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Abstract

Background

Currently, there is a lack of studies examining the effectglehosine-&triphosphate (ATP,

supplementation utilizing a long-term, periodized resistance-tgpimrogram (RT) in
resistance-trained populations. Therefore, we investigated féetsebf 12 weeks of 400 mg

per day of oral ATP on muscular adaptations in trained individuals.alte sought t

determine the effects of ATP on muscle protein breakdown, corisdlperformance during

an overreaching cycle.

Methods

|}

The study was a 3-phase randomized, double-blind, and placebo- and dietemntrol
intervention. Phase 1 was a periodized resistance-training progtamse 2 consisted of a

two week overreaching cycle in which volume and frequency wereased followed by
2-week taper (Phase 3). Muscle mass, strength, and power xeenened at weeks 0, 4,
and 12 to assess the chronic effects of ATP; assessment pederwaiables also occurr
at the end of weeks 9 and 10, corresponding to the mid and endpointsoektheaching
cycle.

Results

There were timep(< 0.001), and group x time effects for increased total body strength
+ 6.0 kg ATP vs. + 22.4 £ 7.1 kg placelpos 0.001); increased vertical jump power (+ 79
75 ATP vs. 614 = 52 watts placelp< 0.001); and greater ultrasound determined mt

thickness (+4.9 £ 1.0 ATP vs. (2.5 + 0.6 mm placebeg,0.02) with ATP supplementation.
During the overreaching cycle, there were group x time effectstrength and power, whi¢

decreased to a greater extent in the placebo group. Protein break@svwalso lower in th
ATP group.

Conclusions

Our results suggest oral ATP supplementation may enhance mustapaataons following
12-weeks of resistance training, and prevent decrements in rparfoe following
overreaching. No statistically or clinically significant ogas in blood chemistry
hematology were observed.
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Trial registration

ClinicalTrials.gov NCT01508338
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Introduction

Adenosine-5triphosphate’s (ATP) role as the primary intracellular gpesource for body
tissues is well established [1]. In addition, ATP also has exteesiracellular functions that
are primarily mediated through purinergic (P2Y and P2X) memb@septors ubiquitously
present in many cell types [2]. One extracellular-mediatetttion of ATP includes the
modification of muscle excitability (i.e., increasing skeletaiscle calcium permeability and
blocking chloride efflux) and vasodilation [3,4]. Moreover as a co-tratsmATP operates
on both the central and peripheral nervous systems to elicittissaé modifications during
neurotransmission [5].

It has been reported that the half-life of infused ATP is tleas one second [6-8], ATP is
rapidly taken up and stored by erythrocytes [6]. This rapid uptake by erytlgoggentral to
its role in affecting blood flow and oxygen delivery to oxygen-depletissue [9].
Specifically, there is a tight coupling between oxygen demandkeietal muscle and
increases in blood flow. Erythrocytes regulate this responsectilyg as “oxygen sensors”
[10]. When oxygen is low in a working muscle region, the red blood defthrms, and
releases ATP [10,11]. The result is vasodilation and greater bloedtfl the working
musculature, thereby enhancing nutrient and oxygen delivery [10,11].-teong oral
administration of ATP has been shown to increase both the uptake dhdssymf ATP in
the erythrocytes of rodents [12]. Collectively, these findirsgggest that oral ATP
supplementation may elicit ergogenic outcomes on skeletal muihlaut elevating plasma
ATP concentrations.

Research by Jordan et al. [13] demonstrated that 225 mg per dayedt-eoated ATP
supplementation for 15 days resulted in increased total bench ptesg Viblume (i.e.
setserepetitionseload [kg]) as well as within-group set-one tepeti to failure. More
recently, Rathmacher et al. [14] found that 15 days of 400 mg per daxTBf
supplementation increased minimum peak torque for the final two sets of a dynantesiete
The increases suggest that orally delivered ATP may reduceleniasigue and enable a
higher force output during repeated high-intensity bouts of exercigseTdforementioned
findings lead us to hypothesize that dietary supplementation withmAdybe beneficial to
both the exercising and less active muscle tissue.

The novelty of ATP as an oral supplement has limited data blailaregards to its chronic
effects in humans. To date, no studies have examined the chronic effeotal ATP

supplementation on body composition or indicators of athletic performvamee combined
with a periodized resistance training (RT) protocol. However, prdvithat short-term
supplementation in the absence of a training intervention has resufiediiive outcomes in



muscle performance, it is plausible to suggest that ATP s long-term ergogenic effects
in periodized RT regimens. Therefore, the primary purpose of thdy svas to test the
hypothesis that supplementation with oral ATP would improve measupsa@, strength,

and skeletal muscle mass during a 12-week RT protocol. The second pugsoie assess
the safety of the supplement over 12 weeks through blood chemistry andologma
measures.

Methods

Study design

This was a randomized, double-blind, placebo- and diet-controlled, pagedeps with
repeated measures study design. Both groups were assigned to aklpesiedized RT
protocol. Blinding occurred via an outside researcher who sent the seppland placebo in
identical opaque capsules. This researcher was not involved in ditectollection, and did
not meet any of the subjects. For this reason neither the feseaconducting the study nor
the subjects knew who was in each group. Moreover the code was not brokefteurdll of
the data were entered into MicroSofixcel, and sent to an outside researcher who was also
blinded to the treatment groups. The protocol was divided into three plisese one
consisted of a three times per week non-linear periodized RT gonofpr weeks 1-8,
modified from Kraemer et al. [15]. Phase two consisted of a twekweerreaching cycle
during weeks 9-10. Finally, phase three consisted of participantshaperiwveeks 11 and
12. Muscle mass and body composition were measured at baseliaethaeednd of weeks 4,
8, and 12. Muscle strength, vertical jump power, Wingate peak powerdiieBjine kinase
(CK), C-reactive protein (CRP), free and total testosterone,panckived recovery were
measured at baseline and after weeks 4, 8, 9, 10 and 12. AddytidDikll CRP, free and
total testosterone, and perceived recovery were measuredvat&rl of training. Protein
breakdown was assessed using urinary 3-methylhistidine: Creatatineat baseline and
after weeks 1 and during the overreaching phase at weeks 8, 9, and Elvdartedses were
used to assess the effects of ATP on performance, hormone statusd&es of muscle
damage and recovery during an overreaching cycle. The Clinig®sl§ov registration 1D
was NCT01508338.

