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Abstract
Objective—The purpose of this study was to determine the effects of electroacupuncture (EA)
ST36 on food intake and body weight in Obese Prone (OP) rats compared to obese resistant (OR)
strain on a high fat diet. The influences of EA on mRNA levels of pro-opiomelanocortin (POMC),
transient receptor potential vanilloid type-1 (TRPV1), and neuronal nitric oxide synthase (nNOS)
were also examined in the medulla regions and ST36 skin tissue.

Methods—Advanced EA ST36 was conducted in two sessions of 20 min separated by an 80 min
interval for 7 days. Food intake and body weight were recorded in conscious rats every day. Real
time PCR was conducted in the micropunches of the medulla regions and skin tissues at the end of
the treatment.

Results—Food intake and body weight were significantly reduced by advanced EA ST36 in OP
rats, but slightly decreased in OR strain and sham-EA rats. Advanced EA ST36 produced a
marked increase in POMC mRNA level in the nucleus tractus solitarius (NTS) and hypoglossal
nucleus (HN) regions. TRPV1 and nNOS mRNAs were simultaneously increased in the NTS/
gracile nucleus regions and in the ST36 skin regions by the EA treatment in OP rats.

Conclusions—We conclude that advanced EA ST36 produces an up-regulation of anorexigenic
factor POMC production in the NTS/HN, which inhibits food intake and reduces body weight.
EA-induced expression of TRPV1-nNOS in the ST36 and the NTS/gracile nucleus is involved in
the signal transduction of EA stimuli via somatosensory afferents-medulla pathways.
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1. Introduction
The prevalence of overweight and obesity in the United States and the world has grown
dramatically in recent years [28,25,30]. Hyperphagia is a major ingestive disorder developed
in obese humans [14,25,30,], and in Obese Prone (OP) rats, a diet-induced obese model
[11,20,39]. It has been shown that acupuncture and electroacupuncture (EA) have some
effects in the reduction of body weight-obesity [3,17,43,44]. Recent studies have reported
that EA stimulation of Zusanli (ST36) and Sanyinjiao (SP6) produced up-regulation of
amphetamine-regulated transcript peptide expression in the arcuate nucleus associated with
an inhibition of food intake and a reduction of body weight in Sprague-Dawley rats fed to
obesity on a high-fat diet [37].

The nucleus tractus solitarius (NTS) is the principle sensory nucleus in the medulla and
plays an important role in sensory and feeding regulation [15,19,38]. Recent studies have
demonstrated that sensory stimulation of the hindlimb somatic afferent modifies neuronal
activities in the NTS [38]. The gracile nucleus (GN) receives peripheral somatosensory
nociceptive afferents projecting from the hindlimb [18,40], and stimulation of somatic
sensory nerves results in changes in autonomic functions [5,32]. The hypoglossal nucleus
(HN) is the center of motor afferent control for lower jaw and tongue movements [8,21] and
is involved with the taste and gustatory responses in the medulla [9,34,36]. The
somatosensory information traveling along the limb nerves also modulates firing neurons in
the HN [1,8,26]. However, the neural pathways and neurotransmitters responsible for
anorexigenic effects of EA stimulation have not been studied in medulla areas.

It is well-documented that pro-opiomelanocortin (POMC), a precursor of an anorexigenic
peptide melanocortin, plays a central role in the inhibitory regulation of appetite [6,7,10,41].
Activation of melanocortin in the NTS has been shown to result in a sustained reduction of
food intake [12,19]. Previous studies from this laboratory have demonstrated that expression
of neuronal nitric oxide (NO) synthase (nNOS) in the NTS and the GN is induced by EA
stimulation of ST36 in rats [23]. Recent studies demonstrated that EA stimulation induced
expression of the transient receptor potential vanilloid type-1 (TRPV1) endowed with nNOS
immunostaining in subepidermal nerve fibers in the acupoints [13]. TRPV1 mediates
sensory signal transduction [4,33,48], and TRPV1 has been demonstrated to contribute to
feeding behavior and body weight signaling [35,42,46].

