i )

S ELTEHN U o REFLARTXBRHAEZILY

#4739 & 90/08/01~91/07/31
3% #3%: NSC 90-2314-B-040-015

A HRRI#
#HE

4t #l(Acupuncture) EEE R B F L ORI R A LT F - £ ATH
AREPELER  EH4MBRTREEFRAEWBRZMAER - AARHER
Byl A — SN ESARBANSHE R o2 THH - 38524
@B - FXBRUAKERATRY Y RIEA SRR R - 448(1i4)
BRRZERES36) 2 HAKREMAEQHz 20 Hz > 2 HREAEIA ~ &
)4 2B R Q0T T B e 5 RMAKHEZ RN EARME LRSS
TR MRARLLEAR BB ARGE R -FaRFAFTHET
BHAOBE  BRITENESBEHIRTAGRE - BRI FRBRE
HEXNRERERRAADMEBORFE > B FTARNF R ESHB
84 8 A3 48 45 4 (afferent nerve) - & & 4t 3| BT AL B KR T AL
MBI —FRTARRR A EH MBI BARARAZ T -
&
FHEEBH

HRATEARLRAAERCARTSFHR L  HFEMAMR
A T 0I5 B 0 4 & B X R AP 42 R 44 (somato-sympathetic
reflex) % % % 4% &3 69 W& B 55 it (Andersson et al., 1973; Koizumi et al.,

1980; Tsuchiya et al., 1991; Sato et al., 1993; Kimura et al., 1995) -
1



EHHNaHARGLE

42 &1 i fa(acute hemorrhage)sf » A %o B TH > SHMS 2 H A
R > BRBESEINBEARTENRERL > ERIHTRE
(acute renal failure) & % /£ -

BHRNBHE AT LRAANVE

BACAFSHRYBOBMAE 2 4R ARE © Lovic(1995)% A
18 BMRIA S E SR K & B AP &(peroneal nerve) st i X 0 & F 5
H) B % - Sugiyama (1995)64 4R % R 45 H 4t R M MR = E XL E ¥ L3R
He B ER -

LRI IR SRR &

B TR &% - AT e BB K 5 - 3 R E bk A & & 23| B
BRER 2R A Akl €1t £ Linand Fu ¢y 4& v3%
TERBER KA RZIEASSXRTRA 4 /& 24 A (Lin and Fu, 2000) -
Lin and Fu ¥§ 386 8 8ol b £ HEMAE S 005 ms, 7%
A 2Hz $1 20Hz hEHPBO REREANHBBEAH LS REH
B4 G BE 10% thmBRE - — B PIMEE G EMES 42
AAOBRETAEERRKARE > K oR¥ s 15% -

Linand Fu -5 ARKRIE L - HEASFHARBFTRIEAHN
Z o J& & 45 3% 2 fn ;3 & (unpublished data) - BT E4H P RO X KA A E

ARER e R1E -



A AR A TRARK > ATFE TR RAI RS 0K
T2 REBBERE-—FABTBRZISE - IR THRR T4 08
F AP UEBEFNS  FHAXPERFARESHES HI REBAR
RiEAES BRELMSEHRE B HTEE X6 E st xR
Brha -

MR RF %
sh#F o

ARBIAKERLE TR Y > Sork il £ 5 8 (penthrane) » £ F #7
#% & #| A T R & $.48 (alpha-chloralose) A # Ak X &3 4 35 I 8% - £ X B T B
HBE P THEBEESMY TR aB > SHERBEREHE - AR
MRERTAET > ARRFTENMARHE -

Btk ARG RAR LB F i AIEE T HEARERE
A RERELZH REFRWAEE > AHELEFRITAISR -

B AMENG R E BT T ELEBEATET WM - XRAFEED
B e A RUE B A F T B A A B 0 3BT ik e SRR
o R R bAb 48 oUE R MO R o 2 8 #13(20 Hz, 5 mA, for 5 sec)
3] 42 B W% 4 7% & R M (bleaching reaction) > BT & & & K& - 5 5Bl
B A&k 4 1 cc ik - ZERNE B BHBENS (> 110% of
control) IRT LA FHAHE -

Y7 B & B RE B R SR MR AR R HE AR o By e A R L AL SR

3



HPH|R3ITELL -
E IR

RMBRAFBIRAELGH R BN AANEGRY T ES IR
LA f - RZEXRMNBEFH LK A8 RV ERE—RE =
¥FRRER U—ERBENERORXTHEABANES ) 5 -8R
H5TRIIEAIRIES 5-10mm RAFA E4& -

