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The Role of Alpha-Lactalbumin with Myoinositol in the Treatment of PCOS: A Review

Abstract

PCOS presents commonly in women of reproductive age group, and has a multifactorial
pathogenesis involving insulin resistance and androgen excess, influenced by obesity, diet,
lifestyle, metabolic factors, stress, and environmental factors. Inositols (myoinositol-MI, D-chiro
inositol-DCl) are part of the therapy options to address insulin resistance in PCOS. However,
many women may be inositol nonresponsive due to competitive reduction of inositol intestinal
absorption, gut dysbiosis and chronic inflammation. Addition of alpha-lactalbumin can help
increase intestinal absorption of inositols, as well as improve gut dysbiosis and inflammation,
along with reducing insulin resistance. Presented here is a review of studies that have shown
improved rates of ovulation, Ml absorption and levels, as well as metabolic and hormonal
parameters, when alpha-lactalbumin is added to myoinositol.
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Introduction

Polycystic ovary syndrome (PCOS) is one of the most common endocrine and metabolic
disorders in premenopausal women, and presents with signs and symptoms of androgen excess
and ovarian dysfunction.® Androgen excess (hyperandrogenaemia) causes increased insulin
production, female hormonal imbalance (increase in luteinizing hormone LH to follicular
stimulating hormone FSH ratio), acne and hirsutism.? Hyperandrogenism inhibits follicular
development, that can lead to microcysts in the ovaries, anovulation, and menstrual
abnormalities like oligomenorrhea or amenorrhea. The prevalence of infertility in women with
PCOS can be as high as 70-80%, while almost 80% of anovulatory infertility cases are due to
PCOS.®

PCOS affects 5% to 10% of females in the reproductive age group. Studies from India have
shown prevalence rates of 9-18% in young adolescent females, with up to 22.5% in urban
women.* More and more evidence suggest that multiple factors are involved in the etiology and
pathogenesis of PCOS that can range from insulin resistance and hyperinsulinemia, obesity, diet
and lifestyle, metabolic factors, stress, and environmental influences. Women with PCOS are at
an increased risk of developing metabolic syndrome, type Il diabetes mellitus, abnormal
lipoprotein levels, and cardiovascular disease.’



There is a high incidence of insulin resistance in PCOS patients independent of obesity, and
insulin resistance is a major mechanism in developing clinical symptoms and other metabolic
complications of PCOS.® Resistance to insulin leads to an increase in free androgen availability,
increased insulin concentration, reduced sex hormone binding globulin SHBG, and increased
free testosterone level.

Treatment of PCOS comprises of agents that improve insulin sensitivity, and hormonal therapy
to attain regular menses and ovulation. There is a renewed interest towards natural therapies in
India to treat PCOS holistically and minimize drug related side effects and tolerability issues.’
Inositols are such a class of therapy in PCOS management that have clinically documented
efficacy without side effect concerns.

Addressing Insulin resistance in PCOS management

Therapies to address insulin resistance like the most well-known metformin (MET) as well as
inositols (myoinositol - MI, D-chiro inositol-DCl), are part of PCOS management. Ml acts as an
insulin sensitizer by restoring the diminished GLUT-4 protein levels and cellular glucose uptake
in PCOS, through sodium/myo-inositol transporter (SMIT-1) and phosphorylated AMP-activated
protein kinase (p-AMPK) dependent mechanism. MI also exerts its insulin-sensitizer effects by
metabolism and generation of Phosphatidylinositol (4,5)-bisphosphate (P1P2) and
Phosphatidylinositol (3,4,5)-trisphosphate (PIP3) that act as a second messenger in the insulin
pathway through the activation of the enzyme phosphatidylinositol-3-kinase/protein Kinase B
(PI3K/AKT).® Therefore, the insulin sensitizing action of metformin will be limited when
deficiency of inositols is present.

A study comparing myo-inositol 1g twice daily with metformin 500 mg thrice daily for 24
weeks, showed that both interventions significantly improved insulin resistance seen by
improvement in glucose/ insulin ratio and lipid profile, and decrease in HOMA-IR values.® On
comparing both the groups, no statistically significant difference was observed, suggesting that
myo-inositol is a useful alternative to metformin for PCOS treatment. Other studies have also
shown that metformin and myo-inositol significantly improved insulin sensitivity in PCOS
women, and while metformin is still used as first line therapy in PCOS, both Ml and MET were
found to be almost equally effective in improving biochemical profile. Research has also shown
the benefit of synergetic effect of metformin plus myo-inositol versus metformin alone in
infertile women with PCOS undergoing ovulation induction, with significant improvement in
menstrual cycles (cycle length and bleeding days) and live birth rate in the combination group.®
While MET and MI have been found comparable in parameters like fasting insulin, HOMA
(Homeostatic Model Assessment for Insulin Resistance) index, testosterone, SHBG levels and
body mass index, there was strong evidence of an increased risk of adverse events among women
receiving MET compared to those receiving MI (RR =5.17, 95% CI: 2.91-9.17,

p<.001).** Metformin, significantly induces nausea, abdominal distress and diarrhea, thereby
reducing patients’ compliance while Ml is generally well tolerated across the range of
therapeutic dosages.*?



