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Abstract: Background: Myo-inositol is a natural molecule with important therapeutic applications and 
an impaired oral absorption may result in a reduced clinical effect. Aim of this study was to determine if 
the combined oral administration of �-lactalbumin and myo-inositol in healthy subjects, could increase 
the plasma level of myo-inositol administered alone. In vitro studies on human differentiated intestinal 
Caco-2 cells were also conducted to identify the mechanisms involved in myo-inositol absorption. 

Objective: The in vivo study was conducted on healthy volunteers in two phases. Subjects received a 
single oral myo-inositol dose. After 7 days washout, the same subjects were administered a single dose 
of myo-inositol and �-lactalbumin. Cmax, Tmax and AUC for myo-inositol in plasma were calculated 
from samples collected at different times. Transepithelial myo-inositol passage, with or without addition 
of digested �-lactalbumin, was measured in vitro in differentiated Caco-2 cells and compared to transe-
pithelial electrical resistance and phenol red passage. 

Results: The bioavailability of myo-inositol was modified by the concomitant administration of �-
lactalbumin. Although peak concentration of myo-inositol at 180 min (Tmax) was similar for both 
treatments, administration of �-lactalbumin with myo-inositol in a single dose, significantly increased 
the plasma concentrations of myo-inositol compared to when administered alone. In vitro, myo-inositol 
absorption in Caco-2 cells was improved in the presence of digested �-lactalbumin, and this change was 
associated with an increase in tight junction permeability. 

Conclusion: Better myo-inositol absorption when orally administered with �-lactalbumin can be benefi-
cial in non-responder patients. Preliminary in vitro findings suggest that peptides deriving from �-
lactalbumin digestion may modulate tight junction permeability allowing increased absorption of myo-
inositol. 

Keywords: Myo-inositol, �-lactalbumin, pharmacokinetics, healthy volunteers, bioactive peptides, bioavailability, absorption 
enhancers, intestinal permeability. 

1. INTRODUCTION 

 In the last decades, myo-inositol (MI), the most abun-
dantly represented isomer in all living forms among the nine 
possible isomers of inositols, has attracted scientific interest 
and has stimulated research in lots of therapeutic areas. MI is 
a cyclic polyol (C6H12O6) with MW 180.16, present in all 
living forms, that is involved in several metabolic pathways, 
with significant therapeutic applications in pathologies such 
as Polycystic Ovary Syndrome (PCOS) [1-3], Gestational 
Diabetes Mellitus (GDM) [4-5], Metabolic Syndrome (Met-
Syn) [6], where insulin sensitizing agents play a key role, 
with the additional advantage of lacking significant adverse  
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events [7]. Among its manifold physiological activities, in 
the ovary MI regulates glucose uptake and Follicle Stimulat-
ing Hormone (FSH) signalling, while D-chiro-inositol (DCI), 
a different isomer of the family, modulates insulin-induced 
androgen synthesis [2]. These activities are pivotal to coun-
teract important endocrine and metabolic anomalies. Despite 
this, neither, MI, nor other pharmacological treatments (e.g. 
metformin, clomiphene citrate, etc.) are always completely 
effective. A strategy to overcome this problem is to enhance 
the absorption rate of molecules with therapeutic effects. 
Oral absorption can be influenced by a variety of factors 
such as physiochemical properties, formulation and dose of 
the compound, presence of carrier molecules, physiological 
and pathological conditions of the gastrointestinal tract. Our 
interest was focused on the search of a molecule that could 
increase MI uptake alongside with additional or synergistic 
contribution to its therapeutic activities. 



