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Acupuncture Reduces Experimental Renovascular
Hypertension Through Mechanisms Involving
Nitric Oxide Synthases
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ABSTRACT

Objective: To test the hypothesis that acupuncture on stomach 36 point (ST-36) reduces hypertension
by activating nitric oxide synthase signaling mechanisms.

Methods: The authors used the two-kidney, one-clip renal hypertension (2K1C) hamster model with
electroacupuncture treatment.

Results: Thirty-minute daily electroacupuncture treatment for 5 days reduced mean arterial pres-
sure from 160.0 £ 7.6 to 128.0 £ 4.3 mmHg (mean £ SEM), compared to 115.0 £ 7.2 mmHg in
sham-operated hamsters. Electroacupuncture increased periarteriolar NO concentration from 309.0 +
21.7nM to 417.9 £ 20.9 nM in the 2K1C hamster cheek pouch microcirculation when measured with
NO-sensitive microelectrodes. Hypertension reduced endothelial nitric oxide synthase (eNOS) and
neuronal nitric oxide synthase (nNOS) proteins relative to the sham-operated control, as measured
by Western blotting. Electroacupuncture prevented the reduction of eNOS and nNOS associated with
hypertension and showed even higher eNOS and nNOS expressions than sham-operated control in
stomach and cheek pouch tissues, which are on the stomach meridian. Analysis of liver tissue, a non-
stomach-meridian organ, indicated that electroacupuncture did not have a significant benefit in terms
of enhanced expressions of eNOS and nNOS in the treated 2K1C hypertensive group.

Conclusions: Activation of eNOS and nNOS is one of the mechanisms through which ST-36 elec-
troacupuncture reduces blood pressure; this reduction works through the stomach meridian.
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Complementary and alternative medicine (CAM),
which includes acupuncture and herbal medicine,
is a current focus of interest for the general public
and the medical profession. Acupuncture and herbal
medicine have been used for a long time in the treat-
ment of cardiovascular disease in Asia. In particular,
acupuncture treatment has been used traditionally
for the reduction of hypertension. However, this an-
cient practice has not yet been subjected systemati-
cally and thoroughly to the rigors of scientific testing.
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Hypertension affects millions of people in the United
States and in the world. It causes loss of lives
and carries significant economic cost. In addition,
some medical therapeutic regimens and medications
available for treating hypertension have significant
side effects. Thus, it is important to investigate the
mechanisms of action responsible for the benefits of
acupuncture in the treatment of hypertension. The
scientific assessment of this alternative treatment
modality may lead to greater success in curing or con-
trolling this silent killer, and to minimization of the
side effects of some medical therapeutic regimens and
medications.

The vascular regulatory site for the control of blood
pressure by adjustments of total peripheral resistance
resides mainly in arterioles, the precapillary segment
of the microvasculature [21, 32, 41]. The patho-
genesis of hypertension has been associated with the
function of endothelial nitric oxide synthase (eNOS).
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an enzyme that plays a crucial role in the regula-
tion of vessel diameter, which is an important de-
terminant of blood flow and resistance [1, 13, 22].
Endothelial nitric oxide synthase catalyzes the pro-
duction of nitric oxide (NO), which in turn medi-
ates arteriolar vasodilatation, reduces peripheral re-
sistance, and lowers the blood pressure necessary to
bring normal blood flow to tissues. Thus, alterations

in the function of this enzyvme can lead to elevation of

blood pressure. In fact, experimental animals lack-
ing this enzyme demonstrate hypertension [12, 18,

38].

Ma et al. demonstrated that electroacupuncture on

stomach 36 point (ST-30) induces upregulation of

neuronal nitric oxide synthase (nNOS) expression
in the gracile nucleus and medial nucleus tractus
qohtanus and this enhanced nNOS-NO in the nu-
clei may modify central cardiovascular regulation
[4, 24, 20]. Therefore, we also investigated the im-
pact of ac upuncture on nNOS activity in normal
and renovascular hypertensive hamsters, inasmuch
as eNOS and nNOS are present in the hamster cheek
pouch [37].

We hypothesized that acupuncture may reduce hy-
pertension by activation of microvascular nitric ox-
ide synthase (NOS). Among the acupuncture points,
ST-36 has been used to promote blood flow and to
treat cardiovascular disease [5, 10, 23, 24, 206, 44].
Thus, we used ST-36 to investigate the hypothesis
that acupuncture induces its beneficial antihyperten-
sive effects by activating NOS in the microcirculation.

