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The Effect of Alpha—lipoic Acid on Endothelial Dysfunction in Postmenopausal Uncomplicated
Type 2 Diabetes

Ho Chan Cho, Sang Jun Lee, Mi Jung Kim, Hye Sun Kim, Tae Sung Yun, Sung Jae Kim,
Sang Hyon Kim, Seung Ho Hur, Kyo Chul Moon', Jae Hoon Baez, In Kyu Lee

Department of Internal Medicine, Department of Biochemistryl, Department of Ph:ysio.lagy2
Keimyung University Dongsan Medical Center, Taegu, Korea

- Abstract -

Background: Recently, increased oxidative stress has been proposed as a major
cause of vascular complications of pafients with diabetes mellitus. Increased
generation of oxygen free radicals in patients with diabeftes mellitus could
deplete cellular antioxidants and inactivate endothelial dependent vasodilating
factor (EDRF), such as nitric oxide (NO). The purpose of this study was to evaluate
whether the antioxidant a-lipoic acid (ALA) is effective in endothelial dysfunction
of brachial artery, which induced by increased oxidative stress in postrmenopausal
diabetic women using high resolution ultrasound technique and initial reaction
time (IRT) measurement.

Methods: We enrolled 11 menopausal women (mean age, 56.5+5.1 years) with
uncomplicated type 2 diabetfes. All patients were taking 1200 mg of ALA
(Thioctacid®, Bukwang., Korea). We measured of superoxide anion(O?) in
neutrophils as a marker of oxidative stress. Flow-mediated dilation (FMD) was
measured using a high-resolution ultrasound.

Results: After freatment of ALA, fasting blood glucose was decreased significantly,
the endothelium-dependent vasodilation of the brachial artery was increased,
and O production was also decreased significantly.
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Conculsion: These results show that short term ALA tfreatment could improve the
endothelial dysfunction in patients with type 2 diabetes mellitus. This improvement
might be related with the antioxidants effect of ALA (J Kor Diabetes Asso 26:24

2~252, 2002).

Key Words: Alpha-lipoic Acid, Type 2 DM, Endothelial dysfunction, Oxidative stress
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15~219) & §afo] PIEAE U Fofsigle, 24
R WAESEY S g} Ly

L superoxide anion WRABERS ZAIs|oiv)
3. EHZA}

HolA LS Q)eto] AuwiEol 25¢c (1% EDTA 0.1
mL/blood 1 mL)E xH&eidvk g-gaAlE A3k &
w10 ce GHIEREL Al o] g3lela, FE
15 ce= W= wlES29] superoxide anion ¥HAYERS- 2
Asledl Agsiglcl. "7 ZEDEET glucose
oxidase W (747 autoanalyzer, Hitachi, Japan)© 2
FAslalel. "W F FelZElEe A (747
autoanalyzer, Hitachi, Japan)©o&, &z} A=Al
high-density lipoprotein (HDL) Zd|~€|Es% 9%
low-density lipoprotein (LDL) F|lA~H|E-S F4H]
(COBAS INTEGRA 700, Roche, Swiss)o 2 Z4s}
9dcl. HbA, X H]AH (COBAS INTEGRA 700,
Roche, Swiss)e &, 912y} C-Flele|=x= RIAY
(RIA kit, TechnoGenetics, Italy)22 2333k

4. g2t WM =7 S5}

T A EEY E ke 48 08319
o} S 2Swb 7]4](SONOS 5500, Hewlett
Packard, »|=H)E o] 83}lo] B-mode @loll4] 7.5 MHz
ehEa] (Hewlett Packard, v]=hE Z#&9ich

WA ElAEEY W SRS (endothelial-
dependent vasodilation: FMD)-2 Z4si$l s, g3 w2t
2| 7Rl vhE eloliy] gfeled 2]el4] ARSI
HEZZeR ohigh Gt e F-siick o
3k 2jel Aol sk Bl ShAlS S Bl e
=] WEER|elEA Wt SMEE(EID: endothelium-
independent vasodilation) 2.2 F¥ s}k

e W 3 AW 2571 22~23T fAlEe
xpgo] e %83 AkdollA oelg] AHE Az
THA dA5FoF AR FHE AL #E A
<k (forearm) 2] 914 (proximal)el] "shA] i (BP
cuff) 5 78 el 2Age] Al g 2§
Soll Hgh2 AT F FHA S FIsick ¢

