1DBS10 2.10 +0.97° 1.10+0.152 0.90 +0.132°
3DBS16 1.80 +0.18°¢ 1.20+0.172 0.90 +0.122P
3DBS10 1.70+0.23° 1.00+0.10° 0.90 +0.213P
7DBS16 1.40 +0.18° 0.90+0.112 0.80 +0.30*°
7DBS10 1.30+0.32¢ 1.10+0.132 0.60+0.21P

AA: ascorbic acid; Ctrl™: negative control; Ctrl*: positive control; 1DBS16: AA treated at dose of 16 g/100 L from 1 day before transport stress; 1DBS10: AA
treated at dose 10 g/100 L from 1 day before transport stress; 3DBS16: AA-supplemented at dose 16 g/100 L from 3 days before transport stress; 3DBS10:
AA-supplemented at dose 10 g/100 L from 3 days before transport stress; 7DBS16: AA-supplemented at dose 16 g/100 from 7 days before transport stress;
7DBS10: AA-supplemented at dose 10 g/100 from 7 days before transport stress; BT: before transport; h PT: h post-transport; Tl: tunic immobility. Different
superscript letters indicate significant differences in column among different groups (p < 0.05).

and 7DBS16 groups had lower MDA levels compared to other treat-
ments at 24 h post-transport (p < 0.05). As shown in Table 1, the MDA
level was lower in 7DBS16 and 7DBS10 groups than other treatments
at 72 h post-transport. At all times after transport stress, the 3DBS16
and 7DBS16 groups had higher T-AOC amonge various treatments
that received AA (Table 1; p < 0.05).

As seen in Table 1, the serum level of cortisol was signifi-
cantly higher in the Ctrl+, 1DBS10 and 1DBS16 groups than
others at 6 h post-transport stress (p < 0.05). The 3DBS16,
3DBS10, 7DBS16 and 7DBS10 groups had significantly lower
cortisol than other groups exposed to transport stress at 6 h after

transit. There were no significant differences between various
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groups in term cortisol at 24 and 72 h post-transport (Table 1;
p>0.05).

The H/L ratio was significantly higher in the Ctrl+ compared to the
Ctrl~ at all times of post-transport stress (Table 1; p < 0.05). At 6 h post-
transport, all the AA-supplemented groups had lower the H/L ratio
compared to the Ctrl+ (Table 1; p < 0.05). There was no significant
difference in the H/L ratio between various groups treated with AA
(p > 0.05). At 24 and 72 h post-transport, the 7DBS16 had decreased
the ratio of H/L compared to other treatments (p < 0.05).

Table 2 presents the effects of AA administration on the RT in differ-
ent groups subjected to transport stress. There were no significant dif-
ferences in the RT between various groups before transport stress (BT
time) (p > 0.05). At all times of post-transport stress, the RT increased
significantly in the Ctrl+ compared to the Ctrl~. Atimmediately and 3h
post-transport, the 3DBS10 and 3DBS16 groups had lower the RT than
other the AA-treated groups (Table 2; p < 0.05). There was no signifi-
cant difference between various treatments in the RT at 24 and 72 h
post-stress (p > 0.05).

Table 3 shows the variations in the Tl duration and the number of Tl
inductions in response to AA administration in different groups. At 3
and 24 h after stress, the Tl duration elevated in all groups subjected to
stress compared to Ctrl™ (p < 0.05). The 7DBS10 and 7DBS16 groups
had significantly lower the Tl duration and the number of Tl inductions
than other treatments received AA at 3 and 24 h post-transport. At 72
h post-transport, there was no significant difference in the Tl duration
between treatments (Table 3; p > 0.05).

4 | DISCUSSION

Birds are transported by road for various purposes such as trad-
ing between different cities, attending exhibitions and visiting clinics
(Zheng et al., 2020). Literature showed that road transport leads to
oxidative stress and impairment in the health status of birds (Zhang
et al, 2010). Numerous researchers have used electrolytes, amino
acids and antioxidants to mitigate the deleterious effects of oxidative
stress induced by transport stress (Salami et al., 2015; Zhang et al.,
2019). The current experiment revealed that prophylactic administra-
tion of AA at dose 16 g/100 L of drinking water for 3 and 7 consecutive
days before exposure to transport stress mitigated oxidative stress in
pigeons (Table 1). Moreover, the current experiment indicated that AA
intake could regulate physiological, fear and behavioural responses in
pigeons exposed to transport stress (Tables 1-3).

