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ABSTRACT  
Introduction and aim. Information concerning lactoferrin and interleukin-8 (IL-8) local levels in breast milk are not numerous 
and requires further research. The aim of this study was to determine the content of lactoferrin and interleukin-8 in the breast 
milk of patients with lactational mastitis, and to identify new potential markers for assessing the activity of the inflammatory 
process in the mammary gland.
Material and methods. This study analyzed the breast milk of 30 women with lactostasis (group I), 37 women with lactational 
mastitis (group II) and 30 healthy lactating women (age 26±5 years old). The milk content of lactoferrin and interleukin-8 (IL-8) 
was determined by enzyme-linked immunosorbent assay.
Results. The average value of lactoferrin in breast milk of healthy women was 4.78±0.47 mg/mL, exceeding levels in group I 1.8 
times (p<0.05). The level of lactoferrin in group II exceeds the control values 3.1 times (p<0.05). The content of IL-8 in breast milk 
of women in group I was 7.3 times higher than the control (3.63±0.12 pg/mL, p<0.05). In lactational mastitis, the concentration 
of IL-8 in breast milk exceeded the group I 13.9 times (p<0.05) and was 1.9 times higher than group I (p<0.05).
Conclusion. The analysis has revealed an increase of lactoferrin and IL-8 in breast milk of the test groups, which indicates the 
activation of non-specific protection.
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Introduction
An urgent problem in the postpartum period of child-
birth is the development of lactational mastitis, which 
begins with stagnation of milk (lactostasis), infection 
(in 70-80% of cases, the causative agent is Staphylococ-
cus aureus), and a decrease in the overall stability of the 
body. Lactational (postpartum) mastitis is inflammation 
of the parenchyma of the mammary gland, which is as-

sociated with the lactation process. Lactational mastitis 
most often develops as a result of long-term pathological 
lactostasis. Lactostasis is a dysfunctional state of the lac-
tating mammary gland, where there is a discrepancy be-
tween the processes of milk formation and milk yield.1

An insufficient immune response causes protract-
ed disease, periods of disability enlarge, and the risk of 
chronic pathological process increases.1-3 An important 
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issue is the preservation of lactation, since breast-feed-
ing provides not only harmonious physical and psy-
cho-emotional development of the child, but is also 
considered an integral part of the reproductive health 
of a woman.4,5 

Breast milk is a natural unique biological product 
that contains a wide range of biologically active sub-
stances and protective factors, which include immu-
noglobulins, lysozyme, lactoferrin, oligosaccharides, 
immunocompetent cells, as well as cytokines/chemo-
kines (TNF-α, IL-1β, IL-2, IL-6, IL-8, IL-10, IFN-γ, 
etc.).6,7 There is an assumption that anti-inflammatory 
cytokines protect a child’s body, and that inflammato-
ry cytokines, especially interleukin-8 (IL-8), play a role 
in protecting the mammary gland against infection. 
The focus of inflammation is provided by interleukin-8, 
which activates adhesion and degranulation of neutro-
phils, and enhances the phagocytic effect.

Lactoferrin (LF) plays a special role in non-specif-
ic protection, has bacteriostatic and bactericidal effects 
mainly on gram-positive flora, and performs fungicid-
al, antiviral, immunomodulatory and other functions.8 
Currently, information on the local level of LF and IL-8 
in the development of the inflammatory process in the 
mammary gland is not numerous and requires research. 

Aim
To determine the content of lactoferrin and interleu-
kin-8 in the breast milk of patients with lactational mas-
titis, and to identify new potential markers for assessing 
the activity of the inflammatory process in the mamma-
ry gland.

Material and methods
The selection of women for the examination was car-
ried out in the surgery departments of the Clinical 
Emergency Medical Hospital of the city of Lviv in 
Ukraine. Women who gave birth for the first time, and 
in whom inflammatory process in the mammary gland 
occurred within three or four weeks after childbirth, 
participated in the study. The results of the anamnesis, 
clinical examination, special instrumental studies (ul-
trasound of mammary glands), and data from bacterial 
analysis were used to make the diagnosis. The women 
in this study were chosen based on convenience cri-
teria. Breast milk was collected in the morning on an 
empty stomach on the first day of the patient’s admis-
sion to the hospital.

