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Dietary supplement of /S -hydroxy-/S-methylbutyrate
had been proven to increase lean body mass, collagen
decomposition and bone mass. The mechanisms of HMB
supplements promote myogenesis had bee well-
documented but the mechanism of HMB inhibit
osteoclastogenesis remains unclear. As for as we can
research, NF-xB pathway might play an important role
in 1t. Differenciation and proliferation of
osteoclast require activation of RANK and downstream
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NF- kB pathway by RANK ligand(RANKL). During exercise
training, increased reactive oxygen species (ROS)
production activate NF-x B pathway and consequently
promote osteoclastogenesis. HMB might reduce
osteoclast proliferation and differenciation through
inhibition of NF-x B pathway activated by RANKL.
Therefore, we proposed present study to discover the
effect of HMB supplement and weightlifting training
on bone metabolic responses and possible molecular
mechanism of those responses. Sixteen healthy male
were recruited for present study and divided into two
groups with matched body weight. Training protocol
were followed by certified weightlifting coach during
four weeks of training session and well recorded. All
subjects required to take 3 grams of HMB daily on
early morning after blood sample were collected.
Fasting blood sample were collected weekly in eaaly
morning by venipuncture for further analyze.

During four weeks of training, HMB supplement
increased serum B-ALP level and slightly reduced
beta-crosslaps, a bone resorption biochemical marker
while no differences were found on bone mineralize
marker osteocalcin between groups. Bone modulatint
cytokines OPG and RANKL level were not altered by HMB
supplement. Somehow, OPG level seems to consist with
training volumn in both group. PTH level was
obviously increased in both groups while no
difference were found between groups. cortisol in
group HMB has raised siginificantly in first week
then back to the baseline level. Intracellular I xB-
a expression were decreaseed in both groups ever
since the training has began and eventually
significantly different at week 4. Result of present
study indicates that 3g of HMB supplement daily
promotes bone formation and slightly reduced bone
resorption while mineralization were not affected
during four weeks of weightlifting training.

HMB, bone metabolic, weight-bearing exercise
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Abstract
Dietary supplement of f-hydroxy-pf-methylbutyrate had been

proven to increase lean body mass, collagen decomposition and bone
mass. The mechanisms of HMB supplements promote myogenesis had
bee well-documented but the mechanism of HMB inhibit
osteoclastogenesis remains unclear. As for as we can research, NF-«xB
pathway might play an important role in it. Differenciation and
proliferation of osteoclast require activation of RANK and downstream
NF-xkB pathway by RANK ligand(RANKL). During exercise training,
increased reactive oxygen species (ROS) production activate NF-«xB
pathway and consequently promote osteoclastogenesis. HMB might
reduce osteoclast proliferation and differenciation through inhibition
of NF-xkB pathway activated by RANKL. Therefore, we proposed present
study to discover the effect of HMB supplement and weightlifting
training on bone metabolic responses and possible molecular mechanism
of those responses. Sixteen healthy male were recruited for present
study and divided into two groups with matched body weight. Training
protocol were followed by certified weightlifting coach during four
weeks of training session and well recorded. All subjects required to
take 3 grams of HMB daily on early morning after blood sample were
collected. Fasting blood sample were collected weekly in eaaly morning
by venipuncture for further analyze.

During four weeks of training, HMB supplement increased serum
B-ALP level and slightly reduced beta-crosslaps, a bone resorption
biochemical marker while no differences were found on bone mineralize
marker osteocalcin between groups. Bone modulatint cytokines OPG
and RANKL level were not altered by HMB supplement. Somehow, OPG
level seems to consist with training volumn in both group. PTH level
was obviously increased in both groups while no difference were found
between groups. cortisol in group HMB has raised siginificantly in first
week then back to the baseline level. Intracellular IxB-a expression
were decreaseed in both groups ever since the training has began and
eventually significantly different at week 4. Result of present study
indicates that 3g of HMB supplement daily promotes bone formation and
slightly reduced bone resorption while mineralization were not affected

during four weeks of weightlifting training.

