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Purpose: Greater oxidative signaling is implicated in major depressive disorder; hence,
there is considerable interest in developing oral supplements with anti-oxidant properties to
prevent or treat mood disorders, such as postpartum depression. L-cysteine is a precursor for
glutathione, an important antioxidant in the brain. So, developing L-cysteine as a dietary
supplement may be useful, provided oral supplementation substantially raises its concentra-
tion in blood plasma yet does not affect its total concentration in breast milk. This study
assessed the effect of oral L-cysteine on its concentration in breast milk and blood plasma of
breastfeeding mothers.

Participants and Methods: Twenty-four health breastfeeding women were randomly
assigned to 0, 1.5, or 3 g of oral L-cysteine. Free and total cysteine in breast milk; and
free cysteine in plasma were measured. While breast milk is the gold standard, measurement
of infant formulas provides indices of nutritional intake considered safe. Therefore, free
cysteine was also measured in six different formulas.

Results: Total cysteine in breast milk was not affected by oral L-cysteine (Repeated
Measures of ANOVA (rANOVA), intervention effect: p=0.75). Free cysteine levels in breast
milk did rise (rANOVA, intervention effect: p=0.017), but were within the range of common
infant formulas. There was no significant effect of L-cysteine supplementation on free
cysteine levels in plasma (rANOVA, intervention effect: p=0.25), although a post hoc
analysis found a trend towards greater plasma cysteine 30 minutes after oral supplementation
(#(14)=—1.69, p=0.11, 3g versus no-dose).

Conclusion: The negligible effect of oral cysteine administration on its total concentration
in breast milk was favorable, but the minimal effect on its blood plasma concentration more
strongly argues against further development of oral L-cysteine in postpartum, as well as other
conditions.

Keywords: cysteine, breast milk, postpartum depression, antioxidant

Introduction

Greater oxidative stress in bodily organs is implicated in the vulnerability and/or
pathogenesis of many illnesses especially cardiovascular and neuropsychiatric dis-
eases. Oxidative stress may be defined as an imbalance between antioxidant and
pro-oxidant processes, leading to overproduction of reactive oxygen species (ROS)
and their signaling, which may have harmful effects.'* Although normative levels
of ROS are essential for many processes such as apoptosis, cellular signaling and
phagocytosis; at elevated levels, it can cause oxidative modification to lipids,
DNAs, proteins and ultimately lead to cell death®® Mood disorders is one subset
of neuropsychiatric illnesses in which greater pro-oxidant states in the brain are
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implicated so there is an interest in developing oral anti-
oxidants to reduce oxidative stress as a potential preventa-
tive strategy in conditions at high risk for mood disorders,
such as early postpartum’® Postpartum depression is
important because it affects 13% of the new mothers and
it contributes to the problem that major depressive disorder
is the leading cause of death and disability for women
aged 15-44 worldwide.”'°

Evidence for increased oxidative stress in mood dis-
orders derives from human postmortem studies, peripheral
blood markers in humans, and depressive and/or anxiety
behaviors in animals.'' ™ Abnormalities of oxidative
stress in postmortem prefrontal cortex of mood disorders
include decreased glutathione, greater mitochondrial DNA
mutations, and increased protein carbonylation.'®!%!%-2
Many studies have also reported elevated markers of oxi-
dative damage in peripheral blood samples of mood dis-
order patients, such as increased lipid peroxidation, and
mitochondrial DNA mutations.'>'*!%1%2% Tndyction of
oxidative stress with glutathione depletion through buthio-
nine-S,R-sulfoximine, oral exposure to H,O,, or social
defeat model through resident-intruder paradigm has
been shown to be associated with anxiety and/or depres-
sive behaviors in rodents tested with elevated plus maze,
forced swim test and uncontrollable stress models.”' * In
early postpartum, there is an additional mechanism that
may also contribute towards creating greater oxidative
stress, since, during days 4-6 postpartum, after the 100-
to 500-fold drop in estrogen levels, there is, approxi-
a 40%