2    Current Drug Delivery, 2018, Vol. 15, No. 0 Monastra et al. 

 Our attention was drawn by �-lactalbumin (�-LA), a mole-
cule belonging to the broader class of milk proteins in all 
mammals. �-LA is the second most important protein in whey 
(approximately 20% to 25% of whey proteins) [8]. It is a 
small, globular protein composed of 123 amino acid residues 
with MW of 14.07 kDa in human milk and 14.18 kDa in bo-
vine milk. �-LA structure shows a large helical domain and a 
small beta sheet domain which have a deep cleft between 
them, linked by a loop [9]. �-LA is characterized by low im-
munogenicity in comparison to other allergens of cow’s milk, 
such as casein or beta-lactoglobulin, and it is reputed that no 
dominant epitope exists in this protein [10]. Clearly, this fea-
ture gives a reassuring profile to it. We know that organisms 
generally do not respond to ‘self’ proteins and this might be 
the reason of the low immunogenicity exerted by bovine �-LA 
that has high homology (74%) with human �-LA [11, 12]. �-
LA is characterized by exerting several effects, with relevant 
therapeutic uses. It is part of the group of proteins with roles 
beyond nutrition, including enzyme activities, enhancement of 
nutrient absorption, growth stimulation, modulation of the 
immune system and defence against pathogens [13]. �-LA was 
found to provide a gastroprotective activity in experimental 
gastric ulcer models induced by ethanol or stress [14]. Fur-
thermore, it fortifies the mucus gel layer in gastric mucosa in 
vivo, increasing the mucin content of the mucus gel layer in rat 
gastric mucosa [15]. In addition, �-LA shows anti-
inflammatory activities by means of its capacity to inhibit type 
2 cyclooxygenase (COX 2), an isoenzyme of the prostaglandin 
endoperoxide synthase family, which depends on the synthesis 
of prostanoids. Additionally, it also significantly decreases 
Interleukin 6, an inflammatory cytokine [16]. Oral administra-
tion of �-LA (300 mg/kg, twice a day) for 10 weeks in Goto–
Kakizaki (GK) rats, a model of type 2 diabetes, was able to 
significantly reduce blood glucose levels after glucose loading, 
probably by means of adiponectin enhancement [17]. �-LA 
can serve as an illustrative example of a “hybrid moonlighting 
protein” [18], the various functions of which depend on its 
location and micro-environment, and range from participation 
in lactose biosynthesis in the lactating mammary gland, to 
contribution to the antiviral, antimicrobial, and antitumor ac-
tivity of milk, also including involvement in diverse transport 
functions [18]. Structure, conformational properties and func-
tions of �-LA were also shown to be regulated by binding of 
metal ions [18]. With the aim of improving MI clinical effi-
cacy, we planned a pharmacokinetics study in humans to test 
the effects of �-LA on MI bioavailability, taking advantage of 
the wide range of �-LA activities, including its reported ef-
fects on improved mineral bioavailability [9]. Furthermore, we 
carried out experiments with the human intestinal Caco-2 cell 
line in order to evaluate the effects of �-LA on MI at the cellu-
lar level and to get preliminary information on the mechanism 
of action underlying these effects. �-LA is relatively easily 
digested and there is no remnant of this protein in the stool of 
breastfed infants. However, during the passage along the 
stomach and upper small intestine, digestion of �-LA results in 
the formation of several peptides of various dimensions. Nu-
merous studies have been reported on the functional properties 
of bioactive components in milk and dairy products, especially 
in human and bovine milk, exerting several physiological ef-
fects both in new-borns and in adults, ranging from opioid-like 

activity, angiotensin-converting enzyme (ACE) inhibition, 
stimulation of immune function, mineral and trace element 
absorption and defence against infection [9, 19-20]. In addi-
tion, evidence is rapidly emerging on the in vivo absorption of 
milk protein peptides, larger than the di- and tripeptides trans-
ported by well characterized intestinal carriers [21]. Other 
mechanisms of peptide absorption across intestinal cells that 
have been proposed are passive permeability, pore formation, 
endocytosis and transcytosis. These characteristics are being 
exploited to design peptide-drug conjugates to enhance pene-
tration of biological barriers, increase cellular uptake, and 
avoid the immune system [21]. Alternative approaches using 
peptides to enhance transport across intestinal barriers have 
exploited the ability of certain peptides to bind tight junction 
(TJ)-forming proteins, transiently increasing paracellular pas-
sage of other molecules [22]. 

2. SUBJECTS, MATERIALS AND METHODS 

2.1. Materials 

 MI (purity 99%) and �-LA from cow milk (purity 96%) 
were obtained from LoLiPharma srl (Rome, Italy).  
 All other reagents, unless otherwise stated, were from 
Sigma Aldrich (Milan, Italy). 

