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Targeting TRPV1 for Body Weight 
Control using TRPV1−/− Mice and 
Electroacupuncture
Monchanok Choowanthanapakorn1,*, Kung-Wen Lu2,3,*, Jun Yang3, Ching-Liang Hsieh3,4 & 
Yi-Wen Lin1,5

Obesity is a global social medical problem resulting in morbidity as high as 20–30%. Here 
we investigated whether the manipulation of TRPV1 can control mice body weight through 
electroacupuncture (EA). The results demonstrated that body weight increased with time in the 
control group (108.19 ± 1.31%, n = 7). The increase of mice body weight was significantly less in the 
EA group (104.41 ± 0.76%, p < 0.05, compared with the control group, n = 7) but not in the sham 
EA group (109.1 ± 0.63%, p < 0.05, compared with EA group, n = 7). EA did not decrease the gain of 
body weight in TRPV1 knock mice (107.94 ± 0.41% and 107.79 ± 1.04% for TRPV1−/− and TRPV1−/− 
with EA, respectively, p > 0.05). The visceral white adipose tissue (WAT) weight was lower in the EA 
group at 4 weeks after manipulation. Moreover, the protein levels of TRPV1, pPKA, pPKC, and pERK 
were increased in the dorsal root ganglion (DRG) and spinal cord (SC) after EA treatment but not in 
the sham EA and TRPV1−/− mice. This study suggests that targeting TRPV1 is beneficial in controlling 
body weight and TRPV1-associated mechanisms in mice.

Obesity is a global social medical problem resulting in morbidity as high as 20–30%. In addition, the 
number of obese patients across the world is now on the rise along with the cost of health insurance1. 
Obesity is related to various chronic diseases and common particularly in areas where food supplies 
are plentiful and lifestyles are sedentary. The degree of obesity is generally described by the body mass 
index (BMI). Simple obesity is one of the most serious epidemics around the world and is receiving 
ever-increasing attention from the medical profession. At present, obesity has replaced malnutrition and 
infectious diseases and has become one of the most important human health hazards2. Obesity associated 
with insulin resistance is of increasing significance with aging because it leads to the development of type 
2 diabetes mellitus. Moreover, it severely influences the physical and mental health, weakens immunity, 
and increases the mortality rate. Even excess weight has reached epidemic proportions globally, with 
more than 2 billion adults being either overweight or obese worldwide3.

TRPV1 is a heat/proton/lipid/voltage-modulated Ca2+ -permeant (PCa/PNa approximately 10) ion 
channel4. A more voltage-gating-centric explanation is that at warmer temperatures (> 37 °C) or in the 
presence of capsaicin, TRPV1 current is activated by a high physiological range of voltages5,6. Endogenous 
cannabinoid receptor ligands, such as anandamide, are potential TRPV1 agonists. The size of its current 
is increased by acid pH and is modulated by intracellular PIP2, which inhibits the channel7. Experiments 
using TRPV1 knockout mice confirm that it is essential for transducing the nociceptive, inflamma-
tory, and hypothermic effects of vanilloid compounds and contributes to acute thermal nociception and 
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thermal hyperalgesia post tissue injury8,9. TRPV1 current is potentiated by bradykinin and nerve growth 
factor via several possible mechanisms, including PLC-mediated protein kinase C (PKC) activation and/
or PIP2 hydrolysis and phosphatidylinositol 3-kinase7,10. It was recently shown that electroacupunture 
(EA) can relieve inflammatory and fibromyalgia pain through TRPV111–13. Thus, emerging data indi-
cate that TRPV1 antagonists could also be useful in treating disorders other than pain, such as urinary 
urge incontinence, chronic cough, and irritable bowel syndrome14. TRPV1 is expressed by a subset of 
small-sized dorsal root ganglion (DRG) or trigeminal ganglion neurons15,16. The expression of TRPV1 
has been demonstrated in cutaneous sensory nerves, mast cells, and epithelial cells17. Group IV muscle 
afferents were activated by either acid or capsaicin18, and intra-arterial injection of capsazepine, which 
is an antagonist of TRPV1, attenuated the cardiovascular response evoked by the injection of acid into 
the hindlimb muscle19.

