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ABSTRACT

The present study was undertaken to evaluate the ef-
fect of protein fractions from bovine, caprine, and ovine 
milk on production of cytokines and reactive oxygen 
species (ROS) and reactive nitrogen species (RNS) by 
cultured peripheral blood mononuclear cells (PMBC) 
from infants with generalized epilepsy. Bovine, caprine, 
and ovine bulk milks were pasteurized and analyzed for 
chemical composition. Then, PBMC were isolated from 
10 patients with generalized epilepsy (5 males; mean age 
33.6 ± 5.4 mo). Production of tumor necrosis factor-α 
(TNF-α), IL-10, IL-6, and IL-1β was studied in cul-
tured PBMC (from infants with epilepsy and controls) 
stimulated by bovine, caprine, and ovine milk and ca-
sein and whey protein fractions, and levels of ROS and 
RNS were measured in the culture supernatant. The 
ability of PBMC to secrete cytokines in response to 
milk and protein fraction stimulation may predict the 
secretion of soluble factor TNF-α in the bloodstream 
of challenged patients. Bovine, caprine, and ovine bulk 
milks induced low-level production of IL-10 by cultured 
PBMC in at least 50% of cases; the same behavior was 
observed in both casein and whey protein fractions for 
all species studied. Bovine and ovine milk and their 
casein fractions induced production of lower levels of 
IL-1β in 80% of patients, whereas caprine milk and 
its casein fraction induced the highest levels in 80% of 
patients. The amount of IL-6 detected after stimulation 
of PBMC by milk and its fractions for all species was 
lower than that of other proinflammatory cytokines. 
In the bovine, total free radicals were higher in bulk 
milk and lower in the casein fraction, whereas the whey 
protein fraction showed an intermediate level; in cap-
rine, ROS/RNS levels were not different among milk 
fractions, whereas ovine had higher levels for bulk milk 
and casein than the whey protein fraction. Lower levels 
of ROS/RNS detected in PBMC cultured with caprine 

milk fraction could be responsible for the lower levels 
of TNF-α cytokine in the corresponding fraction. Cy-
tokines might be useful biomarkers to discriminate the 
effects of foods on the inflammatory response; dietary 
strategies could help in alleviating the negative effects 
of epilepsy in infants.
Key words: milk source, cytokine, infant, peripheral 
blood mononuclear cells, reactive oxygen species

INTRODUCTION

Milk composition of the principal dairy species var-
ies widely in terms of genetic, physiological, and nu-
tritional factors, and environmental conditions. Milk 
protein is a very heterogeneous group of molecules 
mainly influenced by genetic variants (Ng-Kwai-Hang 
and Grosclaude, 2003). Genetic polymorphism varies 
among ruminant species and is associated with differ-
ent level of protein synthesis in milk, different rates of 
phosphorylation and glycosylation of the peptide chain, 
and different AA sequences of the protein (Michaeli-
dou, 2008).

Epilepsy comprises a group of neurological disorders 
characterized by the periodic occurrence of spontane-
ous seizures (Vezzani et al., 2008); the World Health 
Organization estimates that it affects 0.8% of the 
world’s population (Li et al., 2011). Several reports sug-
gest that certain foods might trigger seizures; studies 
using animal models reported a reduction in seizure 
threshold in rats administered excess dietary AA and 
the induction of convulsions by monosodium glutamate 
(Asadi-Pooya et al., 2008). Furthermore, in recent 
study, at least 30% of children with intractable epilepsy 
had intakes below the recommended dietary allowance 
for vitamins D, E, and K, folate, calcium, and linoleic 
acid (Volpe et al., 2007). Gordon and Dooley (2015) 
conducted a cross-sectional survey on food insecurity 
and health status and concluded that the experience 
of food insecurity appears to be more frequent among 
persons living with epilepsy.

