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A Novel Non-Invasive Approach to Detect Cellular Signals of Oxidative Stress
due to Extreme Environmental Temperatures in Backyard Broiler from Arid

Tracts in India

ABSTRACT

The present investigation was aimed to investiget of non invasive methods to
detect cellular signals of oxidative stress duextseme environmental temperature periods
(ETPs) in broilers from arid tracts in India. ETiRs moderate, extreme hot and extreme cold
were used to sample the birds. Broilers were maeth under natural environment in
backyard poultry farms. Non invasive tools detemdirin the study were serum gamma
glutamyl transferase (GGT) and monoamine oxidasé&\@WM enzymes. Moderate mean
overall values were 60.00+2.11 U'land 156.00+253 U t, respectively. The mean values
of serum GGT and MAO during extreme hot ETP andeswé cold ETP were significantly
(p<0.05) higher than the respective mean moderateatbwerdue. Maximum percent change
in mean value was observed during extreme hot HiER in extreme cold ETP. It was
214.10% increase for serum MAO. The mean overdlievaluring extreme hot ETP was
significantly (p<0.05) higher as compared to respective extreme EGJIB mean overall
value. Age effect showed a significan<(p05) increase in the mean values of both the
markers being highest in the broilers of 8 weekagd. Results of present study suggested
that the degree of development of oxidative stieas higher during extreme hot ETP in
comparison to extreme cold ETP. The results dematest that higher activity levels of
enzymes may contribute to better tolerance to enuental temperature by increasing the
protection capacity against oxidative damage. Oma Iblasis of pattern of observations
obtained in the present study it can be recommetidgdroilers must be supplemented with
proper antioxidants to protect them from ill eflecf adverse environmental temperatures
and oxidative stress. Upshot of the endeavor etliglspecified the use of GGT and MAO as
novel non invasive approach to detect cellular agrof oxidative stress due to extreme
environmental temperature periods in broilers.
Key words: Environmenatl temperature period, GGT, MAO, norasive, novel, oxidative
stress

INTRODUCTION

The negative effects of high environmental tempgeaduring some months of the
year on poultry production have been of great cona® many countries. Birds in the arid
tract encounter with greater ambient variablessthermal discomfort sometimes goes to
the extent that improper expression of geneticrgitkis observed. Varying ambience may
produce detrimental effect if timely and proper swas are not taken in broiler houses (1).
Body temperature and metabolic rate of birds alaively high as compared to mammals,
which make birds vulnerable to oxidative stressaundigh environmental temperature.
Thermal ambience can influence growth charactesistf birds. High temperature coupled
with humidity is more stressful that results in oragconomical losses to the poultry industry
by reducing growth, egg production, hatchabilitydancreasing mortality. Heat stress not
only adversely affects production performance Bs &nhibits immune function (2) and is
one of the prominent environmental factors causiogst effective thrashing to
the poultry industry as it negatively impinges aowgth and production in broiler chickens
(3). Heat stress can cause derangement of oxidgttdity in broilers (4). Many diseases of
chicken are associated with oxidative cell damakge hutritional muscular dystrophy (5).
Most of the studies in broilers associated with imibstress have been carried out by
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exposing them to extreme temperature artificiallpere is scarcity of research regarding
reproducible quantification of heat stress effeatsich can be suitable for the evaluation of
dietary intervention strategies to combat heasstomnditions. Broiler production suffers
great losses due to effect of thermal stress. Eemmbient temperature increases the time to
reach market weight and mortality. Scientific conmityl is showing serious concern to
reveal the underlying mechanisms related to thesyned oxidative cell damage and
antioxidant status in broilers during extreme emwinental temperature periods for the use in
veterinary clinical practice. Now the time has cotoghink about the impact of ambience
stress in the form of oxidative stress which camoliginator of various diseases in which
mass mortality is observed which could have a grapact on the economical structure of
poultry raiser. If development of oxidative stress1 be stopped at an earlier step, further
losses can be prevented. However, the melanchdlyaispresence of oxidative stress can
only be established by laboratory findings (6).okimg towards the paucity of research work
on the use of markers of oxidative stress in breiteared in natural conditions of extreme
environmental temperatures, the present endeaverdaumched with the aim to investigate
use of non invasive methods to detect cellular @igyof oxidative stress due to extreme
environmental temperature periods (ETPs) in bac# peoilers from arid tracts in India.