PKC has been identified as an important signal transduction molecule that regulates various proteins 
involved in the regulation and maintenance of myocardial function. PKC exists as a family of isoforms, 
including the conventional PKCs (α , β 1, β 2, and γ ), novel PKCs (δ , ε , η , and θ ), and atypical PKCs  
(λ  and ζ )20. PKC plays a major role in transmembrane signal transduction21. The activation of PKCε , as 
well as membrane targeting and substrate specificity, is regulated by several factors, including phospho-
rylation, diacylglycerol (DAG), and other lipids and anchoring proteins. However, several studies have 
consistently identified that the activation of PKCε  plays a central role in the signaling pathways and 
cellular events that provide myocardial protection from ischemia and/or reperfusion injury22–24.

Extracellular signal-regulated kinase (ERK1/2) promotes cellular proliferation in response to growth 
factors. ERK signaling also regulates the expression of autophagy and lysosomal genes25. The activation 
of the ERK signaling pathway in the periphery is likely necessary for the maintenance of a spinally sen-
sitized state, while the activation of ERK1/2 in the primary injury site may regulate TRPV1, leading to 
dorsal horn hypersensitivity to thermal and chemical stimuli26. The activation of ERK in primary afferent 
neurons is mediated, at least partly, by TRPV127. The auricular EA was recently shown to reduce epilepsy 
accompanied by altered pERK signaling pathway in rats28.

Acupuncture originated in ancient China at least 2,500 years ago. While treating obesity using acu-
puncture, it is essential to select the points based on differentiation of the symptoms and signs, and 
multiple points in multiple meridians should be selected. The expression of TRPV1 in nerve fibers is 
significantly increased by EA stimulation in acupoints; moreover, the higher expression of TRPV1 in the 
subepidermal nerve fibers and its upregulation after EA stimulation may play a key role in mediating the 
transduction of EA signals to the central nervous system (CNS), and its expression in the subepidermal 
connective tissue cells may play a role in conducting the local effect of EA29. Acupuncture is used for 
treating various health problems, one of which is obesity30 and EA reduces body weight in overweight 
subjects in clinical practice, as well as in rats and mice with diet-induced obesity31.

EA is highly reported to reduce body weight in obese subjects in clinical practice; the phenomenon 
was also observed in rats and mice with high fat diet-induced obesity. In the current study, we hypoth-
esized that EA activates the peripheral nervous system to transfer signals to CNS for controlling body 
weight. Our results revealed that body weight was controlled by using TRPV1−/− mice or EA-treated 
mice. The white adipose tissue (WAT) weight was also lower in TRPV1−/− mice or EA-treated mice. The 
mechanism leading to these results was through the activation of TRPV1-related signaling pathway such 
as pPKA, pPKC, and pERK.

Materials and Methods
Experimental Animals.  Adult male C57/B6 (BioLASCO Taiwan Co., Ltd) mice aged 8 to 12 weeks 
were used in this study. The usage of these animals was approved by the Institute of Animal Care and 
Use Committee of China Medical University (permit No. 101-116-N), Taiwan. All experiments were per-
formed in accordance with the use of Laboratory Animals (National Academy Press). We use EA on mice 
by inserting a stainless steel acupuncture needles (1.5” inch, 32G, YU KUANG, Taiwan) into the ST36 
acupoint at a depth of 3–4 mm. Square pulses electrical stimulation were delivered for 15 min with a 
duration of 100 μ s and 2 Hz in frequency generated from the stimulator. The stimulation amplitude was 
1 mA. The similar protocol was given to gluteal muscle non acupoint to set as the sham EA group. Mice 
were subdivided into 5 groups (1) Control group (2) EA group (3) sham-EA group (4) TRPV1−/− mice 
(5) TRPV1−/− mice with EA. Each group had 7 mice. Mice in all groups received sufficient food and 
water ad libitum. The weight of mice and the amount of food and water consumed were monitored. The 
number of animals used and their suffering was minimized.