Participants

Twenty-four resistance-trained males were selected forttity.sHowever, due to injury
three subjects dropped out of the study leaving 21 subjects (11sédftemented and 10
placebo supplemented) aged 23.4 + 0.7 years, with an average onesrepaaiimum
(1RM) squat, bench press, and deadlift of 1.71 £ 0.04, 1.34 £ 0.03 and 2.05 £ 0.04 times thei
bodyweight were recruited for the study. Participants could nttipate if they were taking

an anti-inflammatory agent, a performance-enhancing supplemémtyitmoked, or if they

had consumed nutritional supplements during the three months prior to dettiarl Each
participant signed an informed consent approved by the University mpd& dnstitutional
Review Board before participating in the study.



Muscle strength, power, body composition and skelat muscle hypertrophy
testing

After familiarization procedures, muscle strength wassseskvia 1RM testing of the back
squat, bench press, and deadlift. Each lift was performed as dedayiltkd International
Powerlifting Federation rules [16]. We used an intraclass etioal coefficient (ICC) (2,k)
formula [17] to determine the reliability of repeated measuriésinwtesters. The ICC for
strength measures ranged from 0.96 to 0.98. Body composition (lean bedyfatamass,
and total mass) was determined by dual-energy x-ray absoeitly (DXA; Lunar Prodigy
enCORE 2008, Madison, Wisconsin, U.S.A.). Skeletal muscle hypertropbydetermined
via the combined changes in ultrasonography-determined muscle thiakinéss vastus
lateralis (VL) and vastus intermedius (VI) muscles. The médhree measurements by the
same blinded investigator were taken at 50% of femur length ovemithdelly of the
muscle with the subjects lying in a supine position. The precisiahdaiest-retest of muscle
thickness measurements was 0.975.

Muscle power was assessed during maximal cycling and jumping neat@nDuring the
cycling test, volunteers were instructed to cycle against ateredeed resistance (7.5% of
body weight) as fast as possible for 10 seconds [18]. The saddle Wasladjusted to the
individual's height to produce a 5-10° knee flexion while the foot was itothgosition of
the central void. A standardized verbal stimulus was provided to gadicipant. Power
output was recorded in real time during the 10-second sprint testcdapputer connected to
the standard cycle ergometer (Monark model 894e, Vansbro, Sweddnpdves (PP) was
recorded using Monark Anaerobic Wingate Software, Version 1.0 (Mpnaansbro,
Sweden). The ICC of muscle peak power was 0.96.

Measurements of PP were also taken during a vertical jump t@sd)performed on a
multicomponent AMTI force platform (Advanced Mechanical Technoldgy, Watertown,
MA), interfaced with a personal computer at a sampling rate of H(J19]. Data
acquisition software (LabVIEW, version 7.1; National Instruments CotiparaAustin, TX)
was used to calculate PP. Peak power was calculated as thegpehiwation of ground
reaction force and peak velocity during the accelerated launch qiatf@m. The ICC of
VJ power was 0.97.

Supplementation and diet control

Prior to the study, participants were randomly assigned to reegher 400 mg per day of
ATP disodium or maltodextrin (placebo), consumed orally via a twceepietatin capsule 30
minutes prior to RT sessions. On non-training days, participantsimgrected to consume
one dose on an empty stomach prior to breakfast. The placebo and ATRT#$60 mQ)

were obtained directly from the commercial manufacturer 0&A Inc., Missoula, MT) and
were produced in compliance with U.S. cGMPs for dietary supplemEmesCertificate of

Analysis for both the placebo and ATP capsules were provided and dr¢héesupplement
contents. Moreover, we verified the capsule’s purity by HPLC. Twekweprior to and

throughout the study, participants were placed on a diet consistigg§%fprotein, 50%

carbohydrates, and 25% fat by a registered dietician who spedialn sport nutrition.

Participants met as a group with the dietitian, and they giges individual meal plans two
weeks prior to the onset of the study. Diet counseling was continued iodigidual basis

throughout the study.



Resting blood draws

All blood draws were obtained after an overnight 12-hour fast via venimenisy a trained
phlebotomist, and were scheduled at the same time of day to avoienicgés of hormonal
variations. Whole blood was collected and transferred into appropuladés and centrifuged
at 1500 x g for 15 min at 4°C. Resulting serum and plasma weraligeioted and stored at
—80°C until subsequent analyses. A portion of the blood samples takeelks O, 4, 8, and
12 were used for measurements (ANY LAB TEST NOW®, Tampapfblucose, blood
urea nitrogen, creatinine, eGFR, Na, K, CIl, ££QCa, protein, albumin, globulin,
albumin:globulin ratio, total bilirubin, alkaline phosphatase, aspartateotnansferase, and
alanine aminotransferase. A complete blood count was also performadiohleod sample.
The commercial laboratory performing the safety analysas vinstructed to inform
investigators of any abnormal values in any parametersumeghsiuring the study time
points measured. In the case of an abnormal value, the subject meotitdd and not be
allowed to continue the study. Because no abnormal values were detedtey the study in
these healthy and highly fit subjects the total aggregate nsmiere not presented to the
investigators until the end of the study.

Biochemical analysis

Samples were thawed once and analyzed in duplicate for eacheaisdyim free and total
testosterone, cortisol, and C-reactive protein (CRP) were aks#&yeELISA kits obtained
from Diagnostic Systems Laboratories (Webster, TX). All horraomere measured within
the same assay and on the same day to avoid compounded inter-assag vartra-assay
variance was less than 3% for all analytes. Serum crdatiase (CK) was measured using
colorimetric procedures at 340 nm (Diagnostics Chemicals, Oxford, CT).

Perceived recovery status scale

Perceived Recovery Status (PRS) Scale was measured meadurement times and in
particular at weeks 8, 9, and 10 to assess participant recoveny thei overreaching phase.
The PRS Scale consists of values between 0-10, with 0-2 being very poovered and

characterized by anticipated declines in performance; 4—6 iisedefs low-to-moderately
recovered and characterized by no expected change in perfornasuce8—10 represents
high perceived recovery and correlates strongly with increases in pemferf29].

