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INTRODUCTION

(1) tihydroy pmethylbutyeats (MB) s a rel
atively new ergogenic lxd nm is achieving
Some popularity, HMB s
amino acid leucine and its et ket

caproate. [t is believed that HMB has both
asabotic and lipelyti offecta: However, ¢
research available to support such claim:
studies, significantly greater improvements in strength
and lean body mass have been reported in previously un-
trained subjects alter resistance.training programs of 4—
after supplementation compared with subjects
<onsuming & placsbo (4. 8,16, 19). I additon, 1o adverse
effects on hepatic enzyme function, rofile, renal
function, or the immune system wers agted ater 8 wesks
of HMB supplementation (5).

Studies that have examined HMB administration
have also demonstrated possible anticatabolic propetties
of the supplement (21, 25). This has been
reduced enzyme markers of muscle damage and an en-
haaced vecovery during periods of high muscular stress

administration (11, 15). Specifically, these
uies hawe ssported signicanty lows creatios kinsss
and lactate dehydrogenase concentrations af
Tongedrun (20 ki) i arcucance-rainad athites (L1 oF

in the initial weeks of a resistance-training program (15,
16). The subjects in these studies supplemented with 3 g
er day of HMB fo pariods lasting 3-6 weeks. Durig
supplementation schedules of shorter duration (<1
weed), the abiity to attonuate the catabelic sfects of ex.
or enhance strength seems to be limited (24). In
addition, the srgogenic eocts of HMB in & trained ath:
letic population are less clear. Studies using resistance-
trained or competitive athletes ware onable to duplicate
the results seen in a recreationally trained population us-
ing similar suppl-mnunon schedules (12, 17, 18, 20).
ity of this supplament,
ted concerning its

E

cch is
Toct in highly trained

letes.

During high-volum,
ilar
Toathal he sbiity o an athessto rcover may besome
compromised, and as a result, the may become
susceptible to problems associated W|Lh ling nnrl
fatgue Litl information " Knwa concerning the
iological changes accurring to these athletes during :u:h
training, However, Antcdoul reports have been consis-
tent in descr ly stressful a
of these hype! o ams. A nntn!mnll supple-
mont tha an enhance recovery and maiptain ot Iprove
the quality of the workouts would be highly desirable.

us, the purpose of this investigation was to examine
the effectivensss of the nutritional supplement HMB on

the

nd ighinteaty raining,

| parsmeters g e earary aad
musdie damage during preseason training camp in inter-
cuuemm Tootoell players

METHODS

Experimental Approach to the Problem

The experimental design was single blind and involved
30 members of a NCAA Division II1 football team that
wers randamly assigned o sither 3 supplementa oc 3
placebo group. The supplement group consumed 1 g
EMB S timos pec oy, whereas th consrol Jroup was iv
en a placebo similar in appearance. The study began L
day befors the onset of preseason training camp an con-
cluded 10 days later at the trainiag ses-
ons: Petonance. endocrine, socherica varisbles nd
subjective measures of fatigue and soreness were ana-
lyzed before and after the training camp to determine the
efficacy of 10 days of HMB supplementation

147
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Subjects
Thirty members of a NCAA Division III football team vol-
untsere as subjects (o this invetigtion. After an &

p!an’\tlon of all procedures, risks, and benefits, each sub-

e o8 I Soamunt th partlctpute I Ahis iy
e fostitutional Roviow Bosrd af the solego approved
the research protocol. All subjects were free of any mus-
culoskeletal and neuroendocrine disorders. In addition,
all subjects reported being free of any anabolic steroid
supplementation during the previous year and agree
refeain from any additional nutritional supplementation
during the 2 weeks before this study and during the du-
cation of this study. Four of the subjects were injured.
during practice sessions and were unable to complete the
atady: Analysia reBects the 25 subjei that were able to
complete all phases of the study.

Exper

Subjects were tested 1 day before the beginning of pre-
season training camp (PRE) and 10 days later (POST) at
the end of 2-a-day sessions. All testing sessions occurred

at the same time of day. There were an equal number of
Tinemmon and skillositon (wide reciver, running backs,
and defensive backs) players that volunteered as subjects.

ental Design

and 99.1 = 19.2 kg) or
a sup»!emﬂ\ul (S) group (1 g of HMB 3 !lmel per. dly,
Furn (Im(y total of 3 g; n = 15; 20.7 = 1.3 years, 179
. 4969 155 ). Bocause of the uneven num-
er of subjects in sach group, one geoup had 7 linemen
and 8 skill-position players, whereas the other group had
e opposite number. A single-blind procedure was used
Ll\mughuut the stu
jects were huuud in the same darlmwry during
o duration of training camp. ARer evening meetings,
each subject compl!!cd I mnm:\t !orene!s and training
oy diotary re:

Products Company, Windham, NH). Determinations of
serum immunoreactivity values were made using
SpectraMax34) Spectrophotameter (Voleular Dev
Sunnyvale, CA). To eliminate interassay variance, uli
samples for a particular assay were analyzed in the samc
assay run. All samples were un i duplicatewith 3 mean
i asesy varianse of <10%. The detecton limits of the
esrstacmnes cotal, and myeglnbu\ assays were 0.1
nmol L, 2.76 nmol-L-", an ml-, respectively.
et oo tosesons o ool s devocmine
for each testing session. Serum creatine kinase concen
trations were analyzed with the use of a spectrophoton-
eter and a commercially available enzymatic kit (Diag-
nostic Chemicals Limited, Oxford, CT).

Performance Measures
To quantify anaerobic power pecformance, all subjects
performed the Wingate anaecobic power test (Lode Ex.
calibur, Groningen, The Netherlands) after a warm-up
period of 5-minutes pedaling at 60 rpm interspersed witl,
3 llout sprints (o saconds. The subjects pedaled
30 saconds at maximal speed sgaicst & congtant lorce
The forc seting was 10 N of Foody m wer,
mean power, and rate o were measured. Peak
power wes dafned aa the highest mechanical power aut.
as defined as
T aversas ‘mechanical power during the 30-second tes:
and the rate of fatigue was determined by dividing the
highest power output from the lowest power outpu

Supplement Schedule

Subjcts congumed sither the supplement or placebo I
times (at each mea) per day. & tablets
(1g) at each meal (manufacturer’s racommcnded o
istinguishable in
S0k iaath 4 was provided tn e same form 45 the Sup-
plement.

T Blood samplor wers sbtainad for dotormsing vstos
terone, coctsol, reatine kinase, and myoglobin, concen-
trations. ARer each blood draw, the subjects performed
30-sacond Wingate annarobic power test
Blood Measures
Each subject reported to the Human Pecformance Labo:
ratory on 2 different occasions fr blood samplin
POST: All bload samples wers obtained [rom an i
ecubital acm vein using & 20.gauge. disposable needle
equipped with a Vacutainer tube holder (Becton Dickin-
son. Prauidin Lakes, NJ) with the subjct in a sested oo
siton. Blood samples were colleced into a Vacutainer
Tube Containing SST Gel and Clot Activator, Serum
lowsd. 0. clok at room temperature,and. subsequently
centrifuged a 15008 (o 15 minutes. The resulting serum
was placed i L8-ml microcentrifuge tubes
and Foten ot ~95%'C o later anaiyees of estostaront.
cortisol, myoglobin, and creatine kinase.

Biochemical and Hormonal Analyses

Serum tstatarons and soisol concantations wers de-
termined using enzyme immunoassays (E[A) (Diagnostic
Systems Laboratories, Wabstar, TS0, Myoglobin concen.
teations were dete using an enzyme-linked im-
munosorbent assays (ELISA) (American Laboratory

¢ each evening meeting on days 2-9, subjects were

7-point rating scale.
Foeie perception of practice intensity for

= very
hard; and 7 = very acy haed. Subjects wers, as
describ ings of soreness (both overall and spe:
iheally the legs) umg the following verbal ancho

very very good; 2 = = tender bt
not sare; 5 = sore; 6 and 7 sore.
Subjects were also asked to mh mm felings of tarigus
using the Glowing scle: L = resh; 2 = very
freshi 3 = ager 5 = Hred: & very tireds and

7= very vesy tired. The tamme reearchec performed al
test administrations in a quiet o0

Dietary Analysi
For the dietary analysis, 5-day dietavy recalls were eval
uated using FoodWorks Dietary Analysis software (Mc
Graw Hill, New York, NY).

Statistical Analyses

Statistical evaluation of the data was accomplished by !
2 x 2 analysis of variance. [n the event of a significant ¢
vatio, Tukey post-hoc tests were used. Significance for a
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TaBLE 1. Average vesponse to training questionnaire.®
S B
Muscle soreness, overall 3.79 = 0.70  4.17 = 0.55
Muscle soreness, legs 4,18 = 041 438 = 0.51
[Faalings of fatique 387 £ 095 409 = 0.26
Perception of practice intensity  4.21 = 0.74 421 £ 0.45

* Values ave mean * S0; 5 = supplement; P = placebo.

TaBLE 2. Wingate anaerobic power test performance.”

