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Esophageal Submucosal Injection of Capsaicin but 
Not Acid Induces Symptoms in Normal Subjects 
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Background/Aims
Transient receptor potential vanilloid-1 (TRPV1) is a candidate for mediating acid-induced symptoms in the esophagus. We conducted 
studies to determine if the presence of acid in the mucosa/submucosa and direct activation of TRPV1 by capsaicin elicited symptoms 
in normal healthy subjects. We also studied the presence of TRPV1 receptors in the esophagus.

Methods
Unsedated endoscopy was performed on healthy subjects with no symptoms. Using a sclerotherapy needle, normal saline (pH 2.0-
7.5) was injected into the mucosa/submucosa, 5 cm above the Z line. In a separate group of healthy subjects, injection of capsaicin 
and vehicle was also studied. Quality of symptoms was reported using the McGill Pain Questionnaire, and symptom intensity using the 
visual analogue scale (VAS). Immunohistochemistry was performed on 8 surgical esophagus specimens using TRPV1 antibody. 

Results
Acid injection either did not elicit or elicited mild symptoms in subjects at all pH solutions. Capsaicin but not the vehicle elicited 
severe heartburn/chest pain in all subjects. Mean VAS for capsaicin was 91 ± 3 and symptoms lasted for 25 ± 1 minutes. 
Immunohistochemistry revealed a linear TRPV1 staining pattern between the epithelial layer and the submucosa that extended into 
the papillae. Eighty-five percent of papillae stained positive for TRPV1 with a mean 1.1 positive papillae per high-powered field.

Conclusions
The mechanism of acid-induced heartburn and chest pain is not the simple interaction of hydrogen ions with afferents located in the 
esophageal mucosa and submucosa. TRPV1 receptors are present in the lamina propria and their activation induces heartburn and 
chest pain.
(J Neurogastroenterol Motil 2016;22:436-443)
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Introduction  
Heartburn and “angina like chest pain” originating from the 

esophagus are common symptoms encountered in clinical prac-
tice. Acid reflux, esophageal dysmotility and hypersensitivity of 
the esophagus are thought to be pathophysiological mechanisms 
underlying these symptoms. The molecular basis of esophageal no-
ciception is an area of intense interest, both from the vantage point 
of basic knowledge as well formulating possible new therapeutic 
strategies.

How does acid reflux cause heartburn and chest pain? It is 
suggested that acid-induced damage to the esophageal epithelium 
allows acid/proton ions to permeate into the mucosa/submucosa 
where it activates acid sensitive nerves to induce heartburn/chest 
pain.1 A large body of literature in animal and humans experiments 
shows that acid in the esophagus results in dilated intercellular 
space.2,3 Furthermore, patients with heartburn symptoms and a 
normal appearing mucosa on endoscopy have dilated intercellular 
spaces that could allow acid/proton ions to permeate into the mu-
cosa/submucosa. Studies also show that spinal nerve endings are 
located in the submucosa/mucosa of the esophagus and that they 
are possibly the transduction site of acid-induced sensation from 
the esophagus.4 Along those lines, acid perfusion into the esopha-
geal lumen of normal healthy subjects does not cause symptoms 
(a negative Bernstein test) because normal subjects have an intact 
epithelium. On the other hand, acid perfusion into the esophagus in 
patients with reflux disease causes symptoms (a positive Bernstein 
test)5 because the presence of dilated intercellular spaces allows ac-
cess to acid-sensitive nerve endings located in the submucosa. If the 
above hypotheses were to be correct, injection of acid directly into 
the submucosa of normal healthy subjects should induce symptoms, 
an experiment that has never been done.