Western blot analysis.  L3-L5 DRG and lumbar SC neurons were immediately excised to extract pro-
tein at week 4 and stored at –80 °C. Total proteins were prepared by homogenized sample in lysis buffer 
containing 50 mM Tris-HCl pH 7.4, 250 mM NaCl, 1% NP-40, 5 mM EDTA, 50 mM NaF, 1 mM Na3VO4, 
0.02% NaN3 and 1 ×  protease inhibitor cocktail (AMRESCO). The extracted proteins (30 μ g per sample 
assessed by BCA protein assay) were subjected to 8% SDS-Tris glycine gel electrophoresis and transferred 
to a PVDF membrane. The membrane was blocked with 5% nonfat milk in TBS-T buffer (10 mM Tris 
pH 7.5, 100 mM NaCl, 0.1% Tween 20), incubated with anti-TRPV1, anti-pPKA, anti-pPKC, anti-pERK, 
anti-pp38, and anti-pJNK antibody (1:1000, Alomone) in TBS-T with 1% bovine serum albumin, and 
incubated for 1 hour at room temperature. Peroxidase-conjugated anti-rabbit antibody (1:5000) was used 
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as a secondary antibody. The bands were visualized by an enhanced chemiluminescencent substrate kit 
(PIERCE) with LAS-3000 Fujifilm (Fuji Photo Film Co. Ltd). Where applicable, the image intensities of 
specific bands were quantified with NIH ImageJ software (Bethesda, MD, USA).

Data Analysis.  All statistic data were presented as the mean ±  standard error. Statistical comparisons 
were performed with One Way ANOVA test, followed by a post hoc Tukey’s test (p <  0.05 was considered 
statistically significant).

Results
Effects of EA at ST36 acupoint on reducing body weight WAT gain in mice.  We investigated 
whether EA at ST36 acupoint can reduce body weight gain. In the control group, the body weights 
were increased with time (Fig. 1, 108.19 ±  1.31%, p <  0.05, compared with baseline, n =  7). We further 
performed EA on normal mice, and the results indicated that EA could reliably reduce the weight gain 
(Fig. 1, 104.41 ±  0.76% p <  0.05, compared with control group, n =  7). Similar results were not observed 
if electrical stimulation was employed in non-acupoint gluteal maximus muscle (GM) area supporting 
an acupoint specificity (Fig. 1, 109.1 ±  0.63%, p <  0.05, compared with the EA group, n =  7). Further, we 
measured the body weight using TRPV1 knockout mice, which showed a similar increase in body weight 
as that of the control mice (Fig. 1, 107.94 ±  0.41%, p <  0.05, compared with baseline, n =  7). Importantly, 

Figure 1.  Electroacupuncture (EA) at ST36 acupoint attenuated body weight gain but not food and 
water intake. (A) Body weight gain in control, EA and sham groups. (B) Food intake in control, EA and 
sham groups. (C) Water intake in control, EA and sham groups. (D) Body weight gain in TRPV1−/− and 
TRPV1−/− +  EA groups. (E) Food intake in TRPV1−/− and TRPV1−/− +  EA groups. (E) Water intake in 
TRPV1−/− and TRPV1−/− +  EA groups. Con =  control; EA =  electroacupuncture; sham =  sham-EA group. 
*p <  0.05 compared to baseline; **p <  0.01 compared to baseline; #p <  0.05 compared to baseline ##p <  0.01 
compared to baseline (n =  7 mice per group).
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Figure 2.  Electroacupuncture (EA) at ST36 acupoint reduced WAT weight in mice. WAT weight in Con, 
EA, sham, TRPV1−/− and TRPV1−/− +  EA mice. Con =  control; EA =  electroacupuncture; sham =  sham-EA 
group **p <  0.01, compared to baseline (n =  7 mice per group).

