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Introduction 

Pedersen, L.J., K.H. J ensen and E. Jorgensen: Pre- and postpubertal LH and 
estradiol pattern in gilts subjected to intermittent inescapable electroshock. Acta 
vet. scand. 1996, 37, 153-161. - The effect of intermittent electroshock on LH and es­
tradiol secretory pattern and on reaching puberty was studied in 24 prepubertal gilts. 
Twelve gilts 115-168 days of age received unpredictable and inescapable electroshocks 
0-5 times daily between 8 am and 4 pm and 12 gilts served as controls. At an age of 168 
± 0.7 days all gilts were moved, regrouped and exposed to a boar for 30 min. Observa­
tions for signs of oestrus were carried out twice daily. Indwelling jugular catheters were 
inserted into 8 gilts on each treatment after the initial boar contact. Blood samples were 
collected to determine LH profiles for 4 h every 15 min on day 2 and day 4 after the in­
itial boar contact. The remaining 4 gilts on each treatment were catheterized one day 
prior to the initial boar contact and blood was collected to determine LH profiles the day 
before initial boar contact and day I and day 2 after initial boar contact for 6 h every 15 
min. In addition, blood samples were c-01lected and analyzed for LH and estradiol from 
all gilts daily at 8 am, 12 am and 4 pm for the first 3 days following the initial boar con­
tact and thereafter every 4 h until the end of oestrus (diurnal samples). Samples taken 
daily at noon the first 5 days following initial boar contact were analyzed for cortisol. 
The electroshock treatment significantly increased the age at puberty (p=0.04) and 
tended to decrease the mean LH concentration prior to the preovulatory LH surge 
(p=0.08) and the maximal concentration of LH during the pre-Ovulatory LH surge 
(p=0.07). The apparent down regulation of the plasma concentration ofLH was not as­
sociated with increased activity in the hypothalamus-pituitary-adrenal axis in that the 
basal concentration of cortisol was not affected by treatment. This indicates that other 
physiological mechanisms are involved in stress-induced suppression ofLH. 

puberty; stress. 

The age at which gilts reach puberty- the time 
of first behavioral estrus- and the success of in­
ducing puberty by boar exposure and/or re­
grouping/relocation appear to vary consider­
ably within herds as well as among herds. The 
causal relationships in this variation are poorly 
understood. It has been suggested that the vari-

ation as well as the problems with delayed pu­
berty seen in intensively housed gilts (Christen­
son 1981, Rampacek et al. 1981, Clark et al. 
1985, Prunier & Meunier-Salaiin 1989) may be 
attributed to nonspecific physiological reac­
tions to long term stress. 
Several management routines and intensive 
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housing methods can alter the activity in the hy­
pothalamus-pituitary-adrenal (HPA) axis and 
are usually suggested to increase the basal level 
of plasma cortisol (Barnett & Hutson 1987). In 
addition, the cortisol response to different phys­
iological or behavioral challenges may be al­
tered (Ladewig et al. 1993). Furthermore, sev­
eral studies have shown that treatment with 
synthetic corticosteroids and ACTH may delay 
puberty (Esbenshade & Day 1980) and inhibit 
the pulsatile secretion of LH (Frautschy et al. 
1989) as well as the preovulatory surge of LH 
(Barb et al. I 982) and estradiol (Liptrap & 
Cummings 1991, Liptrap 1970). Thus, stressful 
routines may cause delayed puberty as well. 
Consistent with this suggestion, comparable 
changes after exposure to social and experi­
mental stressors have been demonstrated in 
other species, such as cattle, sheep, mice and 
primates (Moberg 1991, Rivi er & Rivest 1991 ). 
However, it actually remains unclear, whether 
chronic stress inevitably increases glucocorti­
costeroid secretion. Recent studies on the effect 
of chronic stress in pigs and other farm animals 
indicated, that chronic stress may consist of 
several successive states or stages, which in­
volve an apparent normalization of the basal 
levels of glucocorticosteroids (Munksgaard 
1994, Jensen et al. 1996a). Thus, the conse­
quence of chronic stress on reproduction in pigs 
may differ from that seen after exogenous ad­
ministration of ACTH and/or glucocorticoids. 
No studies on attainment of puberty in gilts us­
ing psychological stressors have been carried 
out in pigs and it remains to be shown that this 
can cause delayed puberty through a depression 
of the pulsatile secretion of LH and/or through 
a suppression of the preovulatory LH and es­
tradiol surge. 
The purpose of the present experiment was 
therefore to elucidate the effect of exposure to a 
standardized psychological stressor during the 
growing period on the LH and estradiol secre-
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tory pattern around the time of initial boar ex­
posure and first boar induced ovulation in gilts. 
Electroshock was chosen as this treatment has 
caused depression of LH and estradiol in sev­
eral species (Przekop et al. 1984, Rivier et al. 
1986, Pollard & Cairncross 1977). In addition, 
electroshock treatment is standardizable and 
minimizes interference between the stressor 
and normal biological functions while main­
taining similar stimulus situations in the control 
and stress group. Furthermore, the electro­
shocks were given intermittent and were ines­
capable which is also the case for stressors in 
modem swine production. 