Laboratory investigations were performed between 
2016 and 2020 in the diagnostic laboratory of the De-
partment of Clinical Laboratory Diagnostics of Dany-
lo Halytsky Lviv National Medical University, Lviv, 
Ukraine. Research was performed with safety measures 
for the health of patients, respecting their rights, human 
dignity, and moral and ethical norms in accordance 

with the principles of the Helsinki Declaration of Hu-
man Rights, the Council of Europe Convention on Hu-
man Rights and Biomedicine and the relevant Laws of 
Ukraine. This study was approved by the Ethical Com-
mittee of the Danylo Halytsky Lviv National Medi-
cal University, Ukraine (meeting minutes No. 2 dated 
February 15, 2016) and written informed consent was 
obtained from mothers if they agreed for breast milk 
sampling. 

Breast milk was collected by extracting 5 mL into a 
sterile test tube. Immediately after sampling, the milk 
was centrifuged at 2000×g for 10 min.9 From the mid-
dle layer of the centrifuged sample (the upper layer con-
tains the supernatant fats), 1 mL of liquid was taken 
and 500 μL was placed into Eppendorf tubes. LF and 
IL-8 content in the obtained milk was analyzed by an 
enzyme-linked immunosorbent assay (ORG 284, Lac-
toferrin by Organtec; Human IL-8 ELISA Kit by Dia-
clone) using the STAT FAX 303 plus analyzer according 
to the manufacturer’s guidelines. Statistical processing 
of the obtained data was based on the method of varia-
tion statistics, using the STATISTICA 6.0 (Statsoft, Tul-
sa, Oklahoma, USA) program.

Results
The study analyzed the breast milk of 97 women aged 
18 to 36 (average age: 26±5 years old). Patients were 
divided into two comparison groups. Group I includ-
ed 30 women with lactostasis. Group II consisted of 37 
women who developed lactational mastitis. The control 
group included 30 clinically healthy lactating women.

The results of the LF content in breast milk of wom-
en with a dysfunctional breast condition are presented 
in Fig. 1.

Fig. 1. The content of LF in breast milk of women in groups 
I and II, (mean), * – probability of difference in indicators 
compared to the control group (p<0.05); # – probability of 
difference in indicators compared to group I (p<0.05).

The average LF value in breast milk of practical-
ly healthy women who made up the control group is 
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4.78±0.47 mg/mL. In group I, the concentration of this 
marker is 8.85±0.3 mg/mL, which is 1.8 times higher 
than the control value (p<0.05). The level of LF in breast 
milk of women in group II is 15.04 ±0.53 mg/mL, which 
exceeds the control values by 3.1 times (p<0.05). 

The study of breast milk of patients with lactational 
mastitis indicates changes in IL-8 production. The ob-
tained results are presented in Fig. 2.

Fig. 2. The content of IL-8 in breast milk of women in 
groups I and II, (mean), * – probability of difference in 
indicators compared to the control group (p<0.05); # – 
probability of difference in indicators compared to group I 
(p<0.05)

The content of IL-8 in breast milk of women in 
group I is 26.64±1.68 pg/mL, which is 7.3 times high-
er than the control values (3.63±0.12 pg/mL, p<0.05). 
In breast milk of women in group II, the level of IL-8 
(50.77±1.58 pg/mL) is 13.9 times higher than in the 
control group (p<0.05). The test group analysis reveals a 
1.9-fold increase of IL-8 in breast milk with the develop-
ment of lactational mastitis as compared to the indicator 
of women who developed lactostasis (p<0.05).

