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Effects of high temperature on body temperature
and hormonal adjustments in piglets
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35590 Saint-Gilles, France

(Received 25 May 2001; accepted 25 January 2002)

Abstract — Effects of a high (33 °C) or thermoneutral (23 °C) temperature on body temperature and
endocrine parameters were studied in weaned piglets. Rectal and skin temperatures were measured
in four ad libitum fed animals per temperature during three weeks. After this acclimation period,
11 blood samples were withdrawn on a 24-h period. Over the acclimation period, rectal and skin
temperatures were 0.6 and 2.9 °C higher, respectively, at 33 °C than atR28 83(), this change
occurring from the 1st day at 23 or 33 °C. A tendency of serum leptin concentrations to be lower after
meals at 33 °C than at 23 °C was also displajed .09). Plasmatic concentrations in Insulin-like
growth factor | and thyroxine were decreased at 33 °C relative to 2B &3(01 andP < 0.06,
respectively), and triiodothyronine concentrations tended to be lower at 33 °C than aP230Q)

which could account for the lower heat production and growth observed in pigs exposed to high
temperatures.

piglet / heat exposure / body temperature / thyroid hormones / IGF-I

Résumé— Effets d'une température ambiante élevée sur la température corporelle et les
ajustements hormonaux chez le porcelet sevrées effets d'une température ambiante élevée

(33 °C) ou thermoneutre (23 °C) sur la température corporelle et le statut hormonal sont étudiés
chez le porcelet sevré. Les températures rectale et cutanée sont mesurées sur 4 animaux par tempé-
rature, nourris a volonté et acclimatés a la température expérimentale pendant trois semaines. Apres
cette période, les parametres sanguins sont mesurés sur 11 échantillons prélevés sur un nycthémere.
Au cours de la période d’'acclimatation, les températures rectale et cutanée sont rapidement supérieures
a 33 °C qu'a 23 °C, respectivement de 0,6 et 2,9%°€ 0,01). Les concentrations sériques en lep-

tine tendent a étre inférieures a 33 °C a I'état noBrr 0,09). Les taux d’'Insulin-like growth fac-

tor | et thyroxine plasmatiques sont plus faibles a 33 qu'a 23 °C (respectiemér@l e < 0,06),

et les concentrations en triiodothyronine tendent a étre inférieures aB3 W), en accord avec

la production de chaleur et la croissance plus faible de ces animaux au chaud.

porcelet / chaleur / température corporelle / hormones thyroidiennes / IGF-I
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1. INTRODUCTION compared: one room was maintained at ther-
mal neutrality (23 °C) and the other was

Exposure of pigs to high ambient tem-held at high temperature (33 °C).

perature induces a decrease in heat produ Eight crossbred castrated (Large white
tion, which is mainly achieved by a decreas‘Landrace)x Piétrain pigs with an initial

in voluntary feed intake [5, 23, 27], resultingbody weight (BW) of 15.4 + 1.6 kg were
in a reduced growth and carcass fatness (f'used in the study. They V\}ere_allbtted to tem-
review, see [19]). These problems can OCCLperature treatment on the basis of BW and
currentl_y in trqpical countries, evenin IargeIitter origin. Following allocation, pigs were
Frrigzugﬂ?i?] units, but aiso in temperate Coifallowed a 7-d period for acclimation to the

. Iring summer temperature pea “cages before the start of the experiment.
hncre_asmg the days t? slz?quhte(rj_and p;]C,During this period, environmental temper-
bucrt:on coslts. Se"eli?‘ studies Indicate the, e \yas set at 25 °C in both rooms. On
both rectal and skin temperatures a.r'day (d) 8 and d 9, corresponding to the 1st
:ncregsed In growing plgsd[llh,_ 1h7] and Nand 2nd experimental days, respectively,
actating sows [24, 26] under hig teMper e environmental temperature was gradu-

atures. In addition, the decrease in energally increased to 33 °C (two degrees per six
metabolism and feed intake may have eﬁedhours) or decreased to 23 °C. Thereafter

on hormones involved in the regulation ofg i snmental temperature remained con-
thermogenesis (thyroid hormones) [9],Stant