Materials and methods 
Experimental animals and treatment 
The experiment consisted of 24 female pigs 
from 12 litters (Danish Large White x Danish 
Landrace). At an age of8 weeks the 24 female 
pigs were moved to a slaughter unit. Each of the 
pigs were housed with 3 littermates, that were 
not part of this experiment, in pens measuring 
1.8 mx3.4 m. At an age of 168 ± 0.7 days all 24 
female pigs were introduced to a mature boar 
for 30 min. This was the initial boar contact. 
Immediately after the initial boar contact the 
gilts were housed individually in new but 
equally sized pens. All gilts were allowed visual 
and tactile contact through the partitioning bars 
to a boar at one side and a gilt to the other side. 
Twice daily at 9 am and 4 pm observations for 
signs of oestrus were carried out in the aisle 
outside the pens, at which time the gilts were al­
lowed nose contact through the bars with sev­
eral boars. Oestrus was defined as the period 
during which it was possible to induce the 
standing reflex by back pressure. The reproduc­
tive status of the gilts prior to the initial boar 
contact was checked by means of plasma pro­
gesterone samples taken on days 148, 158 and 
168. The progesterone samples showed that 
none of the gilts had ovulated before day 168. 
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Prior to the experiment littermates were ran­
domly distributed within litters between one of 
2 treatment groups: control ( 12 gilts) or electro­
shocked (12 gilts). All pigs in a pen were sub­
jected to the same treatment. The electroshock 
treatment began at 115 days of age and contin­
ued until approximately 168 ± 0.7 days of age 
(the day immediately before boar contact). It 
consisted ofO to 5 daily sessions of inescapable 
electroshocks with a minimum time between 
sessions of 30 min. The electroshocks were ad­
ministered between 8 am and 4 pm. Each ses­
sion was made up of 5 electroshocks (2700 V, 
0.25mA, 60-65 pulses per sec) delivered with 
intervals of 1 sec and lasting for 0.5 sec. To in­
crease the unpredictability of the treatment the 
number and times of sessions varied between 
days according to a predetermined schedule 
that was similar for all litters. The electroshock 
sessions were delivered from a battery-operated 
stock goad (EL-PA s.r.l., Saronno, Italy) placed 
around the neck of the pig in a collar. The con­
trol pigs were equipped with a similar collar but 
received no electroshocks. The stock goad was 
remotely controlled from outside the building 
thus preventing the pigs from associating the 
electroshocks with the presence of humans. 
Collars were fitted on pigs in both groups 16 
days prior to initiation of the electroshock treat­
ment.1 
Indwelling jugular vein catheters were inserted 
in 8 gilts on each treatment the day after boar 
contact. The catheters were inserted under gen­
eral anaesthesia using I ml Azeperonum (Se­
daperone®, Janssenpharma, Birkernd, Den­
mark) per 10 kg body weight followed by 0.6 ml 
metomidati hydrochloridum (Hypnodil®, Jans­
senpharma, Birkernd, Denmark) per IO kg. 