A ¥ HlAEEY U BN 2HE s
2] Z15=8} (antecubital fossa) AP 2~5 cm £]%]
oflA] Hdghse] Gt 255} o] AY ArdsiAl
SAE RS 2eupAleE B ARG 28 F &
A AAsE E]E hS el b A
AR o dste] Hgke 2 e s FFk 714
Z) e AR 4 F 35 A 281l 3
Z gl dshAlel §hEE 250 mmHg7EA] 2 48
we] HiE Ahick SEE "l e J55]
0mmHg® H gebsih FHE5 s ik
of TR dbAl 153A1 R AR 0 & 75
QF el 23k AhEiel E ke A5
o Sgeglon], E 24uEe BT Hrle
& olgzle] AR AF FEelglc) dbdAES Al
Al ols] AR 1587 T 914 A e
Zae|AR 0.6 mgs AskE Fol 5 3tk kg5
Wkl YEZFeAF] Fo] 102458 Fof § 45
79 Ao WEE A5 AAE SEkleick I
el e o4F wWel T (intima)Th
(media)o] whl= 33 (interface) FE] HIHE: o]
WA 2 sigich 7leshd 273 54wl 534 |
A= Eol7] S8l 7IEe A Sel e el
AABIR, F4 AVl A ols] B8 = AA
4 R 7IA AAe A4 g Sk

=3kl el vjv|e wlo]2E 3x HeE 3
7o Hsks 4 F HUZ daxl AHE oldie]
142 A7gell gk sl A e WE-EE AXkslo]
s Al EeEA IS (FMD)S 278319,
HEggeAlell 28t dxt g5 53kt vy
2 Hlo|Z= 2 aR Aol wulAlEn]elE
A Einlg- (EID)S Aldsidcet. gk, #4949 2
ES vl E WA EY gk 27
Rkgo] Dolup7|7bA1e] AI7H) W AR EA] 27
HFS-A]7F (initial reaction time of FMD: IRT of
FMD)3} g3=bdil-go] iz vehtr]7iA|e] A7t
ol Z|thul-2-A]7} (peal reaction time of FMD:PRT of
FMD)& ¢t = glgick oAl zn o)A b
HHgollA e Z27NEge] Louz|7iAe] 271 =]
AR 2|EA] 27|95 AIZHIRT of EID)3} k3

il

i

- 244 -



Table 1. Effect of Alpha-Lipoic Acid on Lipid Profile and Superoxide Anion
Production in Neutrophil and Fasting Blood Glucose (n=11)

. i Fasting Total . . HDL- LDL-

L. . Superoxide anion Triglyceride
a-lipoic acid 7 . . blood glucose cholesterol cholesterol cholesterol

(mmol/10 cell/min) (mmol/L)
(mmol/L) (mmol/L) (mmol/L)  (mmol/L)
Baseline 8.3+1.6 8.89+3.01 3.52+0.84 3.08+1.42 093+031 1.97+0.64
1st week 6.1+1.2 6.88+2.63"  3.4810.60 2.69:1.09 0.89:0.20 2.05:0.55
2nd week 6.2+1.5 7.49+2.19 3.33+035 2.61+1.27 0.90+0.20 1.91+0.34
3rd week 42+1.8 6.8242.26  3.22+0.93 2.56+128 0.82+023 1.89+0.72

* : p<0.05 vs baseline, ¥ : p<0.005 vs baseline
A|ZH(PRT of EID)& -}%ick 6. SHXzZ|

5. &5t AER|AO| HE HIL

23t A3 AmiEed 15 mLol|A] Ficoll-Paque
(Amersham Pharmacia, Uppsala, Sweden) -8-ei-5- o]
Fote] WE7E Felsiglck o] ¥ ypan blue 534
= Algfste] AR BEE] 95% o] AE ARl
3 Aglel] Agleie”.

