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Summary: The objective of this study was to investigate effects of stress induced by ACTH on cholesterol, cortisol, proges-
terone, testosterone and LH concentrations in Swedish Landrace boars aged 6 to 7 months during ACTH administration and 
for 12 days after the cessation of treatment. ACTH treated boars (n=14) were given intravenously 10 mg/kg of ACTH for 3 days. 
Control group (n=14) received intramuscularly 1 mL of sterile 0.9% saline. The cortisol concentrations were significantly elevated 
(p<0.0001, all) in all three days of ACTH treatment and day after the last ACTH injection (p<0.01) in treated boars. In twelve days 
after the cessation of treatment, cortisol levels remained on physiological levels. During all three ACTH treatment days and also 
one day and five days after the last ACTH dosage, cholesterol concentrations were significantly decreased (p<0.05 to p<0.0001, 
respectively) in comparison with control boars. Progesterone and testosterone concentrations were significantly increased 
(p<0.001 to p<0.0001, respectively) during all three days of ACTH treatment. After the treatment there was no significant differ-
ence in progesterone and testosterone levels between treated and control boars. ACTH administration had no influence on LH 
levels in treated boars. Significantly reduced cholesterol concentrations in the serum of boars exposed to three-day ACTH in-
duced stress shows its increased biotransformation, which is confirmed by the results of this paper.
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Introduction

Attempts to define stress through the patterns 
of specific physiological parameters frequently 
yielded controversial results. In addition to its ef-
fects on changes in the secretion of pituitary gland 
and adrenal gland hormones, stress also affects 
the testicular and ovarian hormones, which are 
important for the animal reproduction system. It 
may have negative effects in certain phases of ani-
mal development and breeding and may reduce 
the reproduction capacities (1). 

Stressful situations such as temperature 
changes (2), transport (3), mixing of animals from 
different litters (4), and competition inside groups 
may affect the growth (5, 6), development of endo-
crine system (7, 8) and reproduction system func-
tions in pigs (9, 10, 11). Chronic stress in females 
reduces the secretion of FSH and LH, and affects 
the absence of LH secretion at the expected time 
before ovulation (12) and reduction the number of 
gravid females (9). Acute stress situations cause 
an increase in progesterone concentrations in the 
blood of cows (13) and pigs (14), but they have no 
effect on LH concentrations (15). Chronic stress 
stimulated by increased temperatures in summer 
reduces hormone synthesis in ovaries and leads 
to lower blood concentrations of progesterone (16) 
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and estradiol, up to 50% compared to the winter 
period (17). However, although artificially stimu-
lated ejaculation has been found to have stress-
ful impact and to increase the cortisol concentra-
tions, but testosterone concentrations were not 
changed in boars (18). In a normal ejaculation 
cycle in pigs including male and female contact, 
testosterone concentrations were increased (19). 

Contemporary studies are applied stress in-
duction by exogenous ACTH or cortisol. Acute 
stress stimulated by one-time ACTH application 
significantly increased the cortisol concentrations 
in 30 to 90 minutes after administration (14, 20, 
21). ACTH administration during several days is 
used in simulations of chronic stress. Three-day 
stress induction by ACTH administration stimu-
lated biochemical changes in boars during the 
treatment and in several-week period after its 
completion (22). 

The objective of this study was to evaluate the 
effects of three-day injections of ACTH on repro-
duction system hormone concentrations. For that 
purpose, cortisol concentrations were determined 
as well progesterone, testosterone and LH concen-
trations in blood of boars before, during and after 
artificaly stress induction by ACTH. Also, impact 
on concentration of cholesterol as the main precur-
sor for steroid hormone synthesis was monitored.  

materials and methods

Experimental animals

Boars (Swedish Landrace, n=28) aged 6 to 7 
months with average weight 124.3±5.7 kg were 
used in the experiment. The boars were housed in 
individual pens on farms. The stable temperature 
varied between 9 and 15 °C. Water was available 
ad libitum. The animals were given 3 kg of feed 
concentrate per day containing the following com-
ponents: crude protein 16.99%, crude fat 5.39%, 
crude fiber 5.26%, starch 37.96%, sugar 3.02% 
and ash 5.65%. 

