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Abstract. We hypothesize that temperature and oxygen in conjunction with genetic lines of broilers regulate
embryo thyroid function. Thyroid response of broiler embryos of the two lines was measured at different
incubator temperature and oxygen concentrations at the plateau stage in oxygen consumption (days 17 to
20 of embryo development). Each of the lines showed different eggshell conductance (G) values. Eggs of
the same weight from the lines of broilers were incubated identically until the 17" day of development. On
the 17" day (plateau stage in oxygen consumption), eggs were randomly distributed by line into four
incubators operating at 36, 37, 38 or 39°C in trial 1 or at 17, 19, 21 or 23% oxygen in trial 2. At external pipping
(the end of the plateau stage in oxygen consumption) as well as at hatching ten embryos or chicks per
treatment were sampled for blood plasma. Plasma was analyzed for thyroxine and triiodothyronine
concentrations. In trial 3, temperature line of broiler and oxygen treatments were arranged factorially.
Increasing temperatures suppressed hormone concentrations in embryos, and the suppression was greater
with low G. Increasing oxygen increased hormone concentrations in low G embryos to a greater degree than
high G. It can be concluded that incubation temperature suppresses plasma thyroid hormone concentrations

in low G lines whereas oxygen increases it.
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Introduction

Organ system immaturity associated with thyroid
hormones is a principal cause of morbidity associated
with extreme prematurity in humans. Therapies for
premature infants include the infusion of trilodothyronine
(T3) and thyroxine (T.) (Yeung and Smyth, 2002). Organ
system immaturity (Lilja and Olsson, 1987; Wineland ef
al., 2006) and the onset of thermoregulation
(Nichelmann et al., 2001) both of which are mediated by
thyroid hormones and are important components of
broiler chick quality as well. Therefore, the hypothesis
was proposed that incubator temperature and oxygen
concentrations or their interaction with genetic line at the
plateau stage in oxygen consumption stimulate the chick
embryo thyroid to release T, and or T; into the blood.
Chick embryo plasma thyroid hormone concentrations
increase developmentally as the hypothalamus matures
(Christensen, 1978; McNabb ef al., 1984a). Differences
in concentrations have been noted among embryos from
lines selected for heavy or light body weights (McNabb ef
al., 1989; 1993). The peak in thyroid hormone
concentrations coincides with a time called the plateau
stage in oxygen consumption identified by the hypoxic
and hypercapnic conditions created for embryos (Rahn,
1981). Embryonic thyroids from different genetic
backgrounds respond differently to environmental
conditions (Christensen et af, 2002). Temperature,
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atmospheric oxygen (Christensen et al., 2005), carbon
dioxide (Buys et a/., 1998), and maternal dietary iodide
(Christensen et al, 2002) have been identified as

environmental stimuli for avian embryo thyroid
responses. |ncubator temperature and oxygen
concentrations  eliciting  broiler embryo  thyroid

responses are unknown.

Materials and Methods

Eggs of identical weights from two lines of broiler
breeders were obtained. The eggs were incubated for
17 days using commercially accepted standards.
Experimental cabinets accommodating approximately
100 eggs were used for the actual hatching process.
Each cabinet contained one incubator tray and was
regulated by thermistors connected to microprocessors
with temperature sensitivity of + 0.05°C. Humidity was
controlled by a similar system using relative humidity
sensors. Digital thermometers were used with each
cabinet to verify set point temperatures. Atmospheric
gases were measured by using an infrared detector for
carbon dioxide and electrochemical cells for oxygen,
each with a sensitivity of £ 0.1%. Manually operated
valves infused gases into each of the cabinets, and the
flow rate was adjusted based on the sensors to create
the desired gas concentration. Three experiments were
conducted using similar conditions. Experiment 1
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Table 1: Body weights of chick embryos from two lines incubated at four temperatures during the plateau stage in oxygen consumption

Day of incubation

20 21
Temperature' Low G? High G? Low G High G
Wiithout yolk
36 384 3841 39.8 377
37 39.5 37.8 41.4 387
38 396 38 41.3 40.5
39 36.9 381 38.8 385
Day means 38.3b 39.57

Mean + SEM 38803
Probabilities Temperature (T) NS

Line (L) 0.06 Low G = 39.5°

Day (D) 0.05 High G = 38.3*

TxL NS

TxD NS

LxD NS

TxLxD NS

"Incubating eggs were exposed to 36, 37, 38 or 39°C from days 18 to 21 of embryonic development. *Low G = line of broilers whose
eggs display low eggshell conductance; High G = line of broilers whaose eggs display high eggshell conductance. **Means within a
factor or factors displaying different superscripts differ significantly (P < 0.05)

examined the effect of temperature on embryo thyroid
function. Experiment 2 examined the effect of oxygen
concentration on the embryo thyroid, and experiment 3
examined the most effective and least effective
temperature  and  oxygen treatments in a
factorial arrangement.