Superoxide anion ®HY Z42- NBT (nitro blue
tetrazolium : Sigma, St. Louis, USA) H-S- o3}
oJe'®. Bl #%] wisdate)] phosphate buffered saline
(PBS: Sigma, St. Louis, USA) 1 mLE& Yol 2 4
F (&3 T4 7REA 2D 2702] 2 mL JRH. (e-tube,
Corning, New York, USA)el] 71z} 300 pL# =}
superoxide anion ¥k 238 EHe] 02% NBT 4l
PMA (Phorbol Myristate Acetate: Sigma, St. Louis,
USA)E vEE "bSAJek 300 ILE Wit &% 37C9] ¢
Zof|A] 147k uke-&- A)7] %, 5M HCL 120 uL2 %7}
alo] Mhg-g ek RS uhg Aok 300 uLE 7
31 =A] 5M HCL 120 pL. (Matsunoen Chemical, Japan)
& Aelel Mg FAUE WSe] FAE Fug
2500mpmos 2587 YRS A el
&Aoo ug)m HAEe] DMSO (Dimethyl
sulfoxide: Sigma, St. Louis, USA) 1 mL& Yo A
=03 spectrophotometry (Genesis5®,
New York, USA)E o]&3]o] 560 nmel|4] 4TS

ZAslo] superoxide anion HFAHEERS- A|AksiQic)

Spectronic,

A Avks G EEexE AR
9] EARE vl SPSS EA|Z 212 (version 9.0,
USA)S ©o]83t paired t-test, generalized
method (GLM) 2 Pearson correlationS- o833t} p
fke] 0.05 wkel uff FAP o frefehelar shgalsivk

linear

2 1

ool A4 A GE=r] "deke- 128.2+10.0 mmHg
Ga 7HH HEF F FH2EEXE 3.52+0.84
mmol/L, ZAXHR 3.0841.42 mmol/L, HDL-Z#ll~
0.93+0.31 mmol/L, LDL-Z|~g) 2
1.97+0.64 mmol/Lsiv}. EF HbA, 2 102+3.5%%)
ok 2lEA Fo] 3 "siFt ke wsht gleick =
g " F ZeladlE, F49A0%, HDL-ZEl-dHlE
gl LDL-ZHl2=HlE 55, HbA X% & W37t gigl
t} (Table 1). 22}, 354 4 5= &7
Ao LolslA 7haslein) (p<0.01) (Table 1). U]
FFHREe W Yolilr] flele] FA43F HbA.
= BlE4 A5 AF Holr} glgick

HIE

2. 83 WoMZE7Is

ZIAx Vo] WeAEelEA] St S (%)
7172 4.2:2.1%004 1554 5.8+2.2% 2 (p<0.05) = 3F
A9, 254 3.6£2.3%l)A 35| 5.5t1.9% 2 F
Al5lo] (p<0.01) (Table 2) (Fig. 1) 2|4k %5 % 9|
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Table 2. Output of FMD and EID after a-Lipoic acid Treatment (n=11)

Baseline 1st week 2nd week 3rd week

IRT 38.7+11.0 30.2+3.1% 37.6£14.5 25.4+2.8%

FMD PRT 38.7+11.0 30.3+£3.1% 37.9+14.6 25.9+3.6%
Vasoactivity (%) 42+2.1 5.8+£2.2% 3.6+£2.3 5.5+1.9%

IRT 101.4£21.2 91.0+14.0 92.4+7.2 103.0+£25.5

FID PRT 151.8+£32.0 156.9+37.1 174.3+£3.0 159.6+31.3
Vasoactivity (%) 8.6+£2.6 10.0£3.9 9.0+4.1 9.3+5.6

IRT: lag time to initial vasodilation of brachial artery after BP cuff release
PRT: lag time to peak vasodilation of brachial artery after BP cuff release
* : p<0.05 vs baseline, T : p<0.005 vs baseline

(%) ns
125
o8r
W
4 F
Baseline 1 wk 2 wk 3wk

Effect of a~lipoic acid on endothelium-independent vasodilation (EID)
(n=11). Ns : nonspecific, mean+SD)

