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ABSTRACT

Hair steroid measurement has received increasing attention for monitoring hypothalamic-pituitary-adrenal axis
function, as it offers the advantages of being noninvasive, fast, and able to indicate steroid concentrations over
long periods. The objects of the study were to evaluate cortisol (C) and dehydroepiandrosterone sulfate (DHEA-S)
hair concentrations and their ratio (C/DHEA-S) in beef cows from calving to 100 days (d) postpartum (pp) and to
assess possible differences related to parity (primiparous vs multiparous) and conception outcome (pregnant vs
not pregnant). Hair samples were collected from 6 primiparous and 5 multiparous pregnant beef cows by clip-
ping the coat at calving (T0) and every 20 d for 5 times (T1-T5), collecting only the regrown hair. Starting from
the 6th-week pp, cows were submitted to artificial insemination at spontaneous estrus; by 100 d pp, 7 cows were
pregnant and 4 were not pregnant. Statistical analysis showed higher hair C concentrations in the 11 cows at
calving (TO) compared to all the subsequent samplings except for T1, and higher C concentrations at T1
compared to T3, T4, and T5. These results indicate that hair C concentrations in beef cows are affected by
sampling time, with a decrease from calving, as reported in other matrices. When exploring changes within
parity groups, no differences were found in the multiparous among sampling times, while hair C concentrations
at TO and T1 tended to be higher than at T2 (0.01 < p < 0.05) and were higher (p < 0.01) than in all the
subsequent samplings (T3, T4 and T5) within the primiparous group. Higher hair C concentrations were found at
TO and T1 in the primiparous compared to multiparous (p < 0.01), suggesting that primiparous cows undergo a
greater stress level before and around parturition compared to multiparous, probably due to the novelty of the
calving experience. No differences were detected in C hair concentrations according to conception outcome
(pregnant versus not pregnant) in each sampling time. Hair DHEA-S concentrations were neither affected by time
nor by parity or conception outcome. Differences in the C/DHEA-S ratio were found at T1, with higher C/DHEA-S
in the multiparous compared to primiparous cows (p < 0.001), and a tendency for higher ratio in the not
pregnant compared to the pregnant (0.01 < p < 0.05). These results support the choice of hair as a valuable
biological matrix when investigating long-time periods such as postpartum in cows and suggest an enhanced
immunoprotective effect of DHEA-S in the postpartum of primiparous cows, and in cows that get pregnant within
100 d postpartum.

1. Introduction

function, the developmental capacity of the oocyte, or the early preg-
nancy development, or when postpartum hormonal and metabolic im-

Stress has been defined as the result of an external event or condition
(stressor) that places a strain on a biological system [1]. Stressors can
affect reproductive efficiency through several mechanisms, such as
slowing the pulsatile release of LH [2], decreasing follicular estradiol
production and the responsiveness of ovarian follicles to LH [3], and
blocking the LH surge [4]. In some instances, stress can act directly on
the pregnancy itself, for example when heat stress affects the ovarian
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balances cause immune dysfunction that leads to uterine disease and
infertility [5].

While stress conditions can be quantified and applied equally across
animals, the stress response can vary among individuals. Allostatic load
and resilience capacity can be evaluated through the measurement of
biological markers, such as cortisol (C), dehydroepiandrosterone
(DHEA) [6-8], DHEA sulfate (DHEA-S) [9], and their ratios [10,11].
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Cortisol and DHEA are the main hormones secreted by the adrenal
cortex during multiple conditions and after stress stimulation. As the
primary endpoint of the hypothalamic-pituitary-adrenal (HPA) axis, C is
an appropriate hormone for the investigation of HPA axis function,
being used to monitor stress and welfare conditions in farm animals
[12]. DHEA is the primary precursor of natural estrogens and represents
a metabolic intermediate in ovarian follicular steroidogenesis [13].
Moreover, this steroid hormone acts at multiple levels, playing a role in
immune system activation, with anti-glucocorticoid qualities presum-
ably as competitive inhibitors of C [14] and exhibiting
anti-inflammatory effects and antioxidant properties [8]. During preg-
nancy, C concentrations result from both fetal and maternal HPA axis
activity [15], while DHEA and its sulfate are produced mainly by the
fetal/placental compartment [16]; cow placental 3p-hydroxysteroid
dehydrogenase converts DHEA to androstenedione [17], which is used
as a precursor for estrogen by trophoblastic cells [18-20]. Postnatally,
DHEA and DHEA-S are primarily secreted by the zona reticularis of the
adrenal glands and act as prohormones for sexual steroids in both males
and females [21]. As C and DHEA mediate largely opposing biological,
neurologic, and immunologic functions, measuring their concentrations
simultaneously may be an important indicator of net glucocorticoid
activity [22], and the glucocorticoid:DHEA-S ratios may be helpful in
identifying HPA axis dysfunctions.

