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Serum concentrations of cortisol were monitored in four 1O0-day-old pregnant sows
during and following cannulation through an ear vein and thereafter for 11.5 consecutive days. During this period, the sows were exposed to the following environmental temperatures: 2 days at l8'C and 3 days at 2, l8 and 32'C, respectively.
Serum concentrations of cortisol increased significantly during and after cannulation, but returned to basal levels within 4 h indicating that blood samples can be
taken subsequently without stressing the animal. The serum concentration of cortisol followed a circadian rhythm when the sows were kept at 18"C. This daily
variation was characterized by maximum and minimum concentrations during the
morning and evening, respectively. When the temperature was lowered to 2'C, the
circadian rhythm of serum cortisol was maintained, but the daily mean levels were
higher. On return to 18"C, the circadian rhythm was temporarily disrupted and the
mean daily serum cortisol concentration was lowered. Exposure of sows to 32"C
increased the daily mean senrm cortisol concentration and restored the circadian
rhythm but with an inverted pattern. It is concluded that exposure to different environmental temperatures can affect the daily mean level and circadian pattern of
serum cortisol of pregnant sows.
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[Effet d'une canule et de la temp6rature ambiante sur la teneur en cortisol du s6rum
chez les truies gravides.l
Titre abr6g6: Effet d'une canule et de la temp6rature sur la teneur en cortisol du
s6rum des truies.
Nous avons mesur6 les teneurs en cortisol du s6rum chez quatre truies en gestation
depuis 100 jours, pendant la pose d'une canule dans une veine de l'oreille et aprds,
pendant 11,5 jours cons6cutifs. Pendant l'exp6rience, les truies ont 6t! soumises
aux conditions suivantes: 2 jours d l8'C et 3 jours i 2, 18 et 32oC, respectivement.
Les teneurs en cortisol du s6rum ont augment6 sensiblement pendant la pose de la
canule et aprds, mais sont redevenues normales moins de quatre heures aprEs
I'op6ration, ce qui laisse i penser qu'on peut par la suite pr6lever des 6chantillons
de sang sans causer de stress pour I'animal. Les teneurs en cortisol du s6rum ont
vari6 selon un cycle circadien lorsque les truies !taient gard6es i 18'C. Elles atteignaient leur maximum le matin et leur minimum le soir. Lorsque la temp6rature
a !td abaissde i 2'C, le cycle circadien s'est maintenu mais les teneurs quotidiennes
moyennes dtaient plus 6lev6es. Le retour i l8'C a provoqu6 une perturbation temporaire du cycle circadien et une baisse de la teneur quotidienne moyenne en cortisol
du s6rum. Le passage i une temp!rature de 32'C a provoqu6 une augmentation de
la teneur quotidienne moyenne en cortisol du s6rum et le rdtablissement du cycle
circadien, mais ce dernier 6tait invers6. Il semble donc que les conditions de temp6rature ambiante peuvent influer sur la teneur quotidienne moyenne en cortisol du
Can. J. Anim. Sci. 65:. 399404 (June 1985)
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serum et sur le cycle circadien de la variation de cette teneur chez les truies en
gestation.

Mots c16s: Truies, temp6rature, canule, cortisol, stress
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Animal handling is one of many factors
which can affect glucocorticoid concentration in domestic species (Dantzer et al.
1983). In swine. the introduction of a cannula into the ear vein for frequent blood
sampling is a research technique which requires handling and physical restraint ofthe
pig for short periods of time. Furthermore,
the presence of a cannula may itself be a
stressor (Selye 1913).
The effect of temperature on serum cortisol concentration has been studied in neonatal pigs (Zamora et aL l975), growing
pigs (Blatchford et al. 1914), and boars
(Larsson et al. 1983). Growing pigs between 50 and 130 days showed changes in
mean daily concentration of cortisol when
exposed to different temperature regimens
(Rafai and Fodor 1980b). Daily variations
in serum corticosteroids have been demonstrated in cattle (Fulkerson et al. 1980),

rats (Wong et al. 1983) and also swine
(Whipp et al. 1970; Bottoms et al. 1972).