Figure 3.  Upregulation of TRPV1 and related signal mechanisms in DRG neurons from EA but not 
sham mice. (A) Western blot staining showed TRPV1-positive band; (B) pPKA-positive band; (C) pPKC-
positive band; (D) pERK-positive band; (E) pp38-positive band; (F) pJNK-positive band in Con, EA, sham 
groups. Con =  control; EA =  electroacupuncture; sham =  sham-EA group.
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EA cannot reduce body weight gain in TRPV1−/− mice suggesting a crucial target for EA manipulation 
(Fig. 1, 107.79 ±  1.04%, p <  0.05, compared with TRPV1−/− mice, n =  7).

We then assessed if EA at ST36 acupoint can decrease the body weight by attenuating WAT weight. 
In the control mice, the visceral WAT weighed 0.97 ±  0.08 g (Fig. 2, n =  7). The WAT weight decreased 
after 4 weeks of EA stimulation at ST36 acupoint (Fig.  2, 0.69 ±  0.04 g, p <  0.05, compared with the 
control group, n =  7). This pattern was not obtained in mice receiving sham-EA manipulation (Fig.  2, 
0.98 ±  0.02 g, p <  0.05, compared with the EA group, n =  7). The WAT weights were similar to those of 
the control group in both TRPV1−/− and TRPV1−/− mice with EA (Fig. 2, 0.93 ±  0.03 g and 0.94 ±  0.03 g, 
p <  0.05, compared with the EA group, n =  7). Because food and water intake are crucial for body weight 
control, we further checked if these were affected by EA. Both the food and water intake of mice in all the 
groups were similar (Fig. 1, n =  7, p >  0.05). These results showed that EA could ameliorate the increase 
of body weight by reducing the WAT tissue weight rather than food and water intake.

Quantification of TRPV1 and related signaling molecules in DRG.  We tested the effects of EA 
at ST36 acupoint on the expression of TRPV1 in DRG through western blotting. The expression level of 
TRPV1 was normal in the control mice (Fig. 3, 100%, n =  7). The results showed that the protein level 
of TRPV1 was significantly increased after EA treatment at week 4 (Fig.  3, 128.47 ±  5.19%, p <  0.05, 
compared with the control group, n =  7). The phenomenon was not observed in sham-EA mice (Fig. 3, 
100.1 ±  3.21%, p <  0.05, compared with the EA group, n =  7). Because TRPV1 is a Ca2+ permeable 
ion channel, which can trigger second messenger molecules, we further examined if EA can activate 
TRPV1 and the related mechanisms. It was observed that the protein level of pPKA was increased in the 
EA-treated mice (Fig.  3, 116.1 ±  2.44%, p <  0.05, compared to the control group, n =  7) but not in the 

Figure 4.  Upregulation of TRPV1 and relevant molecules in SC from EA but not sham-EA mice.  
(A) Western blot staining showed TRPV1-positive band; (B) pPKA-positive band; (C) pPKC-positive 
band; (D) pERK-positive band; (E) pp38-positive band; (F) pJNK-positive band in Con, EA, sham groups. 
Con =  control; EA =  electroacupuncture; sham =  sham-EA group.
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sham-EA group (Fig. 3, 107.47 ±  9.68%, p <  0.05, compared to the control group, n =  7). Similar results 
were also obtained in the pPKC protein level suggesting its role in EA-mediated mechanisms (Fig.  3, 
180.35 ±  26.48% and 100.95 ±  3.66% for EA and sham EA, respectively, p <  0.05, n =  7). We further 
assessed if pPKA and pPKC could trigger MAPK family. The results revealed that the protein level of 
pERK was significantly increased after EA treatment (Fig.  3, 175.91 ±  30.59%, p <  0.05, compared to 
the control group, n =  7) but not in the sham control mice (Fig.  3, 98.98 ±  7.03%, p <  0.05, compared 
to the EA group, n =  7). These results were not observed in other members of the MAPK family such 
as pp38 (Fig.  3, 97.73 ±  5.95% and 97.73 ±  6.77% for EA and sham-EA group, respectively, p <  0.05, 
n =  7) and pJNK, indicating that pERK is a key element in EA manipulation (Fig. 3, 100.29 ±  2.06% and 
101.88 ±  4.71% for EA and sham-EA group, respectively, p <  0.05, n =  7).

