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ABSTRACT
Objectives: The aim of the study was to find the presence of corticosterone as a regular human milk constituent. We have 
evaluated the correlation of concentrations between the analyzed hormone and sodium and potassium in breast milk 
and serum. 

Material and methods: Hand expressing breast milk samples and median cubital vein blood samples had been taken from 
69 healthy, lactating women in early puerperium period (between the 3rd and 10th day) twice, before and after breastfeeding. 
Corticosterone concentrations in human plasma and breast milk were determined by radioimmunoassayed method. Direct 
assays were performed before and after breastfeeding, twice. The serum and milk sodium and potassium concentrations 
were estimated by Flame Emission analyzer CIBA-Corning 480, equipped with an automatic diluter.

Results: Corticosterone was found in all milk samples, which is an original observation, and its concentration in milk was 
a few times lower than in serum. Its concentration values in human serum when were not higher than 3 nmol/L (n = 108) 
positively correlated with its concentrations in milk, and those exceeding 3 nmol/L (n = 30) have demonstrated a negative 
correlation. An original finding has shown a positive correlation between concentrations of corticosterone in human serum 
and of potassium in human milk (r = 0.018, p < 0.03). An attempt was also made to determine the presence of aldosterone 
in breast milk, but the radioimmunoassay did not reveal its presence.

Conclusions: The results confirm a relation between potassium concentration in milk and serum corticosterone concentra-
tion delivered to mammal gland with blood. 
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INTRODUCTION
Decreased proportion of sodium (Na) and potassium (K) 

ions in breast milk is an objective biomarker of mammary 
gland progress toward copious mature milk production 
over the first week postpartum [1]. Low milk supply is one 
of the most frequently cited reasons for early breastfeed-
ing cessation, moreover, elevated proportion Na:K in milk 
was predictive of early weaning [2, 3]. The reasons why in 
human milk potassium concentration is a few times higher 
and sodium concentration a few times lower than in hu-
man serum so far have not been satisfactorily explained. 

It is well known that steroid hormones are mostly respon-
sible for potassium and sodium excretion in the kidney 
and aldosterone has the major mineralocorticoid activity 
in the regulation of these electrolytes’ concentrations. Its 
secretion is regulated, apart from ACTH, by an increase 
in blood content of angiotensin II and K + level where 
the response is mediated by  mineralocorticoid  receptor 
[4]. Mineralocorticoids, including aldosterone increase the 
distal renal tubular sodium ions reabsorption from the glo-
merular filtrate, while increasing the secretion of potassium 
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ions. The sodium absorption in renal tubules is regulated via 
mineralocorticoid receptor (MR) by corticosteroids (includ-
ing aldosterone and cortisol) in humans and corticosterone 
mostly acts in rodents. Similarly, they act on the gastroin-
testinal gland receptors, retaining sodium ions in the body 
and increase the volume of extracellular fluid [5]. In muscle 
and nerve cells, they increase the potassium content and at 
the same time reduce the sodium content [6].

The role of aldosterone and corticosterone in breast milk 
has not been yet described, especially their effect on sodium 
and potassium content. The content of free (physiologically 
active) glucocorticoids is regulated by two mechanisms. One 
is associated with pituitary gland ACTH secretion and the 
second consists in the production of human corticoster-
oid binding globulin (CBG, transcortin) by the liver and 
reduction of blood content of free hormones, not related 
to plasma hormone binding globulins [7].

It is considered that the exchange of electrolytes in 
secretory epithelium of mammary gland (MEC, mammary 
epithelial cells) is intensified by prolactin (PRL). This opinion 
is supported by experiments conducted on lactating rab-
bits. PRL administered for these animals causes an increase 
of potassium and lactose concentrations and decrease of 
sodium concentration in their milk [1]. However, in the litera-
ture of subject there are no convincing proofs for PRL effects 
on sodium and potassium concentrations in human milk. 
This missing information justifies posing a question on the 
role of other hormones in regulating sodium and potassium 
concentrations in milk. Deoxycorticosterone (DOC) is an ad-
renal gland steroid hormone possessing mineralocorticoid 
activity weaker than aldosterone, but stronger than corti-
costerone and cortisol, furthermore, the activity of the latter 
one is the weakest [2]. It acts as a precursor to aldosterone. 
Besides, the main activity of corticosterone and cortisol is 
of glucocorticoid character [3]. Different degree of miner-
alocorticoid activity of these steroids depends on the ability 
of each of them to bind to specific receptors [4, 5]. In the 
available literature, we have not found any information on 
the occurrence of corticosterone in human milk. Cortisol 
(F) is a regular constituent of human milk. Its concentra-
tion in milk shows diurnal circadian variation, which is in 
accordance with circadian variation of cortisol concentra-
tion in serum, and of potassium concentration in milk, and 
is opposite to circadian variation of sodium concentration 
in milk [7]. When in milk cortisol concentration increases, 
sodium concentration decreases, whereas in the same 
time potassium increases. Thus, higher cortisol concentra-
tion exerts analogue influence on the exchange of sodium 
and potassium in mammary glands, as aldosterone in kid-
neys. However, kaliuretic effect of aldosterone occurs only 
if there is an excess of potassium in serum [8]. The diurnal 
circadian variation of F concentration in milk measured by 