Keywords: HMB, bone metabolic, weight-bearing exercise
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A BX3 %z HMB 458 # # (GNC pro perfornamce, GNC Corporation,
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IR L B TR HACTRE 6y B B SRR AR B 1 ARl B E % AT 0 B 8@
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BH IR RAIRE 101 Fx FEVNRBRLH BITAHP—EA G RHBREIIR
REBASE) EHF AT IR EIAT IR ABEBELER2 NS &
B A4-5 RGALA DR IR AL IG/4R - BRI F wse kR 8 0 L2 48R
TE - REEFE -

EEh R 3K LA B e Biodex % iR UL A 4% (Biodex isokinetic dynamometer system 4 Pro,,
Biodex ; New York, U.S.A) » #:8] i% w9 88U ~ Bk =SB AL 5k AL 7 $L 9Lt
B BRAAFEUARRERGOREF APIT > LAERM & Kw
sEALE 2 WL A 83X (Concentric-Concentric) Arik A 9813k B 4 B8
Feiring (Feiring DC, Ellenbecker TS, Derscheid GL. Test-rest reliability of
the biodex isokinetic dynamometer. J Orthop Sports Phys Ther
1990;11:298-300.) % A2 EE &R > 313k € H#k (300 E/#) K% (60
B/ ERNMAETER > AR =ZR > BFRARZMTRBLRE 2
BEMBAEKRL  RERS —n4E - LAt AR RBA30R 2 R & R4
(Isometric contraction) i3+ H &4 E1F X &k Kin S EIFH KRB
Btk APUT=ER B FRUWERR -

BB g 1E B 4A K T B 4 R 47 4R (BOD-POD, Body Composition Tracking System,
Inc. )» RZEAMABRIEZRAZALERM  RABREULXBRAFTSHE
EH

BRARIER C IREAEZRE R TR TRA AR ERFEAAR LA L L4 T 3%
ta3tsk 0 B — ey RE N HMB ¥4 Bl L 2 A% TR REgE@
WEMELT  ABRBRAZALERS FHL B UWHRRER
R mz 2% o

EWonf BRERBHZHME > RBABETRAAFTZER  TAHMBLIRERA
HMB 2 vo 38 » f38 AT R AR 03K ~ & A8 4 A R 8Lt iR A AL 5 AT > 73R
BAT VIR HARTO E—BE 1 -3 5 RAFAR  MAHAZANEALF
R UBINRIMBZEZFE 13 -0 RFR » HREEFF Kb - BITHREZ
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f R AR RS B N4 A EDTA = heparin # A Bleh Kz RE ¥ - N 4CHESH»

BEd A 4845 0 A 48 /[ BN AT F 4K H454%2 (B-ALP -~ osteocalcin ~ PINP + Alkaline
phosphatase ~ Osteoprotegerin ¥ RANKL ) A & AL 4845454 (CK ~ LDH ~ CATII ~
Hydroxyproline 1 Hydrolysine ) % A4 bi5A% X R SLEM 57 ©

(2) 8% Bk a akiar (PBMC)

B 10ml 2o > XA LA heparin AHstEl a9k w ¥ > BEALHRE » UE X
s #2000 rpm 7 E B T A 15min - otk 0 RO E LR o AHTHE
IHRRAANF EZ PBS iRSHHBMAER - AR 15ml s e Adm AR ficoll
BIR O BEENANTRAY G 0R > B FRT X 3500 rpm # 30min o & A
TR TRTEILGER  EAEHS—He 15Sml #SF > o 3-10 4569 PBS
A A% 0 B A 3500 rpm A E S T A 20min > SR KR AR BRTME B
%P7 % 2 PBMC -

fo 3% P B B& 4K 448 B 35 AR o T

(1) A= FBAS @i

16 M B2 B2 4 %% & Mtk (enzyme-1linked immunosorbent assay, ELISA)»#f fn 4
#OPG (R&D Systems, Inc., Minneapolis, USA )#2sRANKL(PeproTech Inc.,
Princeton Business Park, Rocky Hill, U.S.)&BE - B4R BB AL 2 H4F
AR AR R 0 4 2 B B tS etk 2 5 B AT 0 sk 4% A ELISA Reader #]2450nm
% 14 ° Reference readeri|Z650nm& A& -

(2) FERH3542 547 (Elecsys 2010, Roche Diagnostics, Basel Switzerland)

1. B #rBIEAR M
4% ¥ 4y Beta-crosslaps ~ &) Fikig % (PTH) - TR (cortisol) &y i & 34 LA
B %) % 7% »#71& (Roche Elecsys 2010, Roche Diagnstics, Mannheim, Germany)
A EALZ 558 %95 5 #7 7k (Electrochemi luminescence immunoassay, ECLIA)i&
ITREBR -

2. HHARIEESTH
s 7F B-ALP 3 A L-Type ALP - J 3 £33 % (WAKA, Osaka, Japan) > LA &4
A& #5 4% (Hitachi 7020, Hitachi Science systems, Ltd, Lbaranki Japan ) 4#7 o 4%
+ ¥ B #(Testosterone) A B ) % 7% 4 #7#& (Roche Elecsys 2010, Roche
Diagnstics, Mannheim, Germany) i EAb£: 255k &% 5 #7%
(Electrochemiluminescence immunoassay, ECLIA)i#4TE &R -

