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Effects of Oral D-Ribose Supplementation
on Anaerobic Capacity and Selected
Metabolic Markers in Healthy Males

R.B. Kreider, C. Melton, M. Greenwood, C. Rasmussen,
J. Lundberg, C. Earnest, and A. Almada

Oral D-ribose supplementation has been reported to increase adenine nucle-
otide synthesis and exercise capacity in certain clinical populations. Theoreti-
cally, increasing adenine nucleotide availability may enhance high intensity
exercise capacity. This study evaluated the potential ergogenic value of D-
ribose supplementation on repetitive high-intensity exercise capacity in 19
trained males. Subjects were familiarized to the testing protocol and performed
two practice-testing trials before pre-supplementation testing. Each test in-
volved warming up for 5 min on a cycle ergometer and then performing two 30-
s Wingate anaerobic sprint tests on a computerized cycle ergometer separated
by 3 min of rest recovery. In the pre- and post-supplementation trials, blood
samples were obtained at rest, immediately following the first and second
sprints, and following 5 min of recovery from exercise. Subjects were then
matched according to body mass and anaerobic capacity and assigned to ingest,
in a randomized and double blind manner, capsules containing either 5 g of a
dextrose placebo (P) or D-ribose (R) twice daily (10 g/d) for 5 d. Subjects then
performed post-supplementation tests on the 6th day. Data were analyzed by
ANOV A for repeated measures. Results revealed a significant interaction (p =
.04) in total work output. Post hoc analysis revealed that work significantly
declined (~18 + 51 J) during the second post-supplementation sprint in the P
group while being maintained in the R group (-0.0 * 31 J). No significant
interactions were observed in peak power, average power, torque, fatigue in-
dex, lactate, ammonia, glucose, or uric acid. Results indicate that oral ribose
supplementation (10 g/d for 5 d) does not affect anaerobic exercise capacity or
metabolic markers in trained subjects as evaluated in this study.
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Introduction

Over the last several years, the naturally occurring carbohydrate D-ribose has been
marketed as a potential nutritional ergogenic aid for athletes. The theoretical ratio-
nale has been primarily based on the role that ribose plays in energy metabolism
(13). Inthisregard, ribose is a constituent in the de nove synthesis of nucleotides like
adenosine triphosphate (ATP; 10, 17). Research has suggested that maintaining
total adenine nucleotide (TAN) availability during intense exercise may affect the
ability to sustain high intensity exercise (6, 7, 12, 14). Additionally, enhancing the
ability to resynthesize TAN pools following exercise or during training may affect
recovery and the ability to perform subsequent high-intensity exercise bouts (7, 15).
Since only trace amounts of ribose are typically found in the diet and the ability to
synthesize ribose in the body has been reported to be somewhat limited, oral ribose
supplementation has been suggested as a way of enhancing the TAN pool prior to,
during, and following exercise in healthy (13) and diseased populations (10, 16).
Theoretically, increasing TAN may provide some ergogenic benefit during and/or
following high-intensity exercise (9).

In support of the potential ergogenic value, several studies have evaluated the
effects of oral ribose supplementation on ATP availability in various clinical popu-
lations. For example, Wagner and colleagues (16) reported that oral ribose supple-
mentation (3 g every 10 min beginning 1 hour prior to exercise and concluding at the
completion of a maximal exercise test) increased ATP availability in patients with
myoadenylate deaminase deficiency (an enzyme deficiency that interferes with the
ability to resynthesize ATP during exercise). Pliml and coworkers (10) reported that
taking 60 g/d of ribose (15 g taken four times per day) for 3 d increased exercise time
to onset of ischemia during an exercise stress test (performed after the 3-d loading
period) in patients with severe coronary artery disease. Additionally, Gross and
associates (5) reported that ribose supplementation (2 g ingested every 5 min during
a30-min submaximal cycling exercise bout) blunted the normal increases in plasma
hypoxanthine in healthy subjects, suggesting less of a decrease in TAN. However,
these researchers also reported that ribose supplementation increased plasma hy-
poxanthine levels in the single patient with myoadenylate deaminase deficiency
evaluated in this study suggesting a possibly an ergolytic effect. Although more data
is needed, these findings suggest that ribose supplementation may affect energy
metabolism and provide some clinical benefit under certain conditions.