radioimmunoassay of unchromatographed extracts has 
been proved by Kennan et al. [9]. The authors, in order to 
confirm that F affects milk electrolyte concentrations, ap-
plied dexamethasone suppression in five lactating women. 
In four of them, a significant decrease of sodium and increase 
of potassium concentration in milk have been observed. 
These results are opposite to expected, as dexamethasone 
decreases F secretion. The authors have not found a convinc-
ing explanation of these contradictions. Further research is 
required in order to explain a mechanism regulating sodium 
and potassium concentrations in human milk, especially 
research on corticosterone and aldosterone.

Katoh et al. [6], study has demonstrated a significant 
positive correlation between both the glucocorticoids in-
duced cardiac hypertrophy and hypertrophic gene expres-
sion and the level of sodium. 

Objectives
The aim of this work is to find out if corticosterone is 

a regular constituent of human milk. Also, it is important 
to answer the question if there is a correlation between 
concentrations of corticosterone in serum, and sodium and 
potassium in milk, and corticosterone in milk (if it occurs), 
and sodium and potassium in milk. 

MATERIAL AND METHODS 
This study was approved by the ethics committee of 

the Pomeranian Medical University in Szczecin. All patients 
provided written consent before the inclusion in the study. 
Sixty-nine healthy, lactating women in early puerperium 
period (between the 3rd and 10th day) were included in the 
study. The studied women were between 20 and 38 years 
of age (mean 29.4 ± 4.6 years), currently breastfeeding only. 
The courses of pregnancies were uncomplicated, and all the 
analyzed women delivered by vaginal route term gestation 
(39 0/7 to 40 6/7 weeks). Hand expressing breast milk sam-
ples and median cubital vein blood samples had been taken 
in days 3 to 10 of puerperium, in the morning, before and 
immediately after breastfeeding, twice. Samples were col-
lected after overnight fasting and none of analyzed women 
was treated with medicaments.

Corticosterone concentrations in human serum and 
breast milk were radioimmunoassayed (RIA), using a com-
mercial Radioimmunoassay kit (Immunotech SA, Marseille 
Cedex, France). Direct assays were performed before and 
after breastfeeding. 

Corticosterone concentration was assayed with the 
previous samples’ extraction and was repurified by Celite 
column chromatography  prior to  analyses. The labelled 
[3H] corticosterone and dextrane-coated charcoal was used 
to separate free hormone from hormone bound with anti-
body (ICN Biomedicals, CA, USA). Impulses were counted 
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with a scintillation beta radiation counter Pharmacia Wallac 
1409/1411 (LKB Co., Victoria, Australia). 

The breast milk sodium and potassium concentrations 
were estimated by Flame Emission analyzer CIBA-Corning 
480, equipped with an automatic diluter. 

Statistical analysis 
The statistical significance of differences of mean con-

centrations was calculated by means of non-parametric Wil-
coxon’s rank sum test, on the assumption that significance 
coefficient p < 0.05, and correlations between concentra-
tions of analyzed substances were established by means of 
non-parametric method, using Spearman’s rank correlation 
coefficient. A Cumulative Distribution Function (CDF) was 
calculated to check the probability and correlations pres-
ence between the variables in specified five ranges of values. 

