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ABSTRACT

The purpose of this study was to examine the effects of ami-
no acid supplementation on muscular strength, power, and
high-intensity endurance during short-term resistance train-
ing overreaching. Seventeen resistance-trained men were
randomly assigned to either an amino acid (AA) or placebo
(P) group and underwent 4 weeks of total-body resistance
training consisting of two 2-week phases of overreaching
(phase 1: 3 X 8-12 repetitions maximum [RM], 8 exercises;
phase 2: 5 X 3-5RM, 5 exercises). Muscle strength, power,
and high-intensity endurance were determined before (T1)
and at the end of each training week (T2-T5). One repetition
maximum squat and bench press decreased at T2 in P (5.2
and 3.4 kg, respectively) but not in AA, and significant in-
creases in 1RM squat and bench press were observed at T3-
T5 in both groups. A decrease in the ballistic bench press
peak power was observed at T3 in P but not AA. The fatigue
index during the 20-repetition jump squat assessment did
not change in the P group at T3 and T5 (fatigue index = 18.6
and 18.3%, respectively) whereas a trend for reduction was
observed in the AA group (p = 0.06) at T3 (12.8%) but not
T5 (15.2%; p = 0.12). These results indicate that the initial
impact of high-volume resistance training overreaching re-
duces muscle strength and power, and it appears that these
reductions are attenuated with amino acid supplementation.
In addition, an initial high-volume, moderate-intensity phase
of overreaching followed by a higher intensity, moderate-vol-
ume phase appears to be very effective for enhancing muscle
strength in resistance-trained men.
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Introduction

verreaching is a short-term training phase in
which the volume and/or the intensity of resis-
tance exercise is increased beyond normal. The ratio-
nale is to overwork (in order to suppress performance
and build up tolerance) and then taper to produce a
subsequent “rebound” in performance (8, 10, 23).
Overreaching for an extended period of time may lead
to overtraining in which significant declines in perfor-
mance are observed. However, the overwork associat-
ed with overreaching is typically mild and recovery
may occur relatively quickly following normal or re-
duced training (23). Thus the practice of acute over-
reaching may enhance performance only if it is fol-
lowed by normal training. In particular, athletes who
may not have the opportunity to reduce training vol-
ume and/or intensity during acute overreaching may
experience reductions in muscle strength and power,
which could have a negative impact on performance
during a competitive season and possibly result in
overtraining. Therefore, nutritional interventions that
enhance recovery may be necessary to optimize per-
formance in these individuals.
Amino acid supplementation has been reported to
augment recovery during endurance and resistance ex-
ercise by mechanisms that are unclear but appear to



involve increasing protein synthesis and/or reducing
protein degradation and reducing muscle damage (5,
7, 17). Although most of the literature has focused on
amino acid supplementation during endurance train-
ing, it appears that the overall volume and intensity
of exercise are critical factors for determining macro-
nutrient needs. However, less is known concerning the
effects of amino acid supplementation during short-
term resistance training overreaching for periods lon-
ger than 1 week (9). Considering that athletes need to
perform under stressful conditions and many times
show signs of overwork, amino acid supplementation
may be beneficial if it enables the athlete to maintain
performance when adequate recovery between work-
outs, competitions, practices, etc., is not feasible.
Therefore, the purpose of the present study was to in-
vestigate the effects of amino acid supplementation
during short-term resistance training overreaching. It
was our hypothesis that amino acid supplementation,
by enhancing recovery between workouts, would
maintain muscle strength and power during the initial
unaccustomed stress of resistance training overreach-
ing. In addition, a secondary purpose was to examine
the rapidity of the “rebound” effect associated with
overreaching, which would serve as an indicator of the
efficacy of the overreaching program used in the pre-
sent study.

Methods

Experimental Approach to the Problem

In order to examine the primary hypothesis of this
investigation, a double-blind randomized study was
employed using 2 experimental groups (amino acid or
placebo supplementation) who underwent 4 weeks of
resistance training overreaching followed by a 2-week
reduced volume/frequency phase. The training pro-
gram consisted of 2 weeks of moderate-intensity, high-
volume resistance training and 2 weeks of high-inten-
sity and a lower volume of resistance training. Acute
overreaching was produced by training the whole
body on consecutive days, thereby minimizing recov-
ery between workouts. Muscular strength, power, and
high-intensity endurance were assessed every 2 weeks.
This experimental design enabled us to investigate po-
tential ergogenic effects (e.g., recovery enhancement)
of amino acid supplementation during resistance
training overreaching in resistance-trained men.

Subjects

Seventeen resistance-trained men were matched for
body mass, age, and muscle strength and were ran-
domly assigned to 1 of 2 supplementation treatments,
an amino acid (AA; N = 9, age = 19.7 = 14 years,
height = 183.6 = 6.9 cm, body mass = 89.1 = 19.8 kg,
and training experience = 4.4 * 2.2 years) or a placebo
(P; N = 8, age = 21.3 = 3.0 years, height = 179.4 +
6.4 cm, body mass = 889 = 11.1 kg, and training
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Table 1. Composition of the amino acid supplement.

