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Abstract

Effects of electroacupuncture on the expression of iNOS in Nuclei of
solitary tract and Rostral ventrolateral medulla in spontaneously
hypertensive rats

Hwang Hyesuk, Kim Yusung, Lee Jieun, Han Kyungju, Choi Sunmi, Koo Sungtae
Korea Institute of Oriental Medicine

Aims: Acupuncture has been used for the treatment of essential hypertension, but the efficacy
and the mechanism of acupuncture in prevention of hypertension are still unclear. We tested the
hypothesis that electroacupuncture (EA) applied to Baekhoe (GV20) changes NO/NOS system
during development of hypertension in spontaneously hypertensive rats (SHR), and thereby
causes the delay of development of hypertension in SHR.

Methods: The male SHR rats in the developmental stages of hypertension (7-8 weeks) were
randomly divided into three groups (control group, GV20 acupuncture group, and tail
acupuncture group). And the age matched Wistar Koyto Rats (WKY) were randomly divided
into two groups (nagative control, GV20 acupuncture group). EA treatments (10Hz, 1maA,
0.1ms) were carried out for 25 min/day for five consecutive days. The systolic blood pressure
(SBP) was determined in conscious rats by the tail-cuff method using automatic BP mornitoring
system. We investigated the activations of inducible NO synthase (iNOS) in nuclei of solitary
tract (NTS) and rostral ventrolateral medulla (RVLM) of SHR by the western blotting method.

Results: The SBP after the termination of EA stimulation applied to the GV20 was stabilized
at 169.14+3.67 mmHg which is lower value than that of the control group. The SBP of control
group was elevated to 178141349 mmHg. In addition, we evaluated NOS activity as well as
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stimulations in SHR rats.

Rostral ventrolateral medulla

protein expression of NTS and RVLM in both of SHR and WKY. The iNOS activity in NTS was
significantly higher in SHR than in WKY. Furthermore, the iNOS activity of NTS showed
significant decreases in EA groups compare to that of non treated SHR group. Although iNOS
expression of RVLM showed non significant changes between SHR and WKY, EA significantly
enhanced the iNOS expression in SHR. Our data support the hypothesis that delayed
development of hypertension and altered iNOS expression of NTS and RVLM by EA

Conclusions: The findings demonstrate that acupuncture can change NO/NOS system in NTS
and RVLM, and exert beneficial role on development of hypertension.
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Fig.1 : (A) shows the systolic blood pressure
(SBP) in wistar kyoto rats (WKY) or
Baekhoe (GV20) acupuncture groups.
(B) shows the SBP in spontaneously
hypertensive rat(SHR), GV20 or tail
acupuncture groups. The numbers in
parentheses show the number of rats
included in each group. Results are
mean £ SEM. * p < 0.05, compared
with non treated SHR.
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Fig.2 : (A) Representative western blot of
iNOS protein expression in intact NTS
from WKY, SHR, or GV20 acupuncture
group rats. The expression of f
—actin is also shown as a internal
control. (B) Densitometric analysis of
the western blot of iINOS protein
expression. Relative abundance of
iNOS protein compared with 8 —actin.
Results are mean £ SEM. » p <0.05,
compared with non treated SHR.
{(number of NTS segments used=6).
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Fig.3 : (A) Representative western blot of iNOS
protein expression in intact RVLM from
WKY, SHR, or GV20 acupuncture group
rats. The expression of g—actin is also
shown as a internal control. (B)
Densitometric analysis of the western
blot of iINOS protein expression.
Relative abundance of iNOS protein
compared with B—actin. Results are
mean = SEM. = p <0.05, compared
with non treated SHR. (number of NTS
segments used=6).

