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ABSTRACT 

The aim of this study was to determine the chronobiological variations of cytokines (IFN-γ, TGF-β) 

and hormones (melatonin and cortisol). The sample was collected from 42 mothers at three stages of 

maturity-day 3 (colostrum), day 10 (transitional milk) and day 30 (mature milk) postpartum, at two 

times of day: diurnal (12:00 h) and nocturnal (24:00 h), resulting a total of 252 samples. Melatonin 

concentration was increased in the nocturnal period from all milk maturation stages. This hormone 

concentration was lower in the mature milk. Cortisol concentration was higher in the mature milk 

during the diurnal period and it was lower in the nocturnal period when compared to colostrum and 

transitional milk. IFN-γ concentration did not vary between all periods. The transitional milk displayed 

higher concentrations of this cytokine in the nocturnal period whereas the concentration of IFN-γ 

decreased in the nocturnal period from the mature milk. When comparing the types of milk, it was 

observed lower concentrations of IFN-γ in mature milk in both periods. No significant variation in 

TGF-β concentration was detected between types of milk or at either time of day. These data support 

the hypothesis that there is a fluctuation in the production of hormone and cytokines and this leads to a 

need that adequate time of breastfeeding being crucial to ensure passive transfer of immunity, as well 

as for establishment of synchronization of newborn. 
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1. INTRODUCTION 

Breastfeeding has been proven to protect infants 

against a wide range of infectious and noninfectious 

diseases. Therefore, efforts have been directed to identify 

the various immunoactive substances in human breast 

milk that account for its protective effects (Hanson and 

Silfverdal, 2009; Honorio-Franca et al., 2013). 

The chemical composition of the human milk is 

modified according to pregnancy maturation (prepartum 

and postpartum) and the time of day (night versus day 

time), allowing adaptations to the infant’s nutritional 

needs. The composition is also modified during feeding 

and according to any diseases experienced by the mother 

(Franca et al., 2010; 2013; Morceli et al., 2011; 2013). 

Mother’s milk can be classified as early lactation (260 

days of gestation), colostrum (1 to 7 days postpartum), 

transitional milk (7 to 15 days postpartum) and mature 

milk (15 days postpartum) (Franca et al., 2010; 2013). 

Human milk was first used clinically as a vehicle for 

passive immunity transfer, but its immune components 

are now known to be highly immunoreactive, 
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exhibiting time-dependent alterations (Franca et al., 

2010). Fluctuations in the milk content increases 

progressively up to 3 months postpartum, producing a 

rhythm that is assumed to stabilize the newborn’s 

circadian system while other controlling mechanisms 

such as the adults rest-activity cycle are not fully 

developed (Franca et al., 2012; Honorio-Franca et al., 

2013). Breastfeeding provides the bond between mother 

and child and helps in the neonate synchronization, 

regulating sleep, food, among others parameters 

(Chirico et al., 2008; Castellote et al., 2011). 

The literature has reported the modulation of immune 

function as well as the synthesis of regulatory products 

through the biological rhythms, which include several 

factors such as hormones and cytokines (Arjona and 

Sarkar, 2008). The circadian rhythm plays an important 

role in daily control of hormones such as melatonin and 

cortisol, which are synchronized internally (Lack and 

Wright, 2007). These hormones act on function and 

production of several cytokines, among them interferon 

gama (IFN-γ) and Transforming Growth Factor beta 

(TGF-β) (Scheff et al., 2010). However few studies have 

investigated the chronobiological variable of hormones 

and cytokines present in the human milk. 

It is know that at birth, newborns are essentially non-

circadian, probably because the input/output pathways 

are undeveloped. As an example, immature temporal 

control is revealed by the lack of consolidated sleep, 

rhythms in hormonal secretion and body temperature 

variations (Rivkees, 2003). At this stage, the hormones 

and cytokines present in milk are important for 

protection and indicate time of day to breastfed infants. 

The constitutional differences of postpartum milk 

suggest that this secretion undergoes through 

chronobiological variation. Determining the presence of 

hormones and cytokines during breastfeeding is 

important to allow adequate passive transfer of immunity 

and intake of immunological components as well as 

synchronization of newborn. 

In the present study we evaluated the effects of the 

time collection (diurnal/nocturnal) on the different types 

of milk, with regard to the hormones melatonin and 

cortisol, as well as the cytokines IFN-γ and TGF-β.  