MATERIALS AND METHODS

The experimental protocols for hamsters were ap-
proved by the UMDNJ-New Jersey Medical School’s
Institutional Animal Care and Use Committee and
conducted in accordance with the NIH Guidelines for
the Use of Animals.

Induction of Hypertension

We applied the two-kidney, one-clip (2K1C) pro-
tocol to induce renal hypertension in male golden
Syrian hamsters, weighing 80-120 g . Animals were
anesthetized with sodium pentobarbltal (50 mg/kg
IP). We used a retroperitoneal approach and placed
a sliver clip (3-mm width, 5-mm length, 0.23-mm
inner space) to constrict the right renal artery. The re-
nal vein and ureter were uncompromised by the clip.
After surgery, muscle layers and skin were sutured.
Sham-operated hamsters underwent the same proce-

dure, except for placement of a clip. Buprenorphine
(0.1 mg/kg SC) was administered upon recovery and
24 h later to prevent pain. Hamsters were caged and
maintained until their use in experiments 2 weeks
later.

Hamster Cheek Pouch Preparation

Hamsters were anesthetized with sodium pentobar-
bital (50 mg/kg IP). Tracheotomy was performed to
ensure a ClLdI airway passage. The right jugular vein
was cannulated for administration of supplemental
doses of anesthetic. The right carotid artery was can-
nulated for monitoring blood pressure using a Pow-
erL.ab Pressure Monitor (AD Instruments, Colorado
Springs, CO). The left hamster cheek pouch was pre-
pared for intravital microscopy as described previ-
ously [7, 8, 15].

Periarteriolar NO Measurement

The NO concentration was measured with a NO-
sensitive microelectrode [2, 29]. The microelectrodes
were polarized at 4+0.9 V and the current generated
was measured with an electrometer (model 6517A,
Keithley, Cleveland, OH). Calibration, using a gas
tonometer at 37°C, was performed for each experi-
ment by measuring the microelectrode current gen-
erated by 0, 600, and 1,200 nM NO. Microelectrodes
having a linear relationship of electrical current to
NO concentration were used. After the microelec-
trode tip was properly located on the arteriolar wall,
the tissue and microelectrode were allowed to stabi-
lize for 1 h before experimental protocols were imple-
mented.

Experimental Protocol

Male golden Syrian hamsters were randomly di-
vided into 4 groups: 2K1C hypertension ham-
sters with acupuncture, 2K1C hypertension hamsters
without acupuncture, sham-operated hamsters with
acupuncture, and sham-operated hamsters without
acupuncture. Two weeks after the surgical opera-
tion, hamsters in the acupuncture treatment groups
received acupuncture treatment of 30 min daily for
5 days on the ST-36 point. The ST-36 point is located
on the outside of the hind leg, just below the knee, and
outside of the tibial crest. lh( point is in the middle
of the cranial tibial muscle belly [5. 6, 10, 23, 24, 206,
35, 40, 44]. A disposable sterilized acupuncture nee-
dle (diameter 0.2 mm) was used. After being inserted

at a depth of about 2—4 mm at ST-36 bilaterally,



the needles were connected with an electrostimulator
(model KWD-808II, Shen Zhen Kuanyu Electronic,
Shen Zhen, China). The point was stimulated at
2 Hz with an electrical current of continuous wave at
1-V intensity and 0.5-ms pulse duration for 30 min.
During the treatment, the hamster was restricted in
a cage (Ballman cage; Natsume Seisakusho, Tokyo.
Japan). This cage has been used for light restraint in
several studies [160, 28, 30, 39, 40]. Three days after
arriving from the vendor, the hamsters were trained
in the restraining cage for at least 30 min every day
for a week until the day of acupuncture treatment.
There is no difference in results of gastric motility
between freely moving and restrained rats [40].

After the treatment, the left cheek pouch was pre-
pared for direct visual observation and intervention
according to methods described previously [7, 8, 15].
The right carotid artery was cannulated for continu-
ous direct measurement of mean arterial blood pres-
sure using a PowerLab Pressure Monitor. After the
equilibration period, we measured the production of
NO in each group with NO-sensitive electrodes. At the
end of the experiments, the left cheek pouch, stom-
ach, and liver were quickly dissected and excised for
the quantification of changes in eNOS and nNOS pro-
teins by Western blotting.