(MAO-A) levels throughout all grey matter brain regions,

mately, elevation in monoamine oxidase-A
including those that regulate affect, such as the prefrontal
cortex and anterior cingulate cortex,”> MAO-A creates
hydrogen peroxide when it catalyses the deamination of
serotonin, dopamine, and norepinephrine.?®*’
Oral

potential as a dietary supplement to increase antioxidant

L-cysteine administration shows interesting
processes in the brain during early postpartum. L-cysteine
is transported into the brain from the periphery to become
a precursor for glutathione,”® so it is possible that oral L-
cysteine could increase the availability of L-cysteine in
blood, and subsequently its transport into the brain to
increase glutathione level in the brain. Previous studies
have suggested good tolerability for multiple doses of 0.5
grams and a single dose of 3 grams of L-cysteine.”’~°
Moreover, Tribble et al reported more than ten-fold
increase in the peak of free plasma cysteine after admin-

istering a single dose of 3g to participants taking a protein-

restricted diet. On the other hand, it has been questioned as
to whether oral L-cysteine can affect its level in blood due
to an extensive first-pass liver metabolism. Due to this
skepticism, n-acetylcysteine (NAC), which is considered
more resistant to first-pass liver metabolism, has been
largely investigated as a potential adjuvant in clinical trials
of psychiatric disorders rather than L-cysteine.”' * This
study chose to assess L-cysteine rather than NAC because
L-cysteine is naturally occurring in breast milk and there-
fore should not have any potential negative impact on the
breastfeeding infant. NAC is not a natural compound, is
not found in breast milk and oral administration of NAC
would likely result in some NAC in breast milk. In con-
trast, L-cysteine is already in breast milk. Moreover, most
of the L-cysteine in breast milk is contained within pro-
teins so the effects of oral L-cysteine on its total level in
breast milk would be expected to be minimal.

In the present study, we concurrently assessed the
effect of L-cysteine on the maternal concentration of
cysteine in blood plasma as well as in breast milk, antici-
pating effects of raising cysteine in blood plasma, but
more minimal effects on total and free concentrations of
cysteine in breast milk. However, there are no studies to
date that have examined the effects of orally ingested
L-cysteine on its concentration in breast milk. If the results
show a substantial effect on raising plasma free cysteine
concentration, and a minimal effect on cysteine content of
breast milk, this would support further development
towards its use to prevent postpartum depression (PPD).

Participants and Methods

Participants

Twenty-four breastfeeding mothers, aged 18 to 45 were
enrolled through advertisement in the Greater Toronto
Area (GTA), Ontario, Canada. Inclusion criteria included
self-report of good physical health with no currently
active medical conditions reported on a standardized
health questionnaire for different organ systems, cur-
and 24 months
postpartum)®> and medication-free including not taking

rently breastfeeding (between 2

over the counter medication. Exclusion criteria were cur-
rently pregnant (screened with urine pregnancy test), use
of any investigational medicinal product or herbal medi-
cation within the previous 8 weeks, current active psy-
chiatric disorders as screened with the Structured Clinical
Interview (SCID-I) for Diagnostic and Statistical Manual
of Mental Disorders, fourth edition (DSM-1V), substance
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abuse (based on self-report and negative urine drug test),
smoking more than 1 pack of cigarettes per day, known
hypersensitivity to cysteine, and history of severe drug
allergy.

This study received approval from the Research Ethics
Board for Human Subjects at the Centre for Addiction and
Mental Health, University of Toronto, Toronto, Canada, and
the Natural Health Product Directorate of Health Canada
(Protocol #: 100/2014). Written informed consents were
acquired from all study participants. Participation was volun-
tarily and participants were free to withdraw from the study at
any time point. All experiments on human participants were
conducted in accordance with the Declaration of Helsinki.*®

Study Protocol
Participants were randomly assigned to 1 of 3 groups within
fixed blocks of six resulting in eight participants per group:
Group one received no supplement. Group two received
a single dose of 1.5 grams of L-cysteine. Group three received
a single dose of 3 grams of L-cysteine. Otherwise, all the
groups underwent the same study procedures. L-cysteine was
obtained from New Roots Herbal Inc (NPN#80,025,197) and
each capsule contained 500 milligrams of L-cysteine.