growth (IGF-1) [4, 10] and feed intake (lep-

tin) [3]. However, studies usually deal with  From the arrival in the temperature-con-
single time-point measurements, and lestrolled rooms, piglets were housed in indi-
data are available in young pigs [28]. Datevidual wire cages (1.0 0.5 m). They were
on 24 hour-patterns of hormone concentrafed ad libitum a standard pelleted diet pro-
tions, particularly with regard to leptin, areviding 219 g crude protein, 26 g lipids, 27 g
lacking. crude fibre and 11.08 MJ net energy per kg
diet (on as fed basis). Daily feed intake was
determined from daily weighing of propos-
als and refusals. Rectal temperature was
determined using a display thermometer
(model BAT-12, Physitemp Bioblock,
France) and skin temperature was deter-
mined using an infrared thermometer
(THI 300, Tosco Japan Co, Osaka, Japan).
Measurements of skin temperature were
taken at the level of the interscapular region.
Both temperatures were determined twice
daily (between 0900 and 0930 a.m. and
between 0300 and 0330 p.m.) during the
first week and every two days (between
1000 and 1030 a.m.) thereafter. However,
due to technical difficulties, skin temperature
determinations started only on the 2nd
experimental day.

The present experiment was therefore
designed to determine the effects of expa
sure of piglets to ambient temperature of 2.
or 33 °C on performance and to give infor-
mation about the pattern of the rise in bod)
temperature. Hormones implicated in the
regulation of thermogenesis, growth anc
appetite were studied, with hormonal con-
centrations being measured over 24 hours, -
enable a better understanding of time an
feed intake-related modulations under higt
temperature.

2. MATERIALS AND METHODS

2.1. Animals and experimental design

The study was carried out in two iden-  On the morning of the 22nd experimen-
tical environmental-controlled rooms. tal day, a silastic catheter was inserted in a
Two environmental temperatures wereugular vein under general anaesthesia using
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halothane inhalation. Daily feed allocationi.e. the day of stabilisation of RT, in using a
was offered in four meals at 0800 andvilinear model:

1100 a.m. and at 0300 and 0600 p.m. fro o

day 22 onward, in an attempt to control me;%T (°C) = 1R-|6+ blxDD _D(bl_/bz) xSx LN
times. On d 25, piglets were subjected to (1 +exp((D~Dc)/s))

11 blood samplings in 24 hours as indicateq o o b \as the experimental day (d)RT
in Figure 3. On d 26, piglets were 9VEeNihe rectal temperature (°C) at D = 0, Dc the

neir first morning meal and killed. TN threshold day (d), fthe linear variation of
'SP ' Ny 9 ' YSrectal temperature (%@L before Dc and

?g&%@gg‘agg%gékggd external fat Werebz the linear variation of rectal temperature
' (°C-.d™)) after Dc. The parameter s, similar to
that used by Koops and Grossman [16],
2.2. Blood analyses determines the smoothness of the transition
around Dc. In the current study, s was fixed

At each sampling time, two tubes wereat 0.5, which ensured a virtually instanta-
filled to get both plasma and serum. Blood€ous transition between both parts of the
was collected in an heparinised tube angurve around Dc. The different parameters
centrifugated to obtain plasma, whereas ah by, b, and Dc were estimated by NLIN
other sample was collected in a clean tubdrocedure of SAS [33].
clotted 12 h at 4 °C and the serum removed. Data of skin and rectal temperatures after
Plasma concentrations in Insulin-like grO\Nthday 2 were analysed by the General Linear
factor | (IGF-1) were measured by doublepModel procedure of SAS [33]. Data from
antibody radioimmunoassays, validated [20blood parameters at 23 and 33 °C were also
after extraction of IGFs binding proteinscompared with ANOVA at each sampling
with ethanol-acid according to Daughadaytime. Average concentrations of each hor-
et al. [8]. Thyroid hormones (triiodothyro- mone over the 24-h period of measurement
nine T, and thyroxine J) concentrations were further determined by calculating the
were determined by radioimmunoassay usingrea under the curves with the trapezoidal
commercial kits (ICN, Hyland Avenue, technique. The overall effect of tempera-
Costa Mesa, CA 92626, USA). Finally, ture was then tested by ANOVA. Weights of
serum leptin was determined using a comexcised organs, glands and tissues were anal-
mercial kit (multispecies radioimmunoas-ysed by ANOVA [33].
say; Linco Research, St. Charles, MO) val-
idated on serum by Qian et al. [25]. The
assay sensitivity was estimated as 90% of 3 RESULTS
total binding and the intra-assay coefficient

