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Abstract. An experiment was designed to determine the relative effects of environmental
heat stress and accompanying decline in voluntary feed intake on plasma thyroxine. The
sheep were divided into three groups of four animals each. The control animals and feed-
restricted group were maintained at thermoneutrality (22°, 50% RH). The heat group was
maintained at 35° and 67% RH. All groups were fed ad libitum except the feed-restricted
group which was fed at the level of the heat-stressed group. Results indicated that environ-
mental heat has both a direct temperature and an indirect temperature (feed) effect on
plasma thyroxine (T,). The feed effect was determined by comparing the plasma T, of the
feed-restricted group at 22° to the high-temperature (35°) group. Both groups consumed
similar levels of feed. The heat-stressed group with elevated temperature and feed intake
similar to feed-restricted group at thermoneutral showed significantly greater reduction of
plasma T,. Therefore the temperature effect was additional to the feed effect and the heat-

stressed group displayed a significantly greater decline in plasma T,.

Thyroid function of domestic animals is
known to be altered by many environmen-
tal factors. Special attention has been given
to the effect of ambient temperature (1—4)
and feed intake (5—7) on thyroid activity.
These studies have shown that thyroid
function is depressed by both high ambient
temperature and reduced feed intake. The
independent effects of these two factors
have not been thoroughly studied, how-
ever.

The present study was designed to quan-
tify the relative effects of high ambient
temperature and of heat-associated volun-
tary feed restriction effects on plasma
thyroxine (T,) levels in sheep.

Materials and Methods. Twelve cas-
trated cross-bred western male sheep av-
eraging 6 months of age were placed in the
Missouri Climatic Laboratory. The animals
were divided into three groups of four
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animals each, on the basis of similar weight
animals in each group. The three groups
were as follows: control (C) group at ther-
moneutral; heat-stressed (HS) group at 30°;
and feed-restricted (FR) group at ther-
moneutral. The study consisted of three pe-
riods, after a 1-week adjustment to the lab-
oratory conditions. During the 3-week pre-
treatment period, the animals in all three
groups were maintained at thermoneutral
(TN) conditions (22°, 50% RH) and fed ad
libitum. For the next 4 weeks (actually 30
days) lambs in control group continued
feeding ad libitum under thermoneutral
conditions, while HS group lambs were fed
ad libitum but subjected to a high ambient
temperature treatment (35°, 50% RH) and
FR group lambs were maintained at ther-
moneutral conditions, but were fed ac-
cording to the level of voluntary intake of
the heat-stressed animals (HS). Feed pro-
vided to the FR group was adapted daily to
the average intake of the HS group. A 4-
week treatment period was selected to be
more assured of acclimation to the two
treatments. During a 3-week post-treatment
period (actually 24 days) all animals were
again at thermoneutral conditions with ad
libitum feeding. The ration consisted of a
28.48% cottonseed hulls; 4.99% alfalfa
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meal; 10.00% molasses; 39.70% cracked
corn; 14.99% SBOM; and 1.47% minerals
and vitamins (A and D).

Measurements were taken daily on feed
intake and rectal temperature. Body
weights were taken on Monday, Wednes-
day, and Friday. Blood samples were col-
lected via jugular puncture in heparanized
vacutainers 4 days prior to the initiation of
the 4-week treatment period and every
Monday, Wednesday, and Friday thereaf-
ter at 1000 hr. Samples were kept on ice
until separated by centrifugation (886g for
30 min at 4°). Plasma was then kept at —20°
until assayed for T, using the technique of
Endocrine Sciences (Tarzana, Calif.) as
adapted in this laboratory for bovine
plasma analysis. The intra- and interassay
variabilities were 6.1 and 9.3%, respec-
tively.

Two lambs died during the course of the
study due to causes not related to the
treatment. The statistical analysis has,
therefore, been performed on the remaining
10 animals by means of a three-way
analysis of variance (8). The data were
statistically analyzed as ratios of values of
treatment and post-treatment to pretreat-
ment data. The statistical model is indicated
in Table I for the three indices.

Results and Discussion. The animals in
the FR group had a significantly higher
(P < 0.05) T, pretreatment level (59.49 =
1.30 ng/ml) than the lambs in group C (47.52
* 1.97 ng/ml) and HS group (49.09 + 2.06
ng/ml), so all data have been analyzed as a
ratio to pretreatment levels, arbitrarily con-
sidered as 100% (Table I). The treatment
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and post-treatment data were subdivided
into two periods each for the statistical
analysis, due to differences in response ob-
served within the periods of the treatment
groups. The treatment was divided into two
periods for analysis. By Day 18 minimal
values were observed on both HS and FR
groups of animals. This time (0—18 days)
was arbitrarily designated as period 1, the
remainder of the treatment was designated
period 2. The post-treatment data (periods 3
and 4) were divided at the time when all
values had returned to pretreatment levels
(ratio 1.0 or more).

