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ORAL N-ACETYLCYSTEINE LOWERS PLASMA HOMOCYSTEINE
IN ADULTS ON A BACKGROUND OF ANABOLIC RESISTANCE
TRAINING

W. Hildebrandt'?, H. Krakowski-Roosen®?, H. Renk**, A. Kiinkele**, R. Sauer*®, D. Tichy’,
L. Edler’, R. Kinscherf'

Abstract: Lowering high plasma levels of homocysteine (tHcy) by folate/vitamin-B-supplementation only unsufficiently protects
against cardiovascular diseases and dementia. To enhance therapeutic options, we evaluated whether the significant tHcy-lowering
effect of oral N-acetylcysteine (NAC) in sedentary adults (-11.71% [12]) is still detectable on a background of anabolic resistance
training (RT) which moderately decreases tHcy itself. Reanalysing a previous randomized controlled double-blinded clinical trial,
we compared the effect of oral NAC (8 weeks 1.8 g/d, n=9) to that of placebo (n=8) on postabsorptive tHcy in healthy middle-
aged subjects (tHcy 11.82+0.69 uM) undergoing 8 weeks of supervised progressive RT. NAC (+RT) led to a significantly greater
reduction of tHcy (-13.97+5.81%) than placebo (+RT) (-3.85+4.81%) as confirmed by ANOVA (P<0.05) adjusting for methionine
plasma levels and gain in strength. This add-on effect of NAC (~-10%) suggests that combining cysteine supplementation with RT
may offer a novel (additional) option to lower tHcy in an aging population.
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Introduction

Elevated total plasma levels of homocysteine (tHcy)
has long been considered to be a pro- oxidative/-
inflammatory risk factor of endothelial dysfunction,
atherosclerosis and related cardiovascular endpoints
(1-3). However, available large-scale trials on
tHey-lowering (~-25%) through folate/B-vitamins
supplementation have shown the cardiovascular benefit
to be limited to stroke (1). Presently, in line with its age-
related increase and its role in oxidative stress (4), tHcy is
emerging as a factor of age-related neuronal degeneration
though the benefit of folate/ B-vitamins remains to be
proven (5). Moreover, tHcy is implicated in the age-
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related decline of skeletal muscle mass and function
which critically limit mobility and life-span (6-8).

Given the insufficient prevention through folate/B-
vitamins, alternative/additional options for tHcy-
lowering (ideally via different mechanisms) are
needed: Resistance training (RT), strongly suggested
for maintenance of skeletal muscle mass (8), has been
shown to moderately lower tHcy by ~5-6% possibly via
methionine incorporation into myofibrillar proteins (9,
10).

As another option, the thiol compound
N-acetylcysteine (NAC) is considered to lower tHcy
by increasing renal tHcy clearance via thiol-exchange
at (albumin) disulfide-binding sites (11, 12). Upon
intravenous bolus application, NAC acutely lowers tHcy
by up to -50% (2). More relevant to primary prevention,
several weeks of oral 1.8 g/d NAC lead to a tHcy
decrease by -11.7% which is associated with reductions
in blood pressure (12). While this NAC effect on tHcy
was demonstrated in healthy sedentary adults, it remains
to be proven on a background of RT, because RT lowers
tHcy itself.

We therefore explored unpublished data of a
randomized, double-blind, placebo-controlled trial on
the effect of 8 weeks 1.8 g/d NAC orally taken during
an 8-weeks-program of anabolic RT in healthy adults.
The tHcy reduction attributable to NAC was quantified
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and compared with the outcome of a previous trial on an
identical dose of oral NAC dose in sedentary subjects (12).

