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Effects of Acupuncture at ST36 on Blood Pressure and Endothelial Dependent
Vasodilation in Hypertensive Patients
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ABSTRACT

Objectives : The objective of this study was to assess the effect of acupuncture applied at the ST36 point on blood
pressure and endothelial dependent vasodilation in hypertensive patients.

Methods : 24 hypertensive patients were recruited and randomized to a study group (12 subjects) or a control group (12
subjects). Both groups took FMD (endothelial-dependant, flow-mediated dilation) measurement and then acupuncture needles
were inserted at ST36 for the study group. In the control group, they took sham acupuncture as a control. FMD was
rechecked after 10-min acupuncture treatment. Blood pressure was measured before and after acupuncture treatment.

Results : FMD increased significantly in the study group after acupuncture (9.5t2.0% to 11.1+2.2%), but not in the
control group. In both groups, there were no changes in blood pressure and heart rate.

Conclusions : Acupuncture on ST36 appears to improve endothelial dysfunction of hypertensive patients and this might
result from inducing activation of endothelium-derived nitric oxide.

Key words ! Flow-mediated dilation (FMD), Endothelial dysfunction, Acupuncture, ST36, Hypertension
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Fig. 1. Test session. Both groups took FMD measurement and then acupuncture needles were
inserted on ST36 for the study group.

In the control group, they took sham acupuncture as a control. FMD was rechecked after 10-min
acupuncture treatment. Blood pressure was measured before and after acupuncture treatment.
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Table 1. Subject’s Clinical Characteristics

Study Group(n=12) Control Group (n=12) p-value*
Age 48.0+12.6 49.8+10.7 0.795
Gender (male vs female) 7vs5H 8 vs 4 0.863
BMI (Kg/m®) 28.4+95 234222 0.068
SBP (mmHg) 132.6£13.6 129.2+17.1 0.932
DBP (mmHg) 80.9+11.2 81.7+10.2 0.443
HR (beats/min) 61.6£13.0 61.4+8.2 0.478
FMD (%) 9.5+2.0 9.242.9 0.713

Values are mean+SD, BMI: body mass index., SBP: systolic blood pressure, DBP: diastolic blood pressure, HR:

Heart rate, FMD : flow-mediated dilation.
*Tested by Mann-Whitney U test, Chi-square test.

2. Saigl A = FMDe| Hist (p=0.006), 22 A o3t W37t ¢

A 1087k S4ke] A Fo FMD7F AoH(p=0.091) (Table 2, Fig. 2).
11.1422%= o84 2715904

Table 2. Changes of FMD in Both Groups

Baseline Post-AT p-value®
Study Group 9.5+2.0 11.1+2.2 0.006
Control Group 9.2+2.9 0.8+2.3 0.091

Values are meantSD, AT: acupuncture, FMD (%) : flow-mediated dilation
*Tested by Wilcoxon signed-ranks test
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Study Group Control Group
Fig. 2. Changes of FMD in Both Groups.
*Tested by Wilcoxon signed-ranks test
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Table 3. Changes of Blood Pressure and Heart Rate in Both Groups

Study Group

Control Group

Baseline Post-AT p-value® Baseline Post-AT p-value®
SBP (mmHg) 132.6%13.6 133.0+¢11.3 1.000 129.2+17.1 130.9+14.9 0.181
DBP (mmHg) 80.9+11.2 79.8+11.1 0.160 81.7+10.2 82.3+10.2 0.527
HR (beats/min) 61.6£13.0 59.1+13.3 0.060 61.4+8.2 59.648.0 0.145

Values are meantSD, AT: acupuncture, SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: Heart rate.

*Tested by Wilcoxon signed-ranks test

& 7h] "WEJ 1*‘1

£ Azwes Blaed &

ke FuAste 29
$3 4

o

‘HJWIE °jEA dAFAEES  (Endothelial-
dependant, Flow-mediated dilation: FMD) 42
NI Z 75 Aol s JeplE F83 A%
olch, HAelE AHAQ WHOoR EAE o435}
o:] sq-}\}Euuo]]k] .%X—l-&]—o:! 01,]. aloﬂ_‘: '73]]}6}5

A gl 3@}"154‘11 ol Ak o) A stEA =
AR @A el ol HT S WA E
71%{;‘7%1] Hﬂl °l£‘-ﬂ AE} £ AFelMxE 3