The purpose of this study is to determine the effects of advanced EA ST36, a two phase
stimulation over 2 hrs, on changes in food intake and body weight in OP rats compared to
obese resistant (OR) strain on a high fat diet. The mRNA levels of POMC, an anorexigenic
peptide, were examined in the NTS, GN, and the HN regions of the rats after going through
in vivo experimentation with and without advanced EA ST36. The influence of EA
stimulation on the expression of signal cascades, nNOS and TRPV1, in the skin acupuncture
point (acupoint, sensory afferents)-medulla pathway was also quantified and matched with
its corresponding physiological data.

2. Materials and methods
2.1. Experimental animals

Obese Prone (OP) rats (7 week-old, 180 to 200 g) and Obese Resistant (OR) rats, their age-
matched control strain, were acquired from Charles River (Wilmington MA). This outbred
rat strain, previously called DIO, or Diet-Induced Obese rats [11,20,39], is specially bred to
develop metabolic syndrome, despite having a functioning leptin receptor. The name was
changed in order to avoid confusion with normal SD rats fed to obesity. The OR strain is
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otherwise similar to OP and outbred from the same line of rats, but is resistant to obesity
even when fed a high fat diet. Using the OR strain as a control increases the likelihood that
experimental differences are a result of obesity and not other factors. The OR and OP rats
were fed a high fat diet (Purina Formulab Diet 5008) ad libitum for one week before the
experiments and maintained a high fat diet throughout the duration of the experiments. The
OP strain rapidly gained weight and developed metabolic syndrome, while the OR strain did
not become overweight as was used as a control group [20,39]. The protocol was approved
by the Harbor-UCLA Animal Care and Use Review Committee, and was in accord with
AAALAC and NIH guidelines. The animals were maintained on a 12-hour light-dark cycle
and in a humidity controlled room at a temperature 24±1C. Food pellets were weighed; food
intake and body weight were recorded at 24 hours each.

2.2. Electroacupuncture treatment
One week after the diet-treatment, EA stimulation of Zusanli (ST36) was performed in OP
and OR rats. The rats in the treated group were placed in the immobilization apparatus
consisting of a plastic cylinder. The acupuncture needles (27-gauge sharpened stainless-
steel) were inserted percutaneously into a depth of 4 mm at ST36 located at the depression
below the knee from the anterior crest of the tibia as previously described [23]. A Grass S48
stimulator connected to a stimulus isolator 360A (WPI, Sarasota, FL) was connected to each
pair of the acupuncture needles bilaterally in ST36. Advanced EA stimulation of ST36 is
defined as using 1.0 mA, duration of 1.0 msec at 10 Hz for 20 min and conducted twice,
separated by an 80 min rest interval in conscious rats [31]. The rats in OP sham EA group
were placed in the immobilization apparatus consisting of a plastic cylinder, and needles
were taped on the surface of acupoint ST36 without electrical stimulation. The rats in the
control group, including OP and OR rats, were not given any stimulation. The treatments
were performed on all groups simultaneously each day, lasting for 7 days. Food pellets were
weighed; food intake and body weight were recorded at 24 hours each for 2 days before and
7 days post treatment. No animals showed any adverse signs or reactions to the treatments.

2.3. Tissue Preparation and RNA isolation
The OP rats at the end of the EA ST36 treatment and their age-matched control OR and OP
control rats were sacrificed by decapitation. The brain and skin tissues were quickly
removed and initially frozen on dry ice. The brain was then cut in 300-μm sections. The
micropunches of the NTS and GN regions were identified and isolated bilaterally from two
adjacent slices under a microscope by a punch made of a 18-gauge needle stub as described
previously [2,22,27]. The brain nuclei were sampled, using coordinates NTS, AP-13.1, L 0–
1.0, DV 6.0–7.0; GN, AP-14.3, L 0–1.0, DV 7.0–8.0. Acupoints on the skin together with
subcutaneous tissue containing ST36 were isolated. Non-meridian skin tissue was obtained
close to related acupoint but not in meridian area. Tissue samples of skin were immediately
cut into slices (0.5 × 0.5 mm) with a tissue chopper. The samples of skin tissues and brain
regions were isolated and frozen in liquid nitrogen and stored at −80 °C. Total RNA was
isolated using Trizol Reagent (Invitrogen, USA) according to the manufacturer’s protocol.
The amount of isolated total RNA was measured using spectrophotometry.