2.2. Pharmacokinetic Study 

2.2.1. Subject Eligibility 

 The in vivo study involved 18 healthy volunteers, 7 men 
and 11 women. Subjects were evaluated based on medical 
history, physical examination and laboratory screenings, 
with the exclusion of those with poor general health. Volun-
teers were aged between 18 and 35 years, with a body mass 
index (BMI) ranging between 21 and 25 kg/m2. Before enter-
ing the trial, an informed consent was obtained from the vol-
unteers, and the study was performed according to the Hel-
sinki declaration and the Italian national law. The study was 
approved by the institutional review board of SIFIOG (Ital-
ian Society of Phytotherapy and Dietary Supplements in Ob-
stetrics and Gynecology). 

2.2.2. Study Design and Intervention 

 This pharmacokinetics study was aimed at determining 
whether the combination of MI and �-LA can increase the 
plasma levels of MI above that observed after administering 
MI alone. The intervention study was carried out at 
Altamedica Medical Center (Rome, Italy) and consisted of 
two phases: 
 Phase I: subjects, all in fasting for 12 hours, received 
orally 6 g MI in powder form administrated in single dose 
dissolved in 80 ml H2O. 
 Phase II: after a washout period of 7 days, the same sub-
jects, in fasting for 12 hours, were given an oral dose with a 
dose of 6 g MI and 150 mg �-LA in powder form, dissolved 
in 80 ml H2O. 

2.2.3. Sample Collection and Preparation 

 Blood samples were collected by venous puncture at pre-
dose (time point 0), and at time points 60, 120, 180, 240 and 
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300 min post-administration, placed in heparinized tubes and 
kept on ice. Blood samples were centrifuged and stored at -
80° until assayed. 

2.2.4. MI Assay in Plasma  

 Quantification of MI levels (μmol/l) was performed by 
Mérieux NutriSciences Italia (Resana, Treviso, Italy) and 
was carried out with the same procedure adopted in a previ-
ous study [23]. After extraction with organic solvents and 
derivatization, sample analysis was made by gas chromatog-
raphy-mass spectrometry with Agilent 6890 (Agilent, 5301 
Stevens Creek Blvd, Santa Clara, CA 95051, USA). The 
injection (1.0 �l) was performed in a split-less mode at 
270°C, using a capillary column Agilent 122-5532 DB-5 ms 
(0.25 mm x 30 m x 0.25 �m). The total run-time lasted 15 
min: oven at 70°C from 0 to 1 min; 20°C/min to 150°C; 
10°C/min to 240°C; 4 min at 320°C post-run. The flow rate 
was fixed at 1.2 ml/min, and the results analysed by a MS 
5973 Network Series detector in sim mode.  

2.2.5. Pharmacokinetic Parameters  

 Pharmacokinetic (PK) parameters were evaluated follow-
ing oral administration of MI alone or in combination with �-
LA, determining plasma MI concentration at various time 
points up to 300 min post-administration. Maximum plasma 
concentration (Cmax) and time to reach it (Tmax), were calcu-
lated directly from the plasma concentration. The area under 
the time-course curve (AUC 0-300) was calculated by the 
trapezoidal method over the time span of 0 to 300 min [24].  

2.3. In vitro Experiments 

2.3.1. Cell Culture and In vitro Transport Experiments 

 The human intestinal Caco-2 cell line, obtained from 
INSERM (Paris, France) was routinely sub-cultured at 50% 
density [25] and differentiated on polycarbonate filters 
(Transwell, Corning Inc. Lowell, MA, USA) for 21 days 
[26]. Transport experiments were performed as previously 
reported [27], in saline buffer solution (BSS: 137 mM NaCl, 
5.36 mM KCl, 1.26 mM CaCl2, 1.1 mM MgCl2, 5 mM D-
glucose) maintained at pH 6.0 in the apical (AP) compart-
ment and pH 7.4 in basolateral (BL) chamber, in order to 
reproduce the pH conditions existing in vivo. To avoid pos-
sible transporter competition, the BSS solution in the AP 
compartment was deprived of glucose since MI transporters 
are known to be inhibited by physiologic concentrations of 
D-galactose, D-glucose and L-glucose, but not by mannitol, 
sorbitol, and fructose [28]. To deplete MI intracellular stores, 
before transport, cells were pre-equilibrated for 30 min in 
BSS, experimental media were then replaced with fresh BSS 
containing 5 mM MI in the absence and in the presence of 5 
or 10 mg/ml of �-LA digest in the AP solution; alternatively, 
cells were incubated in BSS containing �-LA alone in the AP 
compartment. After 4 h, AP and BL media were collected 
and stored at -80 °C for further analysis. In order to monitor 
monolayer permeability, Trans-Epithelial Electrical Resis-
tance (TEER) was measured throughout the transport ex-
periments, using the voltmeter apparatus Millicell (Millipore 
Co, USA). TEER was calculated as ��cm