Statistics

A one-way ANOVA model was used to analyze the baseline clkaisiact data using the
Proc GLM procedure in SAS(SAS Institute, Cary, NCYhe main effect of treatment (Trt)
was included in the model. Actual values for muscle strengttpawer, body composition,
muscle damage, hormonal status, and PRS changes over the 12-wgeakestudnalyzed by
using a repeated measures ANOVA using the Proc Mixed proceu8A$". The initial
baseline value (e.g. week 0) was used as a covariate with theeffezts of Time, Trt, and
the interaction Trt*Time in the model. The overreaching cyclehef study was further
assessed by using repeated measures ANOVAs with the Prad Miocedure in SAS
Values measured at the week-8 time point were used as a @weaitlathe main effects of
Time, Trt, and Trt*Time for the overreaching phase (phase twa®@.LHast Squares Means



procedure was used to compare Trt means at each time poirgtiGtiagignificance was
determined ap < 0.05.

Results

Participant characteristics

There were no differences in age (placebo = 23.0 + 1.2, ATP = 23.7 w9),%eight (
placebo = 180.6 + 2.3, ATP = 179.0 = 1.0 cm), or body mass (placebo = 87.4 fTR.3; A
85.7 £ 1.7 between the treatments at the start of the study.

Muscle strength and power

Both groups increased their muscle strength (Table 1, Figuret&st, ,p < 0.001). However,
supplementation with ATP resulted in significantly greater m®es in the 1RM for the
squat, deadlift, and total strength compared with placebo over the k2stuely (Trt*time,p

< 0.001, 0.002, and 0.001, respectively). The ATP supplementation resulted irthstreng
increases of 12.9% and 16.4% for squat and deadlift, respectively. Howettes, placebo
group, RT alone resulted in increases of 4.4 and 8.5% for squat and deagihéctively.

The total strength increases over the 12-week study were 5.9% (22.4g) ihlhe placebo-
supplemented participants and 12.6% (55.3 = 6.0 kg) in the ATP-supplementegbanati
(Figure 1A, Trt*time,p < 0.001). Mean total strength in response to ATP supplementation
was greater at 8, 9, 10, and 12 weeks than mean total strertgthptacebo-supplemented
participants t‘test, p < 0.05). During phase 2, the overreaching cycle, the placebo-
supplemented group had a 22.6 + 5.1 kg decrease in total strength, til&TP-
supplemented group decreased only 12.0 £ 2.5 kg in total strength dursagrtbeest period
(Table 1, Figure 1A, Trip < 0.007).



Table 1Effect of ATP supplementation on muscle strength and power in partipants performing a 12 week weight training regimerf.

Week of Study

0 4 8 9 10 12 p-value®
Squat, kg
Placebo 145.2 +10.2 151.6 +11.0 156.4 +11.6 150.7 +10.4 147.2 +10.7 151.3+10.3
ATP 146.1+5.8 155.2+7.7 160.7+7.6 159.0 £#6.1 158.6 +6.9 165.3+8.3 <0.001
Bench Press, kg
Placebo 115.2+9.4 119.3+9.4 121..4+9.3 113.4+7.2 115.7+8.0 119.3+8.7
ATP 117.2+55 122.1+5.0 1245+5.2 120.0+4.8 121.2+55 1242 +5.4 0.65
Deadlift, kg
Placebo 169.8+11.0 177.0 +10.7 182.5+10.7 173.2+10.8 1748 +8.1 182.0+9.2
ATP 176.2 + 4.9 189.2 +5.9 200.3+%7.4 193.4 + 6.4 193.8+8.5 205.2+6.9 0.002
Total Strength, kg
Placebo 430.2 £28.1 448.0 £ 28.9 460.2 + 29.6 437.3+26.1 437.6 £25.1 452.6 £ 25.9
ATP 439.4 +14.9 466.5+17.1 4856+ 18.1 472.4+152 473.6 +18.3 494.7 + 17.@@ <0.001
Wingate Peak Power, Watts
Placebo 882.2+54.1 930.3 +55.7 985.3 + 64.7 922.9+61.9 939.9 + 65.7 977.4+£66.5
ATP 882.8 + 27.0 960.9 + 36.1 1003.5+40.4 964.2 + 38.0 974.7 +39.8 1011.9+42.4 0.48
Vertical Jump power, Watts
Placebo 5318 + 410 5711 + 439 5918 + 443 5697 + 436 5626 + @ 5932 + 452
ATP 5185 + 203 5618 + 213 5954 + 202 5838 + 218 5827 + 208 5981 + 207 <0.001

®Mean + SEM for n = 11 ATP (400 mg ATP/d taken 30 min prior to exercise) and n = Ed@kupplemented participants.

®Probability of treatment by time difference between the pla@nd the ATP treatments over the 12-week study. The mixed mN@VA in SAS® was
used with the main effects of treatment, time and treatment by time, witlaltine for week 0 used as a covariate.
*Significantly different than corresponding placebtest p < 0.05).
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Figure 1 Effects of oral ATP supplementation on total strength and vertical jump

power. (A) Percent change in total strength as the of sum of the 1-RM in bench press, squat,
and deadlift in male participants undergoing 12 weeks of intense, periodizechoesista
training with an overreaching cycle during weeks 9 and 10. Participants werenseipige
with either a Placebo -¢- - (n=10) or 400 mg ATP/d -=— (n=11) during the 12-week
training program. When compared with placebo supplementation total strength rgaseac
with ATP supplementation over the 12 week study (f p < 0.001, Trt*time). During the
overreaching cycle of the study, total strength decreased in the placebovsmiptgroup
relative to the ATP-supplemented group during weeks 9 and @& (001, Trt*time).
Additionally, participants supplemented with ATP had greater mean strength8attht0,
and 12 week time-points compared with placebo-supplemented participants (# p €8).05).
Percent change in vertical jump power in male participants undergoing 12 weeteneé]
periodized resistance training with an overreaching cycle during weeks 9 andtibipdrdas
were supplemented with either a Placeb®--(n=10) or 400 mg ATP /d -m— (n=11)
during the training program. ATP supplementation resulted in a greateasedrevertical
jump power over the 12 week studypgx 0.001, Trt*time). The increased intensity of the
overreaching cycle during the study resulted in a significant decreasdigalvjump power
in the placebo-supplemented participants compared with the ATP-supplementepgrdastici
during weeks 9 and 10 @< 0.007). Additionally, ATP-supplemented participants had
greater vertical jump power at 8, 9, 10, and 12 weeks of study compared with placebo-
supplemented participants f#< 0.05).