B AR 2 ) 3% B (Grass » S88)#4 i i £ 8 4 B (Grass > SIUSB) & 24 4§
M B(Grass» CCUIA) B Z R - RIBSAR A 5 R4 B3R T 43
e 2Hz b7 —F RGREHAE - AN KA A 20Hz AmER
JESA R A 4% 0 AR S ESAR M £ 8 -

H—5A%E 5 1 A BE 20 42 69 81 8 Q0XT) Avst Rl MR - P A
HRRXEMBRFREREE T 24 BARTRAIE 6 RBA LR
M e

o J& DA B 77 #%4% R (Statham - P23D)&E h IEA S Ak 69 B ¥ T sk 32
47 % A 324 (Gould > 22008S) - B faih & B A Eak o A B
(electromagnetic flow probe) & 4e 7t B #yMk 2 b > £ AH B TR F 0+
Fa AR K R 4k ©

FHGEHERR A — ARG ER RS BHRATERA
%(Grass » PSTIAC)B MRk B b - 48675 M AR % B4E (WP »

4



WPS)j sk i8 3% > B &K E e $ B B 23 # Z(Gould » 13-4615-70)
BRI MR > F &N S R TR (Gould - 22008) -
=X

DRBERATIAGRaBELES G LETE —REMKZE
B ATRAARSL U ERBBZ M G RHRERY 2-3ml 2
R 0 LB H Y X b B AR T M 0 ¥R B RS R H(baroreflex) 2 3
B AZSANEHEEEZHBEHREG 0% - BoTE —REM K
K% AXBARYE > BHRY 3-4ml 2 hk > =548 (0B YHKA
EEMES IS%BETR=ZRETR® -

E:& £ 0
CARTRL Hest SIHRREMGER P 0 005 AR
FERME -
X
B —

HHREHAME TR BRAOFHEHHE - £ intact rats § L
BATREB S BEFRARAL2Hz £ 20Hz - o MR F A& B
Bl %46 - REES M BSAE €3] % FF KK > 2Hz % tonic » 20Hz %
phasice & 41 #] % % = 2 X R % 2Hz % 20Hz 3 &7 3| % i pressor effect-
B =

KA ¥ o EEHR B 5] B 6h s BB BB AP 42 8 pressor response %

5



it o AEMA My goup ¥ > B R BTHELBRAFTHEERLTITHRE
#+ % control level » # H 4 H2 ~ H3 group » A% 2Hz % 20Hz > & 4+ %] %
T4 RNA 2 3R, pressor effect 12 o B Ao R 2 R 4p A BRAK 55 -

M=

%38 ¥ B EA & intact ~ E=Z AHAEHL - FRAREH2 =
A& H3 - 4030 5] 8 64 B 40 4875 4 peak pressor effect 4p 88+ i
intact ~ H1 ~H2 ~ H3 group Z K] ABAE £ & - G RRFCMIBRREY
48 2548 7T f A overlap -

LK ]

SR BB REBMR DT AR FE  BERERLTRHR
R4 B MBREBARAEERR LT > ARERAK - LHBE
SHRBA RO mBRRER K o LA L FI AR > Bp R baroreflex -
EBEARAF G BRI TALEEERERRaGBAT L 28 K0 §

&5 AR A PR -



e

Neuroscience
Letters

" "J . -
ELSEVIER Neuroscience Letters 327 (2002) 5-8
www_elsevier.com/locate/neulet

Pressor effect on blood pressure and renal nerve activity elicited by
electroacupuncture in intact and acute hemorrhage rats

Hua Ting?, Jiuan-Miaw Liao®, Chih-Feng Lin®, Ping-Yen Chiang®, Chi-Chen Chang?®,
. - - *
Dong-Yih Kuo®, Tzer-Bin Lin®
?Chung-Shan Medical University Hospital, Taichung, Taiwan
bDepartment of Physiology, College of Medicine, Chung-Shan Medical University, No. 110, Chang-Kuo North Road, the first Section,

Taichung 10018, Taiwan
°School of Physical Therapy, Chung-Shan Medical University, Taichung, Taiwan

Received 15 January 2002; received in revised form 20 March 2002; accepted 25 March 2002