This study involved two visits. The first visit was
a screening visit in which participants were evaluated for
eligibility criteria. On the second visit, subjects came to the
laboratory at 8 am and stayed for 8 hours as shown in Table 1.
In order to standardize their diet, subjects were required to
fast from 10 pm the night before the second visit, with the
exception of water. In addition, dietary intake was identical
for all participants throughout the visit. The diet during the

Table | Design and Timing of the L-Cysteine Experiment on the
Second Study Day

Time Action

8:00 am Participant arrival

8:45 am Plasma sampling/breast milk sampling
9:00 am Plasma sampling

9:05 am L-cysteine intake

9:15 am Breakfast (low-protein)*

9:30 am Plasma sampling/breast milk sampling
10:00 am Plasma sampling

11:00 am Plasma sampling/breast milk sampling
12:00 pm Plasma Sampling

12:15 pm Lunch (low-protein)

1:00 pm Plasma sampling/breast milk sampling
3:00 pm Plasma sampling/breast milk sampling
5:00 pm Breast milk sampling

Note: *Participants fasted from 10 pm the night before.

visit included a low-protein breakfast and lunch, in order to
detect the effect of different doses of L-cysteine supplements.
During the second visit, mothers did not breastfeed their
infants and were requested to bottle fed until their infants
until after the last breast milk sample was taken.

During the second visit, each participant provided 6
breast milk (30 mL each time point) and 8 blood samples
(10 mL each time point) as shown in Table 1. Breast milk
sampling was done as naturalistically as possible and
included fore-, mid- and hindmilk. The duration of breast
milk expression was between 5 and 20 minutes to collect
30 mL. Breast milk was collected from the right or left breast
as per participant preference. Prior to pumping, mothers were
instructed to wash their hands and clean their breasts with
a moist paper towel. Breast milk samples were obtained with
a hospital-grade electric pump (Medela Symphony Breast
pump), then transferred into sterile polypropylene vials,
coded and frozen at —80°C until analyzed. For blood draw,
a one-time venipuncture and saline lock was completed first
and then blood was drawn via lock afterwards. Blood sam-
ples were collected in EDTA lavender tubes, centrifuged for
15 minutes at 2000g. Afterwards, the 4 mL of plasma was
pipetted and stored in Eppendorf tubes in a freezer at —80°C.

Although breast milk is considered the gold standard, but
infant formulas can provide useful information about ranges
in concentrations of cysteine that are safe.*’*® In order to
compare the free cysteine in breast milk with what is avail-
able in infant formula; six different popular marketed North
American infant formulas were chosen for comparison. Two
commonly used formulas, available in the GTA were chosen
from each category of non-hydrolyzed, partially hydrolyzed
and extensively hydrolyzed formulas. Six different random
packages with different lot numbers were analyzed from each
formula brand: each sample was purchased from a different
container of formula that was randomly acquired from dif-
ferent stores in the GTA. Formulas chosen were as follows:
Parent’s Choice 0—12 months (non-hydrolyzed), Enfamil A+
0-12 months (non-hydrolyzed), Nestle Good Start 2 (par-
tially hydrolyzed), Enfamil Gentlease 0—12 (partially hydro-
lyzed), Alimentum (extensively hydrolyzed), Nutramigen A
+ (extensively hydrolyzed).