Oxidative stress is one of the most important biological harmful
mechanisms that impair the growth and function of birds (Surai et al.,
2019). Oxidative stress causes cellular damages by protein oxidation,
nucleic acid damage and lipid peroxidation (Moloney & Cotter, 2018).
Many oxidative stress-related biomarkers can be measured to evaluate
the oxidative status in avian (Emamiet al., 2021). MDA is the most com-
monly used biomarker to estimate lipid peroxidation in oxidative stress
(Rehman et al., 2018). Evaluation of the activity of antioxidant com-
ponents is another reliable marker for evaluating oxidative status. In

birds exposed to stress, antioxidant status is measured individually as

non-enzymatic and enzymatic antioxidants or the T-AOC (El-Senousey
et al,, 2018). Measuring the various antioxidant molecules one by one
would be excessively time-consuming, expensive and required numer-
ous analytical instruments and assays. Consequently, T-AOC is com-
monly measured as a reliable index for estimating the status of antiox-
idant components in the body (Lee et al., 2017). Numerous Researches
have suggested that antioxidant compounds could control oxidative
stress by neutralising free radicals and increasing the activities of the
antioxidant enzymes. For this reason, antioxidants improve health sta-
tus and immune function in birds (Guo et al., 2020).

According to Table 2, there was no significant difference in circulat-
ing MDA and T-AOC in various treatments at time zero (before expo-
sure to transport stress), indicating birds had no exposure to any stres-
sors before transit. At all times of post-transport (6,24 and 72 h), the all
transport-stressed groups had a significantly higher MDA and lower T-
AOC levels in serum compared to the Ctrl™ (Table 1; p < 0.05). Elevated
serum level of MDA in pigeons exposed to transport stress (Table 1) is
in line with previous studies that suggested increased MDA in biologi-
cal fluids are associated with various environmental stressors (Ito et al.,
2019). In line with previous literature, transport-stressed pigeons had
a higher T-AOC level in serum (Table 1). In agreement with our find-
ings, Lee et al. (2017) reported that the enzymatic and non-enzymatic
antioxidant activities changed under stress for neutralising ROS. The
results of this study showed that road transport led to oxidative stress
in pigeons by increasing MDA production and decreasing T-AOC level
in serum.

Vitamin C or AA has potent antioxidant impacts in defence system
by free radicals neutralisation, dehydrocarboxyl production and eleva-
tion of the activity of antioxidant enzymes in birds subjected to stres-
sors (Shojadoost et al., 2021). Furthermore, AA protects birds against
stress by decreasing cortisol secretion, lipid peroxidation and increas-
ing the activity of antioxidant enzymes such as glutathione in the body
(Macan et al., 2019). The birds can synthesise AA in their body to meet
their requirements under normal conditions (Gouda et al., 2020). Stud-
ies have shown that the AA demands of birds elevated following expo-
sure to stress (Abidin & Khatoon, 2013). In this respect, various stud-
ies showed that the positive effects of AA on improvement of health
and oxidative status in birds exposed to stressors (Gouda et al., 2020;
Shojadoost et al., 2021). In the present study, at 6 h post-transport, the
1DBS16 group had a lower serum concentration of MDA among the
groups that received AA (Table 1; p < 0.05). At 24 and 72 h after transit,
3DBS16 and 7DBS16 groups had higher T-AOC and lower MDA levels
among groups exposed to transport stress (Table 1; p < 0.05), indicating
these groups had potent responses against transport stress. Although
receiving a high dose of ascorbic acid for one day before transport in
the 1DBS16 group had a better response at first hours post-transport.
However, as seen in Table 2, the trend of decreasing serum MDA level
in 3DBS16 and 7DBS16 groups was more significant at different days
post-stress. These findings indicated that AA intake at dose 16 g/100 L
for 3 and 7 consecutive days before transit had more potent effects on
improving oxidative status in stressed pigeons. AA as a natural antiox-
idant inhibits lipid peroxidation and MDA production during stress

conditions. Furthermore, AA supplementation leads to an increase in
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the antioxidant capacity and antioxidant enzymes activity in the bird’s
body (Leskovec et al., 2018). Saiz del Barrio et al. (2020) reported that
AA increased the antioxidant capacity of the broiler’s body. Horvath
and Babinszky (2018) stated that AA intake led to decrease MDA and
increase T-AOC in broilers exposed to stress conditions. The results of
the current research indicate that AA receiving at dose 16 g/100 L of
drinking water from 3 and 7 days before exposure to transport stress
significantly depressed MDA value and increased T-AOC level in serum
of pigeons, indicating prophylactic administration with AA had positive
effects on attenuating the oxidative stress in pigeons.

