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Abstract

As an evolutionary process acknowledging all its countless benefits, human milk (HM), has led to many types of studies: experimental

(in vitro and in vivo), cohorts, etc., all with outcomes consistent on infant’s protection. HM effects as neuroprotective, anti-infective,

promotor of infant’s development, and many more are known by everyone. The primary aim of this review is to inform the reader

about this property in HM: Anti-inflammation. The document starts with a brief anthropological /historical glance of this property,

following with in vitro and in vivo experimental studies done both in experimental animals, as well as in human cells, with emphasis

on studies done by one of the co-authors. At the end, is expected that the reader recognizes HM anti-inflammatory effects as essential

in the protection process of the infant against both infectious and non-infectious injuries, as well as to finally understand the leading

mechanisms of action of HM anti-inflammation, such as its effects on neutrophils (polarization, phagocytosis, intra and extracellular

response to calcium), on other inflammatory cells, interleukins, among others.
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Introduction

Breastfeeding remains one of the most important strategies to
protectinfants against infectious diseases, both in terms of morbid-
ity and mortality. Protection by human milk is established predom-
inantly vs. gastrointestinal tract infections and diarrheal diseases
due to both viral, bacterial and parasitic etiologies [1-5], but it has
also been associated with protection vs. respiratory infections in-
cluding otitis media [4-13], bacteremia/meningitis [4,14-17], and
necrotizing enterocolitis [18,19]. All this enormous evidence of
protection has already been explained by multiple mechanisms,
such as optimal nutrition, reduced exposure to enteropathogens,
increased growth of protective intestinal flora, immunological fac-
tors (lysozyme, lactoferrin, Immunoglobulin (Ig) A, presence of
neutrophils and cells mononuclear cells, etc...), glycoconjugated

substances that block the union of the pathogen with its receptor,

increased thickness of the intestinal mucosa due to the presence of

growth factors, among many others [18,20,21-28].

Exclusive breastfeeding during the first 6 months of life is a cur-
rent universal recommendation, with minimal exceptions for its
contraindication, such as maternal HIV infection or the intake of

some drugs (such as fluoroquinolones) by the mother.

In this review we will delve into the anti-inflammatory proper-
ties of human milk, a concept little known by many, but obviously
essential within the global role of immune protection of human
milk.

Human milk and anti-inflammation
Observations consistent with anti-inflammatory properties of

human milk are numerous. Clinically evident inflammation is ab-
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sent in the early lactating breast, despite the presence of abundant
neutrophils in the colostrum. Likewise, in some cultures erroneous-
ly called “primitive” (e.g., the Tarahumara) use human colostrum to
manage neonatal conjunctivitis, an effect not only explained by its

anti-infective activities.

There are already systematic reviews in which the different
components or anti-inflammatory systems of human milk are ana-
lyzed [29,31], among which the following stand out, classifying
them as soluble or cellular.

Soluble components

®  Antiproteases: Essential function to unfold hydrolytic pro-
teins released during the inflammatory response, and thus
reduce tissue damage [29].

® Lysozyme: Present not only in tears, multiple anti-inflam-
matory mechanisms [29]. - Lactoferrin: Macromolecule that
not only has anti-infectious activity, but also binds to some
membrane receptors, thus preventing the penetration of en-
teropathogens [30]. - Secretory IgA: its non-opsonizing effect
is well known, therefore it is not pro-inflammatory, unlike the
IgG that predominates in cow’s milk.

® Antioxidants: -tocopherol, cysteine, ascorbate and -carotenes,
all of which confer activity vs. cell injury [31].

e Antibodies vs. Platelet Activation Factor (PAF): Said Factor is
a potent pro-inflammatory [26].