N

[e¢]
T

~
T

Superoxid@mol 10 cells/min)

Baseline 1 wk 2 wk 3wk

Effect of alpha-lipoic acid on formation of superoxide in neutrophils (n=11).
* 1 p < 0.05 vs baseline, ** : p < 0.003 vs baseline, (mean +SD)

not shown

wlgol EAEgleh e, WslAENSE4 S shown),
pge BT NE A HoPh §lichmor
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A n=44
P o r=-0.65

6

Superoxideanion production(x)
£

B2 _ _ _ _ _ _
280 o 2 4 6 8 10 12
[0
E T L flow—mediated vascfilation(%)
5-40r
2 [ - T t

Fig. 3. Correlation between FMD and superoxide anion production (*:
10xnmol/10” cell/min). - -

In

Baseline 1wk 2 wk 3 wk

Fig. 1. Effect of a-lipoic acid on flow-mediated vasodilation (n=11)(A)
and initial reaction time (IRT) (B) (n=11) (IRT: lag time to initial
vasodilation of brachial artery after BP cuff release)

*: p< 0.05 vs baseline, T : p = 0.01 vs baseline, ¥ : p<0.005 vs
baseline, ns : nonspecific (mean+SD)

= -
€ 12
3 L
©
o
by 8 *
> | T
€
=
T 4T
X
o L
(03
Q
3
%)
Baseline 1wk 2wk 3wk

Fig. 2. Effect of alpha-alpha-lipoic acid on formation of superoxide in
neutrophils (n=11).
*: p<0.05 vs baseline, ¥ : p < 0.003 vs baseline, (mean+ SD)

EAF X8 3 ou|9iA| hAagic) 71A]%] 38.7+11.0%0]
A 154 30.2+3.1% 2 (p<0/05) 2 7HA=93, 2577
2] 37.6:14.5%004 33 254:28%5 ZRAE|odc)
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UizAlEe)Ey 2at snkee) 27NEeAIRY

rie

- 247 -



1.2
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Q
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[0}
g o
o 8 o
> S n=44
a 41
2 o r=0.79
o o
o g ° p = 0.001
2 o
20 30 40 50 60 70

Lag time to initial reaction(sec)

Fig. 5. Correlation between lag time to initial reaction (IRT: lag time to linitial
vasodiation of brachial artery after BP cuff release) and superoxide
anion production (*: 10)<n1n01/107 cell/min).

70

60 9 o

Lag time to initial reaction(sec)

n=44
r=-0.74
p = 0.001

flow—mediated vasodilation(%)

12

Fig. 4. Correlation between flow-mediated, endothelium-dependent vasodiation
and lag time to initial reaction (IRT: lag time to linitial vasodiation of
brachial artery after BP cuff release).

(p<0.01) (Fig. 2). 2elu}, Wlm|4lEn]o)Ed) dat &
Abge] Z27NEAIZRe: BlEA X8 A% Wit
2Jr}(not shown).

sk

4, Ux WS guperoxide anion B2 =X

ulZ ulESro] Superoxide anion HbAHERS- 2| EA)
Fo F FAEeE fesiAl Haslsic (p<0.01)
(Fig. 2) (Table 1).
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4212.1%, 15501= 5.8122%, 2 FA= 3.6:2.3%, 3
Zal= 5.5:1.9% 9k (*p<0.05, T p<0.01) (Table 2)
(Fig. 1). WHe|AlZ=2l24] B3 dakge] dovz|7t
Aol A7R] Z7|HEg-A|7H(lag time to initial reaction)
= 22 A8 F oAl Aisiglen, IAAE
38.7+11.0%, 1235 302+3.1%, P I
37.6:14.5%, 35A1= 25.412.8%" Qrk (*p<0.05, %

p<0.01) (Fig. 2). "3 wi&E L] superoxide anion W

e DER AR F FANCE el 4319
<001,  SMAIESIEY W Hiee

superoxide anion WH¥ET} FAEoZ Fo3t 59
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o4 "R sdabe AR Ry dak St
T2 27MESAIZEE A o2 Reldt Fof )
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