2
 after subtracting 

the resistance value of the supporting filter [29]. As an addi-
tional measure of monolayer permeability, the passage of the 

paracellular marker phenol red, was assayed at the end of 
transport experiments [29]. 

2.3.2. In vitro Gastrointestinal Digestion of �-LA 

 �-LA gastrointestinal in vitro digestion was performed 
according to a previously described method [30], with minor 
modifications. Briefly, �-LA was dissolved in PBS (0.1 
g/ml) and gastric digestion phase was performed after addi-
tion of pepsin (15000 U/g �-LA at pH pH 2.0) in a shaking 
water bath at 37°C for 2 h. The digest was then maintained 
on ice for 10 min to stop pepsin activity. For intestinal diges-
tion phase, a freshly prepared pancreatin solution (1,000 U/g 
�-LA) was added to the digest, the pH was adjusted to 8.0, 
and incubation at 37°C was continued for 3 h. Samples were 
kept for 10 min at 100 °C to inhibit protease activities and 
subsequently centrifuged at 4,000 g for 100 min at 4°C in 
Centricon centrifugal filter devices (10,000 MW cut-off - 
Millipore Corporation, Bedford, MA, USA) to remove the 
digestive enzymes. The �-LA digest was subjected to SDS-
PAGE electrophoresis to verify complete digestion of �-LA 
into peptides. Final concentration of �-LA peptides in di-
gested sample was 55 mg/ml (Lowry determination). 

2.3.3. MI Assay in Medium  

 Quantification of MI levels (μmol/l) was performed by 
LabAnalysis srl (Casanova Lonati, Pavia, Italy). MI levels 
(μmol/l) were detected in BSS samples diluted 1:4 in dis-
tilled water, without any extraction, by means of HPLC-MS 
analytical technique using a high-resolution mass spectrome-
ter: UPLC-MS-Q/TOF, Agilent HPLC 1290, Agilent 6550. 
Analysis were performed at 20k resolution. 5 �l of the 1:4 
diluted sample were directly injected in the instrument. The 
instrumental conditions were: HPLC Column Metacarb 87C 
300x7.8 (Agilent); Column compartment temperature: 80°C; 
Flow: 0.65 ml/min. The monitored accurate mass for MI was 
203.0526 a.m.u. 

2.4. Statistics  

 All results are presented as mean ± standard deviation. 
Data sets were compared using a Student's t-test and a p 
value <0.05 was considered statistically significant. Analysis 
were performed using Intercooled Stata 8.2. 

3. RESULTS 

3.1. In vivo Study 

 All the enrolled subjects completed the trial. No adverse 
events were detected. The analysis of MI plasma concentra-
tions measured with or without concomitant �-LA admini-
stration, yielded interesting outcomes regarding the PK pa-
rameters of the combined formulation (MI + �-LA), with 
respect to the resulting plasma concentration of MI alone. In 
both tests the curve profile was similar, with Tmax at 180 
min. The time course of MI concentrations in the plasma of 
18 volunteers before and after oral administration of MI 
alone or with �-LA is graphically depicted in Fig. (1). When 
MI was administered alone, its average peak plasma concen-
tration (at 180 min) increased about threefold with respect to 
baseline, whereas in the presence of �-LA, it augmented 
fourfold (from 32.2 to 95.1 �mol/l, and from 31.2 to 125.9 
�mol/l, respectively). 
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Fig. (1). Comparison of MI concentration (�mol/l) in plasma of 18 

healthy volunteers at different time points after MI administration 

alone (dotted line), o with �-LA (solid line). For each point: mean ± 

SD. 