Treatment

The boars were randomly assigned to either 
control (n=14) or ACTH treated (n=14) group. Both 
groups of animals were handled using restraint 
with a snare in the procedures of administering 
saline and ACTH and also in the procedure of 

blood collection. Accordingly, both groups were 
introduced to the same stress conditions. Also, 
in order to condition the animals to handing us-
ing restraint both experimental groups were in-
tramuscularly administered 1 mL of sterile 0.9% 
at 10.00 a.m. on the day before the treatment. 
Furthermore, on each of the three treatment days 
(day 2, 3 and 4), ACTH/saline was administered at 
10.00 a.m. The ACTH group of boars was injected 
10 mg/kg body mass of ACTH (1-39, from porcine 
pituitary, 80 IU/mg, Sigma-Aldrich Co., USA) into 
ear vein. Control group of boars were adminis-
tered 1 mL of sterile 0.9% saline intramuscularly 
on three consecutive days as a placebo. 

Blood sampling

All boars were frequently handled using re-
straint with a snare and habituated to blood collec-
tion procedure to be performed via jugular vein on 
the day before the experimental period and on each 
day of the experiment 90 min after drug adminis-
tration (ACTH or saline). Also, blood samples were 
collected on days 1, 5, 8 and 12 after the treat-
ment (day 5, 9, 12 and 16). Approximately 15 mL of 
blood was obtained using a sterile syringe (Becton 
Dickinson S.A., Spain). Blood samples were im-
mediately transferred to tubes for serum samples 
(SST, DB VacutainerÒ, Preanalytical Solutions 
Belliver Industrial Estate, UK). Blood samples were 
subsequently centrifuged at 750 x g for 10 min, 
separated and stored at -20 °C until the analysis.   

Hormone analysis

Serum cortisol was determined by radioim-
munoassay serum using commercially available 
radioimmunoassay Coat-A-Count Kit (Diagnos-
tic Products Corp., USA) according to the man-
ufacturer's instructions. The antibodies used 
against cortisol had the following specificity: cor-
tisol 100%; progesterone 0.02% and aldosterone 
0.03%. Samples were quantified in two assays, 
with average intra- and interassay coefficients of 
variation of 7.5% and 12.0%, respectively. The de-
tection limit of assay was 0.1 nmol/L.

Serum progesterone was measured by a solid 
phase radioimmunoassay Coat-A-Count Proges-
terone (Diagnostic Products Corp., USA), used 
according to the manufacturer's recommenda-
tions. The antibodies used against progesterone 
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had the following specificity: progesterone 100%; 
5α-pregnan-3,20-dione 9.0%; 5α hydroxypro-
gesterone 3.4%; cortisol 0.03% and testosterone 
0.1%. Samples were quantified in two assays, 
with average intra- and interassay coefficients of 
variation of  9.2% and 14.0%, respectively. The 
detection limit of assay was 0.1 nmol/L.

Serum testosterone levels were determined 
using a Coat-a-Count kit (Diagnostic Products 
Corp., USA) with a detection limit of 0.15 nmol/L. 
All samples were analyzed in a two assay with 
intra- and interassay coefficients of variation of 
7.0% and 10.0%, respectively. 

Serum LH was measured by homologous dou-
ble antybody RIA using specific antiserum pre-
pared in rabbits (23). Samples were quantified in 
two assays, with intra-assay coefficients of varia-
tion of 5.3 % and the detection limit of assay was 
0.1 mg/L. 

Cholesterol analysis

In serum samples all blood chemical meas-
ures were analyzed on a Technicon RA-1000 Sys-
tem Spectrophotometer (Technicon® Instruments 
Corporation, Tarrytown, New York). Blood serum 
cholesterol levels were measured by the enzymatic 
endpoint method using a commercial kit (Randox 
Laboratories Ltd.), yielding intra- and inter-assay 
coefficients of variation of 4.8% and 7.6%, respec-
tively.

Statistical analysis

The statistical analyses were performed using 
statistical package 6.1 Statistica® software (Stat-
Soft® Inc., USA). The observations were analyzed 
by the analysis of variance. The statistical model 
included the effects of treatment, period, and inter-
action between period and treatment. Results were 
expressed as mean ± SE. Differences in cholesterol 
and hormone concentration between control and 
ACTH groups of animals were analyzed by Stu-
dent's t-test for independent pairs. The repeated 
measurements of cortisol, testosterone, progester-
on and cholesterol concentration across the time 
were analyzed using a two-way repeated measures 
analysis of variance, with the Greenhouse-Geisser 
adjustment (ε value) to the p values to account for 
any violation of the sphericity assumption. The re-
peated measures factor was time (day of checking) 

and the between groups factor was ACTH admin-
istration. Probability values ≤0.05 were considered 
to be statistically significant.

