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Introduction
!

The early detection and treatment of gastric can-
cer are necessary to reduce mortality [1], al-
though surgery is the standard treatment. Eso-
phagogastroduodenoscopy (EGD) is useful for
the detection of early gastric cancer because this
technique can identify superficial flat and nonul-
cerative lesions. The suppression of gastric peri-
stalsis promotes the detection of smaller lesions
because it facilitates EGD [2,3]. Thus, antispasmo-
dic agents such as butyl scopolamine bromide
and glucagon are often injected before EGD to
suppress gastric peristalsis. However, complica-
tions associated with these antispasmodic agents,
including cardiovascular events and reactive hy-
poglycemia, have been reported [4,5]. Therefore,
endoscopists should consider these complica-
tions, particularly in elderly patients.
The intragastric administration of L-Menthol
(LM) was found to reduce gastric spasm during

EGD and to be more effective than the intramus-
cular injection of butyl scopolamine bromide
[2,6]. The use of LM as an alternative antispasmo-
dic agent would increase the safety of EGD, even
in elderly patients [7], with a possibly better de-
tection of gastric lesions. We have therefore used
LM as an antispasmodic agent. On one occasion,
however, we noted that directly spraying LM
onto the distal stomach caused a specific endo-
scopic mucosal change – namely, annular and/or
reticular edematous thickening – just after ad-
ministration (●" Fig.1, ●" Fig.2). The change
seemed to occur mainly in mucosa affected with
atrophic gastritis. Hikichi and colleagues report-
ed that the intragastric administration of LM em-
phasized the margin of gastric cancer because
the mucosa around the tumor became edema-
tous [8]. However, limited information is avail-
able regarding the impact of LM on the gastric
mucosa. The aim of the present study therefore
was to evaluate whether LM causes specific gas-
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Background and study aims: L-Menthol (LM),
sprayed on the distal gastric mucosa, is a safe an-
tispasmodic agent used during esophagogastro-
duodenoscopy (EGD). However, it seems to affect
gastric mucosal endoscopic findings. Therefore,
we evaluated whether LM causes specific changes
and impacts the endoscopic morphology of gas-
tric lesions.
Patients and methods: A total of 98 patients
scheduled to undergo EGD were randomly as-
signed to receive LM solution (160mg of 0.8% LM
added to 2.5mL of indigo carmine [IC]; n=49; LM
group) or decuple-diluted IC solution without LM
(n=49; placebo group). We compared the inci-
dence of specific mucosal changes and the differ-
ence in the endoscopic findings of several gastric
lesions between these groups.
Results: Annular-reticular – like mucosal changes
appeared immediately after the administration
of LM solution. This change was observed in

71.4% of the LM group compared with 12.2% of
the placebo group (P<0.01). In the placebo
group, this change was observed in 14.7% of sub-
jects with atrophic gastritis compared with 6.7%
of those without atrophic gastritis (P=0.39),
whereas in the LM group, this change was ob-
served in 84.8% of subjects with atrophic gastri-
tis compared with 43.8% of those without
atrophic gastritis (P<0.01). Most early gastric
cancers, erosions, and ulcers observed in this
study became well demarcated after LM admin-
istration, although the incidence of gastric le-
sions did not differ significantly between the
two groups.
Conclusion: LM changes the gastric mucosa into
edematous mucosa, and this occurs more fre-
quently in atrophic gastric mucosa than in
pathologic lesions. LM may facilitate the demar-
cation of pathologic gastric lesions without intes-
tinal metaplasia.



tric mucosal changes and whether atrophic gastritis is associat-
ed with this change. In addition, we investigated how LM im-
pacts the endoscopic morphology of gastric lesions.

Methods
!

Patients
Consecutive patients who were scheduled to undergo EGD
screening or follow-up for upper gastrointestinal disease from 4
June to 31 July 2013 were enrolled in this study. The exclusion
criteria were previous surgery involving the upper gastrointesti-
nal tract, upper gastrointestinal bleeding requiring hemostasis,

Fig.1 Endoscopic views showing the distal gastric mucosa. a Before
spraying either indigo carmine solution or L-Menthol (LM). b After spraying
only indigo carmine solution. c After spraying a mixed solution of indigo
carmine and LM.