2.4. Real time PCR
Real time PCR was conducted using the RNA from each sample. Briefly, cDNA was
reverse-transcribed from total RNA using a SuperScript ®, First-Strand Synthesis SuperMix
for qRT-PCR System (Invitrogen, USA). Template cDNA was incubated with 200 nM gene
specific primers of POMC, nNOS, TRPV1, and hypoxanthine-guanine phosphoribosyl
transferase (HPRT, Applied Biosystems customer primer) respectively, and SYBR Green
PCR Master Mix (Invitrogen, USA), and RNase-free water in a total reaction volume of 10
μl, performing in GeneAmp 7000 Sequence Detection System (Applied Biosystems, Foster
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City, CA). An initial step of 10 min at 95 °C activates the AmpliTaq, followed by 40 cycles
of melting at 95°C for 15 s and annealing/extension at 60 °C for 1 min. The dissociation
curve will be generated at the end of the PCR run by ramping the temperature of the sample
from 60 to 90 °C. Meanwhile, the fluorescence data was continuously collected and shows a
single product with a melting temperature (Tm) distinct from that of primer-dimer products.
Non template controls were included for each primer pair to check for any significant levels
of contaminants. The standard curve for each primer is constructed with different dilutions
of cDNA. The amount of target mRNA of each sample was normalized with that of HPRT,
an internal control. Oligonucleotide primers used for real-time RT-PCR analysis were
designed based on the published sequences as follows: POMC [Forward: 5′-
CAAGAAGCGGCGCCCTGTGA; Reverse: 5′-GCTGCT CGCCTTCCAGCTCC], nNOS
[Forward: 5′-ACGTTTGGGGTTCAGCAGATCCAA; Reverse: 5′-
GGGAGGCTTGCTGACCCGTT], TRPV1 [Forward: 5′-AGATGGGCATCTATGCTGTC;
Reverse: 5′-TTCTTCCCATCCTCAATCAG], HPRT [Forward: 5′-
CAAAGCCTAAAAGACAG CGG; Reverse: 5′-ATGGCCACAGGACTAGAACG].

2.5. Data presentation and statistical analysis
All data are shown as mean ± SEM to determine the significance between different groups.
Four to six rats were used for each defined group. Analysis of variance (ANOVA and Post
Hoc Tests) for comparisons among multiple groups, and Student’s t-test (unpaired) for
comparisons when analysis of two groups is involved were used to determine the
significance of differences. P values less than 0.05 were considered significant.

3. Results
3.1. Effects of acupuncture on food intake

Food intake and body weight were recorded 2 days before as baseline and 7 days following
treatments during the course of 9 days (Fig. 1). OP rats had a significantly higher baseline
food intake (20%) compared to OR rats (F=7.074, P=0.007).

The food intake in EA treated OP rats significantly decreased 25 % after the first day of
advanced EA ST36 and continued for the remaining treatment days (P<0.05; Fig. 1A). Sham
EA group also produced significant reduction of food intake when compared to the OP
control group for the first two days of the treatment (day 2 F=8.676, P=0.05, and day 3
F=15.692, P=0, n=6), as shown in figure 1A. Sham-EA tended to decrease in food intake
compared to OP control group on the last day treatment although the difference was short of
statistical significance (P=0.111). However, changes in food intake by sham EA in the
remaining days was not statistically significant compared to the untreated OP rats. Over the
7 days of experimentation, OP rats with advanced EA ST36 averaged 21.1 ± 1.5 grams of
food consumed per day, OP rats with sham EA averaged 24.1 ± 1.5 grams, and OP rats
without any treatment averaged 28.2 ± 1.1 grams. The amount of food intake in OP treated
rats with advanced EA ST36 was reduced to levels similar to that in OR treated rats, and
slightly lower than OR control rats, as shown in figure 1. The values of food intake in OR
rats following advanced EA ST36 tended to be decreased compared to that in control OR
rats, but did not have statistical significance, as shown in figure 1B (n=4).

