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Abstract Oral f$-alanine (fA) doses larger than 800 mg
commonly result in unpleasant sensory symptoms (pares-
thesia). However, the association of form (pure vs. slow-
release) with side-effects has not been fully described. The
aim of this single-blinded, randomized three-arm clinical
trial was to compare plasma kinetics and symptoms fol-
lowing A bolus administration in solution or in slow-
release tablet form. Eleven healthy adults ingested 1.6 g of
a pure SA reference solution (REF), 1.6 g in slow-release
PA tablets (TAB) or a placebo (PLA) after an overnight
fast. During the next 6 h, urinary and plasma A concen-
trations were measured and questionnaires about intensity,
nature (pins and needles, itching, flushing, irritation,
numbness, soreness), and spatial distribution of unusual
sensations were filled in. TAB resulted in a smaller peak
plasma concentration than REF (82 vs. 248 umol L™",
p < 0.001), delayed time to peak (1.0 vs. 0.5 h, p < 0.01)
no difference in area under the curve, reduced loss in urine
(202 vs. 663 umol, p < 0.0001), and improved retention
(98.9 vs. 96.3%, p < 0.001). Symptoms described as “pins
and needles” were perceived rapidly on the skin of the
arms and trunk after REF (7,,,x = 15 min) and their time
course nearly mimicked plasma concentrations. Maximum
intensity scores were weaker with TAB (“very low”) than
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with REF (“low”, p < 0.001), while TAB and PLA did not
differ with respect to side-effects. In summary, ingesting
1.6 g SA in slow-release tablets rather than pure in solution
results in slower absorption kinetics, improved whole body
retention and sensory side-effects that cannot be differen-
tiated from PLA.
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Introduction

f-Alanine (fA) is a component of carnosine (f-alanyl-L-
histidine), a cytoplasmic dipeptide which is found in
skeletal muscle and other tissues. Carnosine contributes to
intracellular muscle pH buffering capacity and among
other functions it is thought to play a role in slowing the
development of acidotic muscle fatigue (for reviews see
Artioli et al. 2010; Derave et al. 2010). Most of the body
carnosine is synthesized from its two constituent amino
acids (f-alanine and r-histidine) (Bakardjiev and Bauer
1994), of which f-alanine is the limiting one. In humans,
endogenous production of A results from the degradation
of uracil (see Tiedje et al. 2010 for review). Exogenous
supply depends on the amount of animal sources in the
diet. Based on f-alanyl dipeptides found in meat and fish
(Abe 2000), the daily consumption of SA in the food of
omnivores has been estimated to reach 0.8 g or more for a
significant fraction of the population (Harris et al. 2006).
To date, SA supplementation studies have been suc-
cessful in increasing muscle carnosine content by
~45—60% after 4 weeks, with the aim to improve
anaerobic capacity and muscle function during high-
intensity exercise (e.g. Harris et al. 2006; Derave et al. 2007,
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Stellingwerff et al. 2011). Diverse exercise and supple-
mentation modalities have been used, where daily doses of
2.4—6.4 g BA or more were consumed over several weeks
(see Sale et al. 2010 for review). In a first series of such
studies, Harris et al. (2006) observed that the acute
administration of 3.2 g fA in solution induced transient
flushing sensations on the skin (paresthesia) described as
unpleasant. The subjects “quickly complained of symptoms
of flushing (described variously as an irritation of the skin
and prickly sensation) which began within 20 min and
lasted up to one hour. This first affected the ears, forehead
and scalp, followed by the upper trunk including the arms
and the back of the hands, and finally the base of the spine
and buttocks” (Harris et al. 2006). In order to circumvent
these symptoms, pure SA doses were split into multiple
smaller 0.8 g fractions, closer to the daily intake, which
were administered throughout the day for 2—4 weeks, with
only about 25% of subjects reporting very mild to mild
symptoms. Similar dosing procedures (multiple small
doses throughout the day) were used in follow-up supple-
mentation studies using A in solution or gelatine capsules
(Hoffman et al. 2008; Kendrick et al. 2008, 2009; Sale
et al. 2011; Stout et al. 2007; van Thienen et al. 2009;
Zoeller et al. 2007), with sensory side-effects occasionally
mentioned (Hill et al. 2007; Sweeney et al. (2010); and
when omitted, it is not sure whether symptoms were absent
or ignored.