® Presence of anti-inflammatory Interleukins (IL): Classical-
ly the presence of IL-10 [32]. - Presence of soluble factors:
At least soluble receptors for IL-1 and for tumor necrosis
factor-a (TNFa) have been isolated, which implies an “extra-
membrane” blockade of these strongly pro-inflammatory cy-
tokines [35]. (see the following figure)

Cell components

Neutrophils with less lytic capacity: Point that we will discuss
below

The sterile inflammation induced with acetic acid in the subcu-
taneous tissue of rats is dramatically decreased by previous con-
tact with human colostrum, translated into a significant reduction

in granulocytic presence [33] (see the following figure)
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Figure 2

Enteral feeding with mature human milk significantly decreases
colonic inflammation induced by acetic acid in the animal model,
with also a significant decrease in the presence of granulocytes
[34]. Many functions and capacities of neutrophils are negatively
altered by pre-exposure with human milk, including Staphylococ-
cus aureus clearance, adherence, deformability, chemotaxis, en-
zyme release, oxygen free radical release, actin assembly, and L-

selectin release [35-38].

The vast majority of all granulocytic functions, if not all, depend

on increases in cytoplasmic calcium concentrations.
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Under normal conditions, after a physiological stimulus (bac-
terial formyl-peptide, IL-8, etc...), cytoplasmic calcium concentra-
tions rise due to the release of calcium from intracellular stores,
later calcium channels open, which allow an influx of this divalent
cation into the cytoplasm, which allows a greater response, and at
the same time restores intracellular stores to later be able to re-

spond to a new stimulus (see the following figure)
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Figure 3

Exposure to human milk causes at least two independent ef-
fects on neutrophils, the first consisting of a partial release of in-
tracellular calcium stores with partial depletion thereof, and later a
block on the entry of this ion, leading to a even greater depletion of
stores, and a generally diminished functional response [39,40] (see

the following figure).

Effect of human milk on the calcium response in
neutrophils
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Figure 4
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This explains the most viable mechanism of action of the an-
tagonistic effects of human milk on granulocyte function: partial
inhibition of calcium metabolism in at least two ways, leading to
the presence of a hypofunctional neutrophil, with much less capac-
ity for injury. tissue and pro-inflammatory. The aforementioned
effects were observed with human milk concentrations as low as
0.1%, and such effects were not present with exposure to placebo

or formulas (commercial milks) [36,39-41].

Conclusion

The inflammatory response, after an infection, is responsible
for tissue, cellular and systemic damage, and the classic examples
are serious infections such as sepsis, bacterial meningitis and os-
teomyelitis, where the participation of neutrophils and pro-inflam-
matory cytokines are responsible for multiple cases of morbidity

and mortality.

The dilemma that is required as an approach is how, being anti-
inflammatory, is human milk protective? Nobody has the answer,
but there are two reasons that indirectly justify these effects: 1)
all these anti-inflammatory properties have been around for thou-
sands of years and 2) the evidence, to date, demonstrates an in-
hibitory/modulatory rather than an ablatory effect. Undoubtedly,
much remains to be learned about human milk, which is more than
a nutrient, it is an immunological/nutritional transplant that has
evolved from an eventration of reptiles to what we know today
[42], thus concluding that it does not breastfeeding implies going

against the very evolution of the human species.

Bibliography

1. Feachem RG and Koblinsky MA. “Interventions for the control
of diarrhoeal diseases among young children: promotion of
breastfeeding”. Bulletin of the World Health Organization 62
(1984): 271-291.

2. Morrow AL and Pickering LK. “Human milk protection against
diarrheal disease”. Seminars in Pediatric Infectious Diseases 5
(1994): 36-42.

3. Howie PW, et al. “Protective effect of breastfeeding against in-
fection”. British Medical Journal 300 (1990): 11-16.

Citation: Enrique Chac6n-Cruz and Eduardo Antonio Lara-Pérez. “Anti-Inflammatory Properties of Human Milk, An Ancient but Novel Concept". Acta

Scientific Paediatrics 6.10 (2023): 44-48.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2536296/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2536296/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2536296/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2536296/
https://www.sciencedirect.com/science/article/abs/pii/S1045187004000512
https://www.sciencedirect.com/science/article/abs/pii/S1045187004000512
https://www.sciencedirect.com/science/article/abs/pii/S1045187004000512

Anti-Inflammatory Properties of Human Milk, An Ancient but Novel Concept

10.