The potential ergogenic value of ribose supplementation in athletes is less
clear. Op’t Eijnde and colleagues (9) recently reported that ribose supplementation
(16 g/d for 6 d) during training did not significantly effect power output while
performing a series of repetitive maximal effort knee extension exercises or de novo
ATP resynthesis rates. Remaining studies have only been reported in abstract form
to date. Analysis of these preliminary studies indicates that ribose supplementation
(10-24 g/d for 1.5-30d) has limited effects on repetitive sprint performance (2, 11);
may improve the number of repetitions performed during 10 sets to failure in the
bench press, but has no significant effects on body composition or one-repetition
maximum (1RM) bench press performance during training (1); and, may attenuate
the decline in TAN following sprint exercise and training (4). Based on this analysis,
it is clear that much more research is needed to evaluate the potential ergogenic
value of ribose supplementation before any definitive conclusions can be drawn.
The purpose of this study was to examine the potential ergogenic value of oral ribose
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supplementation (10 g/d for 5 d) on repeated bouts of sprint exercise in trained
athletes and to determine whether ribose supplementation may affect selected meta-
bolic markers during and/or following short-term recovery.

Methods
Subjects

Twenty-eight resistance-trained subjects volunteered to participate in this study.
Subjects were informed as to the experimental procedures and signed informed
consent statements in adherence with the human subject’s guidelines of The Univer-
sity of Memphis and the American College of Sports Medicine. In order to partici-
pate in the study, subjects had to: (a) be an experienced resistance-trained athlete (> 1
yr) who was currently training at least 3 hrs/wk with a program that included high
intensity strength training and sprint conditioning; (b) not have taken any ergogenic
aid or prescription drug that may have influenced anaerobic exercise capacity for 8
weeks prior to the start of the study (e.g., creatine, ribose, sodium phosphate, sodium
bicarbonate, ergogenic levels of caffeine); and (c) sign statements indicating that
they had no current or past history of anabolic steroid use.

Subjects who volunteered to participate in this study underwent two familiar-
ization/ practice exercise sessions in order to become accustomed to the exercise
testing to be employed in the study. Eight subjects who initially volunteered to
participate in the study decided not to continue due to the difficulty in performing
the anaerobic capacity sprint tests. The remaining 20 subjects were matched accord-
ing to body mass and sprint capacity and participated in pre-supplementation test-
ing. One subject was unable to complete the trial due to difficulty in scheduling the
post-test session. Therefore, 19 subjects completed all aspects of the study. Subjects
were descriptively (mean+ SD)23+3yrs, 91+ 19kg, 71+ 3 in., and 14.8 £2% body fat.

Experimental Design

Subjects reported to the lab in order to sign informed consent statements, complete
medical and training history questionnaires, and become familiarized with the test-
ing protocol. The subjects were then scheduled to participate in two practice testing
trials in order to establish reliability in performing the exercise protocol. For each
testing session, subjects were instructed to refrain from exercise for 48 h and to fast
for 4 h prior to testing. In addition, subjects were asked to maintain a similar diet on
the day prior to each testing session. After the practice trials were completed, the
subjects were scheduled for pre-testing. Once reporting to the lab, the subjects were
weighed and had body composition determined for descriptive purposes. Subjects
then donated a resting blood samples. Pre-exercise blood samples were typically
obtained within 10 min of reporting to the lab. Subjects warmed up on a bicycle
ergometer for 5 min at a standardized workload (2 kg, 60 rev/min). Subjects then
performed two 30-s Wingate anaerobic capacity tests separated by 3 min of passive
rest recovery. Blood samples were obtained immediately after the first and second
sprints as well as after 5 min of recovery of the second sprint.