Amino acid mg/Tablet g/100 g
L-leucine 250 27.2
L-lysine 130 14.1
L-isoleucine 125 13.6
L-valine 125 13.6
L-threonine 70 7.6
L-cysteine 30 3.3
L-histidine 30 3.3
L-phenylalanine 20 2.2
L-methionine 10 1.1
L-tyrosine 6 0.7
L-tryptophan 4 04

experience = 5.1 * 3.0 years) group. Each of the sub-
jects were informed of the benefits and risks of the
investigation and subsequently signed an approved
consent form in accordance with the guidelines of the
university Institutional Review Board for use of hu-
man subjects. No participant had any medical or or-
thopedic problems that would compromise his partic-
ipation and performance in the study. In addition,
none of the subjects was taking any medications, nu-
trition supplements, or anabolic drugs that would con-
found the results of this study.

Subjects assigned to the AA group ingested a total
of 0.4 g/kg body weight of an amino acid supplement
per day divided into 3 daily doses (Big One; Profes-
sional Dietetics, Milan, Italy). In addition, each partic-
ipant was instructed to ingest the supplement separate
from meals, 1 hour before a meal, and 2 hours follow-
ing a meal. The composition of the amino acid sup-
plement is presented in Table 1. Subjects in the P
group received the same instructions and ingested the
same number of capsules as the AA group. All sup-
plement doses were administered by a registered di-
etitian who calculated each serving size and distrib-
uted the supplements in clearly marked plastic bags.
All subjects recorded the times of supplementation in
accordance with the investigators” instructions.

Strength Testing

One-repetition maximum (1RM) strength was deter-
mined for the free-weight squat and bench press ex-
ercises according to methods previously described by
Kraemer and Fry (16). A warm-up set of 5-10 repeti-
tions was performed using 40-60% of the perceived
maximum 1RM. After a 1-minute rest period, a set of
2-3 repetitions was performed at 60-80% of the per-
ceived maximum 1RM. Subsequently, 34 maximal tri-
als (1-repetition sets) were performed to determine the
1RM. Rest periods between trials were 2-3 minutes. A
complete range of motion and proper technique were
required for each successful 1RM trial. For the squat
exercise, each participant was instructed to descend
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until the upper thighs were parallel to the ground. A
research assistant was located lateral to the subject and
gave a verbal “up” signal to initiate the concentric ac-
tion of the exercise. For the bench press, each partici-
pant lowered the bar until it came in contact with the
chest musculature. “Bouncing” the weight off of the
chest and excessive arching of the back were not per-
mitted. Strength testing was performed prior to initi-
ation of the 4-week overreaching period (T1), and after
the completion of each training week (T2, T3, T4, and
T5). In addition, 1RM testing was performed after a 2-
week reduced volume and frequency period (RED).
Strength testing was performed at the same time each
session and approximately 24 hours following the last
training session. All subjects refrained from activity
not related to the present investigation for at least 24
hours prior to testing. Test-retest reliability for both
the squat and bench press was R = 0.99.

Power Testing

Upper and lower body power was measured using the
ballistic bench press and jump squat exercises, respec-
tively, with the Plyometric Power System (PPS; Nor-
search Limited, Lismore, Australia). The PPS enables
ballistic movement and has been described in detail
elsewhere (15). For the jump squat, each participant
descended to a position in which the thigh muscula-
ture was parallel to the ground. In a ballistic manner,
each participant ascended as rapidly as possible and
proceeded to jump as high as possible while minimiz-
ing any contributions from the arms. The weight was
released upon jumping and bar displacement was cal-
culated. For the ballistic bench press, each participant
lowered the weight from the fully extended elbow po-
sition until it came in contact with the chest muscu-
lature. The concentric action of the exercise was per-
formed as rapidly as possible, and the weight was re-
leased upon completion. The PPS incorporates a uni-
directional electromagnetic braking system that
immediately prevented descending bar movement
once engaged. Thus the bar was safely released. A ro-
tary encoder attached to the PPS and interfaced with
a computer-enabled measurement of bar movement
with an accuracy of 0.001 m, and peak power was cal-
culated.

The jump squat and ballistic bench press were per-
formed with a load corresponding to 30% of the squat
and bench press 1RM, respectively, attained during the
pretraining testing period. Testing order was random-
ized such that half of the subjects began with the squat
jump and half began with the ballistic bench press.
Each participant was given 3-5 maximal trials with 2
minutes of rest between trials, and the best trial was
recorded for analysis. Power testing was performed
prior to initiation of the training program (T1), after
the 2-week higher volume phase (T3), after the 2-week

lower volume phase (T5), and following the 2-week
reduced volume/frequency phase (RED).