Results 

Cholesterol 

During all three ACTH treatment days, choles-
terol concentrations were significantly decreased 
(p<0.01 to p<0.0001, respectively) in treated boars 
(Fig. 1). The mean concentrations of cholesterol 
during treatment days were 1.84 ± 0.041 to 1.86 
± 0.042 mmol/L in ACTH group, whereas in con-
trol group they were 2.06 ± 0.03 to 2.13 ± 0.06 
mmol/L. Also, one day (day 5) and five days (day 
9) after the last ACTH dosage, concentrations of 
cholesterol were significantly lower (p<0.05, re-
spectively) in comparison with control animals. 
However, there were no significant differences in 
cholesterol concentrations during treatment in 
control and also in ACTH group by repeated anal-
ysis of variance.   

Cortisol

Cortisol concentrations were significantly ele-
vated (p<0.0001, all) in all three days of treatment 
in treated boars (Fig. 2). The mean concentrations 
of cortisol during treatment days were 335.5 ± 
25.48 to 412.5 ± 24.74 nmol/L in ACTH group 
and 36.9 ± 3.49 to 39.2 ± 3.06 nmol/L in con-
trol group. One day after the last ACTH dosage 
(day 5), concentration of cortisol remained elevate 
(58.2 ± 3.99 nmol/L) and it was significantly high-
er (p<0.01) in comparison with control animals. 
There was no significant difference on days 9, 12 
and 16 after the treatment. In control animals, 
the cortisol response remained stable throughout 
the experimental period. During treatment signifi-
cant differences by repeated analysis of variance 
for cortisol concentrations in ACTH group were 
obtained (ε = 0.404, p<0.001).

Progesterone 

The progesterone pattern of ACTH boars was 
similar to cortisol pattern (Fig. 3). The  concen-
trations were significantly increased (p<0.001 to 
p<0.0001, respectively) during all three days of 
treatment in ACTH group of boars. The mean con-
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Figure 2: Serum concentrations 
of cortisol (nmol/L; mean ± SE) 
during and after treatment with 
ACTH in ACTH (n = 14) and con-
trol group (KON; n = 14) of boars. 
Significant differences between 
groups: * p<0.01, ** p<0.0001

Figure 3: Serum concentrations of 
progesterone (nmol/L; mean ± SE) 
during and after treatment with 
ACTH in ACTH (n = 14) and con-
trol group (KON; n = 14) of boars. 
Significant differences between 
groups: * p<0.001, ** p<0.0001

Figure 4: Serum concentrations of 
testosterone (nmol/L; mean ± SE) 
during and after treatment with 
ACTH in ACTH (n = 14) and con-
trol group (KON; n = 14) of boars. 
Significant differences between 
groups: *p<0.0001  

Figure 1: Serum concentrations of 
cholesterol (mmol/L; mean ± SE) 
during and after treatment with 
ACTH in ACTH (n = 14) and con-
trol group (KON; n = 14) of boars. 
Significant differences between 
groups: * p<0.05, ** p<0.01, *** 
p<0.001, **** p<0.0001



Effect of three-day ACTH administration on concentrations of cholesterol, cortisol, progesterone, testosterone  ... 127127

centrations of progesterone during treatment were 
0.57 ± 0.106 to 0.71 ± 0.149 nmol/L in treated 
boars and 0.072 ± 0.009 to 0.094 ± 0.008 nmol/L 
in the control group. After the treatment there 
was no significant difference between the experi-
mental groups of animals. Repeated analysis of 
variance shown significant differences for proges-
terone concentrations in group treated with ACTH 
(ε = 0.338, p<0.0002).

Testosterone

Also, testosterone pattern of ACTH boars was 
similar to cortisol pattern during tretmant, so 
the concentrations were significantly increased 
(p<0.0001, all) in treated boars (Fig. 4). The 
mean concentrations of testosterone rose during 
the treatment from basal levels to the range of 
16.5 ± 1.41 to 18.8 ± 1.80 nmol/L and stayed in 
the range 4.5 ± 1.15 to 5.5 ± 0.69 nmol/L in the 
control group. After the treatment there was no 
significant difference between treated and control 
boars. Repeated analysis of variance shown sig-
nificant differences for testosterone levels in ACTH 
group during treatment (ε = 0.604, p<0.001).