Muscle power measured by Wingate PP and vertical jump poweagsttere-to-post-test
similarly in both groups during the RT protocol (Table 1 and Figuret-i@st,p < 0.001).
However, ATP supplementation significantly increased verticapjpower when compared
to placebo (Table 1 and Figure 1B; Trt*tippe< 0.001). The ATP-supplemented participants
had a 15.7% (796 + 75 watts) increase in vertical jump power compatedwil.6% (614

+ 52 watts) increase in placebo-supplemented participants over teek?period. During
phase 2, the overreaching cycle, the placebo-supplemented partitipdras5.0% (—291 +
25 watts) decrease in power from week 8 to week 10, while the-spplemented
participants had a 2.2% decrease (—126 + 19 watts; Trt*prxe).001).

Body composition and muscle hypertrophy measurement

After 12 weeks of RT, lean body mass (LBM) increased withih gobups (Table Z;test,p

< 0.001), whereas fat percentage was decreased with trainjwghadhe ATP-supplemented
participants (Table 2-test,p <0.01). The ATP supplementation did not affect overall body
weight or fat percentage during the study, but it did sigmflgancrease LBM gain during
the 12-week training period (Trt*timgy < 0.009). The ATP-supplemented participants
gained 4.0 £ 0.4 kg of LBM whereas the placebo-supplemented partecganed 2.1 £ 0.5
kg of LBM. The quadriceps muscle thickness increased after 12 we&ks (Table 2, Time,

p < 0.001). Additionally, ATP supplementation resulted in a 9.4% (4.9 = 1 .pinumrease in
quadriceps muscle thickness compared with a 4.9% (2.5 £ 0.6 mm) inocre@sponse to
placebo (Table 2, Trt*timp < 0.02,).



Table 2 Effect of ATP supplementation on body composition and Quadriceps thkness
in participants performing a 12 week weight training regimen?

Week of Study

0 4 8 12 p-value®
Weight, kg
Placebo 87.4+4.3 88.3+4.6 88.7+4.8 87.7+4.7
ATP 85.7+1.7 86.9+2.0 87.0+2.0 87.0+2.1 0.49
DXA LBM, kg
Placebo 68.5+ 2.6 70.0+2.3 71.2+2.4 705+2.4
ATP 67.7+2.0 70.1+1.9 714+320 717+ 1.@@ .009
DXA Fat,%
Placebo 21.0+1.1 19.8+1.6 18.6 +1.9 18.6 +1.7
ATP 19.5+1.8 18.1+1.8 16.6 +1.6 16.0+1.5 0.76
Quad, mm
Placebo 50.2 +2.1 52.2+2.3 52.6 + 2.4 52.7+2.4
ATP 50.9+0.9 53.4+1.3 54.8 +1.7 55.8+1.8  0.02

®Mean = SEM for n = 11 ATP (400 mg ATP/d taken 30 min prior ta@se) and n = 10 placebo
supplemented participants.

®Probability of treatment by time difference between the pla@ad the ATP treatments over the 12-
week study. The mixed model ANOVA in SASvas used with the main effects of treatment, time
and treatment by time, with the value for week 0 used as a covariate.

*Significantly different than corresponding placebtest p < 0.05).

Muscle damage, hormonal status and performance reuery scale

Muscle damage assessed by blood CK was affected by trairabde(3, Timep < 0.001).
Supplementation with ATP was unable to attenuate the incread¢ at €ither the initiation

of training (weeks 0 to 1) or during phase 2, the overreaching (yekks 9 and 10), where
the sudden change in training volumes caused blood CK to increasele Mustein
degradation was measured by the urinary 3-MH:Cr ratio (Tapkuring the initiation of
training (weeks 0 to 1) and overreaching cycle (weeks 9 and 10). Dueiglgy 8 of the study,
ATP-supplemented subjects had a higher urinary 3-MH:Cr ratio cothparéhe placebo
group (-test,p < 0.05). However, the 8-week values were not different then basalibeth
treatment groups{est,p < 0.05). The results indicate that when training volume increased
during weeks 9 and 10, ATP supplementation significantly decreasedlempiotein
degradation compared with placebo (Trt*tinpes 0.007). During phase 2, the overreaching
cycle, protein degradation increased 23.7 = 4.5% in the placebo-supplénimritaot ATP
supplemented participants. Supplementation with ATP did not affectgebaim CRP,
cortisol, or free or total testosterone levels when compared phattebo supplementation
(Table 3).
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Table 3Blood creatine kinase (CK), 3-methylhistidine (3MH), C-reactive protan (CRP), cortisol, free and total testosterone, and
perceived recovery score (PRS) in participants performing a 12 week vghit training regimen and supplemented with either a placebo
or ATP.?

Week of Study

0 1 4 8 9 10 12 p-value®
CK, IU/L
Placebo 141 +12 582 £ 77 373+13 246 + 29 482+5 528 £ 72 187 + 21
ATP 145+ 8 500+ 71 324 +14 234 £ 32 426 + 44 4489 160 + 20 0.91
24 h 3MH:Cr,umol:mg
Placebo 0.127 + 0.007 0.130 + 0.003 Nm 0.123 + 0.004 0.134 + 0.005 0.152 + 0.005 Nm
ATP 0.136 + 0.008 0.127 + 0.007 Nm 0.143 + 07007 0.143 +0.008 0.131 +0.042 Nm 0.007
CRP, mg/L
Placebo 1.9+0.7 1101 1.3+0.3 20+£0.7 #1067 1.2+0.2 1.6+04
ATP 14+04 1.1+0.1 1.2+0.2 1.9+0.6 1760 11+0.1 1.2+0.2 0.99
Cortisol,ug/dL
Placebo 19.7+11 20.8+1.3 19.0+1.2 19.2+04 22004 23.6+0.3 20.3+0.6
ATP 209+1.2 205+13 184+14 19.0+0.4 5240.4 22.6+0.2 19.7 £ 0.6 0.86
Free Testosterone, ng/dL
Placebo 103 +13 112 +10 119+6 111 +9 98+6 040 113 +12
ATP 112 +13 114 +9 118 +6 117 + 11 108 +7 1110+ 125 +13 0.93
Total Testosterone, ng/dL
Placebo 591 +73 620 + 58 625 + 55 585 + 58 556+ 4 536 + 88 605 + 72
ATP 660 + 67 645 + 54 695 + 60 645 £ 60 621 + 49 2584 673 £ 69 0.83
PRS
Placebo 9.1+0.3 47+04 7.0£0.3 7.6+0.2 #(B3 44+0.3 7.6+0.2
ATP 9.6+0.2 49+04 75%0.3 8.2+0.3 5540 55+04 8.6+04 0.61

®Mean + SEM for n = 11 ATP (400 mg ATP/d taken 3@ miior to exercise) and n = 10 placebo supplendepéeticipants.