Literature on steroids measurement in bovine species is dotted with
investigations on blood, saliva, feces, and milk [12,23,24], but none of
these matrices can display long-term retrospective steroid accumulation
[25,26]. Research about the analysis of hair steroids began about two
decades ago in humans [27-29] and expanded two years later to animal
species [30]. More recently, hair steroid measurement has received
increasing attention for assessing chronic stress in cattle, as hair seems to
embed circulating steroids throughout all growth periods, providing an
integrative value [26]. The advantages of this matrix are also the ease of
collection and storage, the absence of a circadian rhythm influence, and
the minimum restraint requested for collection, having no impact on the
well-being of animals. Cortisol measurement in hair samples has been
already reported as a validated method in cows, through investigations
on its association with health status [31,32], reproduction [31-33],
breed [34], environmental conditions [8,35], stocking density [36], and
synchronization protocols [37]. Regarding hair DHEA, its assay has been
validated in guinea pigs [38], pigs [39], cows [8,40,41], and recently
also in calves [42], while hair DHEA-S has been investigated in pigs
[43], dogs [44], calves [21] and mares and foals [45]. Recently, the
cortisol:DHEA ratio has been proposed as a resilience factor that may
prevent the potential negative effects of stress [46]. In humans, higher
DHEA or a lower cortisol/DHEA ratio mitigate possible deleterious ef-
fects of high cortisol concentrations, while in cattle it has been reported
an increased cortisol/DHEA ratio in lame dairy cows [40] and following
transportation of young bulls [47].

To the authors’ knowledge, no reports about the assessment of both C
and DHEA-S and their ratio in the postpartum period with the use of a
noninvasive matrix like hair was reported. However, assessing C and
DHEA-S with this method could provide information about the activity
of the HPA axis during the delicate postpartum period which can be
useful from a scientific and economic point of view, also because hair
allows investigation of hormonal variations in a non-invasive way and
with a lower number of samplings compared to other matrices. In
particular, different HPA axis activity may be detected in cows accord-
ing to parity [48], and this might play a role in the establishment of the
pregnancy in the postpartum period. Investigations on beef cows are not
available in literature and would allow to avoid the influence of the
milking system, which is instead known to deeply interfere with post-
partum adaptation and health in dairy cows. Therefore, the objectives of
this study were to assess hair C and DHEA-S concentrations and their
ratio in beef cows from calving to 100 d postpartum (pp) and to verify
differences according to parity and conception outcome.
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2. Materials and methods

Although hair sampling is a non-invasive procedure, the trial was
carried out in accordance with EU Directive 2010/63/EU, and it was
approved by the Ethical Committee of the University of Milan
(OPBA_146_2019).

2.1. Animals

A sample size test was performed before the beginning of the study,
and the G*Power test (ver. 3.1.9.6, Kiel University, Germany — type of
power analysis “Compute required sample size — given alpha, power,
and effect size) set the minimum sample size to 10 subjects (assuring a
test power >80 %) to obtain valid and sound results. Therefore, a total of
12 late pregnant crossbreed beef cows, 6 primiparous and 6 multiparous,
were enrolled in the study and surveilled starting from 2 weeks before
the estimated calving date. All animals belonged to a single beef herd in
northern Italy. The animals were loose-housed with straw bedding (3.5
m?/head) and were offered a hay-based diet containing 6.15 MJ of NE,/
kg of dry matter (DM) during the prepartum period, and 7.28 MJ of NEL/
kg of DM during the postpartum period. Fresh water was available ad
libitum; general health conditions and the body condition score (BCS,
according to Edmonson et al. [49]) were monitored during the study
period.