3. BEHRILIS AR 5
% 45 % & (Osteocalcin) X & % % 7% » #7 #& (Roche Elecsys 2010, Roche
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Diagnstics, Mannheim, Germany) A & 4t £ 2 & % & » # %
(Electrochemiluminescence immunoassay, ECLIA):47 % 283X o

PBMC m%& & 8 =& & =4 54
AR tapetk o (Flow cytometry analysis )
1. PBMC AT ¥
B 400 11 ¥4 A 4x10° B sa e PBMC > A BEC& ¥ > 3t 4°C 893835
T & Sml 2-A 5% FBS #9 PBS Fo # 4% 3K 4a s &£ B] 3% & 20 442> B 24 5 ml
PBS Fkit k4 A FBS &9k MR > k14 v A 400 11 &9 PBS » 3548
btmptg o BB 1001 44 10° s fey PBS 5% » BEFRIS M4 1B
(negative control ) & ¥ —4»#7 [ K B-a ~ RANK (BF %88 » positive control )
AR 85547 [k B-a 82 RANK e A 47 3B 1N »
2. ik @ RNAK 2B #mfiei £ B-a #2894 % (double stain) 5 #f
EM o 250 2 pl 89 RANK Hugd 81 %e i 88 657 B30 & 60 né2 > R4S
% B 64 B2 24 2ml 4 0.5% BSA & PBS &% 2k 24 1800 rpm &3 3 414 >
B3 EFR o Rk BRIF RG> imaA 250ul & Fixation/Permeabilization
solution (BD) $14m i34 &) A0k » N 4 °C384 20 484 A 2ml 44 0.5%
BSA & PBS J&iR#4T# % » 2L 1800 rpm B 3 4844 ElIE EER 0 EHK
HE BRAF B4 4a B Am N 100pd 22 1800 rpm B 3 4874 > IR LR > £dhKkB 4
BAntg o A2 W B IeB-a R A LR A ENEBRBAFE | L
W RIS FLEE LA A 0.5% BSA # PBS iRiREATHE M RE R BRI m
Biha A 1 ml 4% 0.5% BSA & PBS ik > 35 4 80tk » »hiE sk B 4°C 9388 T 1%
f7 o %4 E# o (BD FACSCalibur) o
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PSR R PTH may B F —BMBERH EAZIRE R INFH =Bl
Ba% K-F > Placebo 42 % —HAE T4 > [2HMB A ¥ —BIBBEETHRRAL  mLA
$oAAREES LI BN E = B BEE N GARAATKE B 305 #R454% cortisol
A2 HMB @ % —BEBREROZNRA AT KERB @ H—RKF maklfRABEELER
dofE 4 -

WEARLE—REEZ 0K PTH IR E SR B A KTH ¥ 58 Z EFBarry &
Kohrt, 2007) ~ & 3% F &9 8 47 £ 1% $) 14 (Maimoun et al., 2006) 3% & [& /7 14 3 $ % 4% (Rong et
al., 1997) > B REGHE R F PTHRE LA WAL > N EH:BET > hiSHEE TR
PRRE PR > AR NSETIEL > REPTHRE L - AGESETFRE > 248
Hed B FIRAT A A AR R /1 3% B 4 A4 A (Ruimerman, Hilbers, van Rietbergen, &
Huiskes, 2005) » Fal 34 4] PTH &9 53k » K 2 21 SR 55 Fa] 69 38 o $1 31 4R 5% £ 69 %% 2V > 4 PTH
IRERRAE T LA ERAE KT 0 TRERE EDIRFEE B © B R4 E S B IR
B9AE R 0 AR R AR TR A1 P 5] A2 69 4 ) B 48 B8 3R, & (Rubin, Murphy, Nanes, & Fan,
2000) » # M RAR B 5 BBAER > 48 PTH B455is > sb— B R BpHLiB XA 7 T A 00 E E) 1%
PTH ;& B Lt #+ % 3, % — #(Barry & Kohrt, 2007; Maimoun et al., 2006; Rong et al., 1997) > £
o4 BRMEART @ 5 cortisol IR I S BABAYL 0 TRE A IR AR E ENBARIKERH KRB
1% 8y F B » Pk Cortisol JB B 3% ¥ Mk 45 E % 7K F-(Mouzopoulos et al., 2007) » {2 £ 52 &4 4¢
AR IR EZREARZIAL > BErIREERIRD > NERBENG o AEERT