2. MATERIALS AND METHODS 

2.1. Subjects  

After an informed consent form had been signed 

by the volunteers, about 15 mL of colostrum was 

collected from clinically healthy women, 18-35 years 

of age (Honorio-Franca et al., 2013), at the Health 

System Program of Barra of Garcas, Mato Grosso, 

Brazil. All the mothers had given birth to healthy term 

babies. The collections were established according to 

protocol by (Franca et al., 2010). Two breast milk 

samples were collected from each mother at day 3 

postpartum (colostrum), day 10 postpartum 

(transitional milk) and day 30 postpartum (mature 

milk), resulting in a total of 252 samples. All 

procedures were submitted for ethical evaluation and 

obtained Institutional approval. The variables 

controlled during pregnancy were smoking status 

(yes/no), arterial hypertension (yes/no) and glycemia 

(yes/no). 

2.2. Obtaining Supernatant from Human Milk  

Milk supernatant samples of different puerperae, 

collected in two periods of time and three stage of 

maturation were obtained by centrifugation (10 min, 

160xg, 4°C). The upper fat layer was discharged and the 

aqueous supernatant stored at -80
o
C for later hormone 

and cytokines analyses.  

2.3. Melatonin and Cortisol Hormone Dosage by 

an ELISA (Enzyme Linked Immuno 

Sorbent Assay) Method  

Melatonin was extracted by affinity 

chromatoraphy, concentrated in speed-vacuum. 

Melatonin and cortisol concentration were determined 

using an specific ELISA kit (Immuno-Biological 

Laboratories, Hamburg-Germany). The reaction rates 

were measured by absorbance in a spectrophotometer 

for each plate with a 405 nm filter. The results were 

calculated according to the respective standard curve 

and the results are shown as pg/ml (melatonin) and 

µg/dL (cortisol). 

2.4. Cytokine Dosage by ELISA (Enzyme 

Linked Immunosorbent Assay)  

IFN-γ concentrations in the colostrum and milk 

supernatants were determined by an ELISA kit from 

BioLegend® Ledend Max™ (San Diego, USA) and 

TGF-β concentrations were analyzed using an ELISA 

kit from Enzo® Life Sciences (United Kingdom). The 

reaction rates were measured by absorbance in a 

spectrophotometer with a 450 nm filter. The results 

were calculated using the standard curve and shown in 

pg/dL. 
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2.5. Statistical Analysis 

Two-way Analysis of Variance (two-way ANOVA) 

was used to evaluate the hormone and cytokines 

concentration, considering the post-partum stage as one 

factor and time of day as the other. Statistical 

significance was considered when p<0.05.  

3. RESULTS 

3.1. Subject Characteristics 

During this study 42 mothers were evaluated with 

the average of 25.7±6.1 years-old. The women gave 

birth at 38.9±1.4 week’s gestation. Newborn weight 

was 3280±400 g. 

3.2. Melatonin Concentration in Colostrum and 

Human Milk  

Melatonin concentration in all the milk maturation 

stages increased in the nocturnal period compared to 

the diurnal period. In the samples obtained in the 

diurnal period, melatonin concentration was lower in 

mature milk compared to both colostrum and 

transitional milk, which had similar amounts of this 

hormone. The transitional milk present increase in 

melatonin concentration in the nocturnal period (Fig. 1).  

3.3. Cortisol Concentration in Colostrum and 

Human Milk 

Cortisol concentration in the colostrum and 

transitional milk did not differ among the periods, 

whereas the mature milk displayed higher 

concentrations of this hormone in the diurnal period. 

Cortisol concentration in mature milk was higher 

during the diurnal period, whereas in the nocturnal 

period cortisol concentration was lower, when 

compared to colostrum and transitional milk (Fig. 2). 

3.4. IFN-γ Cytokine Concentration  

IFN-γ concentration in colostrum did not vary 

between the periods. The transitional milk displayed 

higher concentrations of this cytokine in the nocturnal 

period whereas in the mature milk, smaller 

concentration of IFN-γ were obtained in the nocturnal 

period. When comparing the types of milks, lower 

concentrations of IFN-γ were observed in mature milk 

in both periods (Table 1). 