 

 Calculated pharmacokinetics parameters of MI absorp-
tion are shown in Table 1. MI plasma concentrations after 
administration of powder containing 6 g MI and 150 mg �-
LA were significantly higher than after administration of 6 g 
of MI powder alone: the increase of Cmax (μmol/l) was 
32.4%, while AUC (0-300) increased by 27.5%.  

3.2. In vitro Experiments  

 In order to evaluate the effects of �-LA on MI intestinal 
absorption, the protein �-LA was previously subjected to 
simulated gastrointestinal digestion and analysed by SDS 
PAGE to verify complete digestion into peptides <5kDa 
(data not shown). The AP to BL passage of MI was assayed 
in the absence and in the presence of �-LA peptides for 4 h. 
As shown in Fig. (2), a significant increase in MI passage 
(almost 4.5-fold) was observed in the presence of 10 mg/ml 
�-LA peptides, while the lower �-LA peptides concentration 
(5mg/ml) had no apparent effect compared to MI alone.  

 To monitor the permeability of the monolayer, two as-
says were employed, namely TEER (Fig. 3) and the passage 
of the paracellular marker phenol red (Fig. 4), were meas-
ured at the end of the MI transport experiment.  

 MI (5 mM) and 5 mg/ml �-LA when applied alone to the 
monolayer did not alter the permeability of the monolayer 
over the 4 h of the experiment. Conversely, the higher con-
centration of �-LA peptides (10 mg/ml)  induced  a  decrease  

 

Fig. (2). MI trans-epithelial passage in Caco-2 cells was assayed at 

a concentration of 5 mM for 4 h in the absence (hatched bar) and in 

the presence of 5 (grey bar) and 10 mg/ml (solid bar) �-LA pep-

tides. Transport rate was expressed as % of MI concentration in the 

AP compartment / h. Data represent the mean ± SD of 3 experi-

ments performed in triplicate. 

 

 

Fig. (3). Monolayer permeability of Caco-2 cells following differ-

ent experimental treatments. After 4 h transport experiments, TEER 

(expressed as % of control cells maintained in saline) was meas-

ured. Histogram shows: 5 mM MI (lined vertical bar), 5 mM MI + 

�-LA 5 mg/ml (grey bar), �-LA 5 mg/ml (lined horizontal bar), 5 

mM MI + �-LA 10 mg/ml (solid bar), �-LA 10 (pointed bar). Data 
represent the mean ± SD of 3 experiments performed in triplicate 

 
in TEER not accompanied by an enhancement in phenol red 
passage. However, in the presence of MI and 10 mg/ml �-LA 
peptides, both permeability assays were markedly altered, 
producing a decrease in TEER and an increase in phenol red 
passage measured at the end of the transport experiment.  

Table 1. Pharmacokinetic parameters after oral administration in healthy volunteers. 

Parameter  Mean ± SD 

 MI 6 g Admin. MI 6 g + �-LA 150 mg Admin. � % p-value 

Cmax (μmol/l) 95.1 ± 7.8 125.9 ± 8.1 32.4% p< 0.0001 

Tmax (min) 180.0 ± 8 180.0 ± 5 0% Not significant 

AUC (0-300) 22676.7 ± 1549.7 28918.3 ± 1577.3 27.5% p< 0.0001 

Data are expressed as mean ± SD. t=180 min.  
Cmax: (μmol/l) maximum observed plasma concentration during the 0 - 300 min dosing interval; Tmax: Time (min) to reach the peak concentration; AUC (0 - 300): (μmol·min/l) 

area under the time-course curve of plasma concentration, from baseline to 300 min. 
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Fig. (4). Monolayer permeability of Caco-2 cells following differ-

ent experimental treatments. After 4 h transport experiments 

paracellular phenol red passage was assayed for 1h and expressed 

as % of the AP phenol red concentration. Histogram shows: control 

cells (white bar), 5 mM MI (lined vertical bar), 5 mM MI + �-LA 5 

mg/ml (grey bar), �-LA 5 mg/ml (lined horizontal bar), 5 mM MI + 

�-LA 10 mg/ml (solid bar), �-LA 10 (pointed bar). Data represent 

the mean ± SD of 3 experiments performed in triplicate. 