RESULTS
We proved that corticosterone is a regular constituent 

of human milk. The presence of corticosterone was revealed 
in all milk samples in few times lower concentration than in 
serum (p < 0.000001) (Fig 1.). The comparison of concen-

trations of corticosterone in serum and milk samples and 
ions Na, K in milk samples taken before and after breast-
feeding has not shown statistically significant differences 
(Fig 2.), therefore their values were analyzed together, and 
for these two groups of results common averages were 
calculated (Tab. 1). The correlation between corticosterone 
concentrations in consecutive concentration ranges in se-
rum and its concentrations in milk has been presented in 
Table 2. If corticosterone concentration in human serum was 
smaller than 3 nmol/L (n = 108), then it would demonstrate 
a positive correlation with its concentration in milk (r = 0.29; 
p < 0.002), and if it was higher (n = 30), a negative correla-
tion with its concentration in milk would be demonstrated 
(r = –0.37; p < 0.04) (Tab. 2).

Potassium concentration in milk showed a positive cor-
relation with corticosterone concentration in human serum 
(r = 0.18; p < 0.03), whereas sodium concentration in milk did 
not reveal such a correlation, but an opposite tendency has 
been noticed (r = –0.10; p < 0.23). No significant correlation 
between the concentrations of corticosterone and sodium 
(r = –0.15; p < 0.08) or corticosterone and potassium (r = 0.14; 
p < 0.09) in milk was observed (Tab. 3). 

Figure 1. A cumulative distribution of corticosterone concentrations 
in  serum and breast milk before and after feeding in the analysed 
women

Figure 2. A cumulative distribution of sodium and potassium 
concentrations in  breast milk before and after feeding in the 
analysed women; Na — sodium; K — potassium

Table 1. Mean serum (Bs) and breast milk (Bm) corticosterone concentrations and Na and K breast milk concentrations in the analysed women 
(n  = 138)

x ± SD Median Range

Bs (nmol/L) 2.36 ± 1.60 2.05 0.52–15.32

Bm (nmol/L) 0.86 ± 0.58 0.69 0.03–2.60

Na (mmol/L) 20.09 ± 13.78 16.00 5.00–85.00

K (mmol/L) 19.25 ± 4.49 20.00 7.00–43.00

SD — standard deviation
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DISCUSSION
The principal endogenous  glucocorticoids  such as 

cortisol and corticosterone play an important role in me-
tabolism, stress and adaptation. Although corticosterone 
concentration is 10–20‐fold lower in human blood when 
compared to cortisol level, it has a significant glucocorticoid 
and mineralocorticoid activity. Corticosterone is synthe-
sized in the zona fasciculata of the adrenal cortex where 
converted to aldosterone in the route to mineralocorticoid 
biosynthesis. Mineralocorticoids, especially aldosterone 
are responsible for increase the reabsorption of Na and 
the excretion of K in the kidney, leading to an increase in 
blood volume and blood pressure. The role and activity 
of corticosterone has been vastly investigated in animal 
models, but there is a little known about its presence and 
role in human milk. No data has been found about potential 
role of endogenous corticosterone in ions secretion control 
in mammary gland. In turn there are studies showing that 
exposure of neonates to maternally derived milk corticos-
terone can alter the cell-mediated immune response and 
impair the neonatal resistance to infection [10]. 

To the best of our knowledge, this study is the first to 
demonstrate that corticosterone is a regular human milk 
constituent — present in each its sample and our results 
differ from those received by Alexandrová and Machno [11]. 
Using the thin layer chromatography and measured the 
concentration of cortisol by CBG assay, they found cortisol 
in human milk but did not identify corticosterone. Although 

the presence of milk corticosteroid binding globulin (CBG) 
identical to CBG in blood serum has been demonstrated in 
the late seventies [12], the corticosterone presence in milk 
became possible only thanks to development of radioim-
munoassay methods of hormones identification. As Misao 
et al. [13], demonstrated, CBG is not only binding of cortisol 
but also corticosterone and progesterone. 

Our study presents a correlation between corticoste-
rone concentrations in serum and milk. Its concentration 
in milk is 2–3 times lower than in serum. This proportion 
in humans is similar to that observed in rats [14]. In our 
study corticosterone breast milk concentration fluctuations 
depend on and correlate with hormone level changes in se-
rum. The correlation is observed to be positive when serum 
corticosterone concentrations do not exceed 3 nmol/L, but 
in case of exceeding above this value the correlation shows 
a negative tendency. It is possible that lower than in serum 
corticosterone concentration in milk, protects the offspring 
against excessive supply of corticosterone. Also, in cases 
where corticosterone concentration in serum increases 
over 3 nmol/L, which leads to decreasing corticosterone 
concentration in milk, the newborns’ protecting mechanism 
against surplus supply of this hormone shall be considered. 