of variation (CV) was 6%. All measure-  Tpe performance data recorded on intact
ments were run in the same assay to avoighimals (from d 1 to d 20) are summarised
Inter-assay variation. in Table I. On the whole, daily voluntary
feed intake (VFI) and average daily gain
were 42 and 39% loweP(< 0.01) at 33
than at 23 °C, respectively, while feed to

In an attempt to determine how fast rec92in ratios were similar at both tempera-
tal temperature (RT, °C) of pigs increasedUres
with the rise in environmental temperature, At killing, absolute weights of liver, heart,
and to make a clear distinction between thepleen, backfat and leaf fat were signifi-
periods during which RT increases and igantly lower at 33 than 23 °C. However,
stabilised, we looked for a “threshold day”this temperature effect was no longer

2.3. Statistical analyses
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Table I. Influence of ambient temperature (23 or 33 °C) on performance and weights of several
tissues and organs.

Temperature, °C

23 33 RSD  Significance
Number of observations 4 4
Average body weight, gy 23.6 21.1 2.1
Slaughter body weight, Kg 35.0 28.0 2.2 T**
Voluntary feed intake,-g-1 1362 915 149 T**
Average daily gain, g1 794 488 48 T**
Feed to gain ratio 1.71 1.88 0.20
Weights of tissues and organsdg)
Liver 830 633 69 T**
Spleen 55 39 9 T*
Heart 163 136 8 T**
Thyroid gland 3.6 3.0 0.8
Kidneys 159 131 13 T*
Adrenal glands 1.8 1.8 0.2
Backfat 982 654 158 T*
Leaf fat 194 108 34 T*
Backfat + leaf fat 1176 762 186 T

aT : temperature effect ;P <0.05; ** P <0.01
bMean body weight over the 20 days of acclimation.
¢Body weight on morning of day 26.

d Analysis of data expressed per kg of body weight did not show any significant effect of temperature, although
means were always higher at 23 °C.

significant when weights of tissues or organsvhere RT was rectal temperature (°C) and D
were expressed per kg of body weight. Enviwas the experimental day (from 1 to 17).
ronmental temperature had no significant - Rectal temperature increased from 38.7 to
effect on absolute and relativéd ™ BW) 40 2 °c within the period of temperature
weights of thyroid and adrenal glands.  jncrease in the climate room (d 1 and 2),
Reducing environmental temperatureand tended to decrease by 0.03*&here-
from 25 to 23 °C had no significant effect onafter. In average on the whole experimental
rectal temperature (RT), which remainedperiod (except days 1 and 2), piglets RT was
essentially constant over the experimentd).6 °C higher at 33 than at 23 €< 0.01).
period (Fig. 1). However, skin temperatureSkin temperature, determined only from
(ST) rose slightly from d 2 to d 6 andday 2, remained unchanged during the
remained constant thereafter, plateauing atbservation period, plateauing at 38.9 °C.
36.0 °C (Fig. 2). In contrast, increasing thdt was in average 2.9 °C higher at 33 than at
environmental temperature from 25 to23 °C P < 0.01).
33°C resulteq in a dramatic increase in b(_)th Patterns of plasma,TT, and IGF-1 and
rectal and skin temperatures. The equatiogerym |eptin concentrations during the 24-h
relating RT to time during the experimentalyeriogd of measurement are presented in Fig-
period was as follows: ure 3. At both environmental temperatures,
RT (°C)= 37.2+2.37D plasma T, T, and IGF-1 concentrations
—1.20LN (1 +dP-129/0% remained essentially constant over a 24 hour