Following peak power testing, each participant
performed a 20-repetition jump squat protocol used to
measure high-intensity local muscle endurance. Load-
ing for this assessment consisted of 30% of each par-
ticipant’s pretraining 1RM squat. Subjects were in-
structed to jump as high as possible for each repetition
while maintaining proper exercise technique and
range of motion. The fatigue index (percentage decline
in power) was calculated by using the following equa-
tion: [(peak power — lowest power) / peak power| X
100. Test-retest reliabilities for all power tests ranged
from 0.97 to 0.99.

Anthropometry and Body Composition

Circumference measurements were obtained using
standardized procedures (22) before and following the
overreaching period (T1 and T5). The sites for circum-
ference measurements were the right thigh, upper
arm, chest, and waist. The same individual performed
all circumference measurements. Percent body fat and
bone mineral density were obtained with dual energy
X-ray absorptiometry (DEXA) at T1 and T5 with a to-
tal-body scanner (Prodigy, Lunar Corporation, Madi-
son, WI) that uses a constant potential X-ray source of
76 kVp and a cerium filter that produces dual-energy
peaks of 38 and 62 keV. All analyses were performed
by the same technician using computer algorithms
(software version 2.17.008). Quality assurance was as-
sessed by analyzing a phantom spine provided by the
company, and daily calibrations were performed prior
to all scans using a calibration block provided by the
manufacturer. Intraclass correlation coefficients (R =
0.98) were obtained for bone mineral content, lean
body mass, and fat mass from repeated scans on a
group of men and women in our laboratory.

Nutrition Assessment

In order to control for possible confounding effects of
alterations in dietary intake over the training period
and to isolate the independent effects of the supple-
mentation treatments, an attempt was made to stan-
dardize dietary nutrient intake at an isocaloric level for
each individual. Prior to beginning the study, subjects
were weighed before and after a 7-day period during
which time they recorded all food/beverages con-
sumed according to instructions provided by the same
registered dietitian. If body weight fluctuated >1 kg
during the 7-day period, subjects were provided with
nutritional counseling to either increase or decrease
food intake in order to maintain body weight. The 7-
day food records were subsequently photocopied and
returned to subjects. All subjects reproduced this 7-
day diet during each week of the training and supple-
mentation period. Prior to beginning the study, each
group consumed similar relative proportions of car-



Table 2. Resistance training program.
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Week Monday, Wednesday Tuesday, Thursday Friday

1 Back squat, 3 X 10-12* Leg press, 3 X 10-12* 1RM squat
Bench press, 3 X 10-12* Incline bench press, 3 X 10-12* 1RM bench press
Lat pulldown, 3 X 10-12+t Bent-over row, 3 X 10-121
Lunge, 3 X 10-12t Stiff-leg deadlift, 3 X 10-12t
Seated shoulder press, 3 X 10-12t Upright row, 3 X 10-12t
Dumbbell curl, 3 X 10-12t Barbell curl, 3 X 10-12t
Lying triceps extension, 3 X 10-12% Dips, 3 X 10-12+
Leg raise, 3 X 20} Sit-ups, 3 X 20

2 Back squat, 3 X 8-10* Leg press, 3 X 8-10% 1RM squat
Bench press, 3 X 8-10* Incline bench press, 3 X 8-10* 1RM bench press
Lat pulldown, 3 X 8-10t Bent-over row, 3 X 8-10t Jump squats
Lunge, 3 X 8-101 Stiff-leg deadlift, 3 X 8-101 Ballistic bench press
Seated shoulder press, 3 X 8-10t Upright row, 3 X 8-10t
Dumbbell curl, 3 X 8-10t Barbell curl, 3 X 8-10t
Lying triceps extension, 3 X 8-10t Dips, 3 X 8-10t
Leg raise, 3 X 20f Sit-ups, 3 X 20%

3 Back squat, 5 X 5* Leg press, 5 X 5* 1RM squat
Bench press, 5 X 5* Incline bench press, 5 X 5* 1RM bench press
Deadlift, 5 X 5t High pull, 5 X 5t
Lat pulldown, 5 X 5t Bent-over row, 5 X 5t
Seated shoulder press, 5 X 5t Close-grip bench press, 5 X 5t

4 Back squat, 5 X 3* Leg press, 5 X 3* 1RM squat
Bench press, 5 X 3* Incline bench press, 5 X 3* 1RM bench press
Deadlift, 5 X 3t High pull, 5 X 3t Jump squats
Lat pulldown, 5 X 3% Bent-over row, 5 X 3t Ballistic bench press

Close-grip bench press, 5 X 3t

Seated shoulder press, 5 X 3t

* Three minutes of rest between sets.
1+ Two minutes of rest between sets.
1 One minute of rest between sets.

bohydrates, fats, and protein. However, during the
study the AA group consumed an additional 25-55 g
protein per day via amino acid supplementation.

Resistance Training

Prior to initiation of the 4-week overreaching program,
each participant underwent 4 weeks of base resistance
training. This ensured that each subject began the
study in a trained state. Base training consisted of 5
exercises per workout (squat, bench press, lat pull-
down, leg press, and shoulder press) for 3 sets of 8-
10 repetitions with 1-3 minutes of rest between sets
performed 2 days per week.