Assaying the H/L ratio and the blood cortisol concentration are valu-
able biomarkers in avian exposed to stressors (Bale et al., 2020; Vicuia
et al,, 2015). Stress increases the number of heterophils and decreases
the number of lymphocytes, leading to elevating the relative propor-
tion of neutrophils to lymphocytes (Davis et al., 2008). Previous lit-
erature revealed that transportation increased fearfulness in birds,
leading to an increase in the H/L ratio and serum level of cortisol in
their body (Jayaprakash et al., 2016). The H/L ratio reflects of body’s
reaction to various stressful conditions, which is a reliable marker for
assessing the well-being and health status of birds (Huth & Archer,
2015).

The literature revealed that the ratio of H/L increase in chickens
under various stressors, including feed restriction, heat stress, trans-
portation stress and infectious diseases (Al-Aqil et al., 2013; Najafi
et al,, 2015). According to Table 1, there was no significant difference
in the ratio of H/L in various treatments at time zero (before exposure
to transport stress), indicating birds did no expose to any stressful con-
ditions before transit. The H/L ratio was higher in pigeons subjected
to transport stress than Ctrl~ group at 6, 24 and 72 h post-transport,
indicating that transport stress had unfavourable effects on pigeon’s
physiology system for three days after transit (Table 1; p < 0.05). These
results confirmed that road transport stress increases the ratio of
H/L in pigeons, which is consistent with previous studies stating the
stress increases the ratio of H/L in birds (Minka & Ayo, 2008). AA
supplementing with a dose of 16 g/100 L for 7 consecutive days led
to a decrease in the H/L ratio of pigeons exposed to transport stress
(Table 1; p < 0.05). In agreement with these results, Minka & Ayo (2010)
showed that AA receiving reduced the H/L ratio in pullets exposed
to transport stress. The reducing effect of AA on the ratio of H/L in
pigeons may be related to its antioxidant properties (Minka & Ayo,
2010). Furthermore, Selvam et al. (2017) demonstrated that antioxi-
dant compounds reduced the H/L ratio in broilers subjected to stress.
Based on Table 1, transport stress increased the serum levels of cor-
tisol in Ctrl+, 1DBS10 and 1DBS16 groups compared to other treat-
ments at 6 h post-transport stress. AA administration in the 3DBS16,
3DBS10, 7DBS16 and 7DBS10 groups led to a decrease in circulating
level of cortisol at 6 h after transit. There were no significant differ-
ences between various groups in term cortisol at 24 and 72 h post-
transport (Table 1; p > 0.05). These findings are in line with results by
Gou et al. (2020) that indicated transport stress increased significantly
circulating cortisol in broilers. Saiz del Barrio et al. (2020) showed that
AA supplementation reduces the plasma cortisol level in broiler chick-

ens exposed to heat stress. Based on the current investigation, long-

term AA administration at dose 16 g/100 L reduced the ratio of H/L and
circulating cortisol, indicating that AA could be attenuate the negative
effects of stress induced by road transport in pigeons.