MATERIALS AND METHODS

To investigate use of non invasive methods toafetellular signals of oxidative
stress due to extreme environmental temperatuiedse(ETPS) in back yard broilers from
arid tracts in India, blood samples were colled¢tedarvest the serum from three hundred and
sixty male poultry birds (White Leghorn) of 6-8 vkseof age groups from private backyard
poultry farms in and around Bikaner, Rajasthan,adndroilers were maintained under
natural environment with standard management comdit Blood samples were collected
during moderate (control), extreme hot and extrewid environmental temperature periods
(ETPs) during slaughtering. Sampling was carriedimumorning hours during moderate, hot
and cold environmental temperature periods. Bload wollected directly into the clean, dry
test tubes without any anticoagulant. After collattof the blood, test tubes were kept in the
slanting position for 30 minutes and blood wasvedid to clot. Then the clot was separated
from the walls of the each test tube with the heflsterilised stainless steel wire and then
each test tube was centrifuged at 3000 rpm for 8tut®s. Supernatant clear serum (non-
haemolysed) was pipetted out into sterilised ptagtls. All the parameters of antioxidant
status were analysed in fresh samples. In eaclmoemeental temperature period (ETP), 120
blood samples were collected. Broilers were algdegmaized according to age as 6 weeks
old, 7 weeks old and 8 weeks old in each envirorialdeamperature period. Each category
included 40 broilers. Average minimum and maximuminmental temperaturé8 during
moderate, hot and cold environmental temperaturegse were 20.10+ 0.02 and 28.12+
0.03; 29.20+ 0.03 and 45.78% 0.02; and 4.80+ 0rd ¥5.30+ 0.20, respectively. Average
relative humidity % at 8.00 am and 5.00 pm duringderate, hot and cold environmental
temperature periods were 53.50+ 1.00 and 31.10@&; 2©.15+ 0.02 and 10.93+ 0.03; and
68.02+ 2.00 and 32.50+ 1.00, respectively. To assagioxidant status, serum enzyme
indicators of antioxidant status were determindteske included gamma glutamyl transferase
(EC 2.3.2.2., GGT) and monoamine oxidase (EC #44.3MAQO).Gamma glutamyl
transferase (GGT) was determined by spectrophotamatthod as described by Wolf and
Williams (7). GGT hydrolyses the substratglutamyl-p- nitroanilide to yield p-nitroaniline
and y-glutamyl compounds.y-glutamyl-p-nitranillide is a chromogenic substrased
glycilglycine is a most commonly used acceptor raole. Serum is incubated with substrate
and the reaction is monitored at 405 mu. Changmpiital density per minute is recorded to
determine the enzyme activity. Monoamine oxidaseAQY! was determined by the
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colorimetric method of Green and Haught8h and with little modification as per Katamif

al. (9). The method is based on the measuremeneddlttehyde formed during the enzymic
oxidation of tyramine.The unstable aldehyde is pre®d from decomposing by the presence
of semicaebaz-ide, which is then converted intodbeesponding 2, 4 dinitrophenylhydr-
azone. The colour of this material is intense kakhe solution which provides a sensitive
measure of the enzymic activity.

The main parameters of the present investigatierewon invasive tools in the serum
of broilers during moderate, hot and cold environtaktemperature periods (ETPs). The
main effects were classified as environmental teatpees and age. The subsets of
environmental temperatures were moderate, hot altdenvironmental temperature periods
and of age were 6 weeks, 7 weeks and 8 weeks.aebribset data were expressed as mean
+ SE of mean and statistical significance was @&sk§10).

RESULTS

The present investigation was aimed to investiget of non invasive methods to
detect cellular signals due to ambience stressraiiels from arid tracts in India. Male
broilers were grouped according to age as 6 waek&eks and 8 weeks groups in each ETP.
The mean values of serum GGT and MAO during extraoteETP and extreme cold ETP
were significantly (g0.05) higher than the respective mean moderateabbwaiue (Table 1).
Maximum percent change in mean value was obseruethgld extreme hot ETP than in
extreme cold ETP (Table 2). It was 214.10% incrdaseserum MAO. The mean overall
value during extreme hot ETP was significantlg@®5) higher as compared to respective
extreme cold ETP mean overall value.

Age effect showed a significant<{p.05) increase in the mean values of both the
markers being highest in the broilers of 8 weekaigé. Per cent changes showed greater
increase during extreme hot ETP in comparison teeme cold ETP in all the mean values
of broilers according to age for GGT and MAO bdtagnitudes of age related variations
were 1.70, 1.15 and 1.41 times, respectively foureeGGT and 1.27, 1.21 and 1.42 times,
respectively for serum MAO in moderate, extremedrad extreme cold ETPs, being highest
in extreme hot ETP. It was observed that maximueneise of GGT value on percent basis
was observed in the broilers of 6 weeks of agendueixtreme hot and cold ETPs and MAO
vslue in the broilers of 6 weeks of age during @xte hot and in the broilers of 8 weeks of
age during cold ETPs. Magnitude of increase was tkesing extreme cold ETP for GGT.
Results of present study suggested that the degredevelopment of oxidative stress was
higher during extreme hot ETP in comparison toesxre cold ETP.