AstEle] vk AL @2 dA7E F& 2yd
up glep, w ﬁﬁoﬂﬂ A s A Hgt
519t SAFE ol e, 3

ke 343 2oy 13

7+ FMDE: 93#24% (NPT 95+2.0%, HEL
92+2.9%) = bt om FMD7F 10% m5kel 34}
o] = 1735(708%) ol 3wt o]+ FMD7F 10% Wl
Tkl A HIIHE 7)ol o]Ate] e AL
dbssicte o|de A7ARYs Fzdo
AN A E 7)ol o] FubE 349 w)
o] =U4H AR AZE.
*7‘°ﬂ/\1 g9 FMDE FA4ke A4
20%04 11.1£2.2%= 523 (p=0.006)
4‘1 AR o] AT E 7535 7|
AL 7FsAE BFan. d3gA
o] $+EA (endothelium dependent relaxing
factor, EDRF)Ql AF#}A A (nitric oxide, NO)E
Hujgte] HAH] 1A= xHe| F23 9L 3}
2 g5l g3 E f3 AR A (endothelium
-derived nitric oxide, EDNO & gt g3
WAES 2431y, 4% A ST Af
—zo‘

tow, Ihfy 9 smooth muscle cell

l‘

o ¢ Hﬂ

e Y nﬂ @ CZ

e ol
e > 3L 2 o
r:-l>

53 DNOL R 5@}7‘0“3‘ (vasodllatory
reserve) & SR A7) 7|58 sl gl v
ot} A Fe] o= ASol EDNOS bzt &
o] Aej7} Qe Ao BuEy Qe
TEgto} FAFUASE 71l FAECl A w]E}
7l CE T3 Fo] FMDE7} Hivke o8 7}

661



B=2 XEo| uEotsite| oot ujMx ofFEM Hotatzirgo| olxls P&

()

A PgaFE BAGEAT & $2 N0
5}

A& AAIE= LT-NMMA (N-monomethyl-L-arginine)
vl 9} A Fejsh= A% oles FMD
7b &3b7F JAH0 e ol wlekEl Co FMD
3 7]Ael| NO7F #Hedghs AAbsity B

.

Rl S ofx mlru
2

. 1 u

AL S/ EZR AE 3 °]E1§} z

& 1A B3Eel gged., Kim 527 Al
3789k (renal hypertensmn)a Fst I AE]

elo] A3 A=55 71ska EDNO9 %Ml 5
Ha Eglo Xﬂﬂﬂ‘ﬁ“b— Bstelet. o]+

Are] zbale] EDNOS B e A s 2H4o 31
< ulEte ZoE E dFedA FMD7F $7

2 9 F4ke] 2pde] EDNO9 #A& &1

= Aol 71913 Aoz A

3 Fate] A olv B8 oA o7 o

TolA ZtEart e ez ByE wh gloy

FollME FA4E] AR A #ste

Aoz vepdel ol A7 Izt

Ll i R
2 APeAl S B4 39 2EA 18 $A)
2 49

gepd ot A AR gAY Eshel AY
132.6+13.6mmHg, W= 129.2+17.lmmHgE B2
A G 5215 el dste] Wbt olddd
oJfE AR FAHG. FA4te FASE o83}
o] 7AtEHe FAg 7 59" Ao AFE
I Hz2Le 71MEgS 47 161.33+3.46mmHg o}
160.32+1.80mmHg©] %1}

o] Az} Zro] AHHGE W FAte] AHE 1
st kel FMDE o5t F7HA13eH o
EDNO® A4+ 849 F7M171=d 71918
o7 FAHH.

oyl ATE &4 FHAE YA E AFgH

662

B2 5 Ao WIMETG uAE
g At A7t 22 ez Alsd

S AERA dFE vAE Y
A F7H5e 77t 2% 7l

—_

. Medical Research Council Working Party. MRC
trial of treatment of mild hypertension: principal
results. Br Med J (Clin Res Ed). 1985:291(6483)
:97-104.

2. Kearney PM, Whelton M, Reynolds K, Muntner
P. Whelton PK. He J. Global burden of
hypertension: Analysis of worldwide data. Lancet.
2005:365:217-23.

3. Stehouwer CD, Gall MA, Twisk JW, Knudsen
E, Emeis JJ, Parving HH. Increased urinary
albumin excretion, endothelial dysfunction, and
chronic low-grade inflammation in type 2 diabetes:
progressive, interrelated, and independently
associated with risk of death. Diabetes 2002
:01:1157-65.

4. Endemann DH. Schiffrin EL. Endothelial
dysfunction. J Am Soc Nephrol. 2004:15:1983-92.

5. Schichinger V, Britten MB, Zeiher AM.
Prognostic impact of coronary vasodilator
dysfunction on adverse long-term outcome of
coronary heart disease. Circulation. 2000:101
:1899-906.