Iv. &

NOE= W} AlZAM F28 ojaAz, B2 &
B T2 o)ghe Erste A AREHo|tHe.
NOE NO 4@zl 9% L-arginine® #3 4
22 9o AF o] nugel . NOS
L endothelial NOS (eNOS) &} neuronal NOS
(nNOS) F7HA] 7434 o4 A4 8} inducible NOS
(iNOS) 7} 1tk eNOS$ nNOSE 712 2313 o
F3t Ae)d A2l Y3 L-arginines NOZ X3t
ANA AAARA AE#H 75E FEE INOse
(lipopolysaccharide) ©|1}
proinflammatory cytokine®] ZH3E 725 Ed

bacterial  endotoxin

AP w1y 237 Wty AduA A8
BYZ AL E eNOsH s BAEE NOETH
iNOS9l| 213 BA == NO7F 10004 )4 A€ok
= R1E o,

NTSE NTS-RVIM Ato]e] #AZel $5 nit
ANBA B2 58 A8% 75 22 o= 77

2+8) (principal sensory nucleus)©|t}*”. NTSe]
NORTA Larginined 3] F819¢ 79
43 2He APg3} Mwo) vehdrhs w3
= NTSO NO7F 274473 & 284 #{8& Y
ehdich NO 84 7 49 skt AEH 20
gk-g-sto] E4d sttt

1Y 55 2P g H2 7] g2
A ZAEARAYL Y 2E FFIM NO/NOS
system?] 0|4} 71wl AEAA AT FF
AUZo2 ®2ndch SHRS %$ central NTS
(NTSce) ¢] nNOSS] i FY 219 WKY]
H3] mRNASH wid o] FhEo|Ql L,
medial NTS (NTSm)¢] nNOSS] ¥ SHRY
8t v 27) @AY FrEE0Iqlo] o] 2
Ao gk dAle] 9lo] FRE A4S & o]
B BT Qo). Waki 52 18 o) g3 o
g SHRY NTSIA WA eNOSS] mRNAZF
FBA o] 1, o]F JAFAS Ay AF 4
Hhake} Aubofl = o] QA FH FehE HA
A AaAZIThT R usATP? . SHRY B d¢
o thst AFENR-O 2 hippocampustt medulla®]
A NOsg) 2do] Z7Hdth & d4o] #oli& 7

$ NOt w77 &8 #AaA7)7] §8 8t =

g 3 X&HQ F5F w7 A7 G432 AR
o] Aol upel NOSS] downstreamd] EAIdh=
soluble guanylyl cyclase (sGC)9 ©7tztel <%
o)A} 7)%go] YehdthE BP9k  dF 2
FHef A= SHRS NTSA iNOS] o] 44d
ke WKY rat®] iNOS Zaxtt d@AeHA Z7H



AR R}Zo] ZFed 1k

g B2 4 A%tk 283 ol A3 ASel s
FAUA FHAE UL (Fig. 2).

RVIME u7t A7 A2 58 9&& A% HAzt
9] upA|et 54 24 RVIMY] ﬂ?.% 73
T AP 7l 23 988 dF

Bolt}. Chan $& RVILMC| Nozﬁlzk d
st} A 8sta} A WS F 231, nNOS *d@,@ A&
AZ FYsi e 3$ wg 925 A3 759
b8 INOS AalAe] A4 w3k A7 %4 =7}
Basgcl”. RVLMS nNOSEHE A H
NO9 7% N- methyl-D-aspartate (NMDA) ¢}
non-NMDA 449 848 53 73 S8
Tt iNOsel sl AAdd NOY A+
GABAA FEAE T8 A AAgEE
= RIE A, 2 dFeME RVIMY iNOS7}
WKYel & SHReIAM 71 Ad2 ey 79
/H o ;d-o]. n A %igdq. Hn_-g] 21%1 z}_l -r RVLM
9 INOsE #AH 7S & &+ AN (Fig.
3). ol 2EfAR A5H 1Y FF 2o &
Al A=l o gk Ast F RVIME iNOSE
2 F7t s AL Aol

2 dTddAe 18 T Hzke NIssg
RVIM Felx 183t o8 37} e 93] A
A z].:-oﬂ 23 NO 44 iNOS?] 2& okAk
Esch n8Y A BN FAA
4491 NTSel|A iNOSe| #Ho] #43} 5