PRE POST

Pealk power (w)

P 2,131 = 510 2,062 = 539

S 1,968 = 375 1,921 % 453
Peak power (w-kg-")

P 23.1 £ 7.6 22.9 = 8.3

S 209 = 4.2 20.6 £ 4.9
Mean power (w)

P 1,308 = 78 1,315 = 37

8 1,286 = 57 1,276 = 76
Mean powar (w-kg-")

B 14.1 + 2.9 136 £ 25

5 13.7 = 1.4 13.7 = 1.8
Rate of fatique (w.3-')

I 313 = 12,0 37.0 = 13.1

S 323 =786 35.2 = 94
Tatal waorle (J)

P 38,748 = 1,969 39,226 = 870

8 38,564 = 1,697 38,175 = 2,163

* Values are mean = S0, § = supplement; P = placebo; PRE
= 1 day before training camp; POST = after the 10-day training
camp.

(nmoliL)
(9%
S
—t

Pre Post

FicuRE 1. Comparison of serum testostarone concentrations
{mean * SD) between the suppl ital (S) and pl (F)
3Toups,

statistical analyses was set at p = 0.05. A sample size of
26 subjects provided =80% statistical power at an o level
0f 0.05 (two-tailed).

Resurrs

All subjects participated in each of the 19 faotball prac-
tices ancl 3 resistance-training sessions held during the
L0-day training camp. D1eL‘1ry analysis showed no signif-
ieant differences batween S and P in daily caloric intake

=
500

400
= 300 |
o

£ 200
=
=100

Pre” ' Post

DSlﬂ
Ficure 2. Comparison of serum cortisol concentrations
(mean = SD) between the supplemental (3) and placeba (P)

groups. * = significantly different from 1 day before training
camp (PRE).

(3,543 = 908 and 3,254 * 1,241 Kcal, respectively), ab-
solute protein intake (177 % 92 and 137 £ 48 g, respee-
tively), and relative protein intake (1.89 = 1.14 and 1.45
= 0.54 g-kg~', respectively). Analysis of dietary composi-
tion showed that the daily diet for both groups was com-
prised of 52% carbohydrates, 31% fat, and 17% protein.
Mo significant changes in body mass were seen from PRE
to POST in either S (95.6 = 12.8 kg and 93.8 = 11.7 kg,
respectively) or P (95.9 = 17.7 kg and 94.6 = 18.3 kg,
respectively). In addition, no significant difference was
seen between the groups in the A& body mass (POST-
PRE).

Subjective feelings of practice intensity, muscle sore-
ness, and feelings of fatigue can be seen in Table 1. Re-
sults are expressed as the average daily response. No sig-
nificant group differenées were observed in any of these
subjective questionnaires. No significant differences in
practice intensity were observed during the 10-day train-
ing camp. Although increases in overall soreness, sore-
ness in the legs, and feelings of fatigue were significantly
increased from day 2 in both groups, no differences in the
average ratings between the groups were seen.

The results of the anaerobic power measures can be
seen in Table 2. No significant PRE to POST or group
differences were observed. In addition, during the 3 re-
sistance-training sessions, no differences were seen be-
tween S and P in exercise intensity for the bench press
(77 £ 4.0% and 77 = 2.0%, respectively) and squat (62 =
19.0% and 69 = 6.0%, respectively) exercises. In addition,
no differences in the average training volume (average
number of repetitions per workout session times load)
was seen between S and P in the bench press (1,000 =
300 kg and 1,020 = 234 kg, respectively) and squat (1,120
* 776 kg and 1,290 * 586 kg, respectively) exercises as
well.

The testosterone, cortisol, and testosterone-to-cortisol
ratio (T:C ratio) responses can be seen in Figures 1-3,
respectively. Mo significant between-group differences
were seen in any of these variables at PRE or POST.
When examined across time, no significant changes in
testosterone concentrations were observed. However, cor-
tisol concentrations significantly (p < 0.05) decreased
from PRE to POST in both 5 and P (25.0% and 27.7%,
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18 - *
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e
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Freune 3. Comparison of molar ratio of testosterone to

cortisol {mean £ S0) between the supplemental (3) and
placebo () groups. * = significantly different from 1 day
belore Leaining camp (PRE).

500 g :
400
_, 300
S 200
100 -

I "

Pre Post

OS uP

Ficure 5. Comparison of serum creatine kinase

nalml

Post

EISIP; il

Figune £ Comparison of serum myoglobin concentrations
(mean = 50) between the tal (S) and placebo (P}
groLps,

vespectively), wheveas the T:C ratio was significantly in-
creased from PRE to POST. ;
The myoglobin and creatine kinase responses can be
seen in Pigures 4 and 5, respectively. Mo significant be-
tween-group or within-group changes were seen in myo-
globin concentration. Creatine kinase concentrations
were significantly increased from PRE to POST in both S
anc P, but no significant group differences were observed.