In human newborns, milk fulfils nutritional needs 
and ensures safe development and growth during the 

Milk from different species: Relationship between protein fractions  
and inflammatory response in infants affected by generalized epilepsy
M. Albenzio,*1 A. Santillo,* M. G. Ciliberti,* L. Figliola,* M. Caroprese,* R. Marino,* and A. N. Polito†
*Department of the Sciences of Agriculture, Food and Environment (SAFE), University of Foggia, Via Napoli, 25, 71100 Foggia, Italy
†Complex Structure of Neuropsychiatry Childhood–Adolescence of Ospedali Riuniti of Foggia, Viale Pinto, 71100 Foggia, Italy

 

Received December 1, 2015.
Accepted March 4, 2016.
1 Corresponding author: marzia.albenzio@unifg.it



2 ALBENZIO ET AL.

Journal of Dairy Science Vol. 99 No. 7, 2016

first stages of life. Recently, the role of animal food 
products on diet has been widely recognized, with par-
ticular regard on the effects of protein fractions and 
human health. It is well known that milk proteins play 
an important role in the ability to stimulate innate 
immune response through the activation of pro- and 
antiinflammatory cytokines (Albenzio et al., 2012); 
these molecules rapidly increase in the peripheral 
blood. In recent years, an increasing body of evidence 
has indicated a complex relationship between epilepsy 
and the immune system (Li et al., 2011). Abnormali-
ties in expression of cytokines and immune cells have 
been observed in patients with epilepsy and in animal 
models (Plata-Salamán et al., 2000; Ravizza and Vez-
zani, 2006). Oxidative stress is known to occur in the 
pathogenesis of the most prevalent form of epilepsy and 
contributes to acute injury-induced neuronal damage 
(Pearson et al., 2015).

To the best of our knowledge, no studies have been 
reported on the role of milk protein fractions from differ-
ent ruminant species on immune status of infants with 
epilepsy. Therefore, the present study was undertaken 
to evaluate the effect of milk protein fractions from dif-
ferent animal species—bovine, ovine, and caprine—on 
production of pro- and antiinflammatory cytokines and 
reactive oxygen species by cultured peripheral blood 
mononuclear cells from infants with generalized epi-
lepsy.

MATERIALS AND METHODS

Experimental Design and Milk Sampling

Pasteurized bovine, caprine, and ovine bulk milks were 
lyophilized (lyophilization cycle −50°C for 24 h; Lio5P, 
5 Pascal s.r.l., Trezzano, Milan, Italy) and the resulting 
lyophilized powders stored at 4°C. Bovine, caprine, and 
ovine milk samples were analyzed for chemical compo-
sition using an infrared spectrophotometer (Milko Scan 
133B; Foss Electric, Hillerød, Denmark). Casein and 
whey protein fractions were obtained according to IDF 
(1993).

Patients

Ten patients with generalized epilepsy (5 males; 
mean age 33.6 ± 5.4 mo) and 10 control (5 males; 
mean age 35.6 ± 6.8 mo) were recruited at the Complex 
Structure of Neuropsychiatry Childhood– Adolescence 
of Ospedali Riuniti (Foggia, Italy) and were included 
in the study.

Inclusion criteria were diagnosis of active and un-
ambiguous focal or generalized epilepsy according to 
International League Against Epilepsy (ILAE) criteria 

(Berg et al., 2010) with no family history of epilepsy 
without any other concomitant systemic, neurological, 
or psychiatric diseases and without any abnormalities 
on neuroradiological investigations.

Exclusion criteria were occurrence of clinical seizures 
within the last 3 d before blood drawing, malignant 
tumor, concomitant inflammatory disease, severe neu-
rological or neuroimmunological disease (i.e., stroke, 
cerebral hemorrhage, encephalitis, meningitis), immu-
nosuppressive or immunomodulatory treatment during 
the last 6 mo, surgery or significant trauma within the 
last 2 wk, hepatic or renal insufficiency, or severe psy-
chiatric disease.

Approval was obtained from the Ospedali Riuniti 
(Foggia, Italy) Institutional Review Board for these 
studies. Written informed consent was obtained from 
the parents in accordance with the Declaration of Hel-
sinki on the Ethical Principles for Medical Research 
Involving Human Subjects (http://www.wma.net/
en/30publications/10policies/b3/17c.pdf).