Nonetheless, a slow-release A tablet (TAB) form has
become commercially available. As described briefly in
conference proceedings, compared to pure 1.6 g SA in
solution, 1.6 g A in slow-release tablets were found to
slow the rate of appearance and lower the peak value of SA
in blood and did not induce paresthesia (Harris et al. 2008).
Accordingly, studies have now utilized slow-release A
tablets, which allow for more practical daily supplemen-
tation and compliance by reducing the number of daily
doses for a given prescription (Baguet et al. 2010;
Stellingwerff et al. 2011).

Despite the increasing number of published A sup-
plementation and performance studies and the large
amounts of fA consumed by volunteers or purchased for
potential exercise, health or clinical benefits, surprisingly
no detailed account of the symptomatology after ingestion
of A has been published subsequent to the initial narrative
of Harris et al. (2006). Therefore, the present study was
designed to compare the kinetics of plasma A and its
association with PA-induced paresthesia symptoms fol-
lowing the ingestion of 1.6 g SA in either slow-release
tablet form or pure aqueous solution. The aims were to
provide a comprehensive symptomatology of fA-induced
paresthesia, to evaluate bioavailability and urinary loss,
and to document the protective value of the slow-release
A form against adverse paresthesia side-effects.
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Methods
Subjects

Eleven healthy, non-supplement using Caucasian volun-
teers (5 females and 6 males) gave their written informed
consent to participate. Their characteristics for age, height,
weight, lean body mass, and body fat were 26 + 4 (SD)
yrs, 1.74 £ 0.10 m, 68.1 + 8.0 kg, 52.1 £ 9.0 kg and
19 £ 8%, respectively. The study conformed to the
Declaration of Helsinki and was approved by the Clinical
Research Ethics Committee of Lausanne University.

Study overview

This was a single-blind, randomized, triple-crossover study
where three different treatments [two [-alanine supple-
ments and a placebo (PLA)] were acutely administered
once. The primary outcome was pharmacokinetics (plasma
PBA and sensory responses) over a 6-h period. Whole body
retention was estimated from SA urinary outflow, while
symptoms of paresthesia were obtained after ingestion of
each product by questionnaires, which were filled-out in
time-course parallel with blood sampling.

Products

The reference product (REF) was 1.6 g (17.96 mmol) A
in aqueous solution (Carnosyn™, Natural Alternatives
International (NAI), San Marcos CA). The test product
(TAB) was a slowly releasing 1.6 g SA dose in tablet form
(2 x 800 mg tablets, NAI), which contained hydroxypro-
pyl methylcellulose, stearic acid, magnesium stearate, and
silicon dioxide as excipients. The different food forms and
the anticipation of different sensory side-effects prevented
double-blinding of the study. In order to improve masking,
the PLA was a typical 30 g energy bar with no fA. Ana-
lytical recovery of SA was 98% in REF and 95% in TAB
products. Each test product was ingested with a total
adjusted volume of 250 ml water.

Experimental

Subjects were instructed on how to fill in the various
questionnaires (as described later). They provided ques-
tionnaire-based background information on sensations,
mood, and anxiety state. On each of the three testing days,
separated by weekly intervals, subjects arrived at the lab-
oratory after an overnight fast, with water consumption
allowed ad libitum. After voiding, an antecubital catheter
was inserted with low saline flow (0.5 ml min~') and a
baseline blood sample collected. The test product was then
ingested (0 min = initiation of eating) in the only presence
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of a technician assigned to this task. Blood was subse-
quently sampled at 15, 30, 45, 60, 75, 90, 105, 120, 150,
180, 210, 240, 300, and 360 min. Intensity, nature, and
sites of occurrence of unusual sensory symptoms were
reported in writing, privately and in silence, within five
separate time-dependent questionnaires at the time of each
blood draw (questionnaires 1—5, Q1—Q5), which took less
than 5 min. Subjects remained seated, with a break at 2 h
to urinate (0—2 h urine pool). 150 ml of water was con-
sumed at 2 h and at 4 h, while a standardized vegetarian
snack was taken after the 4 h blood draw. At 6 h the
catheter was removed and subjects urinated again (2-6 h
urine pool). Finally, three more questionnaires (question-
naires 6—8, Q6—Q8) were administered retrospectively,
evaluating the most intense grade of sensations of the
elapsed session and to reveal any association of perceptions
with personality traits. The staff in charge of administering
questionnaires and drawing blood were unaware of the
treatment order.