3.5. TGF-β Cytokine Concentration  

No significant variation was detected in the TGF-β 

concentration between the different types of milk or at 

either time of day (Table 1). 

 

 
 
Fig. 1. Melatonin concentration in colostrum, transitional Milk and mature Milk collected in the diurnal and nocturnal periods. Results are 

expressed as the mean and SD. F (1,24) = 185.4295; p = 0.0001 (time of Day) F(2,24) = 6.5410; p = 0.0056 (kind of milk). 

*comparing diurnal and nocturnal phases for the same stage of milk maturation. †comparing colostrum to milk in a same period 
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Fig. 2. Cortisol concentration in colostrum, transitional Milk and mature Milk collected in the diurnal and nocturnal periods. Results are 

expressed as the mean and SD. F (1,24) = 15.7331; p = 0.0001 (time of Day) F(2,24) = 7.0108; p = 0.0006 (kinf of milk). 

*comparing diurnal and nocturnal phases for the same stage of milk maturation. †comparing colostrum to milk in a same period 

 

Table 1. IFN- γ and TGF-β concentrations in colostrum, transitional and mature milk collected in the morning and at night 

Cytokine Phases Colostrum Transitional milk Mature milk Statistical 

IFN-γ (pg/dL) Diurnal 66.3±14.1 40±3.7† 39.9±14.8† F (1,24) = 10.0071; 

     P = 0.0001  

 Nocturnal 73.3±16.4 51.2±22.8* 26.0 ±15.6*† (time of day) 

     F (2,36) = 14.9432; 

     P = 0.0058 (kind of milk)  

TGF-β (pg/dL) Diurnal 22.8±2.0 22.8±7.0 26.4±6.1 F (1,24) = 0.2063; 

     p = 0.6578 (time of day) 

 Nocturnal 24.2±4.2 21.3±1.0 28.3 ± 9.8 F (2,24) = 2.1500; 

     P = 0.1368 (kind of milk)

Results were expressed as mean and SD. *Significant differences between periods (day and night), considering the same type of 

milk. † Significant differences between types of milk, considering the same phase (day or night). 

 

4. DISCUSSION 

The present study shows that the concentrations of 

hormone and cytokines of human colostrum and breast 

milk change as a function of time of day, as well as 

according to the milk maturation. Human milk has been 

thoroughly studied in recent years. For nursing babies, it 

represents an important source of cytokines and 

hormones (Garofalo, 2010). 

The components of human colostrum and breast milk 

are important for children and may vary over time in 

some of its components, as well as during the course of 

feeding (Franca et al., 2010). In the present study, we 

confirm the fluctuation of melatonin levels in all the 

milk maturation stages. Melatonin concentrations in 

milk were higher at night than during the day, 

confirming previous studies that compared diurnal and 

nocturnal melatonin concentration in mother’s milk 

(Honorio-Franca et al., 2013). 

 Newborns have lower melatonin levels, which 

increase progressively up to the 3rd month of age, when 

a characteristic circadian rhythm is detectable 

(Attanasio et al., 1986). Accordingly, some authors 

propose that a primary role of milk melatonin is to 

stabilize the newborn circadian rhythm (Hara et al., 

2013; Honorio-Franca et al., 2013) while other 

biological phenomena such as rest-activity or sleep-wake 

cycles need to be firmly established. 
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Melatonin contained in the human milk is likely 

derived from blood and plays an important role in 

newborn synchronization with the mother’s rhythm 

(Franca et al., 2010). Milk melatonin may provide 

information on day/night cycles to the child until this 

rhythm is established. The melatonin contained in 

maternal milk can contribute to protecting the 

gastrointestinal mucosa of newborns and the daily 

fluctuations of this exogenous hormone over a 24h 

period, due to breastfeeding, might contribute to the 

synchronization between the child’s rhythms and 

those of its mother (Franca et al., 2010; 2012;   

Honorio-Franca et al., 2013).  

Neurohormonal control is significantly responsible 

for driving the immunological effects (Markus and 

Ferreira, 2011). There are reports in the literature 

showing that the hormone cortisol is present in the 

colostrum (Fagundes et al., 2012) and that the 

endogenous release of this hormone can directly 

modulate immune function and play a central role in 

the immune response (Kohut et al., 2005). In vitro 

assays revealed that at low concentrations 

glucocorticoids have an effect on the 

immunostimulatory activity whereas at high 

concentrations they have an immunosuppressive effect 

(Lim et al., 2007; Fagundes et al., 2012). 