Multiple-set, periodized resistance training was
performed on 4 consecutive days using a total-body
program (see Table 2). Due to time limitation con-
straints with the subjects, the overreaching program
trained each muscle group on consecutive days, there-
by limiting recovery. That way a program lasting ap-
proximately 1.5 hours would suffice. The first 2 weeks
consisted of a higher volume, moderate-intensity re-
sistance exercise, whereas the last 2 weeks consisted of
high intensity with a lower volume of resistance ex-
ercise. All sets were performed with RM loads such

that all sets were either performed to or near muscular
exhaustion. When each subject was able to complete
the desired number of repetitions with the current
load, weight was added to subsequent sets or during
the next workout. All workouts were supervised by a
certified strength and conditioning specialist who also
monitored the training loads (20).

Following the 4-week experimental period, each
participant underwent a 2-week RED resistance train-
ing phase. The program used during this phase was
identical to the base resistance training program used
prior to initiation of the 4-week overreaching protocol
(i.e, 5 exercises per workout, 8-10 repetitions, 2 days
per week). Only 1RM squat, bench press, peak power
attained during the ballistic bench press, and jump
squat were assessed following this training 2-week
phase.

Statistical Analyses

Statistical evaluation of all performance data was ac-
complished using an analysis of variance (ANOVA)
with repeated measures. Subsequent pairwise differ-
ences were determined using a Tukey post-hoc test
when appropriate. For the 20-repetition jump squat as-
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Table 3. Changes in anthropometry and body composition.*

T1 T2 T3 T4 T5

Body mass (kg)

AA 89.1 = 19.8 90.4 + 19.8 90.4 = 20.1 90.9 * 20.1 90.9 = 20.0

P 88.9 = 11.1 90.1 = 11.1 89.7 = 10.7 89.9 = 10.8 89.8 = 10.5
Bone mineral density (g - cm?)

AA 1.32 = 0.09 1.32 = 0.09

P 1.34 = 0.06 1.31 = 0.05
Chest cir. (cm)

AA 1059 * 11.8 105.7 = 11.5

P 1074 £ 79 1071 £ 6.3
Thigh cir. (cm)

AA 60.3 = 6.3 612 * 63

P 60.0 = 4.8 60.0 = 2.5
Upper arm cir. (cm)

AA 347 + 3.6 355 + 34

P 357 + 23 36.0 = 2.0
Waist cir. (cm)

AA 86.4 = 11.8 859 + 11.1

P 90.8 = 9.0 89.4 + 8.6
Body fat (%)

AA 181 = 9.6 18.1 =92

P 203 + 8.8 19.3 £ 8.6

*T1 indicates before training; T2-T5, training weeks 1-4; AA, amino acid group; P, placebo group; cir, circumference.
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Figure 1. Changes in 1 repetition maximum (1RM) bench
press during 4 weeks of resistance training overreaching
and 2 weeks of reduced volume/frequency training. AA
indicates amino acid group; P, placebo group. T1, baseline;
T2, after week 1 of protocol; T3, after week 2 of protocol;
T4, after week 3 of protocol; T5, after week 4 of protocol;
RED, after reduced volume/frequency 2-week period.
Asterisk indicates p < 0.05 from corresponding point T1;
number sign (#), p < 0.05 from previous time point. Data
presented are means * SE.

sessment, the delta change in the fatigue index be-
tween T1-T3 and T3-T5 was used for the ANOVA.
Using the nQuery Advisor software (Statistical Solu-
tions, Saugus, MA), the statistical power for the n size
used ranged from 0.80 to 0.92. Significance was set at
p = 0.05.

Results

Changes in anthropometry, body composition, muscle
strength, and power are presented in Table 3 and Fig-
ures 1-4. One repetition maximum squat and bench
press decreased significantly at T2 in P, whereas no
change was observed in AA. At T3, 1RM squat and
bench press reached baseline T1 values in P, whereas
a significant increase in 1RM squat was observed in
AA. Both 1RM squat and bench press increased sig-
nificantly at T4 and T5 with no differences observed
between groups. Following RED training period, 1IRM
bench press did not change significantly (117.7 * 18.9
kg) in the AA group (p = 0.17) but increased signifi-
cantly (120.5 = 15.5 kg) in the P group. For the 1IRM
squat, both groups increased significantly following
RED (AA = 145.0 = 35.0 kg; P = 150.0 = 23.4 kg).
No differences were observed between groups in ei-
ther the 1RM bench press or squat at RED.