Laboratory Analyses

Free Cysteine in Plasma, Breast Milk and Infant
Formula Samples

Free cysteine was separated and quantified by high-pressure
liquid chromatography with fluorescence detection (HPLC-
FLD), adapted from an Agilent application.® For the
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analysis of free cysteine, proteins were precipitated from the
liquid sample directly or an aqueous preparation of a powder
on ice for 30 minutes after mixing one part of sample with
two parts of methanol (0.1 mL of plasma, 0.3 mL of breast
milk and 0.3 mL of infant formula). The infant formula
solutions were prepared with 8g of infant formula powder
stirred in 60mL of water and duplicates were prepared by
mixing 16g of infant formula powder stirred in 120mL of
water. After centrifugation at 4000 rpm for 10 minutes, the
supernatant was filtered through a 0.45-um polytetrafluor-
octhylene (PTFE) membrane. The sample was then oxidized
for 16 hours over ice at 4°C with 1 mL of a mixture of formic
acid and hydrogen peroxide to convert cysteine to cysteic
acid. This procedure was conducted according to the oxida-
tion method of cysteine and cystine to cysteic acid.*® A fresh
solution was prepared for the oxidation by mixing 4.5 mL of
a 90% formic acid in water with 0.5 mL of hydrogen per-
oxide and 0.5 g of solid phenol. The concentration of H,O,
was 30%. Phenol prevents destruction of cysteine and
methionine. It also avoids conversion of tyrosine to chloro-
tyrosine under hydrochloric acid hydrolysis conditions. After
the oxidation process, the reaction was stopped by adding
sodium metabisulfite and filtered on a 0.45-um membrane.
An excess of Na-metabisulfite was added, ensuring enough
to neutralize the reagent. For the analysis of free cysteine,
free cysteine and cystine in the whole sample were oxidized
to cysteic acid with the formic acid, phenol and hydrogen
peroxide solution. Extraction of the lipids was performed by
adding an equal volume of methylene chloride. The upper
aqueous phase was collected and placed in an HPLC vial.
O-phthalaldehyde (OPA) was used to selectively derivatize
the cysteic acid from the matrix. The OPA solution was
prepared fresh each day as follows. To 0.2 mL of methanol
was added 60 mg of OPA and, after dissolution, 1.2 mL of
a 0.4 M pH = 10.2 tetraborate buffer and 80 pL of 2-mer-
captoethanol. This solution was mixed with an equal volume
of a Brij solution (1 mL of 30% Brij 35 diluted with 14 mL of
tetraborate buffer pH = 10.2) to obtain the OPA derivatization
solution. The HPLC injector was programmed to succes-
sively mix 2.5 pL of tetraborate buffer pH = 10.2 with 0.5
uL of OPA solution, 0.5 pL of sample and, after 2 minutes,
32 uL of a 0.2 M tetraborate buffer pH = 2.7. After mixing,
this solution was injected on an Alltech Adsorbosphere OPA-
HS column, 4.6 x 100 mm, 5 um with a flow rate of 1.5 mL/
min. The mobile phase was a mixture of (A) a 20 mM pH =
5.4 sodium acetate buffer and (B) methanol. The separation
was done in isocratic conditions with 1.3% of B. After
separation, the column was washed during 8 minutes with

95% of B and re-equilibrated during 5 minutes. For fluores-
cence detection, the excitation and emission wavelengths
were set at 325 nm and 465 nm, respectively. The cysteic
acid isoindole derivative was detected (the free cysteine and
cysteine derived from cystine were both oxidized to cysteic
acid and detected in fluorescence). The cysteine concentra-
tion was calculated against a cysteic acid calibration curve.
The concentrations of the standards were from 0.5 mg/L to
10 mg/L of L-cysteic acid. Five standards across the whole
analytical range were prepared in citrate buffer to build the
calibration curve. The limit of quantitation was 0.17 mg/
100mL.

Total Cysteine/Cystine in Breast Milk Samples

In breast milk, cysteine is present as a free form in solution
and also bound to proteins. For the total analysis of
cysteine, cystine, and cysteine within proteins, the whole
sample was oxidized as mentioned above with the formic
acid and hydrogen peroxide solution (0.3 mL of breast
milk/infant formula; 1mL of formic acid, phenol and
hydrogen solution; 0.1mL of plasma). After the oxidation,
10 mL of 6M hydrochloric acid containing 0.07% v/v of
thiodiglycol was added to 0.3 mL of sample in a vacuum
hydrolysis tube. The vacuum was applied for 10 minutes
and hydrolysis was performed at 110°C for 4.5 hours.*
The tubes were cooled on ice and the excess of acid was
neutralized using 7.5 M sodium hydroxide solution. The
solution was filtered and the volume was brought to 25 mL
by adding citrate buffer prior to analysis. The buffer was
prepared by mixing 19.6 g of sodium citrate tribasic dehy-
drate, 1 g of phenol and 16.5 mL of concentrated hydro-
chloric acid in water. The pH was adjusted to 2.2, 5 mL of
thioglycolic acid was added and the volume was brought
to 1 L. Total cysteic acid was assayed with the HPLC-FLD
procedure described above.

Statistical Analyses

SPSS was used for the statistical analyses. To determine
whether any of the oral L-cysteine supplements had
a differential effect on total cysteine concentrations in
breast milk, a repeated measure analysis of variance
(rANOVA) was performed with total cysteine as the
dependent variable and group (no supplement, or each
dose of L-cysteine) as a between-subject factor in the
analysis. In addition, the effect of time and the interaction
between group and time was evaluated with rANOVA.
Similarly, rANOVA was performed to assess the effect of
the oral L-cysteine

supplements on free cysteine
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concentrations in breast milk and free cysteine concentra-
tions in plasma over time.