Subjects were matched according to body mass and anaerobic capacity (peak
power, average power, and total work). In a double blind and randomized manner,
subjects were assigned to supplement their normal diet with 10 g/d of powdered
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D-ribose (Bioenergy, Minneapolis, MN) or a dextrose placebo. The supplements
were encapsulated in 0.5-g colored capsules, placed in bottles, and independently
labeled by a cooperating pharmacist for double blind administration. Subjects in-
gested 10 capsules in the morning (5 g) and 10 capsules in the evening (5 g) for 5
days (total of 50 g). Subject compliance in taking the supplements was verified by
collecting empty supplement bottles and by questionnaire. On the day following the
5-d supplementation period, subjects reported back to the lab to undergo post-
intervention testing. Testing sessions were performed at the same time of day be-
tween trials. Post-supplementation testing was performed in an identical fashion as
the pre-tests described above with the exception that body composition was not
measured.

Procedures

Total body mass was measured on a calibrated digital scale with a precision of +0.02
kg (Sterling Scale Co., Southfield, MI). Pre-supplementation body composition
was determined for descriptive purposes using standard skinfold techniques (8).

Approximately 200-400 microliters of whole blood was collected into a
microcapillary tube from a dry, pre-warmed finger using standard finger stick phle-
botomy techniques. The microcapillary tube was centrifuged at 1,500 rev/min for
10 min using a standard centrifuge. Serum was separated from the microcentrifuge
tube and assayed for ammonia, lactate, glucose, and uric acid using an Ektachem
DT60 II chemistry analyzer (Johnson and Johnson, Rochester, NY). Inter-assay
variances for low and high controls were 5, 10; 0, 0; 0.5, 0.7; and 0, 0.5% for N H,,
lactate, glucose, and uric acid, respectively. The observed variances on low and high
controls for NHS, lactate, glucose, and uric acid were less than the within-day normal
coefficients of variation reported by the manufacturer on these chemistries (4.5—
10.6%, 13.3-1.1%, 1.6-1.2%, and 1.5-1.9%, respectively).

Anaerobic capacity tests were performed on a computerized CardiO,™ cycle
ergometer equipped with toe clips at a standardized work rate of 7.5 J/kg/rev
(ErgometR Corp., St. Paul, MN). Seat position was standardized between trials.
The ergometer was connected via an RS232 parallel interface to a Dell 466/Le
Optiplex computer (Dell Computer Corp., Austin, TX) using ErgometR_
Cardioscribe™ and Exerscribe™ software (ErgometRlCorp., St. Paul, MN). Crank
frequency was measured using a crystal referenced optic encoder with a precision
range of 0 to 200 rev/min and an accuracy of +1 rev/min. Pedal torque was deter-
mined by a calibrated strain gauge with a range of 0 to 2,000 W and an accuracy of
*1%. Data were collected and downloaded into the computer at 0.5-s intervals. The
test-to-test reliability of performing this anaerobic capacity test in our lab was +3%,
r=0.96. The Wingate anaerobic capacity test has been reported to be a reliable and
valid method of assessing anaerobic capacity (3).

Statistical Analysis

Data were analyzed by repeated measures analysis of variance (ANOVA) using
SPSS for Windows Version 10.05 software (SPSS Inc., Chicago, IL). Data were
considered significantly different when the probability of error was 0.05 or less.
Tukey post hoc procedures were employed when a significant interaction was ob-
served. Data are presented as means + standard deviations of means.
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Results
Side Effects

Subjects tolerated the supplementation protocol well, with no reports of medical
problems/symptoms in post-study questionnaires administered in ablinded manner.

Sprint Performance

Table 1 presents mean power and work data observed for the placebo and ribose
groups. A significant Group X Time interaction (p = .04) was observed in total work
among groups. Post hoc analysis revealed that total work values in the ribose group
were significantly greater than the placebo group during the second sprint test
following supplementation. This difference was duetoa decrease in performance in
the placebo group during the second sprint rather than a significant increase in total
work in response to ribose supplementation. No significant differences were ob-
served in peak power, average power, time to peak power, torque, or fatigue index
between the groups. Figure 1 presents the average power values observed for each
5-s interval during the sprint tests for the placebo and ribose groups. No significant
Group X Time interactions were observed among groups during pre- or post-
supplementation sprints.