Peak power during the ballistic bench press de-
creased significantly in the P group at T3, whereas no
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Figure 2. Changes in 1 repetition maximum (1RM) squat
during 4 weeks of resistance training overreaching and 2
weeks of reduced volume/frequency training. AA indicates
amino acid group; P, placebo group. T1, baseline; T2, after
week 1 of protocol; T3, after week 2 of protocol; T4, after
week 3 of protocol; T5, after week 4 of protocol; RED, after
reduced volume/frequency 2-week period. Asterisk
indicates p < 0.05 from corresponding point T1; number
sign (#), p < 0.05 from previous time point. Data
presented are means * SE.
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Figure 3. Changes in ballistic bench press peak power at
T1, T3, T5, and following 2 weeks of reduced volume/
frequency training. AA indicates amino acid group; P,
placebo group. T1, baseline; T3, after week 2 of protocol;
T5, after week 4 of protocol; RED, after reduced volume/
frequency 2-week period. Asterisk (*) indicates p < 0.05
from corresponding point T1; at sign (@), p = 0.08 from
corresponding point T1. Data presented are means + SE.

difference was observed in the AA group. At T5, peak
power during the ballistic bench press returned to
baseline (T1) values in the P group, but a trend (p =
0.08) for improvement was observed in the AA group.
In the RED period, peak power during the ballistic
bench press did not change significantly in either
group (AA =755.1 £ 1248 W; P = 756.4 = 136.5 W).
Peak power during the jump squat did not signifi-
cantly change at T3 in either group. At T5, peak power
during the jump squat increased significantly in the
AA group only as the small increase observed in the
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Figure 4. Changes in jump squat peak power at T1, T3,
T5, and following 2 weeks of reduced volume/frequency
training. T1, baseline; T3, after week 2 of protocol; T5,
after week 4 of protocol; RED, after reduced volume/
frequency 2-week period. Asterisk (*) indicates p < 0.05
from corresponding point T1. Data presented are means *
SE.

P group was not significant (p = 0.12). In the RED
period, peak power during the jump squat did not
change significantly from T5 in either group (AA =
3572.1 = 811.1 W; P = 3569.7 = 510.2 W). However,
the increase observed in the P group was significant
in comparison to T1. No significant changes in body
mass density, circumferences, or percent body fat were
observed in either group.

The fatigue index during the 20-repetition jump
squat assessment was calculated at T1, T3, and T5 in
both groups. At T1 there was no significant difference
between groups (21.4 vs. 19.3% in the AA and P
groups, respectively). In the P group there were no
differences in the fatigue index at T3 and T5 (fatigue
index = 18.6 and 18.3%, respectively). In the AA
group a trend (p = 0.06) for a reduction in the fatigue
index was observed at T3 (12.8%) but not T5 (15.2%;
p = 0.12). In addition, a trend for a lower fatigue index
was observed in the AA group compared with the P
group at T3 (p = 0.09). It appeared that this trend
between groups took place during the last 5 repeti-
tions of the protocol, although ANOVA revealed no
significant differences in the power attained between
groups in any of the repetitions (p = 0.19-0.43).

Discussion

The major findings of this study are (a) the initial
stress of acute resistance training overreaching reduces
muscle strength and power, and this phenomenon is
attenuated by amino acid supplementation; (b) a trend
for a reduction in the fatigue index during the 20-rep-
etition jump squat assessment was observed during
the first phase of the overreaching period in the AA
group; and (c) the overreaching program used in the
present study was very effective for enhancing mus-
cular strength in resistance-trained men.
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Amino acid supplementation has been shown to
enhance recovery from exercise by increasing protein
synthesis and/or reducing degradation (2, 25); by en-
hancing glycogen resynthesis when ingested with glu-
cose; and by reducing muscle damage (2, 7). Efficient
recovery of protein metabolism is critical to maintain-
ing and promoting the anabolic processes involved in
maintenance and development of skeletal muscle mass
(2). Recovery from consecutive total-body workouts is
critical to performance, especially when overreaching
is performed with the goal of enhancing performance
due to a rebound effect (8, 23). Dietary intake strate-
gies to help mediate optimal repair and recovery of
skeletal muscle have prompted the suggestion that
high-volume and/or high-intensity resistance training
increases protein needs (18, 21). In the present study,
muscle strength and upper-body power were signifi-
cantly reduced only during the initial phase of over-
reaching in the P group. A reduction was not observed
in the AA group, thus showing the importance of
greater amino acid intake during this initial phase of
overreaching. Conversely, with the increase in the in-
tensity and partial reduction in volume of the over-
reaching protocol, no performance reduction was ob-
served during weeks 3 and 4. This demonstrated that
the ability of resistance-trained men to rapidly adapt
to a new training stimulus helped mediate a successful
overreaching endpoint of higher performance values.
The rapidity of adaptation to a resistance exercise
stress may underlie the effectiveness of the overreach-
ing protocol and be aided by the early amino acid in-
take in those unaccustomed to the initial training
stress. This was shown by Fry et al. (9), who reported
no reductions in performance (and consequently no
effects of amino acid supplementation) during 1 week
of high-volume overreaching in elite junior weightlif-
ters accustomed to this type of training stress. In ad-
dition, it has been shown previously that adaptation
to the initial stress of eccentric training may take place
in as few as 13 days (19). Our data present a similar
time course of adaptation. The body’s ability to rapidly
adapt to the stresses of an overreaching protocol (i.e.,
changes in protein kinetics, neural activation, etc.) in
resistance training clearly demonstrates the need for
variation in program design.