Identification of TRPV1 and the related mechanisms in spinal cord (SC).  To verify if EA can 
regulate body weight at central–spinal level, we tested TRPV1 and the related downstream mechanisms 
using SC sample. TRPV1 was increased after EA treatment (Fig. 4, 115.45 ±  1.43%, p <  0.05, compared 
to the control group, n =  7) but not in the sham-EA group (Fig. 4, 100.8 ±  2.97%, p <  0.05, compared to 
the EA group, n =  7). Our results showed that the quantity of pPKA was increased after EA manipulation 
(Fig. 4, 112.87 ±  2.68%, p <  0.05, compared to the control group, n =  7) but not in the sham-EA group 
(Fig. 4, 108.17 ±  10.62%, p <  0.05, compared to the control group, n =  7). Similar data were also observed 
in pPKC in the EA-treated group (Fig. 4, 102.94 ±  5.21% and 96.69 ±  5.3% for EA and sham-EA group, 
respectively, p <  0.05, n =  7). These results also showed that pERK was drastically increased after EA 
treatment (Fig. 4, 121.87 ±  4.62%, p <  0.05, compared to the control group, n =  7) but not in the sham 

Figure 5.  Protein levels of TRPV1-related signal mechanisms were unchanged in DRG neurons in 
TRPV1−/− mice mice. (A) Western blot staining showed pPKA-positive band; (B) pPKC-positive band;  
(C) pERK-positive band; (D) pp38-positive band; (E) pJNK-positive band in in TRPV1−/− and 
TRPV1−/− +  EA groups.
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control (Fig. 4, 98.88 ±  6.04%, p <  0.05, compared to the EA group, n =  7). The results were not obtained 
in pp38 (Fig.  4, 101.74 ±  8.59% and 97.79 ±  6.45% for EA and sham-EA group, respectively, p <  0.05, 
n =  7) and pJNK (Fig. 4, 102.95 ±  6.35% and 102.26 ±  5.27% for EA and sham-EA group, respectively, 
p <  0.05, n =  7).

Characterization of TRPV1-associated pathways in DRG and SC using TRPV1−/− mice.  As 
the results indicated that EA couldn’t regulate body weight in TRPV1−/− mice, we next assessed if EA 
can increase TRPV1-mediated signaling pathways. It was observed that pPKA was unchanged in DRG 
after EA stimulation at week 4 (Fig.  5, 104.61 ±  3.41%, p >  0.05, compared to the TRPV1−/− group, 
n =  7). Similar data were also obtained in the pPKC level (Fig.  5, 99.1 ±  4.06%, p >  0.05, compared to 
the TRPV1−/− group, n =  7). Furthermore, our results also showed that pERK was not altered after EA 
treatment (Fig. 5, 98.93 ±  11.48%, p >  0.05, compared to the TRPV1−/− group, n =  7). The same results 
were also observed in pp38 (Fig. 5, 102.39 ±  3.02%, p >  0.05, compared to the TRPV1−/− group, n =  7) 
and pJNK (Fig. 5, 103.85 ±  3.45%, p >  0.05, compared to the TRPV1−/− group, n =  7). Moreover, pPKA 
was unaltered in SC after 4 weeks of EA stimulation (Fig.  6, 98.29 ±  2.62%, p >  0.05, compared to the 
TRPV1−/− group, n =  7). The protein level of pPKC was similar in TRPV1−/− mice and TRPV1−/− mice 
with EA treatment (Fig. 6, 104.29 ±  7.44%, p >  0.05, compared to the TRPV1−/− group, n =  7). Altogether, 
the results were similar in pERK (Fig.  6, 103.89 ±  6.53%, p >  0.05, compared to the TRPV1−/− group, 
n =  7), pp38 (Fig.  6, 101.96 ±  6.89%, p >  0.05, compared to the TRPV1−/− group, n =  7), and pJNK 
(Fig. 6, 102.08 ±  5.92%, p >  0.05, compared to the TRPV1−/− group, n =  7). These results indicated that 
EA could not regulate the body weight in mice lacking TRPV1.