To the best of our knowledge, no study has
been carried out to investigate the effect of
temperature on the circadian rhythm of glucocorticoids in swine.
This study was designed to determine the
duration of the stress effect of ear vein cannulation and to determine the effects of different environmental temperatures on
serum cortisol concentrations of pregnant
SOWS.

MATERIALS AND METHODS
Four Yorkshire sows, 100 days pregnant, were
cannulated and housed in 0.65 x 2.1-m dry
stalls with solid metal sides in an environmental
chamber. The sows were kept in the chamber for
11.5 days and were bled through the cannula
every 2 h. Sows had continuous access to water
and were fed 2.5 kg.day - I of a l4Vo protein, corn
and soybean meal diet. The light at eye level was
120.75 lx between 0600 and 2000 h and reduced
to 2.82 lx between 2000 and 0600 h.

The cannulation procedure was a modification

of a method described by Anderson and Elsley
(1969). To facilitate the procedure, the sows
were restrained in a squeeze cage with the head
partially immobilized. One ear, the forehead and
the back of the sow was shaved and disinfected

withTjVo ethanol. A sterilized 3.75-cm

x

14-

gauge needle punctured the ear vein and 35-45
cm of a 2-m length of PE 90 tubing ((Clay Adams

N.J.) 0.86 mm i.d., 1.27 mm o.d.) previously
disinfected with zepharin chloride solution
(Winthrop Laboratories, Aurora, Ont.) was introduced through the needle. Following needle
removal the free end of the tubing was fitted with
blunt, stoppered 2O-gauge needle. At this time,
the first blood sample was taken, and the cannula was flushed with heparinized saline solution (0.9Vo sodium chloride solution USP (Trava

enol Laboratories, Malton, Ont.) and
IU'mL ' of heparine sodium USP (Allen

100
and
The cannula was su-

Hanburys, Toronto, Ont.)).
tured to the skin at the entrance to the ear vein
and to the forehead and the back of the sow. The
exposed portion of the cannula on the ear was
attached to the skin with KaMar glue (Steamboat
Springs, Col.) and protected with elastoplast adhesive tape (Smith and Nephew Inc., Lachine,
Que). The free end of the cannula was connected
with fishing nylon to a two-pulley system located directly above the stall. The entire cannulation procedure took approximately 20 min.
The second blood sample was taken immediately
upon completion of the cannulation procedure.
The sows were sequentially exposed to the

following temperature regimens: Two days at
18"C and 40Vo RH,3 days at 2"C and 58Vo RH,
3 days at 18'C and 40VoRH and 3 days at32'C
and 407o RH.

After collection the blood samples were
cooled to 4"C within 30 min, allowed to clot for
6-10 h, centrifuged and the serum was separated
into plastic vials which were stored at - 77'C
until analyzed for cortisol using the solid phase

RIA developed by Micromedic System Ind.
(Horsham, Pa.). The RIA had an intra- and interassay coefficient of variation of 5 .4 I and 6 .23Vo ,

respectively.
The data were analyzed by ANOVA, using
temperature as treatments. Comparisons were
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made between the following: temperatures, the
different times within a day, and days within a
temperature regimen. Tukeys multiple range test
was used to compare the daily means (Steel and
Torrie 1980).

levels showed a consistent circadian rhythm
(P<0.05), peaking between 0400 and 0600
h and reaching the lowest levels 12hlater.
When the temperature was decreased to
2oC, the daily mean concentration of cor-

RESULTS
The concentration of circulating cortisol
during and immediately following cannulation of an ear vein of pregnant sows was
higher (P<0.05) than the basal levels.
Within 4 h of insertion of the cannula the
concentration of cortisol had returned to
basal levels and the circadian rhythm was

concentrations found in the sows when exposed to the 18'C temperature. Under cold
conditions, the circadian rhythm was maintained, with large differences (P<0.05) between morning and evening. Moreover, the
daily mean value of cortisol increased
(P>0.05) with time of exposure. During the
subsequent 3 days, when the sows were
again exposed to a temperature of 1 8'C, the
daily pattern was temporarily disrupted and
the daily mean level of cortisol decreased

