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Effects of alpha-Lipoic Acid on Bone Metabolism in Rats with Low Bone Mass
Jung-Min Koh, Hee-Sook Leel, Duk Jae Kim, Ghi Su Kim

Department of Internal Medicine, Asan Medical Center,
University of Ulsan College of Medicine, Asan Institute for Life Science'

ABSTRACT

Background: Growing evidence has shown a biochemical link between increased oxidative stress and
reduced bone density. In our previous study, a-lipoic acid (a-LA), a thiol antioxidant, suppressed both
osteoclastogenesis and bone resorption, and also prevented TNF-a-induced apoptosis of osteoblast lineages.
The effects of a-LA were investigated on bone metabolism in rats with a low bone mass.

Methods: An ovariectomy (OVX) or Talc injection (inflammation-mediated osteopenia, IMO) was
performed in 12 week old female Sprague-Dawley rats. Diets containing either 0.3%, 0.5% or 1.0% a-LA
were administered to the OVX rats for 16 weeks, and to the IMO rats for 21 days. The bone mineral densities
(BMD) of the anterior-posterior lumbar spine and total femur were measured using dual-energy X-ray
absorptiometry (Hologic QDR 4500-A), with small animal software. The plasma bone specific alkaline
phosphatase activity (BSAP) and urinary free deoxypyridinoline concentration (DPD) were determined using
enzyme immunoassay methods.

Results: The body weights were significantly decreased in the OVX rats on the diets containing 0.3 and
0.5% a-LA than in the OVX control. No significant differences in the BMD at either site were noted between
rats administered the diets with or without a-LA. However, the administration of various doses of a-LA
noticeably decreased the level of urinary DPD in both the OVX and IMO rats. High doses of a-LA (0.5%
and/or 1.0%) also decreased the levels of plasma BSAP in both models.

Conclusion: Although no increase in BMD was demonstrated by the administration of a-LA, these results
suggest that a-LA suppresses the rates of bone turnover in rats with a low bone mass (J Kor Soc Endocrinol
20:476~487, 2005).

Key Words: Oxidative stress, Antioxidants, a-Lipoic acid, Bone Density, Osteoporosis, Rats
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Fig. 1. Experimental protocols in ovariectomized rats (A) and inflammation-mediated osteopenia model (B).
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Fig. 2. Change in body weights during the experiment with ovariectomized rats. Study groups consist of sham

operated rats with standard diet (I), ovariectomized rats with standard diet (II), ovariectomized rats with diet
containing 0.3% a-lipoic acid (a-LA) (IV), and ovariectomized rats with diet containing 0.5% a-LA (V).
The OVX pair-fed control (III) was ovariectomized rats given the same amount of standard diet as that
consumed by 0.5% a-LA group. * P<0.05, ** P<0.001 vs. sham OP control.

goto] o]FelliAl ¥ 71571 (QDR-4500A) 2 733130
o} B Ado] A8’ ZEE Z47]e] Blo] Al (coeffi-
cient of variation)t= A wjz]e] wixjol|x] w4l 7} Koo
SHEES FETeRA Alkslgiedl, 258} tiETellx e
Ho| A 247 2.59%2F 1.75% ek

BE 349 Ak AT IFARE 2R, 7
T 7+l £ w9] X}o|= one way analysis of variance
=

(ANOVA) 1 Tukey’s multiple comparison testE ©]-23}

o] BAslol o, AlFol tist ¥4 APIAEAE o8
313t P-value7} 0.05 ©J3R] 73-%- AR frelide]
= Aog 75l9iem, SPSS(SPSS Inc., Chicago, IL,
USA) version 11.0.1 EA4] si7|AE Agstich

2 o

1. 22 HM S8 22 o

i

AFL 7 A BE FollA FAI o), A7 £8 A
HollA 71 =512 304.4 + 11.3 goll vlall A& AA o

- 479 -



— thpER|E3]R): 420 A A5 % 2005 —

Table 1. Plasma Bone Specific Alkaline Phosphatase (BSAP) and Urinary Deoxypyridinoline/Creatinine
Ratio (DPD) at 16 weeks of Study day in Sham Controls, Ovariectomized (OVX) Controls, OVX
Pair-Fed Controls, and OVX rats Treated with Diets Containing 0.3% and 0.5% a-lipoic acid (a

-LA)
Sham operation OVX control OVX Pair-fed 0.3% a-LA 0.5% a-LA
(n=7) (=7) (n=7) (=7) (n=7)
BSAP (U/L) 157+ 1.1 17.3 £0.5* 172+ 15 17.1 £0.7 153 +0.8%
DPD (nmol/mmol) 249 +2.0 40.0 £ 11.9 54.0 £ 18.0** 239+62 36.8+7.1