6. Heitzer T, Schlinzig T, Krohn K, et al
Endothelial dysfunction, oxidative stress, and
risk of cardiovascular events in patients with
coronary artery disease. Circulation. 2001:
104:2673-78.

7. Panza JA, Quyyumi AA, Brush JE, Jr., Epstein

SE. Abnormal endothelium-dependent vascular



10.

11

12.

13.

14.

relaxation in patients with essential hypertension.
N Engl J Med. 1990:323:22-7.

. Beckman JA, Goldfine AB, Gordon MB, Garrett

LA, Keaney JF, Jr., Creager MA. Oral antioxidant
therapy improves endothelial function in type 1
but not type 2 diabetes mellitus. Am J Physiol
Heart Circ Physiol. 2003:285:2392-98.
Schofield I, Malik R, Izzard A, Austin C.
Heagerty A. Vascular structural and functional
changes in type 2 diabetes mellitus: evidence for
the role of abnormal myogenic responsiveness
and dyslipidemia. Circulation. 2002:106:3037-43.
Kang SM, Chung N, Kim JY, Koo BK, Choi
DH, Jang YS, Cho SY. Relation of vasodilator
response of the brachial artery to inflammatory
markers in patients with coronary artery
disease. Echocardiography. 2002:19:661-7.
Landmesser U, Spiekermann S, Dikalvo S,
Tatge H, Wilke R, Kohler C, et al. Vascular
oxidative stress and endothelial dysfunction in
patients with chronic heart failure: role of
xanthine-oxidase and extracellular superoxide
dismutase. Circulation 2002:106:3073-8.
Yildiz A, Oflaz H, Pusuroglu H, Mercanoglu F,
Genchallac H, Akkaya V, et al. Left ventricular
endothelial
chronic hemodialysis patients. Am J Kidney
Dis 2003:1:616-23.
Flachskampf FA, Gallasch J, Gefeller O, Gan
J, Mao J, Pfahlberg AB, et al. Randomized
trial of acupuncture to lower blood pressure.
Circulation. 2007:115(24):3121-9.
Yin C, Seo B, Park HJ, Cho M, Jung W,
Choue R, et al. Acupuncture, a promising

hypertrophy and dysfunction in

adjunctive therapy for essential hypertension:
a double-blind, randomized, controlled trial.
Neurol Res. 2007:29 Suppl 1:S98-103.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. 8EXO) . DA - TI)E - 2 A

= =

Meng J. The effects
treatment of coronary heart diseases. J Tradit
Chin Med. 2004 Mar:24(1):16-9.

Longhurst JC. Acupuncture's beneficial effects

of acupuncture in

on the cardiovascular system. Preventive Cardiol.
1998;4:21-33.

Taddei S, Virdis A, Ghiadoni L. et al. Effects
of endothelial
dysfunction: clinical implications. Drugs. 2002
162:205-84.

Benndorf RA, Appel D, Maas R, Schwedhelm
E, Wenzel UO, Boger RH. Telmisartan improves

antihypertensive drugs on

endothelial function in patients with essential
hypertension. J Cardiovasc Pharmacol. 2007:
50(4) :367-71.

Wassmann S, Hilgers S, Laufs U,
Angiotensin 11 type 1 receptor antagonism

et al

improves hypercholesterolemia-associated endothelial
dysfunction. Arterioscler Thromb Vasc Biol.
2002:22:1208-12.

Prasad A, Tupas-Habib T, Schenke WH, et al.
Acute
antagonism reverses endothelial dysfunction in
atherosclerosis. Circulation 2000;101:2349 - 54.
Kim DD, Pica AM, Durdn RG, Durdan WN.
Acupuncture reduces experimental renovascular

and chronic angiotensin-1 receptor

hypertension through mechanisms involving
nitric oxide synthases. Microcirculation 2006:
13(7) :577-85

Chen S and Ma SX. Nitric oxide in the gracile
nucleus mediates depressor response to acupuncture
(ST36). J Neurophysiol. 2003: 90:780-5.

Li L, Yin-Xiang C, Hong X, Peng L, and
Da-Nian Z. Nitric oxide in vPAG mediates
the
stress-induced hypertensive rats.
Electrother Res. 2001;26:165-70.

depressor response to acupuncture in
Acupunct

663



EZE AEo| nErskAtel detn M E ofF2y sty

24.

25.

26.

21.

28.

29.

30.

3l

664

o

Li P. The effect of acupuncture on blood
the
activity and endogenous opeoid peptides.
Acupunct Electrother Res. 1983:8:45-56.