Production of tumor necrosis factor-α (TNF-α), IL-
10, IL-6, and IL-1β was studied in peripheral blood 
mononuclear cells (PBMC) stimulated with bovine, 
caprine, and ovine milk and casein and whey protein 
fractions. The PBMC were obtained from infants with 
generalized epilepsy and from control infants. The 
PBMC were isolated from heparinized blood (3–5 mL) 
by gradient centrifugation in Ficoll-Histopaque (Sigma 
Aldrich, Milan, Italy). The viability of PBMC was 
checked by measuring Trypan blue dye exclusion and 
was >90%. The PBMC were resuspended at a final 
concentration of 1.5 × 105 cells/mL in RPMI 1640 
(Sigma Aldrich) supplemented with l-glutamine, peni-
cillin/streptomycin, and 10% fetal bovine serum (Sigma 
Aldrich). The PBMC were distributed in 0.2 mL of 
calcium medium into flat-bottomed 96-well microtiter 
plates, cultivated for 5 d at 37°C in a 5% CO2 incubator 
in the presence of bulk milk, casein, or whey protein 
obtained from bovine, caprine, and ovine species. After 
the 5-d incubation, PBMC viability was >90%. Con-
centration of the tested proteins used for stimulation 
was 100 μg/mL. The PBMC were stimulated to deter-
mine production of inflammatory and proinflammatory 
cytokines with 50 μL of phytohemagglutinin (PHA, 
final concentration 10 μg/mL, Sigma Aldrich). The 
mitogen PHA (10 μg/mL) was used as positive control 
stimulus to ensure normal immune reactivity to control 
stimuli in the subjects, whereas cells not activated with 
mitogen represented negative controls. At the end of 
the incubation period, quadruplicate culture superna-
tants were harvested and stored at −20°C until used 
in cytokine assays. Levels of TNF-α, IL-10, IL-6, and 
IL-1β in the culture supernatants were determined in 
duplicate using commercial Luminex Multiplex Assays 
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(Labospace, Milan, Italy); results were expressed in pi-
cograms per milliliter. Briefly, the Bio-Plex Calibration 
kit (#171203060, Labospace) and Bio-Plex Validation 
kit (#171203001, Labospace) were used to prepare a 
standard curve for each cytokine. The analysis was per-
formed using a BioRad Bio-Plex 100 with the magnetic 
luminex screening assay (BioRad, Milan, Italy).

The level of reactive oxygen species (ROS) and 
reactive nitrogen species (RNS) was measured in the 
culture supernatants using an OxiSelect in vitro ROS/
RNS Assay Kit (Cell Biolabs Inc., San Diego, CA) ac-
cording to the manufacturer’s instructions. Data were 
normalized to protein level (measured by BCA Protein 
Assay Kit, Thermo Scientific, Rockford, IL). The ROS/
RNS were expressed as 2′,7′-dichlorodihydrofluorescein 
(DCF) mM/mg per milliliter of protein.

Cytokines and ROS/RNS levels in control patients 
did not show differences for milk species and protein 
fractions; mean values of TNF-α, IL-10, IL-1β, and 
IL-6 in bovine, ovine, and caprine milks were 150 ± 55, 
25 ± 3, 45 ± 18, and 140 ± 52 mM/mg per milliliter of 
protein and values of ROS/RNS were 0.7 ± 0.02, 0.5 ± 
0.01, and 0.4 ± 0.03 mM/mg per milliliter of protein in 
the 3 milks, respectively.

Statistical Analysis

All variables were tested for normal distribution us-
ing the Shapiro-Wilk test (Shapiro and Wilk, 1965). 
Data on cytokines and ROS/RNS were analyzed by 
ANOVA using the GLM procedure of SAS (SAS Insti-
tute, 2011). The tested parameters were always lower 
(P < 0.001) in controls than in infants with epilepsy; 
data on control infants were used as a baseline to evalu-
ate the response of infants with epilepsy. The effects of 
milk source, milk protein fractions, and their interac-
tion were tested within infants with epilepsy. For each 
cytokine, the levels in controls were used as a threshold 
level to group the response of infants with epilepsy into 
3 levels (low, medium, and high), where low, medium, 
and high groups had increases <30%, from 30 to 70%, 
and >70% relative to the threshold level, respectively. 
The percentage of patients ascribed to each level is re-
ported. When significant effects were found (P < 0.05), 
Student’s t-test was used to identify significant differ-
ences between means.