Analysis of f-alanine

f-alanine was determined in plasma, urine, and in REF and
TAB products by a blinded analyst. After deproteinization
and filtration (Tan and Gajra 2006; Van Kuilenburg et al.
2004), free amino acids from supernatants were separated
by ion exchange chromatography, and SA was quantified
using dual wavelength photometric detection following
ninhydrin post column derivatization (Biochrom 30 Amino
acid Analyzer, Biochrom Ltd, Cambridge, UK; PEEK Li
columns, Laborservice Onken GmbH, D-Griindau).
Repeatability of the assay was 3%, with a limit of quan-
titation of 15 pmol L™'. The amount of A retained was
calculated as the amount ingested minus the cumulated
amount excreted in urine over 6 h.

Sensory and psychological data

The sensory questionnaires were based on established
procedures to evaluate perceptual ratings, but were not
tested for reliability and validity for this study. This is why
multiple assessments with distinct scale types (visual ana-
logue Q1, category scale Q2, linear scale Q3) were used for
the perception of intensity. The distribution of sensations
on the body questionnaire (Q4) was created for this study
and was not validated. The psychological data (Q6, Q7, and
Q8) were obtained through the published validated ques-
tionnaires given in reference. All questionnaires except Q5
(Flush) were self-administered, Q1—Q5 immediately after
each blood draw and Q6—Q8 only at the session end.
Questionnaires were presented in the same sequence every
time. After filling a questionnaire, the page was turned and
the subject was not allowed to browse backward to review.

Quality of records was reviewed by the nurse both during
and at the end of each session, so that any incoherence or
confusion was remedied without delay.

Time-dependent questionnaires (Q1—Q5)

Q1. The Visual Analogue Score (VAS) focused on the
perceived intensity of symptoms. It consisted of a hori-
zontal, continuous 9-cm line with vertical marks 2 mm
from each end, labeled “no unusual sensation” to “most
intense sensation imaginable”. Low and high ends of the
scale were arbitrarily placed on either the left or on the
right side at successive times to reduce habituation. A box
was placed next to the low end where subjects acknowl-
edged with a tick their awareness of the direction of the
scale. The record was a vertical line drawn at the level most
fitting with perception intensity. VAS was expressed as
percent of scale length from the low end.

Q2. The Intensity of Sensation Score (ISS) was also
about symptom intensity. It featured a discrete scale similar
to the widely used Borg category-ratio scale, which is valid
for assessing non-linear changes in the perception of
intensity (Noble et al. 1983). The scale consisted of 15
boxes (0—14) labeled from “absent” (bottom box) to
“unbearable” (top box). The records (a tick in the best
fitting box from 1 to 14) were grouped further into very
low- (1-3), low- (4—5), moderate- (6—8), and intense-
(9-14) intensity categories, such that no ticked box was
ever misplaced into a category name of a lower severity
grade than its label.

Q3. The Qualitative Light Symptoms Inventory (QLSI)
qualified the nature of the sensation from within a subset of
six descriptive attributes: “pins and needles and/or tin-
gles”, “tickling and/or itching”, “flush and/or shiver”,
“tactile hypersensitivity and/or irritation”, “numbness
and/or insensitivity”, and “pain and/or soreness”. Next to
each attribute was a 5-level scale from 0 = “absent” to
4 = “extremely intense”. Subjects recorded the most fit-
ting level for each descriptor. An additional category
allowed free text descriptions.

Q4. The body Sensitive Surface Score (SSS) highlighted
spatial characteristics to identify the body areas most
affected by symptoms. A schematic image of the body,
featuring both front and back sides with marked rectan-
gular areas, was used. Subjects were marked with “x” in
each area where symptoms were perceived, disregarding
their nature and intensity. Records (0 or 1) were counted as
the sum of all marked areas for the whole body (maximum
possible score = 23) and for subsets of them identifying
the higher, middle, and lower parts of the body. Subsets
were chosen with no consideration of an underlying neural
network. Additional information derived from the McGill
Pain Questionnaire (Boureau et al. 1992), using forced
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single choice answers, bore on the temporality, and depth
of the symptoms. Symptoms were recognized as either
“brief-transient” or “periodic-intermittent” or “continu-
ous-constant” to describe their dominant connection with
time. Depth was identified as “external” or “internal”.

Q5. The Flush questionnaire was based on inconspicu-
ous visual inspection; a physician assessed changes (yes/
no) in the appearance of the skin on the face, ears, and
forearms (e.g. red skin, red nose, colored spots).