Abstract

The neural mechanism underlying the effect of electroacupuncture (Ea) on arterial blood pressure (BP) and renal nerve
activity (RNA) in the intact state and during acute hemorrhage was investigated in anesthetized rats. Two acupoints,
Hoku (Li-4, at the junction of the first and the second metacarpal bone) and Tsusanli (St-36, at the lateral upper tibia
bone), were tested using Ea of two different frequencies (2 and 20 Hz). In the intact state, Ea at Hoku elicited an elevation
of BP in parallel with RNA, while Ea found no response with identical parameters at Tsusanli. The pattern of the pressor
response caused by a low frequency Ea (2 Hz) at Hoku was different than a high frequency one (20 Hz), i.e. a tonic effect
was elicited with 2 Hz, while a phasic one was induced with 20 Hz. In mild hemorrhage conditions {10% of BP decrease),
similar pressor effects, as in intact rats, were also elicited by Ea. However, in severe hemorrhage conditions (20 and 30%
BP decrease), Ea induced a pressor effect on RNA and an attenuated effect on BP. BP and RNA showed a significant
correlation in intact and mild hemorrhage conditions, but not in severe hemorrhage conditions. All the results suggested
that Ea at Hoku with appropriate stimulation parameters can increase and maintain BP in normal and hemorrhage
conditions, and such a therapeutic technique has potential in clinical practice. © 2002 Elsevier Science Ireland Ltd. All

rights reserved.
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Acupuncture has been used in China to treat various
diseases for more than two thousand years. Researchers
exploring the physiological mechanism underlying
acupuncture suggested that acupuncture may modulate
nerve activity influencing visceral function via somato-
sympathetic reflexes [1,8,9,15,18]). Many investigations
were concentrated on the effect of acupuncture on the cardi-
ovascular system [10,20,21). Acupuncture stimulation was
reported to elicit a pressor effect on human subjects [17] and
anesthetized rats [14].

The mechanism that underlies electroacupuncture (Ea) to
induce a pressor effect on blood pressure (BP) was investi-
gated by Lin and Fu [12,13]. In their study, a pressor effect
was elicited by potentiation of sympathetic tone. Sato et al.
[15] and Liao et al. [11] investigated the therapeutic effect
induced by Ea on a hyperactive stomach and suggested that

* Corresponding author. Tel.: +886-4-2473-0022-1652; fax:
+886-4-2473-9030.

segmental sympathetic outflow was activated by Ea to
induce a therapeutic effect.

When a person bleeds severely so that the BP falls
suddenly, the sympathetic outflow is excited immediately
to return the arterial pressure and maintains a high enough
level so that the person can live through the episode. Since
sympathetic excitation is the main route in an acute hemor-
rhage condition to restore adequate BP, the possibility of Ea
being employed in the treatment of acute hemorrhage seems
to be fascinating. Therefore, in this study, Ea was used to test
whether a pressor effect can be induced in intact and hemor-
rhage conditions. In order to analyze stimulation and strength
both qualitatively and quantitatively, an electric current was
used in this experiment to stimulate acupoints [11-14].

Sato and Schmidt [16] reported complex visceral
responses to acupuncture stimulation in animal experi-
ments, indicating that the site of acupuncture was one of
the important factors causing different responses in visceral
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organs. To test whether Ea with identical stimulation para-
meters at different sites may induce different response or
not, two acupoints, Tsusanli (St-36) and Hoku (Li-4),
were tested in this study. These two acupoints have been
widely used in a number of investigations and were easily
accessible [2,4-7,19]. Therefore, effects of Ea with various
stimulation parameters at Tsusanli and Hoku on BP and
sympathetic nerve activity in anesthetized rats were inves-
tigated in this study. For this purpose, we selected sympa-
thetic adrenal nerve activity (RNA) as a representative
index of vasoconstrictive nerve activity [14].

Twenty adult female SD rats, weighting 220350 g, were
used throughout this study. Animals were anesthetized initi-
ally with penthrane (methoxyflurane, by Abbott Lab.) for
surgical preparations, and then were maintained under
alpha-chloralose anesthesia (50 mg/kg, i.v.). Bilateral
femoral arteries were cannulated for BP recording and
hemorrhage, and the right femoral vein and trachea were
also used for anesthetic administration and maintaining of
airway potency. Systemic BP was continuously recorded on
a computer system (Biopac MP30) through a transducer
(Statham P23) with an arterial catheter. The abdomen was
opened by a median incision; branches of sympathetic nerve
to the left kidney were dissected free from surrounding
tissue and identified by a bleaching reaction in response to
electrical stimulation (20 Hz, 0.5 mA, for 5 s). The opened
abdominal cavity was covered with warm paraffin oil to
avoid drying. The rectal temperature was maintained at
around 37 °C using an infrared lamp.