Basic science and clinical data in humans suggests that the 
vanilloid receptors are involved in somatic as well as visceral no-
ciception. Alkaloid resembling vanillyl (vanilloids) are the natural 
ingredients in chili powder or capsicum. Vanilloids act through 
transient receptor potential vanilloid receptors (TRPV) to activate 
action potentials in the afferent nerve fibers that carry pain sensa-
tion to the central nervous system.6 Even though multiple vanilloid 
receptors (TRPV1-6) have been identified, TRPV1 is thought to 
be most likely involved in nociception.7,8 TRPV1 activity has been 
found in the esophageal mucosa as well as in several other areas 
of the gastrointestinal tract in humans.9,10 Capsaicin, the active in-
gredient in chili powder, is an agonist that is specific for TRPV1.8 

Heat and protons also activate TRPV1 receptors. Oral ingestion 
and infusion of a chili powder solution is known to elicit heartburn 
symptoms in normal healthy subjects.11,12

Therefore, the goals of our study were to determine: (1) if 
esophageal mucosal/submucosal injection of acid and capsaicin 
elicits symptoms in normal healthy subjects. We were interested in 
the nature and location of symptoms elicited by localized proton/
vanilloid receptor activation, ie, if these symptoms have resemblance 
to symptoms experienced by patients suffering from esophageal dis-
orders, and (2) the presence of TRPV1 receptors in full thickness 
specimens of the human esophagus.

Materials and Methods  
The Institutional Review Board of the University of California 

San Diego approved the study protocol, and all subjects signed an 
informed consent prior to enrollment in the study. Before the start 
of study, subjects were familiarized with the McGill Pain Question-
naire and symptom/sensation terminology. They were informed that 
heartburn implied a burning sensation between the xiphoid process 
and the manubrium sternum, and that chest pain was a pressure/
squeeze sensation. Subjects were also asked to describe in their own 
words the description of the sensation experienced in response to 
injection.

Upper endoscopy was performed using a 4.9 mm diameter 
endoscope (GIF-XP160, Olympus, Tokyo, Japan). The nasal and 
pharyngeal mucosa was anesthetized using a 2% lidocaine solution 
and viscous lidocaine gel. Subjects were not given any sedating 
medication for the endoscopy. Using a 23 gauge, 4 mm long sclero-
therapy needle (Boston Scientific, Natick, MA, USA), acidified 
saline or capsaicin was injected in the mucosa/submucosa of the 
esophagus.

Symptoms Following Injection of Capsaicin
This cross-over study design involved nine healthy male volun-

teers, age 21-50 years with no history of heartburn or gastroesopha-
geal reflux disease symptoms. All subjects underwent unsedated 
trans-nasal upper endoscopy with a single esophageal intubation, 
and underwent serial injections of test solutions using a sclerother-
apy needle. One hundred micrograms of capsaicin dissolved in 0.1 
mL of vehicle (20% 2 hydroxypropyl-beta-cyclodextrin solution; 
Sigma-Aldrich, St. Louis, MO, USA) and vehicle were injected 
underneath the esophageal submucosa in a single blinded fash-
ion (subjects but not the investigator were blinded). The selected 
capsaicin dose was based on prior studies that utilized intradermal 
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capsaicin injection.13,14 Single injections of 0.1 mL of vehicle and 
capsaicin (vehicle always first) were made 5 cm above the Z line. 
Following injections, subjects reported the location, severity and 
quality of symptoms, every 2 minutes for 30 minutes using the Mc-
Gill Pain Questionnaire.15 The symptom severity was scored using 
a 100 mm visual analog scale (VAS). A 30 minute time period was 
allowed in between the 2 injections.

Symptoms Following Injection of Acid
Eight healthy asymptomatic volunteers, age 21-50 years (6 

males) participated in this part of the study. These subjects were 
different from the ones that participated in the capsaicin study. Iso-
osmolar normal saline of pH ranging from 2-7.5 was prepared 
under sterile conditions. Solution of acidified normal saline (0.1-
1.0 mL) was injected in the mucosa/submucosa of the esophagus 
in a double-blinded fashion (8-10 injections per subject) (neither 
investigator nor subject knew the pH of injected solution). Subjects 
scored the symptom location and quality using McGill Pain Ques-
tionnaire, every 2 minutes until symptoms disappeared. A 10-min-
ute period was allowed between each injection. The symptom sever-
ity was scored using VAS. Injections were made mostly at 5 cm and 
some at 10 cm above the Z line.