1 The electroshock treatment was carried out with the 
permission from the Danish committee for care of 
experimental animals. 

body weight. LH profiles were determined from 
blood samples taken from 12 am to 4 pm every 
15 min. on days 2 and 4 after initial boar con­
tact. The remaining 4 gilts on each treatment 
were catheterized without use of anaesthesia 
one day prior to the initial boar contact and LH 
profiles were determined in blood samples 
taken from 10 am to 4 pm every 15 min. on the 
day before boar contact and on days 1 and 2 af­
ter boar contact. Furthermore, after the initial 
boar contact, blood samples were taken daily at 
8 am, 12 am and 4 pm until day 3 in all gilts and 
hereafter every 4 h (i.e. at 4 am, 8 am, 12 am, 4 
pm, 8 pm and 12 pm) until the end of oestrus 
(diurnal samples).These samples were all ana­
lyzed for LH and oestradiol. The samples taken 
at 12 noon were in addition analyzed for corti­
sol. All gilts were slaughtered 21 days after the 
initial boar contact and the ovaries were macro­
scopically examined within the day of slaughter 
for the number of corpora lutea. 

Hormonal analyses 
The concentration of luteinizing hormone (LH) 
was determined in all samples using a validated 
Radio-immuno-assay technique for pigs (Stup­
nicki & Made} 1976, Kunavongkrit et al. 1983). 
The concentration of estradiol-17B (E2) was de­
termined in all diurnal samples using a com­
mercial enzyme immunoassay (Amerlite®, 
Amerlite estradiol- I 7B assay, Amersham, UK). 
The concentration of cortisol and progesterone 
(P4) was determined in the diurnal samples col­
lected at 12 am using a commercial enzyme im­
munoassay (Amerlite®, Amerlite cortisol/pro­
gesterone assay, Amersham, UK). 
The sensitivity of the assay systems to LH, E

2
, 

cortisol and P4 were 0.22 ng/ml., 4.9 pmol/l, 3.0 
nmol/l, and 0.8 nmol/l, respectively. The inter 
assay variations were for LH 11% (mean=0.7 
ng/ml) and 10 % (mean=4. l ng/ml), for E2 29% 
(mean=20 pmol/l) and 15% (mean=64 pmol/l), 
for cortisol 13% (mean=21 nmol/l) and 6% 
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Figure I. The number of days from initial boar contact to the first oestrus in 11 control and 12 electroshocked 
gilts. 

(mean=76 nmol/l), for P 4 13% (mean=3 nmol/l) 
and 9% (mean=22,8 nmol/l). The intra assay 
variation was for LH below l 0% in the working 
range from 0.5 ng/ml to 10 ng/ml, for E2 below 
I 0% in the working range from 20 nmol/ I to 
149 nmol/l, for cortisol below 15% in the work­
ing range from 2lnmol/l to 276 nmol/I and for 
P4 below l 0% in the working range from 3 to 
160 nmol/1. 
LH profile variables were calculated using the 
Pulsar program developed by Merriam & 
Wachter ( 1982). Predetermined cutoff criteria 
were set at G(l)=3.8, G(2)=2.6, G(3)=l.9, 
G(4)=l.5 and G(5)=l.2 and the depth criterion 
for splitting pulses was set at 2.70. Profiles de­
termined after the initial rise of the preovula­
tory LH surge were excluded (3 profiles from 3 
different gilts). 
The preovulatory LH and estradiol surge and 
the interaction between the LH surge and the 
behavioural signs of oestrus for those gilts that 
reached puberty (7 control gilts and 7 electro­
shocked) were described by the following vari­
ables: 1) the accumulated concentration of es­
tradiol in samples 2 standard deviations above 
the basal concentration of estradiol (pmol/l) de­
termined from the first day of initial boar con-
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tact to the initiation of the LH surge, 2) the du­
ration from initiation of the LH surge to the first 
standing reflex (hours), 3) the accumulated con­
centration of LH in samples 2 standard devia­
tions above the basal concentration of LH 
(ng/ml), 4) the maximal concentration of LH 
(ng/ml), 5) the duration from the first LH sam­
ple to the last LH sample 2 standard deviations 
above the basal concentration of LH (hours) 
and 6) the duration from the maximal concen­
tration of LH to the first standing reflex of the 
gilt (hours). The basal concentration ofLH was 
derived from the mean concentration of the LH 
profile determined day 2. The basal concentra­
tion of estradiol was calculated from samples 
collected later than 1 day after the first standing 
reflex of the gilt. 
The mean plasma concentration of cortisol of 
day I to day 5 after the initial boar contact was 
used as a measure of the basal concentration of 
plasma cortisol. 