re-established within 24 h (Fie. 1).
The average circadian patterns of plasma
cortisol following exposure of the pregnant
sows to different environmental temperatures are summarized in Fig. 2. During the
first period of exposure to thermoneutral

temperature (18'C), the serum cortisol

tisol increased (P<0.05) as compared

to

with time of exposure. Under heat stress
(32"C) the daily mean level of cortisol increased progressively (P<0.05). A circadian rhythm was re-established, but in a re-
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Fig. I . Concentration of serum cortisol in four pregnant sows during and until 63 h after insertion
of a cannula into the ear vein. Midnight and noon are indicated with 'm' and 'n', respectively.
Insert is a magnification of the shaded area and the arrows mark the beginning and the end of the
cannulation procedure. Vertical bars indicate SD.

402

CANADIAN JOURNAL OF ANIMAL SCIENCE

U
T

Can. J. Anim. Sci. Downloaded from pubs.aic.ca by University of P.E.I. on 11/21/12
For personal use only.

I
L
N

H

012?4!224!224\?
TIME

OF

THE

OAY

(HOURS)

Fig. 2. Average circadian pattern of serum cortisol concentrations in four pregnant sows following
exposure to different environmental temperatures. Vertical bars indicate SD for two or three consecutive days.

verse manner. The lowest levels of cortisol
were observed during the morning and the
highest levels during the evening (P<0.05).

that neither the housing nor the presence of
the cannula were as stressful as the process
of cannulation. These findings indicate that
acutely stressed animals can be used for ex-

DISCUSSION

perimental purposes involving corticosteroid measurernents 6 h following cannula-

The results clearly indicate that the procedure used for cannulation is a potent stressor. Restraint, shaving, puncture ofthe ear
vein and introduction of the cannulae were

responsible for a large portion of the increase in cortisol concentration. The stress
may have been further magnified by the
continuous restraint and the attachment of
the cannula. The rapid return of serum cortisol to basal levels, after the sows were allowed to rest, is reasonable considering that
the half-life of cortisol is about 80-1 10 min
(Goldfien 1982). The pattern of serum cortisol resulting from the stress of the total

procedure is comparable to the pattern of
total corticosteroids in boars subjected to 5
min of restraint by using a wire snare (Juniewicz and Johnson 1984). This suggests

tion. The data also indicate that

the

circadian rhythm of serum cortisol concentration is reestablished soon after the acute
stressor has been removed. The peaks and
valleys in the circadian rhythm of cortisol
serum concentration during norrnal or cold
temperature are consistent with the findings
in growing pigs (Rafai and Fodor 1980a),
although the net values in our sows were
lower.
The response of the animal to a sustained
stress is an increase in pituitary ACTH output with the consequent growth of the adrenal gland (chart et al. 1958), which increases glucocorticoid secretion. A reversal
of this condition could be responsible for
the disruption of the circadian rhythm of
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cortisol found in sows after exposure to cold
stress. The daily increase in serum concentration of cortisol in sows under heat stress
agrees with the finding of others (Aberle et
al.1974; Rafai and Fodor 1980b), but the
modification of the circadian pattern of cortisol concentration observed in the sows under heat stress was not discussed by these
authors. Under heat stress, the increase in
the daily mean level of cortisol was a consequence of an upward shift in the entire

profile.

It

has been established that the supra-

chiasmatic nuclei of the hypothalamus is the

"pacemaker" of circadian rhythms in the
rat. Furthermore, bilateral lesions of this
area eliminate the circadian rhythmicity of
adrenal corticosterone (Moore and Eichler

1972). While there is lack of information
on the control of circadian rhythms, and the
effects of circadian rhythms on physiological events in swine, it is apparent, from the
present study, that environmental temperature is capable of altering the settings of
the region in charge of circadian rhythms,
with the consequent modification of the
pattern observed. The mechanism by which
environmental temperature affects circadian rhythms deserves further investigation.
In summary, this study has shown that
exposure of pregnant sows to different environmental temperatures can dramatically
affect the circadian rhythm and the daily
mean levels of cortisol. Thus, environmental temperature should be considered when
interpreting the influence of adrenal activity on physiological events in pigs.
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