LH 

There was no significant difference in LH con-
centrations between controls and treated boars 
during and after ACTH induction (Fig. 5). In both 
groups of boars mean concentrations were in the 
range 0.34 ± 0.076 to 0.41 ± 0.086 μg/L. Dur-
ing treatment repeated measures ANOVA showed 
no significant differences for LH concentrations in 
both experimental groups.

discussion

Various experimental models have been applied 
to explain the effects and consequences of stress 
on the animals. Different stressful conditions and 
their duration cause changes in cortisol secretion 
in pigs (2, 24). Adrenal gland response to ACTH 
stimulation depends on the intensity and duration 
of ACTH effects and there is a difference between 
the acute effects within a minute, and chronic ef-
fects which may take hours or days (25). Thus for 
instance, the levels of cortisol in pig serum is in-
creased by low ambient temperature and reduced 
by high ambient temperature (2). Repetition of 
acute stressful situations reduced ACTH and cor-
tisol levels, however at the same time the adrenalin 
level and heart rate remain increased (26). Chronic 
stress is changing the basic daily rhythm of ACTH 
and cortisol secretion in pig serum, which is char-
acterized with an increase between 1.00 a.m. and 
7.00 a.m. and fall of concentrations almost by half 
around 7.00 p.m. (27, 28, 29).

In this study, the application of three-day ACTH 
stress induction model reduced the individual 
differences in adrenal gland response in animals 
during the treatment. During three days of ACTH 
administration, a significant increase in serum 
cortisol concentration was observed 90 min after 
injection (from 34.7 to 415.5 nmol/L). This is con-
sistent with previous reports in female pigs (7, 14, 
30) and boars (22, 31). According to the previous 
results, cortisol concentration remains increased 
for 24 hours after the last administration of ACTH 
(22). High cortisol concentrations in serum of young 
boars were found in stressful situations such as 
territorial conflict (4) and sexual excitement (18). 

Figure 5: Serum concentrations of 
LH (mg/L; mean ± SE) during and 
after treatment with ACTH in ACTH 
(n = 14) and control group (KON; 
n = 14) of boars



N. Bilandžić, B. Šimić, I. Kmetič128128

This investigation monitored the effects of 
ACTH induced stress on steroid hormone con-
centrations and the main precursor of synthesis 
of steroid hormones of cholesterol. Endocytosis 
through cell membrane transported the choles-
terol from blood into the cellular cytosol and the 
internal mitochondrial membrane (25). ACTH in-
duces the transfer of cholesterol into the interior 
of adrenal gland cell mitohondrion, increasing the 
number of receptors for linking of LDL and HDL 
lipoproteins on cell membrane and providing the 
intake of lipoprotein through endocytosis into the 
cells (32). It also incrases the activity of choles-
terol estherase in lisosomes, and cholesterol es-
thers from LDL or lipid drops are hydrolised into 
free cholesterol. This increases the quantity of 
free intracellular cholesterol and reduces choles-
terol concentration in circulation (25). Also, ACTH 
stimulates the desmolase activity, starting the 
process of steroidogenesys by side-chain cleavage 
on C21 atom, where cholesterol is converted into 
pregnenolon (25, 33).

In this research, stress induction with ACTH 
reduced the cholesterol concentrations in boar se-
rum during all three days of treatment. These re-
sults show a stimulated synthesis of cortisol and 
other steroid hormones, which is proven by the 
results of this study. Cholesterol concentrations 
in this experiement remained low in the week af-
ter ACTH induced stress, while steroid hormone 
concentrations back to control level. In acute 
stressful situations, such as temperature change, 
insignificant changes in cholesterol and cortisol 
levels were observed in the blood of pigs (2). 

Also, in this study, stress induction with ACTH 
stimulated the synthesis of progesterone and tes-
tosterone in boars during ACTH administration. 
However, the applied stress induction model had 
no long-term effects on the concentrations of these 
hormones and by termination of ACTH adminis-
tration, hormone concentrations returned to their 
pre-treatment levels. The observed concentrations 
of progesterone and testosterone in the blood of 
control group boars were in compliance with the 
reference values in previous studies (19, 34, 35). 
However, one-time ACTH administration caused 
an increase in progesterone concentrations in the 
serum of male guinea-pigs (36), pigs (14, 20, 37) 
and castrated boars (38). As in addition to its syn-
thesis by ovaries, progesterone is also synthesized 
by the adrenal gland, it is deemed that progester-
one may represent a significant factor in the inter-

pretation of hormone profile in the animal plasma 
during stress (14, 39, 40). Namely, in adrenalec-
tomized pigs, there was no increased progesterone 
synthesis, which shows that progesterone secret-
ed after the ACTH administration originates from 
the adrenal gland (39).