Western Blotting Analysis

After extractions of proteins, 80 ug of protein
for each sample was loaded into 7.5% polyacry-
lamide gels, separated by SDS—polyacrylamide elec-
trophoresis, and transferred to polyvinylidene diflu-
oride (PVDF) membranes (Bio-Rad, Hercules, CA)
by electrophoretic elution. The membranes were in-
cubated with mouse anti-nitric oxide synthase an-
tibodies (BD Transduction Laboratories, San Jose,
CA) that recognized human eNOS or nNOS. Sub-
sequently, the membranes were allowed to react with
mouse [gG secondary antibodies (Sigma Chemicals,
St. Louis, MO). Bands corresponding to eNOS or
nNOS protein were visualized using ECL system
(Pierce, Rockford, IL) and analyzed with a gel docu-
mentation system (IS-1000 Digital Imaging System,
Alpha Innotech, San Leandro, CA).

Microscopy

Observations were made with an Olympus BH micro-
scope. The recording system comprises a Dage MTI
00 silicon-intensified target television camera, a Sony
monitor, and a MetaMorph image system (Universal

Acupuncture increases NOS in hypertension
DD Kim et al. 579

Imaging, Downingtown, PA) for computer recording
directly from the television camera and for image pro-
cessing.

Statistical Analysis

All data are expressed as means & SEM. Statistical
analysis was performed using a one-way analysis of
variance. When significant values were obtained, the
Student-Newmann—Keuls test was applied to deter-
mine which measurements differed significantly from
another. Differences were considered significant for
values of p < .05. All statistical analyses were per-
formed using the InStat package (GraphPad, San

Diego, CA).

RESULTS

Electroacupuncture on ST-36 Point Significantly
Reduces Blood Pressure in Hamsters

Experimental constriction of the renal artery in
hamsters increased mean arterial pressure (MAP)
to 160.0 £ 7.6 mmHg (mean £ SEM) relative to
115.0 £ 7.2 mmHg in nontreated sham-operated
hamsters. After 5 days of daily acupuncture treat-
ment, treated 2K1C hamsters significantly reduced
MAP from 160.0 £ 7.6 mmlHg to 128.0 £ 4.3 mmllg,
i.e., a 20% reduction compared with MAP results of
nontreated 2K1C hamsters (Figure 1).

1 2K1C hamster

200+
2K1C + EA
1754 (4)# 0 Sham-operated hamster + EA
- Sham-operated hamster
150+
£ 125- (3)* (3)*
£
I 100+
<
= 75
50
254
0

Figure 1. Electroacupuncture on ST-36 reduces mean
arterial blood pressure in experimental renovascular hy-
pertension. The bars represent the means = SEM. The
numbers in parentheses show the number of hamsters in-
cluded in each group. EA, electroacupuncture. *p <.05
compared with nontreated renovascular hypertensive
(2K1C) hamsters, #p < .05 compared with sham-
operated hamsters.
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To investigate the effect of ST-36 point on normoten-
sive hamster, we performed acupuncture treatment
on the sham-operated hamster group. There was no
significant mean arterial blood pressure difference
between sham-operated hamsters with acupuncture
treatments and those without acupuncture treat-
ments.

Electroacupuncture on ST-36 Increases
Periarteriolar NO Concentration in Hamster Cheek
Pouch Microcirculation

To test our hypothesis, we investigated the impact
of acupuncture on the production of microvascu-
lar NO in normal and renovascular hypertensive
hamsters. We measured periarteriolar NO concentra-
tion with NO-sensitive microelectrodes. Our labora-
tory’s previous experience demonstrates that, 3 weeks
after 2K1C surgery, hypertension causes a decrease
in luminal diameter from 25.01 £ 6.03 pm in sham-
operated hamsters to 21.39 £ 6.39 pum in the same
order arterioles in 2K1C hamsters (mean £ SD:;
p <.05) [3]. To avoid potentially confounding prob-
lems of reduced diameter and endothelial mass
(eNOS content), we chose to measure perivascular
NO concentration in arterioles of the same lumi-
nal diameter in normo- and hypertensive animals.
The mean diameter of the selected test arterioles was
38 £ 3 pum.

Figure 2 shows that treated 2K1C, sham-operated
and treated sham-operated hamsters demonstrated
a periarteriolar NO concentration ranging from
417.9 & 20.9 nM to 440.2 + 31.5 nM. In contrast,
nontreated 2K1C hamsters had a periarteriolar NO
concentration of 309.0 £ 21.7 nM (p < .05). These
data support the concept that electroacupuncture on
ST-36 can restore the bioavailability of NO in arteri-
oles.