Expression of Transient Receptor Potential 
Vanilloid-1 in the Esophagus

Surgical specimens from 8 patients who had undergone 
esophagectomy for adenocarcinoma of the esophagus were stud-
ied. Specimens were obtained flash frozen from the Cooperative 
Human Tissue Network (CHTN) in accordance with National 
Cancer Institute guidelines. All histological sections used were from 
areas that had no histological evidence of cancer. Ten micron frozen 
sections were overlaid with pre-determined concentrations of rabbit 
anti-TRPV1 antibody (Affinity Bioreagents, Golden, CO, USA). 
Negative controls included sections with no primary, or sections 
that received normal rabbit serum at the same concentration that 
was used as the TRPV1 antibody, and sections that were overlaid 
with an inhibitory peptide (Affinity Bioreagents) along with the anti-
TRPV1 antibody. One specimen was co-stained with monoclonal 
rabbit anti-neurofilament antibody (Signet Laboratories, Dedham, 
MA, USA), and some slides were double immunostained with 
anti-TRPV1 and anti-neurofilament antibodies. The investigators 
reviewed all slides with an expert pathologist (N.V.).

A total of 10 high power fields (HPF) of the lamina propria, 
longitudinal muscle and circular muscle layers were also examined 
under ×40 for TRPV1 staining. The number of papillae staining 

positive for TRPV1 per HPF was calculated, as was the percent-
age of total papillae staining positive for TRPV1. The intensity of 
TRPV1 staining in the papillae was graded based upon the follow-
ing scale: strong, greater than 2/3 of the height of the papillae was 
stained; moderate, 1/3-2/3 papilla was stained; and weak, less than 
1/3 of the papillae stained.

Statistical Methods
The duration and peak intensity of symptoms following the 

vehicle and capsaicin injections were determined from the question-
naire. A paired t test was used to determine the difference in symp-
toms between the 2 types of injections for capsaicin and vehicle. All 
data are presented as mean ± SD.

Results  

Symptom Response to Capsaicin
The esophageal mucosa, as seen on endoscopy was normal in 

all subjects. In response to vehicle injection, either no symptoms or 
mild symptoms were reported. When symptoms were reported after 
vehicle injection, they lasted for less than 2 minutes. Figure 1 shows 
the quantitative result of heartburn felt by one subject following in-
jection of placebo and capsaicin. Placebo injection resulted in heart-
burn sensation that was graded 18 on the VAS and the duration of 
sensation was less than 2 minutes. On the other hand, following 
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Figure 1. Heartburn scores for one subject as measured on a 100 mm 
visual analogue scale (VAS) with injection of placebo (dextran) and cap-
saicin. Capsaicin injection resulted in a 4-fold increase in pain scores as 
compared to placebo and longer duration of symptoms as compared to 
placebo.
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capsaicin injection, the peak intensity of heartburn was 80 with a 
mean duration > 25 minutes. The mean heartburn severity after 
capsaicin injection in all subjects was 91 ± 3 and the mean duration 
was 25 ± 1 minutes. In contrast, the mean severity and duration of 
symptoms following placebo injection were 27 ± 2 and 1 ± 1 min-
ute, respectively (P < 0.001 for both compared with capsaicin).

The nature and severity of sensation following capsaicin injec-
tion is shown in the Table. All subjects experienced heartburn, and 
8/9 reported chest pressure/cramp-like sensations. Six subjects de-
scribed their pain as an aching type of sensation. Interestingly, 3 pa-
tients reported spasm like pain radiating to the back, ie, in the inter-
scapular and lumbar regions. Two subjects experienced nausea and 

vomiting. Seven subjects described their symptoms as severe and 2 
subjects graded them as moderate.