Various behavioural and fear responses are widely assessed as re-
label indicators of stress in birds, and tonic immobility reaction is one
of the most common tests for stress assessment in birds (Mutibvu et al.,
2017). Tonic immobility (TI) reaction is a useful behavioural measure-
ment to estimate the levels of fearfulness and stress in birds (Ede-
laar et al., 2012). Jayaprakash et al. (2016) stated that transport stress
led to a change in the Tl reaction in broiler chickens. Several studies
reported that tonic immobility reaction enhanced in birds exposed to
fear and stressors events (Ghareeb et al., 2008). Stressful conditions
activate the hypothalamic-pituitary-adrenal axis, causing the secre-
tion of cortisol and finally lead to an increase in tonic immobility reac-
tions (Myers et al., 2017). Circulating cortisol correlates positively with
the duration of tonic immobility in chickens during stressors (Bedanova
et al., 2007). Previous literature stated that AA controlled the activ-
ity of the fear centre in the bird’s brain (Egbuniwe et al., 2015). Fur-
thermore, Fletcher et al. (2021) showed that AA intake during stress
situations increased the production of some neurotransmitters and
norepinephrine, thereby controlling many activities of brain. Accord-
ing to the results in Table 3, all birds exposed to transport stress had
a significantly higher Tl duration than the Ctrl~ at 3 and 24 h post-
transport. Among the groups receiving AA, the lowest Tl duration was
observed in the 7DBS10 and 7DBS16 groups at 3 and 24 h post-
transport (p < 0.05). At 72 h after transit, the 3HBS16 group had the
highest significant Tl time (p < 0.05), and no significant difference was
observed between the other treatment and control groups in terms of
Tl duration (Table 3; p > 0.05). At 3 h after transportation, the low-
est number of Tl inductions was significantly observed in the Ctrl~. At
3 h post-transit, groups that received low-dose and high-dose AA sup-
plementation for 3 and 7 days had a decreased number of Tl induc-
tions among groups under stress (p < 0.05). At 72 h after transit, the
Ctrl+ and 1DBS16 groups had the highest frequency of Tl induction.
The results of the current experiment are in line with Ghareeb et al.’s
research (2008) showing transport increases the duration of Tl reac-
tionin broilers. Minka & Ayo (2010) also showed that intake of vitamins
C and E reduced fear behaviours and Tl duration in pullet exposed to
transport stress in hot weather. Accordingly, it can be concluded that
the AA administration at a dose of 16 g/100 L of drinking water for 3
days may decrease Tl reaction by reducing oxidative stress and boost-
ing the body’s antioxidant systems in pigeon.

The rectal temperature (RT) as a physiological marker is another
index for assessing stress in birds. Body temperature increased in birds
under stressful conditions (Edelaar et al., 2012). Studies have shown
that transport stress increases body temperature in birds (Minka &
Ayo, 2008, 2010). Many studies reported that hyperthermia during
transit is one of the most important causes of death in various birds
(Minka & Ayo, 2008, 2010). So, controlling the body temperature
in stressed birds is very important and vital. Previous researches
showed that antioxidants decreased the body temperature in broilers
subjected to stressors (Ghazi Harsini et al., 2012). According to Table 2,

the RT had no significant difference between treatments before
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exposure to transit. The RT increased in pigeons exposed to transport
stress compared to the Ctrl~ at different times (immediately, 3 and
6 h) post-transport. The short-term and long-term AA administration
with two different doses significantly decreased the RT in pigeons
subjected to stress (Table 2). In the present study, pigeons were trans-
ported during cool hours of the day (between 8 and 11 a.m.), indicating
ambient temperature had no effect on increasing the pigeons’ body
temperature. These findings are in agreement with the results of
Gonzalez et al. (2007) reporting the body temperature increases in
quails exposed to a 95 min of transport stress. Minka and Ayo (2013)
showed anincrease in body temperature in quails exposed to transport
stress compared to non-stressed birds. Moreover, they showed that
administrating alpha-tocopherol and AA reduced the body tempera-
ture of stressed birds. AA decreases the body temperature in stressed
birds by inhibiting the secretion of prostaglandins (especially PGE) and
cytokines (IL-1 and IL-6) (Hemil3, 2017). Minka et al. (2012) reported
that AAis involved in maintaining body homeostasis and reducing body
temperature in bird exposure to stressors. It may be suggested that
prophylaxis administration with AA reduces the body temperature,

possibly due to the enhanced antioxidative status in pigeons.

5 | CONCLUSION

Transport stress in pigeons led to a decrease in serum levels of T-AOC
and an increase in the ratio of H/L and serum concentration of MDA
and cortisol in pigeons subjected to transport stress. Furthermore,
transport stress results in arise in body temperature and Tl reaction in
Ctrl+. Prophylactic administration of AA at dose 16 g/100 L of drinking
water from 3 and 7 days before exposure to transport stress improved
oxidative stress in pigeons by decreasing MDA production and elevat-
ing serum levels of T-AOC in 3DBS16 and 7DBS16 groups compared
to Ctrl+. Furthermore, AA administration led to reducing the ratio of
H/L, circulating cortisol, body temperature and Tl reaction in pigeons in
3DBS16 and 7DBS16 groups compared to transported stressed-birds
without AA administration. Therefore, it could be suggested that AA
administration at dose 16 g/100 L of drinking water from 3 and 7 days
before exposure to stress helps attenuate undesirable effects of trans-

port stress in pigeons.
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