Methods
Subjects

Seventeen healthy normotensive middle-aged adults
were recruited to the randomized placebo-controlled trial
on a background of progressive RT (Table 1). Calculation
of sample size (n=8-9 per treatment arm) was based on
published tHcy-lowering effects of NAC (12) or RT (10)
alone. The study was approved by the Ethical Committee
the University of Heidelberg (L-157/2003-2, 11.11.2003)
and complied with the Declaration of Helsinki (1996).
No registration in an ICMJE-approved public trials
registries had been required for this study completed
before June 2004. Main exclusion criteria were: tHcy>30
uM, NAC or vitamin supplementation, NAC intolerance,
cardiovascular, renal, metabolic or any other disease.
Body composition was analysed by measurement of
electrical impedance and reactance using the TVI-10 body
composition analyzer (FM Service GmbH, Leverkusen,
Germany).

Trial medication and supplementation

1.8 g per day NAC (Fluimucil, Zambon, Bresso, Italy)
or placebo (Lactose) were taken orally over 8 weeks as
3x3 200 mg capsules (white, size 2, blinded with regard
to the characteristic NAC smell). To exclude nutritional
or endogeneous limitations in creatine availability during
RT (10), 1 g/d oral creatine (DSM Fine Chemicals Austria
GmbH, Linz, Austria) was supplemented throughout.

Blood parameters

Antecubital venous blood samples were drawn
between 8:00 and 10:00 a.m. after >12 h overnight fast and
>48 h abstinence from RT for fluormetric determination
of tHcy by high-performance-liquid-chromatography
(HPLC; Abbott Laboratory, Wiesbaden, Germany).
The acid-soluble plasma thiol concentration was
measured photometrically and the acid-soluble plasma
concentrations of cystine (cysteine-disulfide) and of
methionine determined by HPLC (Amino Acid Analyzer
LC 3000, Eppendorf, Hamburg, Germany) as described
(12, 13).

Training intervention

The 8-week-protocol of progressive concentric
isokinetic RT of the knee extensors and flexors comprised
16 professionally supervised sessions (60 min, 2/week)
using the Multi-Joint-System Isomed-2000™ (D+R Ferstl,
Hemau, Germany). The subjects’ knee extensor peak
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torque (PT) was assessed under isokinetic (80° range
of motion (ROM), angular velocity (AV) 60° s*) and
isometric (flexion angle of 40°, 3 maximal voluntary
contractions covering 7 s) conditions at each session. The
isokinetic training consisted of three sets of 12 flexion-
extension-cycles at (progressively adjusted) 75% of the
individual isokinetic PT at a ROM of 80° and AV of 60° s,
was performed by the left and the right leg separately and
guided by visual monitor feed-back of a preset individual
torque trace.

Statistics

Descriptive statistical analyses report means
(tstandard error of the mean (S.E.M.)) of the quantitative
characteristics collected on pre- and post-treatment as
well as their intra-individual absolute and percentage
changes (Table 1). Differences between the two arms, i.e.
NAC+RT and placebo+RT, were tested for tHcy as the
primary endpoint as well as for the secondary endpoints
by the Student’s two-sample unpaired t-test (Table 1).
Differences in tHcy changes between the NAC+RT and
placebo+RT arms were also assessed using an analysis
of variance (ANOVA) to adjust for covariate effects, in
particular i) the plasma level of methionine as a major
source of tHcy and ii) the RT-related gain in isometric
PT. Furthermore, a multivariate analysis of variance
(MANOVA) was applied to test for the interaction ‘time’
by ‘medication” (NAC versus placebo) as described
[12]. In addition, the paired t-test or the Wilcoxon test
when the t-test was inadequate was applied to each
treatment arm, to detect significant differences between
pre-and post-treatment values. P-values were reported as
statistically significant when P<0.05. The SPSS-software
(version 22.0 SPSS Inc., Chicago, IL, USA) was used
throughout.