Temperature: Fertilized broiler chicken eggs of the
same weight from two commercial lines (Low
conductance = Low G; High conductance = High G) were
obtained on the day of oviposition, weighed and placed
into incubators for 17 d using standard conditions. On
the 17" d they were candled to determine embryo
viability. The 17" day of development for chick embryos
is the beginning of the plateau stage in oxygen
consumption (Rahn, 1981). All infertie eggs and
nonviable embryos were removed prior to transfer to one
of the four experimental cabinets. Each cabinet operated
at one of the treatment temperatures (36, 37, 38 or
39°C).

Ten embryos or chicks per line were selected randomly
from each incubator at external pipping during the 20"
day and at hatching on 21 days of development. Chick
body (nearest 0.1g) weights were recorded and thyroid
function was evaluated by measuring blood plasma T,
and T, concentrations. The chicks were decapitated and
trunk blood was collected into a tube containing 10 mg
EDTA. The blood was centrifuged (700 x g) for 15 min
under refrigeration (4°C). The plasma was decanted and
frozen (-22°C) until analysis by radicimmunoassay
(Davis et af., 2000). Samples from all three trials were
assayed in a single assay and the intraassay variation
was 1.3% for T, and 2.0% for T,.

Oxygen: Four oxygen concentrations were the
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treatments in the second experiment. The
concentrations were 17, 19, 21 or 23% of the
atmosphere within the cabinets. Each fractional

concentration at sea level (Raleigh, NC) corresponded
to oxygen partial pressures of 129, 144, 160 and 175
mm Hg, respectively. Concentrations lower than ambient
oxygen concentrations (20.9%) were maintained by
infusing nitrogen gas into the cabinet at a rate that
resulted in the desired concentration of 17 or 19%
oxygen. Concentrations were measured with an oxygen
meter and flow rates from oxygen or nitrogen storage
tanks were adjusted to maintain the desired oxygen
level.

Embryo samples were collected and analyzed as in
Experiment 1. Eggs were incubated in the same
machine until the 17" day of development, candled to
determine viability and selected randomly as described
in Experiment 1 and placed into each of the four
cabinets.

Temperature and oxygen: The most and least effective
temperatures (36° and 39°C) and oxygen (17 and 23%)
levels in the prior experiments were combined in a
factorial arrangement for the third experiment. The
incubator temperatures and oxygen concentrations were
arranged in a 2 x 2 factorial. All treatments were
maintained identically as described in the previous
experiments. Fertilized eggs were again incubated 18
days in an incubator when viable embryos were
assighed randomly to one of the four cabinets. The
conditions were 36°C or 39°C with 17 or 23% oxygen in
a factorial arrangement. Embryos or hatchlings were
sampled identically as described in the previous
experiments.
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Table 2:  Plasma thyroid hormone concentrations of chick embryos from two lines incubated at four temperatures during the plateau
stage in oxygen consumption
Day of incubation Temperature
means

20 21

Temperature' Low G? High G2 Low G High G
—---——-- Thyroxine {(ng/mL}) ------—--

36 259 15.5 10.4 11.6 15.82
37 209 14.1 13.7 1.7 15.1?
38 18.6 17.8 10.2 10.8 14.4%
39 123 16.7 8.7 5.1 10.7"
Day means 17.8° 12.9°

Mean + SEM 137+ 06
Praobabilities Temperature (T) 0.04

Line (S) NS

Day (D) 0.0001

TxS NS

TxD NS

TxSxD NS

-—---——- Triiodothyronine {(ng/mL) -—-———

36 18.1%* 8.2 11.1% 26.8°
37 9.4 14.7° 13.8° 15.0
38 9.1° 4.6° 7.4 11.5°
39 10.1° 11.7° 6.5 6.1¢

Mean + SEM 108+07
Praobabilities Temperature (T) 0.01

Line (L) NS

Day (D) NS

TxL NS

TxD NS

LxD 0.05

TxLxD 0.05

---------- Ratig -——--——-

36 0.82¢ 0.47¢ 1.03 537
37 0.56 0.43¢ 1.18° 1.28"
38 0.31¢ 0.20¢ 0.72 1.01%¢
39 0.91% 1.81° 0.89% 1.21°