RESULTS AND DISCUSSION

Composition of Bovine, Caprine, and Ovine Milks 

Chemical composition of pasteurized bovine, caprine, 
and ovine milks is reported in Table 1. Milk compo-
sition from more represented dairy species is charac-

terized by a great complexity of milk nutrients (Fox, 
2003). In this study, percentage composition of bovine 
and caprine milks was comparable for protein content 
and for casein and whey protein fractions. As expected, 
ovine milk exhibited a higher percentage of principal 
chemical components reported in Table 1; protein frac-
tions in ovine milk were twice as high as those found in 
bovine and caprine milks. The percentage of fat content 
ranged from 3.63 to 8.16% from bovine to ovine milk; 
in caprine milk, fat content was 4.14%. Among milk 
components, proteins are species-specific mainly due 
to genetic polymorphisms; in particular, the genetic 
polymorphisms of milk proteins from small ruminant 
species are of importance as they are associated with 
quantitative and qualitative parameters in milk (Al-
benzio and Santillo, 2011).

Cytokines and ROS/RSN in Cultured PBMC

Effects of milk protein fractions of bovine, caprine, 
and ovine milks on cytokine levels in cultured PBMC 
are presented in Table 2. Cytokines are generally syn-
thesized and secreted in response to immunological 
stimuli; they are soluble, potent glycoproteins involved 
in the regulation of growth, immune cell activation, and 
inflammatory and immune responses able to travel to 
distant cells in other organs via the peripheral circula-
tion (Youn, 2013). Tumor necrosis factor-α produced 
by PBMC cultured with bulk milk was lower (P < 0.05) 
for bovine and ovine milk in 80 and 70% of the infants 
respectively, whereas caprine milk induced higher lev-
els of this cytokine in 80% of infants. However, the 
levels of TNF-α detected in PBMC stimulated with 
caprine milk reached lower levels (P < 0.05) than those 
against bovine and ovine milks. For the casein frac-
tion, a higher percentage of patients ascribed to a lower 
production of TNF-α regardless of species. The whey 
protein fraction regardless of species was able to induce 
higher levels of TNF-α in 10% of infants; in particular, 
this value was 4-fold and 11-fold higher (P < 0.01) in 
bovine and ovine than the level of TNF-α produced by 
PBMC cultured with the caprine whey protein fraction, 
respectively. Furthermore, TNF-α produced by PBMC 

Table 1. Chemical composition of bovine, caprine, and ovine 
pasteurized milk (means ± SEM)

Component

Milk species

Bovine Caprine Ovine

Protein, % 3.53 ± 0.56 3.22 ± 0.35 6.01 ± 0.48
Casein, % 2.72 ± 0.10 2.29 ± 0.12 4.56 ± 0.13
Whey protein, % 0.85 ± 0.02 0.96 ± 0.01 1.42 ± 0.02
Fat, % 3.63 ± 0.12 4.14 ± 0.15 8.16 ± 0.32
Lactose, % 4.69 ± 0.10 4.18 ± 0.12 4.37 ± 0.11
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cultured with bovine and ovine whey proteins was low-
est in 70% of patients, whereas TNF-α produced by 
PBMC cultured with the caprine whey protein fraction 
showed intermediate levels in 80% of cases. The ability 
of PBMC to secrete cytokines in response to milk and 
protein fraction stimulation may be a predictor of the 
secretion of soluble factor TNF-α in the bloodstream of 
challenged patients. Several studies have reported that 
TNF-α might acts in a concentration-dependent man-
ner; TNF-α has been shown to play a proconvulsive 
role in Shigella-mediated seizures at low concentration 
but exert an anticonvulsive effect at higher concentra-
tion (Yuhas et al., 2003). In the central nervous system, 
TNF-α can activate its 2 receptors, p55 and p75, and 
may modulate cell-signaling pathways: a low concentra-
tion of TNF-α may predominantly activate proconvul-
sive effects via p55, whereas a high concentration of 
TNF-α can play anticonvulsive role through the p75 
pathway (Li et al., 2011).