PProbability of treatment by time difference betweka placebo and the ATP treatments over the 1% weely. The mixed model in SASvas used with the main effects
of treatment, week and treatment by week, withvleie for week 0 used as a covariate. The mixedeiodSAS’ was also used for 3MH:Cr: however, 3MH:Cr was
measured only at weeks 0, 1, 8, 9, and 10. The husee these values with week 0 as a covariatddtarmining the overall treatment by time effect3MH:Cr.

“Not measured.

dperceived recovery score is rated on the partitipieling of recovery from the last workout oncals of 0-10. 0-2 indicates poor recovery and aitigated decline in
performance; 4-6 indicates low to moderate recoaery expected similar performance; and 8-10 indghtghly perceived recovery and expected incraéagesrformance.
*Significantly different than corresponding placebtest p < 0.05).



Muscle recovery and readiness to train in the next trainingosesvas measured by PRS
score (Table 3). While no overall 12-week Trt*time effect of AJupplementation was

observed, the effects of ATP supplementation compared with placebeels W0 and 12

may indicate that ATP supplementation improved perceived recovery (Table 3).

Safety assessment using blood chemistry and hematgy

Blood chemistry and hematology analyses were performed atreaggeek 0) and at weeks
4, 8, and 12 of the study; the data are shown in Tables 4 and 5, dibpthys blood
chemistry and hematology values respectively. No statistiaailyclinically significant
changes in blood chemistry or hematology were observed over thveeel? ATP
supplementation period when compared with placebo supplementation. Therenave
adverse events reported in this study.

Table 4Blood chemistry values

Placebo ATP

Before SEM' After SEM % Change Before SEM After SEM % Change p- Value®
Glucose, mmol/I 448 0.08 451 0.09 0.6 462 0.07 465 0.04 0.7 1.00
Uric acid, mmol/I 0.29 0.02 0.29 0.02 1.0 0.29 0.02 0.29 0.01 1.3 0.99
Blood Urea Nitrogen, 5.61 0.26 5.75 0.30 2.6 563 0.18 5.67 0.21 0.6 0.99
mmol/|
Creatinineumol/l 87.0 24 891 4.2 2.5 86.2 23 850 4.0 -15 0.80
eGRF, ml/min 101 22 101 3.6 0.6 105 3.7 107 37 1.7 0.93
Sodium, mmol/l 140 0.6 140 04 0.1 139 0.5 140 0.5 0.5 0.64
Potassium, mmol/| 4.3 0.1 43 0.1 -0.2 4.4 0.1 4.4 0.1 0.0 0.68
Chloride, mmol/l 101 04 101 04 -0.1 100 0.5 101 05 0.5 0.31
CO,, mmol/l 248 06 251 04 1.2 246 03 242 0.4 -1.5 0.77
Calcium, mmol/l 240 0.03 2.39 0.03 -0.2 244 0.02 243 0.02 -0.5 0.98
Protein, g/l 720 11 722 15 0.3 725 1.0 727 1.0 0.2 0.98
Albumin, g/l 46,6 05 46.0 0.8 -1.3 46.7 0.7 46.3 0.7 -0.8 0.53
Globulin, g/l 260 06 261 0.7 0.4 246 06 246 04 0.0 0.97
A:G Ratio 1.80 0.05 1.77 0.06 -1.6 191 0.06 1.89 0.05 -1.1 0.57
Total Bilirubin,ymol/l 13.4 25 129 2.6 -3.8 9.8 1.3 9.6 1.3 -1.7 0.71
Alkaline Phosphatase, 77.1 3.2 821 3.6 6.5 80.2 44 797 45 -0.6 0.16
U/l
Aspartate 25,0 19 240 20 -4.0 248 15 249 14 0.4 0.49
Aminotransferase, 1U/I
Alanine 266 28 266 2.8 0.0 221 2.0 223 1.9 0.8 0.90

Aminotransferase, 1U/|

"Values before and after 12 weeks of either placebo or ATP (400 mg/d)isitation.
'Standard error of the mean.
*p- value for Trt*time effect, the model included data from weeks 4 and 8{oots.




Table 5Blood hematology values

Placebo ATP

Before SEM' After SEM % Change Before SEM After SEM % Change p Value
WBC, x10/I 593 0.38 598 0.34 0.8 6.08 0.28.07 0.22 -0.1 0.67
RBC, x10% 516 0.10 5.19 0.09 0.7 5.13 0.08.07 0.05 -1.1 0.30
Hemoglobin, g/l 156 28 155 2.4 -1.0 157 22 156 2.0 -0.8 0.97
Hematocrit, I/l 0.46 001 046 0.01 0.0 0.47 0.@46 0.01 -1.8 0.54
MCV, um® 89.7 0.8 893 10 -0.5 90.6 0.8 89.7 0.8 -1.0 0.94
MCH, pg/cell 30.5 040 30.2 0.33 -1.1 304 0.35 044 0.3 0.42
MCHC, g/l 339 31 336 25 -0.9 334 39 340 44 2.1 0.16
RDW,% 134 0.1 134 0.1 0.0 131 01 13.2 0.1 0.8 0.62
Platelets, x1YI 247 9.0 236 9.1 -4.2 248 95 217 5.1 -12.5 0.64
Neutrophils,% 46.5 3.1 474 2.5 19 476 3.0 478 20 0.5 0.80
Lymphocytes,% 39.6 3.2 384 2.6 -3.0 390 28 388 1.7 -0.6 0.74
Monocytes,% 10.3 0.6 94 0.7 -8.7 93 05 96 0.6 3.0 0.57
Eosinophils,% 3.6 0.5 3.6 0.5 0.0 34 04 34 04 0.0 0.98
Basophils,% 0.6 0.2 0.7 0.2 16.7 04 02 04 0.2 -0.3 0.83
Neutrophils, x18/1 3.2 0.6 33 0.5 2.5 30 03 29 0.2 -2.3 0.27
Lymphocytes, x18l 2.4 02 25 0.3 4.1 24 02 24 01 2.9 0.99
Monocytes, x191 0.67 0.08 0.62 0.08 -7.5 0.82 0.20.61 0.05 -25.6 0.62
Eosinophils, x191 0.21 0.02 0.21 0.02 0.0 0.21 0.08.22 0.03 4.4 0.32
Basophils, x191 0.02 0.01 0.01 o0.01 -50.0 0.00 0.00.00 0.00 0.0 0.41

"Values Before and After 12 weeks of either placebo or ATP (400 mg/dhiathation.