Mean + SEM 86+02
Probabilities Temperature (T) 0.0001

Line (L) 0.0006

Day (D) 0.0001

TxL 0.002

TxD 0.0001

LxD 0.003

TxLxD 0.0001

"Incubating eggs were exposed to 36, 37, 38 or 39°C from days 18 to 21 of embryonic development.
Low G = line of broilers whose eggs display low eggshell conductance; High G = line of broilers whose eggs display high eggshell
conductance. **c9Means within a factor or factors displaying different superscripts differ significantly (P = 0.05)

Statistical analysis: Data for all three experiments were
analyzed using the general linear models procedure
(SAS Inc., 1998). Experiments 1 and 2 were arranged as
a four levels of temperature or oxygen treatments by two
lines factorial. In Experiment 3, the data were arranged
as two temperatures by two oxygen concentrations by
two lines factorial. Means differing significantly were
separated by the least square means procedure. Means
in tables are least square means. All possible main and
interaction effects were tested. All probabilities were
based on P < 0.05 unless otherwise noted.
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Results

Temperature: Temperatures had no effect on BW (Table
1), but Low G chicks were heavier at hatching than were
High. No differences were noted in residual yolk weights
of any of the treatments. Elevated temperatures
depressed embryo plasma T, concentrations in a nearly
step-wise fashion (Table 2), and plasma T, declined as
the embrycs developed from day 20 to day 21. A
significant three way interaction was noted in plasma T,
concentrations. High G embryos were delayed in their
response to increasing temperatures when compared
to Low G embryos. High G embryo concentrations were
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Table 3: Body weights (g) of chick embryos from two lines incubated at four oxygen partial pressures during the plateau stage in oxygen
consumption
Day of incubation Oxygen
means

20 21

Oxygen' Low G? High G* Low G High G
---------- Without yolk --—--—------

17 38.6 36.3 38.5 371 37.6*
19 38.7 357 398 38.6 382
21 39.6 37.7 41.6 39.9 39.7°
23 39.2 375 41.3 39.3 39.3°
Day means 37.9 39.5°

Mean + SEM 387103
Praobabilities Oxygen (O) 0.001

Line (L) 0.0001 Low G =39.7¢

Day (D) 0.0001 High G = 37.8"

OoxlL NS

OoxD NS

LxD NS

OxLxD NS

"Incubating eggs were exposed to 17, 19, 21 or 23 % oxygen from days 18 to 21 of embryonic development. *Low G = line of broilers
whose eggs display low eggshell conductance; High G = line of broilers whose eggs display high eggshell conductance.
#*Means within a factor or factors displaying different superscripts differ significantly (P = 0.05)

suppressed at day 21 with increasing temperature, but
Low G embryos showed the suppressed response at
day 20 of development. Deiodination was assessed as
T4 T, ratios (Table 2). A temperature by line by age of
development interaction was noted for the ratio. High G
line embryos responded clearly to temperature, but Low
G did not. Increasing temperature increased ratios at
day 20 of development, but the reverse was noted at day
21 of development when 39°C elevated ratios compared
to all other temperatures.

Oxygen: In contrast to increased temperatures,
increased concentrations of oxygen in the incubators
increased embryo weights (Table 3). Thus, increased
oxygen concentrations greater than 21% enhanced
growth during the plateau stage. Increasing oxygen
percentages also increased embryo T, concentrations
and Low G embryos had greater T, concentrations than
did High G embryos (Table 4). Two-way interactions
characterized the responses seen in embryo plasma T,
concentrations. Oxygen treatment interacted with breed
of broiler to increase concentrations in embryos with
High G and decrease concentrations in embryos with
Low G (Table 4). Oxygen treatments also had different
effects on T; at days 20 and 21 (Table 5). Increasing
concentrations of oxygen decreased T, at day 20 but
increased it at day 21. Decreased concentrations of
oxygen in the incubators resulted in increased ratios of
T, to T, at both times of development examined.

Temperature and oxygen. When temperature and
oxygen were examined as factorials, both affected
embryo body weight independently (Table 6). Increased
temperature suppressed body weight, and increased
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oxygen enhanced it. Increased oxygen concentrations
increased plasma T, concentrations at both 20 and 21
days of development, and temperature had no effect on
T, concentrations (Table 7). Plasma T; concentrations
were depressed by increasing temperature at day 20 of
development but not at day 21. Increased temperature
interacted with line to increase T;in embryos from eggs
of High G with no consequent effect on eggs of Low G
(Table 8). The changes in T, to T, ratios were identical to
those reported for T, concentrations.