Acupoints were determined by transposing anatomically
from Chinese traditional human acupuncture charts. Two
acupoints, Tsusanli, located at the lateral upper tibia, and
Hoku, located at the junction of the first and the second
metacarpal bones, were tested. An interdermal needle (32
gauge, 1/2 inches long, by Trueline Instruments) soldered to
a flexible electrical wire was inserted vertically into the
selected acupoints. A second identical needle, as a positive
pole, was inserted into the other point approximately 5-10
mm from the first one. An electric current of square wave
pulses with a pulse duration of 0.05 ms was applied from a
stimulator (Grass S88) through a stimulus isolation unit
(Grass SIUSB) and a constant current unit (Grass
CCU1A). Two stimulation frequencies, 2 and 20 Hz, were
tested in this experiment. A frequency of 2 Hz was widely
employed in manual and electric acupuncture studies, and
20 Hz was ten times the former and served as a high
frequency stimulation. The stimulation intensity was 20
times the threshold (the minimal stimulation intensity to
induce muscle twitch). The total stimulation time in this
study was set for 10 min because the effect of Ea on BP
and RNA became stable within 5 min in this study.

Renal efferent nerve activities were recorded after crush-
ing the nerve as close as possible to the kidney [3]. Nerve
activities were recorded with a pair of stainless steel wire
electrodes through an AC preamplifier (Grass P511AC)
and displayed on an oscilloscope (Gould DSO 1604).

Through a window discriminator (WPI WPS5), the firing
frequency of the adrenal nerve was counted by a spike coun-
ter (Gould 13-4615-70) every 5 s and recorded on a poly-
graph (Gould 2200S).

Blood was slowly withdrawn through the arterial catheter
to induce hemorrhage. The decrease in BP was 10, 20 and
30% to the control value (H1, H2 and H3 groups, respec-
tively). In the H3 group, the BP was difficult to maintain at
this level, and a gradual recovery was commonly seen after
a hemorrhage procedure.

Statistical differences between groups were determined
using two-way ANOVA followed by Student’s t-test. P <
0.05 was accepted as a minimal level of significance.

In intact rats, BP and RNA were raised in parallel by Ea at
Hoku, both with 2 and 20 Hz frequency. However, the
patterns of response elicited by these two different frequen-
cies of Ea were distinct from each other (Fig. 1).

BP and RNA in response to Ea with a frequency of 2 Hz
are shown in Fig. 1A. Following the onset of Ea, a pressor
response was slowly induced and a maximum effect was
reached within 30 s (110-120 and 150-200% of control in
BP and RNA, respectively). Then, BP and RNA were main-
tained at this level until cessation of stimulation. The effect
of Ea with a frequency of 2 Hz on BP and RNA under an
intact condition is summarized in Fig. 3A (circle).

BP and RNA in response to Ea with a frequency of 20 Hz
are shown in Fig. 1B. A sharp pressor response was induced
following the onset of Ea. A peak effect was reached within
10-15 s (140-170 and 250-320% of control in BP and
RNA, respectively). Then, BP and RNA were gradually
returned to the control level in the subsequent 2-3 min.

R EL

BP ( mmHg )
g
]

RNA(Hz) BP(mmHg)  RNA(Hz)
3 38 & 8 s =
L ) | B | ¥ r
-
§.|
)

Fig. 1. Effect of Ea on BP and RNA. Note that Ea with a frequency
of 2 Hz (A) and 20 Hz (B) elicited a pressor effect on BP and RNA.
The black bar at the bottom represents Ea for 10 min. (A) Foliow-
ing the onset of Ea, a pressor response was slowly induced and a
maximum effect was reached within 30 s, and then maintained at
this level until the cessation of stimulation. (B) A sharp pressor
response was induced following the onset of Ea, and a peak
effect was reached within 10-15 s, and then was gradually
returned to the control level in the subsequent 2-3 min.
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Fig. 2. Pressor response on BP and RNA elicited by Ea under
hemorrhage conditions. BP and RNA were raised in parallel by
Ea in intact and H1 groups; however, in H2 and H3 groups, the
pressor effect on BP was attenuated while that on RNA remained
unchanged.

The effect of Ea with a frequency of 20 Hz on BP and RNA
under an intact condition is summarized in Fig. 3B (circle).

At Tsusanli, neither Ea with a frequency of 2 Hz nor that
of 20 Hz induced a pressor effect on BP and RNA.

