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Abstract: Concentrations of cortisol, dehydroepiandrosterone and dehydroepiandrosterone-sulfate were measured by
performing radioimmunoassay of the cerebrospinal fluid of 68 dogs diagnosed with idiopathic epilepsy or inflammatory,
degenerative, or non-neurological disease. No steroid concentration differences were found among diagnoses.
Dehydroepiandrosterone and dehydroepiandrosterone-sulfate concentrations were higher in males than in females and
dehydroepiandrosterone-sulfate decreased with increasing age. No sex or age effects were observed on cortisol or
hormone ratios. Although limited to a relatively small sample, our results show sex- and age-dependent variations
in these neurosteroid concentrations in cerebrospinal fluid. The role of such variations in the pathophysiology of the
dog brain warrants further investigation.
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In humans, plasma levels of dehydroepiandrosterone (DHEA)

and its circulating storage form DHEA sulphate (DHEA-S)

are dependent on sex, higher concentrations being found in

adult men than women. In both sexes, however, concentra-

tions decline during ageing, falling to 5-30% of their peak

value by the eight decade [8]. A similar age-related decline is

also observed in the cerebrospinal fluid (CSF), but there

seems to be no difference between sexes at this level [6].

Since cortisol levels increase with ageing, higher cortisol/

DHEA ratios are found in both plasma and CSF of elderly

people [6]. In adult dogs, plasma DHEA is much higher in

males than in females and only in the latter there is a clear

age-related decline; at the same time, no age-related differ-

ences have been found for plasma cortisol concentrations in

this species [12]. The dog’s body size can affect steroid con-

centrations, as higher plasma cortisol concentrations have

been observed in small than in large dogs [13].

Since the first description of its synthesis in the central ner-

vous system (CNS) [1], interest in DHEA has grown in view

of its role as a neuroactive steroid. DHEA exerts neurotrophic

and neuroprotective functions, antagonizing detrimental effects

of glucocorticoids, whose concentrations in both blood and

CSF have been correlated with functional and morphological

neural deficits [9, 16]. The ratio between cortisol and DHEA

and DHEA-S concentrations is therefore considered crucial

in the pathophysiology of neurodegenerative processes and

other neurologic diseases. For instance, decreased DEHA-S

and DHEA-S to cortisol ratio have been associated with age-

related neurodegeneration and cognitive decline and epi-

lepsy [4, 5]. Conversely, the concentrations of both DHEA-S

and cortisol increase in patients with inflammatory neurolog-

ical diseases, compared to non-inflammatory ones [7].

Dogs develop age-related lesions and functional deficits of

the CNS analogous to those of humans and are considered a

good model of age-related neurodegenerative processes [15].

A syndrome characterized by abnormal behaviours and

believed to be consequence of such neurodegeneration has

been described in aged dogs [15]. Dogs have also been pro-

posed as models for other neurological diseases, including epi-

lepsy as well as neurodegenerative and inflammatory neuro-

logical conditions [2, 11, 14], in which a role of cortisol,

DHEA and DHEA-S could be hypothesized. The study of

DHEA and cortisol in the pathophysiology of canine CNS is

therefore relevant to both veterinary and human medicines.

To the best of our knowledge there is no data on these ste-

roids’ concentrations in canine CSF, which is what this study

aimed at investigating. Given the previous indications from

both the canine and human literatures, we investigated sex
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and age as the main factors potentially affecting the hor-

mones concentrations in the CSF. However, considered the

potential role of these hormones in the pathophysiology of

diverse neurological conditions, we included the dog neuro-

logical characterization as a further factor of interest. 