Discussion

The hypothesis was proposed that temperature, line of
broiler and oxygen modulate embryonic thyroid function
during the plateau stage in oxygen consumption. In
mammals modulation is performed maternally primarily
by the placenta (Yeung and Smyth, 2002). In the
absence of maternal modulators, the control
mechanisms for avian embryo thyroid are probably
intrinsic but are unknown. The current study shows
clearly that the embryonic broiler thyroid at the plateau
stage in oxygen consumption responds to both
temperature and oxygen stimuli, but the response was
dependent upon the line of broiler. Data from the current
study indicated as well that both factors affect
monodeiodination that may be due to either synthesis or
clearance due to mondiodinase | or Il {Darras ef af.,
2000). Overall, temperature was a more effective
stimulus, but oxygen effects were also very prominent.
An apparent paradox in energy budgets of avian eggs
and metabolism occurs at the plateau stage in
incubation as heat output increases, but oxygen
utilization does not (Dietz ef af., 1998). When confronted
with life-threatening situations, embryonic organ growth
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Table 4: Plasma thyroid hormone concentrations of chick embryos from two lines incubated at four oxygen partial pressures during the
plateau stage in oxygen consumption
Day of incubation Oxygen
means
20 21
Oxygen' Low G? High G* Low G High G
-------- — Thyroxine (ng/mL) -—-—--—
17 151 12 14.4 7.3
19 16.8 141 126 10.3
21 20.9 17.3 11 8.1
23 18.9 11 1.3 11.4
Day means 15.8° 10.8°
Mean + SEM 128+ 086
Praobabilities Oxygen (O) NS
Line (L) 0.001 Low G =15.1°
Day (D) 0.0001 High G=11.4"
OoxlL NS
OoxD NS
LxD NS
OxLxD NS
O x L Means -—----—-—- Triiodothyronine (ng/mL) ---—--
17 7.7° 6.1°
19 6.4 7.1¢
21 6.9° 7.17
23 5.7° 8.3
Mean + SEM 7.0x02
Probabilities Oxygen (O) NS
Line (L) NS
Day (D) 0.0001
OoxlL 0.003
OoxD 0.01
LxD NS
OxLxD NS
---------- Ratig ----------
17 1.08 0.5 0.44 0.88 0.73°
19 0.49 0.53 0.45 0.61 0.52*
21 0.38 0.51 0.55 0.61 0.51°
39 0.32 0.55 0.53 0.77 0.54¢
Mean + SEM 0.59 + 0.06
Probabilities Oxygen (O) 0.05
Line (L) NS
Day (D) NS
OoxlL NS
OoxD NS
LxD NS
OxLxD NS

"Incubating eggs were exposed to 17, 19, 21 or 23 % oxygen from days 18 to 21 of embryonic development. 2Low G = line of broilers
whose eggs display low eggshell conductance; High G = line of broilers whose eggs display high eggshell conductance.
#*Means within a factor or factors displaying different superscripts differ significantly (P = 0.05)

and function may be antagonistic (Schmalhausen,
1930). Increased plasma thyroid and adrenal hormone
concentrations facilitate survival and are predetermined
by genetics and developmentally by eggshell
conductance (Rahn, 1981; Christensen and Biellier,
1982; Wentworth and Hussein, 1982; Christensen et af.,
2002). Low  eggshell conductance prolongs
development  and reduces  thyroid hormone
concentrations (Christensen ef a/., 2002; Christensen ef
al., 2005), as well as intestinal weight and function in
broiler and turkey embryos (Christensen et af, 2003a,b;
Wineland ef al, 2006). Increased adrenal cortical
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hormones may prolong the developmental period
(Hayward et a/., 2006) but must act in conjunction with
thyroid hormones to effect intestinal maturation (Black,
1978). Elevated temperature and depressed oxygen in
the incubator at the plateau stage interacted with G to
affect the process of hypothalamic maturation and
thyroid function preparatory for life outside of the shell
differently. Low G type broilers responded differently than
did High G type broilers supporting a possible
relationship between the selection for rapid growth,
eggshell conductance, and thyroid maturation or
function.
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Table 5: Means of the interaction of oxygen fractional concentration and day of incubation effects on plasma triiodothyronine hormone
concentrations (ng/mL) in chick embryos from two lines incubated at four oxygen partial pressures during the plateau stage
in oxygen consum ption