Session-dependent questionnaires (Q6—Q8)

Three questionnaires were filled retrospectively at the end
of the test day, featuring Q6: the Profile Of Mood States
(POMS), a French adaptation (Fillion and Gagnon 1999) of
the abridged profile of mood states by Shacham (1983),
Q7: the Questionnaire de Douleur de Saint-Antoine
(QDSA), a validated French version of the McGill Pain
Questionnaire (Boureau et al. 1992) that describes sensory
and emotional dimensions of pain, and Q8: the Spielberger
State Anxiety Inventory (SAI; Spielberger et al. 1983).
Mood and anxiety were monitored to account for the
potential input of affective states on sensory scores
(Villemure and Bushnell 2002).

Statistics and pharmacokinetic analysis

All analyses were done in SAS 9.1 (SAS Institute, Cary
NC, USA) except for the pharmacokinetic data, which
were analyzed using WinNonLin 5.2.1 (Pharsight, Sunny-
vale CA, USA). Normality of distribution was tested on
main data using Q-Q plot and Shapiro-Wilk W test and
was not rejected overall. A review of the 4- to 6-h dataon a
subsample of subjects indicated that the majority of the
plasma SA values were below the analytical detection
limit; thus blood samples were analyzed statistically up to
4 h only. For each subject and each product except PLA,
analysis was conducted using the first-order compartmental
model. The following parameters were estimated: peak
plasma A concentration (Cp,x, pmol LY, time to reach
peak plasma BA concentration (T, h), area under the
curve to infinity (AUC, pmol Lt h), absorption rate
constant or rate of rise to peak plasma concentration
(Ko, h™"), lag time until first appearance of A in plasma
(Tja> h) and half-time of BA disappearance from plasma
(T;, h). In addition, a crossover model with visit, ran-
domization sequence and product as fixed effects, and
subjects as random effect was used to test the product
effect (TAB vs. REF, TAB vs. PLA) on each parameter.
Regarding each of the time-dependent Q1—Q4 question-
naires (VAS, ISS, QLSI, and SSS), maximal score (Sy.x),
time to reach the maximal score and mean value over 6 h
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(excluding the time O value, Syean) Were determined. For
each of these parameters, a similar crossover model as for
the pharmacokinetic analysis was used. The scores for the
end of session Q6—Q8 questionnaires (POMS, QDSA, and
SAI) were analyzed by the same crossover model except
that the baseline score was added as a fixed-effect. Addi-
tional correlation analysis was performed between combi-
nations of plasma SA variables and VAS, ISS, and SSS
scores. A post hoc Chi-square goodness-of-fit test was used
to assess the distribution of temporality and depth of the
sensations in the REF treatment. Data from Harris et al.
(2008) were used to calculate the sample size based on the
variance of plasma A Cy.x. Twelve subjects had been
recruited, but one was excluded from the per-protocol
analysis because of unexplained, physiologically impossi-
bly elevated plasma SA levels in the REF group (up to
600-fold higher than the average of all REF subjects). Data
are presented as means £ SD with significance assumed at
p < 0.05, unless stated otherwise.

Results
Plasma f-alanine concentrations and paresthesia

Changes in plasma A with time and AUC are depicted in
Fig. 1a and pharmacokinetic parameters are shown in
Table 1. Without exception, all fA baseline concentrations
were below the detection limit. Peak SA concentration
after TAB was 68% lower than after REF (p < 0.001).
TAB reached Cp.x at ~1 h, while REF peaked at the
statistically (p < 0.01) earlier time of 30 min. Times of
first appearance in plasma were similar, but the absorption
rate was threefold slower with the TAB form. In contrast,
AUCtag was not (p = 0.55) smaller than AUCggg.
Absence of fA after PLA was confirmed by a check
analysis of the 45 min plasma samples.

The time course of sensory side-effects is also depicted
in the figure. Only SA in solution (REF) produced evident
sensations. The perceived intensity of unusual sensations
using the continuous VAS scale (VAS can, Fig. 1b) and the
intensity of the symptoms identified as pins and needles
(QLSIpgn-mean score, Fig. 1c) globally followed a pattern
of response parallel to that of plasma SA concentration.
The surge of perceived symptoms seemed to anticipate the
subsequent rise in measured plasma fA, as paresthesia had
reached a plateau (QLSI,gn-mean) OF already passed peak
value (VAS ean) at 15 min post-ingestion, whereas plasma
PBA concentration was still rising sharply. By 90 min, all
quantified sensations were not different from PLA.