3.2. Effects of acupuncture on body weight
The baseline body weight and increases in the weight were significantly higher in OP rats
versus in OR rats during the 9 days (P<0.05). Baseline body weight change was not
significantly different among 9 days in OR control rats and OP control rats. The increases in
body weight was 2–3 fold in OP control rats versus in OR control rats with high fat diet
during the 9 days of experimentation, as shown in figure 2.

Ji et al. Page 4

Peptides. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2A shows body weight change in the untreated OP and sham EA groups compared to
EA treated OP group. Body weight was significantly decreased in OP treated rats after day 1
of EA ST36 and continued for the remainder of the 7 treatment days compared to untreated
OP control rats (n=6; P<0.05). The elevation of body weight was reduced in OP treated rats
after day 1 of advanced EA ST36 and continued for the remainder of the 7 treatment days
compared to untreated OP control rats. Body weight was significantly reduced by sham EA
only on day 4 day (n=6) compared to untreated OP rats. Sham EA tended to decrease body
weight on the last day (P=0.179) but the reduction failed to be statistically significant.

Figure 2B shows body weight change in the untreated OR rats compared to EA treated OR
group at 2 days before as baseline and 7 days following EA ST36. The values of body
weight change in OR rats were moderately decreased at 7 days following advanced EA
ST36 compared to OR control rats, but the difference failed short of significance (n=4).
When comparing EA treated OP rats with sham treated OP rats, the difference in body
weight was significant only on day 3 (F=17.144, P=0.018, n=5).

3.3. Expression of POMC, nNOS, and TRPV1 mRNAs in medulla regions induced by EA
Figure 3 shows the influence of EA ST36 on the expression of POMC mRNA in the dorsal
medulla regions of OP rats with advanced EA ST36 compared to OR and OP control rats.
The expression of POMC mRNA was significantly increased about 2.5-fold by EA ST36 in
the NTS region of OP rats compared to OP and OR control groups (Fig. 3, the left side;
F=8.418, P=0.003). Simultaneously, the expression of POMC mRNA in the HN region of
OP treated rats showed about 2.3-fold increase compared to OP and OR control rats (Fig. 3,
the right side; F=5.653, p=0.011).

Figure 4 shows influences of EA ST36 on the expression of nNOS (top) and TRPV1
(bottom) mRNA in the dorsal medulla regions. nNOS mRNA expression in the NTS region
of OP control rats tended to be lower than that in OR control rats but the difference failed
short of significance. EA ST36 produced a marked increase in the expression of nNOS
mRNA in the NTS region of OP rats compared to untreated OP and OR groups (Fig. 4A, the
left side; F=3.132, P=0.002). EA ST36 produced an elevation of nNOS expression in the GN
region of OP rats, but did not achieve statistical significance.

EA ST36 in OP rats caused a marked increase in TRPV1 mRNA expression in the NTS
region compared to OP and OR control rats (Fig. 4B, the left side; F=4.948, P=0.005).
TRPV1 mRNA expression in the GN region was also significantly elevated by EA ST36 in
OP rats compared to untreated OP and OR rats (Fig. 4B, the middle; F=2.006, p=0.051). The
level of TRPV1 mRNA in the HN region of OP rats following EA stimulation suggested a
marginal significant increase compared to OP and OR control rats (Fig. 4B right).