The results of the present study indicate that amino
acid supplementation does not provide an ergogenic
effect for strength improvement during the rebound
phase of a short-term overreaching period. This find-
ing supports previous research in men and women
during traditional resistance training. Williams et al.
(26) reported that postresistance exercise glucose /ami-
no acid supplementation (0.2 g/kg body mass) did not
significantly enhance muscle strength after 10 weeks
of training. Antonio et al. (3) reported no significant
additional improvements in muscle strength with ami-
no acid supplementation in previously untrained

women. Therefore, our results support these data from
other laboratories, as no advantage in strength en-
hancement was observed during amino acid supple-
mentation after the subjects adapted to the initial
phase of the overreaching protocol.

Amino acid supplementation appeared to provide
a small advantage for peak power performance
throughout the course of the present study. The AA
group maintained both jump squat and ballistic bench
press peak power performance at T3, whereas a sig-
nificant reduction in the ballistic bench press was ob-
served in the P group. In addition, only the AA group
showed a significant increase at T5 in the jump squat
(146 vs. 98 W, respectively, in AA and P) and a trend
(p = 0.08) for increase at T5 in the ballistic bench press
(40 vs. 20 W, respectively, for AA and P). The lack of
a significant increase in peak power in the P group at
T5 (in comparison with strength improvements) was
not surprising. The subjects in this study had signifi-
cant training experience and the program used was
traditional in the sense that ballistic exercises (i.e.,
those most effective exercises for improving power)
were not included. Several studies have shown im-
proved power performance following a traditional re-
sistance training program in moderately trained indi-
viduals (1, 4). However, the effectiveness of traditional
resistance training methods used solely for developing
maximal power has been questioned in trained indi-
viduals because this type of training tends to only in-
crease maximal strength at slow movement velocities,
rather than improving the other components contrib-
uting to maximal power production (12). In fact, heavy
resistance training may actually decrease power out-
put unless accompanied by explosive movements (6).
Our data demonstrate that improvements in power ca-
pacity do occur with traditional resistance training
overreaching and that the rate of improvement ap-
pears to be augmented with amino acid supplemen-
tation.

It appeared that the initial stress of the overreach-
ing protocol reduced power to a longer extent than
muscle strength in the P group, as peak power was
still reduced 2 weeks into the protocol (as opposed to
1 week for the strength measurements). These data in-
dicate that power production may be more susceptible
than strength to reductions during the initial stress of
overreaching. This finding is of particular importance
to athletes who frequently train using high volumes of
exercise. Considering that muscle power is a better in-
dicator of sports performance than muscle strength
per se, any reductions in power could potentially affect
sports performance. Maintenance of power during
these high-volume periods would be advantageous,
and therefore our data demonstrate a potential benefit
of amino acid supplementation during these high-vol-
ume training phases.



High-intensity local muscle endurance, as mea-
sured using the 20-repetition jump squat protocol,
tended to improve only in the AA group at T3 (p =
0.06). The fatigue index decreased from 21.4% (T1) to
12.8% (T3) in the AA group, whereas no difference
was observed in the P group (19.3-18.6%) during this
higher volume phase of overreaching. Amino acid sup-
plementation, especially branched-chain amino acids,
has been suggested to improve endurance during aer-
obic events. However, less is known concerning high-
intensity local muscle endurance performance. Amino
acid supplementation did not provide an advantage
for increasing 12RM loads compared with placebo fol-
lowing 6 weeks of resistance training in previously un-
trained women (3). In the present study, the small ad-
vantage gained with amino acid supplementation ap-
peared to take place during the last 5 repetitions of
the protocol (e.g., repetitions 16-20), as peak powers
were similar between groups initially during the first
several repetitions, and yet the fatigue index was lower
in the AA group, indicating less of a drop-off in power
during the last few repetitions. Therefore, our data in-
dicate that amino acid supplementation may be ad-
vantageous for augmenting high-intensity local mus-
cular endurance during resistance training overreach-
ing when a sufficient duration is used (i.e., at least 15
repetitions for power testing). To our knowledge this
is the first study showing high-intensity local muscle
endurance enhancement with amino acid supplemen-
tation during resistance training overreaching.