Figure 1 illustrates the trend effects for
all measurements and Table II provides
data on the response of T, for the animals in
all three groups. Both high ambient temper-
ature (HS) and reduced feed intake (FR)
produced a significant decrease (P < 0.05) in
plasma T, during the first 15-day period (pe-
riod 1) of the treatment. The HS group de-
cline was significantly greater than the FR
group, indicating the additional effect of
heat on the animals. Both HS and FR
groups consumed similar levels of feed.
Both groups were significantly different
(P < 0.05) than the control. During period 2
of the treatment both groups were signifi-
cantly (P < 0.05) lower than the controls,
but the HS group had recovered more from
the initial days of heat exposure than had
the FR group to the restriction of feed in-
take, and thus no difference between
groups. The initial depression of T, (period
1) and the T, recovery trend period during
the HS and FR treatments were signifi-
cantly lower than pretreatment or control

TABLE I. ANALYSIS OF VARIANCE FOR PLASMA THYROXINE (T4), RECTAL TEMPERATURE (RT), AND
FEED INTAKE (FI) EXPRESSED AS RATIO TO PRETREATMENT LEVELS

T, ratio RT ratio FI ratio
Source df mean square mean square
Group 2 0.00314¢ 0.00122%* 1.043942
Lamb:group 7 0.06320 0.00012 1.70223
Period 3 0.17712*%* 0.001176* 1.26010**
Group X period 6 0.06643** 0.000489* 0.30472**
Error 201 0.00366 0.00003563 0.04362

¢ P > 0.05 (not significant).
*P < 0.05.
** P < 0.01.
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F1G. 1. Responses in T, (a), rectal temperature (b), and feed intake (c) in control, heat-stressed, and
feed-restricted lambs, during treatment (periods 1 and 2) and post-treatment (periods 3 and 4). Values

are expressed as ratios of pretreatment levels.

group (C). These results suggest a certain
degree of acclimation to the hot condition.

The response in T, during the post-
treatment period differed between the

treatment groups (Fig. 1a, Table II). The
heat-stressed animals showed significant
increase (P < 0.05) in plasma T, within a few
days after removal from the hot environ-

TABLE II. T, LEVELS EXPRESSED AS RATIOS OF PRETREATMENT (PERIOD 0) DURING TREATMENT
(PERIODS 1 AND 2) AND POST-TREATMENT (PERIODS 3 AND 4), IN CONTROL (C), HEAT-STRESSED (HS),
AND FEED-RESTRICTED (FR) ANIMALS

Group
Period (days) C HS FR
0 —4t00 1.044 1.0% 1.0%4
1 0to 18 0.96 + 0.024 0.828 + 0.021%8 0.939 + 0.012%-4
2 19 to 30 0.99 £ 0.03¢4 0.927 + 0.035¢ 0.944 + 0.015%8
3 31 to 41 1.00 = 0.03+4 1.066 + 0.022-8 0.978 + 0.015¢:¢
4 42 to 54 0.97 = 0.02+* 1.053 = 0.015"-# 1.050 = 0.011¢-8

Note. Values are mean = SE.
a-b.c.d Values in the same column bearing different letters are significantly different (P < 0.05).

4.8.C Values in the same row bearing different letters are significantly different.
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ment. The lambs in the feed-restricted
group, however, had a slower recovery.
Their T, concentrations remained low dur-
ing the first 10 days (period 3) of the post-
treatment period although their feed con-
sumption had already recovered. During
period 4 of the post-treatment period both
groups were near or above pretreatment
levels in plasma T,. Both groups appeared
to display some compensation in plasma T,
levels during period 4 when compared to
the 30-day treatment values.

The 35° (HS) treatment produced a sig-
nificant increase (P < 0.05) in rectal temper-
ature (Fig. 1b, Table III). During period 2 of
the treatment, the heat-stressed lambs
showed a slight decrease in their rectal
temperature, but remained significantly
higher than the pretreatment level, and
higher than the level observed for both the
control and feed-restricted animals.

Figure 1c and Table IV show the changes
in feed intake. The animals in the heat-
stressed group had a significant decrease
(P < 0.05) in feed intake upon exposure to
heat. This response was expected, since the
depressive effect of high ambient tempera-
ture on feed intake has been reported
(9—11). The feed-restricted lambs were fed
the level of intake of the heat-stressed
group; however, occasionally the FR group
did not consume all the feed they were of-
fered which caused some variation, though
differences were not significant. During the
post-treatment, both groups showed a sig-
nificant (P < 0.05) increase in feed intake,
reaching levels comparable to the control
toward the end of the study.

Fox et al. (12) found that the thyroid se-
cretion rate (TSR) was lower in steers dur-
ing a feed restriction period and during the
first part of a refeeding period when the
animals exhibited compensatory growth.
The TSR increased to or above levels of
controls as the refeeding progressed. The
present results show that plasma T, re-
sponded in the same way. This suggested
parallel between TSR and T, concentration
agrees with the results of Magdub (13), who
found a positive and significant correlation
between TSR and plasma T, in cows.