"Standard error of the mean.
*P value for Trt*time effect, the model included data from weeks 4 and 8 (not shown).

Discussion

The primary findings of this study were that individuals consuming 490froral ATP daily
demonstrated ergogenic effects with ATP supplementation, sincesliogyed greater gains
in muscle mass, lean body mass, strength and power when compargdatebo-matched
control.

The effects of ATP on skeletal muscle strength angbwer development

Strength and power are two of the most critical attributes undgrisuccess in athletics
[21,22]. These variables are intimately related and allow ashtetdoe successful in their
respective sport [23,24]. Prior to our research, there was limitacedaluating the effects of
supplemental ATP on physiological responses that would improve |lamg4t@uscular
performance. For example, Jordan et al. [13] demonstrated that 14fdasaly ingested
ATP positively influenced exercise performance. Specificallyy tdemonstrated that 225 mg
per day of ATP for 14 days resulted in within-group increases thoree total repetitions
performed and bench press total training volume. More recently, Rathmaehdd ét found
that 400 mg of supplemental ATP per day for 15 days was effectiagoroving set-two leg
muscle minimum peak torque and tended to decrease set-three ldg fatigae during
three successive sets of knee extension exercises. Intesgdtiegthanges observed during
the aforementioned studies occurred despite final ATP suppleimentsing provided to
test participants 3 [13] and 12 hours [14] prior to post-testing dakctoh. The prolonged
lag time between supplementation and testing may explain the insegl albeit within-



group significant effects observed by Jordan et al. [13] and the dwmhewinimal but
between group effects on torque and fatigue observed by Rathmaahddé] Furthermore,
since the 400 mg per day dose used by Rathmacher et al. [14fiwied into two doses
throughout the day, the effective pre-exercise testing dose conguioedo the 12-hour
supplement withdrawal would have only been 200 mg of ATP.

The current investigation employed once per day supplementation ofragi@fse of ATP
where on training and testing days participants consumed the suppBOnamutes prior to
exercise. We found the ATP supplementation resulted in strengtlasesréor the squat and
deadlift of 12.9% and 16.4%, respectively, when compared to RT alonepiate®do (4.4%
and 8.5%). In comparison to the two former studies, it is likely tletrtore robust changes
observed within the current investigation are the result of toté& Adse and dose timing
relative to testing procedures.

With regard to muscle power, we found that vertical jump peak passrmore responsive
to ATP supplementation (+15.3%) as compared to placebo (+11.5%). Rathmtahdi4]
have speculated that supplemental ATP may provide cumulativditbeime strenuous,
repetitive, and exhaustive exercise activities, which could leachprovements in muscle
responses. However, we have to point out that mechanisms that AdiRteeechanges in
skeletal muscle performance are still under investigation ardl toelee fully elucidated. It
can be speculated that these functional changes are a facimalf transient increases in
extracellular ATP and its metabolites. For example, Sandonla [@5h presented evidence
that [ATPLy increases skeletal muscle Canflux and the release of €afrom the
sarcoplasmic reticulum, thereby affecting muscle conteacploperties. Specifically,
increasing skeletal muscle €anflux and intracellular concentrations have been shown to
significantly increase both the total number of thin filaments bindimdythe speed at which
the filaments slide [26]. These aforementioned findings provide aadue how the ATP
supplementation might modulate the increases in muscle strengpowed However, these
speculations must be eventually validated with direct research.

The effects of ATP on skeletal muscle mass and clgas in lean body mass

To our knowledge, this study represents the first formal irgedgin of the effects of oral
ATP supplementation on lean body mass and muscle thickness followchgoaic RT
program. Our results indicated greater increases in LBM andlentinsckness in response to
oral ATP versus placebo. We can speculate on a number of poss#aeséar the ergogenic
effects of ATP on muscle mass we have observed. In addition tés A@Pacity to buffer
fatigue during repeated high volume sets and increase twait@hty volume, the supplement
may increase skeletal muscle blood flow, thereby enhancinglen@saecovery. This is
critical as muscle deoxygenation is associated with decrgaesormance under repeated
high intensity contractions [27]. Specifically, extracellular ATRectly promotes the
increased synthesis and release of nitric oxide (NO) and pyokta@Gh) within skeletal
muscle and therefore directly affects tissue vasodilation anddbflow [28]. This is
supported by research suggesting increased vasodilation and bload flesponse to intra-
arterial infusion [29] and exogenous administration of ATP. It casgeeulated that these
changes in blood flow may lead to an increased substrate pool for skelatbd yusirtue of
increased glucose and; @ptake [9]. If this is the case the resulting outcome would be an
improved recovery response via a greater energetic environmennhdbol& processes
capable of supporting exercise-induced changes in LBM and hypertrophy [6]. Hothege
are currently only suggested possible mechanisms and need to be verified irckgareh.



The effects of ATP on recovery from high intensitytraining

Overtraining and overreaching are two of the most complicated reocces in sport. The
primary tools utilized to detect overtraining and overreachimgdude changes in serum
indices of skeletal muscle damage [30], anabolic and catabolicoherrstatus [31],
perceived recovery [20], and muscle protein breakdown. However, the caonsaEsns to
dictate that the number one indicator of overreaching and overtrarenghort- and long-
term decrements in performance, respectively [32]. The cause wéaskeing appears to be
an imbalance between training stimulus and recovery. If theulsis exceeds the athlete’s
adaptive capacity, decrements in performance will result; alély taking weeks
(overreaching) to months (overtraining) to fully recover. For eth&asons, a great deal of
research in strength and conditioning has centered on overreachingolsrotecsus
overtraining [32].