Acclimation to high temperature in piglets 49

41.5 q
S} 41.0 A
g 40.5 1
2
. £ 400 -
Figure 1.Rectal tempera- g
ture (RT, °C, + S.E.) pro- £ 395
files over the acclimation &
period at 23 °C ) or £ 39.0 1
33°C (). Data at 33 °C S
was analysed by a bilin- 38.5 1
ear mOdel -Iﬁ) and 38.0 T T T T T T T T 1
mean rectal temperature
at 23 °C £ —was RT = 0 2 4 6 8 10 12 14 16 18
39.4°C+0.2°C. Day of experiment
41
40
391 G 8% we ot 4 o
g 38
S 37+ a
<
g 36 - i g%
a, ] [
£351m # # ] ¥
= 341
= 33
Figure 2. Skin tempera- 32 1
ture (ST, °C, + S.E.) pro- 31 T T T T T T T 1
files over the acclimation
period at 23 °CH) or 2 4 6 8 10 12 14 16 18
33°C ). Day of experiment

period, with overall concentrations (areatime-points 270 and 930 min. Despite a low
under the curve) being lower at 33 °C than atumber of animals per treatment< 4),

23 °C for T, (P < 0.06) and IGF-1K < 0.01) leptin concentrations were significantly
in the high temperature group. Howevey, T lower at 33 than at 23 °C at 0500 p.m. and
concentrations were significantly lower at1100 p.m. (times 570 and 930 min;
33 °C at time points 90 and 270. At both 23 = 0.02 and® = 0.01, respectively).

and 33 °C, initial and final serum concen-
trations of leptin were similar, averaging
1.7 and 1.8 ngLL, respectively. At 23 °C,
serum leptin concentrations tended to be 1 present study provides new infor-

higher ¢ < 0.10) than_ the initial level from mation about, on the one hand, the very fast
0400 to 1100 p.m. (times 510 t0 930 min)yegnonse of pigs body temperature when
whereas at 33 °C, concentratlon_s rema‘”egubjected to increasing ambient tempera-
essentially constant over the period of meagre, and on the other hand, on the hormonal
surement. The area under the curve for legespecially leptin) concentrations 24-h pat-

tin concentrations was significantly differentterns under both treatments, which suggest
between 23 and 33 °® & 0.05) between heat-induced hormonal adjustments,

4. DISCUSSION



50 A. Collin et al.

207 @) 351 i ’ (b)

ok ek ko ok ok ok * *
T T T T T T 1 0 T T T T T T T 1
OT ZUJ 40? ﬂ;) 800 1000 1200 1400 1600 OT 204 404 6%) 800 1000 1200 1400 1600

Timre, minute Time, minute

©

25

[Leptin], ng/ml

[IGF-I], ng/ml
g B
=4 —
¥ — W [ 3

0

. @

1S4
o =
1 :
#*
*
L
8 %R 38
*

o
(=)}
B ®

2

®
L
&

= o

[T3], ng/ml
[T4], ng/ml

e
)
L
w

0

5 T 5 y i T T T T 1 0 T T T T T T T 1
(I 20{ 40% 6;0 800 1000 1200 1400 1600 OT ZOJ AUI 6&) 1000 1200 1400 1600
Time, minute Time, minute

Figure 3. Circulating concentrations (+ S.E.) of IGFa)(leptin ), triiodothyronine (T, ) andthy-

roxine (T,, d) over a 24-h period in pigs acclimated to 23 &g ¢r 33 °C @ ). Meal times are indi-

cated by arrows at the bottom of graphs. Time zero min corresponds to 0730 a.m. and time
1410 min to 0700 a.m. the following day. Blood samples were taken at 0730, 0830, 0900, 1000 and
1200 a.m., 0130, 0400, 0500, 0800 and 1100 p.m., and 0700 a.m. the following day.

sometimes dependent on the feeding statds, and IGF-1 concentrations and, but to a
of the animals. lesser extent, JJand leptin concentrations.
) There is a possibility that hemodilution
First, the o.bserved Qverall 'effects ofcaused by high temperature could have an
exposure of piglets to high environmentalect onblood hormone concentrations.
temperature on voluntary feed intake andyyqvever, to our knowledge, data on blood
hence, on daily yve|ght gain, are In accory,o;yme or hematocrit change during heat
dance with prewous'data [5.' 31, 34]. I:’ro'exposure are scarce. Thyroid hormones, espe-
longed exposure to high environmental tem- ially T, are known to be thermogenic. They

ggéﬁ:#&;til)sn ;f &?;ﬁgl sfi?ese(rlle?aa}r;gf v{: timulate oxidative phosphorylation and ATP
! portation [12, 14] and mitochondria bio-

cera) atthe expense of external sites (bacmggnesis [9]. Their decreased concentrations at