Discussion
Lactoferrin iron-binding glycoprotein, which is synthe-
sized by mucous membrane epithelial cells, is contained 
in the secondary granules of neutrophils, the secretions 
of almost all exocrine glands. The highest LF content 
was found in breast milk, and its expression is con-
trolled by prolactin.8,10 Early functional changes in the 
mammary gland in lactostasis are accompanied by an 
increase in LF expression, which is likely to reveal the 
protective reaction of epithelial cells. The comparison 
of the LF content in the test groups reveals an increase 
in the production of this marker with the development 
of lactation mastitis by 1.7 times relative to the indica-
tor of women in group I (p<0.05). The obtained results 
provide for the activation of local immunity, indicate 
pronounced inflammatory changes in the mammary 
gland.11

The non-specific protection of the body from infec-
tious agents is known to activate various mechanisms 
and factors. As an anti-infective protection first line 
component, lactoferrin exhibits a bacteriostatic effect 
by sequestration of free iron. The lack of the necessary 
substrate inhibits the growth of bacterial colonies. The 
bactericidal effect of lactoferrin is due to the direct in-
teraction of the protein molecule with the microorgan-
ism membrane, which leads to its destruction.10,12,13

It is worth noting a key role of lactoferrin in the 
modulation of the immune response. At the molecular 
level, in the presence of this glycoprotein, the expres-
sion of cytokines changes, in particular, pro-inflamma-
tory interferon-γ, interleukins (IL-1β, IL-8, TNF-α), and 
the production of IL-5 and IL-10 is reduced. In addition, 
lactoferrin binds iron, which accumulates in damaged 
tissues, and catalyzes the formation of toxic hydroxyl 
radicals, that is, it has an anti-inflammatory effect.14,15

IL-8 is produced mainly by endothelial cells, mono-
cytes, and macrophages under the influence of bacterial 
endotoxins and cytokines (IL-1, TNF-α, IL-6, etc.). IL-8 
acts as a chemotactic factor for neutrophils, enhances 
their adherence to endothelial cells, promotes penetra-
tion from the vascular bed into infected tissue.7,10 The 
analysis of the test group reveals a 1.9-fold increase in 
IL-8 levels in breast milk associated with the onset of 
lactational mastitis, as compared to women who devel-
oped lactostasis (p<0.05), indicating the involvement 
of the inflammatory process and indicating destructive 
processes in the breast parenchyma under the influence 
of activated neutrophils.16 

High concentrations of the studied markers in lac-
tostasis indicate the initial stages of the development of 
the inflammatory process. As a result of the absence of 
milk outflow, a favorable environment for the repro-
duction of bacteria is formed. Lactic acid fermentation 
occurs in milk, which leads to the destruction of the ep-
ithelium of the milk ducts and alveoli. When the pres-
sure in the mammary gland increases, blood circulation 
is disturbed, venous congestion occurs, and this creates 
additional conditions for the development of infection. 
Untimely elimination of lactostasis leads to the develop-
ment of mastitis.1

With the development of the inflammatory pro-
cess, of paramount importance is the migration of neu-
trophils and other cells from the blood into breast milk 
through the epithelium of the milk alveoli. In the pres-
ence of IL-8, the processes of activation and degranu-
lation of neutrophils occur, they are accompanied by 
the generation of reactive oxygen species, nitric oxide, 
the release of lactoferrin, lysozyme into the intercellu-
lar medium. Such mechanisms are likely to protect the 
surrounding tissues from destruction, contribute to the 
rapid completion of the inflammatory process.7,8,16
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Conclusion
The study reveals an increase in the production of lac-
toferrin and interleukin-8 in breast milk of both groups 
as compared to healthy women. With the development 
of lactation mastitis, the level of lactoferrin exceeds the 
control values 3.1-fold, and 1.7-fold in women with lac-
tostasis (p<0.05). The mean concentration of IL-8 is 13.3 
times higher in the control group and 1.9 times higher 
in women with lactostasis (p<0.05). The established lev-
els of lactoferrin and IL-8 in milk can serve as predictive 
markers for assessing the degree of inflammation. The 
results obtained in patients with lactation mastitis indi-
cate the activation of non-specific protection, the ability 
to counteract the destructive effect of infectious factors.
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