11.

12.

13.

14.

15.

Cunningham AS and Jelliffe EFP. “Breastfeeding and health in
the 1980’s: a global epidemiologic review”. The Journal of Pedi-
atrics 118 (1991): 659-666.

Beaudry M, et al. “Relation between infant feeding and infec-
tions during the first six months of life”. The Journal of Pediat-
rics 126 (1995): 191-197.

Owen M],, et al. “Relation of infant feeding practices, cigarette
smoke exposure, and group child care to the onset and dura-
tion of otitis media with effusion in the first two years of life”.
The Journal of Pediatrics 123 (1993): 702-711.

Duncan B,, et al. “Exclusive breastfeeding for at least 4 months
protection against otitis media”. Pediatrics 91 (1993): 867-
872.

Wright AL, et al. “Breastfeeding and lower respiratory tract
illness in the first year of life”. British Medical Journal 299
(1989): 946-949.

Chen'Y, et al. “Artificial feeding and hospitalization in the first
18 months of life”. Pediatrics 81 (1988): 58-62.

Victora CG., et al. “Evidence for protection by breastfeeding
against infant deaths from infectious diseases in Brazil”. Lan-
cet 2 (1987): 319-322.

Forman MR, et al. “The Pima infant feeding study: breastfeed-
ing and respiratory infection during the first year of life”. Inter-
national Journal of Epidemiology 13 (1984): 447-453.

Cunningham AS. “Morbidity in breast-fed and artificially fed
infants”. The Journal of Pediatrics 95 (1977): 685-689.

Frank AL., et al. “Breastfeeding and respiratory virus infec-
tion”. Pediatrics 70 (1982): 239-245.

Arnold C,, et al. “Day care attendance and other risk factors
for invasive Haemophilus influenzae type b disease”. American
Journal of Epidemiology 138 (1993): 333-340.

Cochi SL,, et al. “Primary invasive Haemophilus influenzae type
b disease: a population-based assessment of risk factors”. The
Journal of Pediatrics 108 (1986): 887-896.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

47
Istre GR,, et al. “Risk factors for primary Haemophilus influ-
enzae disease: increased risk from day care attendance and
school-aged household members”. The Journal of Pediatrics
106 (1985): 190-195.

Takala AK.,, et al. “Risk factors of invasive Haemophilus inflen-
zae type b disease among children in Finland”. The Journal of
Pediatrics 115 (1989): 694-701.

Caplan MS and MacKendrick W. “Necrotizing enterocolitis: a
review of pathogenic mechanisms and implications for pre-
vention”. Pediatric Pathology 13 (1993): 357-369.

Lucas A and Cole TJ. “Breast milk and necrotizing enterocoli-
tis”. Lancet 336 (1990): 1519-1523.

Pickering LK and Morrow AL. “Factors in human milk that pro-
tect against diarrheal disease”. Infection 21 (1993): 355-357.

Anderson B,, et al. “Inhibition of attachment of Streptococcus
Pneumoniae and Haemophilus Influenzae by human milk and
receptor oligosaccharides”. The Journal of Infectious Diseases
153 (1986): 232-237.

Plaut AG,, et al. “Growth of Haemophilus influenzae in human
milk: synthesis, distribution, and activity of IgA protease as
determined by study of IgA+ and mutant IgA-cells”. The Jour-
nal of Infectious Diseases 166 (1992): 43-52.

Kauppi M., et al. “Anti-capsular polysaccharide antibodies re-
duce nasopharyngeal colonization by Haemophilus influenzae
type b in infant rats”. The Journal of Infectious Diseases 167
(1993): 365-371.

Davies |., et al. “Binding of Haemophilus influenzae to purified
mucins mucins from the human respiratory tract”. Infect Im-
munity 63 (1995): 2485-2492.

Pullan CR, et al. “Breastfeeding and respiratory sincytial virus
infection”. British Medical Journal 281 (1980): 1034-1036.