[15, 18, 31] and to have a negative effect of. . ;
relative weights of liver, heart, kidneys and igh temperature [21,32] are consistent with
thyroid and adrenal gla\'nds in' young groW_the reduction in heat production in observed
ing (1030 kg) or finishing (60—100 kg) pigs in such conditions [23, 27]. How_ever, in our
[13, 31, 34]. In the present experiment, suctudy, only plasma Jlconcentrations were

effects were not observed likely because cfi9nificantly lowered at high temperature.
the short duration of the trial. Both the small number of data and the rather

high individual variation could account for
In addition, exposure of piglets to highthe non-significant decrease iy oncen-
environmental temperature affected plasm#ations at high temperature.
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Similarly to T,, concentrations of plasma could be a specific response to heat expo-
IGF-1 were reduced at high temperaturesure, contributing to maintain a gradient
Under ad libitum feeding conditions, con-between skin and ambient temperature and
centrations of plasma IGF-1 are also reducellence to maintain sensible heat loss [7]. An
in lactating sows held at high temperaturéncrease in skin and rectal temperatures in
[22], whereas concentrations are not differresponse to exposure to high ambient tem-
ent in sows under paired feeding conditiongerature is also reported in growing [11,
[24]. Our results are consistent with the facfLl7] and in lactating sows [24, 26]. These
that concentrations of IGF-1 are mainlylast authors reported that RT of lactating
dependant on nutritional status of the pigsows starts to rise at environmental tem-
[4], with levels being closely related to theperature higher than 25 °C, with the rate of
energy intake and hence to growth rate [10jncrease amounting 0.09 °C per one °C tem-

erature rise within the temperature range

Leptin is described as a regulator of f00£f 25-29 °C. Corresponding rate of increase
intake and energy balance [29]. In our studyin our piglets is estimated to 0.08 °C between
only tendency to lower concentrations of25 and 33 °C. However it is noticeable that
leptin at 33 °C than at 23 °C were observeghe short-term response of RT and ST is
in the fed state, except for two samplingconcomitant to the rise in ambient temper-
times. However, leptin concentrations atature in good agreement with the data of
23 °C tended to be higher in the fed stat®afai [28]. This would suggest that ambi-
than in the fasted state. An increase in lepent temperatures higher than 25 °C are
tin concentrations after a meal is alschyperthermal for piglets weighing approxi-
reported in rodents, but not in humans [6]. Inmately 22 kg in close agreement with our
our conditions, leptin response to feedingorevious data [5]. In heat-exposed piglets,
could be lowered at high temperature. Sevthe physiological meaning of a possible
eral hypotheses could explain this observaonger-term slight decrease in rectal tem-
tion: the feeding stimulus could be too lowperature remains to be explored, in relation
to enable leptin concentrations to rise afteto mechanisms of acclimation to high tem-
a meal, which is consistent with the decreasperature.
in leptin expression and concentration
reported in underfed ruminants [1, 3, 35].

Moreover, a decrease in insulin concentra- 5. CONCLUSION

tions related to the decrease in feed intake is

reported at high temperature in piglets [30], Our results suggest that rectal and skin
which also could account for the lack oftemperatures rise within two days as ambi-
effect of the meal on leptin concentrationsent temperature rises above 25 °C, whereas
Finally, Cameron et al. [2] indicate that lep-feed consumption decreases within five days
tin concentrations are more correlated to thef exposure. Acclimation of piglets to high
pig adiposity than to its feed intake. As atemperatures was associated with decreases
consequence, the tendency of postprandiéh plasma thyroid hormones and IGF-I,
leptin concentrations to be decreased at higlhereas leptin serum concentrations tended
temperatures could be associated with tht be decreased at high temperature only in
decrease in adipose tissue mass in our healte fed state.

acclimated piglets.
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