Figure 6.  Protein levels of TRPV1-associated molecules were unaltered in SC neurons from TRPV1−/− 
mice. (A) Western blot staining showed pPKA-positive band; (B) pPKC-positive band; (C) pERK-positive 
band; (D) pp38-positive band; (E) pJNK-positive band in TRPV1−/− and TRPV1−/− +  EA groups.
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Discussion
In the current study, we showed that the gain of body weight was increased with time in the control 
group. The gain of body weight was lower in the EA-treated mice than in the sham control. Furthermore, 
EA cannot decrease the gain of body weight in TRPV1−/− mice. The food and water consumption was 
similar in all the groups for the 4 weeks of study period. The weight of visceral WAT was lower after EA 
treatment. Furthermore, the protein levels of TRPV1, pPKA, pPKC, and pERK were increased in DRG 
and SC after EA treatment. Our results suggest that targeting TRPV1 is beneficial in controlling body 
weight through pPKA, pPKC, and pERK pathways.

Obesity is a component of the metabolic syndrome that is often associated with an increased risk of 
coronary heart disease, type II diabetes, stroke, osteoarthritis, and certain types of cancer. These dele-
terious conditions are detrimental to the individuals’ quality of life and cause emotional and financial 
burden on the individuals, their families, and the society as a whole32. Acupuncture has been shown to 
have beneficial effects on obesity. Several studies also showed that laser acupuncture has beneficial effects 
in treating obesity33.

Although the mechanisms of acupuncture for treating obesity remain unclear, it involves a suppres-
sion of appetite34; regulation of obesity-related peptides (increases cocaine and amphetamine-regulated 
transcript peptide and decreases ghrelin and leptin)35,36 and fat metabolism (decreases total cholesterol, 
triglycerides, low-density lipoprotein, lipoprotein A, and apolipoprotein B levels)37,38; and increases in 
insulin and C-peptide levels and, in cases of obesity, decreases in glucose levels39. Moreover, acupuncture 
is positively effective in treating obesity with its flexible point selection and various methods without 
toxic side effects40.

Yu et al. showed that the body weight of hot pepper–fed rabbits was drastically decreased compared 
with the control group suggesting that the intake of capsaicin prevents diet-induced obesity41. Our data 
are consistent with this issue that targeting TRPV1 is a potential for treating obesity. A recent study 
showed that rodents fed a diet containing 0.014% capsaicin indicated normal caloric intake but 24% 
reduction in the visceral fat. It was also suggested that these mechanisms were due to increased TRPV1 
mRNA expression in visceral adipose tissue42. Ji et al. reported that body weights were decreased by EA 
stimulation in obese-prone (OP) rats. They also showed that TRPV1 mRNA was significantly increased 
in the nucleus tractus solitarius (NTS) after EA treatment in OP rats43. Shen et al. suggest that EA can 
remodel WAT into BAT by inducing UCP1 expression that may be one of the mechanisms by which 
acupuncture affects weight loss44. In the present study, we showed that TRPV1 was increased in both 
peripheral DRG and central SC.

Conclusion
In summary, we speculate that EA at ST36 acupoint may be beneficial in reducing body weight with 
decreased WAT weight and increased TRPV1, pPKA, pPKC, and pERK expression. These findings sug-
gest that TRPV1 is expressed and plays a role in the metabolic mechanisms and that EA is effective in 
reducing body weight. These findings can also be applied to further clinical studies.
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