* P < 0.05 ** P < 0.0l vs. sham OP, " P < 001 vs. OVX Pair-fed group

ZT-2 400.6 + 202 g0 7 FoJslA ZkElo] Adieh (BT
P <0.001, Fig. 2). Wka=g AARE wiAof] Usi} 2] £AE F
ol 7 vk A izl wlel Alge] Zazslei=d,
A& Aol 165 ¥ 03% ¥v} 2FEA FolFo AFe
337.6 £39.7 g, 0.5% L5} BFEA FolFo] AHFS 3247
+258 g0 & ki AA| izl vlsl AAslA| Zhawlo]
AL (EF P <0.001). 1), 7 T HolAH Al
Shr, 03% 93} BlEA Foi 1l 05% U3} 2|4 Fo
T B X8 717 Ui o3t Al xpol & HolA] gksk

23 FUEE 7P Tl vl A AA| izl
Al ZHaeslo] g, A7 717 1050 7 rEte] &
2 FUEE 0.193 +0.020 glem’o| R Yha AA] =T
£ 0.156 £ 0.014 g/em’ 0.2 EAFOE o3t Xjo|Z K
Ko (P <0.01), Ho| 43 ARkrlAE tS s
F TUETF kv (Fig. 3A). tE THUEL 7B =
ol Hlal A AA| HzgellA] B2 Ade HAA 5
AR FrelsiAlE 9skar, Wol AF AljE wellAe
T 71ZF 1057 9 1654 71 ] 0.351 £0.027
g/em’ B 0.377  0.026 g/em’ol| B]3} 0.326 + 0.023 g/ cm’
gl 0.331 £ 0.025 g/em’ 0.2 F23t Z4E Rk (2F P
<0.05, Fig. 3B). Z&}, 03% 9 0.5% <= 8l T4 Fo
T52 A dizat Hol4dF ARkl vlsl] A 7]
ZH W i 28] Bl fojdt EE XlolE HolA| ¢
Skch (Fig. 3A%} 3B). A¥3]|FAEAS o83l Ao W
Asl9E wlolls, 03% 9 0.5%2] L3} 2|EAL Folf &
A izl vl freldt o= (A = -0.011,
P =0.4949} B =-0.002, P =0.896) B thE]F ZU= (47,
B=0.009, P=0.6208} p=0.014, P =0.478)2] Xo|& H
o]A] g¥okrt.

Ut Bl EA Fo] 165F AFSE FAat AvlollA] A3t
3 &5 FAAE A8 (Table 1). 84 BSAPE 7}
7L rol] sl kA AA| tizrelld [oldt SUHE B
R, 0.5% L3} 2lZAE FolTolld= Hol A At ol
|3l Zha=w]o] QUQlrk. 9 DPD S5+ WA AA| =Tt
oflA 7h# ol wlell Trksle Zdde Holvle slsle

fo

U AR fofalAle g9kar, Ho| A3 AlRRRE
frefgt S7He EQivk o5 2lEA Folited Hol 44
AlgHroll vl 9% DPD %7} Z4she Ads Hie
dl, 53] 0.3% <= 2lEARS FoIst A feldt s
WA < QJoiek AlFg A 3 A AA] iz v
3 0.3%%} 0.5% L5} 2| FAF Foldt 25 BSAPol| $-9o3H
Aol HolA 9kgkar (2, B=-0.003, P=0.665% B =
-0.012, P=0.875), 2% DPD 55+ 0.3% 4=} e|ZA &
olollA] folgt s Hlrh (B =-9.945, P =0.029).

¢

10

2. IMO 22 A3

AT F5 F AT AelAds =9 269.2 + 139
goll Hall IMO tH=TollA= 224.0 + 13.0 g0 2 3R] 7
Z=w]o] Ql9dek (P < 0.05, Fig. 4A). 03% 2 0.5%2] <=}
B ZAS Fol3k FollAE= IMO thzToll Hlsl f-2l3k A
T s dogAE Akor), 1.0% 9t BlEA Folft
o= 180.6 +22.1 go& ARt 7hAE WTh(P <0.01).
AT FE ¥ oF 4 UEFE FUEE IMO dlETollA
0.162 £ 0.009 g/cm” & 0.261 + 0.021 g/em’ & ZA=]o] A3
2] 483 FoIF9] 0.193 £ 0.017 g/em® 9 0.301 + 0.019
glem’ell Wl Rt 7HAE Bl (EF P<0.05, Fig
4A%} 4B). 2, 0.3%~1.0%2] L9} 2| ZARS Foldl
7} IMO thz- Aololl EHEe] Xfol= FHEA] ko
w, AFe HAZ Folle foJ3t Xl & P = glolet
A& A=h. A3keE ZF FAARE Table 201 A2lsiich
Al Aol izl vzl IMO thzarollA] €4 BSAP7h
&F 7H4sl9al 9% DPDE A8t 718 Bk du)
A Fols i AA T AglAet fARE Ao
Kol IMO thzTll sl &4 BSAPE 0.5% 9 1.0% <
I} 2lFEA Fol A Zaslgion, 9% DPD s 4t
IS Foldt BE TollA] fAxfslA Zhasle] Qlodrk
g FAL T 94 BSAPE IMO izl 13} 0.3%
(6 =-0.060, P=0.019), 0.5% (B =-0.122, P<0.001) 2
1.0% <5} 2lFA 5ol (B =-0.065, P =0.027) EFollA
o8t haS Helow, 9% DPD 5% 03%~1.0% &
I} 2|4 FolollA] BF fol3t s Hadck (A, B
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Fig. 3. Bone mineral density (BMD) at the lumbar spine (A) and total femur (B) during the experiment with
ovariectomized rats. Study groups consist of sham operated rats with standard diet (I), ovariectomized rats
with standard diet (II), ovariectomized rats with diet containing 0.3% a-lipoic acid (a-LA) (IV), and
ovariectomized rats with diet containing 0.5% a-LA (V). The OVX pair-fed control (III) was ovariectomi-
zed rats given the same amount of standard diet as that consumed by 0.5% a-LA group.