FK o
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RANKL 7 # 7% HMB 4 8 34k 2APA 4@ 2B A2 A% > tnFwil (W4) A&
RIGE L R METERFHI LayfaE £ £ (p=0.75) » M Placebo 4844 F
RANKL B EAE7 % — BB M 4 IRARMSEFRERERAYIL Azt s
Y3t LEA% £ R 4uE 13- HMB # Placebo 41> OPG 23, — M oy %1k 43 — 289 % -
OPG #4tA8% (B 5) fyskE e @ ¥mn (B 1)-

B3R RN — %78 E & 8% 87 (West, Scheid, & De Souza, 2009) » 2% & #a @t A & 1&
& (Ziegler et al., 2005) > ZR 4534 B 3 % % OPG t9:E & > 8944 % 7T 4530 OPG &L B L9
SRANKL &9/R E FHay3 % » £+ OPG oy LA EE E LM > THRERNES /AL
AR PETE /) R E fm e 0 ARAE S B e R iEAL 0 BB E OPG > #1 SRANKL 44 » #p#]
BB 4m B, 64 Fhok, R AR 3 B 85 (Kim, You, Yellowley, & Jacobs, 2006; Saunders et al., 2006;
Tang, Lin, & Li, 2006) > 24 By 1t SRANKL £ RANK 4 > SA3p 4] 5% F AT 5 4a B, 64 75 16 92 B,
oo

EEHBREPHELEOBRBRIEES > €HFTREAMNEG > WA G F e RiEF e
B H > 5k SRANKL 3 Bk ap b A B min 0 &8 EFREAETRBOTHE R
Fl 2 1% 78 ¥ £ AF A g 47 (Noble, 2003) » 5 — 7 & E &)@ 42 ¥ A7 4 &k ROS 4% E
B A R8s B e 4 s SRANKL 2 4E A (Bai et al., 2005) » i &5 % 45 & + SRANKL # A7
WA eyt o JE ¢ SREE 14 SRANKL 28 F F& » ] 45 A9 444 BRI 4k & 2V >
FEARAR AR JE 7 R Bk B i oy & AR R 0 B 3R FE AR ROS R 3k 3E 5 4 fl il
SRANKL 45/ -
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Emp k@ RANK &N IcB-a £ R&ER

4#7% % HMB #1 » PBMC ¥ %3 RANK 28 el 20 % —BEE TR mA $ A
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Acute effect of HMB supplement of bone modulating cytokines and downstream protein expression:
A pilot study

Introduction

Dietary supplement of S -hydroxy- /S -methylbutyrate(HMB) had been proven to increase total
bone mass, bone mineral density and bone strength in animal studies. In our previous study,
HMB supplement not only increase bone formation but also inhibit bone resorption. The balance
between osteoclast and osteoblast activity 1s central for maintaining the integrity of bone
homeostasis. Result of our previous study indicates that HMB supplement regulates bone
homeostasis in an un-coupled manner while the molecule transduction mechanism remains unknown.
Therefore we designed presented to investigate the acute effect of HMB supplement within a
week on noble bone modulating cytokines osteoprotegerin (OPG), RANKL and downstream protein
DC-STAMP expression.

Me thods

Young college male aged 20-24 who previous i1nexperience with ergogenic aids usage were
recruited as subject of present study. All subjects ingest 3g of HMB supplement per day as
previous described[1]. Blood sample were collected through venopuncture at 1, 2, 3, 6, 9,
12hours after first HMB supplement and early morning fasting blood sample were collected in
the following 7 days. Circulating OPG and RANKL level were determined by ELISA. DC-STAMP and
RANK protein expression were analyzed by Flow cytometry.

Results
RANKL level increased for nearly 2.5-5 fold within 2 hours after first HMB supplement and
return to previous level 11 hours after supplement while OPG level remain stable during the
same period. RANK expression increased within 2 hours after first supplement and remains
higher than baseline level until 6th day. DC-STAMP expression was decreased 24hours after
supplement.



Discussion

HMB increase osteoclastogenetic cytokine RANKL level within hours after supplement but
downstream DC-STAMP protein expression were blocked. DC-STAMP has been proven to be essential
for cell-cell fusion and maturation of osteoclast progenetors[2]. Decreased DC-STAMP
expression also indicates decreased osteoclatogenesis and bone resorption. HMB supplement
decreased bone resorption in a cellular manner while mechanisms of blocking DC-STAMP
expression require further investigation.
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