4. DISCUSSION  

 This pharmacokinetics study, carried out on healthy vol-
unteers, demonstrated that the simultaneous oral administra-
tion of MI and �-LA leads to a significantly higher plasma 
concentration of MI than observed when MI is given alone. 
In fasting subjects, the endogenous plasma concentration of 
MI is approximately 30 μmol/l (the same found in this study) 
with a half-life of 22 min [31]. The shape of the curve and 
Tmax found in the present study are very similar to those 
previously reported [32]. 

 MI concentrations in cells and tissue are maintained by 
means of three mechanisms acting at different sites: gut up-
take and kidney excretion, carrier-mediated passage from 
plasma into cells and endogenous synthesis and catabolism. 
MI transport in several cell types occurs through active proc-
esses against concentration gradient [28], leading to intracel-
lular concentrations higher than in plasma or culture me-
dium. The uptake of MI into cells is mediated by two kinds 
of carriers, sodium-coupled and proton-coupled. Two So-
dium/Myo-Inositol Transporters, called SMIT1 and SMIT2, 
belong to the Solute Carrier Families 5 and 6-like Superfa-
mily. Of the second type is the H

+
/myo-inositol transporter 

(HMIT) [28, 33-34], belonging to the Major Facilitator Su-
perfamily. However, across intestinal cells exposed to rela-
tively high therapeutic concentrations of MI [18], additional 
passive transport mechanisms are likely to contribute to its 
bioavailability, given the low Km (50-300 �M) of both 
Na

+
/linked myo-inositol transporters and the H

+
/myo-inositol 

transporter [28, 33-34].  

 While in vivo testing on human volunteers is best suited 
for observing overall effects of oral drugs or health supple-
ments administration, many factors affecting bioavailability 
of the active ingredient(s) cannot be controlled. In vitro ex-
periments on suitable cell culture models can, on the other 
hand, contribute to unravel the molecular mechanisms under-
lying intestinal absorption, largely affecting the bioavailabil-
ity of orally administered substances. 

 The human intestinal Caco-2 cell line differentiated on 
permeable filters still represents the best available in vitro 
model of the small intestinal mucosa. Upon differentiation, 
the cells form a monolayer of polarized epithelial cells, 
joined by functional TJ, expressing enzymatic, metabolic and 
transport activities similar to those encountered in entero-
cytes in vivo, albeit sometimes quantitatively under repre-
sented [35]. Small intestinal TJ are not static barriers but 
highly dynamic and plastic structures, rapidly responding to 
extracellular stimuli to maintain the integrity of the epithe-
lial cell monolayer [36], and whose permeability can be 
transiently modulated by absorption enhancers that can be 
beneficial for promoting the oral absorption of poorly per-
meable drugs [37]. The Caco-2 intestinal model has often 
been utilized to investigate the mechanisms of nutrients and 
drugs transport and toxicity, and has recently been applied 
to the screening of drug absorption enhancers of different 
nature, including peptides [38-39]. In addition, published 
methods of in vitro simulated gastrointestinal digestion 
have allowed bioavailability studies in Caco-2 cells of pro-
teins and more complex food matrices that do not reach the 
intestinal mucosa in their intact form due to digestive proc-
esses [30]. 

 Data in the literature report that proteolytic digestion �-
LA gives rise to several peptides of varying dimensions, 
produced from protein breakdown during passage along the 
gastrointestinal tract. Protein digestion is initiated in the 
stomach by pepsin under acidic pH conditions. Then, the 
digesta are further hydrolysed by pancreatic enzymes such as 
pepsin, trypsin and chymotrypsin and membrane peptidases 
resulting in amino acids and peptides of various lengths [40].  