Studies have shown that the mammary gland is 

responsible for the secretion of hormones that are 

important for the development and maturation of the 

gastrointestinal tract and immune system of newborns 

(Bernt and Walker, 2009). These hormones 

temporarily regulate the activity of some endocrine 

glands until the hormonal system of the newborn is 

fully developed (Sauter et al., 2004). Therefore, the 

hormones secreted in the milk are considered 

necessary for the health and growth of newborns and 

are important modulators of immune functions. 

Several studies has reported that cortisol hormone, 

present in the milk, increase during the day and decrease 

in nocturnal period in mother’s milk (Haus and 

Smolensky, 2006; Haus, 2007). In the present study, the 

concentration of cortisol in mature milk was higher 

during the diurnal period and lower in nocturnal period 

only in the mature milk. No variation was observed in 

colostrum and transitional milk, showing that the 

secreted cortisol acquire synchronization in a later stage 

of milk maturation. The passive transfer of hormone to 

the newborn may auxiliary in the mechanisms of 

immune protection, as well as the maturation of the 

gastrointestinal tract of infants (Xu et al., 2011). This 

pioneering study compared the hormonal variation in 

human milk following the same mothers in different 

stage of maturation, allowing better comparisons 

between the hormone secretion profile through the 

different stages of milk maturation. 

The hormones received passively through 

breastfeeding also provides other benefits such as 

immunomodulation of the immune system to regulate the 

production or to stimulate increased expression of several 

cytokines (Carrillo-Vico et al., 2005). 

In this study, IFN-γ concentration had higher 

concentrations in the nocturnal period in transitional milk 

whereas in mature milk this cytokines decreased. In 

general, there were lower concentrations of in the mature 

milk in both periods. In the literature, the data regarding 

IFN-γ is controversial. Some authors have related that this 

cytokine did not show variation in the concentration 

between the stage of maturation (Prokesova et al., 2006), 

while others have reported that these cytokines are 

found at different concentrations in stages lactation 

(Groen and Beckstead, 2011). 

Despite the decreased of IFN-γ in mature milk, it 

should be considered that the rate of cytokine is related 

to the total amount of milk that the infant consume, rather 

than the concentration of them in the milk. Therefore, 

adequate duration of breastfeeding is crucial to ensure for 

passive transfer of immunity components to newborn. 

Colostrum contains several cytokines and growth 

factors, some of which exert inhibitory or stimulants 

effects on immune responses (Garofalo, 2010). The 

ability of human milk provide passive immunity and 

actively modulate the development of the immune system 

and systemic mucosa of the newborn, is closely linked to 

microbicidal, anti-inflammatory and immunomodulatory 

properties of cytokine (Garofalo, 2010). 

Some cytokines have been associated with regulation 

of development and function of the mammary gland 

(Watson et al., 2011) while others may be linked with 

production of defense, or/and other cytokines by the 

mammary glands. There are various signals associated 

cytokines in human milk (Garofalo, 2010). The TGF-β 

concentrations have been related in the human milk. 

Studies showed that this cytokine decreased during the 

stage of maturation, with the highest concentrations in 

colostrum (Castellote et al., 2011). 

Here, we have demonstrated that TGF-β is present in the 

human milk and no variation of this cytokines was detected 

among the different stages of lactation or at either time of 

day. These results are in agreement with the literature, 
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where it has been reported that TGF-β concentrations 

remains unaltered on different stages of lactation 

(Prokesova et al., 2006; Groen and Beckstead, 2011).  

The present study suggests the existence of a 

circadian rhythms in soluble components of human milk. 

This chronobiological variation also changes during the 

course of the first month postpartum. Such variation may 

represent an additional breastfeeding mechanism to 

improve newborn adaptation to environmental changes.  

5. CONCLUSION 

These data support the hypothesis that there is a 

fluctuation in the production of hormone and 

cytokines at different stages of milk maturation and 

this fact leads to a necessity to adequate the time of 

breastfeeding, being crucial to ensure passive transfer 

of immunity and might represent an endogenous force 

promoting the establishment of biological rhythmicity 

in the human. 
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