Goldman AS. “The immune system of human milk: antimicro-
bial, anti-inflamatory and immunomodulating properties”.
The Pediatric Infectious Disease Journal 12 (1993): 664-671.

Ishizaka S., et al. “Antibody production system modulated by
oral administration of human milk and TGF-b". Cellular Immu-
nology 159 (1994): 77-84.

Citation: Enrique Chacén-Cruz and Eduardo Antonio Lara-Pérez. “Anti-Inflammatory Properties of Human Milk, An Ancient but Novel Concept". Acta
Scientific Paediatrics 6.10 (2023): 44-48.


https://pubmed.ncbi.nlm.nih.gov/2019919/
https://pubmed.ncbi.nlm.nih.gov/2019919/
https://pubmed.ncbi.nlm.nih.gov/2019919/
https://pubmed.ncbi.nlm.nih.gov/7844664/
https://pubmed.ncbi.nlm.nih.gov/7844664/
https://pubmed.ncbi.nlm.nih.gov/7844664/
https://pubmed.ncbi.nlm.nih.gov/8229477/
https://pubmed.ncbi.nlm.nih.gov/8229477/
https://pubmed.ncbi.nlm.nih.gov/8229477/
https://pubmed.ncbi.nlm.nih.gov/8229477/
https://www.bmj.com/content/299/6705/946
https://www.bmj.com/content/299/6705/946
https://www.bmj.com/content/299/6705/946
https://pubmed.ncbi.nlm.nih.gov/3336595/
https://pubmed.ncbi.nlm.nih.gov/3336595/
https://pubmed.ncbi.nlm.nih.gov/6519883/
https://pubmed.ncbi.nlm.nih.gov/6519883/
https://pubmed.ncbi.nlm.nih.gov/6519883/
https://pubmed.ncbi.nlm.nih.gov/856961/
https://pubmed.ncbi.nlm.nih.gov/856961/
https://pubmed.ncbi.nlm.nih.gov/7099789/
https://pubmed.ncbi.nlm.nih.gov/7099789/
https://pubmed.ncbi.nlm.nih.gov/8356972/
https://pubmed.ncbi.nlm.nih.gov/8356972/
https://pubmed.ncbi.nlm.nih.gov/8356972/
https://pubmed.ncbi.nlm.nih.gov/3712153/
https://pubmed.ncbi.nlm.nih.gov/3712153/
https://pubmed.ncbi.nlm.nih.gov/3712153/
https://pubmed.ncbi.nlm.nih.gov/3871478/
https://pubmed.ncbi.nlm.nih.gov/3871478/
https://pubmed.ncbi.nlm.nih.gov/3871478/
https://pubmed.ncbi.nlm.nih.gov/3871478/
https://pubmed.ncbi.nlm.nih.gov/2809900/
https://pubmed.ncbi.nlm.nih.gov/2809900/
https://pubmed.ncbi.nlm.nih.gov/2809900/
https://pubmed.ncbi.nlm.nih.gov/1979363/
https://pubmed.ncbi.nlm.nih.gov/1979363/
https://pubmed.ncbi.nlm.nih.gov/8132362/
https://pubmed.ncbi.nlm.nih.gov/8132362/
https://pubmed.ncbi.nlm.nih.gov/3484772/
https://pubmed.ncbi.nlm.nih.gov/3484772/
https://pubmed.ncbi.nlm.nih.gov/3484772/
https://pubmed.ncbi.nlm.nih.gov/3484772/
https://pubmed.ncbi.nlm.nih.gov/1607707/
https://pubmed.ncbi.nlm.nih.gov/1607707/
https://pubmed.ncbi.nlm.nih.gov/1607707/
https://pubmed.ncbi.nlm.nih.gov/1607707/
https://pubmed.ncbi.nlm.nih.gov/8421170/
https://pubmed.ncbi.nlm.nih.gov/8421170/
https://pubmed.ncbi.nlm.nih.gov/8421170/
https://pubmed.ncbi.nlm.nih.gov/8421170/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC173332/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC173332/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC173332/
https://pubmed.ncbi.nlm.nih.gov/6775754/
https://pubmed.ncbi.nlm.nih.gov/6775754/
https://pubmed.ncbi.nlm.nih.gov/8414780/
https://pubmed.ncbi.nlm.nih.gov/8414780/
https://pubmed.ncbi.nlm.nih.gov/8414780/
https://pubmed.ncbi.nlm.nih.gov/7954842/
https://pubmed.ncbi.nlm.nih.gov/7954842/
https://pubmed.ncbi.nlm.nih.gov/7954842/