An interesting finding in the present study was the
effectiveness of the overreaching protocol for improv-
ing muscular strength and power. It has been sug-
gested that acute increases in volume and/or intensity
of resistance exercise resulting in a greater volume
load may enhance performance when followed by nor-
mal or reduced training (23). A possible decrement in
performance may be observed due to the initial stress,
but the adaptation then provides greater tolerance for
increasing intensity during subsequent training phas-
es (24). This period of reduced volume/frequency, or
“tapering,” has been shown to enhance performance
over an 8-day period, providing adequate intensity is
maintained (11). The first 2-week phase used in the
present study was of high volume in comparison with
the second 2-week phase. We expected an initial dec-
rement in performance, as the subjects were accus-
tomed to a 3-4 d/wk resistance training split routine
program (thereby having at least 48 hours of recovery
before the muscles are trained subsequently) and not
a program stressing all major muscle groups intensely
on consecutive days. Our data demonstrate that an ini-
tial high-volume overreaching phase may reduce per-
formance as previously suggested (23), although this
reduction was attenuated by amino acid supplemen-
tation. Interestingly, when the frequency remained
constant, the intensity significantly increased, and the
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volume was somewhat reduced during the second
phase there were significant weekly strength increases
in both groups at T4 and T5. Most remarkably, the
improvements at T4 and T5 were greater than those
observed during our 2-week RED period where sub-
jects returned to the base resistance training program.
These data demonstrate the importance of high-inten-
sity resistance training following high-volume training
to optimize the benefits of overreaching. It appeared
that the high-volume phase prepared the subjects
physiologically by increasing tolerance for the high-
intensity phase. Although the tapering did produce
significant increases in strength and power, the impact
was less dramatic than that observed during the high-
intensity phase.

No differences were observed in circumferences,
bone mineral density, or body composition. The du-
ration of the experimental protocol may not have been
long enough to significantly increase muscle mass in
resistance-trained men. The protocol used in the pre-
sent study limited recovery between workouts. Con-
sidering the importance of recovery for muscle hyper-
trophy, it appears that the lack of change observed in
the present study may have been partially caused by
the high initial stress of the training program. In ad-
dition, the lack of hypertrophy and significant increas-
es in strength may reflect the importance of neural
factors for increasing strength in resistance-trained
men, especially when the intensity is high (e.g., 3-5RM
loading phase used in the present study). Increases in
lifting performance with minimal hypertrophy have
been shown in elite weightlifters over long-term train-
ing periods (12-14). Our findings suggest that an in-
terplay may exist between neural and hypertrophic
factors for strength improvements in resistance-trained
men.

In summary, amino acid supplementation was ef-
fective for attenuating the reductions in muscle
strength and power observed during the high initial
stress of resistance training overreaching. In addition,
the overreaching program used in the present study
was effective for increasing muscular strength and
power in resistance-trained men. These findings dem-
onstrate a potential benefit of amino acid supplemen-
tation during high-volume resistance training.

Practical Applications

In the quest for optimal performance, nutritional sup-
plementation has been a topic of interest in the
strength and conditioning field for many years. Amino
acid supplementation has been studied mostly in en-
durance training, and the few resistance training stud-
ies that have investigated the subject have shown po-
tential benefits for increasing protein synthesis, reduc-
ing protein degradation, and reducing muscle damage
without providing an ergogenic effect for overall
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strength and power enhancement. The results of the
present study show a beneficial role of amino acids in
enhancing recovery and maintaining performance
during the initial phase of high-volume resistance
training overreaching. These findings have direct im-
pact on nutritional strategies for optimizing perfor-
mance during high-volume resistance training over-

reaching.

References

1. Apbawms, K., J.P. O’sHEA, K.L. O’SHEA, AND M. CLIMSTEIN. The
effect of six weeks of squat, plyometric and squat-plyometric
training on power production. | Appl. Sport Sci. Res. 6:36—41.
1992.

2. ANTHONY, J.C., T.G. ANTHONY, AND D.K. LAYMAN. Leucine
supplementation enhances skeletal muscle recovery in rats fol-
lowing exercise. J. Nutr. 129:1102-1106. 1999.

3. ANTONIO, J., M.S. SANDERS, L.A. EHLER, J. UELMEN, J.B. RAETH-
ER, AND J.R. STOUT. Effects of exercise training and amino-acid
supplementation on body composition and physical perfor-
mance in untrained women. Nutrition 16:1043-1046. 2000.

4. BAUER, T, R.E. THAYER, AND G. BARAS. Comparison of training
modalities for power development in the lower extremity. J.
Appl. Sport Sci. Res. 4:115-121. 1990.

5. BioLo, G., K.D. TirTON, S. KLEIN, AND R.R. WOLFE. An abun-
dant supply of amino acids enhances the metabolic effect of
exercise on muscle protein. Am. J. Physiol. Endocrinol. Metab. 273:
E122-E129. 1997.

6. BOBBERT, M.A., AND A.J. VAN SoOEesT. Effects of muscle
strengthening on vertical jump height: a simulation study. Med.
Sci. Sports Exerc. 26:1012-1020. 1994.

7. Coowmses, L.R., AND L.R. MCNAUGHTON. Effects of branched-
chain amino acid supplementation on serum creatine kinase
and lactate dehydrogenase after prolonged exercise. J. Sports
Med. Phys. Fitness 40:240-246. 2000.

8. Fry, A.C., AND W]. KRAEMER. Resistance exercise overtraining
and overreaching. Sports Med. 23:106-129. 1997.

9. Fry, A.C., W]. KRAEMER, M.H. STONE, B.]. WARREN, ].T. KEAR-
NEY, C.M. MARESH, C.A. WESEMAN, AND S.J. FLECK. Endocrine
and performance responses to high volume training and amino
acid supplementation in elite junior weightlifters. Int. |. Sport
Nutr. 3:306-322. 1993.