3.4. Expressions of nNOS and TRPV1 mRNA in the skin acupoint induced by EA
Figure 5 shows the influences of EA stimulation to ST36 on the expression of nNOS and
mRNAs in ST36 region compared to non-meridian areas of the skin. EA treatment caused a
significant increase in nNOS mRNA expression, approximately 2.1-fold in ST36 region
from EA treated OP rats compared to an untreated OP control group, and about 3.3-fold
compared to non-meridian region from OP treated rats (Fig. 5 top; F=2.679, P=0.049,
P=0.007). EA ST36 induced a marginally significant increased expression of TRPV1 mRNA
in ST36 region from OP EA treated rats compared to that from OP control group (F=1.215,
P=0.071).
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4. Discussion
We observed the effects of advanced EA ST36 (two phases over 2 hrs separated by an 80
min interval) on changes in food intake and body weight in OP rats and OR rats on a high fat
diet. The influences of the EA treatment on the expression of an anorexigenic peptide
POMC in the medulla regions and signal cascades, and of nNOS and TRPV1, in the
afferents-medulla pathway, were also examined in OP rats. The major new findings from
this study are: 1) Food intake and body weight were consistently reduced by advanced EA
ST36 in OP rats; 2) POMC mRNA was markedly enhanced in the NTS and HN regions by
advanced EA ST36 in OP rats; and 3) TRPV1 and nNOS mRNA levels were consistently
increased in the skin region of ST36 and in the NTS and the GN regions by advanced EA
ST36 in OP rats. This is the first evidence showing that the reduction of food intake and
body weight by advanced EA ST36 in OP rats is associated with a marked increase in the
POMC mRNA level in the NTS and HN regions. The experimental results demonstrate that
elevated mRNA level of POMC in the dorsal medulla regions and reduced food intake and
body weight are predominantly produced by advanced EA ST36 for 7 days in OP rats, but
not in OP rats held in the same immobilization apparatus with sham-EA treatment.
Advanced EA ST36 produced slight effects in reduction of food intake and body weight in
OR rats. The present studies also show that advanced EA ST36 induces up-regulation of
TRPV1 and nNOS mRNAs in both the local afferents, acupoint area, and the medulla
sensory regions, the NTS, the GN, and the HN. Enhanced expressions of TRPV1 and nNOS
mRNAs in the ST36 and the brainstem regions are consistently induced by EA ST36, which
play a role in the signal transduction of EA stimulation from peripheral afferents to the
dorsal medulla pathway. Results suggest that advanced EA ST36 stimulates up-regulation of
POMC, an anorexigenic peptide, in the NTS and the HN, which inhibits feeding behavior
and reduces body weight. EA-induced expression of the signal molecules, TRPV1-nNOS,
via a pathway from the somatic skin to the sensory nuclei in the medulla, mediate the signal
transduction of EA stimuli, which contribute to the mechanism of the therapy.

It has been shown that acupuncture and EA stimulation of the hindlimb acupoint Zusanli
(ST36) produce effects in the treatment of obesity, particularly used in China for thousands
of years [3,17,37,43]. However, recent clinical studies have shown that acupuncture has
some effects, but not sufficiently strong, in decreasing body weight of obese subjects [17].
The effects induced by EA twice with a non-stimulation interval of 90 min following the
first EA are markedly enhanced after the second EA. The therapeutic effects induced by EA
presented twice in succession are markedly enhanced in the second EA at 90 min following
the first EA [29]. It is believed that stronger effects of acupuncture need a prolonged
induction time, in which it also has a delayed recovery period [24,29,31]. Thus, a two phase
advanced EA treatment utilizing two stimulation periods over 2 hrs with is observed in this
study. The present studies show that advanced EA ST36 produces a marked reduction of
food intake and body weight in a diet-induced obese rat model. The increases in body
weight was 2–3 fold in OP control rats versus in OR control rats with high fat diet during the
9 days of experimentation. Following day 1 of advanced EA ST36 and continued for the
remainder of the 7 treatment days, food intake in OP rats was reduced to the amounts similar
to OR control rats, and the elevation of body weight was revised in OP treated rats compared
to untreated OP control rats. Whether this effect can be maintained over a longer period or
repeated in humans remains to be seen by further investigation. It is also shown that the
same immobilization apparatus of EA ST36 produced slight effects in reduction of food
intake and body weight in OR rats, which suggest that more pronoce effects can be induced
by acupuncture in rats with pathological changes.