The mechanism that leads to lower corticosterone con-
centration in milk may consist in its conversion into less 
active 11-β-dehydrocorticosterone, which catalysed by hy-
droxysteroid 11-β-dehydrogenase (11β-HSD1). This enzyme 
occurs in rat’s mammary glands, but in available literature 

Table 2. Correlations between serum corticosterone concentrations (Bs) and breast milk corticosterone concentrations (Bm) in several ranges of 
values (Spearman’s rank correlation coefficient)

n Bs (nmol/L)
Bm (nmol/L)

r p value
Median Range

15 n < 1 0.43 0.087–1.705

0.29 0.00253 1 ≤ n < 2 0.66 0.289–2.601

40 2 ≤ n < 3 1.03 0.029–2.427

16 3 ≤ n < 4 0.64 0.289–2.427
–0.37 0.04

14 4 ≤ n < 5 0.46 0.289–1.965

Table 3. Correlations between serum corticosterone concentrations (Bs) and Na and K breast milk concentrations in several ranges of values 
(Spearman rank test)

n Bs (nmol/L)
K (mmol/l) Na (mmol/l)

Median Range r p < Median Range r p-value

15 n < 1 19 9–25

0.18 0.03

19 7–85

–0.10 N.S.

53 1 ≤ n < 2 19 7–43 19 6–85

40 2 ≤ n < 3 20 8–26 14.5 5–36

16 3 ≤ n < 4 21 11–26 15 9–51

14 4 ≤ n < 5 21 15 - 25 13 9–41

N.S. — ???

https://www.sciencedirect.com/topics/medicine-and-dentistry/zona-fasciculata
https://www.sciencedirect.com/topics/medicine-and-dentistry/adrenal-cortex
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there is no information on its occurrence in women’s mam-
mary glands. An occurrence of this enzyme in human pla-
centa is regarded as a circumstance, which protects fetus 
against excess of corticosterone and cortisol [15, 16]. 

High corticosterone serum concentrations studied on 
animal models are observed to decrease maternal care, 
plasma oxytocin levels, milk consumption by the pups and 
the activation of oxytocinergic neurons in hypothalamic 
nuclei [17]. An increase of 11β-hydroxysteroid dehydroge-
nase I activity may result in hyperadrenalism [18]. A selec-
tive inhibitor for 11β-HSD1 PF915275 (PF; 4’-cyano-biphe-
nyl-4-sulfonic acid (6-amino-pyridin-2-yl)-amide) may be 
useful as agent alleviating 11β-HSD1 activity in way to treat 
hyperadrenalism [18].

There is a little known about ions extraction in breast 
milk. It has been demonstrated that an elevated  ra-
tio of breast milk sodium to potassium concentration was 
predictive of early weaning in breastfeeding women and 
may be considered as a biomarker of lack of progress toward 
mature milk production [3]. Sodium (Na), potassium (K), and 
the ratio Na:K in human milk may also indicate the secretory 
activation or inflammation in the breast [19]. Circadian vari-
ation of sodium concentration in milk positively correlates 
with circadian variation of cortisol concentrations both in 
serum and milk, but negatively correlates to circadian varia-
tion of potassium concentration in milk [8]. Our research has 
shown a presence of correlation between serum corticoster-
one and breast milk potassium concentrations, regardless 
of corticosterone concentration value in milk. We presume 
that serum corticosterone delivered by adrenal cortex may 
cause an increase of potassium concentration in milk. In the 
available literature, also no information is found on corticos-
terone influence on sodium and potassium concentrations 
in human milk.

Research conducted by other authors may be regarded 
to support these results, as no correlation has been found 
between sodium and potassium concentrations in urine 
and in colostrum [20, 21], and between their diurnal excre-
tion in urine and milk [22]. There are studies conducted on 
animal models, showing a correlation of the composition 
and the basic content of some minerals including sodium 
and potassium of colostrum depending on the season of 
calving and lactation [23]. The concentrations of some mi-
cronutrients in human colostrum and mature milk may also 
vary during lactation, including a reduction in Fe, Zn, K and 
Na and an increase in Ca and P [24]. 

CONCLUSIONS
We conclude that endogenous serum corticosterone 

is a stable human milk content. Serum corticosterone may 
influence ions extraction by increasing potassium concen-

tration in milk, but not sodium. This thesis requires further 
research, especially on interrelationships of different factors 
regulating concentrations of these electrolytes in milk.
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