D-chiro-inositol (DCI), accelerates the dephosphorylation of glycogen synthase and pyruvate
dehydrogenase, the rate limiting enzymes of non-oxidative and oxidative glucose disposal.*® The
presence of abnormal ovarian ratios of myo-inositol (MI) to D-chiro-inositol (DCI) is seen in
PCOS due to hyperinsulinemia, and elevated DCI causes increased androgen production and
poor reproductive outcomes.* Therefore DCI should be given only with Ml in a 40:1 ratio of
MI: DCI for maximum benefit." Studies have shown that combinations of 40:1 ratio of MI:DCI
are more effective in reducing the risk of metabolic syndrome, improving metabolic and
endocrine parameters, as well as in enhancing the ovarian functions as compared to a mono
therapy with M1.20%

Inositol resistance

Although inositol supplementation is an effective treatment for a large proportion of PCOS
patients, around 35% are inositol nonresponsive (inositol resistant).*® Myo-inositol and D-chiro-
inositol after oral intake, are absorbed at the duodenum and jejunum level. Inositols are taken
into the enterocyte using the same transporters as other sugars (i.e., glucose, galactose, etc.):
SGLT-1 (Sodium-Glucose Transporter), through which inositols are co-transported with sodium
from the intestinal lumen across the intestinal cell, and GLUT-2 (Glucose transporter) by which
inositols are released into the bloodstream.

Inositol intake during meals may result in the intestinal co-presence of different sugars that may
compete for the same transporters, causing a marked decrease in inositol absorption. Inositol-
based drugs or food supplements, the combined presence of sugary excipients such as
maltodextrin, sucrose, galactose, etc. may be responsible for a reduction of inositol absorption
due to the competition for the same transporters. The presence of a chronic inflammatory state in
PCOS leads to gut dysbiosis and metabolic disturbance.'® This can further reduce absorption of
inositols, as well as increase insulin resistance.

Alpha-Lactalbumin

Alpha-lactalbumin is a globular whey protein that constitutes approximately 22% of the proteins
in human milk and approximately 3.5% of those in bovine milk. It is an important source of
essential amino acids, including tryptophan, lysine, branched-chain amino acids like leucine, and
sulfur-containing amino acids, along with bioactive peptides, which possess prebiotic,
antibacterial properties, anti-inflammatory and immunomodulatory activities.?> Administered
orally, it passes undisturbed through the stomach, unlike all the other proteins that precipitate in
the gastric environment.

Alpha-lactalbumin (a-LA) offers a novel approach to treat inositol nonresponsive PCOS patients.
It can stimulate the secretion of GLP-2 (glucagon-like peptide).? This in turn increases the gene
expression of SGLT-1 and GLUT-2 transporters.?>?* Alpha-lactalbumin also improves the
permeability at the tight junctions of the intestinal cells that improves direct absorption of
inositols.?* Co-administration of inositol plus alpha-lactalbumin may be more effective than
giving inositols alone, providing a clinical efficacy even in the so-called inositol resistant
patients. Therefore, such combinations for PCOS therapy have been developed globally, and MI-
DCI with alpha-lactalbumin as chewable tablets is now available in India (Ovamystic™).



Alpha-lactalbumin and its peptides are involved in various biological processes that can open
new additional applications in PCOS. Majority of women with PCOS exhibit gut dysbiosis,
which is implicated in PCOS pathogenesis. Due to its prebiotic effect, a-LA can restore gut flora,
reduces dysbiosis, and improves insulin resistance, obesity and intestinal inflammation, that are
often associated with PCOS.>%

Scientific Evidence

The effect of combining alpha-lactaloumin with myoinositol (MI) has been studied in vitro as
well as in humans. In a study, 37 PCOS patients, with anovulation and infertility > 1 year were
included.? In a preliminary phase aimed at determining MI-resistant PCOS patients, 2g M1 twice
daily was given for 3 months, and insulin resistance by HOMA (Homeostatic Model Assessment
for Insulin Resistance) index and plasma Ml levels was assessed. In the main phase, previously
selected Ml-resistant patients received the same daily amount of MI plus 50 mg a-LA twice daily
for 3 months. Ovulation was assessed using ultrasonography, on days 12, 14 and 20 of the cycle.
The HOMA index, lipid profile, hormone and MI plasma levels were detected at baseline and at
the end of this phase. Following MI treatment alone (preliminary phase), 23 of 37 women (62%)
ovulated, while 14 (38%) were resistant and did not ovulate. In the latter group, MI plasma levels
did not increase, and the HOMA-IR did not show a decrease. After this combined treatment, 12
(86%) of women unresponsive to Ml earlier, now ovulated. Their MI plasma levels were found
to be significantly higher (almost double of baseline). Hormonal and lipid profile parameters also
showed significant improvement (Figure 1).