Symptom Response to Acidified Saline
The esophageal mucosa, as seen on endoscopy, was normal in 

all subjects. Four of the eight subjects reported either no symptoms 
or barely perceptible symptoms following injection of acidic solu-
tion. The other 4 subjects reported symptoms > 50 on the VAS 
to one or more pH solution injections, however there was no dose 
response observed in any of the subjects, eg, one subject reported 
symptom scores of 26, 38, 49, 9, 39, 16, and 49 at pH of 4.0, 4.5, 5.0, 
6.0, 6.5, 7.0, and 7.5 respectively. Median pain scores experienced 
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Figure 3. Descriptors of pain reported by subjects receiving mucosal/
submucosal injection of pH solutions 4.0-7.5. The intensity of pain 
response using the visual analogue scale was not reproducible at any 
given pH.
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Figure 2. Symptom response to injection of acid and capsaicin into 
the esophageal submucosa: note that symptoms induced by injection 
were mild and not increased with the decrease in pH. On the other 
hand, capsaicin induced severe symptoms. The bars represent the me-
dian pain score after injection of acid (n = 8) and capsaicin (n = 9).

Table. Summary of Pain Descriptors Described by Subjects in Response to Capsaicin as Defined on the McGill Pain Questionnaire

Shooting
pain

Sharp 
pain

Cramping
pressure
squeeze

Gnawing
pain

Hot
burning

Aching Sickening
Back

spasms

Subject 1 +++ +++
Subject 2 +++ +++ +++ ++
Subject 3 +++ +++ +++ ++ ++
Subject 4 +++ +++ +++ +++ ++ ++ +++
Subject 5 +++ +++
Subject 6 ++ +++ +++
Subject 7 +++
Subject 8 +++ ++ +++
Subject 9 +++ ++ +++

Hot-burning characteristic of pain was a consistent finding in all study subjects.
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by subjects receiving the pH injection, capsaicin and the vehicle are 
summarized in Figure 2. Overall, there was no relationship between 
the pH of the injected solution and severity of symptom score in 
contrast to the relationship seen with capsaicin injection. In 3 sub-
jects, pH 5 injections were repeated twice and there were no differ-
ences in pain scores during the 2 attempts. In another 3 subjects, 
solutions of two different osmolarities were injected, iso-osmolar 
(280 mosmolar) and hyperosmolar (330 mosmolar) at pH 7.5. The 
symptoms were mild, 20 and 2 (subject 1), 25 and 20 (subject 2), 
and 5 and 2 (subject 3). In other words, increasing osmolality of the 
solution did not increase the symptom severity. The characteristics 
of pain experienced by subjects upon injection of pH solutions 
are summarized in Figure 3, with sharp, cramping, gnawing, and 
burning being the most common descriptors.

Expression of Transient Receptor Potential 
Vanilloid-1 in the Esophagus

Immunohistochemical staining (using the TRPV1 specific an-
tibody) was distributed in a linear staining pattern traversing along 
the junction between the epithelial layer and lamina propria (Fig. 
4A). In 7 out of 8 specimens, a linear staining pattern extended 
from the lamina propria along the basement membrane into the epi-
thelial papillae. Immunostaining was absent in the specimens that 
were incubated with both the TRPV1 antibodies and the homolo-
gous blocking peptide, thus proving the specificity of the immunos-
taining for TRPV1 (Fig. 4B). Quantitative analysis demonstrated 
that 445/514 (87%) of all epithelial papillae stained positive for 
TRPV1. A mean of 1.14 TRPV1 positive papillae were seen per 
HPF. Of papillae staining positive for TRPV1, 42% demonstrated 

A B

C

Figure 4. Transient receptor potential vanilloid-1 (TRPV1) Staining. 
(A) TRPV1  positive structures are seen in a linear pattern extending 
from the lamina propria and into the epithelial papillae. Upon review 
of all specimens, 87% of all papillae were found to exhibit this staining 
pattern. (B) Staining of specimens using TRPV1 homologous block-
ing peptide demonstrates complete suppression of prior TRPV1 an-
tibody positive staining structures, thus proving the specificity of the 
TRPV1 antibody. (C) Specimen stained with the TRPV1 antibody. 
TRPV1 staining structures are also seen as twig-like bundles in the 
lamina propria.
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strong staining, 21% moderate, and 37% stained weakly.
One specimen that was stained with both the anti-TRPV1 

antibody and anti-neurofilament antibody demonstrated TRPV1 
activity that appeared as twig-like bundles located in the lamina 
propria near the circular muscle layer. These twig-like bundles had 
the morphology of a nerve structure, which was confirmed by the 
positive immunoreactivity with the anti-neurofilament antibody (Fig. 
4C).