Electroacupuncture on ST-36 Increases the Levels of
eNOS Protein in Hamster Cheek Pouch and
Stomach, Two Organs on the Stomach Meridian

We showed that acupuncture treatment on ST-36 has
antihypertensive effects. Subsequently, we tested the
hypothesis that these effects are regulated through
eNOS activity on the stomach meridian. We de-
termined the expression of eNOS protein in ham-
ster cheek pouch and stomach, organs on the stom-
ach meridian, by Western blotting (Figure 3). We
detected eNOS in all 4 groups in both hamster
cheek pouch and stomach and measured their re-
spective band intensity. To standardize the anal-
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Figure 2. Electroacupuncture on ST-36 increases periar-
teriolar NO concentration. The bar graph shows the max-
imal increments in response to treatment. The data rep-
resent the means £ SEM. The numbers in parentheses
show the number of animals included in each group. EA,
electroacupuncture. *p < .05 compared with nontreated
2K1C hamsters, #p < .05 compared with sham-operated
hamsters.

ysis, we expressed the results as the ratio of the
intensity of the experimental to the corresponding
sham-operated control group (i.e., 2K1C/sham). The
results of the analysis of the net band intensities
yielded 0.85 = 0.04 (2K1C hypertensive group),
1.21 £ 0.06 (treated 2K1C group), and 1.06 £ 0.09
(treated sham-operated group) relative to the
nontreated sham-operated control group in the ham-
ster cheek pouch. The respective values in the ham-
ster stomach were 0.77 + 0.04, 1.05 £ 0.15, and
1.08 £ 0.07. Hypertension reduced the expression of
eNOS relative to the sham-operated group. Acupunc-
ture treatment prevented the reduction of eNOS as-
sociated with hypertension and showed even higher
eNOS expression than the sham-operated control in
hamster cheek pouch and stomach.

Electroacupuncture on ST-36 Increases the Levels of
nNOS Protein in Hamster Cheek Pouch and Stomach

We also hypothesized that antihypertensive effects of
ST-36 are regulated through nNOS activity on the
stomach meridian. We examined the expression of
nNOS protein in the hamster cheek pouch and stom-
ach by Western blotting, using the same method as
for eNOS to standardize the results.

Figure 4 shows the comparison of band intensity.
Compared to the nontreated sham-operated group
(denominator), the intensity ratios were 0.70 £ 0.04
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Figure 3. Western blotting analysis of eNOS in hamster
cheek pouch and stomach. The band intensities in the
Western blots were divided by the band intensity of cor-
responding nontreated sham-operated hamster. The data
represent the means & SEM. Each group represents 3 ham-
sters. EA, electroacupuncture. *p < .05 compared with
nontreated 2K1C hamsters, #p < 0.05 compared with
sham-operated hamsters. The lower panel shows repre-
sentative Western blot bands for each group. 1: 2K1GC, 2:
2K1C+EA, 3: sham-operated+EA, 4: sham-operated.

(2K1C group), 0.85 £ 0.03 (treated 2K1C group),
and 1.05 £ 0.01 (treated sham-operated group) in
the hamster cheek pouch. The respective values in
the stomach were 0.88 + 0.03, 1.00 £+ 0.01, and
1.06 £ 0.05. Hypertension reduced nNOS expres-
sion relative to sham-operated hamsters. Electro-
acupuncture treatment prevented or restored the
reduction of nNOS associated with hypertension.

Electroacupuncture on ST-36 Did Not Change
Significantly the Levels of eNOS and nNOS Proteins
in Liver, an Organ That Is Not on the Stomach
Meridian

We showed that electroacupuncture on ST-36 is regu-
lated through eNOS and nNOS activities on the stom-
ach meridian. To confirm the meridian theory, the
expressions of eNOS and nNOS proteins in liver,
which is not on the stomach meridian, were exam-
ined by Western blotting.

Figure 5 shows the comparisons of the net band

intensities in liver. For eNOS, the ratios (relative
to nontreated sham-operated control group) were
0.82 £ 0.04 (2K1C group), 0.85 £ 0.04 (treated
2K1C group), and 1.01 £ 0.05 (treated sham-
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operated group). For nNOS the respective values
were 0.87 £ 0.03, 0.89 £ 0.02, and 1.01 £ 0.03.
Analysis of liver tissue indicated that electroacupunc-
ture on ST-36 did not have a significant benefit in
terms of enhanced expression of eNOS and nNOS
expressions in the treated 2K1C hypertensive group
relative to the nontreated 2K1C hypertensive group.
The liver eNOS and nNOS levels in nontreated 2K1C
hamsters were significantly reduced relative to sham-
operated hamsters.