There was a very highly significant (p = 0.0002) posi-
tive correlation (R = 0.60) between QLSI gn-max and A
Chnax, @s primarily driven by the REF data, suggesting that
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a Table 1 f-Alanine pharmacokinetic analysis
250 g
Plasmaf-alanine N b
TAB REF P

Cpiax (umol L™h 81.9 + 27.5 248.2 £ 112.7 0.0002
T pax (min) 60.0 £ 16.2 294 £72 0.0015
AUC (umol L™" h) 2294 + 83.7 2534 £ 81.1 0.5504
K, (h™h 3.55 £ 2.69 11.98 + 7.21 0.0007
Y 17.4 £ 9.6 144 +£42 0.6606
Ty (h) 80.4 £ 64.2 372 £ 21.6 0.0485
Means + SD

20 1 Perceived unusual symptoms

(7]

15 A . .
Pins and needles sensation

Intensity QLSI score

Time (hours)

Fig. 1 a Plasma f-alanine concentration (umol L™") for 6 h after the
ingestion of 1.6 g fA in aqueous solution REF or in slow-release
tablet form TAB. The area under the curve is depicted in the insert
(umol L ™). b Reported intensity of non-differentiated sensations
of paresthesia using a Visual Analogue Scale (%), from 0 = “no
unusual sensation” to 100 = “most intense sensation imaginable”.
¢ Intensity of “pins and needles” sensations using the Qualitative
Light Symptom Inventory (QLSI,s,, scale from 0 = absent to
4 = extremely intense). Means £+ SE(11)

the higher the A peak, the higher the symptoms of pins
and needles. There was a negative correlation (R = —0.52,
p = 0.002) between QLSIpgnmax and BA T., again
mainly driven by the REF results. This suggests that the
quicker the plasma peak, the more symptoms of pins and
needles were observed.

Chax peak concentration, Ty, time to peak, AUC area under the
curve, K, absorption rate constant, 7},, time until first appearance in
plasma 77/, half-time of disappearance

* BA slow-release tablets

" BA reference aqueous solution

f-Alanine excretion and retention

There was 70% less SA excreted in urine during the
entire 6-h period from TAB compared with REF (202 +
164 vs. 663 + 380 pmol, p < 0.0001, Fig. 2). Furthermore,
excretion was delayed with TAB. Accordingly, only two-
thirds of total fA excretion was recovered in the first 2-h
urine after TAB, whereas excretion was nearly complete
in the same time after REF (67 £ 22 vs. 98 &+ 2%,
p < 0.0001). When back calculating the total amount of
BA retained, it was found that 98.9 + 0.9% (1582 +
15 mg 6 h™") of the slow-release SA was retained after
TAB, which was greater (p < 0.0001) than the 96.3 +2.1%
(1541 + 34 mg 6 h™") retention of BA from the REF
solution.

Severity and incidence of side-effects

Maximal reported values for symptom intensity throughout
the 6-h period are listed in Table 2. The continuous
(VAS,..x) and categorical (ISS,.x) scores of maximal
intensity, the maximal intensity of the specific sensation
recognized as pins and needles (QLSI,&n-max), all were
very much smaller after TAB (classified “very, very low”)
than after REF (“very low”, p < 0.001). There was no
distinguishable difference between TAB and PLA. The
same conclusion holds true for the S,,c.n values (VAS cans
ISS mean, QLSI,gn-mean» details not shown), but obviously at
milder levels.

The percentage of subjects presenting different levels of
severity of the symptoms at the different time points
according to the categorical scale (ISS) is shown in Fig. 3.
There were 462 opportunities to report, resulting in a 35%
overall incidence rate of response when all intensity lev-
els and treatments were grouped. Within the first 2 h
post ingestion, the period when symptoms were clearly
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Urinary B-alanine excretion

pmol

600 -

400 A

0-2h
200 -

0
*
100
2h-6h

REF TAB

Fig. 2 f-Alanine lost in urine from 0—2 h and 2—6 h after the
ingestion of 1.6 g A in a reference solution REF or in a slow-release
tablet TAB. TP < 0.0001 for the global 0—6 h treatment difference;
*P < 0.05, ¥**P < (0.0001 for within-period treatment differences.
Means + SE(11)

noticeable, there was no record of symptoms in the intense
category; there were 14 records in the moderate-intensity
category (all in REF), 17 records in the low-intensity cat-
egory (REF 12, TAB 3, PLA 2), and 75 records in the very
low-intensity category, which appeared to be just back-
ground noise (REF 21, TAB 26, PLA 28). The incidence
rate of declared moderate- and low-intensity symptoms in
the responsive treatment group (REF) was therefore 32% in
the first 2 h. Severity of symptom scores and incidence
were not different between TAB and PLA.