Bovine, caprine, and ovine bulk milks induced low-
level production of IL-10 by cultured PBMC in at least 
50% of cases; the same behavior was observed in both 
casein and whey protein fractions for all milk species 
studied. In general, the total amount of IL-10 detected 
was lower than that of other cytokines involved in this 
study. Interleukin-10 has broad anti-inflammatory 
properties by its inhibition of antigen-presenting cell 
function and suppression of production of proinflam-
matory cytokines (O’Garra et al., 2008). Indeed, IL-
10 deactivates macrophages, which in turn decreases 
the production of cytokines by T cells (Youn, 2013). 
Several animal studies and clinical observations sug-
gest an anticonvulsant effect of IL-10; one report 
showed protective effects of IL-10 against the devel-
opment of epileptiform activity evoked by transient 
episodes of hypoxia in rat hippocampal slices (Levin 
and Godukhin, 2007). Production of IL-10 in blood is 
controversial; some authors reported no differences in 
plasma IL-10 between patients with focal seizure and 
control (Virta et al., 2002), whereas IL-10 production 
was significantly lower in patients suffering from focal 
seizure than in healthy control (Li et al., 2011). Youn 
(2013) reported that IL-10 was significantly elevated 
in plasma 48 to 72 h after seizure onset, leading to 
the hypothesis that IL-10 may have an anticonvulsive 
effect in neonatal seizure patients by suppressing proin-
flammatory cytokines production. In a previous study, 
Albenzio et al. (2012) found higher levels of IL-10 in 
PBMC cultured against bovine and caprine milk frac-
tions in both healthy infants and in infants with cow 
milk allergy; in the current study, the lower level of 
IL-10 could be ascribed to the impaired immunological 
status of infants affected by generalized epilepsy.

Bovine milk and casein fraction induced the lowest 
levels (P < 0.01) of IL-1β from cultured PBMC in 80% 
of patients, whereas whey protein induced the highest 
level in 60% of cases. Caprine milk and casein frac-
tion induced the highest levels (P < 0.01) of the same 
cytokine in 80% of cases and whey protein induced 
intermediate level in 80% of cases. Ovine milk induced 
medium levels of IL-1β in 60% of cases and low levels 
in 80% of cases for casein and whey protein fractions. 
The IL-1 family comprises 3 ligands, IL-1α, IL-1β, and 
IL-1Ra; IL-1β is mostly secreted, whereas IL-1α is 
predominantly membrane-bound. Interleukin-1β plays 
a role in promoting excite-toxicity and perhaps in sei-
zure generation (Vezzani and Baram, 2007). A notable 
example of a dual role of cytokines on neuronal survival 
in diseased tissue exists; in particular, neuroprotective 
actions of IL-1β have been reported, likely mediated 
by its ability to induce the synthesis of the growth fac-
tors of astrocytes, promoting cell repair mechanisms. 
Other mechanisms of neuroprotection induced by cy-
tokines include stimulation of antioxidant pathways; in 
this respect, IL-1β and TNF-α can either reduce or 
exacerbate glutamate receptor-mediated excite-toxicity 
depending on their extracellular concentrations, the 
length of time the tissue is exposed to these cytokines 
during injury, and the receptor time activated by this 
cytokines (Bernardino et al., 2005). Chronic expression 
of IL-1β during epileptogenesis highlights the possibility 
that this cytokine might be involved in the mechanisms 
underlying the onset of spontaneous seizures (Vezzani 
et al., 2008).

Caprine bulk milk showed the highest level (P < 0.01) 
of IL-6 in 80% of patients, bovine milk showed interme-
diate levels in 50% of patients, and ovine milk showed 
the lowest level in 60% of patients. Bovine and caprine 
casein fractions stimulated higher levels of IL-6 in 80% 
of cases, whereas ovine casein stimulated a lower level 
in 80% of cases. Apart from animal species, the whey 
protein fraction stimulated a lower IL-6 level in most 
of the studied patients. The complexity of the PBMC 
response against stimulation by milk protein fractions 
relies on the ambiguous nature of IL-6, which is neces-
sary for the normal development of the nervous system 
but has neurotoxic and proconvulsive effects when 
increased levels are detected in the brain (Samland et 
al., 2003). The increase in IL-6 in the central nervous 
system after generalized seizure was more pronounced 
than the increase in plasma (Li et al., 2011). In general, 
the amount of IL-6 detected after stimulation of PBMC 
with milk and its fractions for all species was lower 
than that of other proinflammatory cytokines detected 
in this study, probably because this cytokine is not a 
reliable marker of epilepsy in the bloodstream. Indeed, 
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Table 2. Effects of bulk milk and milk protein fractions of bovine, caprine, and ovine milk on cytokine levels (means ± SEM; pg/mL) in cultured 
peripheral blood mononuclear cells of infants with generalized epilepsy