Free cysteine concentrations in breast milk and infant
formula were compared using the following data: the mean
concentration of free cysteine after supplement intake for
each participant; and the concentration of free cysteine in
infant formulas. For the comparisons of data among partici-
pants and infant formulas, analyses were done separately
with particular types of formulas (non-hydrolyzed, partially
hydrolyzed, extensively hydrolyzed) since the concentration
of free cysteine was not detectable or near zero across two of
the formula types (non- and partially hydrolyzed). For the
comparison of free cysteine among participant breast milk
samples and extensively hydrolyzed formulas, an analysis of
variance (ANOVA) was applied. Fisher’s Exact test was
applied to compare detectable and non-detectable measure-
ments across groups.

The power was estimated to be 80% to detect an effect
of intervention group based on an effect size of f=0.5, a
value equal to 0.05, 3 groups, 6 measurements and
a correlation of 0.4 among the measurements.*!

Results

Twenty-four participants completed the study protocol in 3
groups: no supplement, 1.5 grams of L-cysteine and 3
grams of L-cysteine. The mean age of participants was
30+4.39 and the mean postpartum age was 10.77+8.54.
Both L-cysteine doses were well tolerated by all partici-
pants and no adverse effects were observed.

Total Cysteine Concentration in Breast
Milk

At baseline, the mean total cysteine concentration in breast
milk was 26.71+12.77 mg/100mL. There was no effect
of intervention (F (2,21)=0.29, p=0.75 or time
(F (2.14,44.97=0.92, p=0.41 on total cysteine concentrations
in breast milk (Figure 1). Moreover, there was no time by
intervention interaction (F (4.28,44.97)=0.45, p=0.78).

Free Cysteine Concentration in Breast
Milk

At baseline, the mean free cysteine concentration in breast
milk was 0.33+0.11 mg/100mL. There was a significant
effect of intervention (¥ (2,21)=4.995, p=0.017) and time
(£ (2.33,49.002)=9.08, p<0.005) on free cysteine concentra-
tions in breast milk (Figure 2). There was also a significant

801

-o— No Supplement
-# 1.5 g Cysteine

601 3 g Cysteine

J]l
| HeH

Before 30min  2hr 4 hr 6 hr 8hr
Supplement

mg Total Cysteine/100 ml Milk
FS

o

Time

Figure | Total cysteine concentrations in breast milk after oral L-cysteine supple-
ments. There was no time by intervention interaction (F (4.28,44.97=0.45, p=0.78)).
Timing was identical for all groups. The data have been staggered for easier viewing.
Data shown as mean and standard deviation.

time by intervention interaction (F (4.67,49.002)=2.48,
p=0.047).

The post hoc LSD test evaluating the intervention
group effect revealed that the 3 grams L-cysteine group
had a significantly higher free cysteine in breast milk
compared to the no supplement group (p=0.008). There
were no significant differences in free cysteine levels in
breast milk between the 1.5 grams L-cysteine and the
groups receiving no supplement and 3 grams L-cysteine
(»=0.05, p=0.36, respectively).

Free Cysteine Concentration in Plasma
At baseline, the mean free cysteine concentration in plasma
was 1.3+0.53 mg/100mL. There was no effect of intervention
(F'(2,21)=1.49, p=0.25) or time (F (4.88,102.5)=0.68, p=0.63)
on free cysteine concentrations in plasma (Figure 3).
Moreover, there were no time by intervention interactions
(F (9.76,102.5)=0.91, p=0.52). Given that Tribble et al
reported a maximum plasma level of cysteine at approxi-
mately 30 minutes to 1 hour after a single oral cysteine
administration of approximately 3g, a post hoc analysis com-
paring plasma cysteine between group 1 (receiving no
cysteine) and group 3 (receiving 3g of cysteine) was com-
pleted and there was a trend for a greater cysteine concentra-
tion at 30 minutes and 1 hour after oral administration (30
minutes: #(14)=—1.69, p=0.11; 1 hour: #(14)=1.88, p=0.081),
uncorrected for multiple comparisons. A similar comparison
of plasma cysteine level at 2 hours post administration did not
reach even a trend level difference.
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Figure 2 Free cysteine concentrations in breast milk after oral L-cysteine supple-
ments. There was a significant time by intervention interaction (F (4.67,49.002)
=2.48, p=0.047), reflecting the peak free cysteine levels observed at 2—4 hours after
intake that differed for the 1.5 and 3g doses. Timing of supplement administration
and/or measurements was identical for all groups. The data have been staggered for
easier viewing. Data shown as mean and standard deviation.
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Before Before
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Figure 3 Plasma free cysteine concentrations after oral L-cysteine supplements.
There was no time by intervention interaction (F (9.76,102.50)=0.911, p=0.525).
Timing was identical for all groups. The data have been staggered for easier viewing.
Data shown as mean and standard deviation.