The present study attempted to overreach participants through ingré&asning frequency
and volume. Our results indicated that the overreaching cycle Miescadecrease muscle
power and strength, and overreaching increased protein breakdown. Hoteser effects
were blunted in the ATP group. It is interesting to note that prdieéakdown was not
blunted during phase 1 (weeks 1-8) by ATP supplementation. In fact, althooign p
breakdown in the ATP supplemented group was not significantly diffénant baseline, it
appeared slightly higher at week 8 relative to the control. &despeculate that under normal
conditions of training, when glycogen levels are likely adequate th@sécipants
supplementing with ATP were able to maintain higher intensitiégschvwould result in
higher rates of protein breakdown. However, when exposed to greabéngrfrequencies,
glycogen levels are likely to be depleted, thus preventing higtiensities from being
performed. As such ATP supplementation is able to blunt a rise miplmeakdown relative
to a placebo group. Thus, it appears that oral ATP may be able @asedatigue resistance
during a two-week intensive, high-volume overreaching protocol. Followitgoaweek
taper in which volume was reduced, the placebo group regained thdindgaszformance
while the ATP group experienced increases in both muscle strandtpower. These results
indicate that a typical overreaching stimulus overwhelms regowapabilities in a non-
supplemented state. However, the ability for ATP to speed raconay provide athletes
with a novel method to promote positive training adaptations.

While at first look these results may appear to be onlyrpartito athletic performance, it is
important to understand that several non-sport activities place petojdé for deterioration
of performance in life threatening situations where performasceritical. A primary
example includes combat athletes / military personal who aga tfhes placed in extreme
overreaching and overtraining environments that may take months deereitom [33].
These are often times highly conditioned individuals whose lives argiomisiay depend on
the prevention of decay in strength, and power.

Effects of chronic ATP supplementation on safety pameters

The results of this study suggest that 400 mg of oral ATP astimiad daily had no effect on
hemoglobin, white blood cells, blood glucose, liver, or kidney function. Tlessgts are in
agreement with Coolen et al. [34] who reported that up to 5000 mg peduting 28 days,
of oral ATP resulted in no significant changes in any blood or umeasured safety
parameters. Therefore, it appears likely that doses of 400 mgfdagl ATP for up to 12
weeks can be considered safe and presented no clinically relevant adestse eff



Bioavailability of oral ATP supplementation

Recently, Coolen et al. questioned the bioavailability of oral AZP However, the
biological pool where ATP is measured will determine the resfillsoavailability analysis.
If sampled in venous portal blood, oral ATP is indeed bioavailable [13]eGa@tlal. did not
analyse venous portal blood. If sampling systemic plasma or whole blab&Td will have
very low bioavailability even in very high doses. Paradoxically, &nh & Seman observed
that repeated administration of oral ATP led to progressive dimmof plasma ATP [13].
Nevertheless, their study demonstrated that oral ATP supplensentan indeed produce
biological responses. Over all, due to the nature of the ATP melatsilbioavailability is
quite difficult to determine. While our results suggest that ofElP Aupplementation can
significantly impact athletic performance, skeletal musglpertrophy and recovery, the
current study did not utilize methodologies to investigate the pdtemtiehanism(s) for the
ergogenic effects we observed.

Limitations

This study, similar to others, has limitations. This study incladechale subjects; therefore,
future research will need to expand our study design to a femaleapopulWe also
acknowledge that that these results occurred with a highhettgpopulation under extreme
training conditions. Chronic studies will need to be conducted in untraadedduals under
normal training loads. Finally, we did not assess changes in rausgutoncentrations or
changes in intramuscular ATP. We suggest that future researchers dhedecttudies using
near infrared spectroscopy to access intramusculao@rentrations and magnetic resonance
spectroscopy to assess any changes in ATP charge. Withseatrtteasures, caution should
be taken when interpreting the actual mechanisms of action of the supplement.

Conclusions

The collective findings of our current study suggest that oral sogpi@tion with ATP in
combination with high intensity, periodized RT, increases muscss,ns&rength, and power
compared with a placebo-matched control. Moreover, when faced witlkemgrgaining
frequencies, oral ATP may prevent typical declines in pedioga that are characteristic of
overreaching. Future research should seek to elucidate the undengeignisms through
which ATP operates to promote improvements in training adaptations.

Abbreviations

ATP, Adenosine-Striphosphate; Ck, Creatine kinase; cGMP, Current Good Manufacturing
Practices; DXA, Dual-energy x-ray absorptiometry; LBM, Lean bodgsnPP, Peak power;
PGb, Prostacyclin; RT, Resistance training

Competing interests

JMW, JMJ, RPL, MDR, EOD, SMCW and AHM declare no competing éstst JR, JF, and
SB are employed by Metabolic Technologies, Inc. which engagessiness trade with TSI
(USA), Inc. CL was a consultant of TSI, Inc.



Authors’ contribution

JMW, RPL, JMJ were involved in study design, training subjects, biiché analysis of
blood, data interpretation, and manuscript preparation. JAR, SMB, and JE€kwaved in
study design, supplement preparation, analysis of 3-MH, statiatiedysis, and manuscript
preparation. MDR, CML, AHM, and EOD were critical for study dasiand manuscript
preparation. SM-CW served as the study’s sports dietitian ancgsdssied in study design.
All authors read and approved the final manuscript.

Acknowledgements

This research was funded in part through a grant from by TSI US&, Missoula, MT to
JMW. TSI (USA), Inc. also provided the Peak ATP® and placebo supplenmsgdsin the
study.

References

1. Kushmerick MJ, Conley KEEnergetics of muscle contraction: the whole is less than
the sum of its parts.Biochem Soc Trans 2002,30(2):227-231.

2. Burnstock G, Knight GE, Greig A\Rurinergic signaling in healthy and diseased skin.
J Invest Dermatol 2012,132(3 Pt 1)526-546.

3. Agteresch HJ, Dagnelie PC, van den Berg JW, WilsonAtt¢énosine triphosphate:
established and potential clinical applicationsDrugs 1999,58(2):211-232.

4. Sawynok J, Sweeney MIfhe role of purines in nociception. Neuroscience 1989,
32(3):557-569.

5. Khakh BS, Henderson GATP receptor-mediated enhancement of fast excitatory
neurotransmitter release in the brain.Mol Pharmacol 1998,54(2):372—-378.

6. Gorman MW, Feigl EO, Buffington CWHuman plasma ATP concentration.Clin Chem
2007,53(2):318-325.

7. Hochachka PW, Bianconcini MS, Parkhouse WS, DobsorO@Rhe role of actomyosin
ATPases in regulation of ATP turnover rates during intense xercise.Proc Natl Acad Sci
U SA1991,88(13).:5764-5768.

8. Mortensen SP, Thaning P, Nyberg M, Saltin B, Hellstehoc¢al release of ATP into the
arterial inflow and venous drainage of human skeletal muscle:nsight from ATP
determination with the intravascular microdialysis technique J Physiol 2011, 58Pt
7):1847-1857.