Concentrations of DHEA, DHEA-S and cortisol were mea-

sured in CSF obtained from 49 male dogs (all of which were

sexually intact) and 19 female dogs (including 9 intact sub-

jects), presented in two referral veterinary hospitals over a

period of two years. For the aims of this study, dogs were

classified as of small (< 20 kg, n = 30) or large size (≥ 20 kg,

n = 38). Samples were collected from the cisterna magna

(n = 55) or the cisterna lumbalis (n = 13) from dogs eutha-

nized for non-neurological diseases, immediately after the

procedure and from dogs for which CSF collection was part

of the diagnostic workup. For the latter, CSF was collected

under anaesthesia, obtained through intravenous induction

and maintained with volatile anaesthetics; the specific anaes-

thetic protocol for each dog was chosen and monitored by a

veterinary anaesthesiologist. Only dogs that were not under

glucocorticoid treatment were included in the study. The his-

tory, clinical signs, neurological evaluation, CSF differential

white cell count and other diagnostic tests (magnetic reso-

nance imaging, radiography, serology, cytology, electrodiag-

nostic studies and surgical findings), were used to assign

dogs to one of the following diagnostic categories: idio-

pathic epilepsy (n = 16; mean age ± SD, 4.5 ± 2.4 years),

inflammatory- (n = 16, 5.9 ± 3.8 years), degenerative- (n = 15,

8.7 ± 2.6 years), or non-neurological- disease (n = 20, 6.6 ±

5.1 years). 

Collected CSF was visually inspected for blood contamina-

tion; non-contaminated samples were immediately frozen and

stored at −20oC until assayed. DHEA and cortisol were mea-

sured with a solid-phase radioimmunoassay (RIA) as previ-

ously described [12]. DHEA-S concentrations were analysed

by a solid-phase RIA [10], after double extraction with ethyl

ether:hexane mixture (90:10) and chloroform:2-butanol mix-

ture (50:50). The dry extracts were carefully dissolved in a

proper volume of buffer (phosphate-buffered saline, 0.1%

bovine serum albumin, pH 7.4) in order to achieve concen-

trations that fell in the linear part of standards curves. The

subsequent RIA procedures were performed in duplicate. The

detection limits of the assays, as calculated by RiaSmart soft-

ware (PerkinElmer Life and Analytical Sciences, USA), were

0.008 pmol/well, 0.005 pmol/well and 0.004 pmol/well for

CSF cortisol, DHEA and DHEA-S, respectively. CSF corti-

sol, DHEA and DHEA-S assays were validated for the canine

species through parallelism, precision and recovery tests

(Table 1).

Correlations were computed between DHEA, DHEA-S

and cortisol concentrations in the CSF. A general linear

model was used to evaluate the effect of factors like diagnos-

tic category, size, sex, and the gonadectomy (sex) nested

term, and of covariate age on steroids’ concentration and

their ratios in CSF. Due to inherent characteristics of the neu-

rological conditions, which prevalence may vary in relation

to the dogs’ age and sex, and the fact that some categories of

dogs (e.g. castrated males) are very rarely found in Italy,

obtainment of a balanced sample was not achievable. This

issue was soothed by using Type IV sum of square methods

for the calculation of the model statistics, as it allows to over-

come problems of empty cells in the dataset. All variables

were log-transformed to achieve normal distribution. SPSS

was used for statistical analysis (IBM SPSS Statistics

V22.0.0; IBM, USA).