DISCUSSION

Our study demonstrates in hamsters that elec-
troacupuncture on stomach 36 point (1) reduces ex-
perimental renovascular hypertension, (2) increases
the production of NO in arterioles, and (3) increases
the expression of eNOS and nNOS, which serve as
target signaling molecules in organs on the stom-
ach meridian. ST-36 is one of the frequently used
acupuncture points. ST-36, alone and in combina-
tion with other acupuncture points, has been used
traditionally for the treatment of hypertension in
Asia [0, 43]. ST-36 combined with 3 other acupunc-
ture points reduces diastolic blood pressure in human
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Figure 4. Western blotting analysis of nNOS in hamster
cheek pouch and stomach. The band intensities in the
Western blots were divided by the band intensity of cor-
responding nontreated sham-operated hamster. The data
represent the means £ SEM. Each group represents 3
hamsters. EA, electroacupuncture. *p < .05 compared
with nontreated 2K1C hamsters, #p < .05 compared with
sham-operated hamsters. The lower panel shows repre-
sentative Western blot bands for each group. 1: 2K1C, 2:
2K1C+EA, 3: sham-operated+EA, 4: sham-operated.



Acupuncture increases NOS in hypertension
DD Kim et al.

[12K1C hamster
2K1C + EA
1.25+10 Sham-operated hamster + EA
Sham-operated hamster
*
_____________ T

s e =
o ~ =]
< ¢ i

Band Intensity Ratio of
Sham-operated hamster

o
N
¢

0.00

1 2 3 4 1 2 3 a4

Figure 5. Western blotting analysis of eNOS and nNOS
in liver. The band intensities from the Western blots
were divided by the band intensity of corresponding
nontreated sham-operated hamster. The data represent the
means = SEM. Each group represents 3 hamsters. EA,
electroacupuncture. *p < .05 compared with nontreated
2K1C hamsters, #p < .05 compared with sham-operated
hamsters. The lower panel shows representative Western
blot bands for each group. 1: 2K1C, 2: 2K1C+EA, 3:

sham-operated+EA, 4: sham-operated.

[42], while ST-36 in combination with large intestine
(LI)-11. liver-3, and LI-4 points reduced mean arte-
rial blood pressure in rats [45]. Our data demon-
strate significant reduction of mean arterial blood
pressure in renal hypertensive hamsters with ST-36
point alone. We further provide evidence that this
blood pressure-lowering action is possibly mediated
by stimulation of nitric oxide synthases.

It is worth noting that ST-36 lowered blood pres-
sure in experimental renovascular hypertensive ham-
sters but it did not influence blood pressure in sham-
operated hamsters. This observation is in agreement
with a report that acupuncture treatment reduced
systolic blood pressure in 2K1C hypertensive rats, but
not in sham-operated rats [20]. The lack of hypoten-
sive action of acupuncture in sham-operated control
animals remains an unexplained but reproducible ob-
servation.

NO plays a crucial role in the state of blood ves-
sel vasodilation and hence blood pressure regulation
[11, 22]. In particular, endothelial NO moduldtcs
vascular processes, including blood pressure, flow
distribution, platelet aggregation, platelet and leuko-
cyte adhesion to the endothelium, vascular smooth
muscle cell proliferation, and angiogenesis [9, 17,

31, 34, 36]. Because of the important role of NO in
these processes, abnormalities in vascular NO pro-
duction are thought to contribute to the pathogen-
esis of hypertension. To test this hypothesis in the
context of complementary and alternative medicine,
we investigated the impact of acupuncture on the
production of microvascular NO in normal and ren-
ovascular hypertensive hamsters. We showed that
hypertension was associated with decreased peri-
arteriolar NO concentration in 2K1C hypertensive
hamsters as compared to NO levels in nontreated
sham-operated hamsters. In agreement with our hy-
pothesis, electroacupuncture increased periarteriolar
NO concentration in treated 2K1C hamsters. These
data support the concept that electroacupuncture on
ST-36 either prevents a reduction of and/or restores
the bioavailability of NO in arterioles.

Impact on Meridian Theory

We showed that electroacupuncture on ST-306 is reg-
ulated through NOS in organs on the stomach merid-
ian. The meridian theory is an important component
system that has been described in oriental medicine
for thousands of years. The meridian theory deals
with physiologic 1ecrulauon and pathologic Chanﬂes
in the human bodv and it guides the diagnosis d“d
treatment of oriental mcdlcmc in many aspects, es-
pecially in relation to acupuncture [0, 27].