9. Ellis CG, Milkovich S, Goldman DWhat is the efficiency of ATP signaling from
erythrocytes to regulate distribution of O(2) supply withn the microvasculature?
Microcirculation 2012,19(5):440-450.



10. Sprague RS, Bowles EA, Achilleus D, Ellsworth MArythrocytes as controllers of
perfusion distribution in the microvasculature of skeletal muscle. Acta Physiol 2011,
202(3):285-292.

11. Trautmann AExtracellular ATP, in the immune system: more than justa “danger
signal”. Sci Sgnal 2009,2(56).e6.

12. Kichenin K, Seman MChronic oral administration of ATP modulates nucleoside
transport and purine metabolism in rats.J Pharmacol Exp Ther 2000,294(1):126—133.

13. Jordan AN, Jurca R, Abraham EH, Salikhova A, Mann JK, Morss GM, Chichucia
A, Earnest CPEffects of oral ATP supplementation on anaerobic power and muasilar
strength. Med Sci Sports Exerc 2004,36(6):983—-990.

14. Rathmacher JA, Fuller JC Jr, Baier SM, Abumrad NN, Angus HFp $la Adenosine-
5'-triphosphate (ATP) supplementation improves low peak mude torque and torque
fatigue during repeated high intensity exercise setdournal of the International Society of
Sports Nutrition 2012,9(1):48.

15. Kraemer WJ, Hatfield DL, Volek JS, Fragala MS, Vingren JL,ekson JM, Spiering
BA, Thomas GA, Ho JY, Quann EE, Izquierdo M, Hakkinen K, Maresh ENkcts of
amino acids supplement on physiological adaptations to resistand¢eining. Med i
Soorts Exerc 2009,41(5):1111-1121.

16. Gilbert G, Lees AChanges in the force development characteristics of muscle
following repeated maximum force and power exerciseErgonomics 2005, 48(11—-
14).1576-1584.

17. Weir JPQuantifying test-retest reliability using the intraclasscorrelation coefficient
and the SEM.J Srength Cond Res 2005,19(1):231-240.

18. Smith JC, Fry AC, Weiss LW, Li Y, Kinzey SDhhe effects of high-intensity exercise
on a 10-second sprint cycle tesf. Srength Cond Res 2001,15(3):344—-348.

19. Lowery RP, Duncan NM, Loenneke JP, Sikorski EM, Naimo MA, Brown Witson
FG, Wilson JM:The effects of potentiating stimuli intensity under varyingrest periods
on vertical jump performance and power.Journal of Srength and Conditioning Research
2012,26(12):3320-3325.

20. Ackel-D’Elia C, Vancini RL, Castelo A, Nouailhetas VL, Silv&CAAbsence of the
predisposing factors and signs and symptoms usually associatedh overreaching and
overtraining in physical fithess centersClinics (Sao Paulo) 2010,65(11):1161-1166.

21. Robbins DW, Docherty CEffect of loading on enhancement of power performance
over three consecutive trialsJ Srength Cond Res 2005,19(4):898-902.

22. Wilson JM, Duncan NM, Marin PJ, Brown LE, Loenneke JP, Wilson SN, lowery
RP, Ugrinowitsch CMeta-Analysis of Post Activation Potentiation and Power: Effect®f
Conditioning Activity, Volume, Gender, Rest Periods, and Trainig Status.J Srength
Cond Res 2013,27(3):854-859.



23. Cormie P, McGuigan MR, Newton RDeveloping maximal neuromuscular power:
Part 1-biological basis of maximal power productionSports Med 2011,41(1):17-38.

24. Cormie P, McGuigan MR, Newton RDeveloping maximal neuromuscular power:
part 2 - training considerations for improving maximal power produdion. Sports Med
2011,41(2):125-146.

25. Sandona D, Danieli-Betto D, Germinario E, Biral D, Martin&lld.ioy A, Tarricone E,
Gastaldello S, Betto Rthe T-tubule membrane ATP-operated P2X4 receptor influeoes
contractility of skeletal muscle.FASEB J 2005,19(9):1184-1186.

26. Homsher E, Kim B, Bobkova A, Tobacman IGalcium regulation of thin filament
movement in an in vitro motility assay.Biophys J 1996,70(4):1881-1892.

27. Buchheit M, Cormie P, Abbiss CR, Ahmaidi S, Nosaka KK, LaursenNRBcle
deoxygenation during repeated sprint running: Effect of activevs. passive recoverylnt
J Sports Med 2009,30(6):418—-425.

28. Nyberg M, Mortensen SP, Thaning P, Saltin B, Hellsterdn¥rstitial and plasma
adenosine stimulate nitric oxide and prostacyclin formation inhuman skeletal muscle.
Hypertension 2010,56(6):1102—1108.

29. Gonzalez-Alonso J, Mortensen SP, Jeppesen TD, Ali L, Barker Hsdaamnd R, Secher
NH, Dawson EA, Dufour SPHaemodynamic responses to exercise, ATP infusion and
thigh compression in humans: insight into the role of musel mechanisms on
cardiovascular function. J Physiol 2008,586(9):2405—-2417.

30. Xiao W, Chen P, Dong Effects of overtraining on skeletal muscle growth and gene
expression.Int J Soorts Med 2012,33(10):846—-853.

31. Tanskanen MM, Kyrolainen H, Uusitalo AL, Huovinen J, Nissila J, Kinnuneit&lay
M, Hakkinen K:Serum sex hormone-binding globulin and cortisol concentrationsire
associated with overreaching during strenuous military trainirg. J Srength Cond Res
2011,25(3):787-797.

32. Halson SL, Jeukendrup ABpes overtraining exist? An analysis of overreaching and
overtraining research. Sports Med 2004,34(14).967-981.

33. Chicharro JL, Lopez-Mojares LM, Lucia A, Perez M, Alvarez ahdnda P, Calvo F,
Vaquero AF:QOvertraining parameters in special military units. Aviat Space Environ Med
1998,69(6):562-568.

34. Coolen EJ, Arts IC, Bekers O, Vervaet C, Bast A, DagnéieCiPal bioavailability of
ATP after prolonged administration. Br J Nutr 2011,1053):357-366.



14

O 00 W < ~N o @
—f

™~
=l o
i

15
12
9
6
3
0

asea.nu| % ‘Yiduans [ejo) aseatou| 9, ‘4amod dwinf [esiiap

Week of Study

Figure 1



	Start of article
	Figure 1