Statistical analyses 
The number of days to reach puberty were ana­
lyzed statistically using the Wilcoxons-Mann­
Whitney nonparametric test (Siegel & Castal­
lan 1988). Gilts that did not reach puberty 
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Table 1. LH profiles in control and electroshocked gilts before initial boar contact (LSM ± S.E.). 

Control 
(n=4) 

Mean cone. (ng/ml) 1.1 0±0.07 
Smoothed baseline cone. (ng/ml) 0.90±0.05 
Pulses/hour 0.44±0.10 
Amplitude of pulses (ng/ml) 0.82±0.24 
Duration of pulses (min.) 58.3±24.0 

within 21 days post initial boar exposure were 
included as having 21 days to puberty. All other 
statistical analyses (LH-profiles, variables of 
the preovulatory LH and estradiol pattern, the 
number of corpora lutea, the duration of oestrus 
and the In-transformed basal concentration of 
cortisol) were carried out using a generalized 
linear model (SAS Institute INC® 1986), which 
finally included treatment and litter as fixed ef­
fects tested using the variance between animals 
as the error term. 
Statistical analyses of profiles determined be­
fore (2x4 gilts) and after (2x 12 gi Its) the initial 
boar contact were made separately. F-tests were 
performed using Satterthwaite's approximation 
with the RANDOM statement in the GLM pro­
cedure (SAS Institute INC® 1986). To increase 
the degrees of freedom for the residual esti­
mate, litters were excluded from the models 
when its influence was low (p>0.25). Due to 
problems with different pans of data collection 
some data were missing. Therefore, the number 
of experimental units and the degrees of free-

Electroshocked p-value 
(n"'4) 

1.00±0.07 0.42 
0.88±0.05 0.75 
0.46±0.10 0.89 
0.84±0.24 0.95 
64.0±24.0 0.88 

dom varied. All analyses were performed as 
two-sided tests. 

Results 
At the time of the initial boar contact the mean 
body weight of electroshocked and control gilts 
was 103 and I 00 kg. (s.e= 1.5), respectively. 
The number of days to the first oestrus was sig­
nificantly longer (Z=-1.7; p=0.04) in the elec­
troshocked group than in the control group (Fig 
I). 
Treatment did not affect any variables of the LH 
profile before initial boar contact (Table I). Af­
ter initial boar contact the electroshock treat­
ment tended to decrease the smoothed baseline 
concentration of LH (F 1,19_1=3.0; p=O. I 0) and 
the mean concentration of LH (F1,19_1=3.3; 
p=0.08) (Table 2). 
Treatment tended to affect the maximal concen­
tration ofLH during the preovulatory LH-surge 
(F 1.2= 12.1; p=0.07), in that the electroshocked 
gilts showed a 20% ± 6 % reduction in the max­
imal concentration of LH compared to the con-

Table 2 . LH profiles in control and electroshocked gilts after initial boar contact (LSM :I: S.E.). 

Mean cone. {ng/ml) 
Smoothed baseline cone. (ng/ml) 
Pulses/hour 
Amplitude of pulses (ng/ml) 
Duration of pulses (min.) 

Control 
(n=l l) 

0.95 :I: 0.13 
1.00 :I: 0.12 
0.48 :I: 0.07 
0.43 :I: 0.05 

30.0 :I: 4.4 

Electroshocked 
(n=l2) 

0.65 :I: 0.13 
0.71 :I: 0.12 
0.36 :I: 0.07 
0.34 :I: 0.05 

28.0 ± 4.3 

p-value 

0.08 
0.10 
0.25 
0.45 
0.89 
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Table 3. The preovulatory LH and estradiol surge and the interaction between the LH surge and the behaviou­
ral signs of oestrus after initial boar contact in control and electroshocked gilts (LSM ± S.E.). 