Day of incubation

Oxygeni 20 21

17 7.8% 6.0*

19 8.3 5.2¢

21 8.8° 5.2¢

23 7.0 7.1°

Mean £ SEM 70102

Praobabilities Oxygen (O) NS

Line (L) NS
Day (D) 0.0001
OoxlL 0.003
oxD 0.01
LxD NS
OxLxD NS

"Incubating eggs were exposed to 17, 19, 21 or 23 % oxygen from days 18 to 21 of embryonic development.
aeeMeans within a factor or factors displaying different superscripts differ significantly (P = 0.05)

Table 6: Body weights {g) of embryos and chicks from two lines incubated at two temperatures and two oxygen partial pressures during
the plateau stage in oxygen consumption
Temperature' Oxygen? Day of incubation
20 21
Low G? High G Low G High G
----—-—--- Body weight without yolk —---—--
36 17 374 38.5 38 38.2
23 384 38.4 40 37.9
T mean 38.2%
39 17 348 35.9 3741 371
23 37.2 36.6 38.3 38.8
T mean 36.1°
Mean + SEM 37.2+02 382+03
Probabilities Temperature (T) 0.0003 NS
Oxygen (O) 0.05 17% = 36.7° 0.05 17% = 37.6°
Line (L) NS 23% = 37.6° NS 23% = 38.8°
TxO NS NS
TxL NS NS
OxD NS NS
TxOxL NS NS

"Incubating eggs were exposed to 36, 37, 38 or 39°C from days 18 to 21 of embryonic development.

’Incubating eggs were exposed to 17, 19, 21 or 23 % oxygen from days 18 to 21 of embryonic development.

Low G = line of broilers whose eggs display low eggshell conductance; High G = line of broilers whose eggs display high eggshell
conductance. **Means within a factor or factors displaying different superscripts differ significantly (P = 0.05)

Thyroid and adrenal hormones play major roles at the
plateau stage for intestinal maturation (Black, 1978) and
improved neonate survival (Davis and Siopes, 1989;
Christensen ef al., 2003b). Both types of hormones
prepare essential organs (Black, 1978) for life ocutside of
the shell. Both T, and T, increase exponentially during
the plateau stage in oxygen consumption attaining their
greatest concentrations at any time in the life of the bird
(Decuypere ef al, 1991). The increased embryonic T,
and T, concentrations in precocial species distinguish
these species from altricial (McNabb et al, 1984b;
McNabb, 1988; and Vyboh ef a/, 2001). Thus, thyroid
hormones may he connected directly to the level of
maturation at hatching. If T, and T, are depressed, then
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hatchling maturity may be delayed (Christensen et af.,
2003a,b). If maturity and function are delayed in a vital
tissue, then hatchling health and necnate health may be
jeopardized as in humans (Christensen and Biellier,
1982; Christensen ef al., 2003a,b).

Thyroid hormone responses in avian embryos have
been suggested to be of two types, i.e., developmental
and functional (Christensen et al, 2005). Incubator
environment stimulates embryo functional thyroid
responses in unique ways (Christensen ef al, 2002).
Embryos from different lines may have the same
developmental thyroid characteristics but may differ in
functional response to temperature or ambient oxygen
concentrations (Christensen et al, 2005). Turkey
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Table 7: Plasma thyroid hormone concentrations of embryos and chicks from two lines incubated at two temperatures and two oxygen
partial pressures during the plateau stage in oxygen consumption
Temperature' Oxygen? Day of incubation
20 21
Low G° High &° Low G High G
------------------- Thyroxine (ng/mL) ————————-
36 17 206 23.8 11.6 15.8
23 279 257 16 17.7
39 17 17.2 225 10 11.7
23 244 20.4 15.3 14.8
Mean £ SEM 219+1.0 13.9+09
Praobabilities Temperature (T) NS NS
Oxygen (O) 0.05 17%=21.0¢ 0.03 17% =12.2>
Line (L) NS 23% =24.6" NS 23% = 16.0°
TxO NS NS
TxL NS NS
OoxlL 0.08 NS
TxOxL NS NS
----—----—--——- Triiodothyronine {mg/mL}) -—---——-—-—-—
36 17 18.6 237
23 10.7 11.8
T mean 16.2%
39 17 12.4 9.9
23 8.1 8.4
T mean 9.7°
Mean £ SEM 13.3+£13
Probabilities Temperature (T) 0.0007
Oxygen (O) 0.001 17% =16.2°
Line (L) NS 23% =9.8°
TxO NS
TxL NS
OoxlL NS
TxOxL NS
Ratio
36 17 0.9 1.23
23 0.56 0.48
T mean 0.807
39 17 0.83 0.48
23 0.33 0.51
T mean 0.53"
Mean + SEM 065+0.08
Probabilities Temperature (T) 0.05
Oxygen (0) 0.04 17% = 0.86°
Line (L) NS 23% = 047"
TxO NS
TxL NS
OxlL NS
TxOxL NS

"Incubating eggs were exposed to 36, 37, 38 or 39°C from days 18 to 21 of embryonic development.