Fig.2 Endoscopic views showing the distal gastric mucosa. a Before
spraying either indigo carmine solution or L-Menthol (LM) solution. b After
spraying only LM. c After spraying only indigo carmine solution subsequent
to the administration of LM.
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scheduled endoscopic surgery, and a history of hypersensitivity
to LM or peppermint oil. In addition, at the initial endoscopic ob-
servation, subjects with a poor endoscopic view due to gastric re-
sidual or with signs of annular-reticular – like mucosal changes
were excluded. This study was registered in a clinical trial data-
base on 3 June 2013 (University Hospital Medical Information
Network: UMIN000010859) and was approved by the hospital
review board for human research. All patients provided written
informed consent before participating in this study.

Procedures
This was a single-center, prospective, randomized, open-label,
placebo-controlled study. Because the investigator was often
able to distinguish placebo-treated patients by the aroma present
at the time of LM administration despite wearing gloves and a
mask, this study failed to fulfill the criteria for a double-blinded
trial. The subjects were randomly allocated to the LM group or
placebo group by the envelope method before EGD. To dissolve
the stomach mucous layer, each subject ingested a solution con-
taining 20000 U of pronase (Kaken Pharmaceutical Co., Ltd., To-
kyo, Japan), 5mL of dimethicone, and 1g of NaHCO3 in 80mL of
water 10 minutes before EGD. All procedures were performed
without the administration of any antispasmodic agents or seda-
tive agents except LM. An ultrathin endoscope (EG580NW; FUJI-
FILM, Tokyo, Japan) was used with a transnasal approach in all
subjects. Topical anesthesia of the nasal cavity was performed
by spraying 0.111% tramazoline hydrochloride and embrocation
of 8% lidocaine liquid with 10 Fr and 18 Fr catheters [9]. To en-
hance the minimal changes of the gastric mucosa, indigo carmine
(IC) was mixed into both the LM and the placebo solutions. Ac-
cording to the results of a preliminary pilot study, the mucosal
change that appeared with LM alone became sharper following
the subsequent administration of IC alone (●" Fig.2). However,
when we administered the mixed solution of IC and LM, the
same change appeared (●" Fig.1c). This change was not observed
after IC solution had been sprayed alone (●" Fig.1b). In addition,
bubbles caused by the administration of LMwere often observed.
Therefore, the LM solutionwas prepared bymixing 20mL of 0.8%
LM (160mg) (Nihon Pharmaceuticals Co. Ltd., Tokyo, Japan),
0.5mL of dimethicone, and 2mL of IC. It was pharmacologically
confirmed that the compounding variation of the LM solution
had been stable for at least 6 hours. The placebo solutionwas pre-
pared by mixing 20mL of water, 0.5mL of dimethicone, and 2mL
of IC. The concentration of IC in each solution was maintained at
10%. Each solution was sprayed directly with a syringe onto the
distal stomach via the biopsy channel of the endoscope. Residual
liquid was pushed out with air. The solution was applied to the
entire surface of the stomach via air suctioning. Routine endo-
scopic observation was repeated before and after the solution
was administered. In cases inwhich gastric lesions were detected
in the placebo group, after routine observation, the LM solution
was resprayed on the lesion and the sequential endoscopic mor-
phologic changes of the lesion were observed. In addition, early
gastric cancers that were detected during the study were re-ex-
amined on another day to estimate the difference in fine struc-
tural changes of the early gastric cancers between the LM and
placebo groups with a magnifying endoscope and blue laser ima-
ging (EGL590ZW; FUJIFILM). All gastric lesions detected during
the study were diagnosed histologically by biopsy.
Gastric peristalsis was evaluated before and after the solution
was administered according to the partially modified Niwa clas-
sification [2,3,10]: grade 1 (no peristalsis), grade 2 (mild peri-

stalsis), grade 3 (moderate peristalsis), grade 4 (vigorous peristal-
sis), and grade 5 (markedly vigorous peristalsis). In this study,
these classifications were used to divide patients into two
groups: a peristaltic suppressed state group (i. e., grade 1 or 2)
and a peristaltic state group (i.e., grade 3, 4, or 5).