The present study suggests that environ-
mental temperature has a direct effect on
plasma T,. Furthermore, it appears to be
the major factor determining the decrease
in T, concentration. The increased rectal
temperatures would logically increase the
temperature of the ‘‘heat-loss center’ in
the preoptic region of the hypothalamus as
demonstrated earlier by Andersson et al.
(14, 15). They showed the increased tem-
perature markedly inhibited plasma PBI.
D’Angelo et al. (16) and Fortier (17) ob-
served similar decreases in thyroid func-
tion. Data in this report clearly show this
direct effect of temperature on radioassay-
able (RIA) plasma thyroxine. The voluntary
depression of feed intake by the HS group
may occur by a coupling between the
thyroid regulatory system and that control-
ling caloric homeostasis via a neuroendo-
crine reflex arc involving thermoreceptors
in skin or via thermosensitive neurons in
the hypothalamus (18).

The feed-restricted group at TN with a
similar level of feed intake as the HS group

TABLE III. RecTAL TEMPERATURES EXPRESSED AS RATIO OF PRETREATMENT (PERIOD (), DURING
TREATMENT (PERIODS 1 AND 2), AND POST-TREATMENT (PERIODS 3 AND 4), IN CoNTROL (C),
HEAT-STRESSED (HS), AND FEED-RESTRICTED (FR) ANIMALS

Group
Period (days) C HS FR
0 —4t00 1.00 +0.017%4 1.00%:4 1.004-4
1 0to 18 1.00 +0.017%4 1.021 £ 0.011%2 0.974 + 0.008%4
2 19 to 30 1.00 =0.015%4 1.014 + 0.012%# 1.00 =+ 0.013%4
3 31 to 41 1.00 = 0.026%4 1.002 = 0.018%4 1.00 +0.014%4
4 42 to 54 0.998 + 0.017%4 1.001 + 0.014:4 1.00 +=0.019%4

Note. Values are mean += SE.

2? Values in the same column bearing different letters are significantly different (P < 0.05).
4.B Values in the same row bearing different letters are significantly different (P < 0.05).
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TABLE 1V. FeEeDp INTAKE EXPRESSED AS RATIO OF PRETREATMENT (PERIOD (), DURING TREATMENT
(PERIODS | AND 2), AND PosT-TREATMENT (PERIODS 3 AND 4), IN CONTROL (C), HEAT-STRESSED (HS),
AND FEED-RESTRICTED (FR) ANIMALS

Group
Period (days) C HS FR
0 —-4t00 1.0¢ 1.0¢ 1.0¢
1 0to 18 1.058 + 0.13%4 0.828 + 0.028%2 0.849 + 0.031%2
2 19 to 30 1.371 = 0.19%4 0.853 = 0.036%2 0.761 = 0.028%%
3 31 to 41 1.215 = 0.114 1.083 + 0.065% 1.126 = 0.078-2
4 42 to 54 1.227 £ 0.114 1.247 = 0.050* 1.245 = 0.0714

Note. Values are mean + SE.

@b Values in the same column bearing different letters are significantly different (P < 0.05).
4-8 Values in the same row bearing different letters are significantly different (P < 0.05).

showed a decreased level of T, during the
treatment, though not as much as the HS
group. It is conceivable this difference is
due in some manner to the heat sensitivity
of ‘‘thyroid releasing hormone (TRH) cen-
ter’’ in the hypothalamus. Rousset and
Cure (19) have in vitro assay evidence of
the heat-depressing effects on plasma TRH.
The cross-hatched area (Fig. 1a) can be
generally interpreted as the effect of heat,
and is supported by the force-feeding study
on cattle exposed to high environmental
temperature (20). They found the thyroid
activity to be affected mainly by tempera-
ture when comparing the TSR and the mea-
sure of the plasma protein-bound iodine
(PBI) of two groups of cows upon exposure
to 30°. One group was fed ad libitum while
the other was force fed via rumen fistual,
according to the level of intake observed
during the pretreatment temperature at 18°.
Even the force-fed animals showed a sig-
nificant decrease in thyroid activity when
subjected to the heat treatment. This study
merits reconfirmation with newer RIA
assay procedures. The mechanism of how
temperature affects thyroid function or feed
intake, and further, determining whether
the heat depression effect on feed intake is
due to the reduction in T,, require further
experimentation. It is suggested that ad
libitum animals under moderate heat stress
sufficient to elevate deep body tempera-
tures be repeatedly injected or infused with
T, or T3 during heat stress to determine if a
TN level of T, will prevent or lessen the
decline in feed intake. As indicated earlier
Reichlin (21) reported that areas in the

bovine brain controlling body temperature
are close to those affecting thyroid func-
tion. Rousset and Cure (19) observed a de-
crease in hypothalamic thyrotropin releas-
ing hormone (TRH) in rats upon exposure
to heat and DiStephano (18) postulated a
neuroendocrine arc involved in caloric
homeostasis. With this background and the
results of this report one may suggest that
the effect of temperature on thyroid func-
tion is initiated at the hypothalamic level.
The present study suggests that the volun-
tary restriction of feed intake accounts for
much of the depressive effect on plasma T,
concentration, but temperature per se ap-
pears to provide an additional depression in
the decrease of plasma T, levels in sheep
subjected to heat.
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