Calvings occurred spontaneously at term and were all singletons,
except for one multiparous cow that delivered twins and was thus
excluded from the study. The clinical monitoring of cows did not record
diseases or abnormalities during the whole period of observation; the
calves were allowed to suckle and stay with their mother throughout the
period.

Simultaneously to the second hair sampling collection (T2, see 2.2
section), a rectal palpation and ultrasound examination (real-time B-
mode linear array scanner with a 7.5 MHz transducer; Sigma I-AC,
Kontron Instruments, Milan, Italy) of the genital tract was performed to
ensure the normal postpartum course and to rule out the presence of
ovarian and/or uterine abnormalities. Starting from the 6th-week pp,
the cows showing estrus, with a pre-ovulatory follicle and normal con-
ditions of the genital tract (uterine tone, cervical mucus) were submitted
to artificial insemination (AI), which was performed 12 h after the
beginning of estrus with semen of proven fertility, as scheduled by the
herd management system. Pregnancy was diagnosed by rectal palpation
and ultrasound examination around 25-30 d after Al and confirmed by
rectal palpation and ultrasound examination at about 40 d of pregnancy.
Cows found to be not pregnant were submitted again to Al following the
same procedures above described; the last Al attempts were performed
around 75 d pp, in order to allow a pregnancy diagnosis before the 100-
d pp. Those cows found empty at the last diagnosis at around 100 d pp
were included in the not pregnant group.

2.2. Hair samples collection

At calving, immediately after the calf was born, a first hair sample
was taken with clippers from an area of about 10 cm? on the cows’
forehead (TO). At this time, each single collected hair was at a different
physiological phase (anagen, catagen, telogen), and because of this, TO
samples reflect the hormone concentrations of at least one month before
parturition. Next, samples of newly re-grown hair were taken from the
same area every 20 d for a further 5 times. Thus, hair was collected 20
(T1), 40 (T2), 60 (T3), 80 (T4), and 100 (T5) d after calving. Each of
these samples reflects the hormone accumulations that occurred in be-
tween the two subsequent samplings. At each collection time, individual
hair samples were coded and stored in envelopes at room temperature
and in the dark until C and DHEA-S analysis.
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2.3. Hormone analysis

C and DHEA-S concentrations in hair were assessed using solid-phase
microtiter RIA as described by Peric et al. [34] and by Probo et al. [42],
respectively. Both hormonal concentrations were expressed as pg/mg of
hair.

2.4. Statistical analysis

Firstly, data were checked for normal distribution by the Shapiro-
Wilk test and then analyzed by a three-way ANOVA and posthoc
Tukey test, with time after calving, parity, and conception outcome
considered as fixed factors. Differences in hair C concentrations, hair
DHEA-S concentrations, and their ratio (C/DHEA-S, expressed as C/
DHEA-S*100) were assessed among sampling times in the whole
group (11 cows) and within each group of primiparous, multiparous,
pregnant and not pregnant cows; for each sampling time between pri-
miparous and multiparous cows, and between pregnant and not preg-
nant cows. Due to the small sample size, and considering a 99 %
simultaneous CI, significance was set at p < 0.01, while 0.01 < p < 0.05
was considered as tendency to significance (JASP, ver. 9 for Windows
platform).

3. Results

All cows enrolled in the study were not affected by postpartum dis-
orders or general health problems. Seven out of the 11 cows became
pregnant with a calving to conception interval (mean SD) of 70.7 + 6.3
d and 1.6 £ 0.5 Al attempts/pregnancy, while 4 cows were not pregnant
within 100 d pp. The BCS was always within a range of 3.5-4.5.

Mean (£SD) C and DHEA-S hair concentrations and hair C/DHEA-
$*100 ratio in the 11 cows, are reported in Fig. 1; mean (+SD) C and
DHEA-S hair concentrations and hair C/DHEA-S*100 ratio in the pri-
miparous versus multiparous cows are reported in Fig. 2; mean (£SD) C
and DHEA-S hair concentrations and hair C/DHEA-S*100 ratio in the
pregnant versus not pregnant cows are reported in Fig. 3.

Statistical analysis showed differences in hair C concentrations in the
11 cows among sampling times. Specifically, higher hair C concentra-
tions were detected in the 11 cows at calving (T0) compared to T2 (p =
0.039), T3 (p = 0.012), T4 (p = 0.018), and T5 (p = 0.001), and higher
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hair C concentrations at T1 compared to T3 (p = 0.036), T4 (p = 0.039),
and T5 (p = 0.033). Hair DHEA-S concentrations and the C/DHEA-
$*100 ratio were not affected by sampling time.