DISCUSSION
Gamma glutamyl transferase

Elevated serum GGT activity reflected enhanced atikid stress (11) due to
environmental temperature as a potent stressor @2jJum GGT is a commonly used
indicator of hepatotoxicity in poultry (13), howeyeeserach pertaining to serum GGT in
broilers is scanty in the literature. Gamma gluthingnsferase transfers gamma-glutamyl
functional groups and is found in many tissues,iost notable one being the liver and has
a significance as a diagnostic signal marker.dypla key role in the gamma-glutamyl cycle,
a pathway for the synthesis and degradation oatilidne and detoxification of many drugs.
Other lines of evidence indicate that GGT can alsert a prooxidant role, with regulatory
effects at various levels in cellular signal tramsttbn and cellular pathophysiology. Hence
reserachers (14) have put forward that increasesddef serum GGT should also be looked
in terms of oxidative stress along with liver pratls. Though countable efforts, but
scientists have started paying attention towardsrtie of GGT as a possible marker of
oxidative stress in chickens (15,16).
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There is scarcity of literature on the age assediatudies in serum GGT in broilers.
Earlier reports in poultry suggested that the #gtiof GGT was higher at 35 days of age in
broilers (17). Perhaps in this period there is gnedody development with a concurrent
significant increase of liver metabolism (17). Toigh off, it can be surmised that increased
activity of the serum GGT in present study was ttuexidative stress in the broilers and it
can be proposed that serum GGT can be used ased mavker of hepatic involvement as
well as a cell signal marker of oxidative stresbrioilers.

Mono amine oxidase

Activity of serum MAO is now increasingly gaininghportance as a biomarker of
oxidative stress as it catalyses the breakdowropénchine in brain, however, paucity of work
is there in broilers. Many earlier researchers hawghasized upon the association of
variation in activity of MAO to stress conditions mammals (18). Oxidative deamination of
several monoaminesis catalysed by MAO can resudiignificant reactive oxygen species
production contributing to oxidative stress (19hcreased oxidation of dopamine by
monoamine oxidase is associated with an oxidaesstrexpressed as a rise in the level of
oxidised glutathione. Researchers (20) have studibd developmental changes
in monoamine oxidase activities towards 5-hydroxytamine in chicks. Monoamine oxidase
is considered to be a potent source of reactivgesxispecies in mitochondria. They are
flavoproteins and located in the outer mitochoridm@mbrane and catalyze the oxidative
deamination ofneurotransmitters and dietary amigeserating hydrogenperoxide (21). The
monoamine catabolism generates alde-hydes, amnaowidhydrogen peroxide. MAO have
been extensively studied at the level of the cémteavous system but its role as a novel
marker to detect cellular signals of oxidative strenas been scarcely investigated.The
observations of variation in serum MAO levels teged the assumption that extreme ETPs
were able to produce oxidative stress in broilerd serum MAO activities can be used to
detect oxidative stress in broilers.

Conclusion

The fullness of above discussion helped in conalgdhat in present study elevated
serum GGT levels pointed towards oxidative stradsroilers.Serum GGT values will have
important implications both clinically and epideraigically because measurement
of serum GGT is easy, reliable and not expensivendp of the study clearly indicated
towards use of GGT and MAO as novel non invasiver@gch to detect cellular signals of
oxidative stress due to variations in environmetgaipertaures in broilers.
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Table 1:Mean + SEM values of gamma glutamyl transf@ase and monoamine oxidase (U
L™) in the serum of broilers during varing environmertal temperature periods(ETPs).

Age Gamma glutamyl transferase Monoamine oxidase
groups . Fover |6 7 8 Overa | 6 7 8

all weeks | weeks | weeks | I weeks | weeks | weeks
Modera | 60.00 | 44.0¢ | 61.00™ | 75.00° | 156.00| 138.00 | 154.00 | 176.00
te ETP |P+2.1 |9+0.10 | +0.11 |+0.10 |P+2.53 ™ bd bd

1 +0.12 | +0.12 |+0.13
Hot 156.0 | 146.00( 154.00 | 168.00 | 490.00| 443.00 | 487.00 | 540.00
ETP Obiz. bd bd bd bi2.67 bd bd bd

45 +0.10 | +0.10 |+0.11 +0.11 |+0.10 |+0.11
Cold 103.0 | 86.00 | 101.00 | 122.00 | 290.00| 240.00 | 287.00 | 343.00
ETP 0b12. bd bd bd biZ.22 bd bd bd

33 +0.11 | +0.10 |+0.12 +0.11 | #0.13 | +0.12

i.  Figures in the parenthesis indicate numberfdroilers.
ii. Overall value is the mean value obtained from brodrs in

age.

an ETP irrespective of

ii. " marks significant (p<0.05) differences among moderate, hot and cold ETiean
values for a row.
iv. @ marks significant (p<0.05) differences among mean values of age groupthin an

ETP.

Table 2: Per cent change in the mean values of Ganamglutamyl transferase and
monoamine oxidase (U [}) in the serum of broilers during varing environmertal
temperature periods (ETR).

Parameters Gamma glutamyl transferasg Monoamine odase
Age groups Over | bwee | 7wee | 8wee | Over | 6wee | 7wee | Bwee
all ks ks ks all ks ks ks
Hot 160.0 | 231.8 | 152.4 | 124.0 | 214.1 | 221.0 | 216.2 | 206.8
% ETP 0 1 5 0 0 1 3 1
change 'Cold | 71.66 | 95.45] 65.51 62.66 85.89 73.01 86|36 94.88
ETP

Per cent changes have been calculated from respeetimoderate mean values