Anti-Inflammatory Properties of Human Milk, An Ancient but Novel Concept

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Benno Y, et al. “The intestinal microflora of infants: composi-
tion of fecal flora in breast fed and bottle fed infants”. Microbi-
ology and Immunology 28 (1984): 975-986.

Goldman AS.,, et al. “Anti-inflammatory properties of human
milk”. Acta Paediatrica Scandinavica 75 (1985): 689-695.

Pabst HE. “Immunomodulation by breast-feeding”. The Pediat-
ric Infectious Disease Journal 16 (1997): 991-995.

Buescher ES and Mcllheran SM. “Colostral antioxidants: sepa-
ration and characterization of two activities in human colos-
trum”. Journal of Pediatric Gastroenterology and Nutrition 14
(1992): 47-56.

Garofalo R,, et al. “Interleukin-10 in human milk”. Pediatric Re-
search 37 (1995): 444-449.

Murphey DK and Buescher ES. “Human colostrums has anti-
inflammatory activity in a rat subcutaneous air pouch model if
inflammation”. Pediatric Research 34 (1993): 208-212.

Grazioso CF, et al. “Antiinflamatory effects of human milk
on chemically induced colitis in rats”. Pediatric Research 42
(1997): 639-643.

Buescher ES and Malinowska I. “Soluble receptors and cy-
tokine antagonists in human milk”. Pediatric Research 40.6
(1996): 839-844.

Grazioso CF and Buescher ES. “Inhibition of neutrophil func-
tion by human milk”. Cellular Immunology 168 (1996): 125-
132.

Buescher ES and Mcllheran SM. “Polymorphonuclear leuko-
cytes and human colostrums: effects in vivo and in vitro ex-
posure”. Journal of Pediatric Gastroenterology and Nutrition 17
(1993): 424-433.

Keeney SE,, et al. “Activated neutrophils and neutrophil activa-
tors in human milk: increased expression of CD11b and de-
creased expression of L-selectin”. Journal of Leukocyte Biology
54 (1993): 97-104.

Chacon-Cruz E,, et al. “Human milk effects on neutrophil cal-
cium metabolism: blockade of calcium influx after agonist
stimulation”. Pediatric Research 46 (1996): 200-207.

40.

41.

42.

48
Chacon-Cruz E., et al. “Release and depletion of internal Ca**
stores by human milk is associated with decreased physiolog-
ic responses in human polymorphonuclear leukocytes”. Pre-
sentacion tipos pdster/oral en el Symposium of Human Milk
of the XVII Scientific Congress of the European Society for Pae-
diatric Haematology and Immunology, Washington, D.C., Mayo
(1999): 11-12.

Chacon-Cruz E,, et al. “Human milk induces calcium transient
responses, cellular activation and functional suppression in
human polymorphonuclear leukocytes”. Presentacion tipos
péster/oral en el Symposium of Human Milk of the XVII Scien-
tific Congress of the European Society for Paediatric Haema-
tology and Immunology, Washington, D.C Mayo (1999): 11-12.

Goldman AS,, et al. “Evolution of immunologic functions of the
mammary gland and the postnatal development of immunity”.
Pediatric Research 43 (1998): 155-162.