 A characterized tetrapeptide of �-LA, �-lactorphin, was 
reported to have opioid agonist and ACE-inhibitor activities, 
others were shown to possess bactericidal properties [19]. In 
addition, bioactive peptides from �-LA have been shown in 
vitro to be involved in immune stimulation, to enhance min-
eral absorption and to have prebiotic activity. While some of 
the bioactive peptides exert their bioactivities directly in the 
gastrointestinal lumen, others function at peripheral organs 
after being absorbed at the intestinal mucosa. The resistance 
to additional degradation by digestive enzymes and the rate 
of intestinal assimilation of these peptides may positively 
contribute to their bioavailability. The presence of phos-
phatidylcholine, secreted in the stomach and contained in 
high amounts in milk, has been shown to slow down the 
process of �-LA demolition during gastric digestion, and 
may further preserve the resulting peptides from further deg-
radation during duodenal digestion [41]. Therefore, partially 
degraded �-LA may in part reach the large intestine where it 
undergoes microbial enzyme hydrolysis [42], with the in 
loco release of potentially beneficial bioactive peptides.  

 The observation that in vitro digested �-LA improves the 
intestinal bioavailability of MI suggests a novel role of the 
yet uncharacterized �-LA peptides derived from in vitro 
simulated gastrointestinal digestion. Recently, peptides have 
been proposed as new intestinal absorption enhancers, and 
several studies have shown their potential in increasing 
transport across the intestinal barrier [22]. It is therefore pos-
sible that some naturally occurring peptides may possess 
similar activities. Based on the amino acid sequence and/or 
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structure of epithelial TJ and adherens junction proteins, 
peptides were designed as novel TJ modulators to specifi-
cally interact with the extracellular loops of these proteins, 
affecting their organization and thus increasing TJ perme-
ability. In Caco-2 cells, these peptides increased the paracel-
lular passage of extracellular markers, decreased TEER and 
produced disorganization of TJ proteins, as shown by their 
immunofluorescent localization [39]. Although the peptides 
arising from �-LA digestion were not characterized in the 
present study, the observed decrease in TEER after treatment 
with 10 mg/l �-LA, may suggests a similar mechanism of TJ 
modification, facilitating MI absorption. Alternatively, the 
mineral binding activity of �-LA peptides [8, 20, 40] may 
contribute to TJ opening by a mechanism of Ca++ sequestra-
tion. In addition, the observation that MI appeared to act 
synergistically with �-LA in promoting its own passage (Fig. 
3), may be related to a direct effect of MI on TJ permeabil-
ity. The dietary phosphorylated form of MI, namely inositol 
6-Phosphate (IP6), a potential absorption enhancer of fla-
vonoids, was reported to increase TJ permeability in Caco-2 
cells by downregulating the expression of TJ proteins oc-
cludin, ZO-1 and claudin-1, and also attenuating their correct 
membrane localization [43]. Interestingly, the observed ef-
fect of IP6 on TJ permeability was attenuated by the addition 
of divalent cations Ca++ e Mg++. In addition, Caco-2 have 
been shown to express dephosphorylating activity towards 
IP6 and its isomers [44].  
 Long term administration of �-LA may promote addi-
tional effects linked to the modulation of the composition of 
the gut microflora as prebiotic effects have been reported for 
�-LA peptides. To the best of our knowledge, very few stud-
ies on the possible effects of �-LA in this field have been 
carried out on experimental animals or humans (only new-
borns, not adults). Among them, there is a patent on �-LA as 
prebiotic agent showing data obtained in rats [45]. Milk for-
mula supplemented with two milk peptides, including �-LA, 
given for 6 months to healthy term infants, produced a prebi-
otic effect only in infants not initially breast-fed, that had a 
low starting population of beneficial microbiota [46]. 
 It would therefore be interesting to investigate if long-
term effects of �-LA, mediated by changes in the microbiota, 
could affect the bioavailability of MI or similar molecules. 

CONCLUSIONS 

 The present in vivo and in vitro study demonstrated that 
the simultaneous administration of MI and �-LA leads to a 
significantly higher bioavailability of MI than observed 
when MI is given alone. These very promising findings de-
serve to be investigated in more depth and further research is 
necessary to clarify the mechanisms of action by which �-
LA positively affects MI transport from the intestine to the 
blood and its specificity for other inositol stereoisomers. 
Additional studies are also needed to characterize the prod-
ucts of �-LA digestion, to determine their potential binding 
sites, bioavailability and modes of action, and to ascertain if 
these peptides retain the anti-inflammatory activity reported 
for �-LA. Combined bioactive properties of MI and �-LA 
may improve their beneficial effects on complex pathologies 
such as PCOS, GDM and MetSyn. 
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