When exploring changes within parity, no differences were found in
the C hair concentrations of the multiparous cows in the different
sampling times, while within the primiparous group, hair C concentra-
tions at TO and T1 tended to be higher than those at T2 (p = 0.016 and p
= 0.015, respectively), and were higher compared to T3 (both with p =
0.006), T4 (both with p = 0.007) and T5 (p = 0.005 and p = 0.004,
respectively). When compared to multiparous cows, primiparae showed
higher hair C concentrations at TO (p = 0.006) and T1 (p = 0.005). A
higher C/DHEA-S*100 ratio was registered in the multiparous cows
compared to primiparous cows at T1 (p < 0.001), while DHEA-S did not
show changes according to parity.

Hair C concentrations in the pregnant cows tended to be higher at T1
than at T3 (p = 0.024), T4 (p = 0.016), and T5 (p = 0.021), while within
the not pregnant group, a tendency for higher C concentrations was
detected at TO compared to T3 (p = 0.032) and T5 (p = 0.031). When
comparing DHEA-S hair concentrations in pregnant and not pregnant
cows, no differences were detected between groups in each sampling
time. A tendency to difference was found in C/DHEA-S*100 at T1, witha
higher ratio in the not pregnant group (p = 0.025).

4. Discussion

The present investigation showed an effect of time after calving on C
hair concentrations in beef cows. The hair C pattern, showing a peak at
parturition (reflected by the high C concentrations at T1) and a subse-
quent decrease, appears to be typical of healthy postpartum cows [31,
50-53] and it agrees with results obtained using other biological sam-
ples such as milk [54,55] and plasma [56]. [t must be underlined that the
sampling at calving was performed on an unshaved area, while the
subsequent samplings were performed only on the regrown hair. It has
been reported that sampling performed on regrown hair more accurately
reflects the circulating hormones concentration of the past 30 days; the
anagen phase, which is predominant in actively growing hair, cam
capture more circulating hormones compared to the catagen and telogen
phase, which are predominant in hair sampled from previously
unshaved area [51]. According to these findings, the hair hormonal
concentrations found at calving could therefore be even higher than
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Fig. 1. Mean (+SD) C (a) and DHEA-S (b) hair concentrations and hair C/DHEA-S*100 (c) in the 11 beef cows.
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a,b: differences (0.01<p<0.05) among sampling times within the primiparous
group. A,B: differences (p<0.01) among sampling times within the primiparous

group. *Differences (p<0.01) between groups within sampling times
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Fig. 2. Mean (+SD) C (a) and DHEA-S (b) hair concentrations and hair C/DHEA-S*100 (c) in primiparous and multiparous cows.
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Fig. 3. Mean (+SD) C (a) and DHEA-S (b) hair concentrations and hair C/DHEA-S*100 (c) in pregnant and not pregnant cows.

what registered in the present study.

Increased hair C concentrations during late pregnancy and at the
onset of lactation were also reported in monkeys [57] and humans [58].
In addition to the physiological C increase around parturition, other
multiple stress factors can increase C secretion during the lactation
period in cows, and these might explain the still high C hair concen-
trations found at T2, although not significantly different from the sub-
sequent; for example, the onset of lactation in dairy cows causes acute
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metabolic changes and loss of body condition score caused by milk
production. Furthermore, clinical and subclinical disorders such as
mastitis and metritis/endometritis occur mainly in the lactation period.
However, cows enrolled in this study showed no clinical symptoms of
periparturient disorders at any sampling point, so the hair C concen-
trations reflect physiological changes typical of the periparturient
period. Moreover, when dealing with beef cows, stress induced by
lactation represents a minor issue compared to the high-producing dairy
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cows. When examining separately primiparous and multiparous cows,
the sampling time effect on C hair concentrations remained evident only
in the primiparous group; when comparing the two groups, hair C
concentrations at birth and 20 d pp in primiparous cows were higher
than C concentrations in multiparous cows in all the sampling times,
suggesting the need for specific attention in the management of pri-
miparous beef cows at calving. Recent results provided convincing ev-
idence that C release in parturient cows reflects the stress response
during calving [59], and it has been demonstrated that primiparous
dairy cows behave differently during the transition period, being more
likely to experience negative health outcomes compared to multiparous
cows [60]. According to the present study, stress levels seem higher in
cows giving birth for the first time (primiparous), because of the novelty
of the calving event and the changes associated with it, i.e., regrouping,
diet changes, and the onset of lactation.