Free Cysteine Concentration in Infant

Formula

Free cysteine was not detected in the non-hydrolyzed for-
mulas (n=12 samples). Free cysteine was also not detected
in one partially hydrolyzed (Enfamil Gentlease) infant
formulas (n=6 samples) and it was below the limit of
quantification (<0.17 mg/100mL) in another partially
hydrolyzed infant formula (Good Start 2) (n=6 samples)
(Figure 4). Given that free cysteine was above the limit of

quantification in all participant samples, including the
participants who did not receive an oral supplement, it
was evident that free cysteine concentration is greater in
participant breast milk as compared to non-hydrolyzed or
partially hydrolyzed infant formulas. Statistically, this was
demonstrable using a Fisher’s exact test evaluating quan-
tifiability and group in a table such that all participant
samples had quantifiable cysteine concentrations and sam-
ples from all non-hydrolyzed formulas were not detectable
(»<0.00001). Similarly, a Fisher’s exact test evaluating
quantifiability and group in a table was applied to all
participant samples, all of which had quantifiable cysteine
concentrations; and all samples from partially hydrolyzed
samples, all of which were below the quantifiable level.
This was also highly significant (»p<0.00001). An ANOVA
comparing breast milk free cysteine in all participant sam-
ples to free cysteine in all extensively hydrolyzed samples
(from the different brands) found much higher free
cysteine in the extensively hydrolyzed samples (F(1,35)
=56.02, p<0.00001).

Discussion and Conclusion

Discussion and Strengths of the Study
This is the first study to assess the effect of L-cysteine
supplements, on cysteine concentration in breast milk and
blood plasma of breastfeeding mothers. There was, at
most, a minimal effect of oral L-cysteine on blood plasma
cysteine level, which is a strong argument against further
development of oral L-cysteine administration as a dietary
supplement to prevent PPD. Overall, there was no effect of
oral L-cysteine on total cysteine levels in breast milk
which is consistent with effects of other amino acids on
their concentration in breast milk, as it is known that 95—
99% of amino acids in breast milk are contained within
proteins and peptides, with only a small portion being free
amino acids.*”** Free cysteine levels in breast milk rose
at a statistical level, but not to the level of extensively
hydrolyzed infant formulas.

There was no statistical effect of oral L-cysteine on its
overall level in blood plasma across the 6 hours after
administration. This is in contrast to Tribble et al who
reported that oral administration of a comparable dose
was associated with an elevation in blood plasma cysteine
that peaked at approximately 30 minutes to 1 hour after
administration. Given the finding of Tribble et al, in the
present study, a post hoc analysis was done comparing the
plasma

cysteine concentration between participants
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Figure 4 Free cysteine in common infant formulas and in breast milk after oral
L-cysteine supplementation. To capture the variation in free breast milk levels, the
y-axis was broken to two segments. Mean and standard deviation are presented.
Free cysteine was not detected (no bar shown) in Enfamil liquid, Parents Choice and
Enfamil A+ Gentlease and was below the limit of quantification in Good Start 2*
(<0.17 mg/100mL). Free cysteine in breast milk even with the highest dose of 3g
L-cysteine was comparable to non-hydrolyzed formulas, and significantly lower than
extensively hydrolyzed formulas (Nutramigen A+ and Alimentum) (analysis of
variance, post hoc comparisons, Fisher’s least significant difference (LSD),
p<0.00001). An ANOVA comparing breast milk free cysteine in all participant
samples to free cysteine in all extensively hydrolyzed samples (from the different
brands) found much higher free cysteine in the extensively hydrolyzed samples (F
(1,35)=56.02, p<0.00001). Free cysteine concentration is greater in participant
breast milk as compared to non-hydrolyzed or partially hydrolyzed infant formulas
shown using a Fisher’s exact test evaluating quantifiability and group in a table such
that all participant samples had quantifiable cysteine concentrations and samples
from all non-hydrolyzed formulas were not detectable (p<0.00001). Similarly,
a Fisher’s exact test applied to all participant samples with quantifiable cysteine
concentrations; and all samples from partially hydrolyzed samples was also highly
significant (p<0.00001).