It is well-documented that POMC is a precursor of melanocortin, which plays an important
role in reduction of feeding activity [6,7,10,41]. Our results revealed that expression of
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POMC mRNA was increased in the NTS and HN by advanced EA ST36 in OP rats and
accompanied by a reduction of food intake. These results are consistent with results from
other investigators who have demonstrated that activation of POMC in the NTS results in a
sustained reduction of food intake [12,19]. Previous studies have demonstrated that the HN
is the center of motor afferent control for lower jaw and tongue movements [8,21] and is
involved with the taste and gustatory responses in the medulla [9,34,36]. Ingestion and
anticipation of a meal also created increased Fos expression in the HN [9]. The
somatosensory information traveling along the forelimb nerves also modulates firing
neurons in the HN, suggesting that somatosensory signals, together with visual messages,
induce tongue reflex responses functionally directed to modulate the postural tone of the
tongue and the oral cavity for food reception [1,8,25,26]. Our studies support the previous
publications [1,8,9,21,26,34,36] reported that the HN plays an important role in feeding
movements and in response to somatosensory activation. The results further suggest that EA
ST36-induced expression of POMC mRNA in the GN is involved in reduction of food
intake and body weight in OP rats. The present studies provide molecular and physiological
evidence of anorexigenic peptide POMC in the NTS/HN-mediated appetitive inhibition and
anti-obese effects of EA ST36.

Recent studies have shown that TRPV1 is expressed at the primary afferent neurons, which
play an important role in mechanical, thermal, chemical, and many other sensory
transductions [4,33,48]. The colocalization of TRPV1 and nNOS was previously reported in
the neurons [16], and TRPV1 is activated by NO through a feedback regulation mechanism
between channel activation, calcium entry and NO production [45], which suggests an
important function of both TRPV1 and NO involved in the sensory transmission. Previous
studies from our laboratory have reported that performing EA on ST36, a vital leg acupoint,
increased positive immunostaining nNOS neurons in the NTS and the GN [23]. A high
expression of TRPV1 endowed with nNOS in subepidermal nerve fibers exist in the
acupoints, and its expression is increased by EA stimulation [13]. The present study’s
findings are consistent with these results, demonstrating that EA ST36 significantly
increased expression of the TRPV1 and nNOS mRNAs in ST36 regions and in the NTS and
GN. The higher expression of TRPV1 and nNOS in the ST36 acupoint after EA stimulation
may play a key role in mediating the transduction of EA signals to the dorsal medulla. In
addition, TRPV1 activation of sensory neurons modified feeding behavior [35,46] and
reduced short term food intake [42]. The oral administration of capsaicin for 120 days
prevented obesity in male wild type mice but not in TRPV1 knockout mice assigned to high
fat diet, and other in vitro and in vivo evidences suggested the activation of TRPV1 channels
by capsaicin prevented adipogenesis and obesity [47]. Since activation of TRPV1 plays a
role in the reduction of food intake [42,47], it is possible that EA-induced elevation of
TRPV1 expression in the NTS and the GN might affect NTS (possibly also the GN) neurons
directly to regulate feeding behavior. Although the mechanism responsible for inhibition of
food intake is not entirely understood, increased TRPV1-nNOS levels post-EA stimulation
also suggests a functional role in mediating the effects of EA through the peripheral site to
the central nervous system. A more sophisticated approach would be required to address this
issue. Despite these limitations, our results consistently suggest that NO-TRPV1 mediate
sensory transduction of EA signaling through somatosensory afferents (acupoints)-dorsal
medulla pathway.

In summary, our results show that advanced EA ST36 decreases food intake and reduces
body weight in OP rats, but produced slight effects in OR rats. Consistent with these
observations, mRNA level of POMC was markedly enhanced in the NTS and HN regions
following the EA treatment. Advanced EA ST36 also induces an elevation of nNOS and
TRPV1 mRNAs in the NTS and GN regions, the sensory nuclei entering the brainstem,
accompanied by increases in the levels of nNOS and TRPV1 expression in the skin region of
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acupoint ST36. The results suggest that advanced EA ST36 stimulates up-regulation of
TRPV1-nNOS in the peripheral afferents and sensory nuclei in the medulla, which mediate
the signal transduction of EA stimuli to enhance POMC production in the NTS/HN, and in
turn, inhibits feeding behavior and reduces body weight. The evidence in OP rats
demonstrates that advanced EA ST36 may be used to alleviate hyperphagia and obesity in
metabolic syndrome.
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Highlights

Food intake and body weight were reduced by acupuncture ST36 in Obese Prone rats

Acupuncture ST36 increased POMC mRNA level in NTS and hypoglossal nucleus
regions.