Evaluation of the effect of L-menthol on the gastric
mucosa
During routine endoscopic observation before the administration
of each solution, the existence of pathologic lesions or atrophic
gastritis was evaluated. Endoscopic findings of atrophic gastritis
were defined as surface irregularity, visibility of the vascular pat-
tern, patchy erythema [11], and the absence of a regular arrange-
ment of collecting venules. Next, within 3 minutes of spraying
each solution, routine endoscopic observation was repeated,
and the endoscopic morphologic changes of the gastric lesion or
the appearance of specific mucosal changes (annular-reticular–
like change) was evaluated. The location of specific mucosal
changes in the stomach was also identified.
One endoscopist (A. M.) performed all routine nasal endoscopies
and detailed magnifying endoscopies in the present study, re-
cording all endoscopic findings and the results of the gastric peri-
stalsis evaluation.

Outcomes
The primary outcome was to evaluate whether LM causes the
specific change and whether the atrophic gastritis is associated
with this change. The secondary outcome was to investigate the
impact of LM administration on the endoscopic morphology of
gastric lesions and the antiperistaltic effect of the LM solution
used in the study.

Sample size and statistical analysis
Before performing the study, we performed a preliminary trial.
The incidence rates of the specific mucosal change in the LM and
placebo groups were expected to be 70% (35 of 50 subjects) and
30% (15 of 50 subjects), respectively. The sample size required to
detect a difference in incidence rates between the groups with a
significance level of 5% (two-sided) and a power of 90% was cal-
culated to be 36 per group by Fisher’s exact test. We required 50
patients per group because of the concern that patients with a
poor endoscopic view would be included.
Statistical analysis was performedwithWelch’s t test, Fisher’s ex-
act probability test, and the chi-square test. All analyses were
performed with the Statistical Package for the Social Sciences
(SPSS) for Windows (SPSS Japan Inc., Tokyo, Japan). A P value of
less than 0.05 was considered significant.

Results
!

Study population
A total of 100 subjects provided written consent and were enrol-
led in the study. Of these, 50 were randomly assigned to the LM
group and 50 to the placebo group. One subject in each group
showed annular-reticular – like mucosal changes at the initial
endoscopic observation. These two subjects were excluded, re-
sulting in 49 subjects enrolled in the LM group and 49 enrolled
in the placebo group.All subjects underwent EGD without seda-
tion successfully.
The baseline characteristics of the two groups are shown in
●" Table1. No significant differences were found between the
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groups in regard to age, sex, anti-Helicobacter pylori immunoglo-
bulin G (IgG) antibody positivity, and number of subjects who
underwent H. pylori eradication.

Primary outcome
The proportion of subjects with specific mucosal changes after
solution administration was significantly higher in the LM group
(71.4%, 35 of 49 subjects) than in the placebo group (12.2%, 6 of
49 subjects; P<0.01) (●" Fig.3). The changes were observed only
in the distal stomach in the placebo group but spread to the gas-
tric body in 54% (19 of 35 subjects) in the LM group.The 19 sub-
jects with changes to the gastric body showed advanced atrophic
gastritis. In the LM group, the proportion of patients with specific
mucosal changes was significantly higher among subjects with
atrophic gastritis (84.8%, 28 of 33 subjects) than in those without
(43.8%, 7 of 16 subjects; P<0.01). In contrast, in the placebo
group, the proportion of patients with specific mucosal changes
was unaffected by the presence or absence of atrophic gastritis
(14.7%, 5 of 34 subjects vs. 6.7%, 1 of 15 subjects; P=0.39)
(●" Fig.4). The histopathologic findings of the affectedmucosa in-

cluded mildly swollen epithelial cells containing intestinal meta-
plasia cells and interstitial edema with little inflammation
(●" Fig.5).

Secondary outcome
The incidence of gastric lesions (hyperplastic polyps, adenomas,
cancers, erosions, or ulcers) detected in the present study did
not differ significantly between the two groups (●" Table1). In
the LM group, most early gastric cancers, erosions, and ulcers ap-
peared as well-demarcated lesions. In the placebo group, these
lesions were also well demarcated when LM was subsequently
administered. In addition, in subsequent detailed examinations,
early gastric cancers (in four subjects) detected in the study

Table 1 Baseline characteristics.