DiscussioN

The [indings of this study suggest that short-term HMB
supplementation does not attenuate biochemical markers
of muscle damage, as reflected by the lack of significant
differences observed between S and P in myoglobin and
creatine kinase concentrations during 10 days of high-
intensity football practice. Endocrine markers of stress
(testosterone, cortisol, and T:C ratio) were also not sig-
nificantly diffevent between S and P, whereas anaerobic
power and resistance-exercise performance was also sim-
ilar between the groups. Interestingly, highly conditioned
subjects participating in a 10-day preseason [football
training camp did not suffer any significant decrements
in pevformance, recovery ability, or stress, as suggested
by the endoerine responses cbserved.

PPrevious stuclies have suggested that supplementing

rations (mean = SD) between the supplemental (S) and
placebo (P) groups. * = significantly different from 1 day
before training camp (PRE).

with HMB may have anticatabolic properties (4, 11, 15,
16). These studies have primarily used decreases in en-
zyme marlers of muscle damage (ereatine kinase and lac-
tate dehydrogenase) after prolonged endurance runs or
during initial periods of high-intensity exercise as the ba-
sis for these claims. This is appealing for those athletes
that are participating in high-intensity training programs
associated with muscle stress.and damage. Practices dur-
ing preseason football training camp are comprised of
contact and non-contact drills, teaching periods, and con-
ditioning. All drills are performed at a maximal effort,
and practice sessions are generally 2 hours in duration
and performed twice per day. Although no studies are
lenown that has characterized the physiological stress or
muscle damage in football players during such training,
the highly intense and physical nature of these training
sessions is well acknowledged by both players and coach-
es. Thus, in addition to the examination of the efficacy of
HMRB, this is the frst study to characterize the physio-
logical stress of football training camp.

During the 10 days of football training camp, no
changes in myoglobin concentrations were observed, but
a sixfold increase was seen in creatine kinase concentra-
tions. The significant increase in creatine kinase is not
surprising considering the highly physical nature o the
game of football. However, these results were in contrast
to that previously seen after a competitive football game
(6). [n that study, acute increases in myoglobin were ob-
served with no significant increase in creatine kinase. [t
was sugzested that myoglobin was a more sensitive mea-
sure of acute muscle damage than creatine kinase be-
cause of its smaller molecular weight and quiclker transit
time from the damaged muscle tissue through the various
biocompartments into the pecipheral circulation. [n this
study, the cumulative effect of L0 days of preseason train-
ing camp was examined. These results suggest that cre:
atine kinase may be a better indicator for muscle damage
than myoglobin when examining the cumulative effects
of Eraining compared with an acute bout of exercise
There are a eouple of possible explanations for the difter
ent response patterns seen in these 2 biochemical mark:
ers of muscle damage. The low molecular weight of myo®
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globin, which allows it to appear in the circulation before
creatine kinase, is also rapidly cleared by the kidneys
(10). As a result, plasina myoglobin concenteations begin
to return to baseline levels within 24 hours of the muscle-
damaging event (7, 28). In addition, creatine kinase
seems to take an indirect route into the circulation. Be-
cause of the size of the creatine kinase molecule, it is not.
casy fo i to enter the mirovascular endothelium, Tho
instead of directly entering the syvamie crelation t
taken up by lymphatic ety L1 25, Tol cavses 3 .
lay in the transport of creatine s into the blood-
stream. In addition, the slower mov-

study duration, and measures of perceived practice inten-
Sty romainad stable throughoul the study peciod. S
the decrease i cotizal concentestons from PRE ta POST

h groups was difficult to understand. A possible ex.
phnnion may be related to the subjects playing experi-

nc

All subjects were veteran plagers with = lem 1year
of college training camp experie likely fa-
miliar and comforeable with the foutine of training camp,
Whereas speculative, this familiacity may have reduced
anxiety levels, reflected by the smaller (p < 0.05) cortisol

ing than the cxrculntmy syskem (14), and as a resul, it
rould add to the delay of creatne kinase agpearing ia
the systemic circulati