#EE AT, o) W3] Y A5E
Huth RVIMAA 37k A7 Asf g
iNOS®] 7% SHR¥} WKYA f24dS
=T %ii’iou} A3 2 A] SHRY RVLMe]

178 F7hHa& 228 & Ytk 49 49

N

ol

¢

o
It

g4 iN
Bl—
=

ﬁgﬁﬁ*—;&ﬂ_
rlru}iﬂlo-{)'lal
»mlo

2ot o of 2 xS o o

r°“

SUEY

o33 /65

ox
oX
=2
o
oot
mlo
N

242l 212 931
Qlz|o] &3t 714

£ AFoME W3 A3 x| SHR 18 &
314 ¢l NTS9 RVIM 4994 NO/NOS AlA
Hol W3S E 4 QA o9 a2 1¥Y
A A a2 QA Gotry] fete] HE A
A AT 3 g4 45T NISSH RVIMelA

2. SHRS NTSoA iNOs 22 £d3t o]
WKY®l 8]3) dAetA F715]o] 3%z RVLM

oA INOS e ztel & YERA] ositt
3. #3] A3 A= SHRY NTSol|A A 5

7H INOS WdS 7HAAZ T, RVIMY iNOS

4.SHR T8¢ 24 749 NTSS RVIM %<9
A iNOSS] ¥ & W3] [ 5o & 234

1) Chiu Y], Chi A, Reid IA. TCardiovascular and
endocrine effects of acupuncture in hypertensive

patients) . Clin Exp Hypertenss . 1997;19(7)

11047-1063
2) Smith PA, Graham LN, Mackintosh AF, Stoker
JB, Mary DA. Relationship between central



66 /=3B A =T 12833 (FU183), 2006

3)

4)

5)

6)

7)

8)

9)

sympathetic activity and stages of human

hypertensions . TAm ] Hypertenss . 200417 (3):217-
222
Jacobsson F, Himmelmann A, Bergbrant A,

Svensson A, Mannheimer C. 'The effect of
transcutaneous electric nerve stimulation in
patients with therapy-resistant hypertension; .
] Hum Hypertenss . 2000;14(12) :795-798.
EUH, E, TR, QAT BEE Aer 9
A% 2003 424
oA, o], YAl ZEY A gel T A
W% Ao o Fegy A7 BT,
1999;16(2) :181-198
Koshiya N, Guyenet P.
carotid chemoreceptor inputs arborize in the
rostral ventrolateral medulla; . TAm J Physiol
Regulatory Integrative Comp Physiols . 1996;270:
1273-1278.
Chan RK, Sawchenko PE.
transmitter specificity of medullary neurons
activated by sustained hypertension: implications
for understanding baroreceptor reflex circuitr
y1 . T Neuroscis . 1998;18(1): 371 -387.
Huang Y, Wu L, Xu C, Yang B, Wang R
Mncreased HO-1 expression and decreased
iNOS expression in the hippocampus from
TCell

TNTS neurons with

Organization and

adult spontaneously hypertensive rats] .
Biochem Biophyss . 2006;46(1) :35-42.
Cheng PY, Chen J], Yen MH. The expression
of heme oxygenase-1 and inducible nitric oxide
synthase in aorta during the development of
hypertension in spontaneously hypertensive rat
s1 . TAm] Hypertenss . 2004 Dec;17(12 Pt 1):1127-
34

10) Kim YS, Kim C, Kang M, Yoo ], Huh Y.

MElectroacupuncture-related ~ changes  of
NADPH-diaphorase and neuronal nitric oxide
synthase in the brainstem of spontaneously
hypertensive rats; . Neurosci Letty . 2001;312(2):
63-66.