However, stressful situations with increased 
cortisol and progesterone also increased the tes-
tosterone concentrations in the blood of boars 
(19, 41) and horses (42). Also, administration of 
a single ACTH dose in rats (43), rabbits, guinea-
pigs (36) and boars (41) at first stimulated the tes-
tosterone synthesis. However, several hours after 
ACTH administration, cortisol concentrations in 
blood were very high and testosterone concen-
trations were lower than normal physiological 
values (36, 41). Double effects of ACTH on tes-
tosterone level have not been explained. The as-
sumption is that the initial testosterone secretion 
increase, found also in this study, is a result of 
ACTH effects on increased arterial blood flow in 
the adrenal gland or testicles (44). Also, ACTH ad-
ministration had no effects on testosterone syn-
thesis if the boars were adrenalectomised (45). 
The assumption is that the effects on testosterone 
synthesis are mediated by the adrenal gland, i.e. 
cortisol acts directly on testicles, by a mechanism 
independent from hypothalamus-pituitary gland 
control system (19, 41). Investigations in rats and 
guinea pig showed that glucocorticoids had a di-
rect inhibition effect on the synthesis of testoster-
one in Leydig cells (36, 43, 46, 47). 

Application of three-day ACTH stress induction 
model in this study had no changed of LH con-
centrations in the blood of boars. The results were 
in compliance with the previous studies of acute 
stress. Administration of single dose of ACTH in 
guinea-pigs (36), rats (43, 46) and pigs (12, 15) also 
had no changed LH serum concentrations. Meas-
ured LH concentrations in this research were simi-
lar to values determined in previous studies (21, 
48). In chronic stress situations caused by ACTH 
administration during 7 or more days in pigs or 
rats, the secreted glucocorticoids caused a reduc-
tion of LH, FSH and testosterone concentrations in 
blood (39, 46, 49). It was found that a seven-day 
ACTH treatment inhibited the increase in basal LH 
concentration after overiectomy in female pigs only 
when the adrenal gland was not removed (39). 

In conclusion, in boars exposed to three-day 
ACTH stimulated stress significant reduction of 
cholesterol concentrations were observed witch is 
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explained by its increased biotransformation and 
as result elevated serum concentration of corti-
sol and also progesterone and testosterone were 
measured. 
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VPLIV TRIdNEVNEgA dOdAwJANJA ACTH NA RAVEN HOLESTEROLA, KORTIZOLA, PROgESTERONA, 
TESTOSTERONA IN LH PRI mERJASCIH

N. Bilandžić, B. Šimić, I. Kmetič

Povzetek: Z raziskavo smo želeli ugotoviti vpliv stresa, povzročenega z ACTH, na raven holesterola, kortizola, progesterona, tes-
tosterona in LH pri merjascih švedske deželne pasme, starih 6 do 7 mesecev, med samo aplikacijo ACTH in do 12 dni po prene-
hanju tretiranja. Živali v skupini ACTH (n = 14) so 3 dni dobivale ACTH (10 m g / kg, i.v.), živali v kontrolni skupini (n = 14) pa so prejele 1 
ml sterilne fiziološke raztopine i.m. Koncentracija kortizola je bila pri tretiranih merjascih statistično značilno povišana (p <0,0001) 
v vseh treh dneh tretiranja in še naslednji dan po zadnji injekciji ACTH (p < 0,01). Po 12 dneh je bila raven kortizola na fiziološki ravni. 
V primerjavi s kontrolnimi živalmi so imeli merjasci, tretirani z ACTH, značilno nižjo koncentracijo  holesterola v vseh treh dneh tre-
tiranja, pa tudi en dan in 5 dni po zadnjem odmerku ACTH (p <0,05 do p <0,0001). Koncentracije progesterona in testosterona so 
bile bistveno povečane (p <0,001 do p <0,0001) v vseh treh dneh tretiranja z ACTH, po končanem dodajanju pa ni bilo bistvenih 
razlik v koncentraciji progesterona in testosterona med tretiranimi in kontrolnimi merjasci. Tretiranje z ACTH ni vplivalo na raven 
LH. Občutno znižane koncentracije holesterola v serumu merjascev, ki so bili izpostavljeni 3-dnevnemu stresu, povzročenemu z 
aplikacijo ACTH, kaže na povečano biotransformacijo holesterola v steroidne hormone, kortizol, progesteron in testosteron, kar 
je v skladu z rezultati te raziskave.

Kljuène besede: merjasci; ACTH; stres; kortizol; hormoni; holesterol

 