“The tack of a signifeant diffrence between S and P
in myoglobin and creatine kinase concentrations suggests
that supplementation with HMB does not provide any er-
gogenic beneRt elatng to reduced muscle prtein beale
ting mus-

down. Although there are limitations to estimat

i
n ceatine ki-
dehydrogenase, and 3-methyl hnst\dme lev,
s aer HMB supplomensation (4, 11, 15, 16). Bas
upon these results, it was assumed that HMB may plr-
tilly ausouate muscle protein breakdown. However,
primarily
population ith 10 resistance-training experienc
sudies using sither 8 com st tained
ct population, HMB ‘upplementation was also re-
to have no significant effect on creatine kinase con-
Eovteations (13,245 Toua, it (S supplemantation hes
exgogenic benefitin ttenuating muscls damage, it i
likely to be maost effective in the untrained population
where the potgn!ul for muscle damage to occur during
exercise is gre
Surplls\r\xly. I.I\e bighly intense and stressful nature
of foo n training camp was not reflected i
the endocrins profis observed. Alinough o changes in
oncentrations were observed, a significant
decrease in cortisol from PRE to POST was suggestive of
a decreased training stress. This was also reflected by a
more anabolic (: atly greater T.C ratio) stress hor-
mane profle. Typically. the measurements of thess ste-
roid hormones and their molar ratio a
evaluate the stress levels of athlates during periods of
high-intensity training and assess the risk of overreach-
ing or overicaining (13) Although ﬁwtbnll preseason
raining c:

seen at POST. Previous research has
shown that cortisol levels do respond to changes in anx-
:y (1). The larger cortisol concentrations seen at PRE
may indicate some feelings of anxiousness that even vet-
hl ence before the on i
reseason testing and potential competition for play-
ing time) e normal routine of training camp has
begun, anxiety and toees levels i the vateran athlste
may begin o 3
Toey masa, u\ both groups tended to daclne. How.
umm-xuls mass % body
Taass loss in P wor nt l([mﬁ:lnz\y Seroct nseren.
ingly the calric intakas observed iz bt of these §roure
relatvaly mall. comparad with pevious eports

Colegiate oo 3 (22), and pckaps acaunted for
The slight dcreases o dy mass. A possibl
nation for the relatively smal calore ntake seen n these
subjucts may elate to the timing Setween the third meal
of the day and the second practice. This meal occurred
Appmxxmlt Iy 25 hours alar the second meal and 2
hours before the next practic y
ot s huagy o were concerned sbout eating too close
to practice. This is a situation that m:
St alage football programs thatdo ot have complets
autonomy over meal times and practice schedul

Supplementation with HMB did nt have nny signif-
icant effect on anaerobic powe: ce ot in the vol-
ume o intensity of the fesltance-esereise sossions dur.
lng teaining camp. Pravious resenrch has suggeated that
Iog F i

16, 19). However, ? d
recrentonally fraifud aubjects using & sugplementation
sched: 7 weeks ir Howevec in other
Shudies that used resistance trained or compotitive
letes, the ergogenic. benefit during supo lumunmno\\
schedules eeks was unable to be duplicated (12,

20,24).In nddxlwn O'Connor and Crowe (17) regrted no

Dhysialy demanding, & s ias the Bise when the s
letes are in peal physical :on(\mnn and have physically
grepared thamsslves io face such training.
g that s Subjects seemed £
maintain pnrfo(ma\\ce. ‘oth physicaly and physologial-
Iy, during the 10 days of high-intensity football practice.
o addition, provious research has Gemonstrated. thak
highly intense  periods of brainiag in the strengtt/power
athlete may not lead to alterations in the hormonal pro-
e 3 that ar e fequantly seen In the andurance achiste

ovious resenrch has roportad that cortisol levels are
ms.zm to changes in both intensity and volume of train-

ing 0 this s!\\dy. subjecs oasticipated n 20w
Dacties ke por ges in training volume
{time and number of daily practces)sccurred during the

significant robic power performance
atter 4 weeks of FMB supplorentation in Highly trained
athletes, Thus, it seoms that the effectiveness of H
observed ina mmnmny trained suh]acl
Population. The abilty of H rovide any ergogenic
Fepett io'a highty Leained ot tompettve froup of b
jects seems to be questionable.

PRACTICAL APPLICATIONS
‘The results of this study do not support previous research
that have reported on the anticatabolic properties and im:
proved strength performance of HMB supplementation.
This seems to be a function of the training status of the
subject and possibly the duration of supplementation. I
was also surprising to see, regardless of supplementation
the ability of the subjects to maintain power and strengt!
pecformance during the 10 days of preseason footbal
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training camp. [n addition, although subjective measures
of muscle soreness and markers of muscle damage were
significantly increased, the endocrine profile observed
suggested that highly trained football players can with-
stand the rigors of 10 days of preseason training.
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