Description of the side-effects

Among the proposed selection of descriptors, “pins and
needles” came out as the prevailing one for the maximal

Table 2 Maximal intensity scores of sensory descriptors (Sax)

intensity score (QLSI,gn-max) and the incidence rate
(Fig. 4). Also here, the incidence rate did not distinguish
TAB from PLA: there were 2.5-fold more records of pins
and needles with REF (43 records), which was the only
treatment producing clear symptoms (Table 2), as com-
pared with either TAB or PLA (17 and 18 records,
respectively). When focusing on the early time period
(0—2 h), after REF ingestion, 40% of all records were for
“pins and needles”, 24% for “tickling, itching”, and the
last third of all records spread over the four remaining
descriptors. Questionnaire Q5 brought up no signs of
flushing on the skin at any time for any treatment.

Topography of the symptoms

A summary of the body sensitive areas (SSSy,.x) is shown
in Fig. 5. Accounting for the number of areas involved in
each body site subscore, the main body area associated
with paresthesia symptoms from pure SA supplementation
was the middle body, i.e. trunk and arms. The SSS,,.x for
both the whole body and the mid-body site were much
smaller after TAB, with only 15—20% as many body sur-
faces affected as after REF (Table 2). There was no dif-
ference between TAB and PLA (p = 0.70). Symptoms
perceived in the first 2 h after REF were unevenly per-
ceived as periodic (61% of all records) to continuous
(27%), rather than brief stimuli (12%, p < 0.001), and near
the skin surface (73% of all records) rather than internally
to the body (27%, p < 0.01). There was a positive corre-
lation (R = 0.73, p < 0.0001) between the number of areas
of the mid-body part that were affected and peak plasma
BA (Cpax), primarily driven by REF results, suggesting that
the higher the Cy.x, the more likely that an increased
number of body areas may be affected by symptoms.

Variable (score range) TAB? REF® PLAC
Intensity (continuous) VAS ax (0—100%) 29+29 24.5 £ 22.0%%* 35+5.0
Intensity (discrete) ISSax (0—14) 1.55 £ 1.92 5.18 £ 2.86%#* 127 £ 1.74
“Pins and needles” QLSI,gn-max (0—4) 0.36 + 0.67 1.91 £ 1.22%*%* 0.36 + 0.67
Topography SSSiax Whole body (0—23) 1.0+ 1.0 5.7 £+ 4.4%%% 1.3+ 1.7

SSS ax mid-body (0—6) 04 £ 0.7 2.5 £ 1.2%%* 05+1.2
Means + SD

TAB versus REF, ***P < (0.001
TAB versus PLA, P > 0.50

VAS Visual analogue scale, ISS Intensity of sensation score, QLSI,«, Qualitative light symptoms inventory, “pins and needles” descriptor, SSS

Body Sensitive surface score

? BA slow-release tablets

" BA reference aqueous solution
¢ PLA food bar
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Fig. 3 Incidence (% subjects 100 -
affected) and severity of Incidence and severity of symptoms (ISS)
symptoms after the ingestion of [ very low (1-3)
1.6 g f-alanine in a reference [ low (4-5)
solution REF or in a slow- g0l M [ moderate (6-8)
release tablet TAB, or a placebo Q M intense (9-14)
PLA. Severity is shown with <
. . ]

symptom intensity scores (ISS Q
scale from 0 = absent to § |
14 = unbearable) grouped into © 60
four categories, described in the % 11| REF TAB PLA
legend 2

>

2 I

©

o 40

1< | _ | _ R

I}

c

o)

8 .