In this regard, conflicting results can be extracted from the literature.
Using milk samples, Fukasawa et al. [54] observed no difference in C
concentrations between primiparous and multiparous cows, but samples
were taken only four times a year (one sample per season), and therefore
peripartum period was not specifically investigated. The findings of the
present study, instead, do agree with the results reported in plasma by
Galvao et al. [61] and in hair by Grelet et al. [62], with higher C con-
centrations in primiparous cows. These results support the hypothesis
that primiparous cows could respond differently at calving, experiencing
a combination of stressors associated with novelty, loss of control, or
fear [48]. As an alternative, C concentrations may tend to decline with
age, as hypothesized by Heimbiirge et al. [63]; since differences in hair C
between primiparous and multiparous cows disappeared from 40 d after
parturition (T2), they most likely reflect a different stress response in the
peripartum period according to parity. However, the parity effect may
be useful in the potential large-scale use of hair C to monitor stress,
expressing results as differences from expected parity values in specific
moments. Contrarily, Burnett et al. [30] found higher hair C concen-
trations in multiparous dairy cows in the postpartum period until 126 d,
but not at calving, suggesting an association between parity and lacta-
tion rather than between parity and parturition. In a recent study from
Endo et al. [64], higher hair C concentrations were found in multiparous
dairy cows (parity 5-8) compared to primiparous cows in a prepartum
sample performed about 19 (+ 11) d before calving; afterward, the same
authors found no differences in hair C concentrations according to parity
in other sampling times performed at 44.8 + 11.9, 103.0 £+ 9.9 and
168.0 + 9.7 dd pp. The present study did not include a prepartum
sample, but consistently with the Endo et al. [64], no differences ac-
cording to parity were found from the second month after calving (T2)
and forward, and this could be suggestive of the resilience in the pri-
miparous cows, that are able to be minimally affected by disturbances
and rapidly return to the state pertained before exposure to
disturbances.

It should, however, be kept in mind that the different results ob-
tained in studies employing plasma, milk, or hair samples as sources for
stress response measurement are a clear example of how different
methodologies and experimental designs can play a vital role in the
interpretation of results themselves, preventing direct comparisons
among results obtained using different specimens. Moreover, when
comparing dairy and beef breeds, the different attitudes should be
considered a potential bias.

In the present study, reproductive data were like other studies
reporting Al conception rates in beef cows [65,66], as the conception
rate was 63.6 % with 1.6 Al/pregnancy and 70.7 + 6.3 d open in the
pregnant cows. According to the present results, there are no differences
in the C hair concentrations from pregnant and not pregnant cows in the
first 100 d pp. In contrast, Burnett et al. [31] reported that multiparous
dairy cows that were not pregnant by 100 d pp had higher hair C con-
centrations at 42 and 84 d in milk compared to pregnant ones. However,
in the latter study, cows that were not pregnant by 100 d pp also showed
a higher prevalence of clinical disease, so the higher hair C
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concentrations may have been indicative of chronic stress induced by
diseases. Besides, as before mentioned, inter-individual variability
should also be considered.