Results

Baseline anthropometric data, muscle function, as
well as plasma amino acids were comparable between
the NAC and placebo treatment arms (Table 1). Mean
baseline tHcy of the total study population was 11.83+0.70
uM, i.e. slightly above the values (9.53£0.35 uM) of our
previous trial on NAC in 82 sedentary subjects [12] which
had been ca 8 years younger (43.5+3.5 vs. 51.742.1 years).
Eight weeks of RT yielded substantial and significant
increases in isometric and isokinetic PT in both treatment
arms, differing neither in absolute nor in percentage
terms of strength gain (Table 1). The concomitant small
increases in body weight, BMI and BCM (at stable
body fat) were also not different between the NAC and
placebo arm (though significant within the NAC arm).
As a main finding, tHcy significantly decreased with
8 weeks of NAC treatment (-13.97+5.81%, p=0.046 by
paired t-test) but not with placebo (-3.85+4.81%) (Table
1; Fig. 1, right panel). For comparison, in our previous
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Table 1
Anthropometry, muscle function and amino acid plasma levels before and after NAC and placebo treatment during
ongoing resistance training

Treatment arm  Pre-treatment Post-treatment A absolute A%
Anthropometry, muscle function
N Placebo 8 (6f/2m) 8
NAC 9 4f/5m) 9
Age (years)  Placebo 53.6 3.1
NAC 50.0 £3.0
Body height (cm) Placebo 171.1 £2.8
NAC 170.3 £3.6
Body weight (kg) Placebo 73.5£7.0 73.8£7.2 0.28 £0.37 0.25 £0.54
NAC 70.1 £5.6 71.6 5.7 * 1.50 £0.48 2.19 £0.71
BMI (kg m?)  Placebo 25.42 +1.82 25.58 +1.83 0.07 £0.13 0.24 £0.54
NAC 23.73 £1.26 2423 +1.25*% 0.50 £ 0.17 2.19 £0.71
BCM (kg) Placebo 32.49 £3.25 33.07 £3.79 0.59 +1.03 1.23 £3.54
NAC 29.84 +2.45 31.18 +2.58 ** 1.33 +0.34 4.45 +0.99
Body fat (%) Placebo 21.1142.43 21.50 +2.46 0.39 £1.30 4.10 £7.64
NAC 20.66 +1.49 21.28 +£2.08 0.62 £1.32 2.65+6.43
Isometric PT (Nm) Placebo 155.0 £13.0 199.1+15.6 ** 44.04 £10.93 30.61 £9.63
NAC 153.2 £15.0 185.8 £13.3 *** 32.60 +4.53 24.82 £5.63
Isokinetic PT (Nm) Placebo 160.6 £17.4 183.2 4229 * 22.61 £7.16 12.97 +3.52
NAC 162.9 £16.3 187.3 £17.7 * 24.38 +7.94 16.04 £5.29
Plasma amino acid levels
Homocysteine (tHcy) (uM) Placebo 11.18 £0.71 10.62 £0.57 -0.56 £0.52 -3.85 +4.81
NAC 12.40 £1.15 10.38 £0.80 * -2.02+0.86 § -13.97 +5.81
Thiol (uM) Placebo 5.23 +0.32 5.47 +0.47 0.24 +0.52 6.41 +10.73
NAC 5.29 +0.42 6.27 +0.78 0.95+1.13 34.73 £30.71
Cystine (uM) Placebo 36.28 +1.96 34.19 +2.89 -2.1+1.28 -6.41 £3.44
NAC 34.57 £1.32 36.22 +1.86 1.66 £1.70 5.21 +4.92
Methionine (uM) Placebo 19.28 £2.87 19.40 £3.24 0.17 £0.70 1.88 +3.61
NAC 16.79 £2.28 18.87 +2.63 * 2.08 +0.73 13.74 £6.32

Data show the mean +standard error of the mean (S.E.M.); BMI = body mass index; BCM = body cell mass; PT = peak torque of right knee extensor. * for P<0.05, ** for
P<0.01 and *** for P<0.001 by paired t-test or the Wilcoxon test for post- vs pre-treatment values separately for the NAC or the placebo arm. A significant effect of NAC
vs. placebo on the primary endpoint tHcy was assessed by ANOVA comparing pre-to-post changes between the two treatment arms with adjustments for methionine

and pre-to-post gain in isometric PT as covariates (see §, P=0.048).