Cytokine  
Species  
and level1

Patients,  
% Bulk milk

Patients,  
% Casein

Patients,  
% Whey protein

Tumor necrosis 
 factor-α

Bovine
 Low 80 1,023.5 ± 105.4c 70 718.6 ± 95.2c 70 52.5 ± 8.5c

 Medium 10 1,507.7 ± 128.8b 20 1,254.5 ± 110.8b 20 3,414.2 ± 320.5b

 High 10 2,257.7 ± 253.8a 10 3,909.1 ± 301.7a 10 11,740.7 ± 1,165.1a

 Effect, P-value  **  ***  *
Caprine

  Low 10 161.67 ± 74.3 80 965.6 ± 93.2 10 686.44 ± 92.5
  Medium 10 656.3 ± 103.2 10 1,444.9 ± 108.5 80 1,088.5 ± 107.1
  High 80 1,398.3 ± 150.2 10 3,112.07 ± 322.7 10 2,788.22 ± 998.2
 Effect, P-value  ***  ***  ***

Ovine
  Low 70 560.10 ± 85.6 50 656.6 ± 95.3 70 50.82 ± 9.5
  Medium 20 1,581.5 ± 125.6 40 1,253.5 ± 98.5 20 8,620.5 ± 1,430.5
  High 10 3,530.2 ± 320.5 10 3,526.5 ± 320.5 10 31,442.4 ± 3,195.1
 Effect, P-value  *  **  ***
IL-10 Bovine

 Low 50 3.67 ± 1.05 50 0.58 ± 0.1 50 1.72 ± 0.8
  Medium 40 22.79 ± 2.3 40 17.91 ± 1.6 40 20.87 ± 1.8
  High 10 74.05 ± 8.8 10 84.4 ± 5.5 10 63.78 ± 6.0
 Effect, P-value  **  ***  ***

Caprine
  Low 70 1.6 ± 0.1 70 1.4 ± 0.2 70 0.83 ± 0.1
  Medium 20 33.9 ± 1.6 20 26.36 ± 2.1 20 27.5 ± 1.2
  High 10 90.84 ± 3.4 10 118.52 ± 5.6 10 83.06 ± 4.2
 Effect, P-value  ***  ***  ***

Ovine
  Low 50 7.91 ± 1.2 70 2.3 ± 0.8 50 1.4 ± 0.1
  Medium 40 22.4 ± 1.6 20 25.3 ± 2.5 10 12.88 ± 1.5
  High 10 53.6 ± 5.22 10 81.83 ± 8.5 40 32.5 ± 1.4
 Effect, P-value  **  **  ***
IL-1β Bovine

 Low 80 825.5 ± 25.5 80 240.8 ± 28.1 10 0.8 ± 0.1
  Medium 10 1,150.4 ± 90.2 10 1,928.4 ± 77.9 30 746.5 ± 98.2
  High 10 1,958.4 ± 110.5 10 5,898.5 ± 427.2 60 1,586.2 ± 80.2
 Effect, P-value  ***  ***  ***

Caprine
  Low 10 0.5 ± 0.1 10 0.5 ± 0.1 0 —
  Medium 10 4,689.7 ± 150.2 10 1,367.87 ± 89.9 80 7,578.5 ± 502.5
  High 80 14,095.3 ± 1,022.2 80 14,619.5 ± 1,101.2 20 11,828.5 ± 898.5
 Effect, P-value  ***  ***  ***

Ovine
  Low 0 — 80 5,475.6 ± 175.5 80 0.5 ± 0.1
  Medium 60 5,159.6 ± 189.2 10 26,073.6 ± 1.825.2 10 72,806.4 ± 3,911.5
  High 40 13,405.6 ± 952.3 10 72,093.5 ± 5.215.6 10 228,878.8 ± 9,526.5
 Effect, P-value  ***  ***  **
IL-6 Bovine

 Low 10 0.6 ± 0.1 10 0.8 ± 0.2 60 4,405.5 ± 150.2
  Medium 50 8,645.5 ± 450.2 10 2,486.5 ± 150.2 30 13,072.5 ± 859.5
  High 40 11,668.5 ± 852.3 80 15,283.5 ± 1,223.5 10 18,268.2 ± 2,225.3
 Effect, P-value  ***  ***  ***