Metabolic Markers

Figure 2 presents ammonia, lactate, glucose, and uric acid values observed for the
placebo and ribose groups during the pre and post-supplementation sprint trials.
Exercise significantly increased (p <.0001) lactate, ammonia, glucose, and uric acid
levels. However, no significant Group X Time interactions were observed among
groups in these metabolic markers.

Discussion

This study evaluated whether ribose supplementation (10 g/d for 5 d) affects repeti-
tive sprint performance and/or metabolic markers in resistance trained athletes. Our
rationale in designing this study was to examine whether several days of ribose
supplementation atlevels that were typically 3—5 times greater than that marketed as
a potential ergogenic aid at the time of this study affected the ability to perform
successive bouts of exhaustive exercise with limited rest recovery. Although we
could have evaluated various combinations of sprint lengths and/or recovery times,
we decided to evaluate the effects of ribose supplementation on performing two
standard 30-s Wingate anaerobic capacity tests with 3 min of rest recovery between
sprints. Our rationale in doing so was to ensure that the exercise bouts: (a) evaluated
maximal anaerobic power using a valid, reliable, and well accepted test of anaerobic
capacity (3); (b) would likely promote adenine nucleotide degradation and muscu-
lar fatigue (6, 14); and (c) would challenge the ability to recover from exhaustive
exercise at typical work to rest ratios utilized by trained athletes (e.g., 1:3-6).
Given the theoretical rationale of ribose supplementation, we felt that if daily
ribose supplementation enhanced ATP availability during and/or following exhaus-
tive exercise, the athletes should have been able to increase peak power and/or total
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Figure 1 — Power output values observed at each 5-s interval for the placebo (Y1) and
ribose (°y) groups in sprint 1 (top panel) and sprint 2 (lower panel) for pre- and post-
supplementation tests. Data are means and standard deviations.

work during the anaerobic capacity tests evaluated. Moreover, if ribose
supplementation provides an ergogenic attenuation in the decline in the TAN pool
during exercise and/or enhances adenine nucleotide resynthesis following exercise,
differences in selected metabolic responses to exercise (i.e., ammonia, lactate, uric
acid, and/or glucose) should have been evident at the completion of the first sprint,
second sprint, and/or within 5 min of recovery from the final bout of exercise (i.e.,
about 8.5 min after performing the initial sprint). Although it is possible that differ-
ences between groups may have been more evident if we evaluated a longer period
of recovery and/or attempted to monitor the peak levels of these metabolites, it was
our view that such differences would be less likely to affect performance of athletes
performing successive bouts of intense exercise with typical work torestratios (e.g.,
1:3-6). Consequently, we felt that the experiment employed provided a good initial
assessment of the proposed ergogenic value of ribose supplementation on repetitive
sprint performance in athletes.

Analysis of work output, blood lactate, and ammonia responses to the exer-
cise tests employed in this study indicated that this design was successful in promot-
ing fatigue. In this regard, the subjects experienced a 60-73% decrease in power
output during the 30-s sprint tests and a 23-25% decrease in total work performed
from the first to second sprints. In addition, the exercise protocol significantly
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Figure 2— Ammonia, lactic acid, glucose, and uric acid values observed for the placebo
(*r) and ribose () groups prior to and following supplementation. Data are means and
standard deviations.
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increased lactate (about 6 fold), ammonia (about 8 fold), glucose (20-36%), and
uric acid (6-8%). Ammonia is commonly used as a marker of adenine nucleotide
degradation. Comparatively, the magnitude of change in blood lactate and ammonia
levels observed in the present study was 2 to 5 times greater than that reported by
Op’t Eijnde and colleagues (9) when performing 15 X 12 maximal contractions of
isokinetic knee extensions that promoted a 20-25% decrease in TAN. Although
muscle biopsies were not obtained in this preliminary study, these findings suggest
that the exercise protocol employed was not only metabolically challenging but also
likely promoted a significant decrease in TAN.