8

204 L | i
0 \ —
0 1 2 3 4 5 6h 0 1 2 3 4 5 6h 0 1 2 3 4 5 6h

Fig. 4 Description of reported
symptoms after the ingestion of
1.6 g f-alanine in a reference
solution REF or in a slow-
release tablet TAB, or a placebo
PLA, using the Qualitative light
symptom inventory QLSI. Left
Maximal intensity scores
QLSI,,,ax, 0—4 scale (0—6 h).
Means + SE(11). Right
Incidence rate in % of reporting
opportunities (0—2 h). Pins-
and-needles was the most
frequent sensation and it
occurred after REF only

iy

Intensity maximal scores

|
|

Time after product intake (hours)

Incidence rate

Pins-and-needles, tingling

|

Tickling, itching

Numbness, insensitivity,

Pain, soreness

[S)
o
2
-

Retrospective questionnaires

The QDSA questionnaire was used to retrospectively eval-
uate any painful features of the sensations perceived in the
study. There was no statistical difference in QDSA scores,
either between TAB and REF (sensory dimension p = 0.09,
affective dimension p = 0.29) or between TAB and PLA
(sensory p = 0.52, affective p = 0.81; data not shown).
There was no statistical difference in either mood (POMS
score: TAB vs. REF p = 0.14, TAB vs. PLA p = 0.30) or
anxiety (SAI score) for TAB vs. REF (p = 0.11), whereas
the SAI score for TAB vs. PLA reached significance
(28.6 &+ 7.5 vs. 26.3 £ 6.5, p = 0.024).

Tactile hypersensitivity B REF
O tas
. PLA
Flush, shiver O
15 2 40% 30% 20% 10% 0%
Discussion

The key finding of this study, which is in line with the pilot
report of Harris et al. (2008), is the absence of any dif-
ference in any sensory outcome between the oral con-
sumption of a 1.6-g dose of slow-release A and the PLA.
Paresthesia symptoms were comprehensively probed
through multiple dimensions (severity by independent
measures, qualitative identifiers, incidence), which all were
decreased to the level of the PLA by the slow-release
formulation.

For most individuals, 400 mg PBA ingested acutely
is symptom free and this dose was frequently used in
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Fig. 5 Topography of
p-alanine-induced sensations.
Data shown are the maximal
reported values of the body
surface sensitive score
(SSSiax), expressed as % of the
number of areas per site, for the
higher body (areas #1—7, 15,
16), mid body (areas #8—10,
17—19) and lower body (areas
#11—14, 20—23; note:
rectangular areas were not
numbered on the test form).
Means + SE(11)

Topography of symptoms

Higher body (1-7, 15, 16)

—

Mid body (8-10, 17-19)

[
Lower body (11-14, 20-23) B ReF
OT1aB
OpLA
0 10% 20% 30% 40% 50% max scores (normalized)

previous studies (Baguet et al. 2009; Derave et al. 2007;
Harris et al. 2006). With 500 mg doses, no symptoms were
reported and treatment identification was not different
between verum and PLA (van Thienen et al. 2009).
With 800 mg doses (10 mg kgfl), Harris et al. (2006)
acknowledged “mild symptoms of flushing” in two out of
four subjects and for Hill et al. (2007), symptoms were
“infrequent and mild when they occurred”. With a 1.6-g
dose, symptoms were recorded as “significant” in three of
four subjects (Harris et al. 2006) and none were reported in
other studies (Stout et al. 2007; Zoeller et al. 2007)
although, as communicated later, about 20% of the subjects
reported “tingling”sensations with A in the former study
(J. Stout, personal communication). When increasing to
2 g PA doses, Sweeney et al. (2010) reported “no side
effects other than a mild prickling sensation” in the neck
and the limbs. With single A doses of 3.2 g (40 mg kg™ ")
and greater, an apparent plasma threshold is crossed, and
side-effects are perceived as “unpleasant” (Harris et al.
2006). The symptom-free slow-release galenic SA formu-
lation utilized in this study should simplify practice and
compliance, because it delivers an asymptomatic dose that
was recently shown to raise muscle carnosine when
administered just once a day for 2 weeks (Stellingwerff
et al. 2011). Also, by eliminating perceived side-effects, it
ensures proper blinding of subjects in future studies.
Although not assessed in the current study, the pilot work
by Harris et al. (2008) suggests that, if necessary, a dose of
3.2 g of slow-release fA could be used, and only result in
“mild symptoms”.