Figure 1: % Change in hormonal and metabolic parameters with Myoinositol+ Alpha-
Lactalbumin treatment at 3 months in women with resistance to Myoinositol?®



100

mTC
80

TG
60
-
40
&)0 WFT
20
=
< B DHEAS
D\D 0

. H SHBG
20
B Ml serum level
-40
60

P<0.05 for all parameters. TC: Total cholesterol; TG: Triglycerides; T: Testosterone; FT: Free
Testosterone; DHEAS: Dehydroepiandrosterone sulphate; SHBG: Sex hormone binding
globulin; MI: Myoinositol

In another study, 34 normal weight or overweight patients.(14 in Mexico and 20 in Italy), aged
18 to 40 years, with anovulation and infertility.>1 year-and insulin resistance diagnosed by
HOMA-index, were evaluated.?® Patients were given2 g MI + 50 mg alpha-lactalbumin with 200
ug folic acid for 6 months. Significant decrease at 3 and 6 months was seen in HOMA-index,
insulin levels, androgen (testosterone and androstenedione) levels, and metabolic parameters
(Figure 2). The improvement was more relevant when the starting point was further away from
the normal range. The reductions.in testosterone and lipid parameters in this study were similar
to the study discussed earlier (Figure:d). No significant adverse effects were detected in both
groups of patients. "It was concluded that myoinositol given with alpha-lactaloumin improves
important parameters in PCQS patients with insulin resistance.

Figure 2: Average % Change in HOMA-index, Insulin, hormonal and metabolic parameters with
Myoinositol+ Alpha-Lactalbumin treatment at 3 months?
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Women diagnosed with gestational diabetes in a study were randomly treated with myo-inositol
2¢g plus 50mg a-lactalbumin plus folic acid 200ug (treated group) or folic acid 200 ug (control
group), for 2 months.*® Average insulin resistance (HOMA-index) was significantly decreased in
the MI +Alpha-LA from 5.2 at baseline to 3.1 at 2 months, while it increased in the control group
from 4.5 to 6.1 at 2 months. The difference in HOMA-index between test and control group at 2
months was significant (P=0.0002). Only 6.7% required insulin in treated group compared to
20.3% in control group (P=0.03). The pre-term births were seen to be nil in the treated group
compared to 15.2% in the control group. (p = 0.007). No significant difference was seen between
groups in other parameters like birthweight or low for gestational age babies, cesarean delivery
rate, admissions to neonatal ICU, or development of hypertension.

In a volunteer study, the enhancement of myoinositol absorption with the addition of alpha-
lactalbuminwas studied.?* In phase | of this study, subjects, all fasting for 12 hours, received
orally 6 g Ml in powder form as single dose dissolved in 80 ml water. In phase II, after a
washout period of 7 days, the same subjects, fasting for 12 hours, were given an oral dose of 6 g
MI and 150 mg alpha-LA in powder form, dissolved in 80 ml water. Blood samples were
collected at pre-dose, (time point 0), and 60, 120, 180, 240 and 300 minutes post-dose. A
significant increase in myoinositol absorption was seen on adding alpha-lactalbumin with a
32.4% and 27.5% higher increase in maximum blood concentration (Cmax), and area under the
curve (AUCy.300) respectively, as compared to Ml alone. While the Ml Cmax showed a 3-fold



rise from baseline when given alone, there was a 4-fold rise in Ml Cmax from baseline when
given with alpha-lactalbumin. The same study also had an in vitro component that evaluated
monolayer permeability of Caco-2 cells following different experimental treatments. After 4 h
transport experiments, TEER (transepithelial electrical resistance) expressed as % of control cells
maintained in saline was measured, and M1 trans-epithelial passage in Caco-2 cells was assayed
(transport rate was expressed as % of MI concentration in the apical compartment / h). The Ml
transport was 4-times more and the TEER was 3 times less with M1 + 10mg/ml alpha-
lactalbumin as compared to that seen with Ml alone.

Conclusion

Inositol supplementation is one of the treatment options for managing insulin resistance in PCOS
patients, however more than one third women may be inositol nonresponsive or resistant. This is
due to competitive reduction of inositol intestinal absorption resulting from the presence of
substances using common gut transporters, as well as gut dysbiosis and chronic inflammation.
Addition of alpha-lactalbumin helps increase intestinal absorption of inositols, as well as
improve gut dysbiosis, inflammation, and insulin resistance. Reviewed studies have shown
improved rates of ovulation, Ml levels, as well as metabolic and hormonal parameters when
alpha-lactalbumin was combined with myoinositol. Larger clinical and real-world studies can
add further insights and value in this direction of PCOS therapy.
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