Control Electroshocked p-value 
(n=7) (n=7) 

Accumulated estradiol determined before 
initiation of LH surge (pmol/I) 1142 ±269 966 ± 269 0.65 
Hours from initiation ofLH surge to 
oestrus (standing reflex) 24.0 ± 
Total LH above basal level (ng/ml) 79 ± 
Max. cone. ofLH (ng/ml) 7.0± 
Duration ofLH surge (hours) 31.0 ± 
Hours from max LH to oestrus 10.0± 

trol gilts. No significant differences were 
present between treatments in any measures of 
the preovulatory LH and estradiol pattern (Ta­
ble 3). Neither the duration of oestrus (45 h in 
control gilts versus 37 h in electroshocked gilts; 
s.e.=2.4) nor the number of corpora lutea (12.8 
in control gilts versus 13.8 electroshocked gilts; 
s.e.=0.7) differed significantly between control 
and electroshocked gilts. 
Treatment did not affect the mean basal plasma 
concentration of cortisol over the 5 days follow­
ing boar contact (Table 4). 

Discussion 
The results of the present study showed that 
chronic intermittent electroshock treatment sig­
nificantly delayed puberty and tended to sup­
press the basal plasma concentration ofLH and 
the preovulatory LH surge. 
The electroshock treatment used in the present 
study to mimic psychological stressors in pig 
production was fulfulling several aspects 
known to be stressful to pigs. It was aversive, 

3.7 24.0 ± 3.7 0.99 
11.4 68 ± 11.4 0.20 
0.2 5.6 ± 0.2 0.07 
3.1 31.0 ± 3.1 0.99 
3.5 11.8 ± 3.5 0.83 

unpredictable and inescapable. Detailed studies 
were made during the electroshock treatment 
period on the activity and responsiveness of the 
HPA-axis and on behavioral responses to the 
electroshocks in a parallel study using the same 
pigs as used in the present study (Jensen et al. 
1995 b,c ). These studies showed that the basal 
concentration of plasma cortisol was normal­
ized after 4 weeks of electroshock treatment, 
and still was at the end of the electroshock treat­
ment as indicated by results of the present 
study. However, the pigs still reacted with the 
initial behavioural response to the electro­
shocks, the behaviour of the pigs in the pen had 
become more passive and the responsiveness of 
the behaviour and the HPA-axis to acute stress 
were altered (Jensen et al. 1995, 1996b). These 
results therefore indicated that at the end of the 
electroshock treatment (immediately before in­
itial boar contact) the pigs were stressed, even 
though the basal concentration of cortisol was 
not elevated. This is in accordance with recent 
reports which questions the use of high basal 

Table 4. The mean concentration of plasma cortisol of 5 days after initial boar contact in control and electro­
shocked gilts (LSM ± S.E.) 

Mean plasma cortisol (nmoVI) 

Acta vet. scand. vol. 37 no. 2, 1996 

Control 
(n=l l) 

86 ± 9.7 

Electroshocked 
(n=J2) 

89 ± 9.7 

p-value 

0.78 
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concentrations of plasma cortisol as indicator 
of chronic intermittent stress (Paterson & 
Pearce 1992, Ladewig et al. 1993, Munksgaard 
1994). 
The delayed puberty and the suppression of 
baseline concentration of plasma LH and the 
preovulatory LH surge were not as large as 
found during chronic treatment with synthetic 
corticosteroids in earlier studies in pigs (Es­
tienne et al.199 1, Frautschy et al. 1989, Barb et 
al. 1982, Fonda et al. 1984, Esbenshade & Day 
1980). Individual differences in both the mag­
nitude and quality of the stress response may in 
part contribute to the lack of large statistically 
significant differences between treatment 
groups in the present study. However, the basal 
concentrations of plasma cortisol were not ele­
vated after 6 weeks of chronic intermittent elec­
troshock treatment, which may suggest that 
other physiological systems than the HPA-axis 
may contribute to or be responsible for the 
stress-induced suppression of gonadotrophin 
release in the pig. For example, beta-endor­
phines acting centrally with CRF and indepen­
dently of the adrenal gland may play an impor­
tant role in stress induced inhibition of LH as 
indicated by results of Rivier et al. ( 1986) and 
Xiao et al. ( 1989). Furthermore, during stress, a 
number of other monoaminergic and peptider­
gic reactions at the brain level are activated 
(Ladewig et al. 1993). Studies on the castrated 
littermates to gilts used in the present study in­
dicated increased turnover rate of serotonin in 
the CNS of the electroshocked pigs (Jensen et 
al. 1995). Since several neurotransmitters, such 
as catecholamines and serotonin, are involved 
in the regulation of gonadotrophin secretion in 
undisturbed animals (Weiner et al. 1988, Krael­
ing & Barb 1990), they may also play an impor­
tant role in LH-suppression during stress. Such 
evidences, combined with the results of the 
present study, may therefore question the use of 
treatment with synthetic glucocorticoids or 