The absence of side effects with TAB was associated
with a blunted and extended time course of SA concen-
tration in plasma in comparison with REF, although the
total AUC between TAB and REF were not different. This
again supports the preliminary results of Harris et al.
(2008) who, with very similar time courses of plasma A
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concentrations, found A peak value reduced to 54% (this
study to 33%) and plasma concentration at 3 h maintained
fivefold higher (this study three fold higher) with the slow-
release product. However, the correlations found for
symptom intensity with plasma A Cy.x (positive) and A
Tmax (negative) suggest that the attenuation of symptoms is
explained by a combination of both a lowered maximum
plasma concentration and a sustained release of SA. The
threshold of A plasma concentration for the appearance of
paresthesia was situated at 75—80 pmol L™" in REF, as
paresthesia was highest at 15 min, when mean SA con-
centration was 82 pmol L™'. Conversely in TAB, symp-
toms were absent despite the fact that SA concentrations
reached and remained around 60—75 pmol L™ for nearly
1 h. Interestingly, sensory saturation took place quickly
at ~ 15 min (Fig. 1b, c), and despite a further 2.7-fold rise
of plasma A from 15 to 30 min after the fast REF solution
(Fig. 1a), there was no further increase in paresthesia
reporting, in fact more like an attenuation of the perceived
symptoms. This paradox could be hypothetically due to
psychological anticipatory factors, to inhibitory feedback at
the receptor level or independent mechanism(s) through
some pathway involving SA. However, it must be
remembered as a limitation of this study that most sensory
data were collected using non-validated tests.

A novel finding of the current study was the threefold
lower urinary A loss after supplementation of TAB vs.
REF (Fig. 2). Similar effects have previously been found
when creatine, another dietary supplement, was ingested in
a food matrix with viscous properties that delay gastroin-
testinal absorption (Deldicque et al. 2008). Since the pri-
mary benefit of increased muscle carnosine loading due to
PBA supplementation is not an immediate effect, but via the
sustained net accumulation of carnosine in muscles over
several weeks, the improved whole body A retention
suggested by urine data adds value beyond the similar
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bioequivalence pointed out by the AUC. The recent finding
of increased muscle carnosine after only 2 weeks of sup-
plementation with TAB (Stellingwerff et al. 2011) lends
further support to the efficacy of slow-release SA for
muscle carnosine storage.

There are at least five recognized receptor sites for SA
and the mechanism responsible for the sensitization of
nociceptive neurons has not been unequivocally clarified
(Crozier et al. 2007; Tiedje et al. 2010). As summarized
by Sale et al. (2010), candidates include (a) fA-activated
strychnine-sensitive glycine receptor sites, in association
with glutamate sensitive N-methyl-p-aspartate receptors in
the brain and the central nervous system, and (b) the mas-
related gene family of G protein-coupled receptors, in
dorsal root ganglia neurons ending in the skin, which are
triggered by interactions with specific ligands such as SA.
The symptoms observed in this study after the pure 1.6 g
A solution were limited to “pins and needles, tingling”,
and, to a small extent, to a semantically close and pos-
sibly confusing “tickling, itching” sensation. They never
exceeded the “very low” severity grade. With higher
doses, a broader array of symptoms have been described,
including steady burning and electric shock sensations
(Harris et al. 2008). Furthermore, with these higher doses
prickly sensations are also more intense, affecting dif-
ferent individuals variably on the skin and around the
body in moving and vibrating patterns. The QDSA
(modified pain questionnaire) did not highlight any sign
of ordinary pain. Interestingly, the often used qualification
of “flushing” for SA-induced paresthesia (e.g. Harris
et al. 2006) was neither perceived as a sensation by
subjects (Fig. 4) nor spotted as a redness of the skin by
the external observer in the current study. For most
individuals “flushing” would not be the proper descrip-
tion of the primary side-effect at the moderate SA dose
used in this study. The absence of any visible cutaneous
vasodilation is also coherent with a mechanism of action
of BA that differs from that causing flushing after con-
sumption of niacin, which activates prostaglandin release
in capillaries (Kamanna et al. 2009). Instead, the primary
and sole reported sensation in the current study was the
tingling sensation of “pins and needles”. Finally, as
reviewed by Artioli et al. (2010) and Derave et al. (2010),
every study to date has shown that any symptoms of
paresthesia due to SA appear to be normal and transient
manifestations that dissipate in 1—-2 h. To date, chronic
BA supplementation has produced no other side-effects
and neither biochemical nor hematological alteration after
repeated daily administrations (Harris et al. 2006; Stel-
lingwerff et al. 2011). In conclusion, the ingestion of
slow-release fA tablets (2 x 0.8 g) is a practical,
symptom-free, probably effective and apparently safe
mode of fA supplementation.
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