11) Wu HC, Lin JG, Chu CH, Chang YH, Chang

12)

13)

14)

15)

16)

17)

18)

19)

20)

CG, Hsieh CL, Tsai AH, Ueng KC, Kuo WW,
Lin JA, Liu JY, Huang CY. [The effects of
acupuncture on cardiac muscle cells and blood
pressure in spontaneous hypertensive rats; .
FAcupunct  Electrother Resy . 2004;29
(1-2):83-95.
Huang YL, Fan MX, Wang J, Li L, Lu N, Cao
YX, Shen LL, Zhu DN. lEffects of
acupuncture on nNOS and iNOS expression in
the rostral ventrolateral medulla of stress
-induced hypertersive rats; . PAcupunct Hectrother
Resy . 2005:30(3-4) :263-273.
AYE, H88. MEAA (AgRp) ¢ Q
AFEde HEo] AduT 1t A B
of vixle @ . ToiRk ATErEA] L 2004:2:1-10.
AdFF, AU "9 (HE) FHIE (R=R
7 ot G 7H A (EED o 83 XAl v
A 9 . TS AEkER] L 200410:219-233.
Inoue I, Chen L, Zhou L, Zeng X, Wang H.
"Reproduction of scalp acupuncture therapy
on strokes in the model rats, spontaneous
hypertensive rats-stroke prone (SHR-SP); .
MNeurosci Letts . 2002:333(3) :191-194.
Rees DD, Palmer RM, Moncada S. "Role of
oxide in the
TProc Natl

endothelium-derived nitric
regulation of blood pressure; .
Acad Scig . 1989:86(9) :3375-3378.
Marin ], Rodriguez-Martinez MA. "Role of
nitric oxide in physiological and pathological
conditions; . Pharmacol Thers . 1997;75:111
-134.

Moncada S, Palmer RMJ, Higgs EA. Nitric
oxide: physiology, pathophysiology, and
pharmecologys . Pharmacol Revy  1991:43:109-142
Kuo PC, Schroeder RA.
multifaceted roles of nitric oxide; .
Surgy . 1995;221(3) :220-235.
Tseng CJ, Liu HY, Lin HC, Ger LP, Tung CS,
Yen MH. [Cardiovascular effects of nitric
oxide in the brain stem nuclei of ratsy .
MHypertensions . 1996;27 (1) :36-42.

The emerging
TAnn



21

22)

23)

24)

REEENE

Chan JY, Wang LL, Chao YM, Chan SH.
"Downregulation of basal iNOS at the rostral
ventrolateral medulla is innate in SHR; .
THypertensiony . 2003;41 (3) :563-570.
Chou TC, Yen MH, Li CY, Ding YA
lAlterations nitric synthase
expression with aging and hypertension in
rats) . THypertensions . 1998 ;31(2) :643-648.
Ferrari MF, Fior-Chadi DR. 'Differential
expression of nNOS mRNA and protein in
the nucleus tractus solitarii of young and
aged Wistar-Kyoto and spontaneously
hypertensive rats; . ] Hypertenss . 2005;23(9)
'1683-1690.
Waki H, Murphy D, Yao ST, Kasparov S,
Paton JF. "Endothelial NO synthase activity
in nucleus tractus solitarii contributes to

of oxide

hypertension in spontaneously hypertensive

rats; . THypertensions . 2006;48 (4) :644-650.

R

25)

26)

27)

28)

ok 27 9} gt 24 F5o A INOSY B3| nlxle= 9T /67

Ndisang JF, Zhao W, Wang R. [Selective
regulaion of blood pressure by heme
oxygenase-1 in hypertensions . Hypertensio
ng . 2002;40(3):315-321.
Colombari E, Sato MA, Cravo SL, Bergamaschi
CT, Campos RR Jr, Lopes OU. "Role of the
medulla oblongata in hypertersions . Hypertersio
ny . 2001;38:549-554.
Chan SH, Wang LL, Wang SH, Chan ]JY.
MDifferential cardiovascular responses to
blockade of nNOS or iNOS in rostral

ventrolateral medulla of the raty . TBr J
Pharmacols . 2001;133 (4) :606-614.
Chan SH, Wang LL, Chan JY. TDifferential

engagements of glutamate and GABA receptors
in cardiovascular actions of endogenous nNOS
or iNOS at rostral ventrolateral medulla of rat
si . TBr ] Pharmacols . 2003:138(4) :584-593.