Results of the present study do not support contentions that ribose supplemen-
tation may serve as an effective ergogenic aid for athletes. In this regard, although a
significant interaction was observed between groups in sprint total work, differ-
ences between groups were related to a decrease in performance in the placebo
group rather than an improvement in performance in the ribose group. No signifi-
cant differences were observed from pre- to post-supplementation values in the
ribose group. In fact, the work performed after ribose supplementation was nearly
identical to pre-supplementation values suggesting that ribose supplementation had
no impact on exercise capacity as examined in this study. Further, although the
exercise protocol resulted in significant increases in lactate, ammonia, glucose, and
uric acid concentrations, no significant differences were observed between the
control and ribose supplemented groups in these metabolic markers. These findings
suggest that the ribose supplementation protocol employed did not alter metabolic
responses to exercise and/or short-term recovery.

Present findings support several other recent studies indicating that ribose
supplementation does not significantly affect performance or metabolic markers.
For example, recent preliminary reports indicate that ribose supplementation (~10—
20 g/d for 1.5-5 d) does not significantly effect repetitive cycling performance (e.g.,
6-15 X 10-s sprints with 60-s recovery; 2, 4) . In addition, Op’t Eijnde and col-
leagues (9) reported that ribose supplementation during training (16 g/d for 6 d) did
not significantly effect power output when performing two bouts of isokinetic knee
extensions (i.e., 15 sets of 12 maximal contractions with 15 s recovery), plasma
metabolites (i.e., blood lactate, ammonia, uric acid, glucose, or creatine kinase), or
muscle adenine nucleotides (i.e., ATP, ADP, AMP, IMP, or TAN). Collectively,
results of the present study and these reports do not support contentions that ribose
supplementation affects high intensity exercise capacity in healthy individuals.

Present findings contrast recent preliminary reports suggesting a possible
ergogenic value of ribose supplementation in healthy individuals. For example,
Berardi and associates (2) reported that ribose supplementation (4 X 8-g doses for
36-hours prior to exercise) increased peak power (2.2-7%) and mean power (2—
10%) during four of six cycling sprints (6 X 10-s cycle sprints with 60 s of rest
recovery) in a subgroup of 8 healthy subjects. Although these differences were not
statistically significant, effect size calculations revealed a strong treatment effect,
suggesting a possible ergogenic benefit. Researchers also reported that although
ribose supplementation (20 g/d for 3 d prior to training, during a 5-d training period,
and for 3 d following training) did not significantly affect cycling sprint perfor-
mance (15 X 10-s sprints), it partially attenuated the decrease in the TAN pool
following the final sprint session and during a 65-hrecovery period in comparison to
the placebo (4, 11). Finally, Antonio and colleagues (1) reported that ribose supple-
mentation (10 g/d administered in 5-g doses prior to and following training bouts)
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promoted a greater increase in the number of repetitions performed during 10 sets to
failure on the bench press in comparison to the placebo group (i.e., 30% vs. 7%).

Itis our view that a significant amount of basic and applied research needs to
be conducted on ribose supplementation before any recommendations can be made
aboutits ergogenic value for athletes. Additional research should determine optimal
dosages and timing of ribose supplementation. In this regard, it is presently un-
known whether timing of ribose supplementation may affect the ergogenic value of
ribose. It is possible that ergogenic benefits may be more pronounced if athletes
ingestribose prior to, during, and/or following exercise rather than 2—3 times throu gh-
out the day. It is also possible that larger and/or more frequent doses of ribose may
need to be ingested in order to promote an ergogenic benefit in healthy individuals.
Additional research should evaluate the acute metabolic changes that occur in re-
sponse toribose supplementation in order to understand the metabolic fates, dosage,
and timing issues. Research is also needed to determine the types of exercise and
supplementation protocols that may or may not be of ergogenic benefit for athletes.
It is possible that studies to date have yet to examine the type, intensity, and/or
duration of exercise that may benefit from ribose supplementation. Finally, it is
possible that ribose supplementation may be more beneficial during training. Nev-
ertheless, based on results of the present study, it appears that ribose supplementa-
tion (10 g/d for 5 d) does not affect performance and/or metabolic responses to
repetitive high intensity exercise as examined in this study.
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