Regarding DHEA, Marinelli et al. [67] suggested that the fetopla-
cental unit represents its most important source of production; the
placenta mainly uses the A5 steroidogenic pathway to produce estrogen
[68]. Previous works [67,69] indicate that DHEA placental secretion
increases in late pregnancy, probably depending upon the tissue mass
[68], and suddenly decreases after parturition [70]. Since in the present
study, the first sample collection was performed at calving, thus
reflecting events of the last months of pregnancy, differences in DHEA-S
concentrations between TO and subsequent samples could be expected.
Conversely, no significant differences were detected in hair DHEA-S
concentrations according to sampling times. Differently from the
blood samples, employed in the abovementioned studies, the use of a
cumulative matrix as hair for DHEA-S measurement avoids the influence
of acute events or diurnal fluctuation, thus possibly masking differences
due to rapid changes. The fact that DHEA hair concentrations continue
to be relevant also in the postpartum period, suggests that the fetopla-
cental unit is not the only important source of secretion of this steroid in
the cow. Adrenal glands and ovaries also secrete DHEA and DHEA-S as
sexual steroid precursors, and the lactating mammary gland can affect
the circulating concentrations of DHEA by converting it into a metab-
olite with immunoenhancing activity, the androstene-3f,17p-diol [71,
72]. Moreover, quite variable DHEA concentrations between individuals
in both female [67] and male [73] animals were found in the bovine
species. The present study results are consistent with these previous
observations on other species, as the analysis of raw data highlights a
great inter-individual variability. In women, DHEA is known to be
involved in conception and fertilization, and treatments with DHEA
supplementation can increase the probability of conception [74] and
reduce miscarriages [75]. No information is available regarding the
same mechanisms in other mammals; scientific works exploring DHEA
secretion in domestic mammals, in fact, rarely evaluate factors that
could affect this phenomenon, such as inflammatory and reproductive
status, and the time-interval (chronicity) of exposure to stressors. To our
knowledge, this is the first study investigating DHEA-S hair concentra-
tions in beef cows according to parity and pregnancy, and results
regarding DHEA-S hair concentrations can hardly be discussed with
previous literature.

Last, significances in hair C/DHEA-S were detected only in the first
sample after parturition (T1); while T1 C hair concentrations were
higher in primiparous than multiparous cows, the C/DHEA-S ratio was
the opposite, being lower in the primiparous group. Some authors stated
that the glucocorticoid:DHEA(S) ratio may serve as a diagnostic or
prognostic tool in terms of physical health [40,76] and also as a marker
for resilience and allostatic load [8,39,77]. According to these authors, it
can be hypothesized that the lower C/DHEA-S ratio found at T1 in the
primiparous cows is due to an enhanced immunoprotective effect of
DHEA-S in this group, although concentrations were numerically but not
significantly different from the multiparous group, possibly due to the
high standard deviations. A similar situation occurred when comparing
cows according to pregnancy status, as C hair concentrations were not
different between pregnant and not pregnant cows, while C/DHEA-S
tended to be lower in the pregnant group at T1. Once more, looking at
the T1 DHEA-S concentrations in the pregnant group, numerically but
not significantly higher DHEA-S concentrations can be observed, and
thus a decrease in the C/DHEA-S ratio consequently takes place. As
previously stated by some authors [78,79], the glucocorticoid:DHEA(S)
ratio may be helpful in identifying HPA axis dysfunction that cannot be
assessed by examining glucocorticoid concentrations alone; from this
perspective, the present results suggest that the C/DHEA-S ratio may
display a hormonal counter-regulation to maintain a balance between
the opposing effects of C and DHEA, and may possibly better define
stress response compared to C or DHEA-S measurements alone. Since the
T1 sampling time reflects the hormonal accumulation during the first 20
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d after calving, it can be hypothesized that a lower C/DHEA-S ratio is
favorable for the subsequent establishment of pregnancy.

5. Conclusions

The overall results of the present study further support the choice of
hair as a valuable biological matrix when investigating long-time pe-
riods such as postpartum in cows. The current investigation showed
higher C hair concentrations around calving and in the immediate
postpartum compared to the following weeks, as previously reported
using other biological matrices. The higher hair C concentrations in
primiparous cows compared to multiparous cows suggest that first-
calving cows undergo greater stress around parturition, probably due
to the novelty of the calving experience, and underline the need for
specific attention in the management of the primiparous cows at calving.
Understanding differences in stress responses between primiparous and
multiparous animals can provide insight into how they cope with these
challenges, suggesting management recommendations and future di-
rections for research that may ultimately help to create better environ-
ments for the animals. DHEA-S hair concentrations were not affected by
sampling time, parity, or conception outcome, but the C/DHEA-S ratio
suggests an enhanced immunoprotective effect of DHEA-S in the pri-
miparous group after calving, and the same seems to occur in cows that
get pregnant within the first 100 d postpartum. Therefore, special
attention should be addressed also to the multiparous cows, whose C/
DEHA-S*100 ratio showed a lower resilience capacity when bearing
the allostatic load of the postpartum period.
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