* P<0.05, ** P<0.01 vs. sham OP control.
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Fig. 4. Body weights (A), and bone mineral density (BMD) at the lumbar spine (B) and total femur (C) during
the experiment with inflammation-mediated osteopenia models (IMO). Study groups consist of saline
injected rats with standard diet (I), IMO rats with standard diet (II), IMO rats with diet containing 0.3%

(1), 0.5% (IV) and 1.0% a-lipoic acid (a-LA) (V). * P <0.05, vs. saline control.
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Table 2. Plasma bone Specific Alkaline Phosphatase (BSAP) and Urinary Deoxypyridinoline/Creatinine Ratio
(DPD) at 3 weeks of Study day in Saline Controls, Inflammation-Mediated Osteopenia (IMO)
Controls, and IMO rats Treated with Diets Containing 0.3 %, 0.5% and 1.0% a-lipoic acid (a-LA)

Saline control IMO control 0.3% a-LA 0.5% a-LA 1.0% a-LA
(n=6) (n=8) (n=8) (n=38) (n=8)
BSAP (U/L) 160+ 0.7 15.1  0.4%% 14.6  1.4%% 14.0 £ 0.6%+" 13.6 0.6+ "
DPD (nmol/mmol) 263+ 6.7 422 +5.0% 258 +15.0" 206+84 " 200+98""
* P<0.05, ** P<0.01 vs. saline control, = P<0.05, ' P<0.01 vs. IMO control
AS ol ozl S7HE 2% DPD §5E AAsH 74 gk ook & s e F

Al7|1aL F7F BSAPE Es Folgollis Fhashs Ko,
= A4S (bone turnover rate) S HDANKR|FS Eolslgict
3-34‘/]', e 2ol Rl Fd Rl wike YovA|
Yol FFE S7RITIE dHlolle SHE 7AAL Y=
Fhek=| et
AAFES ZTAE9) FEAES] FF vk AAIE o] &
slo] du} glEAto] bz AFAE 2 ZHEsle] FhEZA

X9 JAE °*zﬂ$} F Fres *01“%—‘3— Bk n}
Jrh25]. oleldt AL U} g|EAlo] =F AlFe] AEE

e shEAlEEe] TSMI A zk= °‘€4X1[28] rece-
ptor activator of NFkB ligand (RANKL)S] 2t} EulE
771 A8t A EEle], 49t elEAke] SEAlE
QA Al A8 RANKLY 5339 e feks et
oA 1 7IKe] FAEAlE oA, At ~EdlT)
bz AlGAIES] NFBE SASHIA shaAlEae] B3k

Feke w97} ) Mﬂzﬂcﬂ I} S EHL o]
ABAL 2T AR Aow F2Ek viiel, st

B EAL =25 AGAIES *ﬂJ‘J}"é/‘l% AAZFo =2 Al
I FAE FX8= AEE 7HAAL d9del26]. =, TNF-a
ol oJgt =& AFAES] MEAEAE JAlsIEH, 1
F5 717 gut g]lEAte] TNF-aoll 98k NFkBS} c-Jun
N-terminal kinase2] SIS A6l wllEo|AcH26].
w1t A4l Aol gt 39 e 7§ S
o o3t & wAlEe] 7k 2Bl AE T B e
o2 dwiA vk w3k & YA e # T A4
% Aol oJsted TNF-a9] Aite] F7ksle Aol 5 714
sltelel30]. wEkAl, AR A = g3} 2| E4
o] IZAE FA& JAlle] & F+F5 Hol=ela TNF-a
of] &3t ZFA|E] AEAHAE dAlle] & e A
ke A2 AR b RS AR SV

¥

l"

W& Aoz 7hgeliodet ae, B dgte] Azt Ugu
TR F 5 FAAQ] 2F DPD ‘:%:7': 17“’

o] F FFE ARl ZAES FATIE A

o o), FuEe] gt Tk A ok P7l

sl Ak Aolslsich
I Yelo g Wz g3} @] FA} Taled] Foio 28t Al

Zdzlo] B o] 7o of
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Zro]| B3l “401 Al eko] <F 25%~50% ZHAsiom (*h
2 A=h, AT 15.7% 2 18.9% 2439t (Fig. 2). &=
3k IMO R A% 7]&9] 54{27]% nt A2 Al
Aol s Bl oF 359 7I7te] A ¥ A= 4
AT izl vl 16.8%9] AT LS Hlow, 1.0%
9] &3} FAF FoIFoll A= AFRLTT US Sl
ol 7 & Rul BEFolA] A ook Ae oA
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