In the CSF, concentrations of DHEA and DHEA-S were

correlated (r = 0.36, p = 0.002) while no correlation was found

between cortisol and either DHEA (r = −0.025, p = 0.88) or

DHEA-S (r = −0.028, p = 0.84). The dog’s size had no effect

on any of the steroids’ concentrations or ratios (p > 0.5 in all

cases). Diagnostic category had no effect on any of the ste-

roids’ concentrations or ratios (p > 0.5 in all cases); how-

ever, limited group sizes reduced the power of the analysis,

and no conclusive consideration can be made on role of

DHEA and cortisol in these pathologies. Age had had a sig-

nificant effect on DHEA-S, which decreased with increasing

age (F = 5.138, p = 0.028); no age effect was found on

DHEA and cortisol levels, or the cortisol/DHEA and cortisol/

DHEA-S ratios in the CSF (p > 0.2 in all cases). Sex [but not

the gonadectomy (sex) term] was the main factor affecting

Table 1. Validation parameters of hormonal assays in canine cerebrospinal fluid

Hormone Parallelism R2 Recovery R2 Intra-assay Inter-assay

DHEA-S y = 0.099x + 0.004 0.99 y = 0.96x + 3.63 0.98 0.9% 9.9%

DHEA y = 0.205x + 0.005 0.99 y = 1.18x + 0.01 0.99 5.9% 10.0%

Cortisol y = 19.06x + 0.34 0.99 y = 0.96x 0.15 0.99 7.8% 11.5%

Parallelism was expressed as the regression curve between observed hormone concentrations and the reciprocal of the dilution factors of
serially diluted samples (Hobs = a × 1/df + b). In all assays, values of intercept b were not significantly different from zero indicating a good
degree of parallelism. Recovery was expressed as the regression curve between observed and expected hormone concentrations
(Hobs = a(Hexp) + b) measured in cerebrospinal fluid (CSF) samples spiked with known amounts of dehydroepiandrosterone (DHEA; final
CSF concentration range, 0.09–0.69 nmol/L), DHEA sulphate (DHEA-S; final CSF concentration range, 0.03–0.27 nmol/L) or cortisol
(final CSF concentration range, 1.66–55.25 nmol/L). In all cases, angular coefficient a was not different from 1 and intercept b was not dif-
ferent from zero, indicating good correspondence between observed and expected concentrations. The results of the intra- and inter-assay
precision test are expressed as coefficients of variation.
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DHEA and DHEA-S concentrations in the CSF, which were

both approximately twice as high in males than females

(Table 2). The cortisol/DHEA and cortisol/DHEA-S ratio did

not show a statistically significant difference between our

male and female dogs (Table 2).

In this study, we report for the first time the concentrations

of cortisol, DHEA and DHEA-S in the CSF of dogs. Corti-

sol concentrations were only slightly lower than those reported

in humans; larger differences were found between our dogs

and humans in DHEA and DHEA-S concentrations [6], as

already noted for these steroids’ plasma concentrations [3].

Our dogs’ steroids concentrations also showed a higher vari-

ability than that reported for humans [6]. Since sampling was

performed under anaesthesia, such variability cannot repre-

sent an effect of contextual stimuli (e.g. physical activity,

emotional condition, sampling procedures), and is likely to

reflect actual individual variability.

Age negatively affected the concentration of DHEA-S in

the CSF. Several hypotheses can be made about the mecha-

nisms responsible for such reduction, including an age-related

decrease in plasma DHEA-S, a reduced transport across the

blood-brain barrier, or a reduced local synthesis of DHEA-S

in the CNS of aged dogs. While our data does not allow to

speculate on the underlying mechanism, it should be noted

that even in humans, in spite of greater age-associated changes

in CSF concentrations of neurosteroids [6]. The mechanisms

leading to such changes have not yet been understood.

As regards the effect of sex, we observed a higher concen-

tration of DHEA and DEHA-S in the CSF of male dogs. In

humans, where the adrenals represent the main source of

DHEA [6], the same differences are not found. In dogs, how-

ever, the hormone is thought to be mainly synthesized in the

testis [12], which likely explains the large sex-related differ-

ences observed in the present study. At the same time, the

lack of differences in the cortisol/DHEA and cortisol/DHEA-

S ratios suggests that the relative concentrations of the two

hormones are similarly regulated in the CSF of male and

female dogs. However, cortisol and, consequently, both corti-

sol/DHEA and cortisol/DHEA-S ratios showed a large vari-

ability, which can explain the lack of statistically significant

differences between sexes; a look at the mean values of the

cortisol/DHEA and the cortisol/DEHA-S ratios in females

and males still warrants the possibility that a different bal-

ance of these hormones exists in the two sexes.

In conclusion, results of this study represent a novel find-

ing, showing age-related changes and large sex-based differ-

ences in the concentrations of neuroactive steroids in canine

CSF. In view of the antagonistic functions of DHEA (and

DHEA-S) and cortisol and their role in brain physiopathol-

ogy, the role of such variations warrants further investigation.
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