L-Menthol

(n=49)

Placebo

(n=49)

Mean age, y (range) 64 (25−94) 59 (26−82) n.s.

Sex, male/female 23/26 29/20 n.s.

Anti-Helicobacter pylori IgG
antibody positive, No. (%) 26 (53) 26 (53) n.s.

After Helicobacter pylori
eradication, No. (%) 5 (10) 6 (12) n.s.

Endoscopic findings, No. (%)

Atrophic gastritis 33 (67) 34 (69) n.s.

Gastric adenoma 1 (2) 1 (2) n.s.

Early gastric cancer 1 (2) 3 (6) n.s.

Advanced gastric cancer 1 (2) 0 (0) n.s.

Gastric erosion 8 (16) 12 (24) n.s.

Gastric ulcer 4 (8) 2 (4) n.s.

Gastric ulcer scar 2 (4) 1 (2) n.s.

Hyperplastic polyp 2 (4) 2 (4) n.s.

IgG, immunoglobulin G; n.s., not significant.
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Fig.3 The proportion of subjects with specific mucosal changes in each
group.This proportion was significantly higher in the L-menthol group than
in the placebo group (**: P<0.01).
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Fig.4 The proportion of subjects with specific mucosal changes depen-
ded on the presence or absence of atrophic gastritis in each group. In the
placebo group, this proportion did not depend on the presence or absence
of atrophic gastritis (P=0.39), whereas in the L-menthol group, it was sig-
nificantly higher in subjects with atrophic gastritis than in those without
atrophic gastritis (**: P<0.01).

Fig.5 The histopathologic findings in the affected mucosa showed mildly
swollen epithelial cells containing intestinal metaplasia cells and interstitial
edema with little inflammation.
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were also well demarcated following LM administration. This
likely occurred because the mucosa surrounding the gastric can-
cer became thicker than the surface of the lesion (●" Fig.6).
Gastric peristalsis was significantly suppressed in the LM group
relative to the placebo group (P<0.01) (●" Fig.7). There was no
difference in antiperistaltic effect in the LM group between the
subjects with and those without atrophic gastritis (proportion
of subjects with no or mild peristalsis: 97%, 32 of 33 subjects vs.
93.8%, 15 of 16 subjects; P=0.55).

Safety
No serious adverse events, including anaphylactic reaction and
symptomatic mucosal injury, occurred during the study.

Discussion
!

The present study showed that LM sprayed on the distal stomach
changed the superficial gastric mucosa into edematous mucosa,
although these changes were reversible and harmless. The LM
dose used in this study has been reported to be appropriate and
safe for antiperistalsis during EGD [10]. However, the oral admin-
istration of higher doses causes significant adverse effects [12],
and even if it is administered topically, frequent contact with
LM has been reported to cause oropharyngolaryngeal injury
[13,14] or skin injury [15]. These topical injuries due to LM are
described as “chemical burns.” This may mean that direct contact
between LM and the mucosal membrane causes a burnlike in-

jury. Therefore, the specific gastric mucosal change induced by
LM is likely a reversible minor chemical burn. Although it is un-
clear why LM provokes such morphologic changes, the appear-
ance of these changes was associated with the presence of
atrophic gastritis. The present study revealed that these changes