Mori H, Uchida S, Ohsawa H, Noguchi E,
Kimura T, Nishijo K. Electro-acupuncture

pressure: interrelation of sympathetic

stimulation to a hindpaw and a hind leg
different
sympathoadrenal medullary  function in
anesthetized rats. J Auton Nerv Syst 2000:
79:93-8.

Yao T. Acupuncture and

produces reflex  responses in

somatic nerve
stimulation: mechanism underlying effects on
cardiovascular and renal activities. Scand J
Rehabil Med. Suppl. 1993;29:7-18.
Michikami D, Kamiya A, Kawada T, Inagaki
M. Shishido T, Yamamoto K, et al. Short-term
electroacupuncture at Zusanli resets the arterial
baroreflex neural arc toward lower sympathetic
nerve activity. Am J Physiol Heart Circ
Physiol. 2006:291(1) : H318-26.

Vita JA. Treasure CB, Nabel EG. McLenachan
JM, Fish RD, Yeung AC, et al. Coronary
vasomotor response to acetylcholine relates to
risk factors for coronary artery disease.
Circulation 1990:81(2):491-7.

Zeiher AM, Drexler H, Wollschlager H, Just
H. Modulation of coronary vasomotor tone in
humans. Progressive endothelial dysfunction
with  different early stages of coronary
atherosclerosis. Circulation. 1991:83(2) :391-401.
Anderson TdJ, Uehata A, Gerhard MD, Meredith
IT, Knab S, Delagrange D, Close
relation of endothelial function in the human

et al

coronary and peripheral circulations. J Am
Coll Cardiol. 1995:26(5) :1235-41.
Schroeder S, Enderle MD, Ossen R, Meisner

ghSoll o|x& HE

32.

33.

4.

30.

36.

7.

38.

39.

C. Baumbach A, Pfohl M. et al. Noninvasive
determination of endothelium-mediated vasodilation
as a screening test for coronary artery disease:
pilot study to assess the predictive value in
comparison with angina pectoris, exercise
electrocardiography, and myocardial perfusion
imaging. Am Heart J. 1999:138(4 Pt 1):731-9.
G, Quarti-Trevano F, Mancia G.

of telmisartan

Grassi
Cardioprotective effects in
uncomplicated and complicated hypertension.
J Renin Angiotensin Aldosterone Syst. 2008
:9(2) :66-74.

Vogel RA. Measurement of endothelial function
by brachial artery flow-mediated vasodilation.
Am J Cardiol. 2001:88(2A):31E-34E.
Moncada, S, Higgs, A. The L-arginine-nitric
oxide pathway. New England dJournal of
Medicine 1993:329:2002-12.

Nathan, C, Xie QW. Regulation of biosynthesis
of nitric oxide. Journal of Biological Chemistry
1994;269:13725-8.

Palmer RM, Ferrige AG, Moncada S. Nitric
the
activity of endothelium-derived relaxing factor.
Nature 1987;327:524-6.

Duffy Sd, Gokce N, Holbrook M, Hunter LM,
Biegelsen ES, Huang A, Effect of
ascorbic acid treatment on conduit vessel
endothelial ~ dysfunction in with
hypertension. Am J Physiol Circ
Physiol. 2001:280(2) : H528-34.

Gokce N, Keaney JF Jr. Frei B, Holbrook M,
Olesiak M, Zachariah BJ, et al. Long-term

ascorbic acid administration reverses endothelial

oxide release accounts for biological

et al

patients
Heart

vasomotor dysfunction in patients with coronary
artery disease.Circulation. 1999:99(25) :3234-40.
Solzbach U, Hornig B, Jeserich M, Just H.



H//g;jé;’ . é/o//% . thLA-I:C’T . AOJA X-I7<2AI- . _,‘_‘E/éI-JE,L . Q’FZO‘IU/ . _Zlgl-llﬁf . _,757/_6__ . 7DIO-‘IA-I

Vitamin C improves endothelial dysfunction of gt A skl =keks) A, 2001:60(3) :206-14.
epicardial coronary arteries in hypertensive 41. ARA, Aoy, J2AF, oJHF, £F58, YA
patients. Circulation. 1997:96(5) :1513-9. = EAk] o) Frt vt sixte] dot ksl

40. 242 AAE A3, AAS, 099, 23 2l B Rl o B e B PSS B e
5. IFY2EELS Ao A I A £ EA 3}+3) 7). 2005:26(3) :66-73.

ol dg AekRs) w09 ml

665