Citation: Enrique Chacén-Cruz and Eduardo Antonio Lara-Pérez. “Anti-Inflammatory Properties of Human Milk, An Ancient but Novel Concept". Acta
Scientific Paediatrics 6.10 (2023): 44-48.


https://pubmed.ncbi.nlm.nih.gov/6513816/
https://pubmed.ncbi.nlm.nih.gov/6513816/
https://pubmed.ncbi.nlm.nih.gov/6513816/
https://pubmed.ncbi.nlm.nih.gov/3551484/
https://pubmed.ncbi.nlm.nih.gov/3551484/
https://journals.lww.com/pidj/citation/1997/10000/immunomodulation__by_breast_feeding.17.aspx
https://journals.lww.com/pidj/citation/1997/10000/immunomodulation__by_breast_feeding.17.aspx
https://pubmed.ncbi.nlm.nih.gov/1573513/
https://pubmed.ncbi.nlm.nih.gov/1573513/
https://pubmed.ncbi.nlm.nih.gov/1573513/
https://pubmed.ncbi.nlm.nih.gov/1573513/
https://pubmed.ncbi.nlm.nih.gov/7596683/
https://pubmed.ncbi.nlm.nih.gov/7596683/
https://pubmed.ncbi.nlm.nih.gov/8233726/
https://pubmed.ncbi.nlm.nih.gov/8233726/
https://pubmed.ncbi.nlm.nih.gov/8233726/
https://pubmed.ncbi.nlm.nih.gov/8947960/
https://pubmed.ncbi.nlm.nih.gov/8947960/
https://pubmed.ncbi.nlm.nih.gov/8947960/
https://pubmed.ncbi.nlm.nih.gov/8640857/
https://pubmed.ncbi.nlm.nih.gov/8640857/
https://pubmed.ncbi.nlm.nih.gov/8640857/
https://pubmed.ncbi.nlm.nih.gov/8145100/
https://pubmed.ncbi.nlm.nih.gov/8145100/
https://pubmed.ncbi.nlm.nih.gov/8145100/
https://pubmed.ncbi.nlm.nih.gov/8145100/
https://pubmed.ncbi.nlm.nih.gov/7689631/
https://pubmed.ncbi.nlm.nih.gov/7689631/
https://pubmed.ncbi.nlm.nih.gov/7689631/
https://pubmed.ncbi.nlm.nih.gov/7689631/
https://pubmed.ncbi.nlm.nih.gov/10447116/
https://pubmed.ncbi.nlm.nih.gov/10447116/
https://pubmed.ncbi.nlm.nih.gov/10447116/
https://www.nature.com/articles/pr19992280
https://www.nature.com/articles/pr19992280
https://www.nature.com/articles/pr19992280
https://www.nature.com/articles/pr19992280
https://www.nature.com/articles/pr19992280
https://www.nature.com/articles/pr19992280
https://www.nature.com/articles/pr19992280
https://www.researchgate.net/publication/240011711_Human_Milk_Induces_Calcium_Transient_Responses_Cellular_Activation_and_Functional_Suppression_in_Human_Polymorphonuclear_Leukocytes
https://www.researchgate.net/publication/240011711_Human_Milk_Induces_Calcium_Transient_Responses_Cellular_Activation_and_Functional_Suppression_in_Human_Polymorphonuclear_Leukocytes
https://www.researchgate.net/publication/240011711_Human_Milk_Induces_Calcium_Transient_Responses_Cellular_Activation_and_Functional_Suppression_in_Human_Polymorphonuclear_Leukocytes
https://www.researchgate.net/publication/240011711_Human_Milk_Induces_Calcium_Transient_Responses_Cellular_Activation_and_Functional_Suppression_in_Human_Polymorphonuclear_Leukocytes
https://www.researchgate.net/publication/240011711_Human_Milk_Induces_Calcium_Transient_Responses_Cellular_Activation_and_Functional_Suppression_in_Human_Polymorphonuclear_Leukocytes
https://www.researchgate.net/publication/240011711_Human_Milk_Induces_Calcium_Transient_Responses_Cellular_Activation_and_Functional_Suppression_in_Human_Polymorphonuclear_Leukocytes