receiving 3g and participants receiving no supplement at
30 minutes and 1 hour post oral L-cysteine administration.
There was trend level difference, uncorrected for multiple
comparisons, reflecting a 10% to 30% greater cysteine
level. However, this difference was not maintained there-
after. The difference between our study and Tribble et al
might be accounted by the sample being different with the
current study sampling breastfeeding mothers, but more
likely this reflects another difference in the protocol design
as Tribble et al administered a low-protein diet to partici-
pants for 5 days. Hence, their baseline L-cysteine level is
relatively low even though the peak L-cysteine level is

similar to the present study. The magnitude of peak change
in the present study is modest as compared to oral admin-
istration of tryptophan at 2g or tyrosine at 10g to breast-
feeding mothers which may achieve 600% to 700% greater
free amino acid levels in the blood plasma of mothers who
breastfeed.*>* It is possible that greater effect on plasma
cysteine level might have been achieved with higher dos-
ing of cysteine, but there are limited data for tolerability of
oral L-cysteine above single doses of 3g. Hence, the mini-
mal effect of oral L-cysteine on overall cysteine levels in
blood plasma argues against development of oral
L-cysteine as a dietary supplement in general, at least at
the dosages and formulation applied.

There was a lack of effect of oral L-cysteine on its
total level in breast milk but a significant effect on its free
level. The lack of effect of oral cysteine administration on
its total concentration in breast milk may be attributable to
the cysteine contained in proteins, which has been
observed with supplementation of tryptophan at oral
doses up to 4g and tyrosine at oral doses up to 10g.***
However, it is possible that the modest effect of oral
supplementation on the plasma level of cysteine is also
a factor. On the other hand, greater transfer of cysteine to
breast milk from the minimally significant elevation of
free cysteine level in plasma at 30 minutes is probably the
best explanation for the subsequent elevation of free
cysteine concentration in breast milk. Amino acid concen-
tration in milk is believed to be influenced by the con-
centration of amino acids in arterial plasma, the
mammillary flow rate of arterial plasma and amino acid
extraction/transport into breast milk.*>*® Even though the
rise in free cysteine level in breast milk after oral admin-
istration of L-cysteine was statistically significant, the
magnitude was low relative to concentrations of cysteine
found in hydrolyzed infant formulas, which represent
a safe form of nutrition. Partially hydrolyzed and non-
hydrolyzed infant formulas, which were also intended to
be comparators, did not have appreciable levels of free
cysteine.

Limitations

There were some limitations in this study. Participants were
not blinded to condition and those allocated to group 1 did
not receive any product. However, the measurement of
cysteine within the individual blood plasma and breast
milk samples were blinded to the group sampled. Also, the
assays after oral L-cysteine administration were carried to 6
to 8 hours, but the measurements were consistently near
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baseline at these later time points. We also prioritized the
extensively hydrolyzed infant formulas as comparators for
the free concentration of cysteine in breast milk, rather than
the partially or non-hydrolyzed formulas, because, in con-
trast to breast milk with no supplement, there was no detect-
able cysteine in these formulas.

Conclusion

This study found no effect of cysteine on its total concentration
in breast milk and a minimal effect on its free concentration in
breast milk that was low compared to extensively hydrolyzed
infant formulas. However, the effect of oral cysteine on its
plasma concentration was mostly non-significant, arguing
against further development of L-cysteine in postpartum sup-
plementation to prevent or reduce symptoms of PPD. The
latter finding also raises the issue that oral L-cysteine supple-
mentation does not raise its level in blood plasma much,
suggesting that this should not be a major direction for new
nutraceutical development.

Clinical Trial Registration Number
NCT02462746.

While we would like to share de-identified participant
data, we do not have this explicit permission from the
for this
Presently, the local ethical standard is to have this included

participants in our consent forms study.
in the consent forms and we include this in our ongoing
studies. However, when we did conduct the submitted
study, it was not an expectation to detail this in the consent
forms. However, we are bound by current standards rather
than past standard. So, it will not be possible to share de-
identified data.

We can share the mean and standard deviations for each
main graph, and these are now included in the submitted

supplemental section.
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