Discussion  
In summary, our data shows that acid injection into the esopha-

geal submucosa of healthy asymptomatic subjects produced either 
mild or no symptoms, and that these symptoms were neither repro-
ducible nor dose dependent. On the other hand, capsaicin injection 
induced typical symptoms that resemble description of spontaneous 
heartburn and chest pain reported by patients with reflux disease 
and esophageal motility disorders. Some subjects even reported 
radiation of pain into the interscapular region that is known to be 
associated with the pain originating from the esophagus. Capsaicin 
also induced some symptoms that may be considered atypical for 
the esophagus, such as nausea, vomiting, and radiation of pain into 
the lumbar region. In the majority of subjects, symptoms were quite 
intense and lasted 25-30 minutes. We also observed TRPV1 immu-
nostaining pattern in the esophageal mucosa that is consistent with 
the findings of others.16,17 Ours is the first study of injection of acid 
and capsaicin into the mucosa/submucosa of the human esophagus, 
and raises questions regarding the prevailing hypothesis of how acid 
reflux causes esophageal pain and heartburn.

The current hypothesis regarding acid-induced esophageal 
pain is that intra-luminal acid along with pepsin causes damage to 
the epithelial lining of the esophagus, which may manifest as one of 
the following phenotypes: (1) erosive esophagitis on endoscopy, (2) 
normal endoscopy but positive histological changes of esophagitis, 
ie, increase in inflammatory cells in the mucosa and submucosa, 
and (3) normal endoscopy and histology but dilated intercellular 
spaces that are only observed on electron microscopy.18 Due to the 
presence of these dilated intercellular spaces, acid can permeate into 
the layers of mucosa and submucosa. In fact, a large body of work 
shows that transmucosal potential difference and baseline electrical 
impedance of esophageal mucosa (markers of mucosa integrity) is 
lower in patients with symptoms of heartburn (erosive disease and 
non-erosive reflux disease), as compared to normal subjects.19 Once 
in the mucosa and submucosa, proton/H+ comes in contact with 
nociceptive nerve endings to induce heartburn and chest pain. If 

the above hypothesis were to be accurate, injection of hydrogen ions 
directly into the mucosa/submucosa should have caused heartburn/
chest pain, which was not observed in our study.

Acid sensitive ion channels (ASIC) and TRPV1 receptors are 
potential molecular candidates of nociception. Acid at higher pHs 
(5-7) activates ASIC receptors and at lower pH (< 5.0) stimu-
lates TRPV1 receptors.20 The latter is a multimodal receptor; it 
can be activated by protons, capsaicin, and heat. We are extremely 
surprised to find that while capsaicin injection induced severe 
symptoms, acid injection even at pH 2 did not elicit significant 
symptoms. At the beginning of our study, our plan was to inject so-
lution of pH 5-7 only, but when we did not observe any significant 
response we extended our injection protocol to pH 2, but still could 
not elicit symptoms. We initially started with injection volume of 
0.1 mL, similar to capsaicin but then increased to 1 mL and still 
found no response. We tried injections at 5 cm and 10 cm above 
the Z line, as well as different osmolar concentrations but did not 
induce any symptoms. It is possible that unlike capsaicin, acidic 
saline either diffuses or is buffered to neutral pH very quickly in 
the tissue and is unable to stimulate the desired receptors. However, 
response to capsaicin was instantaneous, and if rapid diffusion was 
the issue we should have observed immediate symptoms with rapid 
disappearance of symptoms, rather than no symptoms, which was 
not the case. A number of investigators have observed that sponta-
neous reflux episodes that extend into the proximal esophagus are 
more likely to be associated with symptoms than those restricted to 
the distal esophagus,18,21,22 which raises the possibility that symp-
tom generation occurs when a relatively large surface of mucosa is 
exposed to acid and therefore a large number of receptor are stimu-
lated, greater than what was achieved by our localized injection.