10. Fry, A.C., WJ. KRAEMER, M.H. STONE, B.]. WARREN, S.]. FLECK,
J.T. KEARNEY, AND S.E. GORDON. Endocrine responses to over-
reaching before and after 1 year of weightlifting. Can. |. Appl.
Physiol. 19:400-410. 1994.

11. GiBaLA, M.]., J.D. MACDOUGALL, AND D.G. SALE. The effects of
tapering on strength performance in trained athletes. Int. J.
Sports Med. 15:492-497. 1994.

12.  HAKKINEN, K. Neuromuscular and hormonal adaptations dur-
ing strength and power training. J. Sports Med. 29:9-26. 1989.

13. HAKKINEN, K., A. PAKARINEN, M. ALEN, H. KAUHANEN, AND
P.V. KoMI. Relationships between training volume, physical
performance capacity, and serum hormone concentrations dur-
ing prolonged training in elite weight lifters. Int. ]. Sports Med.
8(Suppl.):61-65. 1987.

14. HAKKINEN, K., A. PAKARINEN, M. ALEN, H. KAUHANEN, AND
P.V. Kom1. Neuromuscular and hormonal adaptations in ath-
letes to strength training in two years. |. Appl. Physiol. 65:2406—
2412. 1988.

15. HumPHRIES, B.J., R.U. NEWTON, AND G.J. WILSON. The effect of
a braking device in reducing the ground impact forces inherent
in plyometric training. Int. |. Sports Med. 16:129-133. 1995.

16. KRAEMER, WJ]., AND A.C. Fry. Strength testing: development
and evaluation of methodology. In: Physiological Assessment of
Human Fitness. P. Maud and C. Foster, eds. Champaign, IL: Hu-
man Kinetics, 1995. pp 115-138.

17. KREIDER, R.B., V. MIRIEL, AND E. BERTUN. Amino acid supple-
mentation and exercise performance: analysis of proposed er-
gogenic value. Sports Med. 16:190-209. 1993.

18. LEMON, PW.R., M.A. TARNOPOLSKY, ].D. MACDOUGALL, AND
S.A. ATKINSON. Protein requirements and muscle mass/
strength changes during intensive training in novice body-
builders. J. Appl. Physiol. 73:767-775. 1992.

19. MAIR, J., M. MAYR, E. MULLER, A. KOLLER, C. HAID, E. ARTNER-
Dworzak, C. CaLzOL, C. LARUE, AND B. PUSCHENDORF. Rapid
adaptation to eccentric exercise-induced muscle damage. Int. |.
Sports Med. 16:352-356. 1995.

20. MazzgtTl, S.A., W.J. KRAEMER, J.S. VOLEK, N.D. DUNCAN, N.A.
RataMEss, A.L. GOMEZ, R.U. NEWTON, K. HAKKINEN, AND S.J.
FLECK. The influence of direct supervision of resistance training
on strength performance. Med. Sci. Sports Exerc. 32:1175-1184.
2000.

21. MERO, A., H. PITKANEN, S.S. Oja, P.V. Kowmi, P. PONTINEN, AND
T. TAKALA. Leucine supplementation and serum amino acids,
testosterone, cortisol, growth hormone in male power athletes
during training. J. Sports Med. Phys. Fitness 37:137-145. 1997.

22. PorLLock, M.L., L. GARZARELLA, AND J.E. GRAVES. The mea-
surement of body composition. In: Physiological Assessment of
Human Fitness. P]J. Maud and C. Foster, eds. Champaign, IL:
Human Kinetics, 1995. pp. 167-204.

23. STONE, M.H., AND A.C. Fry. Increased training volume in
strength /power athletes. In: Overtraining in Sport. R.B. Kreider,
A.C. Fry, and M.L. O'Toole, eds. Champaign, IL: Human Ki-
netics, 1998. pp. 87-105.

24. STONE, M.H., R. KEITH, J.T. KEARNEY, G.D. WILSON, AND S.].
FLECK. Overtraining: a review of the signs and symptoms of
overtraining. . Appl. Sport Sci. Res. 5:35-50. 1991.

25. TiprtoN, K.D., AND R.R. WOLEFE. Exercise-induced changes in
protein metabolism. Acta Physiol. Scand. 162:377-387. 1998.

26. WiLLIAMS, A.G., M. VAN DEN OORD, A. SHARMA, AND D.A.
JONES. Is glucose/amino acid supplementation after exercise an
aid to strength training? Br. |. Sports Med. 35:109-113. 2001.

Acknowledgments

The authors would like to thank Michael Robertson, Scott
and Heather Mazzetti, Craig Bankowski, Lisa Larkin, Cori
Stahl, John Melish, Katie Baker, Rob Phares, Stacy Peterson,
and Patty Burns for their assistance in the personal training
of the subjects in this study. This study was supported in
part by a grant from Professional Dietetics (Milan, Italy).

Address correspondence to Dr. William J. Kraemer,
kraemer@uconnvm.uconn.edu.