The early period of the pressor response on BP and RNA
elicited by Ea with a frequency of 2 and 20 Hz under hemor-
rhagic conditions is shown in Fig. 2A,B, respectively. In the
H1 group, BP and RNA were raised in parallel by Ea.
However, in the H2 and H3 groups, the pressor effect on
BP was reduced while that on RNA remained unchanged.
The effect of Ea with a frequency of 2 Hz on hemorrhage
conditions is summarized in Fig. 3A B, respectively.

The BP-RNA relationship during the early pressor
response (within 20 s after Ea onset) was further investi-
gated. Since the results from 2 and 20 Hz Ea showed no
statistical difference, they were pooled together. As shown
in Fig. 4, the correlation between BP and RNA during the
early pressor response was significant in intact and H1
groups (r = 0.29 and 0.33, respectively, n = 10), while no
significance was shown in H2 and H3 groups.

The present study demonstrated that Ea at Hoku elevated
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Fig. 3. Effect of Ea on BP and RNA under intact and hemorrhage
conditions. Circle, intact; triangle, H1; square, H2; reversed trian-
gle, H3. The pressor response on BP elicited by Ea was attenu-
ated in the H2 and H3 groups, while that on RNA remained
unchanged. Note that despite the basal firing of RNA being
elevated by hemorrhage, the peak pressor effect on RNA caused
by Ea showed no significant difference among intact, H1, H2 and
H3 groups (*P < 0.05, **P < 0.01, n = 10).

BP and RNA in intact rats, but stimulation with identical
parameters at Tsusanli caused no effect. The pressor effect
on BP caused by Ea was also elicited in mild (H1 group) but
attenuated in severe (H2 and H3 groups) hemorrhage condi-
tions.

The result that Ea at Hoku induced a pressor effect on BP
was correlated with the report of Emst and Lee [S], who
found a transient segmental increase in sympathetic nerve
activity induced by electrical and manual acupuncture

wo - (A) Control r (B) H1
.
—~ 100}
s
€ wo}
S
s [
* 00
S
© of
ool " a " N . N
100 ¢ (C)YH2 r (O)H3
;t“- r
‘Eto— s = b r
o - = v M
3l V SRR
E J »/aﬁ;_;/’
~ [
a ."’ v v v
L Rl
ool N P A x .
° 20 0 [ ] ° 200 ™) ™

RNA ( % of Control ) RNA (% of Conwral )

Fig. 4. BP-RNA relationship in the early pressor effect under
intact (A) and hemorrhage (B-D) conditions. The correlation
between BP and RNA was significant in intact and H1 groups
{r =0.29 and 0.33, respectively, n = 10}, but no significance
was shown in H2 and H3 groups.
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stimuli at Hoku in normal subjects. On the other hand, BP of
normal subjects was not affected during manual acupunc-
ture at Tsusanli, which was also reported by Sugiyama et al.
{17).

As shown in Fig. 3, a parallel increase was found in BP
with RNA during Ea at Hoku in intact and mild hemorrhage
conditions. RNA is thought to be an index of sympathetic
tone, i.e. sympathetic outflow was excited by Ea and
induced such a pressor response. This result is supported
by Fig. 4A, which shows that BP and RNA showed a signif-
icant correlation in intact and mild hemorrhagic conditions.
Furthermore, the pressor effect on BP elicited by Ea was
mainly due to the potentiation of the sympathetic tone,
which was also suggested by Lin and Fu [14]. On the
other hand, in the severe hemorrhage group, Ea with an
identical stimulation parameter elicited a pressor effect on
RNA, but the effect on BP was attenuated (Fig. 2). Regard-
ing Fig. 3C,D, the correlation of BP and RNA was not
significant in severe hemorrhage conditions. In our conjec-
ture, the volume lost in severe hemorrhage conditions is so
much that, despite the sympathetic tone triggered by Ea and
elevated RNA, BP failed to arise because the circulatory
volume is low. As shown in the lower panel of Fig. 3, the
basal firing of RNA was elevated gradually by hemorrhage
but the peak pressor effect caused by Ea showed no signifi-
cant difference among intact, H1, H2 and H3 groups. This
result indicating the pressor effect elicited by Ea on BP
shares, at least a part of, a common efferent pathway with
baroreflex.

The precise neural mechanism involved in the pressor
effect elicited by Ea in these conditions needs further inves-
tigation. Despite there being some limitations in hypovolu-
mic patients, with appropriate stimulation parameters, the
effect of Ea at Hoku increasing and maintaining BP in intact
and mild hemorrhage conditions has potential in clinical
practice.
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Council of the Republic of China (NSC 90-2314-B-040-
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