placebo-controlled trial in sedentary male subjects (Fig.
1, left panel,[12]) tHcy significantly decreased with NAC
(-11.71+3.04%, P<0.001) but not with placebo (4.09+3.59%,
P>0.05). ANOVA with adjustment for plasma methionine
levels and gain in isometric PT detected a significant
difference between the NAC and placebo effect on
tHcy (P=0.048; see § in Fig. 1 and Table 1). This result
was further scrutinized and confirmed by MANOVA
(P=0.048, factor ‘time’ by ‘medication’) when adjusting
for the same covariates. The increase in plasma thiol was
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found to be non-significantly higher with NAC (0.95+1.13
uM, 34.73+30.71%) than with placebo (0.24+0.52 uM,
6.41+10.73%). A similar trend was observed for plasma
cystine (cysteine-disulfide). Methionine was significantly
increased with NAC only (P=0.02) (Table 1).
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Figure 1
Total homocysteine plasma levels (tHcy) before and after 1.8g/d oral NAC or placebo treatment of
non-exercising subjects (previous study (12), left panel,n=82) and of subjects undergoing anabolic
resistance training (present study, right panel, n=17)
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Percentage homocysteine changes with placebo and NAC amounted to +4.13+3.61% and -11.71+3.04 % (without training, left panel) and to -3.85+4.81% and -13.97+5.81%
(with resistance training, right panel), respectively. According to (M)ANOVA with adjustments for confounders the effect of NAC on tHcy was significantly different
from that of placebo in both studies: § P=0.001, without training, left panel; § P=0.048, with resistance training, right panel. For details see “Statistics” within ‘Methods’

section.

Discussion

Though of limited size, this randomized double-blind
clinical trial showed for the first time (generated the
hypothesis), that a dose of 1.8 g NAC /d for 8 weeks,
orally taken on a background of effectively anabolic
RT, significantly lowered tHcy by -13.97%, while a non-
significant decrease of -3.85% tHcy occured with placebo
(RT alone). This resulting ‘add-on’ effect of NAC of
around -10% tHcy reduction is well in line with our
recent findings in non-training males (-11.71+£3.04%)
taking an identical oral NAC dose (12). Notably, two
covariates were presently identified to significantly
impact the detected NAC effect on tHcy (warranting
consideration as confounders in previous and future
trials): The RT-related (likely anabolic) gain in isometric
PT and the plasma methionine level as a main and
nutritionally variable source of tHcy (3). Likely due

47

Data represent means+S.E.M.; * for p>0.05 and *** for p<0.001 by Student’s t-test for paired observation.

to the limited muscle mass involved (lower limb vs.
whole body) the presently observed tHcy-lowering of
-3.85% with RT (plus placebo) remained slightly below
the published range of -5 to -6% (9, 10) despite creatine
supplementation. Importantly however, NAC did not
compromise the outcome of RT suggested as an anti-
aging intervention. Of note, the present postabsorptive
measurements (12 h after the last NAC dose) may not
reflect the transient NAC-induced increase in plasma
thiol (mainly cysteine) levels (13) which likely is
associated with a large transient tHcy decrease of up to
-45% (2, 11). The potential of NAC to acutely decrease
tHcy - largely underestimated under postabsorptive
conditions - might offer an option to attenuate predictable
diurnal /nutritional tHcy peaks by well-timed and
adjusted NAC intake.

As NAC was tolerated well and without adverse
effect on the outcome of RT, a combination of oral



NAC with RT warrants further evaluation as an anti-
aging intervention against tHcy-related degeneration
limiting functional capacity. Indeed, in elderly subjects
(>75 years), the combination of 1.8 g/d NAC with RT
was previously shown by us to significantly enhance
functional capacity while decreasing plasma TNFa
levels (14). Moreover, NAC is able to improve both, the
ventilatory and the erythropoietin response to hypoxia
(13) beside several other vital functions which clearly
decline with age and respond to thiol redox signals — in
line with a non-radical oxidative stress theory of aging
(15).
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