Fig.6 Magnifying endoscopic views showing type IIc gastric cancer. a White light endoscopic view just after the administration of placebo solution. b Blue
laser imaging endoscopic view just after the administration of placebo solution. c White light endoscopic view just after the administration of L-Menthol (LM)
solution. The IIc lesion was well demarcated. It seemed that the mucosa surrounding the IIc lesion became thicker than the surface of the lesion. d Blue laser
imaging endoscopic view just after the administration of LM solution.
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Fig.7 The proportion of subjects with no or mild peristalsis in each
group.Gastric peristalsis was significantly suppressed in the L-menthol
group relative to the placebo group (**: P<0.01; ns: not significant).
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were significantly provoked in subjects with atrophic gastritis
and extended to the gastric body in patients with advanced
atrophic gastritis. Atrophic gastric mucosa is replaced with intes-
tinal metaplasia containing absorptive epithelial cells, which
does not exist naturally in healthy gastric mucosa [16]. Therefore,
we speculate that LM undergoes endocytosis by absorptive cells
in atrophic gastric mucosa with intestinal metaplasia, provoking
these specific changes. In the biopsy specimens of the affected
mucosa in the LM group, the intestinal metaplasia cells were con-
tained, and histopathologically, mildly swollen epithelial cells
and interstitial edema with little inflammation were observed.
This finding may well support the above speculation. However,
there are some limitations in considering the change as solid evi-
dence because the histologic examinations were not exhaustive.
Conversely, since the antiperistaltic effect of LM has been report-
ed to relax gastrointestinal smooth muscle [17], the possible mu-
cosal changes may be caused by the extension of muscle fibers.
However, because muscular relaxation extends the gastric muco-
sa, this would be expected to show a taut surface rather than ru-
gae.
Limited information is available regarding impact of LM on gas-
tric cancer diagnosis [8,18]. Hikichi and colleagues [8] reported
that the intragastric administration of LMwas helpful in identify-
ing the demarcation line of gastric cancers because LM-induced
edema appeared in the perilesional nonpathologic gastric muco-
sa. The present study showed that the specific mucosal change
appeared in the atrophic gastric mucosa and suggested that this
change may be the result of LM absorption into intestinal meta-
plasia cells. This findingmay indicate that the intragastric admin-
istration of LM facilitates the detection or demarcation of gastric
lesions without intestinal metaplasia – for example, gastric ero-
sion, gastric ulcer, and gastric cancer. This method may be useful
particularly for gastric cancer screening because the background
gastric mucosa of gastric cancer is primarily atrophic gastritis
with intestinal metaplasia. However, there was no significant dif-
ference between the two groups in the number of endoscopic
findings despite the effect on peristalsis. Whether LM facilitates
the detection of gastric lesions could be a subject for further
study.
This aforementioned phenomenon induced by LM is similar to
the changes observed during dynamic chemical magnifying
endoscopy with the acetic acid method. The acetic acid method
is reported not only to enhance cancer margins but also to esti-
mate the grade of malignancy endoscopically [19]. In this study,
we were unable to distinguish between histologic differences of
gastric cancer while enhancing cancer margins. However, intes-
tinal-type gastric cancer confined to the glandular structures
(low-grade dysplasia) may become edematous with LM because
it has a partial residual function of intestinal metaplasia. There-
fore, the intragastric administration of LMmight be used as an al-
ternative to the acetic acid method, following further research.
The frequency of the antiperistaltic effect in this study was higher
than that in previous reports. The frequency of gastric aperistalsis
before LM administration was more than 70%, which was com-
parable with that observed after the administration of LM in pre-
vious reports [2, 3,10]. The reason for this difference is likely that
all subjects in the present study underwent EGD via the transna-
sal approach. Because transnasal EGD provokes the gagging re-
flex less often, vigorous peristalsis triggered by emesis seems to
be less frequently induced. In addition, because transnasal EGD
simultaneously reduces both sympathetic and parasympathetic
activity [9], gastric peristalsis may be suppressed. This result

may indicate that antiperistaltic agents are not always necessary
when transnasal EGD is performed. It is beneficial for the detec-
tion of smaller lesions on screening endoscopy that transnasal
EGD with LM administration suppresses gastric peristalsis safely
and almost completely. Although it is of concern that an ultrathin
endoscope has low resolution, we consider that it is sufficient to
detect small gastric lesions or ascertain specific mucosal changes,
as recently developed ultrathin endoscopes have better image re-
solution.
The present study has several limitations. It has an open-label de-
sign andwas performed by a single endoscopist at a single center.
The difference in the effect of LM between the two groups was
evaluated according to subjective endoscopic findings. Indeed,
in the placebo group, the proportion of subjects with specific mu-
cosal changes (12.2%) was different from that expected (30%).
We propose further research based on objective outcomes, such
as pathologic findings.

Conclusion
!

LM changes superficial gastric mucosa into edematous mucosa.
This occurs more frequently in atrophic gastric mucosa and less
in pathologic lesions. LMmay facilitate the demarcation of patho-
logic gastric lesions without intestinal metaplasia because of the
effect of LM on the surrounding mucosa.
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