TRPV1 and nNOS mRNAs were increased by acupuncture ST36 in the NTS/GN
regions.

Acupuncture ST36 increased TRPV1 and nNOS mRNAs in the skin acupoints.
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Figure 1.
Daily food intake starting 2 days before and 7 days during EA ST36 in conscious obesity-
prone (OP) with high fat diet rats compared to sham EA group and a control group without
treatment (A, top panel). Average daily food intake in the same period was also recorded in
conscious obesity resistant (OR) rats with high fat diet following EA ST36 compared to a
control group (B, bottom). ANOVA analysis revealed significant reduction of food intake in
OP rats compared to the control rats (top) following EA ST36 in day 2 (F=8.676, P=0), day
3 (F=15.692, P=0), day 4 (F=4.918, P=0.002), day 5 (F=8.185, P=0), day 6 (F=5.43,
P=0.002), day 7 (F=6.008, P=0.001, and day 8 (F=6.065, P=0.001), but not altered in OR
rats (bottom). OP control group had significantly higher food intake than OR control rats.
Values were expressed as mean ± SEM (n = 5–6 each group) regardless of the direction of
the error bar on the figure. P<0.05 *vs. OP control group, # vs. sham-EA group, △ vs. OP
control group, ▲ vs. OP EA treated group.
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Figure 2.
Daily body weight change beginning 2 days before and 7 days following EA stimulation of
ST36 in conscious obesity-prone (OP) rats compared to sham EA group and a control group
without treatment (A, top panel). Average daily body weight change in the same period was
also recorded in obesity resistant (OR) conscious rats with EA ST36 compared to a control
group (B, bottom). Body weight changes were significantly reduced by EA ST36 in OP rats
compared to the control rats without the treatment (top) on day 2 (F=17.144, P=0), day 3
(F=11.373, P=0), day 4 (F=2.936, P=0.012), day 5 (F=4.311, P=0.03), day 6 (F=0.804,
P=0.161), day 7 (F=1.741, P=0.056), and day 8 (F=4.480, P=0.009), but not altered in OR
rats (bottom). OP control group had a higher trend of body weight change than OR control
rats, but did not show the significant difference except day 1. Other details are shown in
legend to Figure 1.
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Figure 3.
Comparison of POMC mRNA levels in the brainstem regions from OP rats treated with EA
ST 36, OP control rats, and OR control rats. Each bar represents the mean values of the
relative amount of mRNAs as ratio between POMC and ypoxanthine-guanine
phosphoribosyl transferase (HPRT), an internal standard control. Values were expressed as
mean ± SEM (n = 4–5 each group). NTS, nucleus tractus solitarius; * P<0.05 indicates
significance versus another group in the same region.
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Figure 4.
Comparison of the expression of nNOS and TRPV1 mRNAs in the brainstem regions from
OP rats treated with EA ST 36, OP control rats, and OR control rats (Fig. 4A). TRPV1
expression levels in the brainstem regions from OR rats compared to OP rats with and
without EA stimulation to ST36 are shown in Figure 4B. Each bar represents the mean
values of the relative amount of mRNAs as ratio between target gene and internal standard
control, hypoxanthine-guanine phosphoribosyl transferase (HPRT). Other details are shown
in legend to Figure 3.
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Figure 5.
Expression of nNOS mRNA (Fig. 5A) and TRPV1 mRNA (Fig. 5B) in the skin regions
containing ST36 and non-meridian area from OP treated rats with EA ST 36, OP control
rats, and OR control rats. Each bar represents the mean values of the relative amount of
target mRNA versus HPRT as a control housekeeping gene. * P<0.05 indicates significance
versus another group in the same region. Other details are shown in legend to Figure 3.
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