’Incubating eggs were exposed to 17, 19, 21 or 23 % oxygen from days 18 to 21 of embryonic development.

‘Low G = line of broilers whose eggs display low eggshell conductance; High G = line of broilers whose eggs display high eggshell
conductance. **Means within a factor or factors displaying different superscripts differ significantly (P = 0.05).

embryos of different genetic backgrounds survive
differently when exposed to elevated temperatures as
well (Christensen et al., 2002). Embryos with greater T,
concentrations and perhaps greater hypothalamic
maturity survive better than those with depressed levels
(Christensen and Biellier, 1982). Comparing embryocs
of selected lines to their randombred controls revealed
that both developmental and functional responses are
essential to embryo survival (Christensen et al, 2002).
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Plasma thyroid hormone concentrations were found to
be depressed in weak neonatal turkeys as identified by
characteristic flip-over behavior (Christensen et al,
2003b). Poults exposed to excessive carbon dioxide
concentrates also display hypothyroidism (Donaldson et
al., 1995). Thus, better thyroid responses may also
indicate not only improved embryo viability but better
neonate survival as well.

The broiler chick embryo at the end of development has
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Table 8: Interaction means for incubator temperature and eggshell conductance effects on triiodothyronine concentrations and ratio
of triiodothyronine to thyroxine concentrations in chicks from two lines incubated at two temperatures during the plateau stage
in oxygen consum ption.

Temperature' Low G? High G?

-—-—-——--—-—-- Triiodothyronine {(ng/mL) —-------—--—-

36 10.3* 15.0¢
39 13.3% 9.9°

Mean + SEM 12112
Probabilities Temperature (T) NS

Oxygen (O) NS

Line (L) NS

TxO NS

TxL 0.04

OxlL NS

TxOxL NS

Ratio

36 1.06% 1.41?
39 1.43° 0.68°

Mean £ SEM 1.18£0.14
Praobabilities Temperature (T) NS

Oxygen (O) NS

Line (L) NS

TxO NS

TxL 0.05

OoxlL NS

TxOxL NS

"Incubating eggs were exposed to 36, 37, 38 or 39°C from days 18 to 21 of embryonic development
Low G = line of broilers whose eggs display low eggshell conductance; High G = line of broilers whose eggs display high eggshell
conductance. *"Means within a factor or factors displaying different superscripts differ significantly (P = 0.05)

a functional thyroid as does the turkey (Christensen ef
al, 2002) as evidenced by the effects of ambient
temperature and oxygen concentration on thyroid
hormones. However, the most important observation
from the study was the different thyroid hormone
response seen in embryos from each of the two lines of
broiler. The line with Low G elevated thyroid hormones
less readily than did the line with High G. Thus, it is
possible that the hen confers a metabolic rate upon her
embryonic progeny by the G of egg she produces. The
ability of the embryo to control metabolic rates was
modulated by both oxygen and temperature in the
incubation cabinet. Increasing temperature generally
suppressed thyroid hormone concentrations in the
plasma whereas increasing oxygen concentrations
increased circulating thyroid hormone concentrations.
Deiodination of T, to T, was more susceptible to
temperature, oxygen and G than was the level of T,. It
has been reported that the initial detection of plasma T,
may be at the stages of development that we examined
{(McNabb, 2000). Thus, it may be inferred that increased
heat and hypoxia interfere with the maturation of the
monocdeiodination system in broiler embryos (Darras ef
al., 2000). The effect of oxygen on deiodination was less
pronounced than that for temperature.

The data from our study infer that functional maturation
of the hypothalamo-pituitary-thyroid axis is at least
partially complete at the plateau stage in incubation. The
thyroid of broiler embryos immediately following the
plateau responded clearly to both temperature and
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oxygen stimuli and the changes in both were dependent
on line or G. Responses may be a functionally important
mechanism to allow the embryo/chick to cope
metabolically with its environment as well as preparation
for life following the hatching process.
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