The stomach meridian starts at the lateral side of the
nose, ascends laterally along the infra-orbital ridge.
and continues latere d”\' across the cheeks. It passes
through the dlaphragm, enters the stomach (the
organ it pertains to), and connects with the spleen
and the heart, specifically through the stomach diver-
gent channel. Next, it descends mswle the abdomen,
reddleb the knee, dnd ends at the lateral side of the
tip of the 2nd toe [33]. Based on this ancient stom-
ach meridian theory, the meridian passes through not
only the stomach, but also the spleen and the heart.
Whether these organs are involved in the reduction
of blood pressure by ST-36 acupuncture treatment
needs further investigation.

We demonstrated that NO is one of the signaling
molecules along the meridians, which has been also
supported by other investigators. While examining
the distributions of NO in the skin acupoints of
rats, Ma showed that NO content and nNOS ex-
pression were consistently higher in the skin acu-
points/meridians [25]. Later, Chen and Ma showed
that L-arginine-derived NO synthesis appears to me-
diate noradrenergic function on skin sympathetic



nerve activation, which contributes to skin electrical
resistance of acupoints and meridians [4]. Therefore,
along with the cited findings, our results support the
IIlelldldIl theory and the concept that NO is one of
the important 51gnd]mv molecules for the intercellu-
lar communication in the meridian system, especially
in relation to acupuncture.

In further support of the meridian theory, our results
demonstrate that stimulation of ST-36 activates spe-
cific targets on the stomach meridian (cheek pouch
and stomach), but does not activate them in organs
located on separate meridians (liver).

Nitric Oxide Synthases and Hypertension

We hypothesized that endothelial nitric oxide syn-
thase, among the nitric oxide synthase 1sof01ms is
a 1elevant signaling target for ST-36 because eNOS
is the major source of NO production in endothe-
lial cells, and an important regulator of blood pres-
sure [1, 13, 22]. Indeed, deletion of the gene encod-
ing for endothelial nitric oxide leads to hypertension
in mice [12, 18, 38]. The factors that downregulate

the expression of eNOS in the microvasculature of

2K1C hamsters and contribute to the development
of renovascular hypertension remain to be elucidated.
Our data indicate that untreated hypertensive 2K1C
hamsters have reduced eNOS protein and NO pro-
duction relative to normotensive and sham-operated
animals. We did not pursue the time course correla-
tion between eNOS downregulation and development
of hypertension; however, our results clearly demon-
strate that electroacupuncture on ST-36 perfolmed
after 2 weeks of constricting the renal artery serves
to restore NO production and mean arterial pressure
to normal values by enhancing eNOS protein levels.
Nonetheless, it would be important to determine sub-
sequently, in a longitudinal study, whether the ben-
eficial effect of acupuncture on ST-36 on high blood
pressure is due mainly to activation of endothelial and
neuronal nitric oxide synthase or to rescuing (pre-
serving) the enzymes from damage caused by hvper—
tension or a combination of both processes.

Ele(‘rroa(’upun(‘mre on ST-36 also increases the ex-
pression of nNOS in stomach and cheek pouch of hy-

pertensive hamsters. Our data support the ability of
acupuncture on ST-36 to elevate nNOS. /\ulpumture
treatment elevates nNOS in gracile nucleus and me-
dial nucleus tractus qohrarms [24], and contributes
to enhanced nerve control of circulation and blood
pressure.
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Our data are in agreement with recent publications
showing a reduction of NOS in renal hypertensive
animals [14, 19]. Elevation in plasma renin activ-
ity is a characteristic of renovascular hy pertensmn in
hamsters [3]. The efficacy of acupuncture in reduc-
ing plasma renin activity was demonstrated in rats
[20], and it is possible that electroacupuncture on
ST-36 reduces blood pressure in hamsters in part
through mechanisms involving plasma renin activ-
ity. However, elucidation of the contributions of the
renin—angiotensin system was beyond the scope of
our inquiry.

At this time, our data provide a basis to better un-
derstand the microvascular mechanisms of action
of acupuncture used in the treatment of hyperten-
sion in the practice of complementary and alter-
native medicine. In this context, we conclude that
(1) activation of eNOS and nNOS is one of the mech-
anisms through which ST-36 electroacupuncture re-
duces blood pressure; (2) ST-36 electroacupuncture-
induced reduction of blood pressure works through
the stomach meridian.
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