ACTH as a model for studying stress-related 
suppression of the HPG-axis in the pig. 
In other species, however, more dramatic ef­
fects of chronic treatment with electroshock 
have been found on activity in both the HPA­
and the hypothalamus-pituitary-gonadal-axis 
(RPG-axis) (Przekop et al. 1984, Rivier et al. 
1986, Pollard & Cairncross 1977). Such diver­
gent results among different species may reflect 
species differences in the sensitivity of the 
HPG-axis to stress as well as differences caused 
by the experimental procedure such as the in­
tensity and duration of the electroshock ses­
sions. 
In conclusion, treatment of prepubertal gilts 
from an age of 115-168 days with daily inter­
mittent inescapable electroshocks significantly 
(p=0.04) delayed puberty and tended to de­
crease the smoothed baseline concentration of 
LH, the mean concentration ofLH and the max­
imal concentration of the preovulatory LH 
surge. The down regulation of plasma concen­
tration of gonadotrophin seemed not to be 
caused by increased activity in the HPA-axis 
since the basal concentration of cortisol was not 
affected by chronic electroshock treatment. 
This indicates that other physiological mecha­
nisms may have been involved. 
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Sammendrag 
Sekretion af LH og estradiol under puberteten hos 
gylte udsatfor gentagne electrochock. 

Effekten af gentagne electrochock pA LH og 0stradiol 
sekretionen og pubertetsalderen blev unders0gt hos 
24 prrepuberale sopolte. Tolv sopolte blev i alderen 
115-168 dage udsat for uundvigelig electrochock 0-5 
gange dagligt mellem kl. 8.00 og 16.00. Tolv andre 

sopolte indgik som kontroldyr. Da sopoltene var 168 
± 0.7 dage gamle blev de flyttet, omgrupperet og ud­
sat for 30 min omekontakt. Herefter blev de observe­
ret for brunst 2 gange dagligt. Dagen efter den ferste 
omekontakt, blev der indlagt et permanent jugular 
kateter i 8 sopolte fra hver behandling. Herfra blev 
der udtaget blodprever hvert 15. min over 4 timer pA 
dag 2 og 4 efter I. omekontakt med henblik pA at 
bestemme LH profilen. PA de resterende 4 sopolte fra 
hver behandling blev kateteret indlagt dagen fer den 
1. omekontakt med henblik pA tillige at bestemme 
LH profiler fer omestimulering. Der blev desuden 
udtaget blodprever dagligt kl. 8.00, 12.00. og 16.00 
de 3 ferste dage efter ornekontakten og herefter hver 
4. time i degnet indtil afslutningen pA 1. brunst. Disse 
prever blev analyseret for LH og 0stradiol for at 
bestemme st0rrelsen af den prreovulatoriske LH- og 
0stradioltop. Den basale plasma koncentration af 
cortisol blev bestemt, som gennemsnittet af prever 
udtaget over de 5 ferste dage efter 1. omekontakt. 
Electrochock behandlingen forlrengede signifikant 
antallet af dage fra !. ornekontakt til I. brunst 
(p=0.04) og tenderede til at srenke den basale plasma 
koncentration af LH (p=0.08) samt at srenke den 
maksimale sekretion af LH under den 
prreovulatoriske LH-top (p=0.07). Den tilsynela­
dende nedregulering af LH var ikke forarsaget af en 
fonaget basal koncentration af cortisol i plasma, hvil­
ket indikerer at andre fysiologiske mekanismer end 
0get aktivitet i HPA-aksen kan vrere involveret i 
stress-induceret inhibition afLH-sekretion. 
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