Caprine
  Low 10 0.5 ± 0.1 10 0.7 ± 0.2  0 —
  Medium 10 4,690.5 ± 186.5 10 1,368.5 ± 952.2 70 7,532.1 ± 395.5
  High 80 14,098.1 ± 896.8 80 14,618.8 ± 989.5 30 12,859.2 ± 898.5
 Effect, P-value  ***  ***  ***

Ovine
  Low  0 — 80 5,475.6 ± 259.6 80 0.8 ± 0.1
  Medium 60 5,159.6 ± 156.7 10 26,074.5 ± 2,159.5 10 72,806.5 ± 4,896.2
  High 40 13,405.6 ± 895.6 10 72,094.5 ± 5,528.6 10 228,879.5 ± 6,548.6
 Effect, P-value  ***  ***  ***
a–cMeans with different superscripts differ (P < 0.05).
1The percentage of patients ascribed to each level is reported. The low, medium, and high levels grouped values that showed an increase <30%, 
between 30 and 70%, and >70% in respect to the threshold level, respectively.
*P < 0.05; **P < 0.01; ***P < 0.001.
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Li et al. (2011) reported that the IL-6 level in plasma 
does not reliably reflect its level in brain.

Effects of stimulation of cultured PMBC with milk 
and protein fractions from different species on ROS/
RNS levels are presented in Figure 1. Levels of ROS/
RNS were higher in bovine and ovine milks than in cap-
rine milk; within bovine milk, total free radicals were 
higher in bulk milk and lower in casein fraction whereas 
whey protein showed an intermediate level. In caprine 
milk, the ROS/RNS levels were not different among 
milk fractions; finally, ovine milk displayed higher levels 
for bulk milk and casein than for whey protein fraction. 
The increased levels of ROS are a direct indicator of 
elevated oxidative stress in biological systems; exces-
sive production contributes to cell dysfunction and cell 
death (Hensley et al., 1995). The production of ROS is 
part of the killing strategy of effector cells within the 
T helper (Th) 1-type immune response, and it is also 
involved to further amplify the release of proinflam-
matory cytokines. An oxidizing milieu is also a trigger 
of the redox-sensitive signal transduction pathway in 
cells, including the induction of proinflammatory cyto-
kines such as TNF-α (Murr et al., 2005). Lower levels 
of ROS/RNS detected in PBMC cultured with caprine 
milk fraction could be responsible for the lower levels of 

TNF-α in the corresponding fraction. It was reported 
recently that oxidative damage occurring during epilep-
togenesis contributes to acute injury-induced neuronal 
damage leading to detrimental effects on areas of the 
brain associated with learning and memory function 
(Pearson et al., 2015). Those authors also suggested 
that the possibility of pairing antioxidants with anti-
seizure drugs, as a combination therapy, might help to 
reduce the cognitive impairment as comorbidities oc-
curring in epileptic patients.

CONCLUSIONS

Production of cytokines and ROS/RNS by cultured 
PBMC from infants with generalized epilepsy was influ-
enced by protein fractions of milk from bovine, caprine, 
and ovine species. The ability of PBMC to secrete cy-
tokines in response to stimulation by milk and protein 
fractions may be a predictor of the secretion of pro- and 
antiinflammatory cytokines in the bloodstream of chal-
lenged patients. Detection of TNF-α and ROS/RNS in 
vitro may provide information on inflammatory status 
and oxidative damage occurring in infants with general-
ized epilepsy. Cytokines might be useful biomarkers to 
discriminate the effects of foods on the inflammatory 

Figure 1. Effects of bulk milk and protein fractions from different species on reactive oxygen species and reactive nitrogen species (ROS/
RNS) levels in cultured peripheral blood mononuclear cells. Mean values with different letters (a, b) differ (P < 0.05); error bars indicate SEM. 
DCF = 2′,7′-dichlorodihydrofluorescein, mM/mg per milliliter of protein. 
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response; dietary strategies could help in alleviating 
the negative effect of epilepsy in infants. Further in-
vestigations on milk components are needed to better 
clarify the mechanisms affecting immunological status 
in infant with generalized epilepsy.
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