Another possibility is that ASIC and TRPV1 are not expressed 
in significant amounts in normal esophageal mucosa, and it is only 
the repeated exposure to acid that occurs with chronic reflux disease 
that leads to up-regulation of ASIC and TRPV1 receptors (one 
of the mechanisms of acid-induced esophageal hypersensitivity). 
However, dramatic symptom response following capsaicin injection 
suggests that TRPV1 receptors are indeed present and functional 
in normal esophageal mucosa and submucosa. Drewes et al23 
demonstrated that capsaicin administration in the ileum (through a 
stoma) can elicit “burning” and “boring” symptoms. Furthermore, 
in their studies TRPV1 activation was also found to play a role in 
the distension-induced visceral hyperalgesia.23,24

Capsaicin is a specific agonist of TRPV1 and has been exten-
sively used to study the mechanism of somatic pain (intradermal 
junction).13,14 While the strength of a human experiment, like ours, 
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is that it allows qualitative and quantitative assessment of pain, it 
does not allow detailed study of the molecular mechanism. For ex-
ample, we could not assess if the mechanism of action of capsaicin 
in our experiment is specifically through TRPV1 receptors because 
there is no TRPV1 antagonist available for human use. We did in-
tend to determine if the acid induced pain is mediated through the 
ASIC receptors, as was studied by Ugawa et al20 in their studies of 
somatic pain (dermal injection), by using amiloride, an ASIC recep-
tor antagonist. We actually obtained human IRB and federal IND 
approval to use amiloride for our studies. However, acid injection 
did not induce symptoms in a reproducible manner; therefore us-
ing amiloride was a moot-point for our experiment. It is interesting 
that a recent study by Bulsiewicz et al25 found that perfusion of the 
esophagus with amiloride did not prevent heartburn in patients with 
a positive Bernstein test, suggesting that the mechanism of acid-
induced sensation is not as simple as previously thought.

We found TRPV1 receptors in the majority of the epithelial pa-
pillae (87%) in the human esophagus. TRPV1 positive structures 
were found lining the junction between the lamina propria and epi-
thelial layer. To the best of our knowledge, only 2 other studies have 
looked for the presence of TRPV1 in the human esophagus. Mat-
thews et al17 found that patients with erosive esophagitis had an in-
creased number of TRPV1 positive papillae as compared to normal 
controls (30% versus 11.8% of total papillae). Bhat and Bielefeldt16 
noticed TRPV1 positivity in 23% of the papillae. They also found 
a correlation between the density of TRPV1 innervation and total 
acid exposure on 24-hour ambulatory pH monitoring (P = 0.03).12 
Bhat et al16 described TRPV1 staining structures that appeared as 
free nerve endings in the epithelial layer, close to the surface of the 
mucosa, which we did not observe. Clearly, our immunostaining 
technique is specific for TRPV1 receptors because no staining was 
seen in the presence of the TRPV1 antibody blocking peptide. The 
higher percentage of total papillae staining positive for TRPV1 
(87%) found in our study may be because we used whole surgical 
specimens rather than smaller 1-2 mm endoscopic biopsies used 
in the other studies. Furthermore, since our specimens were from 
patients with esophageal adenocarcinoma who likely had significant 
reflux disease, it is possible that there was up-regulation of TRPV1 
receptors.

We do not intend to imply that acid does not cause heartburn/
chest pain. Our study only raises questions about the current hy-
pothesis of how acid induces esophageal symptoms. Furthermore, 
it casts some doubt on whether acid is sufficient to activate TRPV1 
receptors to induce symptoms. Further studies are needed to define 
the precise site and mechanism of action of acid for induction of 

esophageal symptoms of heartburn and chest pain.
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